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Preface

      
      
      
      
         
         
         
         Nutrition affects overall health and exercise performance in myriad ways. In Nutrition for Sport, Exercise, and Health our goal is to provide readers with practical information they can use to enhance their everyday lives as well as the sports
            and physical activities that are part of their lives. For the student with an interest in working in the field sport nutrition,
            sports medicine, or another related field, our goal is to supply in a single text the foundation of knowledge you will need
            to get the best start on your career path.
         

         
         
         Given the plethora of nutrition misinformation consumers are hearing and reading from television, the Internet, magazines,
            coaches, trainers, parents, and their peers, this comprehensive textbook will help readers distinguish between nutrition recommendations
            that are based on quality scientific research and those that are not backed by science and have no foothold in basic biochemistry
            or physiology.
         

         
         
      

      
      
      

      
      
         
         



      
      
      

Who Needs This Book
         

         
         
         
            
            We have written Nutrition for Sport, Exercise, and Health for students studying fitness, exercise science, health, nutrition, physical therapy, and closely related majors. This text
               is also an excellent reference for athletic trainers, strength coaches, wellness professionals, health coaches, health and
               physical education teachers, coaches, fitness instructors, athletic directors, exercise physiologists, registered dietitians,
               military personnel, and government employees working in health and human performance.
            

            
            
         

         
         
      

      
      
      

         
         Topics Covered
         

         
         
         
            
            Our text covers the basics of nutrition for health, including the functions and daily allowances for the energy-yielding macronutrients—carbohydrate,
               protein, and fat—and micronutrients; nutrition in health and disease prevention; population-based nutrition considerations
               for training and sports; and practical information on measuring and altering body composition.
            

            
            
            The text is organized in a logical sequence, with each chapter building on what was learned in the previous chapter. In part
               I, we provide an overview of the role nutrition plays in overall well-being throughout the life span. Energy metabolism is
               discussed, including the roles of macronutrients and micronutrients and how exercise affects nutrient needs. The three chapters
               in part II focus on each energy-yielding macronutrient, its role in health and disease, and dietary recommendations that support
               health and an active lifestyle. After learning about macronutrients, readers are introduced in part III to the roles of micronutrients
               in health and performance. Chapters on vitamins and minerals cover population-specific intake recommendations, consequences
               of excess intake or dietary shortfalls, and supplemental intake. This part of the book covers water and electrolytes as well
               as nutrition supplements and drugs. The role of fluid in health and human performance is discussed, and fluid and electrolyte
               guidelines are recommended. The chapter on nutrition supplements and drugs covers popular dietary supplements, supplement
               claims, third-party testing, drugs in sports, and the untoward effects of alcohol on sports performance. In part IV we provide
               information on the application of nutrition to health and fitness. Ideal body weight and body composition is discussed, including
               how to measure body composition and achieve optimal body composition and weight; nutrition recommendations are provided for
               aerobic endurance and resistance training. In the final chapter we discuss nutrition concerns and recommendations for special
               populations and individuals at distinct life stages, including children, adolescents, masters athletes, diabetics, vegetarians,
               pregnant women, and individuals with eating disorders or disordered eating.
            

            
            
         

         
         
      

      
      
      

         
         Unique Features that Enhance Learning
         

         
         
         
            
            The book includes a number of features that help highlight key concepts and provide practical examples to enhance understanding.
               Each chapter includes the following elements:
            

            
            
            
               
               	Chapter objectives
                  Included at the start of each chapter, these give you an overview of what lies ahead.

                  
                  
               

               
               
               	“Putting It Into Perspective” sidebars
                  These elements help engage college readers by providing information that is relevant to them, including practical case studies;
                     tips on improving health, enhancing sports performance, or achieving a desired physique; and other helpful material that can
                     be applied in everyday living.
                  

                  
                  
               

               
               
               	“Do You Know?” sidebars
                  These brief information nuggets provide key insights, little-known details, and evidence-based facts that might surprise you.

                  
                  
               

               
               
               	“Reflection Time” sidebars
                  These elements prompt readers to dig deeper and consider how certain concepts presented in the book relate to their everyday
                     lives.
                  

                  
                  
               

               
               
               	“Nutrition Tip” sidebars
                  Intriguing, real-world tips related to nutrition for the college student.

                  
                  
               

               
               
               	Review questions
                  Questions to evoke further thought and ensure that readers have digested the key points in each chapter.

                  
                  
               

               
               
               	Glossary
                  A handy listing of key terms to help you fill your memory bank—or for your future reference.

                  
                  
               

               
               
            

            
            
         

         
         
      

      
      
      

         
         Instructor Resources
         

         
         
         
            
            Instructor ancillaries include an instructor guide, presentation package, test package, and chapter quizzes. The instructor
               guide includes chapter outlines and chapter summaries, objectives, and review questions from the book. The presentation package
               includes PowerPoint slides and an image bank of most of the art and tables from the book that instructors may use to create
               customized lecture presentations. The test package and chapter quizzes provide questions in various formats that can be used
				to create customized tests. Ancillary products supporting this textbook are available at www.HumanKinetics.com/NutritionForSportExerciseAndHealth.
            

            
            
         

         
         
      

      
      
      
   
      
      
      
      Part I
The Big Picture
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         Nutrition is a complex and vast science that covers the role of food, supplementation, and hydration for growth and development,
            metabolism, health, disease prevention, and sports performance. Looking at the big picture, nutrition needs change throughout
            the lifecycle. A nutrient-rich diet supplies the body with the macronutrients and micronutrients needed for optimal growth
            and development, health, and well-being throughout the lifecycle. Medical nutrition therapy, a subdiscipline within the field
            of nutrition, covers the nutrition needs for specific disease states and health conditions. Chapter 1 provides an overview
            of nutrition for health throughout the lifecycle, for disease states, and for athletic performance. In addition, food guidance
            systems intended for the general public are covered, as well as information on the research process and reliable sources of
            nutrition information.
         

         
         
         Following an overview of nutrition for health and well-being, chapter 2 explores energy metabolism. Before delving into the
            specific role of nutrition in exercise and athletic performance, you’ll learn about the different energy systems the body
            can use to generate fuel during various types of exercise at both high and low intensity.
         

         
         
      

      
      
      

      
      
   
Chapter 1
Optimizing Health and Well-Being Throughout the Lifespan
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Chapter Objectives

            
            
            
               
               After completing this chapter, you will be able to do the following:

               
               
               
                  
                  	Explain functions of nutrients and their roles in health.

                  
                  
                  	Describe the differences between macronutrients and micronutrients.

                  
                  
                  	Explain the difference between general nutrition information and medical nutrition therapy.

                  
                  
                  	Identify and understand the major food guidance systems in the United States (Dietary Guidelines, Food Labels, Dietary Reference
                     Intakes, and MyPlate).
                  

                  
                  
                  	Describe the basic principles of exercise and training.

                  
                  
                  	Discuss the role of nutrition in optimizing athletic performance.

                  
                  
                  	Summarize the scientific research process and types of research designs, as well as how to evaluate reputable sources for
                     sport nutrition information.
                  

                  
                  
                  	Understand credentials available in exercise science and the scope of practice between nutrition and exercise professionals.

                  
                  
               

               
               
               
               
               
               
            

            
            
         

         
         
         
            Nutrition, as a scientific discipline, is the study of how food and its components affect growth and development, metabolism, health,
            and disease as well as mental and physical performance. Food refers to anything people eat or drink that supports life and growth. Nutrients are substances that elicit a biochemical or physiological function in the body. The science of nutrition involves the processes
            of consumption or ingestion, digestion, absorption, metabolism, transport, storage, and elimination. In addition to the science
            behind it, nutrition is an extremely broad field that encompasses everything from the food supply and food safety to eating
            behavior and nutrient recommendations for optimal health (44, 58). Sport nutrition is a specialty discipline that merges nutrition and sports science research, resulting in nutrition guidelines for optimal
            training, performance, and recovery from exercise.
         

         
         
         
         
      

      
      
      

      
      
      

         
         Nutrients
         

         
         
         
            
            There are six groups of nutrients: carbohydrate, lipids, protein, vitamins, minerals, and water. Alcohol is not a nutrient,
               but it does contain energy (calories). Carbohydrates, fats (including fatty acids and cholesterol), protein (including amino
               acids), fiber, and water are macronutrients, which are required in the diet in larger amounts. Carbohydrates, fats, and proteins are also referred to as energy-yielding macronutrients because they supply the body with energy. Vitamins and minerals are micronutrients, which are required in the body in smaller amounts in comparison to macronutrients. A common misconception is that vitamins
               and minerals are energy nutrients. These do not contain energy, though they play essential roles in the production of energy.
               Deficiencies of certain vitamins and minerals can lead to fatigue. Macronutrients and micronutrients work together for optimal
               physiological function (44, 58). The unit of energy in food is called a kilocalorie, commonly referred to as a calorie or kcal. A kilocalorie is the amount of heat it takes to raise the temperature of one
               kilogram of water by one degree Celsius. A person’s energy requirements refer to the number of kilocalories needed each day.
               Food labels list calories per serving of the item. Both carbohydrate and protein contain 4 calories per gram, while lipids provide 9 calories per gram, making lipids more energy dense—that is, they contain more calories per mass or volume than do carbohydrate or protein (44, 58).
            

            
            
            
            
            
               
               Nutrition Tip

               
               
               
                  
                  Counting your carbs? Note that while all vegetables contain primarily carbohydrate, their content per serving is not the same.
                     Vegetables can be categorized as starchy or nonstarchy. Starchy vegetables, such as potatoes, corn, and peas, contain approximately
                     15 grams of carbohydrate in a half-cup serving. Nonstarchy vegetables, such as broccoli, beets, and asparagus, contain considerably
                     less carbohydrate—about 5 grams per half-cup serving. So if you want to reduce your intake of carbohydrate, choose nonstarchy
                     vegetables.
                  

                  
                  
                  
                  
               

               
               
            

            
            
         

         
         
         
         
            
            Dietary Reference Intakes

            
            
            
               
               The Institute of Medicine (IOM) of the United States Department of Agriculture (USDA) developed the Dietary Reference Intakes
                  (DRIs), a set of recommendations based on the latest “scientific knowledge of the nutrient needs of healthy populations” (46)
                  (figure 1.1). The DRIs include:
               

               
               
               
                  
                  	
                     Estimated Average Requirement (EAR). The EAR is the estimated mean daily requirement for a nutrient as determined to meet the requirements of 50 percent of healthy
                     people in each life stage and gender group (different amounts are provided based on age ranges and life stages, such as pregnancy
                     and lactation). The EAR is based on the reduction of disease and other health parameters. It does not reflect the daily needs
                     of individuals but is used to set the RDA and for research purposes.
                  

                  
                  
                  	
                     Recommended Dietary Allowance (RDA). The RDA is set to meet the needs of nearly all (97–98%) healthy people in each gender and life stage. This is the amount
                     that should be consumed on a daily basis. The RDA is two standard deviations above the EAR based on variability in requirements,
                     or if the standard deviation is not known, the RDA is 1.2 times the EAR.
                  

                  
                  
                  	
                     Adequate Intake (AI). The AI is the recommended average daily nutrient level assumed to be adequate for all healthy people. The AI is based on estimates—observed
                     or experimentally determined approximations—and used when the RDA cannot be established because of insufficient data (46).
                  

                  
                  
                  	
                     Tolerable Upper Intake Level (UL). The UL is the highest average daily intake considered safe for almost all individuals. The UL represents average daily intake
                     from all sources, including food, water, and supplements. Lack of a published UL does not indicate that high levels of the
                     nutrient are safe. Instead, it means there isn’t enough research available at this time to establish a UL (46).
                  

                  
                  
                  	
                     Acceptable Macronutrient Distribution Range (AMDR). The AMDR is a range given as a percentage of total calorie intake—including carbohydrate, protein, and fat—and is associated
                     with a reduced risk of chronic disease and adequate intake of essential nutrients (18).
                  

                  
                  
                  	
                     Estimated Energy Requirement (EER). The EER is the average daily energy intake that should maintain energy balance in a healthy person. Factors such as gender,
                     age, height, weight, and activity level are all considerations when calculating this value (46).
                  

                  
                  
               

               
               
               
                  



               
               
            

            
            
         

         
         
         

      
      
      




Figure 1.1    Dietary Reference Intakes. The AI or RDA describes the recommended daily amount of a nutrient, while the UL describes the
                     amount not to exceed. Too little or too much of a nutrient can increase the risk of undesirable effects.
                  

                  
                  
                  [image: Figure 1.1 Dietary Reference Intakes. The AI or RDA describes the recommended daily amount of a nutrient, while the UL describes the amount not to exceed. Too little or too much of a nutrient can increase the risk of undesirable effects.]

                  
               

               
               
            

            
            
         

         
         
         
            
            Energy-Yielding Macronutrients

            
            
            
               
               The primary function of carbohydrate is to provide energy. Carbohydrate becomes increasingly important when exercising at
                  a high intensity. High-intensity exercise increases energy (calorie) demands, and carbohydrate is a fast source of energy—the
                  body can quickly access it—whereas fat, another source of energy, is much slower in meeting the body’s demand for energy during
                  high-intensity exercise. Carbohydrate can be stored, to an extent, in the human body as an energy reserve in the form of glycogen
                  in the liver and muscle. The AMDR for carbohydrate is 45 to 65 percent of kilocalories for both males and females ages 19
                  and older (18). Common sources of carbohydrate are rice, pasta, wheat products, and grains such as corn, beans, legumes, fruits,
                  vegetables, and milk. Some carbohydrates are considered nutrient-dense because they contain nutrients important for good health,
                  including vitamins, minerals, and dietary fiber. A type of carbohydrate, fiber is discussed in detail in chapter 3.
               

               
               
               Dietary fats and oils are examples of lipids. Dietary fats and oils provide energy and aid in the absorption of fat-soluble
                  vitamins and food components. Fat can be stored in limitless quantities in the body, serving as an energy reserve (18). Fat
                  can be an important energy source during long-duration activities, such as an ultra-endurance race. The AMDR for fat is 20
                  to 35 percent for both males and females ages 19 years and older (18). Common sources of fats include meat, nuts, seeds, oils,
                  dairy products, and vegetable spreads (47).
               

               
               
               Protein can be used for energy, but its primary function is to support cell and tissue growth, maintenance, and repair. Unlike
                  carbohydrate and lipids, the primary purpose of protein is not to supply energy, so it is important to get an adequate amount
                  on a regular basis (18). The RDA for protein is 56 grams per day for males aged 19 and over, and 46 grams per day for females
                  aged 14 and over. The RDA for pregnant and lactating women of all ages is 71 grams per day (18). Despite these recommendations,
                  considerable evidence suggests that the RDA for protein is too low to support muscle growth and maintenance, particularly
                  for athletes and older adults (32, 34, 35). The AMDR for protein is 10 to 35 percent of calories for both males and females
                  ages 19 and older (18). Common sources of protein include poultry, beef, fish, eggs, dairy foods, and some plant foods, particularly
                  soy foods, nuts, and seeds (44, 47, 58).
               

               
               
               
               
            

            
            
         

         
         
         
            
            Micronutrients

            
            
            
               
               Vitamins are essential nutrients, necessary for releasing and using energy in the metabolism of carbohydrates, lipids, and
                  proteins. Vitamins also support proper growth and development, vision, organ and immune functioning, muscle contraction and
                  relaxation, oxygen transport, building and maintaining bone and cartilage, building and repairing muscle tissue, and protecting
                  the body’s cells from damage. Vitamins are classified as fat-soluble or water-soluble depending on how they are absorbed,
                  transported, and stored in the body. Most water-soluble vitamins (e.g., some B vitamins, vitamin C) are not stored in the
                  body, and any excess is excreted in urine; fat-soluble vitamins (e.g., vitamins A, D, E, K) are stored in adipose (fat) tissue
                  (18). Tolerable upper limits have been established for many of the micronutrients (46). Daily vitamin requirements depend
                  on many factors, including health status, gender, life stage, and age (27). Vitamin deficiencies or insufficiencies may negatively
                  impact training gains and athletic performance, though there is no evidence to suggest those who exercise or train for competition
                  need greater intakes beyond their requirements for general health (24, 44, 58).
               

               
               
               Minerals are structural components of many body tissues, including bones, nails, and teeth. They also help regulate fluid
                  balance, muscle pH, muscle contraction (including heartbeat), nerve impulses, oxygen transport, immune functioning, and muscle
                  building and repair and are part of enzymes that facilitate several metabolic functions (15, 44, 58).
               

               
               
               Macrominerals are required in higher amounts (i.e., grams and milligrams) than are trace minerals (i.e., micrograms). Mineral
                  deficiencies can impair health as well as exercise and athletic performance, though research does not indicate that excess
                  intake, beyond the DRIs, will improve results from an exercise program or improve athletic performance (24, 44, 58).
               

               
               
            

            
            
         

         
         
         
            
            Water

            
            
            
               
               Water plays a role in nutrient transport, waste removal, biochemical reactions, blood pressure, and regulation of body temperature.
                  Water needs depend on many factors, including age, body size, health status, medication use, environment (heat), altitude,
                  and physical activity, particularly sweat losses. Daily water requirements can be met through a combination of fluids and
                  the water found in food (28). In particular, soups, fruits, and vegetables contain a considerable amount of water (38, 44,
                  58).
               

               
               
            

            
            
         

         
         
      

      
      
      

         
         General Nutrition Guidelines
         

         
         
         
            
            Nutrition plays a significant role in health wellness. Nutrition guidelines exist for healthy persons as well as those with specific diseases or conditions. Medical nutrition
               therapy includes diet interventions to treat or prevent health conditions and diseases (2). Other guidelines exist for athletes and active individuals specific to the activity or
               sport. In some aspects, there is overlap between general nutrition guidelines for health and those for activity or sports.
               It is important to have an understanding of both in order to differentiate when general versus sport-specific guidelines should
               be considered.
            

            
            
            
            
            
               
               General Nutrition Information Versus Medical Nutrition Therapy

               
               
               
                  
                  Putting It Into Perspective

                  
                  
                  General, nonmedical nutrition information is designed to provide healthy individuals with food and nutrition guidelines for
                     health promotion and disease prevention. Many of these guidelines come from government agencies, including the United States
                     Department of Agriculture (USDA). If a person has a health condition or disease for which food and nutrition plays a role
                     in the prevention or management, this is called medical nutrition therapy (MNT). MNT is most often provided by a Registered Dietitian Nutritionist (RD or RDN), and in many states providing MNT is limited
                     to practitioners who hold a license.
                  

                  
                  
                  
                  
               

               
               
            

            
            
         

         
         
         
         
            
            Dietary Guidelines

            
            
            
               
               While the rate of many infectious diseases has dropped over the years, largely because of immunizations (6), an increase has
                  occurred in chronic diseases and conditions related to poor nutrition habits and physical inactivity (59). Examples include
                  cardiovascular disease, high blood pressure, type 2 diabetes, some types of cancer, and osteoporosis (14). In addition, more
                  than two-thirds of adults and almost one-third of children and adolescents are overweight or obese (31). The 2015–2020 Dietary Guidelines for Americans includes evidence-based recommendations and guidelines designed for professionals to help guide Americans toward healthier
                  eating patterns and physical activity levels (PALs) to improve and maintain good health and reduce risk of chronic disease (48).
               

               
               
               The Dietary Guidelines are used to develop federal food, nutrition, and health policies and programs. The Dietary Guidelines are evidence-based and intended for policymakers and nutrition and health professionals, not the general public. Educational
                  materials and programs are developed based on the Dietary Guidelines and for the public. The current Dietary Guidelines translates nutrition science and physical activity research into food-based guidance as well as physical activity recommendations
                  that individuals can use to choose foods and incorporate physical activity patterns into their lives to promote optimal health
                  and reduce risk of chronic disease (49). The guidelines are too extensive to fully discuss in this text, but they can be obtained
                  free of charge by visiting the USDA website. Resources and toolkits for both health professionals and consumers are also being
                  developed from the Guidelines (48, 49).
               

               
               
            

            
            
         

         
         
         
            
            Food Labels

            
            
            
               
               The United States Food and Drug Administration (FDA) requires nutrition labeling on most foods; and any nutrient content claims and health messages comply with agency regulations.
                  Some foods are exempt from nutrition labeling. For example, foods that do not provide significant nutrition value, including
                  coffee and most spices, are exempt. Fresh produce is also exempt (57). For those foods requiring a label, five key components
                  must be listed (57):
               

               
               
               
                  
                  	Name of the product or something to identify what it is

                  
                  
                  	The net weight, volume, or numerical count of the package contents

                  
                  
                  	Ingredients by common name and in descending order by weight

                  
                  
                  	The name and address of the manufacturer, packer, or distributor

                  
                  
                  	The Nutrition Facts Panel (figure 1.2)
                  

                  
                  
               

               
               
               
                  



               
               
               

            
            
            
            
            
         

         
         
         

      
      
      




Figure 1.2    The Nutrition Facts Panel has been updated for easy understanding of the information provided. (a) This label is what you have been seeing for several years. (b) This updated label will be widely used by July 26, 2018, but food manufacturers with annual food sales of less than $10 million
                     may take up to one more year to comply with the new FDA regulations (52).
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               Fortunately, government agencies help make the process of translating nutrition requirements into food choices a fairly simple
                  process. The FDA regulates the contents of most food labels affixed to packaged products in the United States, whereas meat
                  and poultry product labels are governed by the United States Department of Agriculture (USDA) Food Safety and Inspection Service
                  (FSIS). Food labels display, among other nutrients, the amount of carbohydrate, fiber, fat, and protein included in each serving
                  of the product. Serving sizes are somewhat standardized among products but, more importantly, are in familiar household measurements
                  such as cups, tablespoons, and whole units (pieces).
               

               
               
               
               
               
                  
                  Do You Know?

                  
                  
                  
                     
                     Vitamin D, calcium, iron, and potassium are listed on the Nutrition Facts Panel because many Americans are not meeting recommendations
                        for these nutrients (52).
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
               Serving size is an important consideration. For example, a sports drink may have three servings per bottle, yet the nutrition
                  information is listed per serving—that is, for one-third of the bottle. Servings must be listed in common household measures
                  as well as in the metric unit of grams. The quantity of energy-yielding nutrients—carbohydrate, fat, and protein—content are
                  provided in grams, which can be useful for nutrition guidelines presented in grams per day or grams per kilograms of body
                  weight, as commonly used in sports nutrition guidelines. Macronutrients and micronutrients are also expressed in terms of
                  percent of daily value (DV). DV is an indicator of how much of one serving of a food item contributes to a person’s nutrition needs, based on a 2,000-calorie diet. The percent DV (%DV) puts nutrition information in context of overall daily diet. Less
                  than 5 percent of the DV is low for a nutrient; greater than 20 percent is high (55). Finally, a footnote at the bottom of
                  the Nutrition Facts Panel describes %DV: “The % Daily Value tells you how much a nutrient in a serving of food contributes
                  to a daily diet. 2,000 calories a day is used for general nutrition advice” (52).
               

               
               
               
               
               
                  
                  Portion Distortion

                  
                  
                  
                     
                     Putting It Into Perspective

                     
                     
                     A product’s serving size is in large bold font on the Nutrition Facts Panel and reflects what people normally eat. However,
                        you may eat more or less than the serving size listed. Use measuring cups to pour a serving onto your plate or into a bowl
                        so you can see what a serving looks like.
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
               Food products and dietary supplements are allowed to make nutrient content claims and health claims, as regulated by the FDA. Nutrient content claims describe the level of a nutrient or ingredient in a food product. For instance,
                  a claim may say “high in oat bran,” “fat free,” or “light cheesecake.” Examples of terms defined by the FDA include “light,” “lite,” “sodium free,” “trivial source of sodium,” “reduced,” “less,” “low-fat,” “sugar free,” “low calorie,”
                  “good source,” “high,” “more,” and “high potency.” Some of the terms compare the level of the nutrient in a product to the
                  DV for that nutrient (e.g., “excellent source”), whereas others compare one product to a reference food. A reference food
                  is defined as a food within the same category (potato chips and pretzels, for instance) or similar food (comparing two brands
                  of potato chips, for example). Detailed descriptions of FDA-approved nutrient content claims can be found on the FDA’s website
                  (30, 51, 53).
               

               
               
               
               
               
                  
                  Nutrition Tip

                  
                  
                  
                     
                     The terms “light” or “lite” can have several meanings when used on a food product. These terms are regulated by the FDA yet
                        remain confusing to consumers. When one of these terms is used it can mean the product contains one-third fewer calories,
                        or no more than half the fat of the original version of the product. It can also refer to sodium, meaning that the food has
                        no more than half the sodium compared to the comparable product. Examples include “light” salad dressing, referring to calories
                        and fat; and light soy sauce, meaning the product has half the sodium of a typical soy sauce. Here is the tricky part: These
                        terms can also refer to color and texture, and in such cases the terms have no relation to nutrition value. For example, “light”
                        brown sugar is a description of the color and something described as “light and fluffy” refers to food texture.
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
               Health claims can be used on food as well as dietary supplements to describe a relationship between a substance and a health-related
                  condition or disease. There are several requirements that must be met prior to FDA approval of a health claim, including significant
                  scientific agreement supporting the proposed claim. Only a limited number of health claims have been approved for use; the
                  complete list can be found on the FDA’s website (54, 56).
               

               
               
            

            
            
            
            
            
         

         
         
         
            
            MyPlate

            
            
            
               
               MyPlate is a visual reminder that “all food and beverage choices matter.” MyPlate outlines healthy dietary patterns based
                  on the Dietary Guidelines and focuses on variety, amount, and nutrition. More nutritious food choices are encouraged from the five food groups: fruits,
                  vegetables, grains, protein, and dairy. For example, whole grains are a better choice than refined white bread or pasta. See
                  figure 1.3 for more details. MyPlate also encourages staying within one’s daily calorie limits (45).
               

               
               
               
                  



               
               
               

            
            
         

         
         
         

      
      
      




Figure 1.3    MyPlate is easily identifiable. It provides a simple reminder that all food groups are important. Half of the plate should
                     be filled with fruits and vegetables, one quarter with lean protein, and one quarter with quality grain. Dairy is represented
                     as a side dish or a beverage, as commonly consumed.
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                  USDA’s Center for Nutrition Policy and Promotion.

                  
                  
               

               
               
               The website for MyPlate is: www.choosemyplate.gov. Once a person establishes a profile by entering sex, age, current activity
                  level, and weight goals, the system creates a meal plan with the number of servings recommended from each of the five food
                  groups. The user can explore each food group in great detail to determine the healthiest choices and the guidelines for serving
                  sizes. The website can also track daily dietary intake and physical activity and include details about nutrient intake and
                  patterns of energy balance. Though other, more sophisticated, programs are on the market for diet and physical activity tracking,
                  www.choosemyplate.gov is free of charge (45). When assessing any diet analysis program, accuracy and ease of use are both
                  important. Accurate programs use the USDA database for the calorie and nutrient content of foods in addition to information
                  from food labels on packaged foods.
               

               
               
               MyPlate can teach athletes about portion sizes and accompanying nutrient content. For example, a half-cup of cooked rice is
                  a serving size of grains and provides about 15 grams of carbohydrate. However, MyPlate and educational materials based on
                  MyPlate provide calorie guidelines and portions for individuals who get less than 30 minutes of moderate physical activity
                  most days of the week, so their guidelines need to be adjusted when used by athletes.
               

               
               
            

            
            
         

         
         
         
            
            Guidelines for Athletes

            
            
            
               
               The DRIs do not take exercise into account. Although athletes might benefit from greater intake of certain micronutrients
                  to keep levels in the body within normal limits, many can meet these needs with a well-planned diet that meets their caloric
                  demands. Greater calorie intake provides the opportunity to consume more food and therefore more nutrients. Micronutrients
                  of greater concern for athletes are discussed in chapters 6 and 7. The AMDRs are generally not used for athletes, and specific
                  guidelines for carbohydrates, lipids, and proteins are expressed in grams or as grams per kilogram body weight. These are
                  discussed in detail in chapters 3, 4, and 5. The ULs apply to athletes and active individuals. When considering the UL for
                  vitamins and minerals, one must take into account total intake of nutrients from all sources, including food, sports nutrition
                  products (e.g., bars, protein powders), and supplements.
               

               
               
               
                  



               
               
               

            
            
         

         
         
      

      
      
      




Nutritional requirements for athletes may vary by sport. Water polo, for example, is a high-intensity activity. If you are
                     an athlete, consider what aspects of your sport may require specialized nutrition to replenish your body and improve performance.
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               Learning to read food labels can help athletes plan their diets. Most energy-yielding macronutrient guidelines for athletes
                  are expressed in grams, as listed on food labels. Grams per serving for carbohydrate, fat, and protein are clearly listed
                  on the Nutrition Facts Panel.
               

               
               
            

            
            
         

         
         
      

      
      
      

         
         Exercise
         

         
         
         
            
            Exercise includes any activity that enhances physical fitness and health. Exercise is considered a type of physical activity
               that is planned and repetitive. Exercise is important throughout one’s life, as it can help prevent or delay the development
               of many diseases and health conditions, including certain types of cancer, cardiovascular disease, osteoporosis, and sarcopenia
               (age-related loss of muscle mass). Sport-specific training results in physiological adaptations to improve performance.
            

            
            
            
            
            
               
               Do You Know?

               
               
               
                  
                  Some people think they are too old to reap the benefits of exercise. In reality, it is never too late. Though muscle mass
                     declines with age, older adults can improve strength through resistance training. This can lead to improved health and enhanced
                     mobility and daily functioning (7, 22).
                  

                  
                  
                  
                  
               

               
               
            

            
            
         

         
         
         
         
            
            Health Benefits of Exercise

            
            
            
               
               The Physical Activity Guidelines for Americans (50) is a public document that summarizes the research findings on the health benefits of physical activity. Some of the
                  major findings include:
               

               
               
               
                  
                  	All adults should avoid physical inactivity; some physical activity is better than none; regular physical activity reduces
                     the risk of many adverse health outcomes.
                  

                  
                  
                  	For most health outcomes, there is a dose-response relationship. As the amount of physical activity increases through higher
                     intensity, greater frequency, or longer duration, many health outcomes improve.
                  

                  
                  
                  	Most health benefits occur with at least 150 minutes (2 hours and 30 minutes) a week of moderate-intensity aerobic physical activity or 75 minutes (1 hour and 15 minutes) a week of vigorous-intensity aerobic physical activity, or an equivalent combination
                     of the two intensities.
                  

                  
                  
                  	For additional and more extensive health benefits, adults should aim to achieve 300 minutes (5 hours) a week of moderate-intensity
                     aerobic physical activity, or 150 minutes a week of vigorous-intensity aerobic physical activity, or an equivalent combination
                     of the two intensities. Additional health benefits may be gained by engaging in physical activity beyond this amount.
                  

                  
                  
                  	Both endurance (aerobic) and resistance training are beneficial. Resistance training should be moderate or high intensity
                     and involve all major muscle groups 2 or more days per week.
                  

                  
                  
                  	Health benefits occur for children and adolescents, young and middle-aged adults, older adults, those in every studied racial
                     and ethnic group, and for people with disabilities.
                  

                  
                  
                  	The benefits of physical activity far outweigh the possibility of adverse outcomes.

                  
                  
               

               
               
               Many competitive athletes far exceed these general recommendations for health.

               
               
               
                  



               
               
               

            
            
         

         
         
         

      
      
      




Exercise improves attention span, increases learning retention, and decreases stress. Instead of skipping a workout when you’re
                     busy prepping for final exams, take your studying to the gym.
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            Components of Fitness

            
            
            
               
               Physical fitness involves many systems of the body working together to produce a desired outcome. The key components of fitness
                  include cardiovascular or cardiorespiratory endurance, muscular strength and endurance, flexibility, and body composition.
                  Aerobic power (aerobic capacity) is dependent on a continuous supply of oxygen and is determined by measuring maximal oxygen
                  uptake (also referred to as maximal oxygen consumption; [image: V over time]O2max). [image: V over time]O2max measures the maximum volume ([image: V over time]) of oxygen (O2) taken in, transported, and used by muscles to produce energy. [image: V over time]O2max is measured using an incremental (increases in speed, incline, or both) exercise test on a cycle ergometer or treadmill
                  (36) A higher [image: V over time]O2max means the athlete can consume more oxygen and deliver it to hard-working muscles. [image: V over time]O2max declines with age (10), yet aerobic training can increase [image: V over time]O2max in people of all ages, including older adults (12, 33). High-intensity, low-duration training and low-intensity, high-duration
                  training increase [image: V over time]O2max to a similar extent (42).
               

               
               
               Anaerobic means literally without oxygen. Anaerobic activity is intense activity performed without sufficient oxygen over a short period of time (figure 1.4). Sprinting is an example. Increasing anaerobic power or capacity depends on the anaerobic energy systems, the adenosine
                  triphosphate-phosphocreatine system (ATP-PC), and anaerobic glycolysis (see chapter 2 for more details). Optimizing anaerobic
                  power means the body has trained these systems to maximally produce ATP, a high-energy molecule used in all cells of the body
                  and during exercise (20).
               

               
               
               
                  



               
               
               

            
            
         

         
         
         

      
      
      




Figure 1.4    Anaerobic activities do not require oxygen for ATP generation. Training results in optimization of this system for enhanced
                     ATP production and greater performance.
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                  Muscular strength is the maximal force that a skeletal muscle or group of muscles can produce, whereas muscular power is the rate at which the work (contraction) is performed. Muscular power is the product of strength and velocity or speed
                  of the contraction. Muscular endurance is the ability to perform repeated skeletal muscle contractions or to hold a contraction over a period of time. Both skeletal
                  muscle strength and endurance can be increased with training. Muscular flexibility is the ability to move through a joints’ range of motion. Like other components of fitness, flexibility can be improved through
                  exercise (20).
               

               
               
               
                  Body composition describes the makeup of tissues in the body. Percent body fat is the percentage of body weight that is fat, rather than fat-free
                  mass such as muscle, organs, water, connective tissue, and bone (20). Ranges of body fat associated with both health and athletic
                  performance are discussed in later chapters of this book. While excess body fat is a risk factor for developing several chronic
                  diseases, too little body fat is also detrimental to health. In some sports, athletes require a high level of muscle mass
                  and strength, while other sports require leanness and optimal muscle endurance. More details on body composition are provided
                  in chapters 10 and 13.
               

               
               
               Both genetics and environmental factors, including physical activity, activities of daily living, and nutrition, influence
                  body composition (5, 9, 11, 60). Though genetics can influence tendency for overweight and obesity, as well as where fat is
                  deposited on the body (hips, buttocks, breasts, etc.), many people with obesity genes never become overweight or obese (16).
                  Environment plays a tremendous role, and there is also a link between genetics and the environment (61). Making good nutrition
                  choices, decreasing calories to lose weight or consuming enough calories to maintain yet not gain weight, and physical activity
                  all have profound influence on genetic predisposition to overweight or obesity (4, 37, 39, 40).
               

               
               
            

            
            
         

         
         
         
            
            Principles of Exercise Training

            
            
            
               
               Exercise training describes the body’s response to consistent exercise, resulting in desired physiological adaptations (20).
                  A well-designed training program combined with proper nutrition and adequate sleep and recovery generally leads to performance
                  improvements, while overtraining or undertraining can result in a performance decrement.
               

               
               
            

            
            
            
               
               Specificity

               
               
               
                  
                  The principle of specificity dictates that training adaptations and performance improvements are specific to the type, intensity, and duration of training.
                     Training must induce a physical stress specific to the system needed for performance enhancements. For example, a triathlete
                     must perform endurance activities that are long in duration and that include the activities in competition: swimming, cycling,
                     and running. Weightlifting promotes increased muscle strength and hypertrophy (growth), which are beneficial adaptations for
                     power lifters. Endurance training alone will not promote the increased muscular strength and hypertrophy necessary for power
                     lifting. In simplest terms, for the principle to apply, the training program must be specific to the sport or activity and
                     support the physiological adaptations needed to succeed at the desired sport or activity (20, 50).
                     
                  

                  
                  
                  
                  
                  
                     
                     Do You Know?

                     
                     
                     
                        
                        Though less time in between sets will increase muscular fatigue, longer rest periods between sets—3 minutes instead of 1 minute,
                           for instance—can improve hypertrophy and strength gains in resistance-trained individuals (41).
                        

                        
                        
                        
                        
                     

                     
                     
                  

                  
                  
               

               
               
               
            

            
            
            
               
               Overload

               
               
               
                  
                  In order to see improvements in performance, it is necessary to overload the system (e.g., cardiovascular, muscular) being trained with a greater load than normal. For example, you bench press 150
                     lbs. for a maximum of 8 repetitions at which time your muscles becomes fatigued, and you cannot lift one more repetition.
                     This 150 lbs. is called your 8 repetition max or 8RM. With regular training over time, you will be able to lift the same 150
                     lbs. more than 8 times before your muscles fatigue and you must stop. If you wish to become stronger, you must add more weight
                     to your press in order to establish a new 8RM or experience complete muscle fatigue after 8 repetitions. As resistance training
                     continues, weight needs to be added until fatigue sets in after six to eight repetitions. Adjusting weight and number of repetitions
                     while focusing on eccentric contractions can improve muscle hypertrophy and strength. For endurance performance improvement, you must increase total training volume
                     via intensity or duration or a combination of the two (20, 50).
                  

                  
                  
                  
                  
                  
                     
                     Do You Know?

                     
                     
                     
                        
                        When you begin a resistance-training program, you may fatigue quickly. Once you become stronger, that exercise subsequently
                           becomes easier. If you do not increase the weight to make it harder to lift again, you will not experience any additional
                           future strength gains.
                        

                        
                        
                        
                        
                     

                     
                     
                  

                  
                  
               

               
               
               
            

            
            
            
               
               Periodization

               
               
               
                  
                  The principle of 
                     periodization schedules training for a particular sport or event into smaller blocks of time (figure 1.5). Proper periodization allows for the intensity of training required for the desired performance outcome while also allowing
                     adequate rest and recovery. Traditional periodization plans are usually mapped over a long duration, such as a year to four
                     years. Within that timeframe are various cycles of months (macrocycles), weeks (mesocycles), days (microcycles), and individual
                     training sessions. Such a plan might work well for individuals training for a single competition like a marathon, in which
                     the focus is on one system (the cardiovascular system). Training blocks can also be customized to a particular sport or activity
                     to emphasize a smaller number of performance outcomes at once or to design a smaller number of blocks at one time. These blocks
                     might be a shorter duration than in single-sport training (e.g., a few weeks). The number, sequence, and outcomes can be highly
                     customized for the sport or event (19).
                  

                  
                  
                  
                     



                  
                  
               

               
               
            

            
            
            

         
         
      

      
      
      





Figure 1.5    Periodization is a concept that simplifies training regimens and goals into smaller blocks of time. Intensity and duration
                        of training may vary depending on the desired performance outcome. The actual length of time in each block or period will
                        depend on the sport or activity.
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               Detraining

               
               
               
                  
                  Regular resistance or endurance training produces physiological training responses that are beneficial for both athletes and
                     other individuals. Unfortunately, when you discontinue training, your training gains are lost, or the principle of 
                     detraining. Maintenance-level training programs are needed to prevent physiological declines from the trained state. Physiological reductions
                     with detraining can be partial or full, and cardiorespiratory endurance decrements appear to be greater than loss of muscular
                     strength and power. Data vary regarding muscle strength, power, and endurance, but some research suggests that just two weeks
                     of inactivity can lead to declines in muscular endurance. Fortunately, resuming training can result in restoration of both
                     cardiorespiratory endurance and skeletal muscle performance (8, 23, 29).
                     
                  

                  
                  
                  
                  
                  
                     
                     You Can Come Back From Detraining

                     
                     
                     
                        
                        Putting It Into Perspective

                        
                        
                        Have you ever worked hard in an exercise program and then, for whatever reason, taken an unexpected long break? Though your
                           body will become detrained during your down time, you can bounce back. For most people, once exercise resumes, physiological
                           gains occur faster than initial changes.
                        

                        
                        
                        
                        
                     

                     
                     
                  

                  
                  
               

               
               
               
            

            
            
            
               
               Overtraining

               
               
               
                  
                  It is fairly well established that appropriate training and adequate recovery and rest leads to enhanced performance, but
                     unfortunately, many athletes believe that more is better and that there is no limit to performance enhancement. Excessive
                     training usually results in a performance decrement, often followed by the compensatory behavior of even more physical effort.
                     The American College of Sports Medicine and the European College of Sports Science have a Joint Consensus Statement on this
                     topic (26). The two terms to describe the condition of excessive training are overreaching and overtraining. Overreaching describes excessive exercise volume that results in short-term performance decrement and usually occurs during periods of
                     competition. These can be reversed in several days to several weeks through proper training, nutrition intervention, and rest.
                     Key nutrients include adequate fluid to restore hydration, carbohydrate to replenish glycogen stores, and protein to optimize
                     protein synthesis (particularly in muscle) and healing. The symptoms accompanying overreaching include overall fatigue, muscular
                     fatigue, chronic muscle tenderness and soreness, lack of concentration, and disrupted eating habits or loss of interest in
                     food. Overtraining results in a compendium of symptoms referred to as the overtraining syndrome (OTS) (figure 1.6). This condition is more serious than overreaching, often causing long-term performance impairment that can take several
                     weeks or months to recover from. OTS is complex because there are both physiological abnormalities and often psychological
                     challenges stemming from the stress of competition, family and social relationships, and other life demands. There are no
                     set diagnostic criteria for OTS, as symptoms vary from athlete to athlete and are highly individualized. Athletes with suspected
                     OTS should seek medical attention to rule out other confounding conditions and to develop a sound plan for recovery (26).
                     
                  

                  
                  
                  
                     



                  
                  
               

               
               
            

            
            
         

         
         
      

      
      
      





Figure 1.6    Common signs and symptoms characteristic of overtraining syndrome (OTS).
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         Sport Nutrition
         

         
         
         
            
            
               Exercise physiology is the study of the body’s response to exercise, from acute bouts to chronic adaptations with repeated activity and long-term
               training (20). Nutrition includes the science of the ingestion, digestion, absorption, and metabolism of nutrients and the
               accompanying physiological and biochemical functions of those nutrients (18). Sport nutrition integrates exercise physiology
               and nutrition. Athletes and active individuals should adhere to the principles of sound nutrition for optimal health but also
               need to address the appropriate nutrition intake to support training, performance, and recovery from exercise. Nutrition guidelines
               have been established to support the unique needs of various sports and physical activities.
            

            
            
         

         
         
         
            
            General Principles

            
            
            
               
               The ultimate goal for most athletes is to optimize performance in their sport or activity. Training is required for the metabolic
                  adaptations leading to improved performance, while nutrition strategies are important to providing adequate fuel and nutrients
                  to support that training. Sports nutrition strategies encompass food intake and nutrient absorption and utilization on a regular or daily basis, and then specifically before, during, and after competition or activity. Nutrition
                  goals need to be individualized for each athlete within and between sports. For example, while general carbohydrate guidelines
                  exist for the endurance athlete, the actual amounts that should be consumed are far different for a small female athlete versus
                  a large male athlete. In addition, endurance athletes have different carbohydrate and protein needs than strength athletes.
                  Individualization should also take into account food preferences, food intolerances or allergies, and any other special needs
                  that help the athlete maintain compliance.
               

               
               
               
               
               
                  
                  Nutrition Tip

                  
                  
                  
                     
                     Since nutrition guidelines exist for many sports and training regimens, you might think that athletes must be extremely rigid
                        to achieve success. While it is important to have adequate fuel and nutrients to support training and recovery from exercise,
                        eating with extreme rigidity can lead to the development of compulsive behaviors or disordered eating patterns, such as binge
                        eating, which, like other eating disorders, is a psychological condition. Varying your food choices and eating patterns, within
                        the nutrition guidelines you are following, should provide a good balance (25).
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
               In addition to individualized needs from person to person, sports nutrition guidelines are dynamic and change depending on
                  exercise training cycles. In nutrition periodization, nutrition guidelines are adjusted depending on the cycle of training or individual training sessions. For example, nutrition
                  needs will differ depending on whether an individual is in training, precompetition, competition, or the off-season. There
                  are many protocols for nutrition periodization that can be individualized to meet the needs of any athlete. A common periodization
                  program is broken into the same cycles as exercise training: macrocycles, mesocycles, and microcycles. During the off-season,
                  if athletes are not in training, their nutrient needs will reduce significantly. Optimal body composition for performance
                  is a goal for many athletes. If an athlete wishes to lose body weight or fat, this is usually recommended during the off-season,
                  or very early in training, to avoid any performance declines caused by an energy deficit (43).
               

               
               
            

            
            
            
         

         
         
         
            
            Evidence-Based Practice

            
            
            
               
               Most reputable professional organizations related to health care have a code of ethics. While codes of ethics vary across
                  disciplines, a common element is evidence-based practice. Generally speaking, evidence-based practice requires the use of
                  a systematic process for identifying, assessing, analyzing, and synthesizing the available evidence; using the best evidence
                  in making recommendations; and promoting the use of professional expertise when evidence is weak or lacking (13). All evidence-based
                  practice is founded on well-established, scientific guidelines and never relies on anecdotal information.
               

               
               
            

            
            
         

         
         
         
            
            Scientific Evidence

            
            
            
               
               In large part because of the media, conflicting information regarding nutrition abounds. When trying to determine if information
                  is accurate and complete, one method to employ is the scientific method (figure 1.7). The scientific method is a standardized process used by scientists and other professionals to answer research questions.
                  The process begins with an observation of a relation between two or more elements. The scientist (or other professional) then
                  develops a hypothesis, or educated guess, regarding the basis for the observation. The hypothesis is also considered the research
                  question. For instance, hypotheses may be developed based on the effect of a dietary intervention on performance, the effect
                  of a sports supplement on body composition, or a relation between two variables (e.g., Is vitamin D deficiency related to
                  bone fracture risk?). Once a hypothesis is established, the scientist develops a study design that includes an appropriate
                  number of subjects, methodology, and statistical control. Data are then collected and analyzed, and decisions, and sometimes
                  conclusions, are made from the experiment. The study design and statistical analyses must be appropriate to answer the research
                  question(s), and the experiment must be repeatable to other scientists to see if they obtain similar results. After many repeated
                  experiments demonstrate similar results, a theory can be proposed.
               

               
               
               
                  



               
               
            

            
            
         

         
         
         

      
      
      




Figure 1.7    The scientific method is a way of ensuring a standardized process is used when examining scientific evidence and evaluating
                     claims.
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            Reputable Sources of Nutrition Information

            
            
            
               
               In the nutrition world, there is a lot of quackery—misleading, unproven, or unsupported information—driven by marketing rather than science and often promoted for the purpose
                  of financial gain. Thus, it may be difficult to distinguish misinformation from sound scientific evidence. Several factors
                  should be considered when evaluating a nutrition or dietary supplement claim:
               

               
               
               
                  
                  	Who is making the claim or report? What are their training and credentials? Anyone can claim to be an expert in a subject
                     and publish in popular print or on the Internet (and even credentialed persons can misinterpret scientific research).
                  

                  
                  
                  	Where is the information published? While quality information can be published in popular outlets, it is not guaranteed to
                     be correct and not to mislead. Scientific evidence is published in peer-reviewed journals in which the research or review
                     information is critiqued by other experts in the field.
                  

                  
                  
                  	Is the report based on credible research? Has the research been interpreted correctly? In an effort to convince consumers,
                     some websites for dietary supplements cite research that wasn’t conducted on their product or stretch the truth regarding
                     the research on their product.
                  

                  
                  
                  	Is the report founded on personal observation, testimony or small, unpublished research findings?

                  
                  
                  	Are there claims being made that are too good to be true? Does the report criticize the scientific community? Companies who
                     manufacture “breakthrough” products sometimes criticize scientific experts.
                  

                  
                  
               

               
               
               Because of the abundance of available nutrition information, it is important to ensure sound scientific principles are being
                  considered. Some research studies are difficult to fully understand, and access to some studies may be limited. Though it
                  is easy to type questions into a search engine or skim through popular magazines or websites, it is worth taking the time
                  to critically evaluate nutrition claims and information before considering a dietary supplement or diet change.
               

               
               
               
               
               
                  
                  Evaluating Websites

                  
                  
                  
                     
                     Putting It Into Perspective

                     
                     
                     The Internet is loaded with nutrition misinformation. Here are some tips to help find credible websites:

                     
                     
                     
                        
                        	Who is sponsoring the site? Individual people, private companies, nonprofit organizations, or government agencies all create
                           websites. Look for the credentials and training of individuals who contribute to the content of the site as well as who is
                           sponsoring it. If a food or supplement manufacturer or trade organization is sponsoring the site, the information may be credible
                           but biased. Be sure to evaluate the content carefully.
                        

                        
                        
                        	When was the website last updated? The nutrition field is constantly developing, so information should be current.

                        
                        
                        	Check the three letters following the “dot” in the web address. Dot gov (.gov) is for a government website, dot edu (.edu)
                           is an educational institution, dot org (.org) is for nonprofit or professional organizations, and dot com (.com) is for commercial
                           and business sites. The first two are usually reputable (though some dot-edu sites are the personal websites of faculty members,
                           who might have their own agenda or post their own opinions to sound like facts). Dot org may or may not be credible, as organizations
                           often have sponsors they must please or promote.
                        

                        
                        
                        	Does the site distrust credible organizations? Does there appear to be financial gain for the authors of the site?

                        
                        
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
            

            
            
            
         

         
         
      

      
      
      

         
         Credentials and Scope of Practice
         

         
         
         
            
            Credentials and certifications vary tremendously among the professions of nutrition and dietetics and exercise sciences. Nutrition
               and dietetics have one uniform credential that is recognized by all 50 states in the United States, while this is not the case for exercise professionals. Dietitians of Canada is an organization that issues and regulates the
               profession of nutrition and dietetics in Canada. The credentials may vary slightly by province but most use the credential
               Registered Dietitian (RD). Both professions require education and skills in order to provide proper care, for members of the
               public.
            

            
            
         

         
         
         
            
            Exercise Science and Fitness Certifications

            
            
            
               
               There is no single accrediting body governing academic programs in the exercise sciences that leads to a nationally recognized
                  practice credential. Titles for exercise professionals—personal trainer, fitness professional, exercise physiologist, etc.—can
                  be used by anyone. Further, the term “certified” can be meaningless, depending on where the certification came from. Some
                  certifications come from reputable exercise and fitness professional organizations; others can be obtained over the Internet
                  with a credit card. This makes it confusing for the public when seeking professional exercise advice. Making matters more
                  confusing, many people who call themselves nutrition experts may have taken a weekend nutrition or nutrition and fitness certification
                  class but have no formal training or education in nutrition. Further, some exercise science degree programs may require one
                  or two nutrition courses, while others may have no requirement for nutrition classes. Limited nutrition education does not
                  provide the training and skills necessary to perform an individualized nutrition assessment and intervention, especially for
                  those who have health conditions or diseases.
               

               
               
               Because of these concerns, the American College of Sports Medicine (ACSM), the National Strength and Conditioning Association
                  (NSCA), the American Council on Exercise (ACE), and other professional organizations suggest that the general public seek
                  an exercise professional who holds a certification that is accredited by the National Commission for Certifying Agencies (NCCA).
                  The NCCA provides a standardized, independent, and objective third-party evaluation of the certification programs and subsequent
                  examinations (17).
               

               
               
               
               
               
                  
                  Reputable Sports Nutrition Organizations

                  
                  
                  
                     
                     Reflection Time

                     
                     
                     You might consider spending some time learning about the following organizations to see which ones interest you most.

                     
                     
                     
                        
                        	Sports, Cardiovascular, and Wellness Nutrition (SCAN) (www.scandpg.org). SCAN is a dietetic practice group of the Academy
                           of Nutrition and Dietetics. It is a sound source of sports nutrition information and can be used to find a Certified Specialist
                           in Sports Dietetics (CSSD). While this organization reserves most of its resources for members, there are links to some publicly
                           available position papers, sports nutrition fact sheets for consumers, and useful websites with sports nutrition–related information.
                           Other resources are available for purchase. SCAN holds an annual symposium, where current sports nutrition–related information
                           is presented to attendees.
                        

                        
                        
                        	Professionals in Nutrition for Exercise and Sport (PINES) (www.pinesnutrition.org). PINES is an international organization
                           that promotes sports nutrition practice and research. Associate membership is available to those who hold current employment
                           in a health sciences field that requires ongoing continuing education. Students enrolled in a sport nutrition, sport science,
                           or sport medicine program are also eligible for membership. PINES provides a variety of sports nutrition resources and links
                           to other organizations and documents related to the field.
                        

                        
                        
                        	American College of Sports Medicine (ACSM) (www.acsm.org). ACSM is a resource for the exercise sciences as well as sports
                           nutrition. There is a nutrition interest group within ACSM. ACSM offers several levels of membership, from student members
                           to degreed professionals. The organization provides access to information related to sports medicine, position papers, and
                           for members, journals. ACSM also provides numerous exercise-related certifications.
                        

                        
                        
                        	National Strength and Conditioning Association (NSCA) (www.nsca.com). The NSCA is a professional membership organization for
                           thousands of elite strength coaches, personal trainers, and dedicated individuals conducting research and providing education.
                           There are different levels of membership for students, non-NSCA-certified individuals, and NSCA-certified professionals. Members
                           gain access to various educational materials, events, and career services.
                        

                        
                        
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
            

            
            
            
         

         
         
         
            
            Credentials in Nutrition and Dietetics

            
            
            
               
               The Academy of Nutrition and Dietetics (known simply as the Academy) governs the practice credential Registered Dietitian Nutritionist (RD or RDN, which are interchangeable; we will use RDN in this text). This credential is granted and maintained by the Commission on
                  Dietetic Registration (CDR) of the Academy (1). To be eligible to take the National Registration Examination for Dietitians
                  in order to obtain the RDN credential, one must (1) obtain a bachelor’s degree, (2) complete a program in nutrition and dietetics
                  (DPND) accredited by the Accreditation Council for Education in Nutrition and Dietetics (ACEND) of the Academy, and (3) complete
                  an ACEND-accredited dietetic internship program that provides at least 1,200 hours of supervised practice experience (or a
                  combination of the IOC diploma in sports nutrition plus 700 hours of supervised practice experience). There are additional
                  board certifications beyond the RDN credential, including the Certified Specialist in Sports Dietetics (CSSD) (3). The person
                  holding the CSSD credential has specialized experience in sports dietetics. The CSSD translates that information to specific
                  dietary guidance when working with athletes of all levels participating in different sports and activities. The CSSD conducts
                  an appropriate nutrition assessment and uses the data to provide safe and effective nutrition interventions aimed at promoting
                  health and optimizing performance (21, 43).
               

               
               
               Currently, 46 states, the District of Columbia, and Puerto Rico have enacted statutory provisions regulating the practice
                  of nutrition and dietetics either through state licensure or statutory certification. Many states require RDNs be licensed
                  to practice nutrition and dietetics. In these cases, breaking the state licensure law is a criminal offense, subject to misdemeanor
                  or felony penalties ranging from a cease-and-desist order to fines and imprisonment. Statutory certification limits the use
                  of particular titles (e.g., certified dietitian, certified nutritionist) to individuals meeting the state’s credentialing
                  criteria. Approximately 10 states have statutory certification or title protection for nutrition and dietetics professionals.
                  Specific title protection for “RDN” (or “RD”) means that only those with the credential may use the title (21).
               

               
               
               
               
               
                  
                  Certificates and Certifications

                  
                  
                  
                     
                     Putting It Into Perspective

                     
                     
                     Many organizations offer certificates of training or a certification related to nutrition. Earning a certificate usually means
                        that a person attended and completed a course (in person or online). The course could be a single class or a series of educational
                        sessions. Certificates usually do not expire and do not require continuing education. A certification also involves attending
                        and completing a program of study but usually requires recertification with continuing education. The quality of these can
                        vary tremendously and may or may not provide credible information. If you live in a state that licenses the nutrition and
                        dietetics professions, be aware that licensure trumps any certificates or certifications related to nutrition (21).
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
               Some individuals might hold a master’s or doctoral degree in nutrition but might not hold the credential RDN. Depending on
                  the state, these individuals may not be able to practice dietetics (e.g., complete a nutrition assessment, an intervention,
                  or a provision of medical nutrition therapy). However, these individuals may have extensive training in nutrition sciences
                  and can be a reliable resource for sound nutrition information (21).
               

               
               
               
               
               
                  
                  Nutrition Professionals Who Work With Athletes

                  
                  
                  
                     
                     Reflection Time

                     
                     
                     Are you interested in a profession working with athletes? A Certified Specialist in Sports Dietetics (CSSD) is a specialty
                        credential that can be earned by RDNs. Individuals holding the CSSD credential have specialized knowledge in performance nutrition.
                        In addition to providing general sports nutrition guidelines, the CSSD can provide individualized nutrition plans for optimizing
                        performance and, as an RDN, can work with athletes who have (or might have) a disease or nutrition-related condition. This
                        credential can be earned after an RDN has at least 1,500 practice hours in sports dietetics. For more information on earning
                        this credential, visit this website: www.scandpg.org (3).
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
            

            
            
            
            
         

         
         
         
            
            Scope of Practice

            
            
            
               
               State licensure supersedes both registration and certification. Thus, in states with licensure, only those with a license
                  can practice nutrition and dietetics. Does this mean that only RDNs can provide education? The answer is no. Other health
                  professionals may discuss nutrition as long as it is general, nonmedical nutrition information. For instance, these individuals
                  may state “dietary fiber is important for gut health and preventing constipation.” This is an example of general nutrition
                  information. Education should be limited to healthy individuals and based on sound scientific nutrition principles. Conducting
                  a nutrition assessment and providing a nutrition intervention is considered dietetics, and licensure is required for this
                  in certain states. Further, if working with a person with a disease or health-related condition, the assessment of nutrition
                  status and nutrition intervention is considered medical nutrition therapy and should be reserved for the RDN.
               

               
               
               General, nonmedical nutrition therapy includes any public guidance systems such as the 2015–2020 Dietary Guidelines, reading food labels as guided by the FDA, the DRIs, and interactive systems such as MyPlate. Topics may also include the functions
                  of nutrients in the body and principles of healthy food preparation. For a more detailed list, please refer to table 1.1. Providing nutrition education within one’s scope of practice and taking actions one can take as defined by their professional
                  license are encouraged and beneficial to the public. It is critical to understand the laws where you live and to understand
                  your own level of nutrition knowledge and skills before communicating information to the public (21).
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         Summary
         

         
         
         
            
            Nutrition is a scientific discipline that examines the role of food and its nutrients on physiological function and health.
               The science of nutrition is rapidly evolving, with new information published regularly. These scientific findings are translated
               to the nutrition guidelines that are used to determine which foods and nutrients to consume. The energy-yielding macronutrients—carbohydrate,
               fat, and protein—play a significant role in fueling and in the case of protein, repairing the body. The micronutrients—vitamins
               and minerals—have numerous roles in physiological functions within the body. Water is an essential macronutrient for survival
               and is critical for several physiological processes, including regulation of body temperature. The nutrients work together
               to keep the body systems running smoothly.
            

            
            
            Look for evidence-based nutrition guidelines; these have been compiled and designed to translate the science into food and
               nutrient choices for all individuals. Food labels, Dietary Reference Intakes, and MyPlate are some of the food guidance systems
               that can be used for healthy individuals of all ages. While these systems and tools are not specifically designed for athletes,
               they can be useful when making food choices based on a desired nutrient content.
            

            
            
            There is a strong relationship between physical activity and health. Athletes usually exceed the general physical activity
               guidelines, as training is essential for performance in their activity or sport. Athletes must understand the basic principles
               of training that can lead to the physical gains they need for effective performance in their sport. While adequate training
               is required for sports performance, overtraining can disrupt normal physiological function and impair performance.
            

            
            
            Sports nutrition is a relatively young subdiscipline that integrates the disciplines of nutrition sciences and exercise physiology.
               It is a dynamic field with new research chronically evolving. Many of the principles of nutrition for health promotion and
               disease prevention apply to all athletes and active individuals. There are, however, defined guidelines set for various nutrients
               that are sport- and activity-specific. Nutrition and sports nutrition are areas that are rich in misinformation and quackery,
               so it is critical to seek sound scientific information before decisions are made and implemented. Nutrition and dietetics
               are regulated in many states; those who provide nutrition education must take care to do so within their scope of practice.
            

            
            
            
            
            
               
               For Review

               
               
               
                  
                  
                     
                     	What is the percent of daily value, and why is it used?

                     
                     
                     	Explain the difference between a nutrient content claim and health claim.

                     
                     
                     	What are the general physical activity guidelines for adults for both aerobic training and resistance training?

                     
                     
                     	List the factors that influence body composition.

                     
                     
                     	Describe the differences between overreaching and overtraining.

                     
                     
                     	How do you go about finding accurate nutrition information?

                     
                     
                     	Should athletes follow the DRIs and MyPlate? Why or why not?

                     
                     
                     	List the benefits associated with regular exercise.
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Energy Metabolism
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Chapter Objectives

            
            
            
               
               After completing this chapter, you will be able to do the following:

               
               
               
                  
                  	Summarize the principles of energy metabolism and the production of ATP.

                  
                  
                  	Describe how energy expenditure is measured and estimated.

                  
                  
                  	Identify the energy systems.

                  
                  
                  	Explain which fuels are used in the different energy systems.

                  
                  
                  	Explain why the fuels used in energy metabolism are used during different exercise intensities.

                  
                  
                  	Discuss other systems that enhance performance: gluconeogenesis, Cori cycle, glucose-alanine cycle.

                  
                  
                  	Describe how energy content of food is measured.

                  
                  
               

               
               
               
               
            

            
            
         

         
         
         Appropriate energy intake is the cornerstone of the athlete’s diet. Proper energy intake supports optimal body function, determines
            the capacity for intake of macro- and micronutrients, and assists in manipulating body composition. Fortunately, the human
            body works hard as an efficient factory by transferring the chemical energy derived from food via digestion, absorption, and
            metabolism to generate power that fuels muscle contraction. The body can also use this chemical energy to synthesize new products
            in the body, such as chemical messengers or structural proteins, direct some energy for storage in glycogen and fat tissue,
            and help discard waste. A significant site of the body’s energy factory is muscle tissue. The metabolic factory analogy of
            energy metabolism in active muscle tissue includes the cellular enzymes, organelles, and many metabolic pathways responsible
            for converting and using chemical energy to support muscle contraction. The muscle metabolic factory is on at all times, always
            responding when chemical energy from food is either scarce or plentiful.
         

         
         
      

      
      
      

      
      
      

         
         How Energy Fuels the Body
         

         
         
         
            
            Collectively, the use of energy for bodily processes, including all chemical changes, is known as metabolism. Metabolic processes involving thousands of chemical reactions can be further categorized as anabolism and catabolism. Anabolism, sometimes referred to as “growth,” involves metabolic processes that use energy to synthesize building blocks to produce
               new molecules. Catabolism is characterized by the breakdown of molecules to generate useable energy.
            

            
            
            
            
            
               
               Do You Know?

               
               
               
                  
                  Although all cell types in the human body require energy to function, the most active metabolic sites in the body during physical
                     activity include muscle and liver cells, which use fuel derived from energy-yielding macronutrients.
                  

                  
                  
                  
                  
               

               
               
            

            
            
            The phrase “metabolic pathway” describes a series of chemical reactions that can result in catabolic or anabolic outcomes.
               These metabolic pathways are never completely inactive and constantly adapt to external stimuli that the body experiences
               (figure 2.1). For example, let’s say someone schedules a challenging workout with friends before afternoon classes. On these days, the
               carbohydrate consumed for lunch is broken down into glucose units. The muscle cells can further catabolize (break down) these
               glucose units in metabolic pathways occurring in the cytosol and mitochondria of the cell to produce adenosine triphosphate (ATP) to fuel muscle contraction. Once the workout is over and the group is sitting in class eating a banana as a recovery snack,
               their bodies take the carbohydrate consumed and the subsequent glucose units to assemble, via anabolism, glycogen.
            

            
            
            
               



            
            
            

         
         
         
         
      

      
      
      



Figure 2.1    Metabolic pathways. Food intake sparks anabolism through the various biosynthetic pathways.
               

               
               
               [image: Figure 2.1 Metabolic pathways. Food intake sparks anabolism through the various biosynthetic pathways.]

               
               Reprinted, by permission, from L.W. Kenney, J.H. Wilmore, and D.L. Costill, 2015, Physiology of sport and exercise, 6th ed. (Champaign, IL: Human Kinetics), 51.
               

               
               
            

            
            
            The law of energy conservation states that energy can be neither created nor destroyed; rather, it transforms from one form
               to another. The total amount of “energy” in the universe is constant. While it can change from one form to another and can
               move from one location to another, the system never gains or loses energy. The conservation of energy law is a principle component
               of the first law of thermodynamics. So how does this apply to the human body? Where does the energy come from to power the
               body? While there are several forms of energy in the universe, including heat, mechanical, and electrical, it is the chemical energy derived from food that fuels our body. This form of energy is essential to human life and is responsible for much more than
               muscle work. Chemical energy provides energy needs for many processes, including breathing, pumping blood, maintaining body
               temperature, delivering oxygen to tissues, removing waste products, synthesizing new tissue for growth or adaptation to exercise
               and stress, and repairing damaged or worn-out tissues. Energy demands never cease but continue even when you are sleeping.
               When awake, the body needs not only energy to support the aforementioned processes but also additional energy to support physical
               movement as well as digestion and absorption of foods.
            

            
            
            Chemical energy is derived from the molecular bonds that make up carbohydrate, fat, and protein that are consumed or broken
               down (catabolized) from stored forms of these nutrients in our body (glycogen, fat tissue, and skeletal muscle, though skeletal
               muscle is dense with protein, as mentioned in chapter 1—it isn’t intended to serve as a backup source of amino acids). As
               discussed in a future chapter, energy can also be derived from the breakdown of alcohol. The next step in the process is for
               our bodies to harness and transfer this energy from food into cellular energy to perform physiological tasks. We extract energy
               from food in three stages. Stage 1 is digestion, absorption, and transportation of energy-yielding nutrients. These are simple
               sugars from carbohydrate, amino acids from protein, fatty acids from lipids, and alcohol. Stage 2 consists of a more in-depth breakdown of small food-derived molecules to key energy-producing
               metabolites. For example, the simple sugar glucose derived from carbohydrate foods can be converted to the metabolite pyruvate.
               Two three-carbon pyruvate metabolites are formed from the breakdown of one six-carbon glucose molecule. These important molecules
               serve as metabolic intermediates. This process of breaking down glucose to pyruvate releases useable energy for the body to
               harness but, more important, serves as a precursor for the final stage. During stage 3, the body’s cells can use energy-producing
               metabolites (such as acetyl-CoA derived from pyruvate) to completely break down (“burn”) these compounds to a converted form
               of energy the body can use. While it is true this process releases some energy as heat, unfortunately, the human body is not
               good at using heat to power cellular functions. Instead, cells transfer this energy into ATP as the form of chemical energy
               the body can use. This transfer of energy is not entirely efficient, and a significant portion of the food energy consumed
               is lost as heat (30). However, the energy we do use from the food we consume and the energy we store in glycogen and fat tissue
               allows the continuous synthesis of ATP from energy stores that are comparable to an energy “bank account,” where energy consumed
               from food can be used as needed and the leftover excess can be “saved” for future use.
            

            
            
            
            
            
               
               Do You Know?

               
               
               
                  
                  In survival situations, such as when stranded, food consumption, particularly protein, helps the body stay warm because of
                     the metabolic production of heat. During digestion, protein produces more heat than either carbohydrate or fat.
                  

                  
                  
                  
                  
               

               
               
            

            
            
         

         
         
         
         
      

      
      
      

         
         Human Energy Metabolism
         

         
         
         
            
            To fully comprehend and appreciate how our bodies use and transfer energy into ATP, we need to understand the centers within
               the cells that do the work. Although the body is made up of many types of cells, the cells share many of the same basic structures
               to facilitate metabolism. The two major compartments of the cell are its cytoplasm and nucleus. The cytoplasm is enclosed within the cell membrane and consists of a semi-fluid called cytosol. This cytosol is the site
               of a catabolic process known as glycolysis and anabolic processes such as fatty acid synthesis and glycogen synthesis. Also found within the cytoplasm are tiny, specialized
               factories, known as organelles, which have unique metabolic functions. When discussing energy, arguably the most important organelle is known as the mitochondria, the powerhouse of the cell (figure 2.2). Liver, brain, kidney, and muscle cells all have similar organelle structure and multiple mitochondria. This is because
               several metabolic pathways exist in this organelle, and it is the final stop in the energy-transfer journey, where in the
               presence of oxygen, metabolites originating from carbohydrate, protein, fat, and alcohol produce ATP, carbon dioxide, and
               small amounts of water. The structure of the mitochondrion consists of two highly specialized membranes: an outer membrane
               and a highly folded inner membrane that surrounds the mitochondrial matrix. In conjunction with important metabolic processes
               that occur in the cytoplasm, key metabolic pathways occur in specific locations within the mitochondrion. In the matrix, the
               tricarboxylic acid (TCA) cycle, also known as the Krebs cycle, can accept various metabolites that enter from the cytosol as pyruvate, fatty acids, and amino acids following oxidation to
               form acetyl-CoA. This process is illustrated in figure 2.3. The catabolism of acetyl-CoA in the TCA cycle breaks carbon bonds through a process known as oxidative decarboxylation and produces free electrons that bind with coenzymes, which carry the electrons to the electron transport chain (ETC). The ETC is made up of a series of complex protein channels that accept the electrons from the coenzymes. This process harnesses
               energy to fuel the final step in ATP formation, known as oxidative phosphorylation (OP). ATP is often called the molecular unit of currency for our bodies to perform work. ATP is the fundamental energy molecule
               to power cellular functions. In order to make ATP, catalytic enzymes play key roles in the cell by speeding up chemical reactions
               in the ATP biosynthesis pathway. These enzymes bind with smaller, vitamin-derived molecules called coenzymes. The coenzyme
               molecules nicotinamide adenine dinucleotide (NADH) and flavin adenine dinucleotide (FADH
               2), serve as important couriers that carry liberated electrons as a form of energy from fuel catabolism to the ETC for the
               synthesis of ATP. When breaking down energy-producing nutrients, carbohydrate, fat, and protein, the carbon chains are broken
               by catabolic enzymes. This process frees high-energy electrons that must be harnessed to reach the site of ATP production,
               the ETC. In order to do this, these electrons ride on special electron acceptor molecules NAD+
                and FAD. These molecules are derivatives of the B-vitamins niacin and riboflavin, respectively, and have several energy-transfer
               points where NAD+ and FAD accept two high-energy electrons and two protons (2H+) to form the reduced coenzymes NADH and FADH2.
            

            
            
            
               



            
            
            
            

         
         
         
         

      
      
      



Figure 2.2    Cell structure and organelles necessary for ATP production.
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Figure 2.3    Metabolic phases of respiration necessary to produce ATP.
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               LEO the Lion says “GER”

               
               
               
                  
                  Putting It Into Perspective

                  
                  
                  During the synthesis of ATP, electrons are transferred when carbon-carbon bonds are split during the formation of pyruvate,
                     acetyl-CoA, and metabolites found within the TCA cycle. A helpful mnemonic can help you remember the process of electron movement
                     and molecule charge. When a molecule Loses an Electron, the molecule is Oxidized (LEO); when a molecule Gains an Electron,
                     the molecule is Reduced (GER).
                  

                  
                  
                  
                  
               

               
               
            

            
            
         

         
         
         
         
            
            Transforming Energy to a Useable Form in the Body

            
            
            
               
               The use of ATP in the body is constant and never-ending—it exists as long as life exists. ATP is the kick-start that initiates
                  the complete breakdown and oxidation of glucose and fatty acids. It also powers energy-consuming processes, such as making
                  new glucose for the body when a meal is missed. ATP’s role in biosynthesis is synonymous with building construction. In order
                  to make larger molecules from smaller molecules, energy is required to form the chemical bonds as well as the physical structure,
                  just as construction workers are necessary to lay the bricks of a new building foundation.
               

               
               
               The production of ATP is the fundamental goal of energy-producing pathways in metabolism. The ATP molecule has three phosphate
                  groups attached to the organic molecule adenosine. When the phosphate bonds break, a tremendous amount of energy is released,
                  and cells can use this to power biological work. When the first phosphate-adenosine bond breaks from ATP, the reaction leaves
                  the still energy-rich compound adenosine diphosphate (ADP) and a free molecule of pyrophosphate, or inorganic phosphate (P
                  i
                  ). Breaking the remaining phosphate bond releases a lesser amount of energy and breaks down ADP to adenosine monophosphate (AMP) and Pi. Under normal conditions, concentrations of AMP are very low in the cell, as ADP is constantly re-phosphorylated into ATP.
                  However, as energy demands rise, physiological processes increasingly rely on conversion from ADP to AMP, although this is
                  less energy efficient. As seen in figure 2.4, AMP is interconvertible with both ADP and ATP, and because it contains only one phosphate, it does not contain any high-energy
                  phosphate to phosphate bonds. These reactions are considered interconvertible because Pi can break free from adenosine to release energy or can be bound to adenosine from the extraction of energy from carbohydrate,
                  protein, and fat. This most commonly occurs with ADP binding with Pi, forming a phosphate bond and capturing energy in a new ATP molecule. As energy is required, the reaction then goes in the
                  opposite direction, breaking the phosphate bond and liberating energy while reforming ADP. This energy is used to power activities
                  such as muscle contraction, transporting substances across cell membranes, making new molecules, and jumpstarting other biological
                  pathways. ATP is not considered an energy-storage molecule; in fact, the body’s pool of ATP is a very small (~100 g), immediately
                  accessible energy reservoir capable of providing energy for only several seconds. ATP production rate is directly related
                  to muscle mass and the changing energy demands of the body. For example, at rest, the body uses approximately 90 pounds (40
                  kg) of ATP over 24 hours. At the immediate onset of strenuous exercise or physical activity, it is possible to rapidly break down over a pound (.45
                  kg) of ATP per minute, while the production of ATP skyrockets to keep up with the energy demand of quickly contracting muscles.
               

               
               
               
                  



               
               
            

            
            
         

         
         
         

      
      
      




Figure 2.4    Energy transfer of ATP.
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            Energy Systems Used By the Human Body

            
            
            
               
               Before discussing the specifics of ATP production and how each energy-yielding macronutrient is used to generate ATP using
                  both unique and commonly used metabolic pathways, it is helpful to categorize ATP production from a systems approach. This
                  approach not only aids in understanding the integrated nature of ATP production, but also helps with real-life application
                  of how different systems are used to meet our ever-changing ATP demand. As discussed earlier, the body readily uses carbohydrate
                  and fat from the diet or from body stores to make ATP. Protein also contributes but at a much lower relative percentage. In
                  energy metabolism, carbohydrate, fat, and protein are all considered biological substrates. A substrate is a molecule upon
                  which an enzyme acts to create different metabolite products along its journey to make ATP. While carbohydrate, fat, and protein
                  are the three major fuel substrates, there is a fourth that originates from phosphocreatine (PCr). You may have heard of this compound in the gym, where it is a popular dietary supplement (much more on supplements in chapter
                  9).
               

               
               
               
               
               
                  
                  Nutrition Tip

                  
                  
                  
                     
                     About half of the creatine in our bodies is from the consumption of meat and fish. The other half is made from amino acids
                        in the liver, kidney, and pancreas. Taken together, depending on how much meat is consumed, these processes can account for
                        roughly 1 to 3 grams of creatine per day that can be converted into phosphocreatine to store in our muscle to help with ATP
                        generation. Vegetarians, including vegans, who do not consume creatine phosphate supplements have been shown to have lower
                        muscle stores of phosphocreatine than their meat-eating or supplementing peers (5) and may have a compromised ability to generate
                        ATP with this energy system when high-intensity, short-duration efforts are important for competition.
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
               In muscle tissue, phosphocreatine can be split into a creatine component and a phosphate (Pi) component. It is the presence of this additional Pi from the phosphocreatine compound that can be used to resynthesize ADP into ATP. This general process describes the phosphagen system (ATP-PC system). This system uses exclusively phosphocreatine to regenerate ATP in muscle tissue. In addition to the phosphagen
                  system, the body has two other energy systems that use energy-yielding macronutrients to make ATP. These energy systems are
                  known as the anaerobic system and the aerobic system. Each of these energy systems can be described by the complexity of their metabolic pathways, rate or speed of ATP production,
                  capacity to produce ATP, and the lag time required to contribute significant amounts of ATP when ATP is in demand. The relative
                  contribution of each energy system to ATP production in different sporting activities is described in table 2.1. In brief, the phosphagen system uses small stores of ATP and PC to support short bursts of energy, the anaerobic system
                  burns carbohydrate and produces lactic acid for bouts of exercise up to a couple minutes, and the aerobic system uses a variety
                  of substrates in conjunction with oxygen to support exercise lasting tens of minutes to many hours. At any given point in
                  time, ATP is being produced by these energy systems to some degree, even if only in a minute amount. No energy system is ever turned off. Figure 2.5 illustrates the constant change in the relative proportion of ATP produced from different body tissues at any one point in
                  time. In the world of exercise and sport, we think about how these energy systems are integrated in muscle tissue to produce
                  ATP along a wide spectrum of intensity, ranging from sleep, to playing sedentary video games, to steady-state exercise, to
                  high-intensity, stop-and-go sports.
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Figure 2.5    The three systems of energy transfer, and the percentage contribution to total energy output during all-out exercise of different
                     durations.
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               Before exploring each energy system in detail, let’s review the chemical energy sources that can be used by the three energy
                  systems to produce ATP. As mentioned, phosphocreatine is specific to the phosphagen system. The carbohydrate family contributes
                  serum glucose, also known as blood sugar, liver glycogen, and muscle glycogen. Fat contributes serum-free fatty acids (FFAs),
                  serum triglycerides (TG), muscle TG, and adipose TG. Finally, protein contributes muscle protein, mostly in small amounts.
                  If we think about each of these sources of stored energy as total kilocalories available to the body to burn, stored adipose
                  TG have the highest caloric value, theoretically providing tens of thousands of kilocalories, followed by muscle protein at
                  no more than half of the kilocalories that could potentially be supplied by adipose tissue (fat tissue). We certainly do not want to make a habit of digging into our muscle tissue to supply our energy needs, as this
                  can decrease muscle mass and strength. Fortunately, stored fat tissue and any available carbohydrate help to meet the body’s
                  energy demands.
               

               
               
               Although it might sound as if we have near endless amounts of stored energy in our body to use for exercise and sport, several
                  variables come into play that limit our ability to access this energy. Some barriers relate to the practical aspects of exercise,
                  where the onset of fatigue limits the ability to continue exercise, which, in turn, limits the ability to maximally use stored
                  energy. Other variables involve limitations of the energy systems to produce ATP because they have reached their capacity
                  to make ATP. With regards to stored lipid in the body, the amount of energy derived from fat stores to support exercise or
                  training is a small fraction of the thousands of kilocalories of stored energy in adipose, making it evident that we cannot
                  completely exhaust this stored fuel source. Further, of the described energy-yielding macronutrients found in the body that
                  are fed into the energy systems for ATP production, a key point is that only carbohydrate can be used by the anaerobic system.
                  In contrast, the aerobic system can use and completely break down all energy-yielding macronutrient fuel sources. While on
                  the surface it seems that the aerobic system should pick up the slack to maximally tap into our stored fuel sources, it is
                  not that simple. Consistent with all energy systems, the aerobic system also faces barriers to produce ATP, with the most
                  significant of these barriers being oxygen availability. Without adequate oxygen delivery to the muscle, ATP production through
                  the aerobic system is severely compromised. Other energy systems must step up to meet ATP needs, or exercise cannot continue.
               

               
               
            

            
            
            
            
               
               Phosphagen System

               
               
               
                  
                  The phosphagen system relies only on the Pi that is liberated from phosphocreatine to produce ATP, so by nature it is not a highly complex energy system (figure 2.6). The minimal lag time and rate of ATP production are this system’s most impressive attributes. The rate or speed of ATP
                     generation is the fastest of all energy systems. Because it is such a simple chemical reaction (not defined as a metabolic
                     pathway), there is no lag time to produce ATP, which occurs virtually instantaneously. Despite these impressive characteristics,
                     this system’s capacity to produce ATP is severely limited by the amount of phosphocreatine substrate found in muscle tissue.
                     This limits the utility of this energy system to produce significant amounts of ATP for longer than a few seconds.
                  

                  
                  
                  
                     



                  
                  
                  
                  
                  
                  

               
               
               
               
            

            
            
            

         
         
         

      
      
      





Figure 2.6    The phosphagen system.
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                     Creatine Supplementation: Points to Ponder

                     
                     
                     
                        
                        Reflection Time

                        
                        
                        Many athletes consume a dietary supplement containing phosphocreatine in an effort to gain strength and muscle mass. This
                           can be an effective strategy for some, combined with a well-rounded diet and exercise plan. Creatine supplementation effectiveness
                           is related to many mechanisms (9) including the bolstering of phosphocreatine concentrations in muscle that create a larger
                           Pi pool, which takes a longer time to be depleted in short-lived, high-intensity efforts. Supplementation of phosphocreatine
                           (usually 5 to 20 g per day) is three to four times higher than what is naturally synthesized by the body and consumed in the
                           diet. For many people in an exercise program that engages the phosphagen system, creatine supplementation can augment this
                           system to allow athletes to lift slightly heavier weights and complete more repetitions of an exercise. This process helps
                           to create more contractile protein breakdown to stimulate the muscle to grow larger and become stronger. Although this sounds
                           great and in many cases is effective to help athletes meet strength goals, there are caveats. For instance, not everyone responds
                           to creatine supplements, and dietary supplement manufacturers are not required to prove safety to the U.S. Food and Drug Administration
                           (FDA), meaning there is no 100 percent guarantee that the product is safe and free from banned substances. However, many dietary
                           supplement companies claim to ensure a greater level of safety through third-party testing. Despite anecdotal reports and
                           some remaining controversy about long-term safety, most available evidence suggests that creatine consumption is safe. In
                           fact, many studies are currently being conducted to examine the health benefits of creatine supplementation in cardiovascular
                           disease, Parkinson’s disease, and in patients who experienced mild traumatic brain injury (concussion). Although interest
                           in creatine use and its growing safety profile is expanding, we should all stay up to date on studies on creatine safety,
                           particularly its use long term (over years), its use by adult athletes with disease processes or conditions in which creatine
                           may be contraindicated, and its use by young adults and preadolescents. Though creatine use in young athletes remains controversial
                           (9), the International Society of Sports Nutrition provides prudent guidelines for adolescent use (4). For further discussion
                           of creatine, see chapter 9.
                        

                        
                        
                        
                        
                     

                     
                     
                  

                  
                  
                  Precisely how many seconds depends on phosphocreatine concentrations in the muscle tissue and the intensity of the physical
                     movement or exercise required that will have a direct impact on ATP demand to complete the activity. Maximal physical efforts
                     tap into this energy system, immediately stimulating the simple metabolic reaction to occur continuously until phosphocreatine
                     substrate is depleted in the engaged muscle groups. The best examples of this energy system at play are when you must move your body or another heavy object quickly. “Heavy”
                     implies a certain level of elevated intensity that produces an immediate, exponential increase in ATP demand that can be met
                     with the phosphagen system. These examples are clearly different from, say, moving your hand quickly from the keyboard to
                     the computer mouse, an exertion for which very little ATP is required. In athletes, heavy weightlifting and sprinting are
                     examples of activities requiring an increase in rate of ATP production. While it is certainly true that the phosphagen system
                     in these examples can affect performance, in reality, any athlete who must give an all-out effort by intensely moving an object
                     or their body relies on the phosphagen system until phosphocreatine is depleted. This can be for the duration of the event
                     (if only seconds in duration) or, if intensity decreases, can serve as a bridge until other energy systems can help out and
                     pick up the slack.
                  

                  
                  
                  
                  
                  
                     
                     Do You Know?

                     
                     
                     
                        
                        As you move abruptly out of your chair after class to hurry to your next class, the ATP you require to move quickly comes
                           primarily from the phosphagen system. Now consider which athletes rely most on the phosphagen system. Maneuvers by offensive
                           and defensive linemen in American football, field events in track, and sprint swimming all depend primarily on this energy
                           system—but remember that all energy systems are always active in muscle tissue somewhere and are never turned off completely.
                        

                        
                        
                        
                        
                     

                     
                     
                  

                  
                  
               

               
               
               
               
            

            
            
            
               
               Anaerobic System

               
               
               
                  
                  The anaerobic system contributes to ATP generation and is much more complex than the phosphagen system. This system features
                     a 12-step process known as glycolysis. The rate of ATP production in the anaerobic system is fast and runs a close second
                     to the phosphagen system. The speed of the anaerobic system allows it to be ready to receive the handoff from the phosphagen
                     system as the primary ATP producer when all-out exercise efforts continue beyond 10 seconds. A great example of this occurs
                     in the 200-meter sprint. Within seconds of exploding off the starting block, phosphocreatine stores rapidly plummet in the
                     leg muscles, while the anaerobic system begins to skyrocket its ATP production. While the lag time for ATP production in the
                     anaerobic system is seconds behind the phosphagen system, the capacity of this system to make ATP is significantly greater
                     because more substrate, in the form of carbohydrate, is available. Still, in this aspect, the anaerobic system is limited
                     when compared to the aerobic system.
                  

                  
                  
                  Glycolysis, a key metabolic pathway, occurs in the cytoplasm of the cell and is associated with both the anaerobic and aerobic
                     energy systems. Glycolysis takes a six-carbon molecule of glucose and breaks it down into two three-carbon molecules of pyruvate
                     along with electron carriers NADH and FADH2. Glycolysis ends with the synthesis of pyruvate and the production of a minimal amount of ATP. The key distinction between
                     glycolysis that occurs in the anaerobic system and that which occurs in the aerobic system is that anaerobic glycolysis takes
                     place without adequate oxygen delivery to the mitochondria, which results in a large portion of pyruvate being converted to
                     lactic acid, also known as lactate (the chemical suffix “–ate” means acid). Alternatively, if oxygen is present, pyruvate is metabolized in other metabolic
                     pathways involving the aerobic energy system in the mitochondria to produce more ATP.
                  

                  
                  
                  In the anaerobic system, two molecules of lactic acid form from the oxidation (donating electrons) of pyruvate. The basic
                     reason for this is that, in an anaerobic environment, the participation of mitochondria in ATP production is drastically reduced,
                     so calling exercise “anaerobic” or “without oxygen” is about the same as saying “without mitochondria.” In this example, then,
                     anaerobic glycolysis is the only efficient way to make ATP to fuel intense muscle contractions, and in order for this energy
                     system to be self-functioning, it must also produce lactic acid from pyruvate via the acceptance of hydrogen ions (H+). The NADH that is also produced from glycolysis (a carrier of H+) is oxidized and recycled to NAD+ via the enzyme lactate dehydrogenase (LDH). This allows for the continuous glucose breakdown to pyruvate to make ATP.
                  

                  
                  
                  LDH accomplishes this process by recycling NAD+ from NADH to allow the anaerobic system to continue. At high concentrations of lactate (the conjugate base of lactic acid
                     after the H+ is donated), LDH exhibits feedback inhibition, and the rate of conversion of pyruvate to lactic acid is decreased. The eventual fate of cytosolic NADH that has not yet
                     donated its H+ ultimately depends on mitochondrial oxygen availability. If oxygen is limited, NADH is oxidized by LDH, and
                     LDH then reduces (donates electrons) to pyruvate to form lactic acid. If mitochondrial oxygen is adequate, NADH is able to
                     be shuttled to the ETC within the mitochondria for the aerobic energy system to proceed. See figure 2.7 for a summary of the basic processes of the anaerobic energy system.
                  

                  
                  
                  
                     



                  
                  
                  

               
               
            

            
            
            

         
         
         

      
      
      





Figure 2.7    Summary of anaerobic energy system.
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                     Reprinted, by permission, from NSCA, 2015, Bioenergetics of exercise and training, T.J. Herda and J.T. Cramer. In Essentials of strength training and conditioning, 4th ed. edited by G.G. Haff and N.T. Briplett (Champaign, IL: Human Kinetics), 47.
                     

                     
                     
                  

                  
                  
                  The muscle oxygen deficit associated with the anaerobic energy system that leads to this cascade of events does not imply
                     that someone is holding their breath to limit oxygen consumption. Instead, it means that oxygen delivery to the active muscle cell with high ATP demands is compromised to some degree. In the highly trained sprint athlete, this
                     occurs in a 100-meter or 200-meter running event. The ATP demand at maximal physical exertion is so great to move the body
                     at competitive speeds; it is not physiologically possible to deliver enough oxygen by increasing respiration rate. As oxygen
                     is consumed through inhalation, it still must be processed by the lungs and delivered to the active muscle cell by the end
                     of the race. This is not feasible, so the anaerobic system is in place to meet ATP needs where the phosphagen system left
                     off. For a sedentary individual just starting a running program, the anaerobic energy system is also very important because
                     oxygen insufficiency in untrained muscle is much more prevalent, even during low-intensity exercise, than in a trained athlete.
                     As the sedentary person begins running the first mile on the first training day, the phosphagen system is immediately activated.
                     This is quickly followed by the anaerobic energy system or, to some degree, the aerobic system, depending on oxygen availability
                     of the mitochondria. If this formerly sedentary individual continues to push to maintain a running pace faster than they are
                     used to, they will have to significantly rely on the anaerobic system. While the anaerobic energy system is extremely important
                     for supporting the energy needs of high-intensity efforts, it is limited by the hydrogen ions it produces that lowers the
                     pH, increasing the acidity of the muscle tissue. This is a contributing factor to muscular fatigue. The anaerobic energy system is also limited by substrate
                     availability, as carbohydrate is the only substrate that can be used in this system. Over time, with repeated training, muscles
                     can make physiological adaptations to muscle tissue acidity by improving buffering mechanisms that can limit the drop in tissue
                     pH caused by hydrogen ions. Other physiological adaptations include improved muscle handling of lactate, improvements in the
                     capacity of the phosphagen system, and many mechanisms associated with improved oxygen delivery to working muscle. Arguably
                     the most important physiological adaptation resulting from intense anaerobic training is the increased capacity for the muscle
                     to store and use carbohydrate in the anaerobic energy system. Since carbohydrate is the only fuel source that can be used
                     when training and competing at the highest intensity (90–100% of [image: V over time]O2max) (resulting in an anaerobic muscle environment), adequate carbohydrate consumption is vital to optimal high-intensity
                     performance. If a suboptimal amount of carbohydrate is consumed, carbohydrate becomes a limited fuel, and the intensity of
                     the exercise effort will inevitably decrease.
                  

                  
                  
               

               
               
            

            
            
            
               
               Aerobic System

               
               
               
                  
                  The aerobic energy system is the most complex of the three energy systems. As illustrated in figure 2.8, this system incorporates many pathways to process each energy-yielding macronutrient for ATP production. These pathways
                     include beta-oxidation (fat), glycolysis (carbohydrate), deamination (protein), and the TCA cycle and the ETC (all energy-yielding
                     macronutrients). In contrast, the phosphagen system does not use a metabolic pathway, and the anaerobic system uses only glycolysis.
                     The aerobic energy system requires adequate oxygen availability for the mitochondria. The available oxygen is used in the
                     final set of metabolic reactions that occur in the ETC, where oxygen serves as the final electron acceptor. Because of the
                     aerobic energy system’s requirement for oxygen, the maximal rate of ATP production is considered relatively slow in comparison
                     to the phosphagen and anaerobic system. This is because of the time it takes to deliver oxygen from the air we breathe to
                     the mitochondrial matrix. This also contributes to the longest lag time to increase ATP production of any energy system. While
                     the phosphagen and anaerobic systems are activated either immediately or over the course of a few seconds, the aerobic energy
                     system can take minutes to produce enough ATP to fuel a physical workload that is within an individual’s aerobic capacity. The aerobic capacity is the maximal amount of oxygen (measured in milliliters) that an athlete can use in 1 minute per kilogram
                     of body weight (ml · kg-1 · min-1). For the purposes of fuel metabolism to produce ATP via the aerobic system, this is used
                     to estimate the maximal amount of oxygen the muscle can use aerobically and is tightly connected to aerobic fitness and how
                     long an individual can rely on the aerobic system as exercise intensity increases (figure 2.9). The term aerobic capacity is also used alongside [image: V over time]O2max, the maximal amount of oxygen someone can use. As exercise intensity increases, everyone has a [image: V over time]O2max that they are approaching. Once the maximum peak of oxygen consumption (by the muscle) is met, any additional intensity
                     that requires additional ATP must be met by the anaerobic system. With repeated aerobic training that tests the limits of
                     the [image: V over time]O2max, an individual can increase their [image: V over time]O2max, within their genetic potential, to improve the ability of the muscle to make ATP from all energy-yielding macronutrient
                     substrates aerobically.
                  

                  
                  
                  
                     



                  
                  
                  
                  

               
               
               
            

            
            
         

         
         
         

      
      
      





Figure 2.8    The aerobic energy system allows entry points of fat, carbohydrate, and protein in the oxidative pathway.
                     

                     
                     
                     [image: Figure 2.8 The aerobic energy system allows entry points of fat, carbohydrate, and protein in the oxidative pathway.]

                     
                     Reprinted, by permission, from  A. Jeukendrup and M. Gleeson, 2010, Fuel sources for muscle and exercise metabolism. In Sport
                        nutrition (Champaign, IL: Human Kinetics), 52.
                     

                     
                     
                  

                  
                  
                  
                  
                     



                  
                  
                  

               
               
               
            

            
            
         

         
         
         

      
      
      





Figure 2.9    [image: V over time]O2max is reached when oxygen consumption fails to increase the expected amount or decreases slightly with increased exercise
                        intensity.
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                  This reference to aerobic capacity is different from the aerobic system’s capacity to make ATP. In theory, the aerobic system’s
                     capacity to make ATP is practically unlimited when adequate oxygen is available, which is why the aerobic system is the ATP
                     production system of choice when the body is at rest, when it can easily tap into carbohydrate and access seemingly unlimited
                     fat stores to meet the body’s chemical energy needs. For the well-trained athlete who has benefitted from cardiovascular,
                     muscle, and metabolic adaptations that allow more efficient oxygen uptake and delivery to muscle tissue, the use of the aerobic
                     system is much more robust than what is observed in a sedentary, untrained individual. The trained athlete is capable of tapping
                     into their aerobic system for meeting a significant portion of their ATP needs earlier in the exercise bout, for a much greater
                     duration during the exercise bout, and at higher exercise intensities than their untrained counterparts. Ultimately, their
                     capacity to make ATP aerobically is hindered only by having some carbohydrate available for the TCA cycle to run smoothly
                     and any muscle fatigue they encounter that may eventually stop the exercise or competitive session. This means that some elite
                     endurance athletes, such as triathletes and ultramarathoners, can maintain aerobic exercise for more than 8 hours on end!
                  

                  
                  
                  
                  
                  
                     
                     Training at High Altitudes

                     
                     
                     
                        
                        Putting It Into Perspective

                        
                        
                        We have all heard of athletes who travel to high-altitude locations (greater than 2,000 meters, or 6,600 feet) to train and
                           prepare for future competition. They do so in an effort to produce metabolic changes to adapt to breathing air that contains
                           less oxygen. While there are several metabolic reasons why this can be advantageous to the athlete, one of the fundamental
                           concerns that athletes should be aware of is how limited oxygen availability affects the ability to oxidize metabolic fuels.
                           Limited oxygen availability will limit the aerobic system’s ability to perform. While over time, as athletes train in this
                           environment, their bodies will begin to make metabolic adaptations to improve aerobic system efficiency; their immediate concern
                           is ensuring their anaerobic system has the energy substrate it needs to pick up the slack in ATP production. Since oxygen
                           is already limited in the air, mitochondrial oxygen deficits will occur much sooner as exercise intensity increases. Adequate
                           carbohydrate ingestion during the acute 3- to 6-week adaptation phase is critical because it is the only fuel that can be
                           used anaerobically.
                        

                        
                        
                        
                        
                     

                     
                     
                  

                  
                  
                  In summary, the three energy systems the body uses are tightly integrated to make ATP based on the intensity of the exercise,
                     which dictates ATP demand to fuel muscle contraction and oxygen availability. In the aerobic and anaerobic systems, the glycolysis
                     pathway does not change; only the fate of pyruvate is different. For energy-yielding macronutrient oxidation to make ATP aerobically,
                     each macronutrient starts the breakdown process with a metabolic pathway specific to that nutrient. Carbohydrate participates
                     in glycolysis, protein in deamination, and fat in beta-oxidation. Once this initial catabolic process is complete, metabolites
                     from each individual breakdown source enter the TCA cycle at different entry points to yield high-energy electrons from oxidative
                     decarboxylation and complete the ATP production cycle in the ETC.
                  

                  
                  
               

               
               
               
            

            
            
         

         
         
         
            
            Breakdown and Release of Energy

            
            
            
               
               During the first steps of the complete breakdown of carbohydrate, fat, and protein, several metabolic pathways are involved.
                  However, as breakdown of each energy-yielding macronutrient proceeds, all eventually converge along two shared metabolic pathways:
                  the TCA cycle and the ETC. In this section we will start with an overview of carbohydrate breakdown, and then discuss the
                  steps involved in protein and fat breakdown.
               

               
               
            

            
            
            
               
               Chemical Energy Derived From Carbohydrate

               
               
               
                  
                  Most of the cells in the body extract energy from carbohydrate via four metabolic processes: glycolysis, pyruvate to acetyl-CoA,
                     the TCA cycle, and the ETC. For each of the metabolic pathways glucose is involved in, a different amount of ATP is produced.
                     For instance, glycolysis produces only a small amount of ATP (+ 2ATP) per each glucose molecule, but the complete aerobic
                     breakdown of glucose that ends at the ETC produces roughly 16 times the amount of ATP that is produced from the anaerobic
                     breakdown of glucose (+ 30–32ATP).
                  

                  
                  
                  Glycolysis occurs in the cytosol of the cell and does not require oxygen to proceed. The sequence of reactions involves splitting
                     a six-carbon glucose molecule into two three-carbon pyruvate molecules. This catabolic process requires 2ATP per glucose molecule and yields a gain of 4ATP for
                     a net gain of 2ATP + 2NADH + 2Pyruvates. The ATP required for this reaction serves to “prime the pump” to get the series of
                     enzymatic reactions started.
                  

                  
                  
                  In the muscle cell, glucose is the only simple sugar carbohydrate that can be absorbed, and once absorbed the muscle will
                     not let it go. The muscle does this by adding a phosphorous group to glucose, turning it into glucose-6-phosphate (G-6-P).
                     The structure of G-6-P will not allow it to leave the muscle cell and seals glucose’s fate to either participate in the catabolic
                     pathway (when energy is needed) of glycolysis or the anabolic process of glycogenesis (when energy demands are low) to store carbohydrate as a future energy source in the form of glycogen. What about the other
                     simple sugars, fructose and galactose? These sugars from our diet are absorbed by the liver for further metabolic processing
                     to glucose that can be stored as liver glycogen or released into the bloodstream as glucose.
                  

                  
                  
                  
                  
                  
                     
                     Do You Know?

                     
                     
                     
                        
                        Muscle is the primary disposal organ of glucose. This is a fundamental reason why exercise is important for diabetes prevention
                           and treatment. Exercise uses glucose for muscle contraction, which helps decrease the amount of glucose in the blood. If you
                           have a genetic history for diabetes, you have all the more reason to maintain fitness through exercise. With regular exercise,
                           your chances of getting diabetes are significantly reduced.
                        

                        
                        
                        
                        
                     

                     
                     
                  

                  
                  
                  The next step in the aerobic energy system process is to convert pyruvate into acetyl-CoA. This is a highly regulated process
                     that takes into account the cell’s energy demands (i.e., how much ATP is needed to maintain muscle work) and oxygen availability
                     within the cell. The pyruvate dehydrogenase complex (PDC), which converts pyruvate from glycolysis into acetyl-CoA for the TCA cycle, helps regulate this step by receiving feedback
                     from the cell from the available concentrations of ADP versus ATP as well as the availability of NAD+ and FAD to accept electrons and protons for energy transfer. For example, high levels of ATP within the cell suggests energy
                     adequacy that will slow down additional conversion of pyruvate to acetyl-CoA. Conversely, high ADP concentrations suggest
                     an energy deficit and the need to speed up the rate in which pyruvate is converted to acetyl-CoA. The most important factor
                     that affects this conversion pathway is the availability of oxygen. When a cell requires energy, and oxygen is readily available,
                     aerobic reactions in the mitochondria convert each pyruvate molecule to an acetyl-CoA molecule. This reaction produces a pair
                     of electrons to form NADH while also producing carbon dioxide. The NADH will then shuttle the electrons to the ETC. The phrase
                     “oxygen availability” is best conceptualized when thinking about the pyruvate to acetyl-CoA pathway in muscle cells. At rest,
                     in healthy individuals, it is not very difficult for the body to deliver inhaled oxygen to muscle cells. This gets tricky
                     when someone begins to exercise. How well oxygen remains available to exercising muscle depends on two things: an individual’s
                     aerobic fitness and the relative intensity of the exercise session. Oxygen will become less available sooner in an unfit individual
                     as exercise intensity increases. Fit individuals have created physiological adaptations to deliver oxygen much more efficiently
                     in exercising muscle and can maintain “oxygen availability” at high intensities. From a metabolic perspective, everyone has
                     an intensity limit, even fit athletes, at which oxygen becomes unavailable, and it is at this time the conversion of pyruvate
                     to acetyl-CoA ceases.
                  

                  
                  
                  While many metabolic pathways can proceed either forward or backward, the formation of acetyl-CoA is an irreversible process
                     once it is initiated in the presence of adequate oxygen. To form acetyl-CoA, metabolic reactions remove one carbon from the
                     three-carbon pyruvate and add the coenzyme A that is derived from the B vitamin, pantothenic acid. After combining with oxygen, the carbon is released as part of carbon
                     dioxide. The end products from this process that started with two pyruvate molecules are now two NADH and two acetyl-CoA molecules.
                     The acetyl-CoA molecules produced from pyruvate are trapped inside the mitochondria and ready to enter the TCA cycle.
                  

                  
                  
                  The oxygen-dependent reactions of the TCA cycle and the ETC liberate large amounts of energy in the form of ATP. The TCA cycle—also
                     known as the citric acid cycle or the Krebs cycle—occurs in the mitochondria and serves to take the acetyl portion (CH3COO-) of acetyl-CoA through oxidative processes (i.e., breaking carbon-carbon bonds to liberate electrons) to yield three
                     molecules of NADH, two molecules of carbon dioxide, and one molecule each of FADH2 and GTP (guanosine triphosphate, an energy carrier similar to ATP). The TCA process begins with acetyl-CoA combining with
                     oxaloacetate, freeing coenzyme A and yielding a six-carbon compound called citrate. The coenzyme A can then be recycled to form another
                     acetyl-CoA by binding with a new pyruvate molecule. Subsequent reactions in the TCA cycle convert citrate into a series of
                     intermediate compounds, removing two additional carbons (freeing high-energy electrons) and releasing two molecules of carbon
                     dioxide. The final step in the TCA cycle regenerates oxaloacetate (figure 2.10), which in turn reacts with pyruvate to create citric acid and start the cycle anew. The primary purpose of the TCA cycle
                     for energy-generation purposes is to extract most of the energy from oxidative decarboxylation to harness high-energy electrons
                     and protons to be shuttled to the ETC. For each acetyl-CoA entering the cycle, one complete cycle or “turn” produces one GTP
                     and transfers pairs of high-energy electrons to three NADH and one FADH2. Recall that the anaerobic breakdown of one glucose molecule yields two molecules of acetyl-CoA and that the TCA cycle “turns”
                     or cycles with each acetyl-CoA molecule provided. This produces twice the amount of high-energy electron carriers (i.e., six
                     NADH, two FADH2, and two GTP). In addition to providing electron substrate for coenzyme energy transfer to the ETC, the TCA cycle is also
                     an important source of building blocks for the biosynthesis of amino acids and fatty acids. When there is plenty of ATP to
                     meet the energy demand of the cell, the TCA cycle’s intermediate molecules can leave the cycle and join biosynthetic metabolic
                     pathways. For example, during times of energy excess (i.e., consuming more calories than are burned with activity), citrate
                     can leave the cycle to provide substrate for fatty acid synthesis and subsequent fat storage.
                  

                  
                  
                  
                     



                  
                  
                  

               
               
               
            

            
            
            

         
         
      

      
      
      





Figure 2.10    The TCA cycle is a metabolic pathway that is part of the aerobic pathway to produce ATP.
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                  The ETC produces most of the ATP available from glucose and serves as the final step in glucose oxidation by accepting the
                     high-energy electrons from the TCA cycle. The ETC consists of a sequence of linked reactions that take place on what visually
                     appears to be a chain of linked protein channels found on the inner mitochondrial membrane (figure 2.11). Most ATP is produced here, and as long as mitochondrial oxygen supply is adequate, it can maintain ATP production to fuel
                     exercise for hours. The site of the ETC is where NADH and FADH2 deliver its pair of high-energy electrons to the beginning of the chain. In the inner mitochondrial membrane, these electrons
                     are passed along a chain of linked reactions, giving up energy along the way to power the final production of ATP. At the
                     end of the ETC, oxygen accepts the energy-depleted electrons and reacts with hydrogen to form water (this is where most of
                     the oxygen we breathe goes!). This series of oxidation-reduction reactions (i.e., losing and gaining electrons) is known as
                     oxidative phosphorylation and is characterized by the flow of electrons down the chain and the phosphorylation of ADP to form
                     significant amounts of ATP.
                  

                  
                  
                  
                     



                  
                  
                  

               
               
               
            

            
            
            

         
         
      

      
      
      





Figure 2.11    Mitochondrial matrix. The ETC and beta-oxidation occur in the mitochondria, the powerhouse of the cell.
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                  As electrons are donated and passed down the ETC, they create an electrochemical gradient that causes a pressure change between
                     the inner mitochondrial space and the mitochondrial matrix. This creates a phenomenon known as proton motive force that forces protons (H+) through the ETC proton channels from the matrix into the inner mitochondrial space. The pressure that starts to build in
                     the inner mitochondrial space provides the force to push hydrogen ions back through to the matrix through a complex protein
                     channel called ATP synthase. This protein complex has been described as an energy turbine that turns and manufactures ATP by serving as the physical
                     tool that binds Pi to ADP. This process is analogous to blowing up a balloon—the opening of the balloon serves as the pressure release valve
                     that drives the ATP synthase machinery to form ATP. Collectively, this entire process has been termed the chemiosmotic coupling and is illustrated in figure 2.12. The difference in NADH and FADH2 contribution to ATP production is where on the ETC they donate their electrons. NADH donates electrons at the beginning of
                     the chain, whereas FADH2 electrons enter the ETC at a later point. Because they travel through fewer reactions, the electrons from FADH2 generate fewer ATP molecules from less proton motive force. As illustrated in table 2.2, the total amount of ATP molecules produced from one glucose molecule is currently estimated at 30 to 32 ATP (8).
                  

                  
                  
                  
                     



                  
                  
                  
                  

               
               
               
            

            
            
            

         
         
      

      
      
      





Figure 2.12    Chemiosmotic coupling. An electrochemical gradient is formed from electrons passing through the electron transport chain,
                        causing hydrogen ions (protons) to move across from the mitochondrial matrix, producing proton motive force that activates
                        the protein complex ATP synthase to regenerate ATP.
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               Chemical Energy Derived From Fat

               
               
               
                  
                  To generate chemical energy from fat, the body must first break down triglycerides into their component glycerol and fatty
                     acids. Different hormones and metabolic processes are involved to take on this task from both fats (technically termed triglycerides)
                     derived from the diet and those stored in fat cells. Glycerol, a small three-carbon molecule, carries a small amount of energy
                     within its carbon-carbon bonds and the liver readily accepts it to convert it to pyruvate or glucose. The fatty acids derived
                     from triglycerides provide nearly all of the energy found in this compound. All fatty acid breakdown and oxidation occurs
                     within the mitochondria. However, before a fatty acid can cross into mitochondria, it must be linked to coenzyme A. This is
                     the activation step of fatty acid delivery into the mitochondria and requires one molecule of ATP to launch the process. Figure 2.13 provides an overview of how fat is transported and used for ATP production.
                  

                  
                  
                  
                     



                  
                  
                  

               
               
               
            

            
            
            

         
         
      

      
      
      





Figure 2.13    Fat used in ATP production. These steps are essential for fatty acids to be oxidized in the mitochondria.
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                  The next step of fatty acid delivery into the mitochondria involves activated fatty acid interaction with the carnitine shuttle. Carnitine is a compound formed from the amino acid lysine and has the unique task of shepherding the activated fatty acid
                     across the outer mitochondrial membrane from the cytosol to the mitochondrion matrix.
                  

                  
                  
                  
                  
                  
                     
                     Do You Know?

                     
                     
                     
                        
                        Although some supplement manufacturers claim the supplement carnitine can enhance “fat burning,” the bulk of the scientific
                           literature remains equivocal (25, 32). Despite these findings, carnitine research continues to grow, with new research questions
                           addressing dose efficacy, exercise performance, and recovery. However, some of this movement has been dampened by data that
                           suggest that carnitine supplementation may be harmful by potentially increasing the risk of cardiovascular disease (17). The
                           highly respected Australian Institute of Sports has classified carnitine as a Group B supplement that is “deserving of further
                           research and could be considered for provision to athletes under a research protocol or case-managed monitoring situation.”
                        

                        
                        
                        
                        
                     

                     
                     
                  

                  
                  
                  Once fatty acids enter the mitochondria, a process known as beta-oxidation breaks the fatty acids down into multiple molecules
                     of acetyl-CoA for entry into the TCA cycle. Once fatty acids become individual acetyl-CoA units, the remaining metabolic pathways
                     to make ATP are the same as glucose and involve both the TCA cycle and the ETC, as previously described. Beta-oxidation involves
                     disassembling long fatty acid chains. Beta-oxidation of fatty acids takes place primarily in the mitochondrial matrix. However,
                     fatty acids must be activated for degradation by coenzyme A by forming a fatty acyl-CoA bond. Starting from the second carbon
                     from the acidic end of the fatty acid chain, called the beta carbon, fat enzymes will clip a two-carbon “link” off the end
                     of the chain. Every time this happens, other reactions take place to convert this link to one acetyl-CoA, while also transferring
                     one pair of electrons to FADH2 and another pair to NADH. This process always occurs in a stepwise fashion, where only two carbons are clipped at a time to
                     generate a molecule of acetyl-CoA until only one two-carbon segment remains. The final acetyl-CoA formed does not produce
                     an FADH2 or NADH, because the final step does not generate high-energy electrons without additional carbon-carbon bonds being split.
                  

                  
                  
                  Almost all fatty acids that originate from food have an even number of carbons and vary in length from 4 to 26 carbons. Although
                     most fatty acids are 16 to 18 carbons long, if the mitochondrion encounters an odd-numbered fatty acid, it will break down
                     the chain in the same way until it reaches a final three-carbon link. Instead of continued breakdown, the final three-carbon
                     molecule will join with coenzyme A and enter the TCA cycle as one of the downstream intermediates (i.e., not as acetyl-CoA).
                     Because this process skips some of the early TCA reactions, it has a shorter journey than acetyl-CoA and produces fewer high-energy
                     electrons and thus fewer NADH molecules.
                  

                  
                  
                  Because beta-oxidation produces many acetyl-CoA molecules from just one fatty acid (figure 2.14), it is easy to see why dietary fat, as a source of dietary energy that produces ATP, is so energy dense and contributes
                     a higher calorie load for our bodies. The ETC within the matrix of the mitochondria complete the extraction of energy from
                     fatty acids, just as they do with acetyl-CoA from glucose. In addition, the end products of fatty acid oxidation are the same
                     as with glucose: carbon dioxide, water, and ATP. However, a few metabolic nuances are important to understand when considering
                     the way fat is used to produce ATP. First, the exact amount of ATP produced from fatty acid oxidation depends on the length
                     of the fatty acid chain. Longer chains have more carbon bonds and hence will produce more chemical energy in the form of ATP.
                     The complete breakdown of an 18-carbon fatty acid produces 120 ATP. This is substantially more ATP than is produced from one
                     molecule of glucose. To take this a step further, most of the fat we consume in our diet is in the form of triglycerides.
                     A single triglyceride with three 18-carbon fatty acids that are completely oxidized will produce 360 ATP, a value more than 10 times
                     the ATP produced from the complete oxidation of a single glucose molecule.
                  

                  
                  
                  
                     



                  
                  
                  

               
               
               
            

            
            
            

         
         
      

      
      
      





Figure 2.14    Beta-oxidation is specific to fat metabolism and provides substrate to the aerobic energy system.
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                  Another metabolic consideration important to understand is that fat metabolism is tightly synchronized with carbohydrate metabolism
                     and, unlike carbohydrate breakdown, requires oxygen. Acetyl-CoA from beta-oxidation can enter the TCA cycle only when fat
                     and carbohydrate occur in concert. When carbohydrate availability to normal human metabolism is low, such as with very low-carbohydrate
                     diets or during starvation, the TCA intermediate oxaloacetate readily leaves the TCA cycle to travel to the liver and help
                     the body make more blood glucose to prevent hypoglycemia. This metabolic pathway takes precedence under these circumstances
                     because we cannot function properly or, in some cases, even survive if our blood glucose gets too low. Because of this metabolic
                     shift, oxaloacetate is much less available to combine with acetyl-CoA, from beta-oxidation, to form citrate and continue the
                     TCA process. Instead, acetyl-CoAs are blocked from entry into the TCA cycle and rerouted to form a family of compounds called
                     ketone bodies. These ketone bodies are considered products of incomplete fat oxidation. The body makes and uses small amounts
                     of ketone bodies at all times, and they serve as a readily oxidized fuel source for ATP production by the heart and kidneys.
                     For acetyl-CoA derived from the oxidation of fatty acids to enter the TCA cycle, fat and carbohydrate metabolism must be synchronized.
                     When acetyl-CoA cannot enter the TCA cycle, it is shunted to form ketone bodies.
                  

                  
                  
                  Similar to the aerobic oxidation of glucose, the mitochondria must also have adequate oxygen availability in order to completely
                     oxidize fatty acids. Unlike carbohydrate, fatty acids cannot produce ATP anaerobically and must follow mitochondrial pathways
                     leading up to the ETC with oxygen serving as the final electron acceptor. Take, for example, a foot race between a trained
                     athlete versus an unfit couch potato. Just as there are differences in carbohydrate metabolism between the two race participants, differences also exist in the
                     ability to use fat as a fuel source to generate ATP. At rest, both the athlete and couch potato have no problems burning fat
                     as a fuel source. ATP demand is low, and oxygen is available to all mitochondria. This drastically changes at the onset of
                     exercise. Athletes have adapted to be able to deliver more oxygen to working muscles and can do so at higher exercise intensities
                     than the untrained. The couch potato will experience an oxygen deficit much sooner as intensity increases. This will put the
                     brakes on fat oxidation, as ATP will be generated with anaerobic glycolysis (relying on the breakdown of carbohydrate) with
                     much less capacity than with fat oxidation.
                  

                  
                  
               

               
               
               
            

            
            
            
               
               Chemical Energy Derived From Protein

               
               
               
                  
                  As previously discussed, the human body’s preference is to use protein in structural and functional roles, such as warming
                     the body and remodeling muscle tissue, so protein is not considered a major resource for ATP production. That said, recall
                     that no metabolic pathway involving carbohydrate, fat, or protein is ever “turned off.” Some tissues will always be using
                     protein as an ATP source, but its contribution is relatively small compared to that of carbohydrate and fat to meet chemical
                     energy needs. However, if for some reason our energy production falters, such as in starvation or when inadequate amounts
                     of calories are available, energy production from body protein stores will increase. During starvation, when energy needs
                     and blood glucose is vital to sustaining life, the body will break down protein and use amino acids.
                  

                  
                  
                  To make ATP from protein, amino acids must first be stripped of their nitrogen component (-NH2) in a process called deamination. The remaining carbon structure, often referred to as the “carbon skeleton,” can be used
                     by the TCA cycle, whereas the nitrogen component is converted to ammonia and then to urea (essentially, a waste product) by
                     the liver. The carbon skeletons from amino acid catabolism can enter the breakdown pathways of the TCA cycle at many different
                     points. This is a key distinction from carbohydrate and fat breakdown that must enter the TCA cycle as acetyl-CoA (see figure 2.10). The carbon skeleton from each amino acid has a unique structure and number of carbon atoms. These differences determine
                     the carbon skeleton’s fate. Some skeletons take the form of pyruvate (alanine) or enter the TCA as acetyl-CoA (leucine), while
                     others can enter as one of the many intermediates of the TCA cycle (asparagine, tyrosine, methionine, glutamate). The complete
                     breakdown of an amino acid yields urea, carbon dioxide, water, and ATP. How much ATP the amino acid produces depends on where
                     the carbon skeleton enters the TCA cycle. For example, alanine enters the TCA cycle early and can produce 12.5 ATP. In contrast,
                     methionine enters the TCA cycle following deamination approximately halfway through the cycle, producing only five ATPs. When
                     compared to carbohydrate and fat fuel sources, amino acids produce relatively low amounts of ATP.
                  

                  
                  
               

               
               
            

            
            
            
               
               Chemical Energy Derived From Alcohol

               
               
               
                  
                  Alcohol in human nutrition usually refers to beer, wine, and distilled spirits. The technical name for alcohol is ethanol
                     and, when consumed, the energy value is 7 kilocalories per gram (kcal/g), providing a chemical energy source the body can
                     use to make ATP. Since alcohol provides an energy source, it has been classified as a food; however, alcohol performs no essential
                     functions in the body and is therefore not a nutrient.
                  

                  
                  
                  The body works extremely hard to get rid of alcohol in order to prevent it from accumulating and destroying cells and organs.
                     For example, the liver will selectively metabolize alcohol before other compounds and can use alternative metabolic pathways
                     in the liver in an effort to handle and clear excessive (i.e., binge) consumption. Generally, when small to moderate amounts
                     of alcohol is consumed it is first converted to acetaldehyde and rapidly converted to acetate and then acetyl-CoA (figure 2.15). Generally, very little acetyl-CoA enters the TCA cycle and, instead, is shuttled to anabolic pathways to form fat. This
                     occurs because the metabolic reactions that convert alcohol to acetate rapidly consume the available NAD+ that is normally available to receive high-energy electrons from the oxidation of carbohydrate and fat. The limited availability
                     of NAD+ restricts the speed of the TCA cycle. Since alcohol detoxification is the body’s priority, accumulating acetyl-CoAs are rerouted
                     to fatty acid synthesis. Fat accumulation in the liver can be seen after a single bout of heavy drinking. This fatty acid
                     synthesis adapts and accelerates with chronic heavy alcohol consumption, leading to a fatty liver—the first stage of liver
                     destruction that occurs with chronic alcohol abuse.
                  

                  
                  
                  
                     



                  
                  
                  

               
               
            

            
            
         

         
         
      

      
      
      





Figure 2.15    The process of ethanol metabolism.
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                  For athletes and others who want to maintain a high level of exercise and performance, misuse of alcohol can interfere with
                     athletic goals in a variety of ways related to the negative effects of acute intake of alcohol on the performance of, or recovery
                     from, exercise (32). Negative effects of chronic binge drinking can also manifest as poor health and difficult management
                     of body composition (higher body fat) (20). Besides the calorie load of alcohol, alcohol suppresses fat oxidation, increases
                     the likelihood of unplanned food consumption, and might compromise the achievement of a lean body composition (32).
                  

                  
                  
                  The available evidence warns against intake of significant amounts of alcohol in the preexercise period and during training
                     because of the direct negative effects of alcohol on exercise metabolism, thermoregulation, physical skills, and concentration
                     (2). Any negative effects of alcohol on strength and performance may persist for several hours, even after signs and symptoms
                     of intoxication or hangover are no longer present (32). In the postexercise phase, alcohol may interfere with recovery by
                     impairing glycogen resynthesis and storage (6). Alcohol consumption postexercise can also slow rates of rehydration via its
                     suppressive effect on antidiuretic hormone (14) and impair the muscle protein synthesis response that is desired for muscle
                     adaptation and repair (7, 24). For some athletes, other effects on body function are likely, such as mild disturbances in
                     acid-base balance, increased inflammation, and compromised glucose metabolism and cardiovascular function (34). Finally, binge
                     drinking can indirectly affect athlete recovery goals through inattention to following proper guidelines for training recovery,
                     such as dealing with a hangover, missing meals, overeating, and excessive sleep. In general, athletes are advised to consider
                     both public health guidelines and team rules regarding use of alcohol and are encouraged to minimize or avoid alcohol consumption
                     in the postexercise period when issues of recovery and injury repair are a priority (32). Further discussion of the effects
                     of alcohol on athletic performance appears in chapter 9.
                  

                  
                  
               

               
               
            

            
            
         

         
         
      

      
      
      

         
         Benefits of Training on Health and Athletic Performance
         

         
         
         
            
            Whether you train to increase strength or endurance, your body will adapt in order to accommodate or get used to the repeated
               stimulus, which ultimately will improve performance. The concept of training to improve performance encompasses the three
               key principles outlined in chapter 1. Although the magnitude and specificity of these changes will depend on the individual and the characteristics of the training program, any program that improves
               aerobic capacity will have a significant effect on fuel utilization and the energy systems. Since many athletes adopt a training
               regimen that promotes improvements in strength, power, and endurance, metabolic adaptations geared toward improving mitochondrial
               oxygen availability are prominent.
            

            
            
            Figure 2.16 describes some key metabolic adaptations. Structural and biochemical adaptations to endurance training include increased
               mitochondrial number and size and increased concentration of oxidative enzymes involved in beta-oxidation, the TCA cycle,
               and the ETC. These changes improve the muscle environment and efficiency of the aerobic energy system. The NADH shuttling
               system and a change in LDH protein structure is also observed. These adaptations improve electron delivery to the ETC and
               increase the ability of the muscle to oxidize lactate. A host of cardiovascular changes also take place to support adaptation.
               The most significant changes are related to improvements in the heart’s stroke volume and angiogenesis, which creates improved capillary density and capacity to transport fatty acids from the plasma to the muscle cell. Again,
               these are key adaptations that promote aerobic system efficiency, and in this case improve oxygen delivery to working muscle.
               Unfortunately, the principle of reversibility still holds true when training ceases. Most of these adaptations are lost after approximately 5 weeks of detraining, and
               about half of the increase in muscle mitochondrial content is lost after just 1 week of detraining. It is even more troubling
               to consider that it takes about 4 weeks of retraining to regain the adaptations lost in the first week of detraining. This
               is one of the fundamental reasons why exercise is recommended as part of a healthy lifestyle that is done daily, in some form,
               as a key strategy to promote health, longevity, and chronic disease prevention.
            

            
            
            
               



            
            
            

         
         
      

      
      
      



Figure 2.16    Advantages of training on metabolism.
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            There is no doubt that the training stimulus is instrumental in promoting a multitude of cardiovascular system, muscle tissue,
               and cellular changes to improve energy system efficiency. While these adaptations have a clear benefit on metabolic health
               that should not be understated, other outcomes are related to fuel substrate utilization that offer key benefits for the competitive
               athlete and anyone else starting an exercise program to improve health. These benefits are best described by understanding
               the crossover concept of carbohydrate and fat utilization during exercise. By definition, the “crossover” is the point on the graph at which the
               body starts using more carbohydrate than fat as its energy source (for more on the crossover concept, see figure 11.1). Recall that exercise intensity is directly proportional to carbohydrate use because of the anaerobic environment that increasing
               intensity creates. Also recall that an individual’s ability to oxidize fat during exercise with increasing intensity will
               depend on their aerobic capacity. This means that if someone were to draw a simple figure to represent the crossover concept
               for a sedentary friend and compare it to an athlete friend, the figure, especially where the crossover occurs on the percent
               [image: V over time]O2max axis, would look very different. Consistent with the cardiovascular, muscle tissue, and cellular changes that occur with
               training, the crossover point also shifts to the right with training. This phenomenon has huge metabolic significance, both
               for individuals trying to become healthier through exercise and for athletes. For those starting an exercise program, the
               shift to the right that occurs with chronic training adaption means they will be able to work out longer and harder using
               a more efficient aerobic energy system to primarily oxidize fatty acids. While this finding may be initially interpreted as
               a direct strategy to lose body fat by directly oxidizing fat, this is not the key outcome of this adaptation and is not the
               key player that promotes body fat loss. The key benefit is that this adaptation allows for higher-intensity exercise capacity,
               an acquired advantage to training that is of primary importance for promoting weight loss and weight maintenance. Think of
               trading in your four-cylinder car for a car with a V-8 engine. While in the car world, this trade is clearly not good for
               fuel economy, the shift in the crossover with training allows you to aerobically burn fuels more efficiently and burn more
               calories using large muscle groups with a reduced reliance on the lactate-producing anaerobic system. By continuing to push
               yourself with repeated training, you can further augment this adaption and increase muscle mass that can burn more fuel (calories)
               at rest. Consider how long it takes someone to run a mile before training compared to how long it takes after training. Regardless
               of the time difference in running the mile, the amount of calories burned will be similar. The major difference is the energy-yielding
               macronutrient distribution of fuels oxidized, the energy systems used, and the calories burned divided by the amount of time
               to run the mile. The trained individual will oxidize more fat, feel better during the run because of less lactate production,
               and burn more calories per unit of time. This usually results in an enjoyable experience during which mileage and calorie
               expenditure is increased, improving metabolic health and maintaining a healthy body weight.
            

            
            
            When continued training promotes metabolic adaptation that shifts the crossover point to the right, the athlete benefits from
               the same metabolic advantages as the nonathlete but to a greater degree. These adaptations support the athlete’s high-intensity
               efforts and allow for fat, as an endless fuel source, to be used earlier in the activity and at much greater intensities and
               power outputs than in the nonathlete. However, the most important metabolic benefit of this crossover adaptation is not weight
               and body composition management—the most important benefit is the ability to preserve and protect limited carbohydrate stores
               until the highest-intensity effort is required to compete in an athletic event. Since carbohydrate stores in the body are
               limited in muscle tissue, and a relatively small amount in the liver, the preservation of this fuel source for anaerobic system
               activity to fuel ATP generation is imperative to high-intensity performance. Think of a trained distance runner metabolically
               capable of tapping primarily into fat stores to fuel much of the ATP demand for most of a race. When it is important for the
               runner to overtake other runners in the final portion of the race, the increased intensity (and increased ATP demand) will
               need to be met anaerobically with the only fuel the anaerobic system can use—carbohydrate. If this runner did not adequately
               prepare for the race by consuming enough carbohydrate leading up to the race, their capacity to produce ATP anaerobically
               will be compromised and produce a negative effect on performance.
            

            
            
         

         
         
      

      
      
      

         
         Biosynthesis and Storage Pathways in Metabolism
         

         
         
         
            
            From an evolutionary perspective, the human body does not like to get rid of unexpended energy; and referring back to the
               first law of thermodynamics, recall that energy cannot be destroyed. So what happens in our bodies when we have excess energy remaining from the food we consume? Consider how your clothes fit
               after visiting home for the holidays—a little tighter than before, right? Although your biosynthetic metabolic pathways work
               hard to capture excess energy to create heat and store ATP for future energy needs, and though some of the excess energy can
               be used to synthesize new proteins or to store glycogen, a significant portion of the excess goes to fat storage—which is
               why after the holidays many of us must loosen our belts.
            

            
            
            Now fast-forward to the New Year, when waistline growth and resolutions often result in new gym memberships. After several
               workouts, the cumulative result of increased energy expenditure and reduced calorie intake creates weight loss—and the observation
               that your clothes are fitting different because of muscle gain. A different biosynthetic pathway is now working hard to assemble
               new proteins. Other pathways are at work synthesizing and storing carbohydrate, protein, and fat. While some cells are breaking
               down carbohydrate, fat, and protein to extract energy, other cells are busy building glucose, fatty acids, and amino acids.
               Depending on the energy needs of the body and the amount of energy available, either breakdown pathways or biosynthetic pathways
               will dominate.
            

            
            
         

         
         
         
            
            Gluconeogenesis

            
            
            
               
               
                  Gluconeogenesis (figure 2.17) is a biosynthetic pathway that creates glucose for the body from noncarbohydrate precursors, such as amino acids, lactic
                  acid, and glycerol (12). Note, however, that fatty acids cannot be converted to glucose, and that gluconeogenesis is not simply the reverse of glycolysis. Along with amino acid involvement
                  in the gluconeogenic pathway, the other gluconeogenic precursors are pyruvate, lactic acid, and glycerol. When someone is
                  not taking in enough carbohydrate, the body can make glucose from pyruvate in the gluconeogenic pathway. About 90 percent
                  of this pathway takes place in the liver, and the kidneys pick up the rest (37). The liver and kidney cells make glucose from
                  pyruvate by way of oxaloacetate by detouring around some of the irreversible metabolic steps found in glycolysis. These detours
                  require the use of some ATP to bypass the glycolysis pathways that are flowing in the opposite direction. In times of glucose
                  need, some glucose can be synthesized from lactate. While some lactate is continuously formed and degraded, lactate generation
                  accelerates in exercising muscle dictated by the anaerobic condition of the muscle. Circulating lactate can be absorbed by
                  the liver, where gluconeogenesis converts some of the lactate back to glucose via the Cori cycle (figure 2.18). In this metabolic pathway, the enzyme LDH catalyzes the conversion of lactic acid to pyruvic acid (pyruvate).
               

               
               
               
                  



               
               
               
               

            
            
         

         
         
         

      
      
      




Figure 2.17    Gluconeogenesis.
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Figure 2.18    The Cori cycle.
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            Glycogenesis

            
            
            
               
               Glycogenesis is a biosynthetic pathway that assembles glucose molecules into branched chains for storage as glycogen. Glycogen
                  is a branched-chain polysaccharide made of glucose units (3). Liver glycogen serves as a glucose reserve for the blood, and muscle glycogen provides a glucose
                  reserve for exercising muscle tissue. As discussed earlier, glycogen stores are limited and can be depleted after an overnight
                  fast (in the liver) or after repeated high-intensity exercise bouts (in the liver muscle). When glucose is needed, a breakdown
                  reaction called glycogenolysis liberates glucose molecules from glycogen chains. In the liver, this process produces glucose that can freely enter the blood
                  stream. In the muscle, glucose is trapped and is often shuttled to glycolysis for the production of ATP.
               

               
               
            

            
            
         

         
         
         
            
            Lipogenesis

            
            
            
               
               The biosynthetic pathway involving lipogenesis is accelerated during times of excess calorie consumption and often leads to the gain of fat tissue. When ATP supply exceeds
                  the body’s energy demand excess, acetyl-CoA is available to make long-chain fatty acids. Accumulating acetyl Co-A molecules
                  are assembled within this biosynthetic pathway as links to form fatty acid chains in the cytosol. Fatty acid synthesis via
                  the lipogenesis pathway also requires energy in the form of nicotinamide adenine dinucleotide phosphate (NADPH) to drive the synthetic reaction (note that NADH and NADPH, although similar molecules, have very different biological roles)
                  (31). As the final step, the endoplasmic reticulum will then take the surplus of fatty acids formed and combine them with glycerol to form triglycerides, the body’s primary
                  storage form of fat.
               

               
               
               Since only acetyl-CoA molecules feed the lipogenesis synthetic pathway, note that any precursor substrates involved in acetyl-CoA
                  synthesis can feed fatty acid synthesis. This is an important concept to grasp because carbohydrates, many amino acids, alcohol,
                  and fatty acids can all contribute to acetyl-CoA production. Therefore, when energy intake exceeds ATP demands, additional
                  intake from any of these precursor sources may efficiently activate lipogenesis to store additional body fat. From a practical
                  standpoint, excess energy consumption in any form—sugar-sweetened beverages, meat, protein supplements, fat, alcohol—can contribute
                  to fat storage. The key point here is that overeating, usually a result of a lack of self-awareness and self-monitoring is
                  the primary driving force behind increasing body fat storage.
               

               
               
            

            
            
         

         
         
      

      
      
      

         
         Hormonal Control of Metabolism
         

         
         
         
            
            So how are these breakdown and synthetic biological pathways regulated? What triggers the shift in the dominant pathway from
               one to the other after consuming food (fed state) or after a night of sleeping (fasted state)? The answer is hormonal control
               of metabolism. The body can tightly regulate and control the reactions of metabolic pathways. In many ways, hormones that
               circulate through the body act as traffic police, ensuring that each metabolic pathway proceeds at just the right speed. While
               it is true that the body has many strategies to help control metabolism simultaneously, hormones serve as the master regulators,
               and the key players are illustrated in figure 2.19.
            

            
            
            
               



            
            
         

         
         
      

      
      
      



Figure 2.19    Glucagon and insulin are major players in the metabolic pathway control.
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         Measuring Energy Intake and Expenditure
         

         
         
         
            
            By definition, energy is the capacity to do work. Without energy, our bodies cannot function. The energy in the food we eat
               is considered chemical energy, which our bodies convert from potential energy to mechanical, electrical, or heat energy. For
               an energy boost, we must eat nutrient-rich food, which is then converted to ATP via the process described earlier. Every muscle
               movement, every nerve impulse, every cellular reaction requires ATP, and carbohydrate, triglycerides, and proteins are the
               vehicles through which this energy is supplied.
            

            
            
            
            
            
               
               Nutrition Tip

               
               
               
                  
                  Need an energy boost? You won’t find it in your coffee cup. You might feel as if coffee, or a caffeinated alternative, increases
                     your energy, but based on the first law of thermodynamics, this makes no sense. Caffeine is not an energy source; it is a
                     central nervous system stimulant. For an energy boost, try eating food rich in nutrients.
                  

                  
                  
                  
                  
               

               
               
            

            
            
         

         
         
         
         
            
            Estimating Energy Content of Food

            
            
            
               
               In the field of nutrition science, we discuss the potential energy in food, or the body’s use of energy (i.e., using ATP),
                  in units of heat called kilocalories (or simply calories). One kilocalorie (kcal) is the amount of energy (in the form of
                  heat) required to raise the temperature of 1 kilogram (kg) of water by 1 degree Celsius. While this might sound like an abstract
                  concept, it makes more sense when thinking about how a bomb calorimeter (i.e., a meter for calorie measure) works to liberate
                  chemical energy from food that is placed in it to heat energy. As shown in figure 2.20, food is placed within a sealed chamber, and the food is completely burned while sensors placed outside of the chamber in
                  a water bath measure the amount of heat produced by combustion within the inner chamber. The difference in water temperature
                  from the heat energy produced is a measure of the sample’s energy output and provides an accurate assessment of the total
                  energy content of the particular food. Because this method is a direct method of measuring heat production, the use of the
                  bomb calorimeter is often categorized as direct calorimetry. While the human body is not as efficient as the bomb calorimeter
                  in energy transfer from one form to another, following a few metabolic adjustments, the same basic principle applies and can
                  be used to determine the amount of food energy we consume from our diet. Thus, the number of calories from complete combustion
                  in a bomb calorimeter is adjusted downward:
               

               
               
               
                  



               
               
               

            
            
         

         
         
         

      
      
      




Figure 2.20    A bomb calorimeter determines the total energy content of food.
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                  	4 kilocalories per gram pure carbohydrate

                  
                  
                  	4 kilocalories per gram pure protein

                  
                  
                  	9 kilocalories per gram pure fat

                  
                  
                  	7 kilocalories per gram of pure alcohol

                  
                  
               

               
               
               So, the number of kilocalories derived from the complete combustion of these energy-yielding macronutrients and alcohol in
                  a bomb calorimeter is slightly higher than what is listed here. This is primarily because the human body does not completely
                  digest all food and, as discussed earlier, nitrogen from protein foods cannot be oxidized to produce ATP. Because of these
                  adjustments that led to knowing the kilocalorie content of each energy-producing food component we consume, we can use these
                  numbers to estimate its calorie content, as long as we know the weight of each component.
               

               
               
            

            
            
         

         
         
         
            
            Assessing an Athlete’s Energy Intake

            
            
            
               
               Athletes must have an idea of how much energy they consume at different stages of their training regimen, both to support
                  athletic performance and to promote health and injury prevention. Since an athlete’s energy requirements vary from day to
                  day throughout the yearly training plan, relative to changes in training volume and intensity, reliable estimates of energy
                  intake can be helpful in developing an individualized nutrition plan. An athlete’s energy intake from food, fluids, and supplements
                  can be estimated from measured food records, a multi-pass 24-hour dietary recall, or from food frequency questionnaires (11).
                  For athletes and nonathletes alike, it is important to understand that there are limitations with all of these methods, with
                  a bias to the underreporting of intakes (32). Extensive education regarding the purpose and protocols of documenting calorie
                  intake may assist with compliance to the measurement techniques and enhance the accuracy and validity of self-reported information.
               

               
               
               Factors that can increase energy intake  needs in athletes (22)

               
               
               
                  
                  	Exposure to cold or heat

                  
                  
                  	Fear

                  
                  
                  	Stress

                  
                  
                  	High altitude

                  
                  
                  	Some physical injuries, wound healing

                  
                  
                  	Stimulant drugs (caffeine, nicotine)

                  
                  
                  	Increases in fat-free mass (FFM)
                     
                  

                  
                  
               

               
               
               Factors that can decrease energy intake needs in athletes (28)

               
               
               
                  
                  	Aging

                  
                  
                  	Decreases in FFM

                  
                  
                  	Sedentary behavior between training sessions

                  
                  
               

               
               
            

            
            
         

         
         
         
            
            Estimating Energy Expenditure

            
            
            
               
               Energy expenditure (EE), or the amount of calories burned by the body, can be measured and estimated using several different
                  methods. The body uses energy (expends calories) for three primary reasons.
               

               
               
               
                  
                  	To maintain basic physiological function, such as pumping blood and breathing

                  
                  
                  	To process the food we eat

                  
                  
                  	To power muscles for all movements—called the thermic effect of activity (TEA)
                     
                  

                  
                  
               

               
               
               These are examples of the major contributors to energy expenditure, but in fact the body can also use additional fuel to support
                  growth during childhood, adolescence, and pregnancy. In times of stress, such as exposure to cold environments, fever, trauma,
                  and psychological stress, energy expenditure is also increased. The sum of all energy expended over a set period of time (usually
                  24 hours) is called the total energy expenditure (TEE). The TEE calculation has several energy expenditure variables that we can measure independently and account for to estimate
                  TEE.
               

               
               
            

            
            
            
               
               Energy Expenditure During Rest

               
               
               
                  
                  People who are not normally physically active and consider themselves sedentary expend most of their energy at rest to maintain
                     the basic body functions to sustain life. This type of energy expenditure is called resting energy expenditure (REE) and is required to maintain body temperature, heartbeat, and other functions. Just like TEE, REE is an absolute measure over
                     a period of time, such as a day. When REE measures are expressed as a rate, or as the number of kilocalories expended per
                     hour, energy expenditure is measured as either the basal metabolic rate (BMR) or the resting metabolic rate (RMR). RMR account for up to 60 to 80 percent of TEE (32).
                  

                  
                  
                  In research, measuring RMR and BMR involves different procedures that produce slightly different values. The measurement of
                     BMR is more stringent and requires the subject to be lying at rest for an extended period of time or to have just woken up
                     from a normal overnight sleep and remaining in bed. BMR measures also require a 10- to 12-hour fast and no physical activity
                     for at least 12 hours. Since these ideal conditions are difficult to meet when studying large groups of human subjects, the
                     RMR measure is often preferred. In measuring RMR, the subject must be in a resting position for several minutes and be 3 to
                     4 hours removed from a meal or strenuous activity. Because of the differences in the protocols for these measures, RMR values
                     tend to be slightly higher, but most researchers prefer measuring RMR for its practicality. We will use the terms “resting
                     metabolic rate” and “resting energy expenditure” throughout this book.
                  

                  
                  
               

               
               
            

            
            
            
               
               Factors That Can Alter RMR

               
               
               
                  
                  We have all heard that exercise can increase your metabolism. The increase is a direct effect of exercise on the RMR. Although
                     the absolute change an individual can experience in their RMR is at the most around 5 percent, these changes can be meaningful
                     to long-term health. When examining large groups of people, variations in RMR can be as much as 25 percent. This is largely
                     because of large differences in muscle and organ mass, which helps explain why muscle-building exercise can have a meaningful
                     impact on RMR. Resting muscle tissue and organ tissue make up most of the contribution to RMR because of their higher fuel
                     needs to support metabolic activities. These two tissue compartments, along with the bone tissue and fluids that make up the
                     human body, are collectively known as lean body mass (LBM). Differences in LBM explain 60 to 80 percent of the variation that is seen in RMR kcal values among individuals (21).
                  

                  
                  
                  
                  
                  
                     
                     Do You Know?

                     
                     
                     
                        
                        Two individuals of approximately the same body weight can have far-different RMR values. An individual with more LBM will
                           have a significantly higher RMR than someone with lower LBM and higher fat mass.
                        

                        
                        
                        
                        
                     

                     
                     
                  

                  
                  
                  Several other factors can also create small but meaningful changes in RMR values. First of all, anything that can change LBM
                     will affect RMR. Age, sex, exercise, and body size are primary influences on LBM. Increasing body size and regular exercise
                     increases or maintains LBM. Males typically have more LBM per pound of body weight than females, and LBM steadily falls with
                     increasing age. As we age, RMR is reduced by about 2 to 3 percent per decade (29). Most of this is attributed to declining
                     LBM, but declining organ function might also contribute. Regular exercise becomes even more valuable as we age because it
                     is a strong stimulus to slow the loss of LBM, while discouraging the gain of fat mass. Body size has a strong influence on
                     metabolic rate because it takes more energy to move a larger mass. A large person will expend more energy (calories) per unit
                     of time doing the same activity as a smaller person. Fitness level and sport experience is another factor that influences
                     energy expenditure. Athletes tend to have stronger muscles with greater endurance that are trained for the competitive task,
                     making them more efficient with energy utilization and conservation than those who are untrained and attempting to complete
                     similar tasks.
                  

                  
                  
               

               
               
               
            

            
            
            
               
               Thermic Effect of Activity

               
               
               
                  
                  The energy expenditure required to move our bodies is broadly defined as any movement—not only exercise and sport but also everyday activities and movements required at work. Along with nonexercise activity thermogenesis (NEAT), any type of activity, even fidgeting, is included in this category. Energy expenditure in this category typically accounts
                     for about 15 to 30 percent of TEE (35) but can vary significantly based on duration, mode (walking, running, eating, dancing,
                     etc.), and intensity. This is why elite athletes who are committed to training several hours a day can have a thermic effect
                     of activity (TEA) that easily exceeds 50 percent of the TEE for a given day. As a component of TEA, energy expenditure from exercise (EEE) can be estimated in several ways, including activity logs (1–7
                     days duration), using subjective estimates of exercise intensity; activity codes; and metabolic equivalents (MET) (1, 13,
                     33). While RMR represents 60 to 80 percent of TEE for most individuals, it may be as little as 38 to 47 percent of TEE for
                     elite endurance athletes, who might have a TEA as high as 50 percent of TEE (22).
                  

                  
                  
               

               
               
            

            
            
            
               
               Energy Expenditure to Process the Food We Consume

               
               
               
                  
                  Energy expenditure is also required to digest, absorb, and metabolize the food we eat. The metabolic processes involved generate
                     heat, and the energy output is collectively called the thermic effect of food (TEF). This phenomenon generally peaks about 1 hour after the consumption of food and usually dissipates within 4 to 5 hours after
                     eating, depending on the amount and composition of the meal. TEF values vary for each of the energy-yielding macronutrients
                     and are highest for protein and lowest for fat. This means the body is more efficient at storing excess dietary fat as body
                     fat than at converting excess protein and carbohydrate to fat stores. TEF typically accounts for approximately 10 percent
                     of total energy expenditure (15). Although changes in energy-yielding macronutrient distribution of the diet can alter TEF’s
                     contribution to total energy expenditure, the changes are considered to have marginal impact.
                  

                  
                  
               

               
               
            

            
            
         

         
         
         
            
            Measuring Energy Expenditure

            
            
            
               
               The general measurement of energy expenditure is referred to as calorimetry and is further broken down by methodological differences as direct calorimetry (mentioned earlier in the chapter) and indirect calorimetry. These measurements can be used by health care professionals and nutrition and exercise scientists to examine individual differences
                  in energy expenditure and to help understand the effects of age, gender, and exercise on total energy expenditure (table 2.3). However, despite improvements in technology, measuring energy expenditure is generally not practical. As a result, many
                  energy expenditure equations have been developed and are commonly used for making predictions.
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               Direct Calorimetry

               
               
               
                  
                  As you recall from our earlier example of the bomb calorimeter, direct calorimetry measures heat production by the body. When
                     the body breaks down food, it captures some of the energy in ATP production, while losing the rest as heat. When this heat
                     loss is measured, the measure is proportional to the body’s total energy expenditure and can be measured directly within a
                     sealed chamber (figure 2.21). With this method, a research subject is typically asked to stay in the chamber for 24 hours. The chambers are typically
                     furnished with a bed and a television and in some cases equipment for exercising. While the individual is in the chamber,
                     changes in temperature and oxygen and carbon dioxide gas exchange can be measured to calculate the total calories expended.
                     Though highly accurate, this method is not considered practical for most research studies. The equipment is complex, expensive,
                     and takes up a lot of space. Plus, the chamber must comfortably accommodate people of various sizes while maintaining the
                     precision to measure small changes in temperature. Given the alternative methods available to estimate energy expenditure,
                     direct calorimetry is used primarily in large research universities and institutions with a heavy interest in human research
                     studies investigating changes in metabolism.
                  

                  
                  
                  
                     



                  
                  
               

               
               
            

            
            
            

         
         
      

      
      
      





Figure 2.21    Direct calorimeter.
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               Indirect Calorimetry

               
               
               
                  
                  Indirect calorimetry is a method to determine energy expenditure without directly measuring the production of heat. Methods
                     include measuring oxygen consumption and carbon dioxide production, collectively referred to as gas exchange, and the doubly
                     labeled water technique. Overall, indirect techniques are less expensive than direct calorimetry. These methods are defined
                     as “indirect” because energy expenditure as heat is not measured. The gas exchange method is based on the principle that our
                     metabolized fuels (i.e., carbohydrate, protein, fat) require oxygen to be completely burned (oxidized). One of the by-products
                     of burning these fuels is carbon dioxide. What is fascinating is that the consumed oxygen and carbon dioxide release is in
                     direct proportion to the amount of fuel burned and the amount of energy (measured as calories) released. During the process,
                     a technician can collect respiratory gases from a volunteer during rest or short bouts of exercise. This is accomplished by
                     attaching a face mask, using a mouthpiece with the nose closed shut, or by using a canopy system. While these methods are
                     commonly used in research settings, they are still considered cumbersome by many researchers and research volunteers and thus
                     carry limitations on how the methods can be used effectively in different living situations (figure 2.22).
                  

                  
                  
                  
                     



                  
                  
                  

               
               
            

            
            
            

         
         
      

      
      
      





Figure 2.22    Indirect calorimeter.
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                  The doubly labeled water technique is highly effective at measuring daily energy expenditure over extended time periods while
                     subjects are living in their usual environment. This method relies on measuring the stable isotopes of hydrogen and oxygen in excreted water and carbon dioxide. Isotopes are defined as different forms of an element in which
                     the atoms have the same number of protons but different number of neutrons. These isotopes are nonradioactive and safe for
                     human consumption and retain the same characteristics of the usual element, with the only difference being a higher than usual
                     atomic mass. Small amounts of water that are isotopically labeled with deuterium and oxygen-18 (2H2O and H2 
                     18O) are ingested, while the difference between the rates at which the body loses each isotope can be measured to determine
                     energy expenditure. This method is unique and very practical because it avoids the need to measure heat and gas exchange.
                     Two types of water are consumed, one with the hydrogen isotope deuterium and the other with an isotope of oxygen. Following
                     consumption, researchers can measure isotope appearance in excreted urine (as 2H2O) and examine the difference between the rate of deuterium loss and 18O loss to calculate the output of carbon dioxide and determine TEE. The doubly labeled water method is often considered the
                     gold standard for determining energy expenditure and has been used alongside measuring weight change and diet assessment methods
                     to help determine the validity of energy intake assessment techniques. This method is noninvasive and unobtrusive and allows
                     subjects to act normally in their typical environment. On the other hand, testing protocols are recommended to last at least
                     14 days for the best accuracy, the technique is not widely available, and it is expensive. Isotopes and equipment to analyze
                     isotope appearance in urine can cost thousands of dollars and are often too costly for many research budgets. Further, this
                     technique is best at giving a summary of energy expenditure over the 14-day protocol period and cannot give information about
                     individual days or day-to-day variability.
                  

                  
                  
               

               
               
            

            
            
            
               
               Estimating TEE With Prediction Equations

               
               
               
                  
                  Because the direct measurement of a person’s TEE requires costly equipment and training that is not easily accessible outside
                     of research settings, energy expenditure is widely estimated by nutrition professionals through the use of a range of equations.
                     Calculated estimates use many variables that are known to have a strong influence on energy expenditure, such as age, height,
                     weight, gender, and fat-free mass. In order to use various equations effectively, it is important to understand their limitations,
                     the population they are intended for, what the calculated calorie values mean (i.e., BMR vs. RMR vs. TEE), and most important,
                     remembering that these values are indeed estimates. When equations provide an RMR or BMR value, in order to determine TEE,
                     energy for physical activity and the TEF must be included. When energy is expended from physical activity and exercise can
                     be accounted for by using a multiple of the REE based on the level of activity intensity and duration. For example, the activity
                     level for most of the U.S. population is considered light or moderate, and the TEF is about 10 percent of the sum of REE plus
                     the energy expenditure of physical activity. The sum of these three components provides the estimated TEE.
                  

                  
                  
                  
                  
                  
                  
                  
                     
                     Estimating Total Energy Expenditure

                     
                     
                     
                        
                        Putting It Into Perspective

                        
                        
                        Estimate of the total energy expenditure of an 18-year-old college freshman with a height of 183 centimeters and a weight
                           of 73 kilograms.
                        

                        
                        
                        TEE = BMR + TEF + TEA

                        
                        
                        BMR can be estimated using the Harris-Benedict equation.

                        
                        
                        For men, the equation looks like this:

                        
                        
                        BMR = 66.4730 + (13.7516 × weight in kg) + (5.0033 × height in cm) – (6.7550 × age in yr)

                        
                        
                        Therefore, BMR for this individual

                        
                        
                        = 66.4730 + (13.7516 × 73 kg) + (5.0033 × 183 cm) – (6.7550 × 18 yr)

                        
                        
                        = 66.4730 + (1003.8668) + (915.6039) – (121.59)

                        
                        
                        = 1,864.35

                        
                        
                        ~ 1,850–1,900 kcal

                        
                        
                        TEF = thermic effect of food; TEA = planned exercise expenditure + spontaneous physical activity + nonexercise activity thermogenesis

                        
                        
                        
                        
                     

                     
                     
                  

                  
                  
                  Techniques used to measure or estimate components of TEE in sedentary and moderately active populations can also be applied
                     to athletes. However, there are some limitations to this approach, particularly in highly competitive athletes (32). As previously
                     discussed, it is more practical to measure resting metabolic rate (RMR), but a reasonable estimate of BMR can be obtained
                     using either the Cunningham (10) or the Harris-Benedict (26) equations, with an appropriate activity factor being applied
                     to estimate TEE.
                  

                  
                  
                  
                  
                  
                     
                     Using the Cunningham Equation to Estimate RMR

                     
                     
                     
                        
                        Putting It Into Perspective

                        
                        
                        RMR = 500 + 22 (fat-free mass in kg)

                        
                        
                        A 22-year-old collegiate female swimmer is 5 feet 10 inches and weighs 160 pounds. At 20 percent body fat, she has approximately
                           58 kilograms of fat-free mass (160 lb. × 0.2 = 32 lb.; 160 lb. – 32 lb. = 128 lb.; 128 lb./2.2 lb./kg = 58.2 kg
                        

                        
                        
                        RMR = 500 + 22 (58.2 kg)

                        
                        
                        RMR = 500 + 1,280

                        
                        
                        RMR = 1,780 kcal/d

                        
                        
                        
                        
                     

                     
                     
                  

                  
                  
                  Note that the perfect energy expenditure prediction equation does not currently exist. Practitioners often use a combination
                     of methods when working with athletes and refine their intervention over time based on new data becoming available, such as
                     changes in weight, a new body composition assessment, changing training volume, and so on. It is also important to use caution
                     in the application of these methods since RMR may over- or underestimate requirements by 10 to 20 percent. Remember that RMR
                     is only one factor that accounts for TEE and should not be overemphasized without careful consideration of the other variables
                     that make up TEE.
                  

                  
                  
                  
                  
                  
                     
                     Wearable Activity Monitors and Devices

                     
                     
                     
                        
                        Putting It Into Perspective

                        
                        
                        If you observe exercisers in a gym, you will see that many are wearing a kind of physical activity tracker or exercise monitor.
                           These accelerometry-based devices allow us to estimate physical activity and energy expenditure (EE), as well as track data
                           over time via the Internet or on a cell phone. Improvements in technology and reduced costs have resulted in a flood of various
                           brands of physical activity monitors, making these devices highly accessible (36). The monitors are valuable in that they
                           can provide a stimulus to promote behavioral change to increase physical activity and manage energy intake, leading to long-term
                           metabolic health and reduced risk for diabetes, cardiovascular disease, and other conditions.
                        

                        
                        
                        Do you question the accuracy of these devices? Their limitations? The wide variety of brands available suggests a wide range
                           in quality. Some devices are more accurate than others. Accelerometer-based devices provide measures of body movement with validity derived from studies using doubly labeled water. Generally speaking, many commercially
                           available monitors score lower in measures of step count and energy expenditure accuracy than more sophisticated activity
                           monitors used for health research. A recent study examined the validity of eight different consumer-based, activity-monitoring
                           technologies with estimates of EE from a portable metabolic analyzer as a comparison. Absolute percent error ranged from approximately
                           9 to 23.5 percent. Overall, the performance and overall accuracy of these monitors is impressive.
                        

                        
                        
                        The most important feature of these devices is that they promote increased physical activity (27). Meanwhile, companies are
                           trying to entice more consumers by making monitors that provide goal-setting features, tracking tools, and social networking
                           links, which could have implications for behaviorally focused research applications (18).
                        

                        
                        
                        
                        
                     

                     
                     
                  

                  
                  
               

               
               
               
               
               
            

            
            
         

         
         
      

      
      
      

         
         An Emerging Topic of Interest for Athletes
         

         
         
         
            
            Energy Availability in Sport

            
            
            Energy availability (EA) is a relatively new topic in the field of sports nutrition. EA extends beyond the study of energy
               balance (EB) by considering the energy requirements needed to promote optimal health and function during periods of high EEE.
               Energy availability is defined as dietary intake minus exercise energy expenditure normalized to FFM. The resulting number
               from this calculation is the amount of energy available to the body to perform all other functions after the cost of exercise
               is subtracted (19).
            

            
            
            The concept of EA emerged from the study of the female athlete triad (triad), which started as a recognition of the interrelatedness of clinical issues with disordered eating, menstrual dysfunction, and
               low bone mineral density in female athletes (19). The concept then evolved into a broader understanding of the concerns associated
               with any movement along the spectra away from optimal energy availability, menstrual status, and bone health (16). Low EA
               can occur from insufficient energy intake, high TEE, or a combination of the two. It might also be associated with disordered
               eating, a misguided or excessively rapid program for loss of body mass, or inadvertent failure to meet energy requirements
               during a period of high-volume training or competition (19). It is now thought that additional physiological consequences
               may occur beyond that of what is found in the female athlete triad and is also thought to affect male athletes. Potential
               complications are thought to contribute to endocrine, gastrointestinal, renal, neuro-psychiatric, musculoskeletal, and cardiovascular
               dysfunction (16).
            

            
            
            In order to capture the negative effects of low EA in both male and female athletes, an extension of the Triad has been proposed,
               called relative energy deficiency in sport (RED-S). RED-S is as an inclusive description of the entire cluster of physiological complications observed in male and female athletes
               who consume energy intakes that are insufficient to meet the needs for optimal body function once the energy cost of exercise
               has been removed (23). Regardless of the terminology used to describe low EA, this phenomenon may compromise athletic performance
               in the short and long term for both male and female athletes. Screening and treatment guidelines have been established for
               management of low EA (16, 23).
            

            
            
            Potential performance effects of RED-S might include decreased endurance, increased injury risk, decreased training response,
               impaired judgment, decreased coordination, decreased concentration, irritability, depression, decreased glycogen stores, and
               decreased muscle strength (23). In terms of health, RED-S can negatively affect menstrual function, bone health, endocrine,
               metabolic, hematological, growth and development, psychological, cardiovascular, gastrointestinal, and immunological systems
               (32). It is now recognized that impairments of health and function occur across the continuum of reductions in EA, rather
               than occurring uniformly at an EA threshold, and require further research (23).
            

            
            
            
            
            
               
               Nutrition Tip

               
               
               
                  
                  Low EA is not synonymous with negative EB or weight loss. If reduction in EA is associated with a reduction in RMR, it may
                     produce a new steady-state of energy balance or weight stability at a lowered energy intake that is insufficient to provide
                     for healthy body function.
                  

                  
                  
                  
                  
               

               
               
            

            
            
         

         
         
         
      

      
      
      

         
         Summary
         

         
         
         
            
            The understanding of energy metabolism is essential to lay a solid foundation for understanding the nutrition needs to support
               all forms of physical activity and exercise. Energy from the foods we consume is converted into a useable chemical form of
               energy our bodies can use (ATP). ATP is generated by three distinct energy systems that work together in concert using several
               metabolic pathways to fuel muscle contraction. Several substrates are used by the energy systems to meet our ATP demands,
               including phosphocreatine, carbohydrate, protein, fat, and alcohol. We use kilocalories (calories) as our universal energy
               currency to estimate the amount of energy we consume and expend. Several methods are available to measure both energy intake
               and expenditure that vary in their practicality, accuracy, time commitment, and cost. Collectively, these methods provide
               a mechanism to assess important aspects of energy metabolism in athletes, including energy balance and energy availability.
            

            
            
            
            
            
               
               For Review

               
               
               
                  
                  
                     
                     	What is energy and the various forms of energy? Which form of energy is most important to human physiology?

                     
                     
                     	List the energy systems used by the body to make ATP. How do they differ in complexity, lag time, and capacity to make ATP?

                     
                     
                     	Describe the crossover concept, and explain the most important physiological adaptations that occur as a result of training.

                     
                     
                     	Describe the fuel substrates the body uses to make ATP. What is the only substrate that can be used to make ATP anaerobically?

                     
                     
                     	Differentiate between BMR, RMR, TEA, TEE, and TEF, as defined in this chapter.

                     
                     
                     	Several metabolic pathways were described in this chapter. List the metabolic pathways used by each energy system and where
                        in the cell these pathways occur.
                     

                     
                     
                     	From the food that we eat, describe some of the metabolic fates of glucose, lipid, and amino acids that are digested and absorbed.

                     
                     
                     	Explain how the mitochondria generate ATP aerobically. How is oxygen used? How are hydrogen ions and electrons delivered to
                        the mitochondria?
                     

                     
                     
                  

                  
                  
               

               
               
            

            
            
            
         

         
         
      

      
      
      
      
   
      
      
      
      Part II
Role of Energy-Yielding Macronutrients
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         Energy-yielding macronutrients are covered in chapters 3, 4, and 5. Foods providing carbohydrate, protein, and fat provide
            a different array of vitamins, minerals and, in the case of plant-based foods, plant compounds that support good health. Therefore,
            carbohydrate, protein, and fat can have different effects on long-term health and disease risk factors.
         

         
         
         A slower digesting carbohydrate, high-fiber food, is beneficial for health and reducing chronic disease risk. A faster-digesting
            carbohydrate, low-fiber food, is helpful before, during, and after exercise because it is a quick, easy-to-digest source of
            energy. Protein varies based on the speed of digestion and amino acid profile and helps make up structures in the body. Dietary
            fat is energy dense, has many metabolic roles, and affects disease risk factors. Within the body, fat also has essential roles
            in structure and function.
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Carbohydrate
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Chapter Objectives

            
            
            
               
               After completing this chapter, you will be able to do the following:

               
               
               
                  
                  	Identify the classification of carbohydrate.

                  
                  
                  	Describe the digestion and absorption of carbohydrate.

                  
                  
                  	Discuss the metabolic fates of glucose once inside the body.

                  
                  
                  	Describe how glucose is regulated in the body.

                  
                  
                  	Explain the relationship between carbohydrate and exercise performance.

                  
                  
                  	Discuss the role of carbohydrate in fatigue during exercise.

                  
                  
                  	Identify carbohydrate recommendations for the general population, active individuals, and athletes

                  
                  
                  	Explain where to find the carbohydrate content of foods.

                  
                  
                  	Discuss the role of carbohydrate in health.

                  
                  
               

               
               
            

            
            
         

         
         
         
            Carbohydrate is an organic compound derived from plants and contains the elements carbon, hydrogen, and oxygen. Through photosynthesis (figure 3.1), plants use energy from the sun interacts with water and minerals in the soil and carbon dioxide in the air to produce glucose,
            the simplest form of carbohydrate. The primary purpose of carbohydrate in the human body, both at rest and during physical
            activity, is as a fuel source (40). Carbohydrate is an energy source for most cells in the body, a preferred fuel source for nerve and brain cells, and the required
            fuel for red blood cells. During physical activity, the biologically usable form of energy for the skeletal muscle, ATP, can
            be generated from both dietary and stored carbohydrate. The amount and source of carbohydrate the skeletal muscle uses depends
            on the length and intensity of exercise and the amount of carbohydrate available (26). In this chapter we provide an overview
            of the types of carbohydrate and how they are digested, absorbed, metabolized, and stored in the human body during rest and
            exercise. Dietary recommendations, food sources, and the role of carbohydrate in health and disease will also be discussed.
         

         
         
         
            



         
         
      

      
      
      


Figure 3.1    During photosynthesis, plants use energy from the sun to synthesize glucose.
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         Classification of Carbohydrate
         

         
         
         
            
            Carbohydrate is often classified into one of two primary classes that describe the physical structure of the nutrient: simple carbohydrates are relatively small compounds comprised of either one or two sugar molecules, whereas complex carbohydrates are larger compounds that contain more than three sugar molecules joined together (40).
            

            
            
         

         
         
         
            
            Simple Carbohydrates

            
            
            
               
               Monosaccharides and disaccharides are commonly referred to as simple carbohydrates, or simple sugars. The simplest unit of a carbohydrate is a monosaccharide—mono meaning one and saccharide meaning sugar (figure 3.2). Three common monosaccharides are present in the human diet: glucose, fructose, and galactose. All contain the elements
                  carbon, hydrogen, and oxygen, but they differ slightly in their structure and in their level of sweetness. Glucose is an abundant sugar molecule in the human diet. Fructose is the sweetest of the monosaccharides and sometimes referred to as fruit sugar. While fructose is naturally found in fruits,
                  it can also be found in processed foods, most commonly in the form of high-fructose corn syrup or sucrose. Galactose is not usually found alone in foods; rather, it is most commonly bound to glucose to form the disaccharide lactose (35).
               

               
               
               
                  



               
               
               
               
               
               

            
            
            
         

         
         
         

      
      
      




Figure 3.2    Monosaccharides.
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                  Nutrition Tip

                  
                  
                  
                     
                     Glucose is the form of fuel the brain depends on for functioning. Research studies have demonstrated that reduced glucose
                        availability can negatively alter attention, memory, and learning in individuals who regularly consume carbohydrate in their
                        diet (as opposed to those who have adapted to a lower carbohydrate diet). Consuming adequate dietary carbohydrate throughout
                        the day can reverse these dips in glucose levels. The brain also has increased glucose demands as mental tasks become more
                        challenging. Studying for exams and completing assignments require higher cognitive function, so a steady glucose supply to
                        the brain is critical. Do not skip meals and snacks during times of mental stress, when cognition is important for success
                        (35).
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
               Two monosaccharides joined together are called disaccharides—di meaning two (figure 3.3). The chemical bond holding these together can be broken (digested) by the action of enzymes in the human digestive tract,
                  thereby releasing the component monosaccharides from one another. The common natural disaccharides in the human diet are sucrose,
                  lactose, and maltose. Sucrose is the sweetest and most common of the disaccharides and is composed of one glucose molecule and one fructose molecule. Sucrose
                  can be found naturally in sugar cane, sugar beets, honey, and to some extent fruits and vegetables, but it is more commonly
                  processed into “table sugar” and added to a variety of foods during processing. Lactose is comprised of one glucose molecule and one galactose molecule and is called “milk sugar” because it is found naturally in
                  dairy products. Maltose is composed of two glucose molecules joined together. It is not commonly found in foods but rather as a by-product of the
                  breakdown of larger carbohydrate compounds, such as starch. Maltose also forms as a result of the fermentation process during
                  production of some alcoholic beverages. However, the complete fermentation reaction results in a final low maltose concentration,
                  so these alcoholic beverages are not a good source of dietary carbohydrate (22, 40).
               

               
               
               
                  



               
               
            

            
            
            
         

         
         
         

      
      
      




Figure 3.3    Disaccharide.
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            Complex Carbohydrates

            
            
            
               
               Complex carbohydrates are assemblies of at least three and as many as thousands of monosaccharide molecules. The term “complex
                  carbohydrate” was once used to describe a slower digestive process compared to sugars, but now the term refers only to the
                  chemical structure of the molecule, not digestive speed. Relatively shorter assemblies of only 3 to 10 monosaccharides are
                  referred to as oligosaccharides, and larger assemblies are called polysaccharides. Oligosaccharides are commonly found in beans, legumes, some cruciferous
                  vegetables, whole grains, and some manufactured products such as sports drinks. These usually appear on a food label as fructooligosaccharides,
                  maltodextrins, or polydextrose. Polysaccharides have more than ten monosaccharides and are primarily in the form of starch and fiber. Starch is the primary form of carbohydrate polysaccharide found in plants and consists of simple chains of glucose molecules joined
                  together by alpha bonds, which are breakable by human digestive enzymes. The most common forms of starch are amylose, which is a straight chain of glucose molecules, and amylopectin, which is a branched chain of the same molecules. Once consumed and digested into its component monosaccharides, the glucose
                  molecules from starch are absorbed into the bloodstream and become indistinguishable from all other glucose molecules in the
                  body (22, 40).
               

               
               
               
               
               
                  
                  Do You Know?

                  
                  
                  
                     
                     Companies are not required to enrich their food products, but enriched white flour has thiamin, riboflavin, niacin, iron,
                        and folic acid, all nutrients lost during processing and added back through enrichment (47).
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
               
                  Fiber is another type of carbohydrate polysaccharide found in plants. It is similar to starch; both contain long chains of glucose
                  molecules joined by bonds, except that the bonds in fiber are beta bonds that cannot be broken by human enzymes. Thus fiber is not digested, absorbed, and metabolized in the human body. Nonetheless,
                  fiber does possess health benefits, which are discussed later in this chapter. From a structural standpoint, fiber can be
                  classified as soluble or insoluble. Soluble fibers are generally found in and around plant tissue cells, are dissolvable in water, have a gel-like consistency when wet, and
                  are digested by gut bacteria (fermentation). Common sources include citrus fruit, berries, oats, and beans. Insoluble fibers are the structural component of plant cell walls, are not dissolvable in water, and are usually not fermentable. They are
                  commonly found in the outer husks of whole grains, fruits, vegetables, and legumes. The structural classification of fiber
                  does not adequately describe how insoluble and soluble fibers behave once inside the human body, so another way of viewing
                  fiber is from the standpoint of how it affects physiological processes. For example, different fibers have varying impacts
                  on gastric emptying, post-meal blood glucose levels, and the absorption of dietary fat and cholesterol from the gut. In other
                  words, some fibers are better than others at improving satiety, making one feel fuller for a longer period of time, blunting the rise in blood sugar after eating, and improving serum lipid
                  levels (total and LDL cholesterol). The Institute of Medicine uses the terms “dietary fiber” and “functional fiber” for those
                  isolated, nondigestible food or commercially produced carbohydrates (36) to describe the different effects that fibers have
                  on physiological processes within the human body.
               

               
               
               The third category of carbohydrate polysaccharide is called glycogen. Glycogen is the storage form of carbohydrates (glucose) in humans and animals, where it is stored primarily in the liver
                  and skeletal muscle. Glycogen and starch are similar in that they are chains of glucose molecules; they differ in that glycogen
                  is much more highly branched and contains greater surface area for enzymatic action (figure 3.4) (22, 40). In addition, glycogen stored in the liver and muscle in its hydrated form contains three to four parts water (27).
                  Approximately three quarters of the glycogen in the body is stored in skeletal muscle; the remaining quarter is stored in
                  the liver (9, 23).
               

               
               
               
                  



               
               
               

            
            
            
            
            
            
         

         
         
      

      
      
      




Figure 3.4    Structure of starch and glycogen.
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                  Do You Know?

                  
                  
                  
                     
                     When animals are prepared for sale as meat or poultry, most of their glycogen is lost through enzymatic action in the tissue.
                        Glycogen is converted to lactic acid, which contributes to a desirable texture and tenderness of the meat (21). As a result,
                        animal meat and poultry are rich sources of protein and fat (depending on the cut—some cuts are low in fat), but they lack
                        appreciable amounts of carbohydrate.
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
               Complex carbohydrates vary extensively in quality from the standpoint of the level of processing they undergo from farm to
                  table. Some carbohydrates have been minimally processed and are made of whole grains. Refined grains have been extensively processed, to the point that some components of the whole grain have been removed or
                  added back in order to make the product more palatable. Whole grains contain all of the nutrients and fiber that nature intended,
                  but processed grains have much less fiber and fewer naturally occurring vitamins and minerals (though some vitamins and minerals
                  are added back through a process called enrichment). Enriched products may have lower or higher levels of some nutrients than their whole-product counterparts (35, 40, 50).
               

               
               
               
               
               
                  
                  Nutrition Tip

                  
                  
                  
                     
                     When choosing food products, high-quality carbohydrates are those made from whole-grain flour and usually have the term “whole
                        grain” on the label. A Whole Grain Stamp has been introduced in an attempt to simplify the shopping process for consumers.
                        There are two varieties of the Whole Grain Stamp: the “basic stamp” and the “100% stamp.” If a product displays the “100%
                        stamp,” all of its grain ingredients are whole grains and contain a minimum of 16 grams (a full serving) of whole grain. A
                        product with the “basic stamp” has a minimum of 8 grams of whole grain but may also contain some refined grain. The stamps
                        can be helpful but might also be misleading because not all products that display the stamps are the best choices for health.
                        This is especially true in the cereal aisle, where products may contain whole grains but also have significant levels of added
                        sugars. When checking food labels, beware of terms such as “wheat” and “wheat flour” (rather than “whole wheat”) because these
                        indicate that parts of the grain, along with the vitamins and minerals within the grain, are likely missing. The term “whole
                        grain” usually indicates the product contains at least one type of whole grain; “whole wheat” indicates the specific type
                        of grain used. Either term may identify a food rich in fiber, vitamins, and minerals. Many nutrition professionals recommend
                        looking for a “whole food” label in addition to the term “whole grain.” A “rule of five” can be used to find whole-grain products that are generally better for health. A good choice will have 5 grams or more of
                        fiber per serving of the food and less than 5 grams of sugar per serving (46).
                     

                     
                     
                     
                     
                     
                     
                     
                  

                  
                  
               

               
               
               
                  
                  What Is Multigrain?

                  
                  
                  
                     
                     Putting It Into Perspective

                     
                     
                     Terms like “multigrain” or “seven grain” are not synonymous with whole grain. Whole grains contain the bran, germ, and endosperm
                        of the grain kernel and is rich in nutrients. Multigrain means only that the product contains more than one type of grain.
                        These grains may or not be whole grains and might not be healthier choices. In general, when checking food labels, if you
                        don’t see the term “whole grain” or “whole wheat,” you should assume the product has lost nutrients during processing.
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
            

            
            
            
            
            
            
         

         
         
      

      
      
      

         
         Digestion and Absorption
         

         
         
         
            
            The digestive tract is essentially a long tube within the body that extends from the mouth to the anus and whose purpose is to facilitate the digestion of food and subsequent absorption of nutrients into the body.
               Any food contained in the digestive tract is not considered to be part of the body until it is broken down into smaller components
               (digestion) and moved across the wall of the digestive tract into the bloodstream (absorption). A critical feature of digestion is excretion of undesirable or indigestible material from the diet (elimination). The digestive
               tract contains multiple segments, each of which contributes to breaking food down into smaller components that can move across
               the wall of the digestive tract and into the body. The primary segments of the digestive tract where carbohydrate digestion
               and absorption occur are the mouth and the small intestine (figure 3.5) (35, 40).
            

            
            
            
               



            
            
            

         
         
         
      

      
      
      



Figure 3.5    The digestive system.
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            Carbohydrate in the diet is in the form of sugars, starches, and fibers, most of which are too large to be absorbed in their
               consumed form and must be broken down along the digestive tract. Digestion of carbohydrate begins in the mouth. Chewing food
               causes mechanical digestion, as chewing physically breaks large polysaccharides into smaller ones, and the salivary glands in the mouth secrete an enzyme
               called salivary amylase that begins the chemical digestion of polysaccharides. Digestion of carbohydrate in the mouth is not complete; the broken-down polysaccharides are still not
               small enough to cross the walls of the digestive tract. The amount of digestion occurring in the mouth depends primarily on
               the extent of chewing and the length of time food stays in the mouth prior to swallowing. Once swallowed, the carbohydrate
               exits the mouth and does not receive further significant digestion until it reaches the small intestine, which is the segment of the digestive tract where the vast majority of carbohydrate digestion and absorption occurs (figure 3.6). The intestinal wall is comprised of numerous folds called villi that increase the surface area for absorption. The villi contain an abundance of absorptive cells called enterocytes, each of which has brush-like projections called microvilli that further increase the surface area for absorption (35, 40).
            

            
            
            
               



            
            
            
            
            
            

         
         
         
      

      
      
      



Figure 3.6    Villi and microvilli of the small intestine.
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               Do You Know?

               
               
               
                  
                  Virtually all chemical carbohydrate digestion ceases in the stomach because of the stomach’s extremely acidic environment,
                     which destroys salivary amylase. However, some digestion of carbohydrate does continue, particularly mechanical digestion
                     via the churning of the stomach.
                  

                  
                  
                  
                  
               

               
               
            

            
            
            The primary forms of carbohydrate upon entering the small intestine are oligosaccharides, polysaccharides, and some disaccharides
               but very few monosaccharides. Since only monosaccharides can be absorbed into the bloodstream, there still exists the need
               for a great deal of processing to convert carbohydrates into monosaccharides in the small intestine. Unlike in the mouth,
               where mechanical digestion via chewing was significant, no such events occur in the small intestine. In fact, virtually all
               carbohydrate digestion in the small intestine is chemical digestion involving several enzymes released by the pancreas. The
               pancreas is an accessory organ that helps facilitate digestion by secreting many enzymes into the small intestine. One such enzyme
               is called pancreatic amylase, which helps further break down polysaccharides into disaccharides, primarily maltose. Additional enzymes, namely, maltase, sucrase, and lactase, are secreted by cells in the intestinal wall to aid in the terminal digestion of disaccharides into their component monosaccharides
               (table 3.1) (35, 40).
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            The monosaccharides can then cross the intestinal wall and be absorbed into the body. Monosaccharides in the small intestine
               enter the enterocytes and move into the bloodstream via capillaries adjacent to the villi on enterocytes. Both glucose and
               galactose are absorbed by an active transport process requiring ATP, but fructose relies on a more passive diffusion process
               that doesn’t require ATP. This difference in the manner in which the monosaccharides are absorbed results in a slower absorption
               of fructose than that of glucose and galactose, which means fructose tends to remain in the small intestine longer (35, 40).
            

            
            
         

         
         
         
      

      
      
      

         
         Metabolism of Carbohydrate
         

         
         
         
            
            Once the monosaccharides are absorbed by the small intestine and enter the bloodstream, they are transported to the liver, where they undergo significant transformations. The vast majority of fructose and galactose monosaccharides are converted
               to glucose in the liver, although there are other relatively insignificant fates for these monosaccharides. The key point
               here is that glucose is the primary usable form of carbohydrate in the body, and virtually all ingested carbohydrates are
               ultimately converted to glucose for use or storage.
            

            
            
            Assuming glucose as the definitive starting point, there are several metabolic fates for glucose, depending primarily on the energy needs of the body cells (figure 3.7). If cells of the body need energy, they use glucose to generate ATP; otherwise, glucose is stored in a different form (primarily
               glycogen in the liver and muscle) for later use as a reserve or is converted to fatty acids and stored in adipose tissue (35,
               40).
            

            
            
            
               



            
            
            
            
            
            

         
         
         
         
      

      
      
      



Figure 3.7    Metabolic fates of glucose.
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               Do You Know?

               
               
               
                  
                  The amount of glucose circulating in your blood is very small and, unless replenished by reserves in your liver, can provide
                     only enough energy for you to walk about one mile (35, 40).
                  

                  
                  
                  
                  
               

               
               
            

            
            
            Glycogen storage is favored after an energy-depleting workout and when glucose and the hormone insulin are present after the
               consumption or ingestion of carbohydrate. For an average person, the liver can store approximately 70 to 110 grams of glycogen
               (280 to 440 kcal) and the skeletal muscle 120 to 500 grams (480 to 2,000 kcal) (table 3.2). These values can vary greatly depending on habitual dietary intake, dietary manipulation for training and competition,
               muscle mass, and physiological adaptations to training (23-26, 40).
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            Since the liver and skeletal muscle have a limited storage capacity for glycogen, excess glucose is typically metabolized
               into an alternate form of energy storage that is virtually limitless—that is, adipose tissue. Liver cells, and to a lesser
               extent fat cells (adipocytes), can convert glucose into fatty acids via a process called lipogenesis. Fatty acids combine with glycerol to form triglycerides
               and are stored in adipose tissue. Note that this process occurs only when carbohydrate is chronically consumed in excess of need or amount expended during physical activity. If an excessive amount of blood glucose is not being metabolized properly or
               quickly enough, the glucose can be excreted in the urine. This is most commonly seen in a person with uncontrolled diabetes
               mellitus (35, 40).
            

            
            
            
            
            
               
               Glycogen Storage Is Limited

               
               
               
                  
                  Putting It Into Perspective

                  
                  
                  While dietary strategies are used to maximize the amount of glycogen stored in the liver and skeletal muscle, the amount is
                     limited because of the size of the liver and muscles. You cannot simply grow new muscle tissue in response to excess dietary
                     carbohydrate. If that were true, you would not need to resistance train to increase muscle mass. Instead you could eat an
                     abundant amount of carbohydrate without exercise, and your skeletal muscle would expand to accommodate (35, 40).
                  

                  
                  
                  
                  
               

               
               
            

            
            
         

         
         
         
         
      

      
      
      

         
         Regulation of Glucose Metabolism
         

         
         
         
            
            Because glucose is such an important biological substrate required by almost every cell in the body, the process of managing
               the various fates of glucose is tightly controlled to ensure sufficient glucose availability and delivery to cells that need
               it. The term “glucose metabolism” encompasses all the activities that, among other functions, regulate the amount of glucose
               (a) circulating in blood; (b) used to produce ATP by cells; (c) stored as glycogen in skeletal muscle and the liver; (d) converted
               to fatty acids and stored in adipose tissue; and (e) synthesized from noncarbohydrate precursors to glucose whenever glucose
               is in short supply in the body.
            

            
            
            Blood glucose is normally maintained within the range of 70 to 100 mg/dl under fasting conditions. This range of blood glucose
               concentrate under normal conditions in a healthy person is widely accepted to be sufficient to provide nourishment to the
               body’s cells under normal resting conditions. Blood glucose values below this range are considered hypoglycemic, within the
               range euglycemia, and above the range hyperglycemia (see chapter 14). It is normal to have acute fluctuations after and between carbohydrate-containing meals, but depending on
               the amount of carbohydrate consumed, blood glucose levels usually return to resting levels between 30 minutes and 2 hours
               after eating. An individual who has chronic hypoglycemia (low blood sugar) or hyperglycemia (high blood sugar) may have a
               condition such as diabetes mellitus or impaired carbohydrate metabolism. Diabetes mellitus is characterized by chronic hyperglycemia
               caused by the cells’ inability to sufficiently uptake glucose and metabolize it for fuel. Diabetes mellitus is a potentially
               devastating medical condition, often suspected when fasting blood glucose levels exceed 126 mg/dl; however, looming dangers
               are associated with fasting blood glucose levels that are only moderately elevated (between 100 and 125 mg/dl), as these levels
               might indicate impaired glucose tolerance, a type of prediabetes (35, 40).
            

            
            
            
            
            
               
               Do You Know?

               
               
               
                  
                  Although fasting blood glucose levels may indicate diabetes mellitus, many physicians won’t diagnose this disease unless a
                     patient fails an oral glucose tolerance test (OGTT). During this test the patient consumes 75 grams of glucose, and blood samples are drawn every 30 to 60 minutes over the next
                     3 hours. At the end of the test period, blood glucose values between 140 and 200 mg/dl indicate impaired glucose tolerance,
                     and a value of 200 mg/dl or higher suggests diabetes (33, 34).
                  

                  
                  
                  
                  
               

               
               
            

            
            
            What causes fasting blood glucose levels to rise in individuals with impaired glucose metabolism? The answer lies in the inability
               of body cells to import glucose into the cell. In order for cells to use glucose for energy or storage, the glucose molecules
               must first enter the cell by crossing its cell membrane (figure 3.8).
            

            
            
            
               



            
            
            

         
         
         
      

      
      
      



Figure 3.8    Glucose transport into a cell. Insulin is like a key that opens the lock on a door, allowing glucose to enter the cell.
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            Glucose molecules are too large to cross cell membranes and usually require assistance from transport proteins located in
               the cell membrane, which physically move glucose from the space outside the cell into the cell’s cytoplasm. These transport
               proteins tend to remain inside the cytoplasm and move to the cell membrane only when needed to carry glucose into the cell.
               How does the cell know that glucose needs to be transported? In most cells, the hormone insulin, which is secreted into the bloodstream by the beta cells of the pancreas in response to elevated blood glucose, binds to receptors on the cell membranes and triggers the glucose
               transport proteins (primarily GLUT4) to move from the cytoplasm to the cell membrane and begin shuttling glucose across the cell membrane back into the cytoplasm.
               This process is known as insulin-dependent glucose transport 
               (IDGT) and is often described as a lock-and-key mechanism where insulin is the key that unlocks the membrane and allows glucose
               to enter. When IDGT fails to work properly, glucose does not enter the cell and tends to build up outside the cell and in
               the blood, resulting in elevated blood glucose levels. IDGT may fail because the pancreas cannot produce insulin, so there
               is no insulin available to trigger glucose uptake. This is the cause of type 1 diabetes mellitus. IDGT may also fail because
               the cell becomes insensitive to insulin, and even though insulin is available it does not have the normal effect of signaling
               glucose transport proteins to the cell membrane, which is what causes type 2 diabetes mellitus. Not all glucose import into
               a cell requires an insulin trigger. In fact, all brain cells and some liver cells use an insulin-independent process, and
               exercising skeletal muscle can also take up glucose without requiring insulin when glucose demand is high in order to generate
               ATP for that activity, a situation that can be quite opportune (35, 40).
            

            
            
            What happens when blood glucose levels temporarily drop, such as in cases when carbohydrate is not eaten for a period of time?
               Transient hypoglycemia triggers the pancreas to secrete the hormone glucagon, which has an action opposite of insulin. Whereas insulin is released as blood glucose concentration decreases, glucagon
               is secreted during hypoglycemia. This dual function underscores how important the pancreas is in the regulation of glucose
               homeostasis in the body. Glucagon stimulates the liver to convert stored glycogen to glucose (glycogenolysis), which is then
               released into the bloodstream. In addition, glucagon also stimulates the intrinsic (naturally occurring within the body) synthesis
               of glucose from noncarbohydrate precursors (gluconeogenesis). Two gluconeogenic pathways commonly convert different noncarbohydrate
               precursors to glucose—namely, the glucose-alanine cycle (amino acids) and the Cori cycle (lactate). The combined effect of
               the two glucagon-stimulated processes, glycogenolysis and gluconeogenesis, is to increase the quantity of glucose circulating
               in blood (figure 3.9) (26, 35, 40).
            

            
            
            
               



            
            
            

         
         
         
      

      
      
      



Figure 3.9    Regulation of blood glucose.
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            In addition to insulin and glucagon, other hormones contribute to the regulation of blood glucose levels, especially during
               periods of increased physical activity (table 3.3). Epinephrine and norepinephrine released into the bloodstream increase significantly with the onset of exercise and work
               together to stimulate glycogenolysis to make glucose readily available to working skeletal muscle. Cortisol also plays a role
               in raising blood glucose during exercise via its stimulatory effects on gluconeogenesis (26, 35, 40).
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            Preventing hypoglycemia during physical activity is a unique challenge for the body that differs from when at rest. Exercise
               creates an internal body environment that allows skeletal muscles to uptake glucose from blood via noninsulin dependent glucose
               transport. As glucose is taken up by the muscle, blood glucose concentrations fall, and glucagon rises and stimulates both
               glycogenolysis and gluconeogenesis to help restore blood glucose levels to normal. It appears that exercising muscle prefers
               stored glycogen as its carbohydrate source; gluconeogenesis is a secondary system, providing a small amount of glucose to
               muscle in the later stages of prolonged exercise but ultimately cannot keep up with the energy demands. It should be noted
               that this is a finite process, as eventually the glucose production via these mechanisms cannot keep up with the utilization
               (26, 35, 40).
            

            
            
         

         
         
         
      

      
      
      

         
         
            Glycemic Response
            
         

         
         
         
            
            It is well established that eating carbohydrates causes insulin and blood glucose levels to rise for a period of time after
               consumption before returning to baseline values; however, the rapidity, magnitude, and duration of this rise, better known
               as the glycemic response, is not easily predicted because many variables influence it. For many years, it was assumed that simple sugars caused a
               greater glycemic response than complex carbohydrates, but this theory was overly simplistic and has been summarily discarded.
               The chemical classification of carbohydrates does not fully describe the effects on digestion and metabolism. Newer theories
               based on the glycemic index and glycemic load of foods more accurately explain the glycemic response observed after consuming
               various foods (32, 35).
            

            
            
            
            
            
               
               Nutrition Tip

               
               
               
                  
                  Many people choose foods low in glycemic index (GI) to help them lose weight; however, the research studies are mixed, and
                     some report no significant differences in energy intake or body weight as a result of eating a low GI diet. One study did
                     report that a low GI diet in combination with high protein enhanced weight loss and prevented weight regain (3). Until more
                     research is available to support the use of low GI diets for weight loss, a combination of an overall healthy, energy-restricted
                     diet and regular exercise remains the most common recommendation for losing weight.
                  

                  
                  
                  
                  
               

               
               
            

            
            
         

         
         
         
         
            
            
               Glycemic Index
               
            

            
            
            
               
               
                  Glycemic index, a concept first introduced in 1981, continues to be employed today. The glycemic index is a qualitative method of ranking foods based on the relative blood glucose response observed after
                  ingesting them. The glycemic index of a specific food is determined by measuring blood glucose levels for two hours following
                  consumption of a fixed amount of available carbohydrate (e.g., 50 g) and then comparing these results to the blood glucose
                  response observed following consumption of the same amount of a reference food, such as pure glucose. Foods that cause a large
                  blood glucose response compared to the reference food has a high glycemic index, and foods causing a relatively low blood
                  glucose response has a low glycemic index. The reference food is usually assumed to have a glycemic index of 100, meaning
                  that all foods causing a lower blood glucose response than the reference food will have a glycemic index below 100 and vice
                  versa. This system has a few limitations. Published glycemic index values of the same foods may vary considerably because
                  of differences in ingredients used, ripeness, method of food processing, cooking methods, and food storage (10, 11, 19).
               

               
               
               Also, people rarely consume a single food item in isolation, and addition of other foods to a carbohydrate-containing food
                  will affect the glycemic index. For example, a potato might have a high glycemic index in isolation, but when consumed with
                  protein and fat, it causes a much slower rise in blood glucose than would be expected based solely on glycemic index (10,
                  14, 32).
               

               
               
               
               
               
                  
                  Glycemic Index Is a Tool, Not a Rule

                  
                  
                  
                     
                     Putting It Into Perspective

                     
                     
                     Glycemic index is an empirical measurement that can never truly be duplicated because it is impossible to repeat the test
                        on exactly the same person under the exact same conditions (i.e., time of day) and using the exact same food (i.e., same cooking time, same cooking method, same maturation or ripening, etc.). Moreover, the glycemic response
                        to a specific food in one individual can be quite different from that observed in another. Furthermore, glycemic index is
                        based on a set amount of carbohydrate, not necessarily a typical portion of the food. For example, carrots might have a high
                        glycemic index, but a large portion is needed for a significant blood glucose response. All considered, it is most practical
                        to think of glycemic index as simply an indicator of how high and how fast blood glucose tends to rise after eating the food, but it should never be used to predict the magnitude of the glycemic response to food with
                        great accuracy.
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
            

            
            
            
         

         
         
         
            
            Glycemic Load

            
            
            
               
               In 1997 the concept of glycemic load was introduced in attempt to quantify the overall glycemic response of a portion of food, not just the amount of available
                  carbohydrate. The glycemic load is an indicator of the blood glucose response that results from total carbohydrate ingestion.
                  The formula for determining glycemic load is:
               

               
               
               Glycemic load = glycemic index of the food × g CHO per portion ÷ 100

               
               
               It is possible for a food to have a high glycemic index and low glycemic load if consumed in a small quantity, and vice versa
                  when a larger portion size is consumed. Glycemic index should never be the sole factor considered when consuming carbohydrates.
                  Factors such as energy density, other macronutrients, micronutrients, and phytochemicals should also be considered (6, 32).
               

               
               
               Table 3.4 includes some examples of the glycemic index and glycemic load of common foods. The scientific literature offers more comprehensive
                  tables on glycemic index and glycemic load on a wide variety of foods (4, 17).
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            Glycemic Index and Glycemic Load in Sport and Exercise

            
            
            
               
               Athletes need to use caution when selecting foods based solely on glycemic index or glycemic load. Simply choosing or avoiding
                  a food classified as low, medium, or high glycemic index or load is not always warranted. For example, some athletes experience
                  reactive hypoglycemia, or postprandial hypoglycemia, a condition in which blood sugar drops below normal after consuming certain foods. This can
                  be problematic if the drop occurs at the start of a race. Experimentation with prerace foods would be beneficial to see if
                  this is a potential concern. Otherwise, research to suggest that high- or low-glycemic foods are more advantageous prior to
                  exercise is insufficient (5, 37). Though carbohydrates that rapidly increase insulin, such as glucose, will lead to an initial
                  drop in blood sugar at the beginning of exercise, blood sugar levels typically return to normal within approximately 20 minutes,
                  and the initial drop has no negative effect on performance (28).
               

               
               
            

            
            
         

         
         
      

      
      
      

         
         Carbohydrate as Fuel During Exercise
         

         
         
         
            
            Exercise requires the ability to generate a continuous supply of energy (ATP) in order for skeletal muscle to contract and
               activity to continue. Because muscle can store only small amounts of ATP, other fuel sources are required, namely, glucose,
               fatty acids, and to a limited extent, amino acids. Glucose can be used to produce ATP for skeletal muscle contraction via
               partial oxidation of the glucose molecule (glycolysis) or complete oxidation of the glucose molecule (aerobic metabolism).
               Remember that complete glucose oxidation includes three steps that occur in the following order: glycolysis, TCA cycle, and
               the electron transport chain (see chapter 2). The source of glucose for exercising muscle primarily comes from stored muscle
               glycogen but can also come from blood glucose and gluconeogenesis. Exercise intensity plays a key role in determining how
               much and when glucose is used for a given activity (table 3.5). In general, glucose use is increased
            

            
            
            
               
               	whenever exercise intensity increases beyond a steady state (e.g., includes the onset of exercise) and

               
               
               	whenever steady-state exercise intensity increases (26).
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               Do You Know?

               
               
               
                  
                  The average male marathon runner stores 400 to 500 grams of skeletal muscle glycogen, which is long enough to run for 80 minutes
                     at his normal running pace, assuming no other substrate is used to make ATP (23-26, 40).
                  

                  
                  
                  
                  
               

               
               
            

            
            
         

         
         
         
      

      
      
      

         
         Role of Carbohydrate in Exercise Fatigue
         

         
         
         
            
            Muscle fatigue during exercise typically occurs as a result of three far-different circumstances: (1) muscle cannot produce
               enough force to meet the demands of the activity, (2) high ATP demand (high-intensity exercise) prevents the complete oxidation
               of glucose, causing lactate accumulation, or (3) energy reserves in muscle become depleted. The first situation does not involve
               carbohydrate. The second situation is known as metabolic fatigue and occurs when exercise intensity rises to the level that
               it prevents glucose from being aerobically oxidized, thereby causing lactate to accumulate in the cell. Lactate gets converted
               to lactic acid, and the hydrogen ions produced in the process create an acidic environment in the muscle cell that disrupts
               ATP production and muscle contraction, thus producing symptoms of fatigue. Once metabolic fatigue has occurred, the exerciser
               will have to slow down or stop so the body can work to clear the excess hydrogen ions from the muscle. Lactate is not only
               a metabolic by-product, it is also a fuel source for many cells throughout the body, so clearing excess lactate and subsequent
               hydrogen ions is simply a matter of time. Once these metabolic products are cleared, which is a fairly rapid process, the
               fatigue dissipates and the skeletal muscle can once again contract and perform. Note that endurance-trained individuals are
               better able than sedentary people to use lactate for energy (7, 25, 26, 31, 40).
            

            
            
            
            
            
               
               Do You Know?

               
               
               
                  
                  When you first start an exercise program or engage in a tough bout of exercise, the muscle soreness you feel 1 to 3 days later
                     is not caused by lactic acid. The soreness you experience is caused by overexerting your muscles, resulting in microtrauma
                     and inflammation, which causes pain. Once healing takes place, soreness should subside after a few days. During this time,
                     it is usually best to perform light activities. If the soreness or pain persists, seek the advice of a physician before resuming
                     your normal routine.
                  

                  
                  
                  
                  
               

               
               
            

            
            
            The third situation is called substrate fatigue, which occurs when skeletal muscles essentially run out of substrate (i.e., glucose). When glycogen reserves in the skeletal
               muscles become significantly reduced, no glucose is available to produce ATP to any meaningful extent, exercise must slow
               down or stop entirely and cannot recommence until more glucose is introduced into the system via consumption or gluconeogenesis
               (7, 25, 26, 31, 40). Substrate fatigue is a real concern for endurance athletes and is discussed in greater detail in chapter
               11.
            

            
            
         

         
         
         
      

      
      
      

         
         Carbohydrate Recommendations
         

         
         
         
            
            The Food and Nutrition Board of the Institute of Medicine issues Dietary Reference Intakes (DRIs) that serves as a recommendation of carbohydrate intakes for healthy people. The DRIs include recommendations for women who
               are pregnant and breastfeeding, infants, children, and adults. DRIs are not designed to replace medical nutrition therapy
               for persons with certain nutrition-related diseases and conditions. These values take into consideration age and gender but
               do not account for activity or disease states. Special recommendations exist for these unique populations (22).
            

            
            
         

         
         
         
            
            Recommendations for the General Population

            
            
            
               
               The Acceptable Macronutrient Distribution Range (AMDR) for carbohydrate is 45 to 65 percent of total energy intake; this range
                  applies to males and females in all age brackets and life stages (pregnancy and lactation are life stages) (43). The Recommended
                  Dietary Allowance (RDA) for carbohydrate is based on the minimum requirement needed for brain function and is currently set
                  at 130 grams per day for toddlers, children, adolescents, and adults of all ages. This value does not reflect the amount needed
                  for daily activities and purposeful exercise. Women who are pregnant need at least 175 grams per day, and women who are breastfeeding
                  need at least 210 grams per day. The RDA is lower in infants, with those under 6 months of age needing at least 60 grams per
                  day, and those between 7 and 12 months needing at least 95 grams per day. The majority of the daily carbohydrate intake should
                  come from high-quality food sources such as whole grains, fruits, vegetables, beans, and legumes, while limiting added sugar
                  intake to 10 percent of energy consumption or less (44).
               

               
               
               Fiber is a type of carbohydrate with its own set of recommendations because fiber can have unique health benefits different
                  from the other types of carbohydrate. The DRI for fiber is 38 grams per day for males aged 14 to 50, and 25 grams per day
                  for females aged 19 to 50. Pregnant and lactating women need more—28 and 29 grams per day, respectively (22). Average intake
                  in the United States is approximately 15 grams per day. The DRIs for fiber are currently set based on the available data examining
                  the relation between fiber and cardiovascular disease, but research examining fiber’s relation to other aspects of health
                  is emerging. Until that research exists, the current DRIs are the best guidelines we have for daily fiber intake (22). If
                  an individual wishes to increase fiber intake to improve health, it is recommended to do this gradually and with a concomitant
                  increase in fluid. Increased fiber intake without adequate fluid could result in constipation (22, 36).
               

               
               
            

            
            
         

         
         
         
            
            Recommendations for Active Individuals and Athletes

            
            
            
               
               For athletes, the absolute quantity of carbohydrate in grams and g/kg body weight consumed is more important than considering
                  total carbohydrate intake as a percentage of total energy. As an example, due to their high calorie intake, some endurance
                  athletes may consume up to 70 percent of their total energy intake in the form of carbohydrates while still meeting their
                  total protein and fat requirements. In general, athletes should consume from 3 to 12 g/kg carbohydrate per day (table 3.6) (39). This is a large range intended to accommodate athletes of all sizes and states of training.
               

               
               
               
                  
                  	The low end of the range, 3 to 5 g/kg, is usually best for athletes undergoing a light training regimen, playing a skill-based
                     sport, having a large body mass, or attempting to lose body fat via an energy-restricted diet (39).
                  

                  
                  
                  	The middle range of 5 to 7 g/kg should be used for athletes exercising at a moderate intensity for approximately an hour per
                     day or those in high-intensity, short duration type sports (39).
                  

                  
                  
                  	The range of 6 to 10 g/kg is recommended for those engaged in high-intensity exercise between 1 to 3 hours per day (39).

                  
                  
                  	The upper end of the range, 8 to 12 g/kg, is usually reserved for extremely committed athletes exercising at the highest intensity
                     or for greater than 4 to 5 hours per day (39).
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               Again, note that these are general recommendations and not meant as prescriptions for individuals. Values will vary depending
                  on total energy expenditure, specific training regimens, and personal experience with strategies that optimize performance.
                  Athletes tend to know their physiological responses to diet and training, and their practice may deviate from these general
                  recommendations. These guidelines should serve as a starting point for healthy athletes and be fine-tuned to meet the specific needs of each athlete. If these guidelines are not working, or if an athlete
                  has a nutrition-related medical condition, the athlete may need to obtain sport- and training-specific carbohydrate recommendations
                  from a Certified Specialist in Sports Dietetics (CSSD). The CSSD can tailor meal planning to the individual and take into
                  account any issues that warrant a balance in carbohydrate need and medical nutrition therapy (e.g., celiac disease, lactose
                  intolerance, and irritable bowel syndrome).
               

               
               
               Table 3.7 provides the estimated number of grams of daily carbohydrate needed to maintain glycogen stores for athletes of varying body
                  weights. Athletes should time the intake of carbohydrate at appropriate intervals throughout the day, taking into account
                  when practice and competition occur during the day.
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               Percentages of total energy do not always align with absolute quantity of carbohydrate. For example, large individuals with
                  more muscle mass often have a higher energy requirement and might be able to meet carbohydrate needs with a lower total percentage
                  of energy. An athlete consuming 4,000 kilocalories per day, 50 percent of that from carbohydrate, would be eating 500 grams
                  of carbohydrate. This would be equivalent to 7.4 g/kg for a 150-pound (68 kg) man—well within the recommendation. On the contrary,
                  a 120-pound (54.5 kg) woman consuming 1,400 kilocalories per day, 65 percent from carbohydrate, would actually be eating 4.2
                  g/kg, which may or may not be adequate for her training (figure 3.10). From these examples you can see that a lower percentage of carbohydrate, 50 percent, could be adequate, while a higher
                  percentage, 65 percent, might not be ideal for a person who is endurance training at moderate to high intensity.
               

               
               
               
                  



               
               
            

            
            
         

         
         
      

      
      
      




Figure 3.10    Example of percentage of energy from carbohydrate versus amount of carbohydrate.
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         Carbohydrate Content of Foods
         

         
         
         
            
            Figure 3.11 lists some popular foods and their associated carbohydrate content. When reading Nutrition Facts panels, keep in mind there
               might be more than one serving per package (46).
            

            
            
            
               



            
            
            

         
         
      

      
      
      



Figure 3.11    Carbohydrate content of selected foods.
               

               
               
               [image: Figure 3.11 Carbohydrate content of selected foods.]

               
               Data from American Diabetes Association 2014.
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         Carbohydrate and Health
         

         
         
         
            
            Much of this chapter has focused on carbohydrate as an energy source for athletes, but carbohydrate can also have an important
               role in overall health and well-being. While athletes might have an immediate need of performance optimization for a specific
               event or competitive season, long-term health is also of concern. Some types of carbohydrate, such as whole grains that contain
               fiber, might promote health and prevent disease. Other types, such as simple sugars and processed flours, might contribute
               negatively to health. Some of these topics have been investigated for years, while others have more limited data. In either
               case, more research is needed in these areas to best understand the relation of carbohydrate consumption to health.
            

            
            
            The Nutrition Facts Panel is an easy way to check the fiber content of foods. The label discloses the amount of dietary fiber
               in each serving, as well as the percent daily value (%DV). In general, a low-fiber food is one that has 5 percent or less
               of the DV, and a high-fiber food is one with 20 percent or more of the DV (figure 3.12) (46).
            

            
            
            
               



            
            
         

         
         
         

      
      
      



Figure 3.12    The Nutrition Facts Panel indicates the amount of dietary fiber in a serving of food.
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            Health Benefits of Fiber

            
            
            
               
               Although dietary fiber is not digested, it might be beneficial in the fight against diseases of the digestive tract, cardiovascular disease, and
                  diabetes mellitus. Through its action of binding toxins in the colon and facilitating their elimination from the body, fiber might reduce the risk of developing colon and rectal cancer. Other
                  cancers with a possible healthy relation to fiber include cancer of the mouth, pharynx, larynx, esophagus, and stomach (2).
                  Fiber also increases stool bulk, and with adequate fluid intake, keeps stool smooth and easy to eliminate. This ease of elimination
                  may reduce the chance of developing the painful condition known as diverticulosis, which occurs when small pockets form in the intestinal walls caused by the high pressure required to eliminate small, hard
                  stools from the colon. These pockets become inflamed and infected, causing transition to diverticulitis (36, 40).
               

               
               
               Fiber might also play a role in the prevention of cardiovascular disease, by reducing serum total and LDL cholesterol levels.
                  One theory suggests that fiber binds to the cholesterol eaten in the same meal and eliminates it in the stool. Another theory
                  assumes fiber binds with and eliminates bile from the gut, which stimulates the liver to synthesize new bile to replace what is lost in stool. Bile itself contains cholesterol,
                  so synthesizing new bile requires cholesterol to be removed from the blood and incorporated into newly produced bile, thereby
                  reducing serum cholesterol levels over time. Without this function of fiber, bile is recycled and not eliminated from the
                  body. Newer research is emerging that suggests fiber might also reduce inflammatory markers for heart disease and blood pressure.
                  Given this promising body of evidence, increasing fiber intake from whole grains, fruits, vegetables, or supplements likely
                  provides a protective health benefit for reducing the risk of developing certain diseases (36, 40).
               

               
               
               
               
               
                  
                  Nutrition Tip

                  
                  
                  
                     
                     High-fiber diets might reduce the risk of developing type 2 diabetes mellitus or may help manage marked fluctuations in blood
                        glucose. Fiber absorbs fluid and expands in the intestine, slowing digestion. Fiber also stimulates the release of hormones
                        that increase satiety (8). All of these factors have been cited as explanations for the association between diets higher in
                        fiber and whole grains and both lower body weight and prevention of weight gain (12, 52). However, a systematic review of
                        the research examining thirty-eight types of fiber found the majority of short-term fiber treatments did not enhance satiety
                        or reduce food intake (52).
                     

                     
                     
                     Despite the conflicting evidence regarding the role of dietary fiber in weight control, research suggests that the type of
                        fiber matters, and that the form of food might matter as well (i.e., liquid vs. solid food). Beta-glucan (from oats and barley),
                        lupin kernel fiber, whole-grain rye, rye bran, and a mixed diet of specific fiber-containing foods (5–8 grains, legumes, vegetables,
                        and fruits) have all been shown to enhance satiety. However, increases in satiety do not necessarily correspond to a decrease
                        in food intake, total calories, and weight loss. Oat and barley beta-glucan might be superior to other types of fiber for
                        reducing total calorie intake (12).
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
            

            
            
            
         

         
         
         
            
            Diseases and Conditions Related to Carbohydrate

            
            
            
               
               Lactose intolerance and celiac disease are two conditions that have a link to carbohydrate consumption and usually require
                  afflicted persons to modify their dietary intakes, and possibly their lifestyle habits, to compensate for the disease.
               

               
               
            

            
            
            
               
               Lactose Intolerance

               
               
               
                  
                  Recall that carbohydrates must be digested into their simplest form, monosaccharides, in order to be absorbed into the small
                     intestine. Lactose intolerance is a condition in which the small intestine does not produce enough of the enzyme lactase, so the disaccharide lactose present
                     in dairy foods cannot be digested (13, 40). Because the lactose cannot cross the intestinal cell wall, it progresses to the
                     large intestine, where gut bacteria act on it to produce gas, watery stools, and diarrhea. The condition can be quite uncomfortable, but
                     generally does not require medical attention (40).
                  

                  
                  
                  Not all of those with lactose intolerance experience the same level of symptoms. Some people are mildly intolerant and can
                     consume milk, yogurt, cheese, and related foods in small quantities. Others might not tolerate milk but can consume yogurt
                     and cheese; because these products have already been fermented, they contain less lactose than milk. Still others are severely
                     intolerant and cannot consume any dairy products at all. This is important to understand, as milk is often recommended for
                     athletes as a recovery beverage because of its ideal composition of carbohydrate and protein. Milk is also a key source of
                     calcium and vitamin D. Fortunately, over-the-counter products are available that contain the enzyme lactase that can be consumed
                     along with dairy foods to reduce the amount of lactose ultimately delivered to gut bacteria. In addition, some brands of milk
                     are lactose free. For those who prefer no dairy, there are many vegetarian-based products on the market that have varying
                     levels of carbohydrate, protein, and calcium (35, 40).
                  

                  
                  
                  Figure 3.13 presents a list of foods that contain lactose.
                  

                  
                  
                  
                     



                  
                  
                  
                  
                  
                  

               
               
               
            

            
            
            

         
         
         

      
      
      





Figure 3.13    Lactose containing foods.
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                     Data from Cleveland Clinic 2016.

                     
                     
                  

                  
                  
                  
                  
                  
                  
                     
                     Do You Know?

                     
                     
                     
                        
                        Don’t confuse lactose intolerance with a milk allergy, which is an allergy to the protein in milk. Lactose intolerance involves
                           symptoms of the gastrointestinal tract, whereas milk allergies involve an immune response.
                        

                        
                        
                        
                        
                     

                     
                     
                  

                  
                  
               

               
               
               
            

            
            
            
               
               Celiac Disease and Other Gastrointestinal Disturbances

               
               
               
                  
                  
                     Celiac disease is an autoimmune disease that involves an interaction between genetics (one must have the gene) and environment (exposure
                     to the protein gluten). Gluten contains a specific sequence of amino acids located in the prolamin fraction of wheat. Barley and rye contain proteins related
                     to gluten (though all of these proteins are typically referred to as gluten). Prolamins are storage proteins found in many
                     grains, but it is the amino acid sequence in those grains that are harmful to those with celiac disease. When gluten is consumed,
                     an immune response is triggered, resulting in damage to the small intestinal mucosa, which alters the absorptive surface area
                     and compromises the absorption of nutrients in the small intestine. Over time, this can progress to the malabsorption of both
                     macronutrients and micronutrients. This is different from a wheat allergy, which is an immediate immune system allergy reaction
                     to the protein molecule in wheat. Some food allergy reactions require immediate medical attention.
                  

                  
                  
                  People with celiac disease require medical nutrition therapy and should seek the advice of a RDN. They must consume a gluten-free diet, avoiding wheat, barley, and rye in any form, as well as other grains, such as triticale.
                     Some other grains and flours can be tolerated, such as corn, potato, rice, amaranth, quinoa, and buckwheat (buckwheat is a
                     vegetable). Fortunately, gluten-free products are becoming easy to find, though many of them are higher in kilocalories and sugar than their counterparts with gluten.
                  

                  
                  
                  Many individuals now prefer a gluten-free diet even in the absence of a wheat allergy or celiac disease. Some people suffer
                     from gluten sensitivity, which is not the same autoimmune disease as celiac disease and is not a protein allergy. These individuals
                     report feeling better when they avoid gluten. While there is not enough evidence to support the gluten-free approach for athletes
                     or other individuals without celiac disease, gluten sensitivity, or wheat allergy, it is certainly possible to eat a balanced
                     diet without gluten (35, 40).
                  

                  
                  
                  More recent research has confirmed that foods containing gluten often also contain compounds called fermentable oligo-, di-,
                     and monosaccharides and polyols (FODMAPs). These compounds also cause gastrointestinal distress even without being in the
                     presence of gluten. These molecules are most commonly found in fructose (e.g., apples, pears, honey), lactose (e.g., milk,
                     cottage cheese), fructans (e.g., wheat, garlic, onions), galactans (e.g., beans, lentils, soy), and polyols (e.g., sweeteners).
                     These all have an osmotic effect, pulling water into the small intestine, which results in bloating, abdominal pain, and diarrhea.
                     If they go undigested and travel to the large intestine, gas is usually another side effect. People have different tolerances
                     to different foods high in FODMAPs. If one has chronic gastrointestinal issues, it is important to seek medical attention
                     before trying to self-diagnose or treat the problem. Low FODMAPs diets are therapeutic for many different diseases and conditions
                     that may require both medical and dietary treatment. Individuals without a specific disease may also follow this diet if undesirable
                     side effects are a consequence of eating a diet rich in high FODMAPs (29).
                  

                  
                  
               

               
               
            

            
            
         

         
         
         
            
            Health Effects of Nutritive Sweeteners

            
            
            
               
               
                  Nutritive sweeteners contain carbohydrate, usually sugar, and provide energy. They may be monosaccharides, disaccharides, or sugar alcohols (e.g.,
                  mannitol, sorbitol). Nutritive sweeteners can be found naturally in foods such as fruits, vegetables, and dairy; can be added
                  to foods such as baked goods, salad dressings, and peanut butter; or can be consumed by themselves (15).
               

               
               
            

            
            
            
               
               Sugar

               
               
               
                  
                  The most common nutritive sweeteners, or “sugars,” are glucose, fructose, galactose, sucrose, maltose, and corn-based sweeteners
                     such as high-fructose corn syrup. While providing sweetness is a key function of these products, sugars also play a role in
                     texture, volume, supporting yeast growth, balancing acidity, and enhancing crystallization. The Food and Nutrition Board of
                     the Institute of Medicine recommends that no more than 10 percent of total energy intake should come from added sugars (22).
                     Foods high in sugar tend to be processed, and though energy-dense, they usually are not nutrient-dense. It would be difficult
                     to consume a large percentage of energy from sugar and still meet other macronutrient and micronutrient needs. The most common
                     source of sugar in the U.S. diet is from sweetened beverages (20). On average, one 12-ounce can of soda contains almost 10
                     teaspoons of sugar. When you consider that many “servings” of soda available at fast-food restaurants, theaters, amusement
                     parks, and other venues are 16 or 24 ounces, or even larger, you can see how the amounts of sugar really add up. Even moderate
                     sugar consumption may contribute to a significant number of adverse health conditions, including cardiovascular disease, inflammation,
                     diabetes, and obesity (15, 35, 40). Note that most research studies support a relationship between sugar consumption and health
                     issues, and more data are needed to distinguish between added sugars, excess energy, and other dietary factors.
                  

                  
                  
                  
                     



                  
                  
                  

               
               
               

            
            
            

         
         
         

      
      
      





Careful monitoring of blood sugar along with regular exercise and a healthy diet can help people with diabetes.
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                  Dyslipidemia

                  
                  
                  
                     
                     Some evidence indicates that overconsumption of sugar and other processed carbohydrates are associated with increased levels
                        of low-density lipoprotein (LDL) cholesterol and triglycerides (blood fats), both risk factors for cardiovascular disease,
                        and a reduced level of high-density lipoprotein (HDL) cholesterol—the kind that removes LDL from the arteries. This pattern,
                        called dyslipidemia, is thought to increase the risk of developing cardiovascular disease. While there is not enough evidence to say with certainty
                        that sugar or processed carbohydrates promote heart disease, it is prudent to be concerned if one has this pattern (35, 40).
                        Note that dyslipidemia is primarily a concern for individuals who are overconsuming sugar and carbohydrates compared to their
                        energy expenditure. The concern might not apply (at least not to the same degree) to athletes consuming large quantities to
                        fuel a sport or activity.
                     

                     
                     
                  

                  
                  
               

               
               
               
                  
                  Inflammation

                  
                  
                  
                     
                     Though much of the research on diet and inflammation has focused on fats, it does appear that carbohydrate plays a role as well. High consumption of highly refined carbohydrates—that is, those made from white flour and sugar—are associated with increased blood glucose levels and accompanying inflammatory
                        messengers called cytokines. On the other hand, it also appears that replacing refined carbohydrates in the diet by consuming
                        larger quantities of plants in the form of fruits and vegetables may help limit these inflammatory markers (18, 35).
                     

                     
                     
                  

                  
                  
               

               
               
               
                  
                  Diabetes

                  
                  
                  
                     
                     No indisputable scientific evidence implicates sugar consumption as a direct cause of diabetes mellitus; however, people who
                        already have diabetes must learn to modify their carbohydrate intake and balance it with insulin or oral medications and exercise
                        in order to keep their blood glucose levels under control. Some athletes who participate in rigorous sports also have diabetes,
                        yet they still require large amounts of carbohydrates and have the unique challenge of eating enough carbohydrates to fuel
                        their activity while maintaining blood glucose balance (40).
                     

                     
                     
                  

                  
                  
               

               
               
               
                  
                  Obesity

                  
                  
                  
                     
                     While more data are needed to establish a cause-and-effect relationship (30), some observational and controlled research studies
                        report weight loss with reduced intake of sugars, and weight gain with increased intake (20, 38). Similarly it appears that
                        sugar consumption might play a role in obesity development in children, with those consuming one or more sugar-sweetened beverages
                        a day having a higher risk of becoming overweight (20). Many of the studies agree that it is the excess energy from the sugar
                        contributing to the weight gain rather than the chemistry of the sugar molecules themselves (38). Excess energy in any form
                        can contribute to weight gain, so if a person is consistently consuming more sugar than they are using as fuel or storing
                        as glycogen, fat gain will result over time.
                     

                     
                     
                     
                     
                     
                        
                        Do You Know?

                        
                        
                        
                           
                           Data from the United States Department of Agriculture suggest that consumption of high-fructose corn syrup (HFCS) has been
                              declining over the years but that obesity and diabetes rates continue to rise. In other parts of the world, HFCS is limited
                              in the food supply, yet obesity rates are still rising in those areas (15).
                           

                           
                           
                           
                           
                        

                        
                        
                     

                     
                     
                  

                  
                  
                  
               

               
               
            

            
            
            
               
               High-Fructose Corn Syrup

               
               
               
                  
                  
                     High-fructose corn syrup (HFCS) is a synthesized product derived from cornstarch. HFCS is inexpensive to produce and results in a stable, concentrated,
                     sweet product with a long shelf life. Currently, the FDA does not have a formal definition for the term “natural,” but when
                     it comes to food labeling, the FDA considers “natural” to mean that nothing artificial or synthetic has been included in,
                     or has been added to, the food item in question (51). HFCS does not contain artificial ingredients or color additives, and
                     thus meets the FDA’s requirements for use of the term natural. HFCS also makes food more palatable and is currently found in a seemingly endless number of food and beverage products,
                     although this trend is reversing because of the negative publicity associated with HFCS (15, 35, 40).
                  

                  
                  
                  Much attention has been given to HFCS and the development of diabetes and obesity; however, evidence is insufficient to support
                     the notion that HFCS is less healthy than any of the other nutritive sweeteners. Some evidence strongly suggests that consumption
                     of excess sugar, in any form, can contribute to excess energy intake and fat gain, which, in turn, increases the risk of developing type 2 diabetes,
                     metabolic syndrome, and cardiovascular disease. But obesity is a multifactorial disease affected by overall lifestyle, and
                     sugar intake is only one contributor (15, 35, 40).
                  

                  
                  
                  
                  
                  
                     
                     Do You Know?

                     
                     
                     
                        
                        Contrary to its name, high-fructose corn syrup is not extremely high in fructose, at least not relative to other ingredients.
                           HFCS is between 42 and 55 percent fructose, depending on the processing, and the remainder is glucose. This composition is
                           nearly identical to sucrose and honey and is apparently metabolized the same way in the body (15, 35, 40).
                        

                        
                        
                        
                        
                     

                     
                     
                  

                  
                  
               

               
               
               
            

            
            
            
               
               Sugar Alcohols

               
               
               
                  
                  Sugar alcohols are carbohydrates present naturally in some fruits and vegetables and also made in laboratories. These alcohols
                     are less sweet than sugar, contain 2 kilocalories per gram (kcal/g) instead of the 4 kcal/g found in sugar, and they do not promote tooth decay. They are not readily available on supermarket shelves, but they are abundant
                     in manufactured products such as candy, frozen desserts, gum, toothpaste, mouthwash, and baked goods. They are often combined
                     with nonnutritive sweeteners to enhance the sweet taste in a food product. Sugar alcohols are called by many names on food
                     labels, but the most common are xylitol, maltitol, mannitol, sorbitol, or simply “sugar alcohol.” Moderate doses of 10 to
                     15 grams per day are probably tolerated, but higher doses of 30 grams per day or more might result in undesirable gastrointestinal
                     effects such as flatulence or diarrhea. However, each individual’s tolerance is different, so a trial-and-error approach might
                     be best. When comparing sweet products made with sugar alcohols to those made with glucose or sucrose, the sugar-alcohol products
                     produce a lower glycemic response and so are often promoted for people with diabetes (15, 16, 40).
                  

                  
                  
               

               
               
            

            
            
         

         
         
         
            
            Health Effects of Nonnutritive Sweeteners

            
            
            
               
               Because they are generally not digested, nonnutritive sweeteners (NNS) such as saccharin and sucralose contain very little or no energy. They are considered high-intensity sweeteners because their
                  sweetness-to-energy ratio is much greater than sugar. In addition, they generally do not cause a significant rise in blood
                  glucose. They can be used alone as a tabletop sweetener or added to foods and beverages that traditionally contain sugar.
                  Though sweet in taste, they often do not offer the same desirable food science properties as sugar. Some nonnutritive sweeteners
                  do not contribute the bulk that sugar contributes to a recipe and do not aid in browning or crystallization, so they might
                  not be ideal for baking (15, 45, 48).
               

               
               
               
               
               
                  
                  Does Aspartame Affect Energy Balance or Appetite?

                  
                  
                  
                     
                     Putting It Into Perspective

                     
                     
                     Significant evidence suggests that using food items and products sweetened with aspartame as part of a comprehensive weight-management
                        program might assist individuals with weight loss and weight maintenance over time by helping them lower total calorie intake.
                        There is also good evidence suggesting aspartame does not increase appetite or total food intake in adults; however, there
                        is limited evidence in children. Use of any nonnutritive sweetener may only be useful in improving energy balance if it is
                        replacing a more energy-dense choice, and the consumer is not compensating for the lower-energy product consumption with overindulgence
                        of other items in the same meal or another time in the day (15).
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
               Most nonnutritive sweeteners are regulated as food additives by the FDA. An exception is made for substances generally recognized as safe 
                  (GRAS) because these substances are recognized by qualified scientists as safe for consumption for their intended use. This makes
                  them exempt from the food-additive approval process. Companies wishing to manufacture and market a new nonnutritive sweetener
                  must conduct significant research on the product and present all of the required safety data to the FDA in consideration of
                  approval. Research includes the extent of the absorption of the substance, any distribution in tissues, mechanisms and rates
                  of metabolism, and rates of elimination of the substance or any metabolites. The FDA examines probable intake of the population,
                  cumulative effects from using the product, and toxicology data. The FDA sets an acceptable daily intake (ADI) for a human,
                  which is defined as the amount considered safe for daily consumption over the course of a lifetime without adverse health
                  effects. This value takes into account even the estimated intake of a “high-consumer.” The FDA may request additional consumption
                  or safety data during the post-approval period. Note that FDA approval holds only in the United States. It is possible to
                  purchase other, sometimes unapproved, products from other countries. Currently, six high-intensity sweeteners are FDA approved
                  as food additives: saccharin, aspartame, acesulfame potassium (Ace-K), sucralose, neotame, and advantame. Two other types
                  of high-intensity sweeteners have been submitted to the FDA as GRAS: Stevia rebaudiana Bertoni and Luo Han Guo (monk fruit).
                  See table 3.8 for a summary of the most common nonnutritive sweeteners approved for use in the United States (45, 48, 49).
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         Summary
         

         
         
         
            
            Carbohydrate is an essential fuel source for the human body and abundant in many foods. Virtually all ingested carbohydrates
               absorbed in the small intestine are ultimately converted to glucose, which is the usable form of carbohydrate by the cells
               of the body. Blood glucose level is normally tightly regulated by hormones that work via modulating glycogenolysis and gluconeogenesis
               as needed. Glucose reserves in the body are stored in the form of glycogen primarily in skeletal muscle, and to a lesser extent
               in the liver.
            

            
            
            While everyone needs a minimal amount of carbohydrate for normal physiological function, it is a particularly important fuel
               source for the exercising skeletal muscle. Many athletes need more dietary carbohydrate than a sedentary person in order to
               meet the physical demands of training. The AMDR for carbohydrate is 45 to 65 percent of total energy intake from high-quality
               sources and with minimal added sugar. Carbohydrate recommendations for athletes are better expressed in absolute terms ranging
               from 3 g/kg to 12 g/kg body weight depending on the day-to-day training volume.
            

            
            
            The quantity of sugar, refined starch, and fiber consumed in the diet may impact overall health and well-being. Certain diseases
               and conditions are related to carbohydrate consumption, and managing these conditions may require the help of a RDN or CSSD.
               Nutritive and nonnutritive sweeteners are widely used in manufactured food and beverage products and may have effects on overall
               health.
            

            
            
            Remember that sports nutrition is a young science, with new research emerging on a regular basis. Principles and guidelines
               presented in the chapter are based on current available evidence and may change or expand as new information becomes available.
               These guidelines are designed for healthy individuals. Those with a disease or nutrition-related condition may need to seek
               specific medical nutrition therapy from an RDN or CSSD.
            

            
            
            
            
            
               
               For Review

               
               
               
                  
                  
                     
                     	Describe the classification of carbohydrate.

                     
                     
                     	How is carbohydrate absorbed?

                     
                     
                     	Once carbohydrate gets to the liver as glucose, what are its possible metabolic fates?

                     
                     
                     	Describe how blood glucose is regulated. Include the organs and hormones involved.

                     
                     
                     	Describe the fuel used at rest and at high-intensity exercise.

                     
                     
                     	What is the cause of metabolic fatigue?

                     
                     
                     	What are the dietary carbohydrate recommendations for the general population?

                     
                     
                     	What are the dietary carbohydrate recommendations for athletes? How do these differ from the general population?

                     
                     
                     	List the sources of dietary carbohydrate (food groups that contain carbohydrate). How much carbohydrate is in a serving size
                        of these groups?
                     

                     
                     
                     	Describe the differences in carbohydrate quality.

                     
                     
                     	How does carbohydrate quality affect health?

                     
                     
                     	Does sugar intake cause obesity and chronic diseases?

                     
                     
                     	What is the difference between nutritive and nonnutritive sweeteners?

                     
                     
                     	How are nonnutritive sweeteners regulated?
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Chapter Objectives

            
            
            
               
               After completing this chapter, you will be able to do the following:

               
               
               
                  
                  	Discuss the main types of dietary fats and their health implications.

                  
                  
                  	Distinguish between dietary fats and dietary fatty acids within each category.

                  
                  
                  	Discuss the importance of dietary cholesterol in the body.

                  
                  
                  	Summarize the health implications of excess blood cholesterol and how various dietary fats and dietary cholesterol affect
                     blood cholesterol levels.
                  

                  
                  
                  	List dietary fat recommendations for the prevention of cardiovascular disease.

                  
                  
               

               
               
               
               
            

            
            
         

         
         
         Dietary fats are composed of a mixture of saturated, monounsaturated, and polyunsaturated fat. Each type of fat contains an
            array of fatty acids, some of which have positive or negative effects on various aspects of health, including risk factors
            for cardiovascular disease. Only two dietary fatty acids are essential to be consumed in the diet. The human body can make
            all other fats from carbohydrate and protein. In the body, fat serves as a source of energy, helps with the absorption of
            fat-soluble vitamins and certain plant-based compounds, and plays an important structural and functional role in cell membranes,
            the brain, and myelin, the protective layer covering nerve cells. Though some athletes prefer a high-fat diet or believe it
            improves performance, no clear performance advantage is evident from following this approach. Ultraendurance athletes, who
            train and compete at a relatively slow pace, rely on more fat as percentage of energy (calories) used during activity and
            might be able to get away with a diet higher in fat; however, research has yet to show that this approach is advantageous
            for performance. A high-fat, low-carbohydrate diet will likely have deleterious effects on training and performance for athletes
            participating in high-intensity training programs or competing in high-intensity sports such as football, tennis, basketball,
            or rugby.
         

         
         
      

      
      
      

      
      
      

         
         Lipids and Dietary Fat
         

         
         
         
            
            
               Lipids are a category of macronutrients that are insoluble in water. Collectively, lipids have various biological functions in the
               body. There are three main categories of lipids, including triglycerides, sterols, and phospholipids; each has different functions
               in the body (figure 4.1). Dietary fat is composed primarily of triglycerides, with smaller amounts of phospholipids and sterols. Cooking oils, butter, animal fat,
               nuts, seeds, avocados, and olives are all significant sources of triglycerides in the diet (123). Dietary fats and oils provide
               energy and aid in the absorption of fat-soluble vitamins A, D, E, and K, as well as certain food components such as carotenoids
               (90). Dietary fats and oils also have a textural role in foods, increasing palatability (130).
            

            
            
            
               



            
            
         

         
         
         

      
      
      



Figure 4.1    The classification of lipids.
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            Triglycerides

            
            
            
               
               
                  Triglycerides are composed of one glycerol molecule and three fatty acid molecules. Fatty acids are either saturated, containing no double
                  bonds, or unsaturated, containing one or more double bonds. Saturated fatty acids are the building blocks of saturated fat.
                  Saturated fatty acids can stack together, making them solid at room temperature. Unsaturated fatty acids are the building blocks of unsaturated fat. Because of the kinks at double bonds (figure 4.2), unsaturated fatty acids do not stack neatly on top of one another and are therefore liquid at room temperature. Monounsaturated fatty acids 
                  (MUFA) contain one double bond, and polyunsaturated fatty acids 
                  (PUFA) contain more than one double bond and are identified based on the location of their first double bond. So, for instance,
                  omega-3 fatty acids have their first double bond at the third carbon from the methyl end of the FA structure, whereas omega-6
                  fatty acids have their first double bond at the sixth carbon (figure 4.3). The majority of animal fats are high in saturated fat and therefore solid at room temperature, whereas plant-based fats
                  (such as nut and fruit-based oils, including walnut oil and olive oil) tend to be liquid at room temperature because of their
                  higher unsaturated fatty acid content. However, coconut oil and palm kernel oil are plant-based fats that are more solid,
                  yet soft (due to their shorter carbon chains) at room temperature and have a high content of saturated fat (130). Regardless
                  of the source, 1 gram of fat contains approximately 9 kilocalories.
               

               
               
               
                  



               
               
               
               

            
            
         

         
         
         

      
      
      




Figure 4.2    Triglycerides contain one glycerol molecule and three fatty acids.
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Figure 4.3    Chemical structure of omega-3 and omega-6 fatty acids. Polyunsaturated fatty acids are identified by the location of their
                     first double bond from CH3 (methyl group).
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               Fatty acids vary in the number of double bonds they contain, the structure or configuration of the double bonds, and carbon
                  chain length (130, 131). Although fatty acids are often referenced by their saturation status—saturated, monounsaturated (containing one double bond),
                  or polyunsaturated (containing more than one double bond), individual fatty acids that are members of the same category can
                  have very different effects on health. The carbon chain length and structure of a fatty acid determines how it functions in
                  food and cooking, its role in the body, and how it impacts health and disease (131).
               

               
               
               In addition to differences in location and number of double bonds, there are two chemical configurations of unsaturated fatty
                  acids. Those in the cis configuration have hydrogen ions on the same side of the double bond, whereas unsaturated fatty acids in the trans configuration have hydrogen ions on the opposite side of the double bond (130) (figure 4.4). The carbon chain can range from 2 to 40 carbons in length, though the majority of dietary fatty acids contain 12 to 20
                  carbons (47). Short-chain fatty acids contain up to 6 carbons, medium-chain from 8 to 12 carbons, and long-chain fatty acids
                  contain more than 12 carbons (131).
               

               
               
               
                  



               
               
               

            
            
         

         
         
         

      
      
      




Figure 4.4    Cis and trans configuration of unsaturated fatty acids.
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               Fatty acids are necessary for cell signaling and the expression of genes involved in carbohydrate and fat metabolism. Fatty
                  acids also influence inflammation, insulin action, cell signaling, and neurological functioning. The body can produce all
                  necessary fatty acids in the liver from dietary fat, carbohydrate, and protein with the exception of linoleic acid 
                  (LA) and alpha 
                  linolenic
                   acid 
                  (ALA), which are “essential” fatty acids, meaning they must be consumed in the diet (90).
               

               
               
               Glycerol is the backbone of triglycerides. In the human body, glycerol is released in the bloodstream from the breakdown of
                  stored body fat. Like fatty acids, glycerol can be used to build molecules necessary for membranes or stored in body fat for
                  later use. Glycerol can also be converted to carbohydrate through glycolysis or gluconeogenesis (13). Glycerol (glycerin)
                  is produced synthetically or derived from plants and is used as an ingredient in food and pharmaceuticals (128). Glycerol
                  is a colorless, thick liquid with a mild odor and sweet, warm taste. It is a sugar alcohol (sugar alcohols are not completely
                  absorbed in the body and so provide fewer calories than sugar) (121).
               

               
               
            

            
            
         

         
         
         
            
            Sterols

            
            
            
               
               
                  Sterols are compounds with a multiple-ring structure found in both plants and animals. Cholesterol, the most well-recognized sterol in food (figure 4.5), is a component of all animal tissues and found only in animal-based foods such as eggs, meat, poultry, cheese, and milk
                  (123). Humans absorb 20 to 80 percent of cholesterol from food. Genetic variations in cholesterol absorption can influence
                  blood cholesterol levels (104). In the body, cholesterol is essential for all cells; it is a structural component of cell
                  membranes, helps repair and form new cells, and is necessary for synthesizing steroid hormones (such as testosterone, androgen,
                  and estrogen) and bile acids (which facilitate lipid digestion and absorption and are important for regulating cholesterol
                  in the body). High levels of total and LDL cholesterol in the blood are considered risk factors for cardiovascular disease
                  because they contribute to the formation of plaque in arteries.
               

               
               
               
                  



               
               
               

            
            
            
         

         
         
         

      
      
      




Figure 4.5    Chemical structure of cholesterol.
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                  Do You Know?

                  
                  
                  
                     
                     Humans do not need to consume cholesterol in food because the body makes enough to meet physiological requirements.

                     
                     
                     
                     
                  

                  
                  
               

               
               
               Plant sterols, compounds naturally found in plants, are similar in structure to cholesterol and interfere with the body’s
                  absorption of cholesterol (46). Though not consumed in high enough doses through food to have an appreciable effect on blood
                  cholesterol levels, supplemental doses of plant sterols can help lower blood cholesterol levels yet also decrease the bioavailability
                  of beta-carotene and alpha tocopherol (96, 104).
               

               
               
            

            
            
            
         

         
         
         
            
            Phospholipids

            
            
            
               
               
                  Phospholipids are comprised of glycerol, fatty acids, phosphate, and inositol, choline, serine, or ethanolamine (84). Phospholipids are
                  naturally found in some foods and added to others as emulsifiers (helping liquids stay mixed, such as oil and vinegar as a
                  salad dressing). Lecithin (phosphatidylcholine) is a naturally occurring phospholipid found in several foods, including eggs,
                  liver, soybeans, wheat germ, and peanuts. In the body, phospholipids are structural components of cell membranes and lipoproteins
                  (lipo meaning lipid; lipoproteins contain both proteins and lipids and are transporters of cholesterol and fats in blood) (84).
                  Phospholipids are necessary for the absorption, transport, and storage of lipids and aid in the digestion and absorption of
                  dietary fat (139).
               

               
               
            

            
            
         

         
         
      

      
      
      

         
         Triglycerides and Health
         

         
         
         
            
            The majority of fats found in food, including oils, contain a mixture of fatty acids (figure 4.6). Though many studies have focused on the health effects of fatty acids based on their saturation status (saturated, monounsaturated,
               or polyunsaturated), fatty acids within a particular group can have different actions in the body. In addition, determining
               the health effects stemming from intake of a specific fatty acid can be difficult. A fatty acid’s impact on health may be
               influenced by the food matrix (the combination of nutrient and nonnutrient compounds found in food and their chemical bonds
               to each other), how the fat is processed and cooked, and a person’s health status and overall dietary intake (21, 124, 131).
               More recent research is teasing out the effects of individual fatty acids from the category of fats they belong to while also
               emphasizing the impact of certain foods, versus just the fat within the food, on health.
            

            
            
            
               



            
            
            

         
         
         
         

      
      
      



Figure 4.6    Fatty acid content of oils.
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               Do You Know?

               
               
               
                  
                  A crossover study is a type of longitudinal study (people are studied over a period of time rather than at one point in time)
                     in which all study subjects go through each type of treatment. If treatment options are a high-fat diet, moderate-fat diet,
                     or low-fat diet, for instance, each subject will rotate through each diet for a set period, followed by a “washout period,”
                     during which they are not on any of the treatment diets, before progressing to the next diet.
                  

                  
                  
                  
                  
               

               
               
            

            
            
         

         
         
         
         
            
            Saturated Fatty Acids

            
            
            
               
               Saturated fatty acids are a source of energy and a structural component of cell membranes; some saturated fatty acids are
                  necessary for normal protein functioning. Saturated fatty acids can be made in the body, there is no dietary requirement for
                  them (124, 130). Most saturated fatty acids contain 14 or more carbon atoms.
               

               
               
               The main sources of saturated fat in the U.S. diet are mixed dishes containing cheese or meat, such as burgers, sandwiches,
                  tacos, and pizza; rice, pasta, and grain dishes; and meat, poultry, and seafood dishes (124). Saturated fats are typically
                  more resistant to oxidation and therefore less likely to spoil.
               

               
               
               There is no indication at this time that saturated fats prevent chronic disease. For decades consumers were told to decrease
                  their intake of foods high in saturated fats because these fats increase total and LDL cholesterol as well as the risk of
                  coronary heart disease (CHD) (130). Yet population-based studies, in which dietary intake was accessed through 24-hour recalls
                  and food frequency questionnaires, found no relation between saturated fat intake and fatal heart attacks and stroke (108).
                  However, relying on population-based studies for data is problematic. In many of these studies, a single 24-hour dietary recall,
                  taken at one point in time, was used, which does not reflect long-term dietary intake (118). Also, 24-hour dietary recalls
                  and food frequency questionnaires (a series of questions asking how often standard serving sizes of common foods and beverages
                  are consumed) depend on a subject’s memory of their dietary intake, including how their food is typically prepared and portion
                  sizes (118). In addition, all saturated fatty acids are grouped together regardless of the food they are in; therefore, the
                  food matrix isn’t taken into account. Also, each saturated fatty acid affects blood cholesterol differently (some have little
                  to no effect on blood cholesterol while others raise total and LDL cholesterol). Finally, population studies cannot be used
                  to determine cause and effect because they aren’t designed to answer the question “do higher levels of intake of saturated
                  fatty acids increase risk of coronary heart disease?” (107). Taken together, these factors are sufficient to make some researchers
                  dubious about the efficacy of population-based studies, particularly when the results of such studies are not supported by
                  clinical trials.
               

               
               
               
               
               
                  
                  The Food Matrix and How Foods High in Saturated Fat Affect Blood Cholesterol

                  
                  
                  
                     
                     Putting It Into Perspective

                     
                     
                     In addition to varying effects from different saturated fatty acids, the food matrix influences how saturated fat affects
                        blood cholesterol levels. Dairy foods are a good example. Though all full-fat dairy products have a high percentage of saturated
                        fat, they have differing effects on blood cholesterol. Several studies show aged cheeses have a relatively minor impact on
                        LDL-cholesterol or no impact at all (15, 40, 117). By way of explanation, some scientists point to the calcium content of
                        the cheese, or the fermentation of aged cheeses (111). Full-fat yogurt also appears to affect cholesterol levels less than
                        would be expected. However, the research on yogurt is inconsistent, possibly because of differences in types of yogurt used
                        in studies (54, 67). Some scientists believe yogurt with live and active cultures may be responsible for the positive research
                        results.
                     

                     
                     
                     Whole milk raises LDL to the same extent as butter, but milk contributes substantially less fat per amount consumed compared
                        to butter. Butter raises LDL cholesterol and should be replaced with oils rich in polyunsaturated fat, such as olive oil.
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
               When substituting other energy-yielding macronutrients for saturated fat in the diet, clinical trials show that replacement
                  strategy matters. When saturated fat is taken out of the diet, the specific macronutrient used to replace saturated fat determines
                  changes in cholesterol levels, triglycerides, and risk of coronary heart disease (108). Replacing saturated fats with unsaturated
                  fats, particularly PUFAs, is associated with a reduction in total and LDL cholesterol (124). Replacing saturated fat with
                  PUFAs is also associated with a reduction in heart attacks and death from heart attacks (124) (figure 4.7). In addition, randomized controlled trials show replacing saturated fat with PUFAs decreases coronary heart disease events
                  (81). Additional benefits might also be associated with this strategy. A crossover study in adults with type 2 diabetes as
                  well as healthy obese and nonobese adults found that PUFAs improved insulin sensitivity and LDL levels compared to diets high
                  in saturated fats (112). Also, a study in healthy nonoverweight and nonobese adults found overeating saturated fat, as opposed
                  to overeating polyunsaturated fat, increased liver and visceral fat storage. (Visceral fat wraps around organs like a blanket
                  and is associated with insulin resistance and increased risk of type 2 diabetes and cardiovascular disease.) Overeating polyunsaturated
                  fat, and not saturated fat, led to greater gains in muscle, as opposed to fat (101). Note that considerable differences exist
                  among individuals in their response to saturated fat intake (14, 53). In addition to the potential for intrinsic genetic differences
                  in lipid metabolism among individuals (89), higher weight and insulin resistance may reduce the beneficial effects of a reduction
                  in saturated fat intake on LDL cholesterol.
               

               
               
               
                  



               
               
               

            
            
            
         

         
         
         

      
      
      




Figure 4.7    The replacement strategy matters. The strategy presented here is a generalization and may result from choosing low-fiber,
                     refined carbohydrates, such as candy and cookies, not fiber- and nutrient-right carbohydrates, such as squash.
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               Though not as strong as the evidence for replacing saturated fat with polyunsaturated fat, the evidence for replacing saturated
                  fat with monounsaturated fat (olive oil, nuts) suggests this strategy may also be associated with a reduction in cardiovascular
                  disease (124). Replacing saturated fats with carbohydrates can reduce total and LDL cholesterol, yet also decrease HDL cholesterol
                  and increase triglycerides—this strategy will not decrease risk of cardiovascular disease. More clinical trials are needed
                  to determine how replacing saturated fat with different types of carbohydrate (whole grains as opposed to sugar, for instance)
                  affects risk factors for cardiovascular disease. Studies examining the association (these studies cannot determine cause and
                  effect) between different types of carbohydrate and cardiovascular disease risk show higher intakes of whole grains are associated
                  with lower risk of coronary heart disease, whereas refined starches and added sugars are positively associated with coronary
                  heart disease risk. Given the state of the current evidence, whenever possible, foods high in saturated fats should be replaced
                  with foods higher in polyunsaturated fats or whole grains (63, 124).
               

               
               
               Though saturated fat should be replaced with polyunsaturated fats and monounsaturated fats, there are distinct differences
                  in types of fatty acids. The atherogenic (artery clogging) potential of specific saturated fatty acids varies depending on
                  carbon chain length (table 4.1), fats eaten concurrently, overall diet, carbohydrate intake, and overall health (44). Saturated fat is listed on the food
                  label.
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            Monounsaturated Fatty Acids

            
            
            
               
               There is no known requirement or health benefit associated with the consumption of monounsaturated fatty acids. Monounsaturated fats can be
                  synthesized by the body (90). As noted in the previous section, some research shows replacing saturated fat with monounsaturated fats lowers total and LDL
                  cholesterol (57, 70). Monounsaturated fat can also increase HDL and lower triglycerides compared to carbohydrates (106). The
                  average American diet contains more monounsaturated fats than saturated or polyunsaturated fats. The monounsaturated fatty
                  acid oleic acid is the most abundant fatty acid in the American diet (122).
               

               
               
               
               
               
                  
                  Do You Know?

                  
                  
                  
                     
                     Monounsaturated fat supplements are available alone and in mixtures with omega-3 and omega-6 fatty acids. There is no reason
                        to take these supplements (131).
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
            

            
            
            
         

         
         
         
            
            Polyunsaturated Fatty Acids

            
            
            
               
               The omega-6 polyunsaturated fatty acid LA and omega-3 polyunsaturated fatty acid ALA are required in small amounts for structural
                  integrity and fluidity of membrane lipids, synthesis of eicosanoids (hormone-like agents), and as substrates for biological pathways that produce metabolic products necessary for structural
                  and functional roles within the human body (figure 4.8) (4, 25).
               

               
               
               
                  



               
               
               

            
            
            
            

         
         
         

      
      
      




Figure 4.8    Cell membrane.
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                  How Fat Affects Cell Membranes and Cell Functioning

                  
                  
                  
                     
                     Putting It Into Perspective

                     
                     
                     Fats are incorporated into cell membranes, and both saturated fat and unsaturated fat are necessary for optimal cell membrane
                        functioning. Saturated fatty acids stack neatly on top of each other in cell membranes. If a membrane were composed of all,
                        or mostly, saturated fatty acids, the tight structure would make it difficult for nutrients to get into cells, compromising
                        cell health and increasing the likelihood of cell injury. Unsaturated fats do not pack neatly on top of each other in cell
                        membranes. They provide a more fluid structure, allowing nutrients to easily cross the cell membrane into the cell and allowing
                        receptors in nerve cells to recognize neurotransmitters (chemical messengers).
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
            

            
            
            
            
               
               Omega-6 Fatty Acids

               
               
               
                  
                  Omega-6 fatty acids are important to epithelial cell function and regulation of gene expression (130). Epithelial cells are
                     “barrier cells” that make up epithelial tissue, which lines most of the body’s surfaces, including the skin, blood vessels,
                     and organs. Linoleic acid is the only essential omega-6 fatty acid; the body cannot make this fatty acid, so it must be consumed
                     in the diet. Insufficient LA can lead to scaly rash and reduced growth. In developed countries, linoleic acid deficiency is
                     not only rare, but also most adults consume several times more linoleic acid than they need (130). LA is a precursor for arachidonic
                     acid, a fatty acid that is a part of membrane structural lipids, serves as a substrate for eicosanoid production, and is necessary
                     for cell signaling pathways (90, 130). However, arachidonic acid can also lead to an inflammatory cascade in the body (59).
                  

                  
                  
               

               
               
            

            
            
            
               
               Omega-3 Fatty Acids

               
               
               
                  
                  Three primary omega-3 fatty acids are consumed in the diet: alpha-linolenic acid (ALA), eicosapentaenoic
                      acid 
                     (EPA), and docosahexaenoic acid 
                     (DHA) (figure 4.9). Each omega-3 fatty acid has a different role in the body and impact on health. Stearidonic
                      acid 
                     (SDA) is an omega-3 fatty acid found in some seed oils; some fish, including sardines and herring; algae; and GMO (genetically
                     modified organisms) soybeans used to create SDA-enriched soybean oil (126, 135). SDA-enriched soybean oil increases red blood
                     cell EPA to a greater extent than ALA, though much less than taking EPA directly (60, 135). Compared to taking EPA directly,
                     conversion of SDA to EPA from SDA-enriched soybean oil is about 17 percent efficient, according to a study in healthy, overweight
                     adults (35). At this rate of conversion, SDA does not improve blood lipids, including triglycerides and HDL cholesterol (60).
                     Consuming SDA does not increase tissue levels of DHA (35, 49). At this time it is not clear if consuming SDA has any independent
                     effect on cardiovascular disease risk factors or other aspects of health.
                  

                  
                  
                  
                     



                  
                  
               

               
               
               

            
            
         

         
         
         

      
      
      





Figure 4.9    Structure of ALA, EPA, and DHA, all polyunsaturated fatty acids. ALA has 18 carbons and 3 double bonds, EPA has 20 carbons
                        and 5 double bonds, and DHA has 22 carbons and 6 double bonds.
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                  Alpha-Linolenic Acid

                  
                  
                  
                     
                     Alpha-linolenic acid is found in soybeans, soybean oil, canola oil, flaxseed oil, black walnuts, flaxseeds, and chia seeds
                        (123). ALA has no known function in the body other than serving as a precursor to EPA and DHA (5, 90). However, ALA deficiency
                        can result in scaly dermatitis (130). ALA-rich foods are beneficial for cardiovascular disease risk as a result of the ALA,
                        other compounds found in these foods, or a synergistic effect between the ALA and these compounds (28, 77). Compared to EPA
                        and DHA, there is much less research-based evidence suggesting ALA is beneficial for cardiovascular disease risk (28). ALA
                        is converted into EPA and DHA in the body. However, studies show only 5 to 21 percent of ALA is converted to EPA, and less
                        than 0.5 to 9 percent of ALA is converted to DHA (18, 93). Diet, health status, genetics, gender, and fatty acid competition for elongase and desaturase enzymes (figure 4.10) influence the conversion rate (131).
                     

                     
                     
                     
                        



                     
                     
                  

                  
                  
               

               
               
               

            
            
         

         
         
         

      
      
      






Figure 4.10    Metabolism of alpha-linoleic acid and linoleic acid.
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                  Eicosapentaenoic Acid and Docosahexaenoic acid

                  
                  
                  
                     
                     Sources of EPA and DHA in the diet include fatty fish such as salmon, mackerel, herring, and halibut. Supplemental sources
                        of EPA and DHA are typically sourced from sardines, anchovies, and some types of algae and krill.
                     

                     
                     
                     At the top of the food chain there is increased risk of mercury contamination among certain fish. Shark, king mackerel, swordfish,
                        and tilefish tend to live longer and feed on smaller fish, accumulating more methylmercury over their lifetime (figure 4.11). These fish should be avoided, especially by pregnant women, children, the elderly, and those with a compromised immune
                        system (129).
                     

                     
                     
                     
                        



                     
                     
                     

                  
                  
                  
               

               
               
               

            
            
         

         
         
         

      
      
      






Figure 4.11    Fish that live longer and eat smaller fish contain more methylmercury.
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                     EPA and DHA have distinct roles in the body. EPA is a precursor to eicosanoids, including a group of eicosanoids (series-3
                        prostaglandins) that may be protective against heart attacks and strokes. EPA helps decrease inflammation by inhibiting the
                        production of pro-inflammatory compounds. DHA is the major fat found in the brain and important for brain development and
                        function. DHA is necessary for the production of compounds that help reduce inflammation in the brain from reduced blood flow
                        (strokes for instance). In addition to their distinct roles, together, EPA and DHA decrease triglycerides in a dose-dependent
                        manner (triglycerides decrease in greater amounts with more fish oil consumed) (24), increase HDL-cholesterol (24), improve
                        blood vessel functioning (85), reduce inflammation (62), and lead to a small decrease in blood pressure (72).
                     

                     
                     
                     Population-based studies and randomized controlled trials examining cardiovascular health and fatty fish or EPA and DHA indicate
                        the following:
                     

                     
                     
                     
                        
                        	Consuming small amounts of fish is associated with a 27 percent decrease in risk of nonfatal heart attack (56).

                        
                        
                        	Consuming at least one serving of fish per week is associated with a reduced risk of sudden death from coronary heart disease
                           (CHD) (137) and a 17 percent decrease in risk of CHD mortality, while each additional serving per week decreases risk an additional
                           3.9 percent (56).
                        

                        
                        
                        	Consuming fish at least once per week is also associated with a decrease in CHD death rate when compared to never eating fish,
                           while consuming fish five or more times per week is associated with a 38 percent decrease in CHD mortality (38).
                        

                        
                        
                        	A pooled analysis of randomized controlled trials found one to two servings of fatty fish per week or approximately 250 mg
                           of EPA plus DHA per day resulted in a 36 percent decrease in CHD death (78).
                        

                        
                        
                        	Modest consumption of fish (one or two servings per week or approximately 250 mg of EPA plus DHA per day) reduces risk of
                           CHD by 36 percent and all-cause mortality by 17 percent (82).
                        

                        
                        
                        	Two weekly servings of fatty fish reduced risk of death by ischemic heart disease and reduced all-cause mortality by 29 percent
                           in men with a previous history of heart attack (20).
                        

                        
                        
                        	One capsule containing 850 EPAand DHA reduced the risk of all-cause mortality, sudden death, and coronary death in adults
                           with a recent history of heart attack compared to no intervention (31).
                        

                        
                        
                        	850 to 882 mg EPA and DHA reduced incidence of death and CHD hospitalizations in those with heart failure (116).

                        
                        
                     

                     
                     
                     Though some studies found EPA and DHA do not affect cardiovascular disease risk or events, a number of factors might have
                        influenced the results of these studies, including low levels of supplementation; a short duration of study; higher baseline
                        dietary omega-3 intake of the population studied (a higher intake before the start of the study will decrease the potential
                        impact of supplementation); and improvements in cardiovascular disease care and therapies, including use of statin drugs (which
                        lower blood cholesterol), which may mask the effects of EPA and DHA (16, 34, 48, 58, 66, 95, 133, 144).
                     

                     
                     
                     
                     
                     
                        
                        Do You Know?

                        
                        
                        
                           
                           It is currently unclear if there is an ideal ratio of omega-6 to omega-3 fatty acids for health or human performance. In any
                              case, most Americans consume plenty of omega-6 fatty acids, while many need to consume more omega-3 fatty acids.
                           

                           
                           
                           
                           
                        

                        
                        
                     

                     
                     
                  

                  
                  
                  
               

               
               
               
                  
                  Omega-3 Fatty Acids and Joint Health, Sport, and Exercise

                  
                  
                  
                     
                     EPA and DHA improve joint functioning, particularly in those with rheumatoid arthritis; decrease the damaging effects caused
                        by concussions (in rat studies); and appear to help reduce excess soreness after muscle-damaging exercise in untrained individuals.
                        In addition, studies show EPA and DHA can improve muscle mass and muscle functioning in older adults.
                     

                     
                     
                     According to a meta-analysis of 17 randomized, controlled trials, EPA and DHA supplementation, in doses ranging from 1.7 to
                        9.6 grams per day for 3 to 4 months, reduced patient-reported joint pain intensity, minutes of morning stiffness, and number
                        of painful or tender joints in those with inflammatory joint pain from rheumatoid arthritis, inflammatory bowel disease, or
                        painful menstruation (32). Additional research shows EPA and DHA supplementation decreased global assessments of pain and
                        disease activity, while also decreasing the need for nonsteroidal anti-inflammatory drugs in those with rheumatoid arthritis
                        (71).
                     

                     
                     
                     There are several mechanisms through which EPA and DHA may benefit recovery after a concussion (a type of traumatic brain
                        injury). DHA makes up 97 percent of the omega-3 fatty acids in the brain and is essential for normal brain functioning (103).
                        EPA and DHA increase fluidity of cell membranes, reduce inflammation, and increase blood flow to the brain. Concussion causes
                        a reduction in blood flow to the brain for up to a month or longer (68). Cell membrane fluidity is important because membranes
                        that are more fluid allow substances to more easily enter cells. Several animal studies show EPA and DHA supplementation before
                        or after a traumatic brain injury helps limit structural damage and a decline in brain functioning (73, 74, 138, 140-143).
                     

                     
                     
                     A randomized double-blind placebo-controlled trial in healthy older adults found 6 months of supplementation with omega-3
                        fatty acids (1.86 g of EPA plus 1.50 g of DHA—equivalent to 200 to 400 g of fatty fish) increased muscle mass (thigh muscle
                        volume) and function (handgrip strength, 1 RM strength composite score for leg press, chest press, knee extension, and knee
                        flexion). Compared to the control group, the group supplemented with omega-3 fatty acids had a 3.5 percent improvement in
                        muscle volume and a 6 percent improvement in muscle strength. It isn’t clear how the fish oil supplements improve muscle mass
                        (110). An older study by the same authors found omega-3 fatty acids augment increases in muscle protein synthesis in older
                        adults (109). In addition, the authors suggest omega-3 fatty acids may improve mitochondrial functioning in muscle (110).
                        It is not clear if younger adults will experience the same muscle-related benefits as older adults.
                     

                     
                     
                     Untrained individuals may also benefit from omega-3s. When taken for 30 days before and 48 hours after eccentric exercise,
                        omega-3s helped decrease inflammatory markers of muscle damage in untrained individuals, suggesting a decrease in inflammation.
                        However, the study did not measure actual inflammation-related muscle damage (115). Two other studies found EPA plus DHA decreased
                        muscle soreness after exercise. In one study, 24 men were given 600 mg of EPA and 260 mg DHA per day for 8 weeks prior to
                        exercise and 5 days after. Compared to the placebo, the supplement group had greater muscle functioning and range of motion
                        for several days after the exercise. Three days after the exercise, muscle soreness was also greater in the placebo group
                        compared to the supplemented group. These results suggest, when consumed regularly, omega-3s might help decrease muscle damage
                        and soreness, thereby allowing for greater range of motion, improved muscle functioning, and, thus, better workouts in the
                        days after a damaging bout of exercise. However, these results may be applicable only to those who are engaging in a very
                        damaging bout of eccentric exercise that they are not used to performing (and therefore not adapted to through regular training).
                        In this study, the subjects were healthy men who were not engaging in strenuous exercise, while the exercise itself was not
                        an activity commonly performed in everyday life: five sets of six repetitions of bicep exercises at maximal weight (119).
                        In another study, healthy male athletes who competed in summer Olympic sports for 2 years or more, trained over 12 hours a
                        week, and did not regularly consume fish were given omega-3 + vitamin D supplements (375 mg EPA, 230 DPA, 510 DHA, 1000 IU
                        vitamin D3) or 5 ml of olive oil as a placebo for 21 days. During this time, they continued their regular training program and were
                        asked to refrain from eating more than three servings of fish per week and not to take any additional omega-3 supplements.
                        After the 21 days, plasma EPA was higher in the supplemented group, though EPA and DHA were not significantly different. The
                        only positive effect noted in the omega-3 supplement group was a suggested improvement in neuromuscular functioning (61).
                     

                     
                     
                     
                     
                     
                        
                        Nutrition Tip

                        
                        
                        
                           
                           Omega-3 supplements, in doses up to 3 grams per day, are generally recognized as safe (125). Supplemental fish oil does not
                              increase risk for clinically significant bleeding (134). However, doses over 3 grams per day should only be taken under the
                              care and guidance of a medical doctor. Though there is some absorption of EPA and DHA on an empty stomach, for greater absorption,
                              EPA and DHA should be taken with a meal. Adverse side effects related to fish oil or ALA supplements are typically minor (such
                              as diarrhea) and resolved by lowering the dose or discontinuing the supplement (136).
                           

                           
                           
                           
                           
                        

                        
                        
                     

                     
                     
                  

                  
                  
                  
               

               
               
            

            
            
         

         
         
         
            
            Trans Fatty Acids

            
            
            
               
               
                  Trans
                   fatty acids are unsaturated fatty acids, though they behave differently from other unsaturated fatty acids (90). Two trans fatty acids—vaccenic
                  aid and elaidic acid—are made by bacteria in the rumen (one of the four chambers of the ruminant stomach) of ruminant animals
                  (animals that have a stomach with four complete chambers or cavities; cows, goats, and sheep are ruminant animals) from polyunsaturated
                  fatty acids. These trans fatty acids are found in beef and dairy products. Trans fatty acids make up less than 9 percent of
                  ruminant fat (7, 88). The majority of trans fatty acids found in the diet are produced from partial hydrogenation of oils.
                  Hydrogenation involves bubbling hydrogen gas through edible oils in the presence of high heat and a catalyst (22). Partial
                  hydrogenation converts some of the unsaturated fatty acids to saturated fatty acids, and some of the unsaturated fatty acids
                  from a cis (hydrogen atoms on the same side of the double bond) to a trans configuration (hydrogen atoms are on opposite sides
                  of the double bond) (figure 4.12). Hydrogenated oils are more resistant to spoilage and rancidity (124). Modifying the conditions of hydrogenation alters
                  the amount of trans fatty acids formed, which affects the properties of the end product (solid or semi-solid, melting point,
                  mouth feel, etc.) (22). The chemical configuration of trans fatty acids lets them pack neatly on top of each other, forming
                  a semi-solid to solid compound.
               

               
               
               
                  



               
               
            

            
            
            

         
         
      

      
      
      




Figure 4.12    Unsaturated fats, which are liquid at room temperature, are made solid by bubbling hydrogen gas through them with a catalyst
                     at a high temperature.
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               Industrial Trans Fatty Acids

               
               
               
                  
                  Clinical trials show industrial-produced (i.e., man-made) trans fatty acids negatively affect several risk factors for coronary
                     heart disease, while observational studies show an association between industrial trans fatty acid consumption and increased
                     risk for coronary heart disease (79). Trans fatty acids from partially hydrogenated oils increase LDL cholesterol, reduce
                     HDL cholesterol, and reduce LDL particle size, all risk factors for coronary heart disease (8, 10, 52, 64, 80). Some, though
                     not all, studies suggest trans fatty acids increase triglycerides (9, 80). Trans fatty acids from partially hydrogenated oils
                     also increase inflammation (11) and were found in a randomized trial in overweight postmenopausal women to increase body fat
                     more than other dietary fats (10).
                  

                  
                  
                  Given the abundance of data indicating that man-made trans fatty acids are harmful for health, in 2015 the FDA removed generally
                     recognized as safe (GRAS) status for partially hydrogenated oils (127). Manufacturers and restaurants have reduced use of
                     industrially produced trans fatty acids in foods over the past several years. However, as of 2016, trans fatty acids were
                     still found in some processed foods, including desserts, microwave popcorn, frozen pizzas, margarines, and coffee creamers
                     (124).
                  

                  
                  
                  
                  
                  
                     
                     Do You Know?

                     
                     
                     
                        
                        Man-made trans fatty acids are the worst type of dietary fat; even small amounts increase cardiovascular disease risk. No
                           amount of trans fat is considered safe for consumption.
                        

                        
                        
                        
                        
                     

                     
                     
                  

                  
                  
               

               
               
               
            

            
            
            
               
               Trans Fatty Acids in Dairy and Meat

               
               
               
                  
                  Trans fatty acids make up 2 to 5 percent of total fatty acids in dairy products and 3 to 9 percent of total fatty acids in
                     beef and lamb (table 4.2) (7, 88). The amount varies based on feeding practices and geographical and seasonal changes (88, 94).
                  

                  
                  
                  



               
               
               
            

            
            
            

         
         
      

      
      
      





                     [image: ]

                  

                  
                  Total daily intake of vaccenic acid and c9, t11-CLA ranges from 0.4 to 0.8 grams per day and 0.14 to 0.33 grams per day, respectively
                     (120). In the human body, vaccenic acid can be converted to c9, t11-CLA. The conversion rate ranges from 0 to greater than
                     30 percent, with an average of 19 percent (1, 26, 75, 120). Therefore, estimation of dietary intake of c9, t11-CLA alone may
                     not reflect the synthesis of CLA from the vaccenic acid in the body (120).
                  

                  
                  
                  It isn’t clear what effect, if any, ruminant trans fatty acids, vaccenic acid, and elaidic acid have on cardiovascular disease
                     risk factors. The data are mixed, possibly because of differences in study design. However, some studies suggest that lower
                     doses of ruminant trans fatty acids do not affect lipids in lipoprotein, but at higher doses, which are not attainable through
                     diet but instead through supplemental intake, these fatty acids may have effects similar to man-made trans fatty acids, increasing
                     LDL and decreasing HDL (30). In a very well-designed, double-blind crossover study in healthy men, four different experimental
                     diets (all contained 2,500 calories; all food was provided) were given to participants for 4 weeks: (1) high in ruminant trans
                     fats (10.2 g; butter and milk specifically designed for this study to contain high amounts of trans fatty acids), (2) moderate
                     in ruminate trans fats (4.2 g), (3) high in industrial (man-made) trans fats (10.2 g), and (4) low in trans fats from any
                     source (2.2 g). High intake of trans fats, whether from ruminants or industrially produced, increased LDL. Also, HDL cholesterol
                     concentrations were significantly lower after the diet high in ruminant trans fats compared to the diet containing a moderate
                     amount of ruminant trans fats. There was no significant difference in changes in cholesterol between the diet containing a
                     moderate amount of ruminant trans fat and the diet containing low trans fats from any source. This study suggests moderate
                     amounts of trans fats from dairy will not have a substantial effect on blood cholesterol. But trans fats, whether from dairy
                     or industrial production of partially hydrogenated oils, are not heart healthy when consumed in high amounts. Note that the
                     high amount of ruminant trans fats used in this study were beyond the amount of typical human consumption (76).
                  

                  
                  
                  Supplemental CLA is discussed in more detail in chapter 9.

                  
                  
                  
                  
                  
                     
                     Do You Know?

                     
                     
                     
                        
                        According to the World Health Organization, observational studies suggest ruminant trans fatty acids (those found in dairy
                           and meat) do not increase coronary heart disease risk in typical amounts consumed (22, 86).
                        

                        
                        
                        
                        
                     

                     
                     
                  

                  
                  
               

               
               
               
            

            
            
            
               
               Interesterified Fats

               
               
               
                  
                  
                     Interesterified
                      fats have been used for decades in margarines, cooking oils, and infant formulas (145). Interesterification typically involves
                     blending fats high in saturated fatty acids, which are solid at room temperature, with liquid edible oils (114). Interesterification
                     leads to chemical or enzymatic rearrangement of fatty acids along the glycerol backbone. By altering the chemical structure
                     of a fat and inserting a saturated fatty acid (typically stearic acid), interesterification produces customized fats ranging
                     in melting points and solidity to fit the needs of various food preparations (22).
                  

                  
                  
                  No trans fatty acids are formed during the production of interesterified
                      fats. Though older studies suggested interesterified fats do not affect blood lipids, any untoward health effects might depend
                     on the type of fatty acid inserted and where it is inserted (12, 43, 69, 87). Altering the position of fatty acids along the
                     glycerol backbone may affect lipoprotein metabolism and atherogenesis (37). Additionally, the type of interesterification—chemical
                     or enzymatic—and weight status of the person consuming the fat—obese or nonobese—may determine how interesterified fats affect
                     blood lipids. In a randomized crossover study, obese and nonobese adults consumed 50 grams of carbohydrate from white bread
                     in addition to 1 gram of fat per kilogram body mass of (1) noninteresterified stearic acid-rich fat spread, (2) chemically
                     interesterified stearic acid-rich fat spread, (3) enzymatically interesterified stearic acid-rich fat spread or (4) no fat.
                     Interesterification had no effect on post-meal blood glucose, insulin, free fatty acids, or cholesterol in either group. However,
                     obese subjects had an 85 percent increase in triglycerides after consuming the fat that was modified through chemical interesterification
                     compared to noninteresterification. Nonobese subjects’ triglycerides were not affected by either fat treatment. Given the
                     extremely large consumption of fat in one sitting, 91 grams for a 200-pound adult, it is unclear if the results would be different
                     when given lower quantities of the chemically interesterified fat in a meal (98).
                  

                  
                  
                  A 4-week, crossover study examined the effects of different fats on blood lipids and blood glucose when incorporated into
                     a whole-food diet, including a man-made trans-fat rich partially hydrogenated soybean oil (containing 3.2% trans fat), palm
                     olein (an unmodified fat naturally rich in saturated fat), and an interesterified fat. Both the partially hydrogenated soybean
                     oil and interesterified fat decreased HDL compared to the palm olien and increased fasting blood glucose (almost 20% in the
                     interesterified group). The interesterified fat meal led to a significant rise in post-meal blood glucose (113). Though the
                     results of this study may lead one to believe all interesterified fats are harmful for blood glucose and insulin, the effect
                     a modified fat has on glucose and insulin might depend on the position of the fatty acids and the health status of the study
                     subjects. In a crossover trial, healthy men and women aged 20 to 50 years were fed a controlled diet (providing the same percentage
                     of macronutrients and foods) containing (1) palm olein, (2) interesterified palm oil, or (3) high oleic acid sunflower oil,
                     for 6 weeks each. The interesterified palm oil did not adversely impair insulin secretion or glucose (27). It remains unclear
                     at this time if any long-term health effects are associated with consuming interesterified fats (55).
                  

                  
                  
               

               
               
            

            
            
         

         
         
      

      
      
      

         
         Dietary Recommendations
         

         
         
         
            
            The AI for dietary fat for infants up to 6 months of age and from 6 to 12 months of age is 31 and 30 grams per day, respectively.
               Inadequate fat intake can lead to poor growth (130). There is no AI, RDA, or UL for dietary fat for anyone above 12 months
               of age because of a lack of data regarding risk of inadequacy, prevention of chronic disease, or a known dietary fat intake
               level at which a person will experience adverse health effects (90). If a diet contains adequate calories, carbohydrate can
               serve as an energy source in place of dietary fat (130). As mentioned in chapter 1, the acceptable macronutrient distribution
               range (AMDR) for dietary fat is 20 to 35 percent of energy. The lower end of this range was set based on concern of decreased
               HDL cholesterol and increased triglycerides following a low-fat, high-carbohydrate diet, while the upper end of the range
               allows for adequate intake of other nutrients (130). Some populations following low-fat diets have a low rate of chronic disease
               (90).
            

            
            
            As of the latest DRI report for fat (2002), no DRI is available for MUFAs, saturated fat, cholesterol, or trans fatty acids
               (130). The Dietary Guidelines for Americans 2015– 2020 recommend consuming less than 10 percent of calories from saturated
               fat based on evidence showing that replacement of saturated fats with unsaturated fats reduces risk of cardiovascular disease
               (124). Monounsaturated fat should comprise up to 20 percent of total calorie intake (83). The guidelines do not include a
               recommendation for cholesterol, though the report refers to the Institute of Medicine recommendations to eat as little dietary
               cholesterol as possible (124).
            

            
            
            An AI is available for the essential fatty acids (both polyunsaturated fats) linoleic acid and alpha-linolenic acid. The AI
               for linoleic acid (an omega-6 polyunsaturated fatty acid) ranges from 4.4 grams per day in infants 0 to 6 months of age to
               13 grams per day in pregnant and lactating women. The lower end of the range was set based on an amount at which deficiency
               does not exist in healthy individuals. The upper end of the range was set based on a lack of evidence of long-term safety
               and cell studies showing increased lipid peroxidation (breakdown of lipids) and free radicals formed with higher intakes.
               Lipid peroxidation is considered a potential component in the development of plaque in arteries (130). The AI for alpha-linolenic
               acid (an omega-3 polyunsaturated fatty acid) ranges from 0.5 grams per day in infants 0 to 12 months of age to 1.6 grams per
               day in males over the age of 14. The AMDR ranges from 0.6 to 1.2 grams per day for people of all ages. The AMDR is based on
               maintaining a balance of omega-6 fatty acids, lack of long-term safety data, and cell studies performed in a lab that showed
               increased free radical production and lipid peroxidation with higher intakes of omega-6 fatty acids (130). The DRIs do not
               include a recommendation for EPA or DHA. Some organizations list recommendations for EPA plus DHA or fatty fish. For instance,
               the World Health Organization recommends 250 mg per day EPA and DHA for adults (51). The American Heart Association recommends
               eating at least two 3.5-ounce servings of fatty fish per week (3).
            

            
            
            
            
            
               
               Do You Know?

               
               
               
                  
                  Any incremental intake of industrially produced trans fatty acids increases the risk of coronary heart disease (130), thus
                     there is no safe level of intake of trans fatty acids (124).
                  

                  
                  
                  
                  
               

               
               
            

            
            
         

         
         
         
      

      
      
      

         
         Digestion and Metabolism
         

         
         
         
            
            Dietary fat digestion starts in the mouth with the enzyme lingual lipase, but this part of the digestion process is minor.
               When dietary fat enters the small intestine, the gallbladder releases bile, and the pancreas releases lipases. Bile mixes
               partially digested fat so enzymes can further hydrolyze (break down) the fat into free fatty acids, glycerol, cholesterol,
               and phospholipids, all of which are almost completely absorbed into the intestinal lining.
            

            
            
            After absorption, free fatty acids, glycerol, cholesterol, and phospholipids are packaged into chylomicrons. Chylomicrons
               are a type of lipoprotein composed of 85 to 92 percent triglycerides, 6 to 12 percent phospholipids, 1 to 3 percent cholesterol,
               and 1 to 2 percent protein. Chylomicrons are triglyceride-transport vehicles (45). Chylomicrons leave the small intestine
               and eventually enter the blood, where the enzyme lipoprotein lipase takes them apart. The fatty acids are delivered to fat
               cells for storage or muscle cells for energy. Some fat and cholesterol are held by fiber and exit the body through feces.
            

            
            
            Because of their shorter carbon chain length, short-chain fatty acids and medium-chain saturated fatty acids (referred to
               as medium-chain triglycerides, or MCTs) are not converted to chylomicrons. Medium-chain triglycerides are absorbed in the blood and transported to the liver,
               where they are quickly broken down into fatty acids and glycerol. Supplemental medium-chain triglycerides can cause gastrointestinal
               side effects, including abdominal cramps, diarrhea, and nausea (65, 132).
            

            
            
         

         
         
         
            
            Storing Fat in Adipose Tissue

            
            
            
               
               All energy-yielding macronutrients—carbohydrate, protein, and fat—can be stored as body fat. When more calories are consumed
                  than are burned, excess is stored in adipose tissue (body fat) for later use. The enzyme lipoprotein lipase breaks down triglycerides
                  from lipoproteins in the bloodstream. Fatty acids, diglycerides, and monoglycerides are delivered to adipose cells, where
                  enzymes reassemble these parts into triglycerides for storage (25). While the majority of excess fat is stored in adipose
                  tissue (fat tissue), small amounts are stored in skeletal muscle (105).
               

               
               
               
               
               
                  
                  Nutrition Tip

                  
                  
                  
                     
                     Although excess calories lead to weight gain, the composition of energy-yielding macronutrients in the diet determines if
                        excess calories contribute to greater increases in fat storage or lean body mass. When a greater amount of excess calories
                        consumed comes from fat, more energy is stored as body fat, when compared to consuming a greater amount of excess calories
                        from carbohydrate. Carbohydrate overfeeding increases total calories burned, whereas overfeeding fat does not (23, 41). Overfeeding
                        protein appears to lead to greater increases in lean body mass, as opposed to fat mass, in comparison to overfeeding carbohydrate
                        or fat (29).
                     

                     
                     
                     
                     
                     
                     
                  

                  
                  
               

               
               
               
                  
                  Do You Know?

                  
                  
                  
                     
                     Consuming more calories than needed drives the storage of fat in adipose cells. However, the acute (i.e., short term, such
                        as after a large meal) storage of fat is not as important as calorie balance over time. Even if more calories are consumed
                        than needed over the course of a few hours or a day, the body will pull fat from adipose tissue for energy during periods
                        when fewer calories are consumed than needed.
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
            

            
            
            
            
         

         
         
         
            
            Using Body Fat

            
            
            
               
               Skeletal muscle and adipose tissue, as well as the heart, lungs, kidney, and liver, break down stored body fat. Stored triglycerides
                  are degraded into free fatty acids and glycerol by the enzyme lipoprotein lipase. The fatty acids are transported in the blood
                  and taken up by cells. Most of the cells in the human body can oxidize fatty acids to produce energy, but the brain and nervous
                  tissue cannot use fatty acids for fuel. The fatty acids can also be repackaged into triglyceride molecules and stored until
                  needed. The glycerol released from the breakdown of body fat is transported to the liver, where a phosphate is added. The
                  resulting compound can be used as triglyceride by the liver or be converted into a compound that enters glycolysis or gluconeogenesis
                  (25).
               

               
               
            

            
            
         

         
         
      

      
      
      

         
         Dietary Fats and Exercise
         

         
         
         
            
            Although the human body has a limited capacity to store carbohydrate, fat stores are vast, even in lean athletes, providing
               enough energy to fuel several back-to-back marathons (36). For instance, a 160-pound athlete with 4 percent body fat has approximately
               22,400 calories stored in fat tissue (33). Despite significant fat reserves in the human body, fat is a slow source of fuel;
               it takes time and requires oxygen to break down fat—a process called lipolysis—for use as energy during exercise. At rest
               and during low-intensity exercise (walking for instance), fat is the primary source of energy used (100). Low-intensity exercise
               is not calorically demanding; the body does not need as many calories to walk as it does to run. Thus the rate of fat breakdown
               can easily meet energy needs during low-intensity exercise. As exercise intensity increases from low to moderate, the amount
               of fat released from adipose tissue into the bloodstream decreases, while intramuscular triglyceride use increases (91). Increasing
               intensity from moderate to high decreases the percentage of fat used as energy, while carbohydrate (from glycogen and glucose)
               use increases.
            

            
            
            Though higher-intensity exercise shifts fuel use from fat to carbohydrate as the preferred source of energy, training and
               diet also influence the type of energy used. Consistent aerobic training increases the muscle’s capacity to use fat as a source
               of energy (50). In addition to training, the body will adapt to greater reliance on fat for energy when a higher-fat, lower-carbohydrate
               diet is consumed consistently over a period of time (39, 50). Adapting to a higher-fat, lower-carbohydrate diet does not necessarily
               translate to improved performance (42, 92, 97, 102). In addition, training with low glycogen stores can suppress immune and
               central nervous system functioning (19, 39).
            

            
            
            
            
            
               
               Do You Know?

               
               
               
                  
                  Excess dietary fat should be avoided before workouts and competition. Fat slows the rate of digestion. The combination of
                     digestion and exercise can lead to stomach cramps (2, 99).
                  

                  
                  
                  
                  
                  
               

               
               
            

            
            
            
               



            
            
            

         
         
         
      

      
      
      



There is no known performance advantage to a high-fat, low-carbohydrate diet; in fact, this strategy is detrimental to athletes
                  engaging in high-intensity activity.
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         Summary
         

         
         
         
            
            Dietary fats and oils are sources of energy and aid in the absorption of fat-soluble vitamins A, D, E, and K, as well as certain
               food components such as carotenoids. However, only two types of fatty acids—linoleic acid (LA) and alpha-linolenic acid (ALA)—are
               considered essential, while the human body can make other fatty acids as needed. Small amounts of LA and ALA are necessary
               for the structural integrity of cell membranes, synthesis of eicosanoids, and cellular communication. Although not considered
               essential, because the body can make them from ALA (though this process is inefficient), EPA and DHA are beneficial for cardiovascular
               health. EPA and DHA also help decrease inflammation, and DHA is necessary for optimal brain development and function. Emerging
               evidence supports a role for EPA and DHA in joint health, particularly for those with rheumatoid arthritis, decreasing inflammation
               and restoring muscle function after damaging bouts of resistance exercise in untrained individuals, and improving strength
               and muscle mass in the elderly.
            

            
            
            Industrially produced trans fats, found in partially hydrogenated oils, are harmful. Man-made trans fats also have a negative
               impact on cholesterol, yet they are not consumed in large amounts in the diet and are thus considered safe in the amounts
               typically consumed. Certain saturated fatty acids increase LDL and total cholesterol risk factors for cardiovascular disease.
               Substituting polyunsaturated fatty acids for saturated fat can help lower total cholesterol and LDL cholesterol, a strategy
               associated with a reduction in heart attacks and death from heart attacks and improved insulin sensitivity.
            

            
            
            Excess calories from protein, carbohydrate, or fat can be stored in fat tissue. However, excess calories coming from dietary
               fat are more likely to be stored as body fat. Although fat can be used as a source of energy during exercise, it is a slow
               source and can thus meet energy demands only during low-intensity exercise. 
            

            
            
            
            
            
               
               For Review

               
               
               
                  
                  
                     
                     	How does saturated fat affect risk factors for cardiovascular disease?

                     
                     
                     	Should saturated fat be replaced in the diet? If so, with what nutrients and why?

                     
                     
                     	How does high blood cholesterol affect risk for cardiovascular disease?

                     
                     
                     	What factors influence how much fat is used during exercise?

                     
                     
                     	Why are the essential fatty acids important for health?

                     
                     
                     	Describe the cardiovascular benefits associated with fatty fish and fish oil supplements.

                     
                     
                     	How does overeating dietary fat compare to overeating carbohydrate?

                     
                     
                     	Describe how EPA and DHA can influence muscle.

                     
                     
                     	Where is stearidonic acid (SDA) found? Is SDA beneficial for health?
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Chapter Objectives

            
            
            
               
               After completing this chapter, you will be able to do the following:

               
               
               
                  
                  	Explain the types and basic functions of amino acids.

                  
                  
                  	Outline the classification of proteins.

                  
                  
                  	Explain the digestion, absorption, and metabolism of proteins.

                  
                  
                  	Describe the metabolic fates of proteins.

                  
                  
                  	Summarize the concepts and factors affecting protein synthesis.

                  
                  
                  	Describe the differences between general protein guidelines and those for athletes.

                  
                  
                  	Define vegetarianism and veganism, and explain how these dietary practices affect athletes.

                  
                  
               

               
               
               
               
            

            
            
         

         
         
         Foods from both animals and plants contain dietary protein. Protein helps build structures in the body and is involved in
            multiple chemical reactions. The body is efficient at recycling amino acids from proteins broken down through the body. However,
            this process cannot meet all of the human body’s amino acid needs, so dietary protein is necessary to prevent excess breakdown
            of protein in skeletal muscle to meet the need for amino acids. In this chapter we describe several aspects of protein from
            amino acid and protein classification to digestion, absorption, and metabolism. We also delve into the unique protein needs
            of those who are physically active and how dietary protein can be manipulated to support health, training adaptations, and
            competition goals of athletes. Finally, we look at vegetarianism, veganism, and other dietary practices and their implications
            for athletes.
         

         
         
      

      
      
      

      
      
      

         
         Amino Acids
         

         
         
         
            
            Amino acids are the building blocks of protein and make up the sequences of peptide bonds to form protein structures (figure 5.1). In biochemistry, there are multiple ways to classify hundreds of amino acids and simple compounds made of amino acids found
               in nature. In human nutrition, the primary way to classify amino acids is based on the amino acid’s ability to create proteins
               or serve as precursors to proteins. These amino acids are referred to as proteinogenic, and 23 amino acids fit this classification, of which 20 are used by the human body to make a variety of proteins that work
               to properly support all structure and function in human physiology. With the exception of the amino acid proline, all amino
               acids contain carbon and are considered organic compounds. These amino acids are comprised of a nitrogen (-NH2) and a carboxylic acid (-COOH) functional group as part of their main structure. Also present is a side chain (R) specific
               to each individual amino acid. These R chains can vary from a simple hydrogen atom found in glycine to a complex ring of carbon
               and hydrogen atoms, as in phenylalanine. The R chain gives the amino acid its identity, distinguishing its unique features.
               Because of these side chains, each amino acid differs in shape, size, composition, electrical charge, and pH.
            

            
            
            
               



            
            
            

         
         
         

      
      
      



Figure 5.1    All amino acids consist of this basic frame and a unique side chain.
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            Within any of the many complex classes of amino acids, considerable differences occur in shape and physical properties, so
               amino acids are often grouped into their functional subgroups (figure 5.2), of which there are several types. Amino acids with an aromatic group (phenylalanine, tyrosine, tryptophan, and histidine)
               are often grouped together. The branched chain amino acids (BCAAs) consist of leucine, isoleucine, and valine. These amino acids are found in food sources of protein, but are most
               abundant in complete sources of protein that contain all the essential amino acids needed by the body (e.g., animal sources
               of protein such as beef, poultry, dairy, eggs, fish, and the plant-based protein soy) (7). BCAAs are an important subgroup
               of amino acids that are unique in muscle physiology as the only amino acids that can be directly taken up by muscle tissue
               and oxidized for energy. BCAAs also play an important role in supporting muscle adaptation to exercise by triggering the activation
               of anabolic machinery in the muscle to promote muscle protein synthesis (MPS) and a net positive balance in muscle protein
               accretion. When studying amino acids in biochemistry, classification can occur in many categories related to their charge,
               size, and optical activity.
            

            
            
            
               



            
            
         

         
         
         

      
      
      



Figure 5.2    Amino acid classification.
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            Amino Acid Roles in Metabolism

            
            
            
               
               Amino acids are diverse in their activities in different metabolic pathways and can have fates based on the metabolic needs
                  of the body. As discussed in chapter 2, an amino acid can be oxidized for energy by disposing of its nitrogen group and donating
                  its carbon skeleton to the TCA cycle or can be processed into glucose in the liver. While retaining their nitrogen group,
                  amino acids can be incorporated into proteins in the body or used in the formation of other nitrogen-containing compounds,
                  which includes the synthesis of nonessential amino acids. Of the 20 amino acids incorporated into human protein, an important distinction is whether or not the amino acid is essential
                  in the diet or can be made by the body. Nonessential amino acids are also known as “dispensable” because they can be removed
                  from the diet and still be made from other amino acids or from simpler precursors. For several other amino acids, no synthetic
                  pathway exists in the body; these amino acids are termed “essential,” or “indispensable.” Nine essential amino acids are found
                  in our diet, eight of which are clearly indispensable for adults. These eight essential amino acids are phenylalanine, valine, threonine, tryptophan, isoleucine, methionine, leucine, and lysine. The ninth, histidine, is essential
                  for infants and believed to be essential for adults in small amounts but has not been documented in healthy adults (16). All
                  other amino acids are considered either nonessential—alanine, asparagine, aspartic acid, glutamic acid, and serine; conditionally
                  essential—arginine, cysteine, glutamine, glycine, proline, and tyrosine; or are categorized as simple ammonium (carnitine),
                  nitrogenous (creatine), or gamma (glutathione) compounds. “Conditionally essential” means that particular amino acids are
                  normally synthesized in adequate amounts but become limited when adequate amounts of precursors are unavailable to meet the
                  needs of the body. These amino acids can become essential during times of stress, injury, or illness (8). For example, many
                  conditionally essential amino acids are abundant in seafood and meat and can also be synthesized from other amino acids, but
                  the body has trouble meeting synthetic demands, without help from the diet, as a result of trauma, infection, and kidney failure.
                  Glutamine, a normally nonessential amino acid, provides fuel for rapidly dividing cells and is a preferred fuel for intestinal
                  cells. However, after trauma or periods of critical illness, the body has an increased need for glutamine, which must be met
                  by the diet. In addition to the essential and nonessential amino acids described that are incorporated into protein, other
                  amino acids appear in the body and have important physiological functions. Hydroxyproline and hydroxylysine are two examples
                  of modifications of amino acids that are produced when proline and lysine are hydroxylated in collagen. Collagen, which is discussed later in the chapter, is the most abundant protein in the human body and provides the scaffolding to
                  provide strength and structure to hold the body together. Other examples of nonproteinogenic amino acids involve amino acid
                  incorporation into the neurotransmitters GABA and L-Dopa.
               

               
               
               Note that other sources discussing amino acids will list 9 essential amino acids but might classify the remaining 11 amino
                  acids under different categories, and perhaps also include other amino acids–like nitrogenous compounds as amino acids. This
                  explains why some sources cite more than 20 amino acids as important to human physiology. In summary, under normal conditions
                  the adult body has the ability to manufacture the 11 nonessential (includes those classified as conditionally essential) amino
                  acids. Amino acids can be arranged in many different combinations; if cells have all 20 amino acids at their disposal, it’s
                  possible for the body to make a bewildering number of combinations to create tens of thousands of different protein chains.
               

               
               
               Nine Essential Amino Acids

               
               
               
                  
                  	Histidine (essential at least for infants and perhaps for adults)

                  
                  
                  	Isoleucine

                  
                  
                  	Leucine

                  
                  
                  	Lysine

                  
                  
                  	Methionine

                  
                  
                  	Phenylalanine

                  
                  
                  	Threonine

                  
                  
                  	Tryptophan

                  
                  
                  	Valine

                  
                  
               

               
               
               Eleven Nonessential Amino Acids 

               
               
               
                  
                  	Alanine

                  
                  
                  	Arginine*

                  
                  
                  	Asparagine

                  
                  
                  	Aspartic acid

                  
                  
                  	Cysteine*

                  
                  
                  	Glutamic Acid

                  
                  
                  	Glutamine*

                  
                  
                  	Glycine*

                  
                  
                  	Proline*

                  
                  
                  	Serine

                  
                  
                  	Tyrosine*
                     *Conditionally essential amino acids during stress, illness, or injury

                     
                     
                  

                  
                  
               

               
               
            

            
            
         

         
         
         
            
            Amino Acids as a Fuel Source

            
            
            
               
               Although the human body prefers to burn carbohydrate and fat to create ATP, protein can also be broken down by the body (catabolized)
                  to be used as an energy source or to make new glucose in the liver (a process known as gluconeogenesis, discussed in chapter
                  2). While it is important to understand that metabolism is complex and that no metabolic pathway, including protein oxidation,
                  is ever shut down, the use of carbohydrate and fat as energy sources allows protein to be used for protein synthesis and the
                  other essential bodily functions. If we do not consume enough energy to sustain vital functions, such as maintaining our blood glucose levels, the body will
                  readily sacrifice its own protein, preferentially from skeletal muscle tissue, to make glucose for use by our nervous system
                  and other vital organs. In order for protein to be used for energy production, amino acids must be released from their protein
                  structures from a body source or through the process of digestion from the protein foods we eat. Free amino acids from the
                  bloodstream derived from digestion and absorption or from endogenous protein catabolism must then go through a process called
                  deamination to remove their nitrogenous functional unit and free up the carbon skeleton backbone that can enter energy transfer
                  pathways, such as the TCA cycle, within many cells in our body. The roles of amino acids in energy metabolism are further
                  discussed in chapter 2. Figure 5.3 shows several entry points for amino acids into the TCA cycle to help meet the ATP demands of working cells. In the absence
                  of severe metabolic stress and trauma, fortunately, the oxidation of protein as an energy source is minimal and takes a backseat
                  to the oxidation of fat and carbohydrate in production of ATP. This allows for protein to be conserved for structural, metabolic,
                  and homeostatic roles within the body.
               

               
               
               
                  



               
               
               
               
               
               

            
            
            
            
         

         
         
      

      
      
      




Figure 5.3    Entry points of amino acids.
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                  Amino Acid Pool

                  
                  
                  
                     
                     Putting It Into Perspective

                     
                     
                     The free amino acids distributed throughout the body in the extracellular fluids and blood make up the amino acid pool (figure 5.4), which is available for protein synthesis at any given time. Amino acids that constantly enter the pool are those that have
                        been catabolized from other tissues, those made in the liver, and those from protein digestion. In addition to protein synthesis,
                        amino acids from the pool can also be broken down to participate in other metabolic pathways. By being broken down, they produce
                        energy and unstable molecules known as amino groups (-NH2). The -NH2 is quickly converted into ammonia (NH3) and expelled by the cells as a toxic by-product taken up for processing by the liver. The liver can detoxify this molecule
                        by combining it with another amino group in the presence of carbon dioxide to generate urea and water. This process is a component
                        of the metabolic pathway known as the urea cycle. The nitrogen-rich urea compound is released by the liver and travels to the kidneys, where it is filtered from the blood
                        to form urine, which is then sent to the bladder for excretion. Other nitrogen-containing compounds are also excreted in the
                        urine in small amounts, such as ammonia, uric acid, and creatine. The primary source of nitrogen lost by the body is present
                        in the form of urea, but some nitrogen is also lost through skin and nails, sloughed-off gastrointestinal cells, mucus, and
                        other body fluids. The cycling of amino acids in the amino acid pool is determined based on the metabolic demands of the body.
                        For example, the liver regulates the blood level of amino acids based on tissue needs and breaks down and converts excess
                        amino acids to carbohydrates for energy production.
                     

                     
                     
                     
                        



                     
                     
                     
                     
                     
                     
                     
                  

                  
                  
               

               
               
               

            
            
            
            
         

         
         
      

      
      
      






Figure 5.4    The makeup of the amino acid pool is derived primarily from endogenous protein breakdown and supplemented by protein ingestion.
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                  Do You Know?

                  
                  
                  
                     
                     Diets high in protein have a low risk profile for harming the body and can be quite healthy, especially if you are pursuing
                        an active lifestyle. The healthy body is very efficient at handling waste products associated with protein metabolism. The
                        key to maintaining a healthy high-protein diet is to focus on consuming a variety of foods from all food groups.
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
            

            
            
            
            
         

         
         
      

      
      
      

         
         Classification and Function of Protein
         

         
         
         
            
            Amino acids come together to make protein, and protein is second only to water as a component of all plant and animal tissues.
               Protein plays an integral role in every human cell, vital to the structure, function, and health of the human body. In many
               ways, proteins are intricate molecules that can constantly change in response to various stimuli the body encounters daily.
               Body proteins are constantly broken down, and amino acids from the amino acid pool are used to supply our body with the majority of the new amino acids required to support constant
               body protein turnover—thus, more of the amino acids are recycled than are supplied in the diet. The largest portion of protein
               demands come from body proteins that are broken down via catabolism as a part of normal protein turnover to provide building
               blocks to synthesize body proteins. This is the primary reason we need relatively little protein in our diet when we are not
               physically active and have minimal physiological stress. That said, dietary protein remains extremely important; when inadequate,
               increased catabolism of body protein occurs to replenish the amino acid pool, which can lead to the breakdown of essential
               body tissue. This importance is obviously magnified in times of metabolic stress, such as infection, inflammatory disease,
               and trauma but is also of key importance for athletes who desire to maintain sufficient levels of different proteins in the
               body that are crucial to health and performance.
            

            
            
            Although the primary sources of protein in the average American diet are beef and poultry (21), all meat, cheese, milk, fish,
               and eggs are high-quality sources of animal protein. High-quality protein sources contain all the essential amino acids that
               the body cannot synthesize on its own and are largely found in animal foods. Some plant foods are also a good source (10–19%
               of daily needs) or high source (>20% of daily needs) of protein (34). Beans, peas, grains, nuts, seeds, and vegetables all contribute protein to the diet, while also providing vitamins, minerals, and phytonutrients;
               they typically have the bonus of being low in fat and high in fiber. However, not all grains and vegetables are good sources
               of protein, containing a complete profile of essential amino acids. Table 5.1 presents some common high-protein food sources.
            

            
            
            



         
         
         

      
      
      



               [image: ]

            

            
         

         
         
         
            
            Protein Formation

            
            
            
               
               All protein consumed in our diet, regardless of the source, is digested, absorbed as amino acids, and reassembled in our bodies.
                  Digested animal and plant sources of protein contribute a wide array of amino acids to the “protein pool” in the body to make new proteins. In order to support human growth
                  and repair, as well as protein turnover, the proper amount and proportion of amino acids is required. To form protein in our
                  body, amino acids are joined together in long strings by covalent chemical bonds known as peptide bonds (figure 5.5). These bonds form when a carboxyl group of one amino acid reacts with the amino group of another to form peptide chains that are arranged in a biologically functional
                  way to form proteins. Their structure and function serve as the centerpiece for the biochemical reactions of life.
               

               
               
               
                  



               
               
               

            
            
            
         

         
         
         

      
      
      




Figure 5.5    A protein peptide bond.
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               When amino acids start linking together via peptide bonds, and eventually form a protein, the complex characteristics work
                  together to determine the specific function of that protein. The number of bonds formed determines the name of the bond. Dipeptides
                  and tripeptides are two and three amino acids joined together by peptide bonds, respectively. A polypeptide contains more than 10 amino acids. Strands of proteins (made from polypeptide chains) can be linked together by peptide bonds
                  in up to hundreds of amino acids long. The vast number of biological functions that proteins perform depends on their structural
                  arrangement. Proteins can fold into one or more specific spatial conformations through many biochemical interactions. Protein
                  structures can contain tens to several thousand amino acids and can vary greatly in size (4). Additionally, when performing
                  their biological function, these complex protein structures can go through many structural changes, called conformational
                  changes, to effectively modify their function.
               

               
               
               Amino acid residues come in several levels of protein structures, referred to as primary, secondary, tertiary, and quaternary
                  structures (figure 5.6). When referring to a protein’s primary structure, its sequence of amino acids forms one or more polypeptide chains. The
                  secondary structure of a protein is the coiling or folding of its polypeptide chains and is primarily a result of hydrogen
                  bonding between amino acid chains. The tertiary structure of a protein refers to its three-dimensional shape caused by weak
                  interactions among side groups and interactions between side groups and the fluid environment. Finally, the quaternary structure
                  of a protein is the final three-dimensional structure formed by all the polypeptide chains making up the protein. An example
                  of a quaternary protein structure important in sports nutrition is hemoglobin, an iron containing protein that is a component
                  of red blood cells. Hemoglobin binds oxygen from the lungs to be delivered throughout the body, including exercising muscles,
                  while picking up carbon dioxide to shuttle back to the lungs for drop-off and exhalation.
               

               
               
               
                  



               
               
               

            
            
            
         

         
         
         

      
      
      




Figure 5.6    Protein structure hierarchy.
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               Dietary proteins, as well as protein that make up the body, are long polypeptides, with peptide bonds linking hundreds of
                  amino acids. Proteins, both small and large, reside in every part of the body participating in key physiological functions.
                  The largest source of protein in the human body is found in muscle, where a large and diverse family of proteins form contractile
                  fibers and a structural framework that make up muscle tissue. Contractile protein fibers slide alongside each other, shortening
                  and lengthening to contract and relax the muscle tissue.
               

               
               
               
               
               
                  
                  Do You Know?

                  
                  
                  
                     
                     Depending on your hydration status, 1 pound (454 g) of your skeletal muscle tissue consists of approximately 70 percent water,
                        approximately 22 percent proteins, and 7 percent lipid. If you take 22 percent of 454 grams, you get approximately 100 grams
                        of protein in 1 pound of muscle tissue. In comparison, fat tissue contains approximately 50 percent water (18). Individuals
                        with more muscle mass have a higher content of body water.
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
            

            
            
            
         

         
         
         
            
            Protein Functions

            
            
            
               
               Intact body proteins are very diverse in human physiology, serving a structural role for muscles, skin, bones, and connective
                  tissue. In fact, the human body contains thousands of different proteins, each with a specific function determined by its
                  shape. For example, enzymes work to speed up chemical reactions, whereas hormones serve as chemical messengers. Antibodies are proteins that make up our immune system and protect us from foreign pathogens. Proteins also serve as regulators by helping
                  to pump molecules across cell membranes. They can serve as fluid regulators by attracting water to keep body water in the
                  right place and can influence acid-base balance by releasing or gaining hydrogen ions as needed. Finally, proteins can play
                  a key structural role in serving as transporters of oxygen, vitamins, and minerals for delivery to target cells throughout
                  the body. Key characteristics of the structural and mechanical functions of proteins, enzymes, and hormones, and the role
                  of protein in immune function, fluid, and acid-base balance, as well as their role in blood transport, are shown in figure 5.7 and described in detail later in the chapter.
               

               
               
               
                  



               
               
            

            
            
            

         
         
      

      
      
      




Figure 5.7    Proteins have multiple functions throughout the body.
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               Structure

               
               
               
                  
                  The most abundant single protein in the body of all mammals is collagen. This protein serves as the major constituent of bones
                     and teeth and helps to maintain the structure of every connective tissue within the human body. Collagen relies on its densely
                     packed structure to contribute elastic strength to bones and skin. Keratin is another structural protein that primarily serves
                     to provide the anatomical structure for hair and nails. Motor proteins, such as the contractile fibers described earlier,
                     also provide structure and make up a significant portion of skeletal and smooth muscles. These proteins initiate mechanical
                     movement by harnessing the body’s chemical form of energy (ATP) into mechanical work to make muscles contract.
                  

                  
                  
               

               
               
            

            
            
            
               
               Enzymes

               
               
               
                  
                  Enzymes are proteins that function to speed up or catalyze chemical reactions in the body to make or change substances that
                     are often referred to as products. There are thousands of enzymes within each cell of our body, each with its own purpose
                     to drive a reaction forward. Enzymes can be thought of as shepherds that steer and regulate a reaction. Enzymes interact with
                     the substrates of a chemical reaction to form new biological products affected by the chemical reaction (figure 5.8). Substrates can bind to the enzyme’s active site, causing the active site to change shape, resulting in a better fit for
                     multiple substrates to interact. The enzyme can then maneuver the substrates so they bind and form the product. The product
                     is then released and the enzyme can return to its normal shape to interact with other substrates and keep the metabolic processes
                     moving. For example, our skeletal muscles contain hundreds of enzymes to catalyze a series of reactions that allow them to
                     break down fuel sources (carbohydrate, protein, and fat) to eventually generate the ATP that facilitates muscle contraction.
                     As discussed in chapter 2, multiple enzymatic reactions work to help decide the fate of pyruvate. Proteins working as enzymes
                     are also very prominent every time we digest our food. Multiple enzymes work to target food proteins, carbohydrates, and fats
                     and break them down into smaller particles to prepare them for absorption in the small intestine. Lactase is an excellent
                     example of a digestive enzyme that breaks down the carbohydrate lactose into smaller sugars.
                  

                  
                  
                  
                     



                  
                  
                  

               
               
            

            
            
            

         
         
      

      
      
      





Figure 5.8    Enzyme binding. Enzymes with the addition of a substrate forms a product.
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                  Just as amino acids build proteins that create complex polypeptide bonds that in turn form complicated protein structures,
                     these proteins structures are also constantly turning over (i.e., broken down and replaced). A process called protein denaturation
                     is the initial catabolic event responsible for destabilizing a protein’s shape. Several forms of stimuli can initiate this
                     cascade of events in the body. Outside of the body, many examples of denaturation can be observed by how we prepare the protein
                     foods in our diet for eating. Treating a food with acid, alkalinity, heat, alcohol, oxidation, and agitation can all disrupt
                     a protein’s three-dimensional shape, causing it to unfold (denature) and lose its shape and function. A good visual example is an egg cooking in a skillet. The heat causes the protein bonds
                     in the egg to break and unfold. The broken proteins then crowd each other and crowd tightly to form an opaque egg solid. When
                     lemon juice is added to milk, the milk proteins denature and curdle because of the acid in the juice. In human nutrition,
                     the best example of an acid denaturing dietary protein occurs in the stomach during digestion as hydrochloric acid (HCL) is
                     released by parietal cells found in the stomach lining. This acid denatures dietary proteins, uncoiling them into simpler
                     chains with greater surface area for digestive enzymes to attack their peptide bonds. The process of protein digestion is
                     covered in more detail later in the chapter.
                  

                  
                  
               

               
               
            

            
            
            
               
               Chemical Messengers

               
               
               
                  
                  Proteins also play an instrumental role as chemical messengers, called peptide hormones, which interact with cells to signal
                     intracellular events. Insulin (figure 5.9) and growth hormone are two examples of many peptide hormones made in specific parts of the body that act on cells in other
                     parts of the body. Many of these proteins have important regulatory functions, are relatively fragile, and have a fairly short
                     half-life so that their breakdown can limit the degree of chemical signaling that occurs.
                  

                  
                  
                  
                     



                  
                  
               

               
               
            

            
            
            

         
         
      

      
      
      





Figure 5.9    Insulin is a polypeptide structure.
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               Immunity

               
               
               
                  
                  Proteins play a key role in bolstering our immune defense against pathogenic invaders such as bacteria and viruses. Antibodies
                     are blood proteins that attack and deactivate these invaders to prevent infection. Antibodies are produced in response to
                     a previous infection so the body can quickly respond the next time that germ invades. Immune cells can keep a memory of each
                     previous viral invasion to mount a faster response during future invasions.
                  

                  
                  
                  
                  
                  
                     
                     Do You Know?

                     
                     
                     
                        
                        Influenza (flu) vaccines are an example of a public health initiative that provides individuals with a small amount of a dead
                           or deactivated virus that does not cause an infection but does cue the body to make antibodies to prepare for the potential
                           of a future invasion of the virus. Immune cells retain memory of the protein material provided in the vaccine to mount a fast
                           response if the flu virus invades.
                        

                        
                        
                        
                        
                     

                     
                     
                  

                  
                  
               

               
               
               
            

            
            
            
               
               Fluid Maintenance

               
               
               
                  
                  In addition to serving an important role in immune function, proteins also function in promoting fluid and acid-base balance.
                     In the human body, fluids are found in two basic areas: inside of cells (intracellular) or outside of cells (extracellular). For the body to function properly, a healthy balance of fluid in each space is partially
                     maintained by specific proteins (figure 5.10). Proteins called globulin and albumin are large in size, attract water, and remain inside the blood. They function to attract water within this space to help balance
                     fluid that is lost through the force of the heart pumping blood and pushing the fluid fraction of the blood outside of the
                     blood vessels. Hospitalized patients who experience severe metabolic and catabolic stress resulting from trauma many times
                     become deficient in the blood protein albumin. Albumin deficiency disrupts normal fluid balance and control and results in
                     a form of tissue swelling known as edema. Proteins can also function to stabilize the body’s pH by serving as a buffer to
                     pick up extra hydrogen ions when acidity increases (pH decreases). On the other hand, when blood composition becomes slightly
                     basic (rise in pH), proteins can donate hydrogen ions in an effort to neutralize blood pH. The body works hard to keep the
                     pH in tight check, at a neutral measure close to 7.4 on a scale of 0 (acidic) to 14 (basic). Having a blood pH too far outside the range of 7.35 to 7.45 can cause disastrous consequences and has been observed clinically
                     as a result of severe hyperglycemia or trauma. If left unchecked, the unbalance can lead to acidosis and cause death within
                     a matter of hours, primarily by altering the function and activity of many proteins throughout the body.
                  

                  
                  
                  
                     



                  
                  
                  

               
               
               
            

            
            
            

         
         
      

      
      
      





Figure 5.10    Proteins such as albumin assist in the balance of fluid through attraction of water and serve to regulate vascular pressure.
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                     Do You Know?

                     
                     
                     
                        
                        Your body works hard to maintain an ideal pH balance, and tends to succeed. Your body has a complex system of buffers and
                           buffering systems continuously at work to keep pH values somewhere between 7.35 to 7.45. These systems are in place to prevent
                           metabolic and dietary factors from pushing the pH outside of the optimal range. Despite the popular belief that specific diets
                           or high-pH waters can “alkalinize” the body to promote health, the foods and fluids we consume have no significant impact
                           on blood pH.
                        

                        
                        
                        
                        
                     

                     
                     
                  

                  
                  
               

               
               
               
            

            
            
            
               
               Cell Transporters

               
               
               
                  
                  All body cells allow substances to pass into their intracellular space, while also working to excrete various substances.
                     These functions are maintained by protein transporters that act as channels and pumps to regulate intra- and extracellular
                     movement. Protein channels typically work by a process known as diffusion, during which substances freely pass in and out
                     without requiring energy. On the other hand, protein pumps utilize active transport that requires energy in the form of ATP to move substances across cellular membranes. Sodium-potassium pumps, often introduced
                     in undergraduate physiology classes, use a significant amount of ATP as a chemical energy source to move sugars and amino
                     acids and to control cell volume and nerve impulses. Proteins also act as carriers to transport important substances to tissues
                     throughout the body. An example of an important protein carrier is a chylomicron. This protein carrier is a type of lipoprotein that packages lipids from the fats that we consume so that these fats can be carried in the blood to peripheral tissues.
                     Have you ever heard the phrase oil and water do not mix? This would be the case with the fat in our water-filled blood without
                     lipoproteins. The chylomicron lipoprotein functions to engulf lipids in the center of its sphere-like core while embedded
                     hydrophilic (water loving) protein tails toward the outside of this protein molecule to be water-soluble and not “separate”
                     from the blood. Figure 5.11 shows an example of a protein transporter used in amino acid intestinal absorption and a chylomicron.
                  

                  
                  
                  
                     



                  
                  
                  

               
               
               
            

            
            
         

         
         
      

      
      
      





Figure 5.11    The chylomicron is a lipid-containing protein transporter used in the intestinal absorption of fat.
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                  It is clear that protein serves many diverse roles and is of significant importance to human health, function, and athletic
                     performance (table 5.2).
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                  In order to meet these responsibilities, the diet must provide adequate amounts of amino acids. In addition, the body must
                     have an adequate source of energy (calories) to allow dietary protein to optimally serve in these important roles instead
                     of being used (oxidized) as an energy source. Although a very small portion of the protein in the body contributes to ATP
                     synthesis, the proportion of protein used as a fuel source can increase through various stimuli, such as prolonged endurance
                     exercise or starvation. During prolonged endurance exercise (typically greater than 90 minutes), small increases in protein
                     oxidation occur, particularly if limited carbohydrate is consumed (13). The use of protein as an energy source can be problematic
                     in cases of starvation or anorexia nervosa and in chronic situations of inadequate energy intake. In these scenarios, the
                     chronic effect of elevated protein breakdown and oxidation for fuel has deleterious effects on health.
                  

                  
                  
                  
                  
                  
                     
                     Protein Is for Muscles But What Else?

                     
                     
                     
                        
                        Reflection Time

                        
                        
                        We know the importance of skeletal muscle proteins to athletic performance. Now consider several other proteins made in the
                           body that are key to an athlete’s success, such as collagen’s role in connective tissue and all the protein containing immune
                           regulators needed to maintain healthy immune function. Without proper formation and function of these proteins, it won’t matter
                           if your muscles are bigger and stronger—performance will ultimately suffer. New protein intake guidelines for athletic performance
                           (30) take this into account. While athletes do need more protein than their nonathlete counterparts, it is important not to
                           overdo protein consumption. Consuming healthy foods from all food groups is important in order to maintain diet quality.
                        

                        
                        
                        
                        
                     

                     
                     
                  

                  
                  
               

               
               
               
            

            
            
         

         
         
      

      
      
      

         
         Digestion and Absorption
         

         
         
         
            
            To fully appreciate how energy-yielding macronutrients are integrated during metabolism, we must first understand how they
               are digested and absorbed by the body. The body must first address these important tasks before it can use protein from food
               to make body protein (figure 5.12). Protein digestion begins in the mouth, where protein in foods is mechanically altered by chewing.
            

            
            
            
               



            
            
         

         
         
         

      
      
      



Figure 5.12    Protein digestion.
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            Digestion in the Stomach

            
            
            
               
               In the stomach, proteins are unfolded into long polypeptide chains by the action of hydrochloric acid (HCL). This stomach
                  acid also has a secondary, but equally important, responsibility. HCL interacts with a proenzyme called pepsinogen that is released by the cells of the stomach lining. In the stomach cavity, HCL works to unfold and cut off some of the amino acids that make up pepsinogen to change its form and function. This process activates pepsinogen to its
                  active protein digesting form, called pepsin. This enzymatic activation step within the gastric cavity and small intestine is common and strategic in the protein-digestion
                  process. The activation of these enzymes at the proper time ensures that dietary protein is digested at the right stage of
                  digestion. This process also protects the cells that create the proenzymes, because if each cell created only active forms
                  of these enzymes, the cell would end up digesting itself! In addition to the pathways that activate pepsin, the pepsin generated
                  from this reaction is very efficient at clipping peptide bonds of the proteins we consume and will activate more pepsin from
                  additional pepsinogen released into the stomach cavity. When digesting dietary protein, pepsin begins breaking down polypeptides
                  into shorter amino acid chains called peptides. As a result of HCL and pepsin action in the stomach, dietary proteins are
                  digested into smaller polypeptides and approximately 15 percent free amino acids.
               

               
               
            

            
            
         

         
         
         
            
            Digestion in the Small Intestine

            
            
            
               
               As polypeptides and smaller peptide chains leave the stomach, they enter the small intestine to complete the next phase of
                  digestion and prepare for protein absorption. As partially digested protein enters the small intestine, the duodenum detects protein in the partially digested food and signals duodenal cells to release the hormones secretin and cholecystokinin (CCK) into the bloodstream. These hormones trigger the pancreas to release other digestive substances into the small intestine.
                  At the same time, duodenal cells facing the inside of the gastrointestinal (GI) tract release enterokinases in the luminal brush border to activate additional enzymes to break other peptide bonds. Collectively, these events signal what is called the protease activation cascade in the duodenum. Secretin signals the pancreas to release water and bicarbonate in the intestine to neutralize the acidic
                  chyme, whereas CCK signals the pancreas to release a family of enzymes that have high specificity for breaking specific amino acid-amino
                  acid peptide bonds. As a result of enzymatic digestion of protein in the stomach (pepsin) combined with the action of pancreatic
                  enzymes (trypsin, chymotrypsin, elastase, and carboxypeptidase A and B) and the enterokinases found at the brush border of the small intestine,
                  the protein that was originally consumed now consists of more than 90 percent free amino acids combined with less than 10
                  percent small peptide chains.
               

               
               
            

            
            
         

         
         
         
            
            Absorption

            
            
            
               
               All along the small intestine, short peptide chains and single amino acids can be absorbed by intestinal endothelial cells.
                  These cells are aligned back to back on the surface of the intestinal villi. On the brush border membrane of these endothelial
                  cells are at least six different amino acid carriers, also known as channels or transporters, which have overlapping specificity
                  for different amino acids based on their physical and chemical characteristics. Transporters requiring sodium also require
                  ATP to move the amino acid to within the cell. This form of absorption is known as active transport. Other amino acids diffuse
                  across transporters through a process called facilitated diffusion. Most amino acids are transported by more than one transport
                  system (figure 5.13). Normally, proteins in foods supply a healthy mix of several amino acids, so amino acids that share the same transport system
                  are absorbed equally. As amino acids are absorbed in absorptive endothelial cells, other peptidases within the absorptive
                  cells are present to completely break down di- and tripeptides into single amino acids. The individual amino acids are then
                  absorbed into the bloodstream by leaving the endothelial cell and absorbed into the capillaries of the larger villi structure
                  and transported to the liver via the portal vein. Proteins not digested and absorbed in the small intestine pass through the large intestine and are excreted as feces. In
                  the absence of GI diseases such as celiac disease and cystic fibrosis, generally more than 90 percent of protein is absorbed
                  from the diet in the enterocytes that line the duodenum and jejunum, of which 99 percent enters the blood as individual amino
                  acids. Following absorption, most amino acids and a few absorbed peptides are transported via the portal vein to the liver
                  and then released into general circulation (figure 5.14).
               

               
               
               
                  



               
               
               
               

            
            
            
         

         
         
      

      
      
      




Figure 5.13    The transport of protein can occur through active transport and facilitated diffusion.
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Figure 5.14    Amino acid entry into a portal vein.
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                  Amino Acid Competition for Absorption

                  
                  
                  
                     
                     Putting It Into Perspective

                     
                     
                     Consuming a large amount of one particular amino acid can compromise the absorption of other amino acids that share the same
                        transporter. For instance, taking a dietary supplement consisting of a large dose of one amino acid, such as lysine, might
                        be interfering with the absorption of other amino acids from the diet. Lysine is classified as a basic amino acid (i.e., nonacidic)
                        and has a specific transporter shared with other basic amino acids, such as arginine. If arginine is consumed in low quantities
                        combined with lysine supplementation, the minimal arginine available will have limited access to absorption transporters saturated
                        with lysine. While it is possible that taking single-amino-acid supplements can cause imbalances that might interfere with
                        normal absorption of food-derived amino acids, particularly essential amino acids, there is not enough research in humans
                        to know exactly at what dosage this can be a problem.
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
            

            
            
            
         

         
         
      

      
      
      

         
         Metabolic Fate of Protein in the Body
         

         
         
         
            
            Various metabolic processes use amino acids derived from the liver and the bloodstream following intestinal absorption. As
               described earlier, these amino acids contribute to what is generically called the liver and blood amino acid pool of the body
               (see figure 5.4). In the bloodstream, amino acids from this pool are transported throughout the body and are available for synthesizing new
               proteins. In this section we will discuss how the body uses this amino acid pool for various synthetic and catabolic processes.
            

            
            
         

         
         
         
            
            Protein Synthesis

            
            
            
               
               As previously described, cells use peptide bonds to link amino acids and build proteins. The nucleus of every cell provides
                  the blueprint for the synthesis of thousands of proteins our bodies need to stay healthy and function properly. Our cells
                  store this important genetic information in the form of deoxyribonucleic acid (DNA) in each cell’s nucleus. To make new protein, cells signal a specific section with a very specific pattern of the DNA, called
                  a gene, to make a special type of ribonucleic acid (RNA) called messenger RNA (mRNA) (figure 5.15). This mRNA carries the blueprint sequence of amino acids needed in the protein to be synthesized. The mRNA leaves the nucleus
                  and attaches itself to one of the protein-making factories of the cell, called ribosomes, in the cell’s cytoplasm. During
                  synthesis, the 20 amino acids that are incorporated into human protein are carefully selected from the body’s amino acid pool
                  for protein synthesis when coupled to another type of RNA called transfer RNA (tRNA). Transfer RNA gathers the necessary amino acids in the cytoplasm of the cell and carries them to the mRNA. To synthesize
                  protein, strands of DNA are transcribed into mRNA, and then tRNA binds to mRNA in three-base groups, where enzymes attach
                  each amino acid to the growing protein chain in the cell’s ribosomes. Different combinations of three consecutive RNA molecules
                  in the mRNA provide a code for the synthesis of different tRNA molecules. However, the three-base combinations of mRNA are
                  recognized by only 20 different tRNA molecules, and 20 different amino acids are incorporated into protein during protein
                  synthesis. During protein synthesis, thousands of tRNAs each carry their own specific amino acid to the site of protein synthesis,
                  but only one mRNA controls the sequencing of the amino acids for a specific protein. A third type of RNA resides in the ribosome
                  (rRNA) and serves as a ribonucleic acid that is prevalent in the ribosomes that provide a structural framework for protein
                  synthesis and coordinate the many steps involved in protein synthesis.
               

               
               
               
                  



               
               
               

            
            
         

         
         
         

      
      
      




Figure 5.15    Gene expression occurs from DNA transcribed into mRNA, which is translated into a protein.
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               Protein synthesis requires all the amino acids required to build a specific protein; an insufficient amount of any one might
                  impede or slow formation of a polypeptide chain. If one nonessential amino acid is missing during protein synthesis, the cell
                  can either make that amino acid or obtain from the pool of amino acids in the liver via the bloodstream. If an essential amino
                  acid is missing, the body may break down some of its own protein to supply the missing amino acid. Without the particular
                  essential amino acid, synthesis of that specific protein will halt, and the incomplete protein that is made will be tagged for breakdown to recycle
                  the amino acids to the amino acid pool. The body then must decide which proteins are most important to make, while sacrificing
                  the structure and synthesis of others. A greater portion of skeletal muscle protein would be expected to be catabolized to
                  contribute to the amino acid pool, while some muscle-specific protein-synthetic pathways may be compromised.
               

               
               
            

            
            
         

         
         
         
            
            Protein Catabolism

            
            
            
               
               On the other side of the protein metabolism equation is protein catabolism, or breakdown. When proteins of a cell are catabolized,
                  the protein’s amino acids return back to circulation to contribute to the amino acid pool. The resulting amino acids can also
                  be classified according to the products they produce when metabolized to generate ATP. Amino acids can participate in gluconeogenic
                  (to make glucose) or ketogenic (to make ketones) pathways. There are three metabolic entry points for amino acids following
                  deamination. They include conversion of the amino acid to pyruvate in the cytosol of the cell, conversion to acetyl-CoA in
                  the mitochondria, or conversion to a TCA cycle intermediate. Some of these amino acids may be used again for protein synthesis,
                  while others may have their amino groups removed in the liver to produce energy or make molecules such as glucose, DNA, RNA,
                  neurotransmitters, hormones such as thyroxine, histamine, and many other important compounds.
               

               
               
            

            
            
         

         
         
         
            
            Nitrogen Balance

            
            
            
               
               Traditional attempts to evaluate whether the body is getting enough protein have involved a rudimentary method known as nitrogen
                  balance. Because nitrogen is excreted as proteins are recycled or used, we can estimate the balance of nitrogen in the body.
                  The nitrogen balance equation takes the grams of nitrogen consumed (dietary protein is 16% nitrogen) subtracted by the grams
                  of nitrogen lost (primarily as urea) over the timeframe of 24 hours to determine if someone is in a positive or negative nitrogen
                  balance.
               

               
               
               Classical nitrogen balance work has been useful for determining protein requirements to prevent deficiency in sedentary humans
                  in energy balance (37). However, this technique has also long been recognized as a flawed method due to several methodological
                  limitations (23) that minimize its utility in present-day nutrition science. It should be recognized that the nitrogen balance
                  technique is only a snapshot of what is occurring with nitrogen at the whole-body level and disregards the fact that protein
                  metabolism and turnover is a very complex and dynamic process that is always changing in all the different areas of the body.
                  The nitrogen balance technique assumes that all proteins in all body systems and tissues are behaving the exact same way and
                  relies on very rough estimates of nitrogen excretion that is usually only in the form of a 24-hour urine collection.
               

               
               
               Note that determining “need” to prevent deficiency is very different from assessing dietary protein amounts that are necessary
                  for proper adaptation to exercise and athletic performance. In the world of physical fitness and sport, athletes do not meet
                  this profile, and achieving nitrogen balance is secondary to an athlete whose primary goal is adaptation to training and performance
                  improvement (23). The nitrogen balance technique cannot provide insight into the kinetics of body proteins or account for
                  rapidly turning over body tissues. Finally, this technique certainly cannot provide accurate insight on dietary protein intake
                  recommendations for athletes and has created some confusion.
               

               
               
               Despite these limitations, the nitrogen balance technique has been used for years to help determine a need or requirement
                  for dietary protein to replaces losses and thus prevent deficiency and thus still has some purpose. A positive nitrogen balance
                  suggests nitrogen intake exceeds the sum of all sources of nitrogen excretion and has been historically interpreted as achieving
                  adequate protein status to prevent protein malnutrition. This positive balance suggests the body is adding protein effectively,
                  such as in the case of pregnancy or in supporting child and adolescent growth. Conversely, a negative nitrogen balance implies
                  nitrogen intake is less than the sum of all sources of nitrogen excretion. Those in a negative balance are thought to be losing
                  protein and may be experiencing starvation, severe illness with fever and infection, extreme weight loss, or recent trauma
                  (23, 26).
               

               
               
               General Equation

               
               
               N intake – (24-hr UUN* + 4**) = nitrogen balance

               
               
               Adding Protein Effectively

               
               
               14 – 12 = + 2.0

               
               
               Losing Protein

               
               
               14 – 16 = – 2.0

               
               
               *UUN = urine urea nitrogen; **+ 4 refers to grams of nitrogen from feces, hair, skin, and other body fluids.

               
               
               
               
               
                  
                  Do You Know?

                  
                  
                  
                     
                     Nitrogen assessment measures are commonly used to measure protein content in protein powder supplements for food-labeling
                        purposes. To take advantage of this, many manufacturers have been accused of adding other nitrogen-containing ingredients,
                        such as individual amino acids like glycine and taurine, and portraying them as grams of protein on the label, despite the
                        fact that these are incomplete proteins. How can you avoid amino acid spiking of protein powders? Read the ingredients to
                        look for added amino acids and cheaper, incomplete protein sources.
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
            

            
            
            
         

         
         
      

      
      
      

         
         Protein in the Diet
         

         
         
         
            
            Many organizations worldwide have recommendations regarding the amount of protein required to contribute to a healthful diet.
               When we think about the major food groupings that make up our diet, only fruits and fats contain minimal amounts of protein
               and are not considered protein sources. In the United States and Canada, the Recommended Dietary Allowance (RDA) is the accepted
               dietary standard for setting protein needs. The RDA for protein was calculated to meet the nutrition needs of most healthy
               people; however, it is important to note that the RDA assumes people are consuming adequate energy and other nutrients to
               allow their bodies to use the protein they consume for synthesis, rather than for energy. As mentioned earlier, when discussing protein recommendations for athletes, some confusion has surrounded the phrase “protein needs.” The RDA, for
               instance, is meant to prevent protein deficiency and does not take into account additional dietary protein that might be needed
               to prevent age-related sarcopenia or enhance physiological adaptations to exercise (14, 24).
            

            
            
            
            
            
               
               Calculating Protein Needs Based on the RDA

               
               
               
                  
                  Putting It Into Perspective

                  
                  
                  For a college freshman male who weighs 175 pounds, follow these steps to determine the gram amount of protein intake based
                     on the RDA.
                  

                  
                  
                  
                     
                     	Convert pounds to kilograms: 175 lb. / 2.2 kg = 79.5 kg

                     
                     
                     	Multiply kg body weight × 0.8 g/kg body weight: 79.5 kg × 0.8 g/kg = 63.6 g

                     
                     
                  

                  
                  
                  
                  
                  This means a male who weighs 175 pounds needs a minimum of 63.6 grams of protein to prevent protein deficiency, assuming he
                     is both healthy and sedentary. Based on new protein intake guidelines for athletic performance, if this college freshman participates
                     in regular exercise or sport, his protein needs rise 1.2 to 2.0 grams per kilogram (30).
                  

                  
                  
                  
                  
               

               
               
            

            
            
            Based on studies suggesting increased heart disease risk when diets are low in fat and high in refined carbohydrate (sugar),
               and increased risk of overweight, obesity, and heart disease when diets are high in fat, the Food and Nutrition Board set
               the acceptable macronutrient distribution range (AMDR) for protein in adults as 10 to 35 percent of total protein calories
               consumed (10). So if an individual requires 2,000 kilocalories per day in their diet to maintain their weight, their protein
               intake recommendations would range from 50 to 175 grams per day:
            

            
            
            2,000 kcals × (0.10 or 0.35) / 4 calories per gram of protein

            
            
            This range of protein intake is typically higher than the RDA.

            
            
            Protein historically provides about 15 to 16 percent of energy for adults in North America (5). Although the AMDR recommendations
               for protein are quite wide, and in many cases not very specific, for the first time, the AMDR allows for flexibility when
               considering protein needs for active individuals. This range is broad enough to cover the needs of most active individuals
               (15) and is elevated beyond the RDA to match the physical stress that increases the body’s need for additional protein. Exactly
               how much? This is a question that generates conversation and debate among many interested in the scientific community and
               continues to spark scientific inquiry, primarily in exercise science, but also for aging and specific clinical conditions.
               Many factors affect the protein needs of physically active individuals, and these elevated needs are linked to supporting
               various outcomes that may be very important to the athlete. Although training is now widely recognized to increase protein
               needs, the amount is often much less than most people think. However, it should not be assumed that adequate protein consumption
               in athletes is always the case, particularly in female athletes (23).
            

            
            
            
            
            
               
               Determining Protein Needs for Athletes

               
               
               
                  
                  Putting It Into Perspective

                  
                  
                  The primary method for determining protein needs for athletes is to use the gram per kilogram (g/kg) method. The use of the
                     AMDR is a secondary approach that can be used in conjunction with the g/kg approach but should not be used independently.
                     This is because the AMDR provides a wide range of protein intake for individuals, whereas the g/kg approach gives a more individualized
                     protein intake recommendation.
                  

                  
                  
                  
                  
                  
                  
                  
               

               
               
            

            
            
            
               
               Nutrition Tip

               
               
               
                  
                  When whole-food protein sources are not convenient, third-party tested supplemental protein powder is an alternative way to
                     meet protein-intake needs. Look for these protein sources:
                  

                  
                  
                  
                     
                     	Whey—milk protein that is the richest source of BCAAs and has the quickest digestion rate (20), leading to a quick rise in
                        blood amino acids to help muscles adapt to exercise.
                     

                     
                     
                     	Casein—a milk protein similar to whey but with slower absorption. Casein protein consumption helps stimulate muscle protein
                        synthesis like whey protein but occurs at a slower rate (caused by slow digestion) that might take several hours (22).
                     

                     
                     
                     	Egg—a high-quality protein with high biological value; a good option for those who prefer to avoid milk products.

                     
                     
                     	Vegetable (soy, pea, etc.)—a viable option for vegetarians, vegans, or others. Many soy and hemp products are beneficial because
                        they supply antioxidants, vitamins, minerals, and many essential amino acids. However, few plant sources of protein are considered
                        complete because of low levels of certain essential amino acids and lower digestive bioavailability affecting protein quality.
                     

                     
                     
                  

                  
                  
                  
                  
               

               
               
            

            
            
            How much protein does an individual normally consume, and how does this amount compare to the RDA? For a comprehensive assessment
               of how much protein an individual needs, it is important not only to understand variables, such as physiological stressors
               or the need of growth and recovery, but also how much protein is normally consumed. The most accurate method is to rely on
               food labels that list the quantity of protein (in grams) in a serving of food. By using food labels, the grams of protein
               consumed in one day can simply be added together. Clearly, not all foods have food labels, so using other methods to assess
               the protein quantity of these foods is essential. One method, used for decades, is to rely on food exchange lists. These lists
               provide serving sizes for most foods and combine this information with a corresponding number of exchanges for carbohydrate,
               protein, and fat. For example, one protein exchange equals one ounce, which corresponds to 7 grams of protein. So a 3-ounce
               chicken breast equals three exchanges and is estimated to contain 21 grams of protein. Other protein-containing food groups
               also have exchanges that can be used to estimate protein intake. A vegetable exchange provides 2 grams of protein, whereas
               a milk exchange provides 8 grams. A starch exchange contributes 3 grams of protein, whereas fat and fruit exchanges contribute
               zero protein. For those who prefer not to use food exchange lists, other strategies are commonly used. Food composition tables
               and “protein calculators” are prevalent online, and computer software programs are available for purchase. The most prudent
               strategy to ensure accuracy per the RDA is to visit the United States Department of Agriculture’s website at www.choosemyplate.gov.
            

            
            
            
            
            
               
               Whey Protein Isolate Versus Whey Protein Concentrate

               
               
               
                  
                  Putting It Into Perspective

                  
                  
                  Whey protein concentrate’s protein bioavailability can vary from 25 to 89 percent, and many products may contain lactose and
                     fat. Whey protein isolate is a higher quality protein because over 90 percent, by weight, is protein, and most products are
                     virtually lactose free. Be aware that there is usually a major taste difference between the two because of a lack of fat and
                     carbohydrate in whey protein isolate products.
                  

                  
                  
                  
                  
               

               
               
            

            
            
         

         
         
         
         
         
         
      

      
      
      

         
         Protein Quality
         

         
         
         
            
            Protein quality measurement is an assessment of the ability of a dietary protein source to fulfill our body’s requirement
               for indispensable (or essential) amino acids. The better the score, the better the food protein meets our body’s needs. Generally,
               protein quality refers to how well or poorly the body uses a given protein. Protein quality can also be defined by how well
               the essential amino acid (EAA) profile of a protein matches the requirements of the body, the digestibility of the protein,
               and the bioavailability of the amino acids. Although both animal and plant foods contain protein, the quality of protein in
               these foods differ. Meat, poultry, fish, eggs, milk, and milk products are all high-quality complete proteins that have at
               least 20 percent of their calories from protein. Protein isolated from soybeans also provides a complete protein that is equal
               to animal protein, with a slightly lower proportion of the amino acids cysteine and leucine. Soy protein may also offer unique
               health benefits, making it a good choice as a replacement for some of the protein we consume from animal sources. Soy protein
               does not contain saturated fat and has been linked to the reduced risk of several chronic diseases (38). Table 5.3 describes several methods available to measure the protein quality of food.
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            Besides ensuring energy intake is adequate with a wide variety of foods, a strategy to circumvent protein-quality concerns
               for those who choose to consume a more plant-based diet is to consume complementary proteins. A complementary protein is defined
               as two or more incomplete food proteins whose assortment of amino acids complement each other’s lack of specific EAAs so that
               the combination provides sufficient amounts of all the EAAs. Grain products tend to be low in the EAA lysine but high in the
               EAAs methionine and cysteine, while legumes such as beans are low in methionine and cysteine but high in lysine. Good examples
               of complementary proteins found in the diet are beans with rice, peanut butter sandwiches, pasta with beans, and chickpeas
               with sesame paste. Each one of these food pairs contain all the EAAs required to make new protein but by themselves (e.g.,
               the peanut butter without the bread) are limited in at least one EAA. Specific pairings of these foods do not need to be consumed
               together at the same time to make new body protein. Protein complementation is generally only important for people who consume
               little to no animal proteins. Provided that a variety of low-quality proteins are consumed as part of a healthy diet, the
               body will have access to all the EAA needed for optimal protein synthesis. Note that even small amounts of animal proteins
               can also complement the protein in plant foods and further minimize the need for protein complementation.
            

            
            
            In addition to assessing the general amino acid composition of foods, one can measure the quality of a protein in many other
               ways. We know that a high-quality protein provides all the EAAs in the amounts the body needs, provides enough other amino
               acids to serve as nitrogen sources for synthesis of nonessential amino acids, and is easy to digest. A protein food that provides
               all the EAAs but cannot be digested is useless to the body. Each technique to assess protein quality requires information
               about the amino acid composition and has been traditionally used to help formulate a special diet or to develop new feeding
               formulas for infants.
            

            
            
         

         
         
         
            
            Calculating Chemical Score

            
            
            
               
               Calculating the chemical score (also known as the amino acid score) of a protein is an easy way to determine a food’s protein
                  quality and refers simply to its amino acid profile rated to a standard or reference protein; each amino acid is rated on
                  a scale indicating how much of that amino acid is present compared to the reference protein (table 5.4). The amino acid composition of the reference protein closely reflects the amounts and proportions of amino acids humans
                  need. Currently, the pattern of amino acids required by preschool children is used as the reference (29). The idea is that
                  if a protein meets the needs of young, growing children, it should meet the needs of all other segments of the population.
                  In order to calculate the chemical score, the quantity of each of the EAAs in the test food (in milligrams) are divided by
                  the quantity of each of the amino acids found in the reference protein. The resulting numbers for each of the amino acids
                  are then multiplied by 100 to create a percentage score for each amino acid.
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               The amino acid with the lowest score is the limiting amino acid. This amino acid, by definition, presents in the smallest
                  amount relative to our biological need. The chemical score of the food protein is the same score as its limiting amino acid.
                  The weakness of the chemical score is that it is not used much anymore and is based off of an “ideal” reference protein that
                  some suggest serves as an antiquated concept. Further, the chemical score says nothing about digestion or how a given protein
                  is used by the body.
               

               
               
            

            
            
         

         
         
         
            
            Calculating Biological Value

            
            
            
               
               Biological value (BV) is one of the more common methods of measuring protein quality and is simply a measure of how much of the protein absorbed
                  by the digestive tract is retained in the body for growth and maintenance. This concept of nitrogen retention is primarily
                  a function of nitrogen absorption, since technically nitrogen cannot be “retained.” BV compares protein in versus protein
                  out to determine nitrogen absorption as a key element. Based on the calculation used to derive a BV, the highest possible
                  value is 100, meaning that the protein has an amino acid composition most similar to our needs. The protein that entered the
                  bloodstream will be most efficiently retained by the body. The BV is measured through a tedious process that involves feeding
                  subjects a protein-free diet, followed by a measured amount of protein. The amount that is excreted via urine, feces, and
                  skin are estimated, and BV is calculated. The final value represents nitrogen retention as a percentage of nitrogen absorption.
                  For example, the BV of corn protein is 60, meaning that only 60 percent of the absorbed corn protein is retained for use by
                  the body. BV is typically tested at very low protein intakes and can be a source of significant misinterpretation since most
                  adults, and especially athletes, consume adequate protein amounts. Further, the number of calories consumed has a significant
                  effect on BV values. Despite these limitations, BV is very accurate under conditions of low protein intake, but energy intake
                  (kilocalories) should be meticulously controlled.
               

               
               
            

            
            
         

         
         
         
            
            Measuring Net Protein Utilization

            
            
            
               
               Net protein utilization (NPU) is similar to BV, but simply compares the amount of protein eaten to the amount stored in the
                  body, or how much the body actually uses. BV takes digestion and actual absorption of protein into account, whereas NPU does
                  not. The nitrogen content of the test food is carefully measured and given to laboratory animals as their sole protein source.
                  Animal nitrogen excretion is then measured to determine how much of the food’s nitrogen content was retained. How efficiently
                  the animal uses the food protein to make body proteins determines the NPU score.
               

               
               
            

            
            
         

         
         
         
            
            Measuring the Protein Efficiency Ratio

            
            
            
               
               The protein efficiency ratio (PER) is a measure of the amino acid composition that accounts for digestibility. The amount of weight gain (in grams) of growing
                  animals fed a test protein is compared to the weight gain of growing animals fed a high-quality reference protein. This method
                  provides information on how well the body can use a test protein by understanding amino acid composition, digestibility, and
                  availability. This PER has been most commonly used to determine the protein quality of infant formulas.
               

               
               
               
                  



               
               
               

            
            
         

         
         
         

      
      
      




Amino acids in protein help build new proteins in muscle.
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            Measuring the Protein Digestibility Corrected Amino Acid Score

            
            
            
               
               The protein digestibility corrected amino acid score (PDCAAS) has been used since the 1990s for scoring protein quality, and
                  until recently has been the most common method used. The PDCAAS involves calculating the ratio of amino acids of a food source
                  against the requirements of a 2- to 5-year-old child based on the first limiting dietary EAA within the protein. This method
                  is similar to the chemical score, as it compares the amino acid profile to a reference protein while also considering digestion
                  efficiency by multiplying the chemical score by the percent digestibility of the food protein. Foods with the highest possible
                  PDCAAS of 1.0 are casein, whey, egg whites, and soy proteins. Any score calculated above 1.0 is truncated because any excess
                  protein consumed was originally thought to be of no biological value. If a protein has a chemical score of 0.70, and 80 percent
                  of that protein is digestible, then the PDCAAS would be 80 percent of 0.70 or 0.56. The FDA has recognized the PDCAAS as the
                  official method for determining the protein quality of most food (29), and if the %DV of protein is listed on a food label,
                  it must be based on the food’s PDCAAS. With this requirement, the total grams of protein might be the same per serving for
                  two different foods, but their %DV could be very different because the foods do not contribute equally to the amino acid needs
                  of the body.
               

               
               
            

            
            
         

         
         
         
            
            Using the Digestible Indispensable Amino Acid Score

            
            
            
               
               Most recently the Food and Agriculture Organization of the United Nations (FAO) has recommended a new method of assessing
                  the quality of dietary protein. The digestible indispensable amino acid score (DIAAS) method builds on previous approaches
                  by accurately measuring the digestion of individual amino acids rather than crude protein digestion. The DIAAS can accurately
                  distinguish between proteins that were previously truncated to a maximum score of 1.0, using the PDCAAS method. Significant
                  improvements in accuracy over the PDCAAS are a result of several advancements. First, measuring protein absorption at the
                  end of the small intestine provides a more accurate assessment of the actual food protein remaining in the GI tract before
                  endogenous proteins are added in the large intestine. This method also measures the digestion of individual amino acids to
                  paint a better picture of how well a protein meets the body’s amino acid needs. The DIAAS also does not allow for truncation
                  of scores to 1.0 and recognizes that an excess can make up for any amino acid deficits from consuming incomplete protein foods.
                  Finally, the DIAAS expanded the amino acid reference pattern from the ages of 2 to 5 to account for variation based on age.
                  The DIAAS differentiates between the needs of infants and children with three reference patterns: 0 to 6 months, 6 months
                  to 3 years, and greater than 3 years. With the development of the DIAAS, we are now able to distinguish between protein sources
                  PDCAAS previously classified as the same. The DIAAS can be a useful tool in cases where proteins are consumed in smaller amounts,
                  such as in aging or in clinical applications. When developing new protein formulations by blending protein ingredients, it
                  is important to understand the true value of protein sources in order to formulate the best protein ratio to meet the body’s
                  needs.
               

               
               
               In summary, many measurements of protein quality are available, including chemical analysis of amino acid content and biological
                  measures of protein digestibility. Ultimately, the most important factors that determine protein quality are the protein’s
                  retention in the body to support all amino acid needs and its ability to promote growth.
               

               
               
               
               
            

            
            
         

         
         
      

      
      
      

         
         Protein in Exercise and Sport
         

         
         
         
            
            Many people think that since muscle fibers are made up of protein, building and maintaining muscle must require large amounts
               of protein consumed from the diet. In reality, dietary protein is just one part of the equation to promote an optimal environment
               for muscles to adapt to physical training. The additional amount of protein required that is beyond what is already consumed
               to support optimal muscle adaptation is relatively small, and many athletes are already meeting their daily protein intake
               goals. Athletes should note that regular, well-structured training regimens combined with a proper mix of nutrients that meet
               their energy demands is the cornerstone for achieving their goals. Further, many other factors such as stress, frequent alcohol
               consumption, and inadequate rest can sabotage even the best diet and exercise plan. This is not to say that protein is not
               important. Research over the last decade has provided much more detail for how dietary protein works to foster muscle hypertrophy
               (growth) and metabolic adaptations when combined with a proper training program. The following are the four primary roles
               of dietary protein in an athlete’s diet related to sport performance:
            

            
            
            
               
               	Maximizing gains in muscle mass and strength

               
               
               	Promoting adaptations in metabolic function (an up-regulation of oxidative enzymes)

               
               
               	Preserving lean mass during rapid weight loss

               
               
               	Structural benefits to other protein-containing nonmuscle tissues, such as tendons, ligaments, and bones

               
               
            

            
            
            New guidelines now exist for daily protein needs as well as the daily distribution of protein consumed. In this section, we
               delve into these details and also look at the ways protein metabolism changes during and in response to exercise and how this
               information melds with other sections of this chapter.
            

            
            
         

         
         
         
            
            Protein Metabolism and Exercise

            
            
            
               
               Although carbohydrate and fat are the primary macronutrients metabolized for energy in the muscle, protein can also be used
                  during exercise and can be oxidized directly in the muscle. Fortunately, most protein is spared for important synthetic processes,
                  but it is important to remember from chapter 1 that the oxidation of all energy-yielding macronutrient fuel sources is always
                  occurring in the body during exercise. The only thing that changes is the relative proportion of the macronutrients burned.
                  At any one time during exercise, carbohydrate and fat make up more than 85 percent of the energy-yielding macronutrient fuels
                  oxidized, but some protein is always used.
               

               
               
               Exercise has a strong effect on protein metabolism. During exercise, the range of protein contribution to meet energy demands
                  (ATP) is generally less than 5 to 10 percent, and in some extreme cases up to 15 percent of total energy expenditure. Many
                  factors affect the percentage of protein oxidized during exercise, including exercise intensity, training level (new vs. experienced),
                  and availability of other fuels (e.g., carbohydrate). The type of exercise, or mode of exercise, also has a strong influence.
                  During strenuous resistance training, less than 5 percent of protein is oxidized as an energy source. Conversely, prolonged
                  endurance exercise (>90 min) might result in up to 15 percent to serve as an energy source. A significant increase in protein
                  oxidation, within the 5 to 15 percent range, occurs when muscle glycogen is depleted. As the body’s most limited fuel source
                  (carbohydrate) becomes depleted, the body must attempt to keep blood sugar stable to fuel the nervous system. For most individuals,
                  the process of gluconeogenesis (see chapters 2 and 3) kicks in to help stabilize blood sugar levels by making new glucose
                  from gluconeogenic precursors, including protein. For those following a low-carbohydrate diet, the production of ketones provides
                  more fuel to the nervous system when glucose is limited. Regardless of the amount of carbohydrate in the diet, when muscle
                  glycogen becomes depleted, BCAA oxidation within the muscle increases and contributes to the rise in protein use as a fuel
                  source. In such a scenario, exercise intensity decreases. Gluconeogenesis and ketone production cannot keep up with the high
                  ATP demands of high-intensity exercise.
               

               
               
               
                  



               
               
               

            
            
            

         
         
         

      
      
      




Protein provides the building blocks (amino acids) needed to build and repair muscle.
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               Gluconeogenesis

               
               
               
                  
                  The most prominent gluconeogenic pathway is the glucose-alanine cycle (figure 5.16). In this metabolic pathway, the gluconeogenic amino acid alanine leaves the muscle to create new glucose in the liver, which
                     contributes to new blood glucose. This process occurs simultaneously with muscle tissue oxidation of BCAAs. As BCAAs are liberated
                     from muscle tissue, their catabolism results in donating their NH2 group to pyruvate in a process called transamination. The carbon skeletons from the BCAAs can then enter the TCA cycle in
                     the mitochondria of muscle cells as TCA intermediates to contribute to ATP generation. Meanwhile, pyruvate originating from
                     glycolysis can bind with NH2 that originated from the BCAAs deamination to form the gluconeogenic amino acid alanine. Alanine can freely leave the muscle tissue and travel through the blood to the
                     liver. The liver can then deaminate alanine to reform pyruvate. This liver-generated pyruvate can be further metabolized to
                     form glucose that contributes to blood glucose or liver glycogen. Gluconeogenesis is never really turned off in human metabolism;
                     instead it may occur only at a very low capacity and increase during long bouts of exercise, particularly when carbohydrate
                     stores become limited. A significant limitation of this pathway is that the speed at which it can create new glucose depends
                     on the availability of enzymes needed to drive the reaction. These enzymes must go through the protein synthesis process and
                     are thus not capable of being made fast enough to keep up with the demands of one long endurance exercise bout. As a result,
                     hypoglycemia can eventually occur and is the primary reason exercise halts during long events. While the glucose-alanine cycle
                     is an integral pathway in human metabolism and contributes to exercise metabolism, it is best suited for nonexercise situations
                     during starvation, when key enzymes have time to be up-regulated to produce glucose at the expense of muscle protein.
                  

                  
                  
                  
                     



                  
                  
                  
                  
               

               
               
            

            
            
            

         
         
         

      
      
      





Figure 5.16    Alanine serves as an important gluconeogenic precursor. 
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               Protein Oxidation

               
               
               
                  
                  Besides BCAAs, other amino acids from muscle tissue provide substrates for the TCA cycle (glutamine) in working muscle. BCAAs
                     are the only amino acids liberated by the muscle that can be oxidized directly in the muscle. There is an increased percentage
                     of BCAA oxidation with prolonged aerobic training, with only a marginal carbohydrate-sparing effect that is most appreciable
                     in endurance events lasting longer than 90 minutes. However, in these situations there is limited evidence to support BCAA
                     supplementation as a strategy to enhance performance. BCAAs are oxidized at such a low capacity that supplementation has no
                     effect on performance.
                  

                  
                  
                  Protein needs in athletes are elevated in part to account for increased protein oxidation. This is most pronounced for endurance
                     athletes to support these metabolic activities and to allow the muscle to adapt for endurance success by synthesizing more
                     mitochondrial enzymes, producing more and larger mitochondria, and making new capillaries and hemoglobin to transport oxygen
                     to working muscle. For other athletes, those who focus more on strength and power, much less protein is oxidized during exercise.
                     However, because of the nature of their sport and sport-specific training, breakdown of contractile proteins is greater than
                     what is observed with endurance training. Since these protein structures (i.e., the protein fibers that make muscles move)
                     are larger than oxidative enzymes, and at times the breakdown can be significant, protein needs tend to be higher in athletes
                     who participate in strength and power sports. While these distinctions are clear from a scientific standpoint, from a practical
                     sense, exercising athletes are much more complicated. For instance, many athletes rely on strength, power, and endurance to
                     be successful in their sport and often rely on one aspect more than the others during specific phases of their training. The
                     most prudent strategy to minimize protein oxidation is to have a well-chosen diet that meets both carbohydrate and energy
                     demands of both the endurance athlete (e.g., runners and cyclists) and any athlete involved in a sustained competition where
                     endurance is a key component (e.g., soccer).
                  

                  
                  
               

               
               
            

            
            
         

         
         
         
            
            Daily Protein Needs for Athletes

            
            
            
               
               Current data suggest that dietary protein intake necessary to support an athlete’s needs generally ranges from 1.2 to 2.0
                  g/kg per day (30). This daily amount is thought to support metabolic adaptation, repair of muscle and connective tissue, remodeling,
                  and protein turnover in athletes. It is this range that appears to support the optimal amount of protein for the athlete to
                  repair and replace damaged proteins; remodel proteins within muscle, bone, tendon, and ligaments; maintain optimal function
                  of all metabolic pathways that use amino acids; support accretion of lean mass; support immune function; and support the optimal
                  rate of production of plasma proteins. It is also recognized that at any given time, based on training demands, goals, or
                  other physiological stressors, an athlete’s protein needs might fluctuate within this range from day to day, week to week,
                  or month to month. In some scenarios, short-term intake of protein exceeding 2.0 g/kg might be indicated for athletes during
                  intensified training or when reducing energy intake (17, 25). Protein needs of athletes are higher when on a lower calorie
                  diet to minimize the breakdown of skeletal muscle (8).
               

               
               
            

            
            
            
               
               Periodization

               
               
               
                  
                  The aforementioned daily protein intake guidelines provide a general range of daily targets that should be based around adapting
                     to specific sessions of training or competition within a periodized training program, as discussed in chapter 1. The aim of
                     periodization is to reach the best possible performance in the most important competition of the year and involves progressive
                     cycling of various aspects of a training program during a specific period. These various aspects also include nutrient periodization
                     and certainly involve protein as a nutrient, with changing needs underpinned by an appreciation of the larger context of athletic
                     goals, nutrient needs, energy considerations, and food choices. Generally, within the 1.2 to 2.0 g/kg protein range, requirements
                     can fluctuate based on “trained” status (experienced athletes requiring less), training (sessions involving higher frequency
                     and intensity, or a new training stimulus at the higher end of protein range), carbohydrate availability, and most importantly,
                     energy availability (2, 28). Maintenance of normal bone metabolism and menstrual function are just two of the many body functions
                     that can be negatively affected by low energy and carbohydrate availability in athletes. For athletes in heavy training and
                     competition, the consumption of adequate energy, particularly from carbohydrates, to match energy expenditure is important
                     so that amino acids are spared for protein synthesis and not oxidized (27). In cases of energy restriction or sudden inactivity
                     as a result of injury, elevated protein intakes as high as 2.0 g/kg per day or higher (17, 30, 35) spread over the day at
                     different mealtimes might be advantageous in minimizing fat-free mass (FFM) loss from skeletal muscle (25).
                  

                  
                  
               

               
               
            

            
            
            
               
               Recommendations for Protein Intake

               
               
               
                  
                  As shown in table 5.5, the modern view for establishing recommendations for protein intake in athletes clearly extends beyond the DRIs and the
                     AMDR. Focus has shifted to evaluating the benefits of providing enough protein at optimal periodized times to support tissues
                     with rapid turnover and augment metabolic adaptations initiated by a training stimulus. Given the wide range the AMDR provides
                     for protein intake, the use of the AMDR to determine protein needs in athletes should generally be used only as a way to double-check
                     to ensure maximal diet quality (from other energy-yielding macronutrients). The AMDR can also be used after protein needs
                     by body weight (grams per kilogram) are determined to evaluate if an athlete is consuming a minimal protein amount to meet
                     health needs while not consuming an excessive amount that may displace the intake of carbohydrate and fat. Gram per kilogram
                     recommendations are superior to the AMDR and help to fine-tune protein recommendations for athletes depending on their individualized
                     needs during the various training cycles. These recommendations are more specific to the athlete’s training demand and goals
                     and are more practical to prescribe. Take, for instance, an athlete who may require 6,000 kilocalories during heavy training
                     and 3,000 kilocalories while trying to make competition weight. The daily protein amounts needed based solely on the AMDR
                     would vary greatly for these two calorie requirements combined, with added variability of having to choose a value to use
                     between 10 and 35 percent, and these calculations may either fall significantly short or exceed g/kg recommendations that
                     are currently recommended. As another example, a competitive athlete might consume as many as 5,000 kilocalories per day.
                     If that athlete weighed 80 kilograms, and if his diet contained only 10 percent of calories as protein, he would be getting
                     about 125 grams of protein daily—about 1.6 g/kg body weight. This level of protein is likely adequate to meet the needs of
                     this athlete and would need to be only slightly modified to reach goal intake amounts specific to the current needs described
                     in the literature.
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                     Do You Know?

                     
                     
                     
                        
                        Many athletes and those who are recreationally active tend to “backload” their energy intake. This means they tend to consume
                           most of their calories in the evening or night. Optimal use of protein occurs when smaller, but adequate, amounts of dietary
                           protein are consumed throughout the day. This simple strategy will optimize skeletal muscle protein synthesis in adults as
                           opposed to eating a little here and there throughout the day and one large protein meal at night.
                        

                        
                        
                        
                        
                     

                     
                     
                  

                  
                  
               

               
               
               
            

            
            
         

         
         
         
            
            Factors Affecting Protein Synthesis

            
            
            
               
               Body proteins are constantly turned over through both synthesis and degradation pathways. While it is important to implement
                  strategies that can augment muscle protein synthesis (MPS), it is also important to minimize muscle protein breakdown (MPB)
                  in order to promote a net increase in muscle protein accretion. Several factors other than protein consumption can affect
                  protein synthesis, including the type, volume, and intensity of exercise. For example, resistance training is the most potent
                  stimulus for muscle building. Progressive resistance training allows athletes to consistently train to complete lifts at higher
                  loads (i.e., weights) and repetitions. It is largely the damage to contractile proteins that result from this training that
                  triggers the body to adapt to synthesize more muscle protein to accommodate the increasing loads placed on the dumbbells or
                  barbells. This muscle adaptation associated with exercise occurs with most exercise, albeit to a lesser extent than with progressive
                  resistance training. Exercise is an important variable that can stimulate MPS but is also a moving target, given the wide
                  range of exercises, training volume, intensity, and duration commonly found in any one training program. In addition, the
                  familiarity of the exercise, training program, or sport also is a strong influencer of maximal MPS response. Athletes who
                  complete the same training program and are very efficient with the physical movements associated with their sport have a lower
                  MPS response compared to athletes who are new to an intense resistance-training program. The hormonal environment is another
                  factor that works alongside dietary protein and a well-structured exercise program to maximize MPS. Several endogenous hormones,
                  such as insulin-like growth factor-1 (IGF-1), growth hormone, testosterone, and insulin facilitate the anabolic response.
                  The role of these anabolic hormones is essential to facilitate hypertrophy, but the effect is significant only when maintaining
                  normal hormone levels as a result of youth and exercise. Targeted exercise and nutrition strategies to target these hormones
                  to enhance their ability to promote MPS have been underwhelming, and their effect seems to be maximized but not enhanced by
                  proper exercise and nutrition. The negative effect of an unfavorable hormonal environment on MPS is most pronounced as a result
                  of aging, illness, and injury. The major players that initiate significant MPB are malnutrition, inactivity, illness, and
                  injury. These factors promote acute muscle loss from MPB, and one could argue that minimizing these variables is as important
                  as optimizing variables associated with MPS.
               

               
               
               
               
               
                  
                  Muscle Protein Synthesis

                  
                  
                  
                     
                     Putting It Into Perspective

                     
                     
                     Muscle protein synthesis (MPS) helps individuals adapt to exercise by promoting muscle growth, which can further help to increase
                        overall muscle mass and support optimal muscle function. This is accomplished through exercise programs, timing, and ingestion
                        of protein after exercise. BCAAs, particularly leucine, are key players in stimulating MPS, and consuming a full complement
                        of essential amino acids is important to maximize muscle growth over time (6).
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
               While the extremes of these MPB variables are most commonly observed in clinical environments where people are extremely ill
                  from infection or trauma, lesser forms of these variables can significantly contribute to muscle loss in athletes. For example,
                  athletes who train and compete with low energy availability or practice fasting after exercise will experience sustained MPB.
                  Inactivity also serves as the opposite of exercise by removing the exercise stimulus that drives the intracellular MPS machinery
                  to be activated and use proteins from the amino acid pool to make new muscle tissue. Athletic injury (e.g., ACL tear, bone
                  break) and illness promote MPB via two mechanisms. The first is by promoting inactivity or a significant reduction of activity
                  less than required to maximize MPS. Second, illness and injury can negatively affect the hormonal environment and promote
                  inflammation that elicits an elevated immune response requiring additional MPB to provide amino acids to support the body’s
                  defense of illness or recovery from injury.
               

               
               
               Several factors besides total daily protein can affect the body’s ability to gain skeletal muscle mass. Other negative factors,
                  including unhealthy lifestyle habits such as smoking and alcohol consumption, can limit MPS, along with high levels of the
                  hormone cortisol, associated with stress and lack of sleep, and inadequate recovery time between workout sessions (3). Diminished
                  blood flow to muscle tissues, such as that observed with peripheral vascular disease also limits MPS (1). Other positive factors
                  for increasing and maintaining muscle mass include maintaining a positive energy balance (consuming more calories than expended),
                  a consistent meal pattern, pre- and postexercise sports nutrition strategies to spare muscle protein, and adequate rest to
                  promote recovery between training sessions. The complex nature of MPB can make overly simple recommendations such as “eat
                  more protein” shortsighted.
               

               
               
            

            
            
            
         

         
         
         
            
            Dietary Protein as a Trigger for Muscle Metabolic Adaptation

            
            
            
               
               Dietary protein has been well chronicled to interact with exercise, providing both a trigger and a substrate for the synthesis
                  of contractile and metabolic proteins (23, 25). Adaptations are thought to occur by (a) turning on MPS in response to the
                  amount of leucine consumed in a meal and (b) providing an additional outside source of amino acids for incorporation into
                  new proteins and to keep this process running (6). A sample of foods high in leucine is listed in table 5.6.
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            Optimal Protein Source for Athletes

            
            
            
               
               High-quality dietary proteins are effective for the maintenance, repair, and synthesis of skeletal muscle proteins (31). Chronic
                  training studies have shown that the consumption of milk-based protein after resistance exercise is effective in increasing
                  muscle strength while also promoting favorable changes in body composition (9, 11, 12). Other studies suggest increased MPS
                  and muscle building with whole milk, lean meat, and dietary supplements, some of which provide the isolated proteins whey,
                  casein, soy, and egg. To date, dairy proteins appear to be superior to other tested proteins, largely because of their leucine
                  content and the digestion and absorptive kinetics of branched-chain amino acids in fluid-based dairy foods (22). Amino acids
                  from whey protein, for example, can appear in the plasma in less than 30 minutes, whereas amino acids from intact animal proteins
                  (beef, fish, etc.) can take 90 minutes or more. This might suggest that easily digested, quickly absorbed proteins such as
                  whey are ideal for promoting a favorable anabolic response immediately after exercise.
               

               
               
               In summary, an athlete’s protein needs should be expressed using body weight guidelines (per kg body mass) to allow recommendations
                  to be scaled to the large range in body sizes of athletes. Sports nutrition guidelines for protein intake should also consider
                  the importance of the timing and distribution of daily protein intake rather than focusing only on general daily targets.
                  Note that excess protein may contribute to excess calories, and excess protein can add more weight as fat, not muscle, which
                  can slow down an athlete’s performance. Most weekend athletes and recreational athletes can easily meet slightly elevated
                  protein needs by simple changes in their diet, and there is no reason that protein supplements will help their performance.
                  Competitive athletes should choose adequate calories from a wide variety of foods to help ensure adequate protein intake.
               

               
               
            

            
            
         

         
         
      

      
      
      

         
         Vegetarianism and Veganism
         

         
         
         
            
            Vegetarians all share the common practice of limiting or completely avoiding meat and meat products; they can, however, differ
               significantly in their particular dietary choices.
            

            
            
            Others may choose a semi-vegetarian diet by minimizing red meat consumption, very similar to the Mediterranean diet. Those
               who follow this diet focus on consuming grains, pasta, vegetables, cheeses, olive oil, and small amounts of chicken and fish.
               Table 5.7 lists good sources of protein for lacto-ovo-pesco vegetarians. Figure 5.17 lists meatless food options that are high in protein.
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Figure 5.17    Numerous nonmeat food options are sources of protein.
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            Although there are certainly many health benefits of a vegetarian diet, certain types of vegetarian choices might pose unique
               nutrition risks. Vegan diets are the most susceptible to these individual nutrient concerns because the best sources of these
               nutrients are from animal foods, and vegan diets contain higher amounts of oxalates and phytates. These compounds are plant-based
               food constituents that can bind some minerals in the GI tract, making them less available for absorption. Lacto-ovo-pesco
               vegetarians can easily have a nutritionally complete diet providing all protein requirements, but such a diet might also be
               high in fat and low in iron, particularly if a large part of the diet is made up of dairy products. While vegetarian diets
               can be adequate for most people, followers should be thoughtful of their food choices, taking care to pursue a varied diet
               and be cautioned against vegan diets that exclude multiple food groups.
            

            
            
            Vegetarian athletes committed to frequent training, competition, and success should also be cognizant of the benefits and
               challenges associated with a vegetarian diet. Vegetarian athletes might have an increased risk of lower bone mineral density
               and stress fractures (36). Additional practical challenges include gaining access to suitable foods during travel, at restaurants,
               and at training camps and competition venues. Without proper planning, it is not uncommon for these athletes to limit their
               energy and protein intake, which can significantly affect their performance. Vegetarian athletes might benefit from comprehensive
               dietary assessments and education. This helps to ensure their diets are nutritionally sound to support training and competition
               demands, while also functioning to identify nutrient gaps that can be addressed to support both health and performance.
            

            
            
            In order to meet protein needs, vegetarian athletes and nonathletes alike should focus on protein quality, while striving
               to consume protein at every meal. Several vegetarian foods have a high PDCAAS score, including eggs, low-fat yogurt and milk,
               and soy, as well as tofu, edamame, and soy milk and yogurt. Consuming multiple small meals and snacks per day also provides
               the opportunity to add more variety to the diet to include protein-containing foods such as vegetables, legumes, whole grains,
               and nuts and seeds. Finally, it is generally accepted that vegans who avoid all animal products should supplement their diets
               with a reliable source of vitamin B12, such as fortified soy milk, other fortified foods, or a dietary supplement. A more detailed discussion of vegetarian diets
               is provided in chapter 14.
            

            
            
         

         
         
      

      
      
      

         
         Protein Deficiency and Excess Protein
         

         
         
         
            
            Given the important role of protein to virtually all body systems and processes, it is no surprise that protein deficiency
               can create several problems affecting normal human physiology. As a reminder, a lack of essential amino acids will stop the
               synthesis of body proteins, leading to increased rates of body protein catabolism to meet the body’s amino acid demands. Protein
               deficiency occurs when energy or protein intake is inadequate to meet and sustain the nitrogen demands of the body. While
               protein provides essential nitrogen for synthetic processes, adequate energy intake protects protein from being removed from
               its important synthetic role. Specifically, adequate energy intake spares both dietary and body proteins so they can be used
               for the synthesis of new protein. Inadequate energy intake leads the body to oxidize protein for energy and for glucose generation.
               Protein deficiency can also occur in those who appear to be eating adequate daily amounts of protein if the protein they consume
               is not digested well or is of poor quality. Further, a risk of protein deficiency exists in situations when protein needs
               are elevated without being met by the diet. During growth and development, childhood and adolescent dietary protein deficiency
               can lead to inadequate growth (stunting). Risk of protein deficiency can also become elevated as a result of physiological
               stress presenting in the form of an injury, trauma, pregnancy, or other medical conditions. Protein consumption that was adequate
               prior to the onset of these physiologic stressors might not be adequate once they are present and can result in suboptimal
               physiological adaptation, as the need for elevated protein synthesis might be compromised.
            

            
            
            While protein deficiency is widespread in poverty-stricken communities in underdeveloped countries, in North America it is
               most common in clinical settings where patients experience severe metabolic stress and do not have the ability to meet their
               elevated protein needs through their diet. In industrialized countries, most people face the opposite problem of protein excess,
               which in many cases is a product of consuming more calories than needed. However, dietary protein excess is more difficult
               to define in terms of specific daily intake of protein and cut-points above the RDA and the Food and Nutrition Board has not
               provided an upper intake level for protein because of insufficient evidence to support the link to chronic health problems
               (19). Despite the lack of a clear definition of “excess protein intake,” we know that the average American consumes well above
               the RDA for protein. As described earlier, in many cases this is justified, but note that if the diet contains more protein
               than is needed for synthesis, much of the protein excess is converted and stored as fat. As a result, individuals who consume
               protein supplements or eat a very high-protein diet in hopes to gain muscle mass might be contributing more to their fat mass,
               especially if the extra protein consumed is above and beyond the calorie intake needed to maintain body weight. Although chronic
               high-protein intakes have been linked to chronic disease, it is difficult to determine a cause-and-effect relationship. Several
               confounding variables may contribute to this negative relationship. Those who consume higher protein intakes also tend to
               consume higher amounts of saturated fat and fewer fruits and vegetables, and in some cases they might adopt other lifestyle
               factors that influence a negative relationship. When examining specific protein intakes in relation to body weight, anecdotal
               reports of dehydration and kidney stress have been associated with protein intakes greater than 2.0 g/kg per day, but there
               is no consensus in the scientific literature that protein intakes at this level are harmful. Although the kidney must excrete
               the products of protein breakdown, high protein intake is only thought to strain kidney function in people with diabetes or
               kidney disease. The most significant concern regarding chronic protein consumption at greater than 2.0 g/kg is that the protein
               foods, and in some cases the protein supplements consumed to reach this level of protein intake, might be displacing the opportunity
               to consume a variety of nutrient-dense foods from multiple food groups that have a strong connection to chronic disease prevention
               and longevity of life. Many of these displaced foods also tend to be higher in fiber, contain fewer calories and fat, and
               are more protective against obesity and cancer.
            

            
            
         

         
         
      

      
      
      

         
         Summary
         

         
         
         
            
            Amino acids are the building blocks of both body and dietary protein. Protein is the key structural component that makes up
               not only muscle but also all other connective and organ tissues. Protein also has an essential role in making up hormones,
               enzymes, and antibodies and can also be used as an energy source to make ATP. High-quality dietary proteins are essential
               and effective for repair, synthesis, and maintenance of all body proteins. Protein consumed at appropriate amounts and at
               the right times is particularly important to help skeletal muscle recover and adapt to exercise. Dietary proteins can be obtained
               through animal and vegetable sources, as well as in supplement form, and must be digested and absorbed before being utilized.
               Vegetarians can meet their protein needs by planning a well-chosen diet. Most individuals can easily meet their protein needs
               by consuming a source of dietary protein with every meal and snack. For athletes, special attention should be given to the
               total amount of protein consumed per day, the type of protein, and the timing of intake. Careful planning of protein feedings
               for the athlete allows for optimal skeletal muscle utilization of these food-derived amino acids.
            

            
            
            
            
            
               
               For Review

               
               
               
                  
                  
                     
                     	Describe the different functions and roles of protein.

                     
                     
                     	What is an enzyme? How does it function?

                     
                     
                     	Can essential amino acids be made by the body? What amino acid group is important for promoting MPS?

                     
                     
                     	Describe the primary, secondary, tertiary, and quaternary structure of proteins (if necessary, review figure 5.6).
                     

                     
                     
                     	Describe protein digestion.

                     
                     
                     	How would you begin to recommend protein intake for a sedentary, active, and extremely active individual? Explain the steps
                        you would take.
                     

                     
                     
                     	What are the benefits of consuming vegetable protein sources? What are potential concerns for athletes trying to meet their
                        protein needs with a vegetarian diet?
                     

                     
                     
                     	What is gluconeogenesis? List the gluconeogenic precursors.

                     
                     
                  

                  
                  
               

               
               
            

            
            
            
         

         
         
      

      
      
      
      
      
   
      
      
      
      Part III
Role of Micronutrients, Water, and Nutritional Supplements
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         This section of the book covers vitamins (chapter 6), minerals (chapter 7), water and electrolytes (chapter 8), and nutrition
            supplements (chapter 9). Vitamins and minerals do not provide energy, but they facilitate chemical reactions in the body that
            help generate energy. In addition, vitamins are important for growth and development, organ functioning, and building and
            maintaining structures in the body, including protecting the body from damage. Minerals help build structural components of
            the body and are necessary for a wide variety of functions that support health and athletic performance. Deficiencies in certain
            vitamins and minerals can impair health and athletic performance.
         

         
         
         Because minerals are electrolytes, they conduct electricity in the body and affect fluid balance and muscle pH and function.
            Electrolytes and water go hand in hand as overconsumption or underconsumption of fluid can alter electrolyte balance. Water
            is also a medium for transportation in the body. Dietary supplements may include macronutrients, micronutrients, or a wide
            variety of compounds intended to support good health, athletic performance, or fill-in dietary gaps.
         

         
         
      

      
      
      

      
      
   
Vitamins
Chapter 6
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Chapter Objectives

            
            
            
               
               After completing this chapter, you will be able to do the following:

               
               
               
                  
                  	Discuss why vitamins are important for overall health and training.

                  
                  
                  	Describe how training and exercise affect vitamin needs.

                  
                  
                  	List the vitamins that most people are not getting enough of through their diet.

                  
                  
                  	List the vitamins that are toxic when consumed in excess.

                  
                  
                  	List a few good food sources for each major vitamin.

                  
                  
                  	Explain factors that may increase a person’s need for a specific vitamin.

                  
                  
               

               
               
               
               
            

            
            
         

         
         
         
            Vitamins are necessary for metabolism, proper growth and development, vision, and organ and immune functioning. They also aid human
            performance by facilitating energy production; supporting muscle contraction and relaxation, as well as oxygen transport;
            building and maintaining bone and cartilage; building and repairing muscle tissue; and protecting the body’s cells from damage.
            The human body can make vitamins D and K; all other vitamins must be consumed in the diet to meet dietary requirements. Although
            deficiencies or insufficiencies in certain nutrients can impair training adaptations and performance, no current data indicate
            that excess nutrient intake, beyond the requirements for general health, will improve athletic performance (94). In some cases,
            excess consumption of specific vitamins may interfere with performance, training adaptations, and recovery. Figure 6.1 illustrates the importance of many vitamins discussed in this chapter.
         

         
         
         
            



         
         
      

      
      
      


Figure 6.1    What you need to know about vitamins.
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         Fat-Soluble Vitamins
         

         
         
         
            
            Vitamins A, D, E, and K are fat-soluble vitamins. They are stored in the body’s fat tissues and more easily absorbed when consumed with dietary fat.
            

            
            
         

         
         
         
            
            Vitamin A

            
            
            
               
               Vitamin A helps form healthy teeth, bones, soft tissue, skeletal tissue, mucous membranes, and skin. Vitamin A also promotes
                  good vision, particularly night vision, and is necessary for growth, development, cellular communication, and immune system
                  functioning, as well as the formation and maintenance of several organs, including the heart, lungs, and kidneys (158). The
                  active form of vitamin A in the body is retinol. Two types of vitamin A are found in food:
               

               
               
               
                  
                  	
                     Preformed vitamin A is found in some animal foods. Retinol is a type of preformed vitamin A found in animal liver, whole milk, and some fortified
                     foods.
                  

                  
                  
                  	
                     Provitamin A carotenoids, including beta-carotene, alpha-carotene, and beta-cryptoxanthin, are the dark-colored pigments found in red palm oil and
                     in several fruits and vegetables, notably carrots, mango, cantaloupe, squash, sweet red bell peppers, seaweed, and spinach.
                     These carotenoids are converted to the active form of vitamin A in the body, a process that depends on several factors, including
                     the food matrix, food processing, and dietary fat intake, as well as genetic differences (90, 146). Approximately 45 percent
                     of the Western population are considered “low converters” of beta-carotene to the active form of vitamin A in the body, a
                     factor that can affect vitamin A levels over time if a large portion of vitamin A intake comes from carotenoids (90). See
                     figure 6.2 for sources of provitamin A carotenoids.
                  

                  
                  
               

               
               
               
                  



               
               
               

            
            
            
            

         
         
         

      
      
      




Figure 6.2    Provitamin A carotenoids include beta-carotene, alpha-carotene, and beta-cryptoxanthin. Beta-carotene is considered the most
                     important source of provitamin A (151).
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                  Do You Know?

                  
                  
                  
                     
                     One glass of milk contains less than 10% DV of vitamin A, from a combination of preformed and provitamin A (158).

                     
                     
                     
                     
                  

                  
                  
               

               
               
               There are over 600 types of carotenoids found in nature; many, though not all, have provitamin A activity. Nutrition data
                  exists for alpha-carotene, beta-carotene, and beta-cryptoxanthin, all of which are pro-vitamin A carotenoids and act as antioxidants. Certain antioxidants protect plants from pests and disease (170, 175) and protect cells in the human body from free radical damage (57). Figure 6.3 shows the interaction between free radicals and antioxidants.
               

               
               
               
                  



               
               
               

            
            
            
            

         
         
         

      
      
      




Figure 6.3    Free radicals are naturally produced in the body and made upon exposure to various environmental insults and diseases. Some
                     antioxidants can help attenuate oxidative damage resulting from free radicals running amok.
                  

                  
                  
                  [image: Figure 6.3 Free radicals are naturally produced in the body and made upon exposure to various environmental insults and diseases. Some antioxidants can help attenuate oxidative damage resulting from free radicals running amok.]

                  
               

               
               
               Free radicals are reactive oxygen and nitrogen species generated in the body through metabolism and exposure to various physiological
                  conditions or disease states. Free radicals are essential for health, but they can be harmful when they go into overdrive.
                  For normal physiological functioning, the body must maintain a balance between free radicals and antioxidants (not getting
                  too much or too little of either; supplemental antioxidant intake may actually increase oxidative damage to cells or impair
                  adaptations to resistance training). Overproduction of free radicals, when combined with an inability to regulate them, leads
                  to oxidative stress and subsequent damage to cellular lipids, proteins, and DNA in addition to initiating a number of diseases
                  (91).
               

               
               
            

            
            
            
            
               
               Sources of Vitamin A and the RDA

               
               
               
                  
                  The RDA for vitamin A is given in mcg of retinal activity equivalents (RAE) to account for sources of vitamin A. While 1 mcg
                     of retinol is equal to 1 mcg RAE, it takes 12-mcg beta-carotene or 24-mcg alpha-carotene or beta-cryptoxanthin to equal 1
                     mcg RAE. Making matters more confusing, vitamin A is listed on dietary foods and supplements in international units (IUs).
                     The conversion between IU and RAE depends on the source of vitamin A (table 6.1).
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               Vitamin A Deficiency and Toxicity

               
               
               
                  
                  Vitamin A deficiency is rare in North America, yet common in developing countries (44, 133), where it is a leading cause of
                     preventable blindness in children (1, 78, 179). Xerophthalmia—dry eyes caused by inadequate tear production—which can lead
                     to night blindness, is an early sign of vitamin A deficiency. Vitamin A deficiency can also suppress immune system functioning
                     and increase risk of infection (141). In the United States and other developed countries, groups at risk of deficiency include
                     premature infants and individuals with cystic fibrosis (26, 112).
                  

                  
                  
                  Preformed vitamin A is stored in the body, particularly the liver, and can be toxic when taken in one single massive dose
                     or in large doses over time. Acute overdose can lead to very dry skin, inflammation and cracking of the lips at the corners
                     of the mouth (cheilosis), gingivitis, muscle and joint pain, fatigue, depression, and abnormal liver tests. Signs and symptoms of chronic consumption
                     of very high intakes of vitamin A might include increased cerebrospinal fluid pressure, dizziness, blurred vision, vomiting,
                     nausea, bone and muscle pain, headaches, and poor muscular coordination (113). Vitamin A toxicity can also lead to liver damage
                     (that is not always reversible), coma, and death (158, 187). Excess dietary intake (from food) could potentially lead to toxicity,
                     but most cases of vitamin A toxicity are from therapeutic retinoids (medicines prescribed in high doses for the treatment
                     of acne, psoriasis, and other conditions). It takes a considerable amount of time for tissue stores of vitamin A to decline
                     after discontinuing intake (158).
                  

                  
                  
                  Provitamin A carotenoids are considered nontoxic, though over a long period of time excess beta-carotene can lead to yellow-orange
                     skin. Skin will return to its natural shade once beta-carotene intake is discontinued (158). Though beta-carotene does not
                     build up in the body, studies show very high doses (33,000–50,000 IU supplemental beta-carotene) taken over the course of
                     5 to 8 years increased risk of lung cancer and cardiovascular disease in current and former smokers (23, 60, 166). In a controlled
                     supplementation trial in male smokers spanning 6 years, high-dose beta-carotene (66,600 IU beta-carotene/day) increased risk
                     of hemorrhagic stroke (caused by rupture of a weak blood vessel), while alpha-carotene (50,000 mcg/day) increased risk of
                     hemorrhagic stroke and death from hemorrhagic stroke, yet lowered risk of ischemic stroke (caused by a blockage in the blood
                     vessel) (87).
                  

                  
                  
               

               
               
            

            
            
            
               
               Vitamin A and Exercise

               
               
               
                  
                  Because of the body’s ability to store vitamin A and a lack of data on vitamin A status in athletes, there is no evidence
                     or plausible reason to suggest athletes or recreational gym-goers are more likely to be deficient in this vitamin (94). Further,
                     data on vitamin A supplementation in athletes is insufficient to suggest supplementation is beneficial for performance or
                     recovery, especially beyond the RDA and in the absence of deficiency.
                  

                  
                  
               

               
               
            

            
            
         

         
         
         
            
            Vitamin D

            
            
            
               
               Vitamin D comes from food and dietary supplements and is made in the body when skin is exposed to UVB rays from the sun (figure 6.4). All of these forms are inert and must be converted to the active form, calcitriol (1,25-dihydroxyvitamin D). Calcitriol is a steroid hormone that promotes calcium absorption, helps to maintain blood calcium and phosphorus levels for normal bone
                  mineralization, reduces inflammation, and has important physiological effects on cell growth, muscle, and immune system functioning
                  (29, 41, 42, 105, 163). It remains unclear whether vitamin D deficiency causes inflammation or is a consequence of inflammation
                  (95).
               

               
               
               
                  



               
               
               
               
               
               

            
            
            
            

         
         
         

      
      
      




Figure 6.4    UVA rays penetrate the middle layer of skin (dermis). UVB rays are shorter in wavelength and extend only to the outer layer
                     of skin (epidermis). UVB rays, as well as combined UVB and UVA rays, increase the body’s production of vitamin D. UVA rays
                     alone lead to a decrease in vitamin D levels in the blood.
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                  Tanning Beds and Vitamin D

                  
                  
                  
                     
                     Putting It Into Perspective

                     
                     
                     Tanning beds damage skin and might be worse for your vitamin D levels than no light at all. Tanning beds emit either UVA radiation
                        only or a combination of UVA and UVB radiation (154). UVB radiation helps the body produce vitamin D. UVA plus UVB radiation
                        (sunlight contains both) also increases vitamin D production in the body. However, UVA radiation alone leads to a significant
                        reduction in blood vitamin D (calcidiol) (48, 131). Both UVA and UVB rays damage skin. A tan is an injury to the skin resulting
                        from UV radiation. Tanning bed use (both newer and older models) is associated with a significant increase and risk of melanoma
                        (a form of skin cancer that can be deadly). Therefore, tanning beds are not a safe way to get vitamin D and are not FDA approved
                        as a way to increase vitamin D levels (25, 33, 38).
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
               Vitamin D controls hundreds of genes and might have a beneficial role in outcomes related to cancer, autoimmune disease, cardiovascular
                  disease, and diabetes, though the research on vitamin D in relation to these diseases isn’t entirely clear at this time (18).
                  In addition, vitamin D levels below 15 ng/ml are associated with progression of knee osteoarthritis in those with osteoarthritis
                  (185). Though supplementation has been suggested for cartilage health, a two-year study in patients with osteoarthritis found
                  vitamin D supplementation in a dose sufficient to increase serum vitamin D to 36 ng/ml (a level considered sufficient) did
                  not reduce knee pain or cartilage volume loss. Thus, the association between vitamin D and osteoarthritis is not clear at
                  this time (101).
               

               
               
            

            
            
            
            
               
               Sources of Vitamin D

               
               
               
                  
                  There are two types of vitamin D: vitamin D2 (ergocalciferol) and vitamin D3 (cholecalciferol). Vitamin D2 is made from irradiating fungus, such as mushrooms, or yeast (121). This form of vitamin D is found in vegan supplements
                     and vegan-fortified foods, including soy milk, almond milk, and other nondairy beverages. Vitamin D2 is the form given in prescription doses (50,000 IU per week, every 2 or 4 weeks). Vitamin D3 is naturally found in cod liver oil and oily fish, including halibut, mackerel, salmon, and trout, and in much smaller amounts
                     in egg yolks, cheese, and beef liver. Vitamin D3 is in fortified foods, notably milk, and made from lanolin in sheep’s wool for dietary supplements (72). In addition to natural
                     and fortified food sources of vitamin D3, this vitamin is produced in the body when skin is exposed to UVB rays (see figure 6.4). See figure 6.5 for more information on sources of vitamin D.
                  

                  
                  
                  
                     



                  
                  
                  

               
               
               
            

            
            
            

         
         
         

      
      
      





Figure 6.5    Sources of Vitamin D. In addition to food sources of vitamin D3, mushrooms exposed to UV radiation are a source of vitamin D2.
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                     Food Fortification and Enrichment

                     
                     
                     
                        
                        Putting It Into Perspective

                        
                        
                        Although many people use the terms “fortification” and “enrichment” interchangeably, they have distinct meanings. Food fortification refers to the addition of nutrients to food to improve the nutrition content. Fortification started with the mineral iodine
                           in 1924 as a systematic approach to correcting nutrient deficiencies and nutrient deficiency diseases. Food manufacturers
                           follow a “standard of identity”—an established type and level of fortification for a staple food. Enrichment refers to the
                           addition of vitamins and minerals that are lost during food processing. For instance, white flour is enriched with iron, thiamin, riboflavin, niacin, and folic acid in levels that occur naturally
                           in flour prior to nutrient losses during processing (155, 159).
                        

                        
                        
                        
                        
                     

                     
                     
                  

                  
                  
                  Several studies suggest vitamin D3 is superior to vitamin D2 for maintaining serum 25(OH)D concentrations (5, 148). However, this has been challenged by at least one study, which found
                     vitamin D2 was as effective as vitamin D3 for maintaining serum vitamin D levels (73). Serum 25(OH)D [25-hydroxyvitamin D or 25(OH)D] is used to assess vitamin D status
                     in the body.
                  

                  
                  
                  Aside from differences in cost, there are two main reasons for choosing vitamin D2 supplements instead of vitamin D3:
                  

                  
                  
                  
                     
                     	Vitamin D2 can be used as a diagnostic tool to determine if a vitamin D deficiency is caused by malabsorption (89).
                     

                     
                     
                     	Vitamin D2 is vegan.
                     

                     
                     
                  

                  
                  
                  For optimal absorption, vitamin D supplements should be taken with a meal that contains fat, rather than with a fat-free meal
                     or on an empty stomach. Absorption of a single 50,000 IU vitamin D3 supplement was 32 percent greater when taken with a meal containing fat compared to a fat-free meal (39).
                  

                  
                  
               

               
               
               
            

            
            
            
               
               Vitamin D Deficiency and Insufficiency

               
               
               
                  
                  Serum-circulating calcidiol—also referred to as 25-hydroxyvitamin D or 25(OH)D—is used to assess vitamin D levels. However,
                     it isn’t always easy to compare rates of deficiency or health effects based on deficiency because different values for vitamin
                     D deficiency, insufficiency, and sufficiency have been used in scientific papers and corresponding data briefs, media reports,
                     and other consumer-related communications (95).
                  

                  
                  
                  In 2011, the Endocrine Society issued vitamin D guidelines based on vitamin D’s role in bone and muscle health. These definitions,
                     along with the Institute of Medicine’s guidelines, are provided in table 6.2 and will be used for this chapter (74).
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                  The National Health and Nutrition Examination Survey (NHANES) data, including a representative sample of 4,495 people in the
                     United States from 2005 to 2006, found 41.6 percent of those tested were deficient in vitamin D. Among African Americans tested,
                     deficiency rates were much higher (82.1%), whereas Hispanics had a deficiency rate of 69.2 percent (51). Vitamin D deficiency
                     is also common in athletes, especially black athletes and indoor athletes with little exposure to sunshine. Two separate studies
                     found that 38 percent and 11 percent of healthy endurance athletes were deficient, and 91 percent of Middle Eastern sportsmen
                     were deficient. Two studies in NFL players found that 26.3 percent and 30.3 percent of players, respectively, were deficient
                     in vitamin D (65, 67, 98, 138, 176). Several studies show higher rates of vitamin D deficiency in black athletes as compared
                     to white athletes (98). In addition to high deficiency rates, a high percentage of athletes also have insufficient levels
                     of vitamin D for optimal muscle and bone health (67, 98, 138). The body’s production of vitamin D through exposure to sunlight
                     (UVB rays) is a significant source of vitamin D, so athletes who test normal in the summer might be deficient in the winter
                     months (63).
                  

                  
                  
                  Groups with a higher risk of vitamin D deficiency or insufficiency include the following (51, 99, 160, 182):

                  
                  
                  
                     
                     	The elderly, as aging alters vitamin D synthesis in the body after sunlight exposure.

                     
                     
                     	Obese individuals.

                     
                     
                     	Individuals who have had gastric bypass surgery.

                     
                     
                     	Those who avoid the sun (homebound individuals), those who wear attire that covers their body and head, and those who regularly
                        use sunscreen with an SPF of 8 or higher. Sunscreen with an SPF of 8 will not fully protect skin from the damaging effects
                        of UV rays, but it will decrease (by 95 percent or more) the body’s ability to synthesize vitamin D.
                     

                     
                     
                     	Infants exclusively or partially breastfed.

                     
                     
                     	People who have medical conditions leading to fat malabsorption, including cystic fibrosis, celiac disease, and Crohn’s disease.

                     
                     
                     	Individuals with dark skin—the pigment melanin provides natural protection from the sun, yet decreases the body’s ability
                        to produce vitamin D upon exposure to sunlight.
                     

                     
                     
                  

                  
                  
                  Additionally, athletes who live in northern latitudes and those who train primarily indoors throughout the year are at risk
                     for poor vitamin D status. Poor dietary intake also contributes to low levels of vitamin D in athletes. In several studies,
                     the majority of athletes surveyed do not meet the RDA for vitamin D through food alone; one study found under 5 percent of
                     athletes surveyed obtained the RDA for vitamin D through dietary intake (14, 17, 36, 63, 186). This is in line with research
                     in the population at large, which shows that more than 90 percent of Americans do not consume an adequate amount of vitamin
                     D from food alone (52).
                  

                  
                  
                  
                  
                  
                     
                     Will the RDA Help Us Meet Our Vitamin D Needs?

                     
                     
                     
                        
                        Putting It Into Perspective

                        
                        
                        The RDA for vitamin D was established primarily based on bone health (160) and obtaining adequate serum blood levels of 25-hydroxyvitamin
                           D for skeletal health (>20 ng/ml). However, several questions have been raised about both the RDA and the range set for sufficient
                           vitamin D status in blood. Bone researchers suggest the lowest acceptable cutoff level for optimal skeletal health should
                           be 30 ng/ml (68), based on evidence from a large randomized controlled study showing 33 percent lower rates of osteoporotic
                           fractures when serum vitamin D was increased from 21 to 29 ng/ml (149) as well as research in older adults suggesting risk
                           of fractures is lower in those with vitamin D levels above 30 ng/ml and above 40 ng/ml for certain fractures (20, 22). In
                           addition, if dietary intake is the sole source of vitamin D (e.g., when an individual avoids the sun), the RDA is not enough
                           to keep serum vitamin D level at 10 ng/ml—an amount far below adequacy (68).
                        

                        
                        
                        Some scientists question if the RDA for vitamin D is adequate for the general population. High rates of vitamin D deficiency
                           and insufficiency in a wide range of climates—from sunny California to colder areas—support the case for increasing the RDA.
                           In most cases, the RDA is set to meet the needs of 97.5 percent of healthy individuals, which means if the RDA were adequate,
                           2.5 percent, or less, of the healthy population would be vitamin D deficient—yet rates are much higher than this. Two separate
                           groups of scientists reviewed the studies and estimates used to determine the RDA. They found that an estimated daily intake
                           of 7,000 to 8,895 IU of vitamin D from all sources, including 3,875 IU vitamin D per day from food, might be necessary to
                           achieve adequate blood levels of vitamin D in 97.5 percent of the population (164).
                        

                        
                        
                        
                        
                     

                     
                     
                  

                  
                  
                  Vitamin D deficiency decreases calcium and phosphorus absorption 10 to 15 percent and 50 to 60 percent, respectively (104).
                     In children, vitamin D deficiency can lead to rickets, a disease characterized by soft bones and skeletal deformities resulting
                     from impaired bone mineralization (173). In adults, deficiency can lead to osteomalacia, resulting in weak bones, bone pain,
                     and muscle weakness (124, 160). Vitamin D deficiency is also associated with chronic low-back pain, which improves after vitamin
                     D supplementation (93, 126, 136). Maintaining vitamin D levels at or above 20 ng/ml is associated with a decreased risk of
                     fractures, cardiovascular disease, colorectal cancer, diabetes, depressed mood, cognitive decline, and death, though the association
                     with fractures and cardiovascular disease has not been seen in black individuals (85).
                  

                  
                  
                  Note that, in consistency with the Endocrine Society’s guidelines, prior to vitamin D treatment, current vitamin D status
                     should be measured through a blood test.
                  

                  
                  
               

               
               
               
            

            
            
            
               
               Identifying and Treating Vitamin D Deficiency

               
               
               
                  
                  When determining if individuals should get their vitamin D levels tested, the following factors should be considered:

                  
                  
                  
                     
                     	Risk factors for and symptoms of vitamin D deficiency

                     
                     
                     	Health history, including injuries, particularly stress fractures and bone and joint injuries

                     
                     
                     	Muscle pain or weakness

                     
                     
                     	Frequency of illness

                     
                     
                     	Use of medications or herbal supplements that interfere with vitamin D metabolism, such as kava kava and St. John’s wort (61,
                        71)
                     

                     
                     
                  

                  
                  
                  High-dose loading regimens, under the guidance of a physician, might be beneficial for people who are deficient in vitamin
                     D. Anyone with excess body fat or darker skin and those taking medications affecting vitamin D metabolism might need higher
                     levels of vitamin D (74). Given seasonal changes in vitamin D status, anyone with vitamin D deficiency should be tested at
                     least twice a year—in the winter and summer. According to the Agency for Healthcare Quality and Research, part of the Department
                     of Health and Human Services, both vitamin D2 and vitamin D3 can be used for treatment and prevention of deficiency (74). Treatment guidelines are listed in table 6.3.
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               Excess Intake and Vitamin D Toxicity

               
               
               
                  
                  As a fat-soluble vitamin, vitamin D can accumulate in tissues and become toxic when levels are very high. Toxicity can occur
                     over time with supplemental or prescription doses. It is not possible for the human body to produce toxic levels of vitamin
                     D from exposure to UV light (either through sunlight or tanning beds), and consumption of toxic levels through food is highly
                     unlikely (70, 165). Patients with chronic granuloma-forming disorders, including sarcoidosis and tuberculosis; chronic fungal
                     infections; or lymphoma might overproduce vitamin D, which can lead to high blood calcium or high levels of calcium in the
                     urine. These patients should have their vitamin D and calcium levels monitored regularly (74). Data from animal studies suggests
                     vitamin D2 may be less toxic in high doses as compared to vitamin D3 (160).
                  

                  
                  
                  Vitamin D toxicity has a wide range of effects, including anorexia, weight loss, large volume of dilute urine, heart arrhythmias,
                     and high blood calcium levels that can result in calcification of tissues leading to damage to the heart, blood vessels, and
                     kidneys (160). The upper intake level (UL) for vitamin D is 4,000 IU per day for adults (160). Both low and high serum levels
                     of vitamin D (in the form of calcidiol) are related to higher risk of certain diseases (11, 42, 128). Table 6.4 lists signs of vitamin D toxicity and includes information on many vitamins throughout the chapter.
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               Vitamin D and Exercise

               
               
               
                  
                  Vitamin D influences muscle functioning by regulating calcium transport and uptake of inorganic phosphate, which is used to
                     produce ATP (19, 120). In particular, vitamin D affects type II fast-twitch fibers—the kind used for short, rapid-fire bursts
                     of activity such as jumping and sprinting (58). Vitamin D deficiency leads to weak type II fibers, impaired muscle contraction
                     and relaxation, decreased strength, and a potential decline in athletic performance (21, 58, 64, 134, 171). Vitamin D deficiency and insufficiency are also associated with an increased risk of bone injuries, including fractures; impaired
                     immune system functioning; and increased incidence of upper-respiratory infections (98, 104).
                  

                  
                  
                  Higher serum vitamin D status is associated with greater muscle strength, power, and force; jumping performance; [image: V over time]O2max; and speed (82, 171). Higher vitamin D levels are correlated to greater [image: V over time]O2max, with the strongest correlation in those with low levels of physical activity (4). Improving vitamin D levels may have
                     the greatest effect on muscle strength in those with severe deficiency (<12 ng/ml) and the elderly (10).
                  

                  
                  
                  Professional male athletes deficient in vitamin D (<12 ng/ml or 30 nmol/l) or with insufficient vitamin D levels (12–20 ng/ml
                     or 30–50 nmol/L) improved 10-meter sprint time and vertical jump (both recruit mainly type II fibers) after taking 5,000 IU
                     vitamin D3 per day for 8 weeks (raising mean levels from 11.6 ng/ml to 41 ± 10 ng/ml) compared to no change in athletes with deficient
                     or insufficient levels who were given a placebo (37, 56, 129).
                  

                  
                  
                  Though vitamin D deficiency can lead to musculoskeletal pain, lower levels of vitamin D are not associated with greater muscle
                     pain or weakness after eccentric exercise (125).
                  

                  
                  
                  
                  
                  
                     
                     Can You Meet Your Vitamin Needs Through Food?

                     
                     
                     
                        
                        Putting It Into Perspective

                        
                        
                        Whether dining in the cafeteria or cooking in your own apartment, it is possible to meet the RDA for all nutrients through
                           a nutrient-dense diet (but note that some scientists question whether the RDA for vitamin D is adequate, as discussed earlier
                           in the chapter). However, research shows many Americans are falling short on several vitamins, including vitamins A, C, D,
                           E, and folate (folic acid) (52, 150). Research in athletes shows those who restrict their calorie intake, follow diets that
                           cut out food groups or energy-yielding macronutrients (ketogenic diets, for example, are very high-fat, moderate-protein diets
                           containing less than 5% carbohydrate), eat a nutritionally poor diet, or follow a vegetarian or vegan diet are more likely
                           to fall short on several vitamins (46, 92, 139). What does this mean for you? If you are following a restrictive diet or cutting
                           calories, chances are you are falling short on several nutrients, including vitamin D. Check out table 6.4 for excellent and good sources of each vitamin.
                        

                        
                        
                        
                        
                     

                     
                     
                  

                  
                  
               

               
               
               
            

            
            
            
               
               Vitamin D and Illness

               
               
               
                  
                  Vitamin D deficiency is associated with increased risk of illness, whereas maintaining sufficient levels of vitamin D can
                     reduce risk of infectious illness (63). In one study, 27 percent of athletes with vitamin D levels above 48 ng/ml experienced
                     one or more upper-respiratory tract infections over a 4-month period, compared to 67 percent of those with levels below 12
                     ng/ml. Athletes with vitamin D below 12 ng/mL also experienced more total symptomatic days compared to athletes with vitamin
                     D levels above 12 ng/mL (67). These results are in line with studies in nonathletes; adults with vitamin D levels below 10
                     ng/mL had a significantly higher risk of respiratory infections when compared to adults with vitamin D levels greater than
                     30 ng/ml (56). A study in British adults found respiratory infections peak in the winter and decrease as the weather gets
                     warmer, while also finding a 7 percent decrease in risk of respiratory infections with each 4 ng/mL increase in blood vitamin
                     D up to the average study participant high of 28.8 ng/ml in September (16). Another study found blood serum concentrations
                     of vitamin D equal to or greater than 38 ng/ml were associated with a significant reduction in risk of acute respiratory tract
                     infections and percentage of days ill (129).
                  

                  
                  
               

               
               
            

            
            
            
               
               Vitamin D and Injuries

               
               
               
                  
                  An association is evident between vitamin D insufficiency and deficiency and injuries, including stress fractures, as well
                     as chronic musculoskeletal pain. A study examining NFL players found those with at least one muscle injury (muscle strain,
                     tear, or pull) resulting in at least one missed practice or game during the season had significantly lower vitamin D levels
                     compared to players with no reported muscle injuries during the same time period (19.9 ng/ml and 24.7ng/ml, respectively)
                     (138). In another study, conducted with players from the Pittsburgh Steelers, significantly lower vitamin D levels were found
                     in players with at least one bone fracture compared to those with no bone fractures (after correcting for total number of
                     NFL seasons played because years played influences injuries). Also, significantly lower vitamin D levels were observed in
                     players released during the preseason (because of injury or poor performance) when compared to levels in those who played
                     the entire regular season. Athletes with serum vitamin D above 41 ng/ml played more seasons than those with serum vitamin
                     D levels below 21 ng/ml (98). In addition to the association between vitamin D and risk of injury, vitamin D might also influence
                     recovery following some kinds of surgeries. Patients with levels below 30 ng/ml (75 nmol/L) had delayed strength recovery
                     after anterior cruciate ligament surgery (8).
                  

                  
                  
               

               
               
            

            
            
         

         
         
         
            
            Vitamin E

            
            
            
               
               Vitamin E is incorporated in the body’s cellular and subcellular membranes, where it helps to prevent oxidative damage to
                  the fats in cell membranes. This oxidative damage can disrupt cell membrane structure and function as well as function of
                  the cell overall (84, 157, 161). Vitamin E is also involved in immune functioning, cell signaling, metabolic processes, blood
                  vessel dilation, and inhibiting platelets from clumping together (157).
               

               
               
               
               
               
                  
                  Nutrition Tip

                  
                  
                  
                     
                     Some companies list total antioxidant capacity (TAC) scores of a food, beverage, or supplement on the label based on antioxidant
                        testing methods such as ORAC (oxygen radical absorbance capacity). TAC scores provide a measure of the food’s capacity to
                        scavenge free radicals. Though these scores are useful for research purposes, they do not tell us anything about human health
                        because TAC scores do not take into account how the body absorbs and uses antioxidants. So these scores should not be used
                        as a way to compare foods, beverages, or supplements or to suggest one food is healthier than another food (118).
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
            

            
            
            
            
               
               Sources of Vitamin E

               
               
               
                  
                  The eight naturally occurring forms of vitamin E are alpha-, beta-, gamma-, and delta-tocopherol and alpha-, beta-, gamma-,
                     and delta-tocotrienol.
                  

                  
                  
                  Though gamma-tocopherol is the most prevalent form found in the diet, only alpha-tocopherol is maintained in human blood in
                     significant amounts, and thus is the form considered most biologically important and the one used to estimate vitamin E requirements.
                     See figure 6.6 for excellent sources of vitamin E.
                  

                  
                  
                  
                     



                  
                  
                  

               
               
            

            
            
            

         
         
         

      
      
      





Figure 6.6    Excellent sources of Vitamin, containing more than 20% DV per serving (151).
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               Vitamin E Deficiency and Toxicity

               
               
               
                  
                  Vitamin E deficiency is rare, seen only in individuals with fat malabsorption disorders and those with rare inherited disorders
                     preventing maintenance of normal blood concentrations of vitamin E. Symptoms of deficiency may include peripheral neuropathy,
                     loss of control of body movements (ataxia), skeletal muscle weakness, and retina damage. Vitamin E deficiency can also lead
                     to hemolytic anemia, the type of anemia characterized by ruptured red blood cells.
                  

                  
                  
                  
                  
                  
                     
                     Do You Know?

                     
                     
                     
                        
                        National survey data suggest Americans do not consume adequate amounts of vitamin E through food; however, total vitamin E
                           intake might have been underestimated if oil used during cooking was not accounted for in surveys assessing dietary intake
                           (107).
                        

                        
                        
                        
                        
                     

                     
                     
                  

                  
                  
                  No health effects have been observed from vitamin E intake through dietary sources. However, lab studies suggest large doses
                     of vitamin E can inhibit platelet clumping and thereby increase risk of bleeding. This may be particularly dangerous when
                     large doses of vitamin E are taken with anticoagulants, especially in conjunction with low vitamin K intake. Additionally,
                     the Selenium and Vitamin E Cancer Prevention Trial found men who supplemented with 400 IU vitamin E each day for an average
                     of 5.5 years had a 17 percent increased risk of prostate cancer (81). The tolerable upper limit for vitamin E in adults 19
                     years of age and older is 1,000 mg (1,500 IU).
                  

                  
                  
                  
                  
                  
                     
                     Nutrition Tip

                     
                     
                     
                        
                        Several factors affect the body’s ability to absorb plant compounds, including antioxidants from food, form of the food (liquid
                           or solid), foods consumed at the same time, composition of gut bacteria, overall health, and age. Chewing foods into smaller
                           pieces before swallowing can increase antioxidant absorption, while the presence of fat in the gut can enhance absorption
                           of fat-soluble antioxidants such as carotenoids and vitamin E.
                        

                        
                        
                        
                        
                     

                     
                     
                  

                  
                  
               

               
               
               
               
            

            
            
            
               
               Vitamin E and Exercise

               
               
               
                  
                  Free radicals, produced in muscle, have important roles in cell signaling, production of muscle force, muscle growth, and
                     recovery. A healthy balance is important, as excess free radicals can damage plasma membranes, impairing muscle contraction
                     and contributing to muscle fatigue and delayed-onset muscle soreness (79, 122). The stress of exercise, particularly exercise
                     with high oxygen demand (high oxygen demand means more free radicals are produced) or muscle-damaging exercise, damages cell
                     membranes—the barrier that protects cells. Vitamin E protects cells from the damaging effects of free radicals and is essential
                     for cell membrane repair, so it might support training adaptations and recovery (122). Vitamin E–deprived muscle cell membranes
                     do not heal properly.
                  

                  
                  
                  Though vitamin E is critical for muscle cell health, studies examining vitamin E’s role in athletics have yet to find supplemental
                     vitamin E, above the amount provided in the average diet, improves athletic performance or decreases muscle damage (35, 53,
                     137, 145). In fact, in high doses, vitamin E may interfere with training adaptations as noted later in this chapter.
                  

                  
                  
                  
                  
                  
                     
                     Improving Joint Pain

                     
                     
                     
                        
                        Putting It Into Perspective

                        
                        
                        If you exercise regularly or participate in sports, you might experience joint pain. In particular, some athletes feel pain
                           or stiffness in their knees, especially if sitting for a long time with knees bent (in a lengthy class lecture, movie theater,
                           or on an airplane, for instance) because of worn-down cartilage. Some athletes may have osteoarthritis, a degenerative joint
                           disease characterized by pain, stiffness, and swelling in joints. Osteoarthritis is a disease that primarily affects cartilage,
                           the tissues that provide cushioning between joints, allowing them to move over one another smoothly. Studies suggest higher
                           dietary intake of vitamin C, beta carotene, and vitamin E can support joint health by attenuating the development of osteoarthritis
                           (40, 102, 169, 181).
                        

                        
                        
                        
                        
                     

                     
                     
                  

                  
                  
               

               
               
               
            

            
            
         

         
         
         
            
            Vitamin K

            
            
            
               
               Vitamin K is a fat-soluble vitamin composed of vitamin K1 and several forms of vitamin K2. In the body, vitamin K is a coenzyme involved in the synthesis of proteins necessary for blood clotting and bone metabolism.
                  Additionally, scientists are working to determine how vitamin K2, as part of a vitamin K–dependent protein, might reduce calcification in arteries (arterial calcification contributes to
                  arterial plaque and blockage within arteries, which increases risk of chronic kidney disease and cardiovascular disease) (66,
                  135). Vitamin K is also found in the brain, liver, heart, and pancreas (158).
               

               
               
               Vitamin E interferes with clotting activity of vitamin K, though there seems to be inter-individual differences in response
                  to vitamin E intake that influences its effect on clotting as well as bleeding (147).
               

               
               
            

            
            
            
               
               Sources of Vitamin K

               
               
               
                  
                  There are two types of vitamin K:

                  
                  
                  
                     
                     	Vitamin K1 (phylloquinone, phytomenadione, or phytonadione) is made in plants and can be converted to vitamin K2 by bacteria in the human body. Vitamin K1 is found in high concentrations in green leafy vegetables, soybeans, soybean oil, and canola oil. Vitamin K1 is less bioavailable from greens than from oil or supplements. Consuming dietary fat at the same time as vegetables improves
                        vitamin K1 absorption from vegetables.
                     

                     
                     
                     	Vitamin K2 comes in several forms (menaquinones) and is found in animal livers, some Chinese dishes, and some fermented foods, such as
                        natto. In addition, most menaquinones are produced by bacteria in the human gut (151, 158). See figure 6.7 for good and excellent sources of vitamins K1 and K2.
                     

                     
                     
                  

                  
                  
                  
                     



                  
                  
                  

               
               
            

            
            
            

         
         
      

      
      
      





Figure 6.7    Excellent and sources of vitamin K1 and vitamin K2. Note that chicken and meat products contain vitamin K2 only if their feed contained a synthetic form of vitamin K. (The animals produce vitamin K2 from the vitamin K in their feed.)
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               Vitamin K Deficiency and Toxicity

               
               
               
                  
                  Vitamin K status, as measured by the time it takes for blood to clot (prothrombin time), is not typically tested unless a
                     person is taking anticoagulants (medicines that help prevent blood clots, which antagonize the action of vitamin K—warfarin
                     is an example) or has a bleeding disorder. Vitamin K deficiency can cause bleeding and hemorrhage and might also decrease
                     bone mineralization, thus possibly contributing to osteoporosis. Infants not treated with vitamin K at birth and those with
                     malabsorption syndromes and GI diseases (including celiac disease, cystic fibrosis, and ulcerative colitis) are at risk for
                     vitamin K deficiency. (Vitamin K interacts with certain medications, notably anticoagulants, a type of blood thinner.) Such
                     individuals require close monitoring and consistent intake of vitamin K-containing foods and supplements (as directed by a
                     physician). Note, too, that changes in vitamin K intake can increase or decrease the effectiveness of some anticoagulants
                     (158). No evidence suggests that vitamin K interferes with a different category of blood thinners that prevent platelets from
                     sticking together to form clots—aspirin and clopidogrel are examples. To be on the safe side, patients on blood thinners,
                     regardless which type, should always check with a medical professional about vitamin K from dietary supplements and food.
                  

                  
                  
                  
                  
                  
                     
                     Do You Know?

                     
                     
                     
                        
                        No known association exists between vitamin K and athletic performance or recovery.

                        
                        
                        
                        
                        
                        
                        
                     

                     
                     
                  

                  
                  
                  
                     
                     Can I Use the Nutrition Facts Panel to Make Sure I Am Meeting My Vitamin Needs?

                     
                     
                     
                        
                        Putting It Into Perspective

                        
                        
                        The Nutrition Facts Panel (figure 6.8) can be used to compare foods that include nutrients many Americans are not getting in adequate amounts, including vitamin
                           D, calcium, potassium, and iron. Getting enough of these nutrients helps to reduce the risk of some diseases or disease risk
                           factors, while improving health. The FDA requires that food labels list the total content of these micronutrients on the Nutrition
                           Facts Panel. The Daily Value (DV) was developed to help consumers see the nutrient levels in a standard serving size of food
                           compared to their approximate requirement for that nutrient. The %DV is based on a 2,000-calorie diet and thus provides a
                           reference you can use to compare foods, even if you consume more or less calories each day (153). A food is “high,” “rich
                           in,” or an “excellent source of” a nutrient if it contains 20 percent or more of the DV for a standard serving size. It is
                           considered a “good source,” “contains,” or “provides” if it contains 10 to 19 percent of the DV for a standard serving size
                           (152). In addition to these four micronutrients—vitamin D, calcium, potassium, and iron—some companies voluntarily list the
                           amount of other vitamins and minerals.
                        

                        
                        
                        
                           



                        
                        
                     

                     
                     
                  

                  
                  
               

               
               
               
               
            

            
            
         

         
         
      

      
      
      







Figure 6.8    Companies must list the DV for vitamin D, calcium, potassium, and iron on the Nutrition Facts Panel.
                           

                           
                           
                           [image: Figure 6.8 Companies must list the DV for vitamin D, calcium, potassium, and iron on the Nutrition Facts Panel.]

                           
                        

                        
                        
                     

                     
                     
                  

                  
                  
               

               
               
               
               
            

            
            
         

         
         
      

      
      
      

         
         Water-Soluble Vitamins
         

         
         
         
            
            Unlike fat-soluble vitamins, the majority of water-soluble vitamins are not stored in the body, and any excess is excreted
               in the urine. Therefore, these vitamins must be consumed regularly.
            

            
            
         

         
         
         
            
            B Vitamins

            
            
            
               
               B vitamins work together and are catalysts necessary for the metabolism of carbohydrate, fat, and protein, as well as for
                  energy production (156). As such, B vitamins are critical for health and human performance. Each B vitamin also has other
                  functions in the body. There is little data examining consistently low intake of B vitamins and the effect on athletic performance,
                  though one study found dietary restriction of thiamin, riboflavin, and vitamin B6 resulted in decreased peak aerobic capacity and peak power in trained male cyclists (162). No evidence suggests a greater
                  intake of B vitamins, beyond what the body needs, improves athletic performance.
               

               
               
               According to national survey data, few people consume below the Estimated Average Requirements (EAR) for thiamin, riboflavin,
                  niacin, or vitamin B6. There are no nationally representative estimates of pantothenic acid intake, but this vitamin is widely distributed in food.
                  Low calorie intake may increase an athlete’s risk for low thiamin, riboflavin, and vitamin B6 (43, 69). Despite low intake, B vitamin deficiencies are uncommon, though certain groups have a higher risk of developing
                  a vitamin B12 deficiency.
               

               
               
            

            
            
            
               
               Biotin

               
               
               
                  
                  Biotin is found in a wide range of foods, including turkey breast, beef, whey protein, soybeans, and chickpeas (151). Biotin
                     deficiency can occur during pregnancy or with long-term tube feeding, rapid weight loss, or consumption of raw egg whites
                     over a long period of time. Raw egg whites contain a protein called avidin, which binds biotin so it cannot be absorbed in
                     the body (184). Biotin deficiency can lead to dermatitis (red, scaly, skin rash), conjunctivitis, hair loss, central nervous
                     system abnormalities, and seizures. In infants, biotin deficiency can lead to lethargy, developmental delay, withdrawn behavior,
                     and hypotonia (floppy baby syndrome). Biotin toxicity has not been observed in humans (156). There is insufficient research
                     to assess the effect of biotin supplementation on athletic performance.
                  

                  
                  
                  
                  
                  
                     
                     Do You Know?

                     
                     
                     
                        
                        Many skin, hair, and nail supplements contain biotin because a biotin deficiency can cause skin rashes and hair loss (156).

                        
                        
                        
                        
                     

                     
                     
                  

                  
                  
               

               
               
               
            

            
            
            
               
               Choline

               
               
               
                  
                  Americans get most of their choline in the diet from milk, meat, poultry, fish, eggs and egg-based dishes, bread, and grain-based
                     dishes such as pasta (34). Eggs, turkey, beef, soybeans, chickpeas, and lima beans are excellent sources of choline (151).
                  

                  
                  
                  Choline is a methyl donor necessary for lipid metabolism and transport, cell functioning, brain development and functioning,
                     and creatine formation. Choline is the precursor for the neurotransmitter acetylcholine, phospholipids, and betaine (132,
                     156). National survey data suggest that many people are falling short of their choline needs; mean choline intakes for children
                     and for all age ranges of men and women are below the AI (34).
                  

                  
                  
                  Choline deficiency leads to fat infiltration in the liver and to liver and muscle damage (49). High supplemental doses of
                     choline (10 g/day) might slightly reduce blood pressure. High dietary intake of choline, especially choline magnesium trisalicylate,
                     is associated with potential side effects that include ringing in the ears and mild liver toxicity.
                  

                  
                  
                  Though humans placed on a choline-deficient diet for three weeks experienced a decline in muscle functioning, (183) there
                     is no evidence of choline deficiency caused by exercise, and choline supplementation does not benefit either brief, high-intensity
                     anaerobic exercise or prolonged aerobic exercise (142).
                  

                  
                  
               

               
               
            

            
            
            
               
               Dietary Folate and Folic Acid

               
               
               
                  
                  Dietary folate is found naturally in food. Excellent dietary sources of folate include beef liver, dark green leafy vegetables,
                     beans and peas, rice, fortified cereals, and wheat germ (151). Folic acid is the term used for the synthetic form of folate
                     found in dietary supplements and fortified foods. For our purposes, we will call both folate and folic acid “folate” unless
                     otherwise specified. Folate is necessary for metabolism and healthy red blood cells (156).
                  

                  
                  
                  Folate status can be assessed by measuring red blood cell (erythrocyte) folate levels. Deficiency can lead to megaloblastic
                     or macrocytic anemia, a type of anemia characterized by large, immature (not completely developed) red blood cells (figure 6.9). Anemia is when blood fails to carry enough oxygen throughout the body. Signs and symptoms of megaloblastic anemia include
                     fatigue, shortness of breath, weakness, pale skin, and sore mouth and tongue. Babies born to pregnant women deficient in folate
                     have an increased risk of neural tube or spinal defects. In addition to consistently low intake of dietary folate or folic
                     acid, malabsorptive diseases, chronic heavy alcohol intake, smoking, and genetic variations in folate metabolism can contribute
                     to the risk of folate deficiency. Many women and adolescent females capable of becoming pregnant do not meet their folate
                     needs (7). Several medicines may interfere with folate metabolism, including long-term therapeutic doses of nonsteroidal anti-inflammatory
                     drugs (NSAIDs), such as ibuprofen (156). The Institute of Medicine encourages every women who could become pregnant to get
                     400 mcg of folic acid every day from fortified foods, supplements, or a combination of both to decrease the risk of birth
                     defects (http://pediatrics.aappublications.org/content/104/2/325).
                  

                  
                  
                  
                     



                  
                  
                  

               
               
            

            
            
            

         
         
      

      
      
      





Figure 6.9    Deficiencies in several nutrients can result in anemia.
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                  No adverse effects are associated with folate consumption through food. Excess folic acid intake can mask a vitamin B12 deficiency, thereby correcting megaloblastic anemia without addressing the side effects caused by a B12 deficiency.
                  

                  
                  
                  Though folate status in athletes appears to mirror the general population, with women more likely to be deficient than men
                     (9, 47, 100, 156, 178), folic acid supplementation in athletes deficient in folate, yet not anemic, does not improve athletic
                     performance (100).
                  

                  
                  
               

               
               
            

            
            
            
               
               Niacin

               
               
               
                  
                  Niacin is important for metabolism, digestive system function, and skin and nerve function. Niacin is found in a wide variety
                     of foods, including beef, milk, eggs, legumes (including peanuts), poultry, fish, and rice (151). Niacin deficiency leads
                     to the disease pellagra. Symptoms of pellagra include inflamed skin, mental impairment, and digestive issues. Niacin toxicity
                     is associated with nausea, vomiting, and liver toxicity (156).
                  

                  
                  
                  
                  
                  
                     
                     Do You Know?

                     
                     
                     
                        
                        Consuming high amounts of niacin can lead to flushing or a warm, itchy, or tingly feeling of the face, neck, arms, and upper
                           body, as well as to GI effects and vision changes.
                        

                        
                        
                        
                        
                     

                     
                     
                  

                  
                  
                  No evidence suggests that niacin supplementation is necessary for athletic performance. In fact, niacin supplementation might
                     block the release of fatty acids from fat tissue, increasing the body’s reliance on carbohydrate, which could potentially
                     lead to faster depletion of muscle glycogen and impaired endurance performance (15, 114, 144).
                  

                  
                  
               

               
               
               
            

            
            
            
               
               Pantothenic Acid (Vitamin B5)
               

               
               
               
                  
                  Pantothenic acid is an important part of a coenzyme involved in fatty acid metabolism. Deficiency is very uncommon under normal
                     circumstances and has been observed only in experimental conditions in those fed a diet void of pantothenic acid. There is
                     no evidence of toxicity from pantothenic acid. Major sources of pantothenic acid include chicken, beef, potatoes, tomato products,
                     whole grains, and egg yolks (156). We have no reason to believe that pantothenic acid, beyond that obtained from dietary intake,
                     is necessary for athletic performance (172).
                  

                  
                  
               

               
               
            

            
            
            
               
               Riboflavin (Vitamin B2)
               

               
               
               
                  
                  Riboflavin (figure 6.10) is a component of two coenzymes necessary for metabolism, energy production, cellular function, growth, and development.
                  

                  
                  
                  
                     



                  
                  
                  

               
               
            

            
            
            

         
         
      

      
      
      





Figure 6.10    Good or excellent sources of riboflavin (151, 156).
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                  Most Americans consume enough riboflavin through their diet, so riboflavin deficiency is rare in the United States (52), though
                     endocrine abnormalities can lead to deficiency. Signs and symptoms of deficiency include skin issues, edema in the mouth and
                     throat, cracks at the corners of the mouth (called angular stomatitis or angular cheilosis), hair loss, sore throat, itchy
                     red eyes, liver and nervous system abnormalities, and reproductive problems (103, 156).
                  

                  
                  
                  Exercise might increase riboflavin needs, which can be met through increased calorie intake of nutrient-dense foods. Athletes
                     who are dieting may fall short of their riboflavin intake (12, 50, 96, 178). Little research has looked at the effect of riboflavin
                     supplementation on performance, though one study found correcting low riboflavin status improved endurance performance in
                     adolescents aged 12 to 14 (143).
                  

                  
                  
               

               
               
            

            
            
            
               
               Thiamin (Vitamin B1)
               

               
               
               
                  
                  Thiamin (figure 6.11) is essential for the activity of enzymes involved in carbohydrate, lipid, and amino acid metabolism. In the United States
                     and many other countries, grain products, including breads and cereals, are fortified with thiamin. Cooking food decreases
                     thiamin content to about 50 to 60 percent of precooked levels. The greatest thiamin losses are from boiling, followed by baking,
                     poaching, and frying. High temperature, high pH, and high chlorine content in water all accelerate thiamin losses (80).
                  

                  
                  
                  
                     



                  
                  
                  

               
               
               

            
            
            

         
         
      

      
      
      





Figure 6.11    Excellent sources of thiamin (151).
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                  Thiamin Deficiency and Toxicity

                  
                  
                  
                     
                     The majority of people in the United States consume enough thiamin. Thiamin deficiency, often caused by chronic alcoholism,
                        leads to the neurological disorder Wernicke-Korsakoff syndrome (75). Thiamin deficiency can also lead to beriberi, a disease
                        that is now very rare in the United States because of thiamin fortification in grains. Older adults have a higher risk of
                        thiamin deficiency, which may be caused by low dietary intake, chronic diseases, nutrient-drug interactions, or a decrease
                        in thiamin absorption (167, 174). Individuals with HIV or AIDS, diabetes, or those with a history of bariatric surgery have
                        a greater risk of developing thiamin deficiency (24, 76, 130, 180). Signs of thiamin deficiency include weight changes, mental
                        changes, apathy, impaired short-term memory, confusion, irritability, muscle weakness, and enlarged heart (156).
                     

                     
                     
                  

                  
                  
               

               
               
               
                  
                  Thiamin and Exercise

                  
                  
                  
                     
                     Studies in athletes on calorie-restricted diets indicate they might be consuming less than the RDA for thiamin (46, 92, 139).
                        Therefore, anyone on a reduced calorie diet should include foods that are a good or excellent source of thiamin. Several studies
                        show no benefit for muscle strength or endurance performance from thiamin supplementation (45, 50, 172, 177).
                     

                     
                     
                  

                  
                  
               

               
               
            

            
            
            
               
               Pyridoxine (Vitamin B6)
               

               
               
               
                  
                  Pyridoxine is necessary for metabolism and immune functioning (156). Excellent sources of pyridoxine include chickpeas, tuna,
                     salmon, chicken breasts, and fortified cereals (151). Most people in the United States consume adequate amounts of pyridoxine.
                     Pyridoxine deficiency is rare by itself but instead typically occurs alongside other B vitamin deficiencies. Deficiency leads
                     to microcytic anemia, characterized by small, pale red blood cells; abnormalities in the electrical activity of the brain;
                     dermatitis; cheilosis; swollen tongue (glossitis); depression; confusion; and suppressed immune functioning. Kidney diseases,
                     malabsorption diseases, autoimmune diseases, alcoholism, and some genetic diseases can cause a pyridoxine deficiency. No toxic
                     effects of vitamin B6 from food sources are known, but chronic high-dose supplemental intake can lead to neuropathy, loss of control of body movements,
                     painful dermatological lesions, sensitivity to sunlight, and GI symptoms (13, 54, 140, 156).
                  

                  
                  
                  Exercise increases pyridoxine losses, so athletes on reduced calorie diets might fail to meet the RDA for pyridoxine (50,
                     86, 96, 97, 127). It remains unclear if supplemental pyridoxine intake will enhance performance, as few studies have assessed
                     this.
                  

                  
                  
                  
                     



                  
                  
                  

               
               
            

            
            
            

         
         
      

      
      
      





Look for nutrient-packed options including a variety of steamed vegetables, grilled chicken, and potatoes in college dining
                        halls.
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               Vitamin B12 (Cobalamin)
               

               
               
               
                  
                  Vitamin B12 is necessary for the formation of red blood cells, neurological functioning, and DNA synthesis (156). Vitamin B12 is naturally found in many animal foods. Excellent sources include clams, beef, beef liver, salmon, haddock, trout, and tuna
                     fish, as well as fortified breakfast cereals and some types of nutritional yeast (151, 156).
                  

                  
                  
                  Vegetarians, particularly vegans (those who eat no animal foods) who do not take a multivitamin containing vitamin B12 or a separate vitamin B12 supplement, and who do not regularly consume foods fortified with vitamin B12, have an increased risk of developing marginal vitamin B12 status or deficiency (117), which can lead to megaloblastic anemia. Individuals with pernicious anemia—caused by an autoimmune
                     disease that affects the stomach lining, infections, surgery, medicine, or diet—cannot absorb vitamin B12 (62, 156) and require vitamin B12 shots. Without shots, they will develop megaloblastic anemia and neurological disorders (3, 156). Individuals with reduced
                     stomach acid or intestinal disorders might have problems absorbing vitamin B12 from food, putting them at risk for deficiency (30). Elderly women are more likely than men and younger women to have malabsorption,
                     putting them at greater risk of developing a B12 deficiency or marginal B12 status (6, 88).
                  

                  
                  
                  Signs and symptoms of pernicious and megaloblastic anemia include pica (the desire to eat nonfood items such as ice or clay),
                     diarrhea or constipation, nausea, poor appetite, loss of appetite, pale skin, pale nail beds and gums, difficulty concentrating,
                     lightheadedness, dizziness, shortness of breath during exercise, swollen red tongue, and bleeding gums. Chronic vitamin B12 deficiency can lead to nerve damage and related symptoms, including tingling and numbness in the hands and feet, difficulty
                     walking, irritability, memory loss, dementia, depression, and mental illness (108). No evidence suggests vitamin B12 supplementation, beyond correction for deficiency, improves athletic performance (123). However, there is a scarcity of data
                     on vitamin B12 and athletic performance.
                  

                  
                  
                  
                  
                  
                     
                     Do You Know?

                     
                     
                     
                        
                        Vitamin B12 is the only water-soluble vitamin stored in the body. Rather than being excreted in the urine, it can be stored in the liver
                           for several years.
                        

                        
                        
                        
                        
                     

                     
                     
                  

                  
                  
               

               
               
               
            

            
            
            
               
               Vitamin C (Ascorbic Acid)

               
               
               
                  
                  Vitamin C is an antioxidant that

                  
                  
                  
                     
                     	protects cells in the body from free radical damage,

                     
                     
                     	helps regenerate other antioxidants, including vitamin E (31),

                     
                     
                     	affects immune system functioning,

                     
                     
                     	produces collagen,

                     
                     
                     	helps repair and maintain cartilage and bone (157),

                     
                     
                     	keeps capillary and blood vessel walls firm, which helps prevent bruising,

                     
                     
                     	keeps skin and gum tissue healthy, and

                     
                     
                     	helps the body absorb plant sources of iron (non-heme iron; this form is not absorbed by the body as well as heme iron, the
                        kind found in animal foods).
                     

                     
                     
                  

                  
                  
                  Excellent sources of vitamin C include oranges, grapefruit, tomatoes, bell peppers, peaches, kiwi, strawberries, and broccoli
                     (151).
                  

                  
                  
                  
                  
                  
                     
                     Nutrition Tip

                     
                     
                     
                        
                        Water, light, and heat decrease the vitamin C content in foods. Instead of boiling vegetables (and throwing out a good amount
                           of vitamin C in the water they are boiled in), consider microwaving or steaming vegetables or eating them raw. Try cutting
                           fruits and vegetables soon before you eat them instead of buying precut produce or leaving cut produce out of the refrigerator
                           for long periods prior to eating. The more surface area (smaller pieces of produce) exposed to heat and light, the greater
                           the amount of vitamin C lost. If you are in a dorm room, consider vegetables you can microwave or eat raw.
                        

                        
                        
                        
                        
                     

                     
                     
                  

                  
                  
               

               
               
               
            

            
            
            
               
               Does Vitamin C Prevent Illness?

               
               
               
                  
                  Though vitamin C is necessary for immune system functioning (157), several studies show vitamin C supplementation may not
                     benefit such functioning (83, 109, 110). In athletes, the research is mixed and might depend on regular dietary intake of
                     vitamin C, supplemental vitamin C dose and duration, and the level of exercise stress. A double-blind, placebo-controlled
                     study found daily supplementation with 600 mg of vitamin C for 21 days prior to a 90-km race reduced self-reported symptoms
                     of upper-respiratory tract infections during the 2-week period after the race, compared to placebo. Nonrunning controls also
                     benefited. Other foods consumed at the same time as those taking vitamin C supplementation reduced the duration and severity
                     of self-reported symptoms of upper-respiratory tract infections, compared to placebo (119). Another randomized, double-blind,
                     placebo-controlled study showed no differences in immune markers between runners who took 1,500 mg of vitamin C daily for
                     7 days prior to an 80-km race, compared to those who took a placebo (110). Additionally, a randomized, double-blind study found 500 mg of vitamin C consumed 3 times a day for several days prior to
                     a 120-minute bout of indoor cycling at a moderate pace in a hot and humid environment did not affect incidence of upper-respiratory
                     tract infections or immune system functioning, as measured by salivary immunoglobulin A (32).
                  

                  
                  
               

               
               
            

            
            
            
               
               Vitamin C and Exercise

               
               
               
                  
                  Regular exercise can increase vitamin C needs, and low vitamin C status negatively affects performance (55). Correcting a
                     vitamin C deficiency or suboptimal intake can increase work capacity and aerobic power (77, 162).
                  

                  
                  
                  
                  
                  
                     
                     Can Antioxidants Improve Recovery and Decrease Muscle Soreness?

                     
                     
                     
                        
                        Putting It Into Perspective

                        
                        
                        Muscles produce free radicals (reactive oxygen and nitrogen species), compounds that are necessary for cell signaling, production
                           of muscle force, muscle growth, and recovery. A healthy balance of free radicals is necessary because high levels can damage
                           cells, impair muscle contraction, and contribute to muscle weakness, fatigue, and dysfunction (27, 168). Dietary intake of
                           antioxidants, including vitamins C and E, as well as carotenoids, might protect against excess muscle cell damage caused by
                           free radicals (122). Though consuming a diet rich in antioxidants might help protect muscles from the damaging effects of
                           excess free radicals, no evidence supports supplemental doses for this purpose, and taking high doses of antioxidant supplements,
                           particularly vitamins C and E, can shortcut the essential actions of free radicals (27, 59, 106, 111, 145, 168). Daily supplements
                           of 1,000-mg vitamin C plus 235-mg (261 IU) vitamin E (as dl-alpha tocopherol acetate) interferes with cell signaling after
                           resistance training, impairs increases in muscle strength in response to strength training, and interferes with cellular adaptation
                           to endurance training (115, 116). Supplemental doses of greater than 1,000 mg of vitamin C alone impaired sports performance
                           in at least four studies (28).
                        

                        
                        
                        
                        
                     

                     
                     
                  

                  
                  
               

               
               
               
            

            
            
         

         
         
      

      
      
      

         
         Summary
         

         
         
         
            
            Exercise stresses many vitamin-dependent pathways. Vitamins are important for health and have several important roles related
               to exercise and athletic performance, including energy production, oxygen transport, immune functioning, building and maintaining
               bone density, and synthesizing and repairing muscle tissue. The body can make vitamins D and K, although vitamin D production
               depends on exposure to UVB rays and the ability to convert vitamin D to its active form in the body. Many Americans are not
               making adequate amounts of vitamin D in their body or getting enough from food. Other vitamins commonly underconsumed include
               vitamins A, C, E, and folate. Athletes who are dieting or cutting out food groups or who generally consume a nutritionally
               poor diet have an increased risk of deficiency in one or more vitamins. Water-soluble vitamins, with the exception of vitamin
               B12, need to be replenished daily, as excess is excreted in urine. Several vitamins, including folate and vitamins B6 and B12, are important for oxygen transport throughout the body, including to muscle tissues. In addition to monitoring overall dietary
               intake, the effect of cooking methods on water-soluble vitamin content should be considered. Supplemental intake must also
               be considered to get a good overall picture of a person’s vitamin intake. Though vitamin deficiencies can negatively affect
               performance, excess intake has not been shown to enhance performance and in some cases, might be detrimental.
            

            
            
            
            
            
               
               For Review

               
               
               
                  
                  
                     
                     	Discuss the vitamins affected by cooking methods and cooking methods that contribute to vitamin losses.

                     
                     
                     	List some of the signs and symptoms associated with vitamin C deficiency.

                     
                     
                     	Discuss methods to help the body absorb antioxidants from food.

                     
                     
                     	How does vitamin D deficiency or insufficiency affect athletes?

                     
                     
                     	Discuss how excess intake of antioxidants might affect muscle.

                     
                     
                     	List a day’s worth of vitamin-rich meals.
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Chapter Objectives

            
            
            
               
               After completing this chapter, you will be able to do the following:

               
               
               
                  
                  	Discuss why minerals are important for overall health and training.

                  
                  
                  	Explain how training and exercise affect mineral needs.

                  
                  
                  	List the minerals that athletes are most likely not getting enough of through their diet.

                  
                  
                  	Discuss potential hazards of excess mineral intake.

                  
                  
                  	List a few good food sources for each major mineral.

                  
                  
               

               
               
            

            
            
         

         
         
         Minerals help regulate fluid balance, muscle contraction (including heartbeat), nerve impulses, oxygen transport, immune functioning,
            muscle building and repair. Minerals are structural components of many body tissues, including bones, nails, and teeth. Additionally,
            they are part of enzymes that facilitate several metabolic functions (66). Sodium, chloride, potassium, calcium, magnesium, and phosphorus are electrolytes—they conduct electricity in the body. Electrolytes affect fluid balance, muscle pH, and muscle functioning (140).
         

         
         
         Minerals are essential for health and athletic performance; deficiencies can lead to health consequences and performance decrements
            (66). Mineral needs depend on gender and life stage (pregnancy, lactation, etc.). Table 7.1 includes the Dietary Reference Intakes (DRIs) for adults aged 19 to 30. Though vital, there is no evidence to suggest that
            increased intake of minerals, beyond the DRIs, will improve training adaptations or measures of performance (91).
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         Macrominerals
         

         
         
         
            
            Minerals needed by the body in larger amounts are called macrominerals. These include calcium, phosphorus, magnesium, sodium,
               potassium, chloride, and sulfate. Each mineral, with the exception of sulfate, has a DRI. Sulfur-containing amino acids provide
               the body with enough sulfate to meet dietary requirements, so there is no EAR, RDA, or AI for sulfate. In addition, there
               isn’t enough data to establish a UL (121).
            

            
            
         

         
         
         
            
            Calcium

            
            
            
               
               All cells require calcium. Calcium is involved in hormone secretion and nerve transmission, constricting and dilating blood
                  vessels, and acts as an intracellular messenger supporting muscle contraction. Calcium keeps bones and teeth strong and functioning
                  properly. Ninety-nine percent of calcium is stored in bones and teeth in the form of hydroxyapatite. Less than 1 percent of total body calcium is found in blood, muscle, extracellular fluid, and other tissues. The endocrine
                  system keeps calcium in the blood within a tight range (typically ranging from 8.5 to 10.2 mg/dl, though some labs use a slightly
                  different range) (84, 134). All organs, but particularly nerves and muscles, depend on an adequate supply of calcium in blood
                  and cells (159). When blood calcium drops, the body pulls this mineral from bone to keep a constant concentration of calcium
                  in blood, muscle, and intracellular fluids to maintain critical metabolic processes (135, 167) Therefore, high or low levels
                  of calcium in the blood are primarily due to certain health conditions affecting calcium regulation (167).
               

               
               
            

            
            
            
               
               Sources of Calcium

               
               
               
                  
                  Excellent sources (foods containing 20% or more of the DV per standard serving) of calcium include dairy foods such as milk,
                     cheese, and yogurt. The DV for calcium and other minerals is shown in table 7.2. Dairy foods are the top sources of calcium in the diets of Americans over the age of 2 years (70). Calcium-fortified orange
                     juice, soy beverages, almond drinks, and tofu prepared with calcium sulfate are excellent or good sources of calcium (157).
                     Some leafy green vegetables contain relatively small amounts of calcium. For instance, one cup of raw spinach contains 30
                     mg of calcium—far below the RDA for men and women aged 19 to 50 years, which is 1,000 mg calcium per day (157, 167). See figure 7.1 for the calcium content in common foods. Approximately 30 percent of calcium from food is absorbed, though the exact amount
                     varies by the type of food consumed (167). Several factors affect calcium absorption, as noted in figure 7.2. For instance, the bioavailability of calcium from spinach is poor because of its high oxalate content, a compound that reduces
                     the absorption of minerals from food (180). Phytic acid in plant-based foods might also decrease calcium absorption (121).
                     The DRI takes into account potential factors that decrease mineral absorption.
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Figure 7.1    Calcium content of commonly eaten foods.
                     

                     
                     
                     [image: Figure 7.1 Calcium content of commonly eaten foods.]

                     
                     Text based on U.S. Department of Agriculture.
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Figure 7.2    Factors that affect calcium absorption.
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                     Based on U.S. Institute of Medicine 1997.
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                     Do You Know?

                     
                     
                     
                        
                        
                        
                        If raw spinach were the only source of calcium in your diet, you would need to eat 33 cups a day to meet the DV for calcium.

                        
                        
                        
                        
                     

                     
                     
                  

                  
                  
                  In addition to compounds that affect calcium absorption, other factors can increase calcium excretion. Caffeine has a very
                     minor effect on calcium excretion; studies show one cup of coffee resulted in a 2 to 3 mg calcium loss (8, 97). Phosphorus
                     intake has a minor impact on excretion (64). A high-protein diet increases both calcium excretion and absorption and appears
                     to have no detrimental impact on bone (39, 63, 79, 152). Additionally, protein is a component of bone tissue, and dietary
                     protein intake is associated with a marker of bone formation and a decrease in bone breakdown (26, 63).
                  

                  
                  
                  Several forms of calcium appear in fortified foods and dietary supplements. Calcium carbonate and calcium citrate are two
                     of the more common forms found in supplements. Calcium absorption decreases as the amount of calcium consumed at one time
                     increases. Calcium absorption also decreases with aging (121). For maximum absorption, up to 500 mg of calcium should be taken
                     at once (167).
                  

                  
                  
                  
                  
                  
                     
                     Do You Know?

                     
                     
                     
                        
                        For optimal absorption, take calcium carbonate with food. You can take calcium citrate at any time of the day, with or without
                           food (150).
                        

                        
                        
                        
                        
                     

                     
                     
                  

                  
                  
               

               
               
               
               
            

            
            
            
               
               Calcium Deficiency and Inadequacy

               
               
               
                  
                  Calcium deficiency is not uncommon, but consistently low calcium intake can lead to health consequences over time. If calcium
                     intake is insufficient to meet physiological needs, the body will withdraw calcium from its backup supply in bone to keep
                     levels within the blood constant. Consistently low calcium intake affects bone health, as too many withdrawals weakens bone
                     (figure 7.3) (159).
                  

                  
                  
                  
                     



                  
                  
                  

               
               
               
            

            
            
            

         
         
         

      
      
      





Figure 7.3    The two types of bone are cortical and trabecular. Trabecular bone, sometimes called spongy bone, has a honeycomb-like structure
                        that makes up the inside of bone. Cortical bone is hard and forms the outer layer of bone.
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                  The skeleton is an organ that provides support, mobility, and protection for the body and stores the essential minerals calcium
                     and phosphorus. The brittle bone disease osteoporosis is characterized by low bone mass, which can lead to structural abnormalities,
                     including bent posture (159).
                  

                  
                  
                  Bone is a dynamic, metabolically active tissue responding to genetics, exercise, and diet. Lifestyle choices have a profound
                     impact on bone, influencing 20 to 40 percent of peak bone mass (175). During childhood and adolescence, bone is sculpted by modeling; new bone is formed at one site within bone, and old bone is removed at another site on the outside of bone. During this
                     process, bones shift and grow longer, denser, and stronger. During puberty, bones become thicker as formation occurs both
                     inside and on the outer surface of bone (159). Up to 90 percent of peak bone mass, maximum bone strength and density, is attained during late adolescence (66), but 100 percent peak bone mass is generally not
                     reached until the early 20s to about age 30 (111, 159). In children, consistent inadequate dietary calcium intake or poor
                     calcium absorption can lead to rickets, a disease characterized by weak bones that do not grow properly. Remodeling, removal
                     of old bone and replacement with new bone at the same site, occurs throughout life; the adult skeleton is replaced approximately
                     every 10 years (159). Remodeling repairs small cracks or deformities in bone and prevents buildup of older bone, which can
                     become brittle (159). In older adults, bone breakdown (resorption) exceeds bone formation, leading to a net loss in bone mass and increased risk of developing brittle bones, termed osteoporosis (167). To prevent or delay the onset of osteoporosis, it is critical to build peak bone mass during the early years and slow
                     bone loss after peak bone mass is reached. Figure 7.4 provides information on food that helps to build peak bone mass.
                  

                  
                  
                  
                     



                  
                  
                  

               
               
               
            

            
            
            

         
         
         

      
      
      





Figure 7.4    Recommended servings of dairy, fruits, and vegetables for peak bone mass for adults aged 19 to 30.
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                     Based on Weaver et al. 2016.
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                  Despite the detrimental effects associated with low calcium intake, national survey data show over 40 percent of Americans
                     do not meet the EAR for calcium (figure 7.5) (46, 70). Though females have higher calcium density than males—more calcium per the amount of calories they consume—they
                     consume fewer overall calories and therefore less total calcium (70). Females, particularly preteens and teenagers, are most
                     likely to consume inadequate amounts of calcium (135). Average calcium intake is lower for African Americans than for whites or Hispanics. Those from lower-income households also
                     consume less than individuals from higher-income households (70).
                  

                  
                  
                  
                     



                  
                  
                  
                  
                  
                  

               
               
               
            

            
            
            

         
         
         

      
      
      





Figure 7.5    Calcium intake of U.S. population.
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                     Reprinted from U.S. Department of Agriculture 2014. Available: http://www.ars.usda.gov/SP2UserFiles/Place/80400530/pdf/DBrief/13_calcium_intake_0910.pdf

                     
                     
                  

                  
                  
                  
                  
                  
                  
                     
                     Nutrition Tip

                     
                     
                     
                        
                        Use it or lose it. Whether you are in a cast, on prolonged bed rest, in a wheelchair, on a space flight, or on your couch
                           watching TV, too much immobilization leads to rapid bone loss (159). The best way to ensure your bones will allow you to be
                           active in your 70s, 80s, and 90s is to use them when you are younger.
                        

                        
                        
                        
                        
                     

                     
                     
                  

                  
                  
               

               
               
               
            

            
            
            
               
               Excess Calcium Intake

               
               
               
                  
                  High calcium intake can cause constipation and interfere with iron and zinc absorption. Also, some studies suggest supplemental
                     calcium intake is related to risk of kidney stones (167).
                  

                  
                  
                  Although typically associated with primary hyperparathyroidism, very high intakes of calcium can cause high blood calcium,
                     hypercalcemia (100, 167), which can lead to vascular and soft tissue calcification, high calcium in the urine, kidney stones, and renal
                     insufficiency (167).
                  

                  
                  
               

               
               
            

            
            
            
               
               Calcium and Exercise

               
               
               
                  
                  Because of its role in bone health, calcium is extremely important for fitness enthusiasts and athletes. Among other variables,
                     including training, biomechanics, and overall nutrition intake, chronically low calcium intake can lead to low bone mineral
                     density, resulting in an increased risk of stress fracture (10). In addition to calcium’s role in bone health, low bone mineral
                     density and subsequent fracture risk are both increased by chronically low energy availability (not consuming enough total
                     calories to meet one’s needs) combined with delayed menarche (first menstrual cycle), a history of oligomenorrhea (light or
                     infrequent menstrual cycles or cycles more than 35 days apart), or amenorrhea (absence of three or more menstrual cycles in
                     a row) (29).
                  

                  
                  
               

               
               
            

            
            
         

         
         
         
            
            Phosphorus

            
            
            
               
               Phosphorus is essential for the formation of bones and teeth, helps the body use carbohydrates and fats, and is important
                  for growth, maintenance, and repair of cells and tissues, as well as for maintaining normal pH. Phosphorus plays an essential
                  role in nerve signaling, blood vessel functioning, regular heartbeat, and muscle contractions (as part of ATP and PCr). All
                  cells throughout the body contain phosphorus and rely on this mineral for functioning (159). Bones and teeth contain the majority
                  of the body’s phosphorus stores (163). When phosphorus is in short supply, the body takes it from bone to meet physiological
                  demands (159).
               

               
               
               Think of bone like a bank account—calcium and phosphorus are deposited in bone and removed by hormones when levels are insufficient
                  to meet vital functions in the body. Removal decreases the amount of calcium and phosphorus stored for later use, unless you
                  deposit (consume) more. Over time, constant withdrawals with no, or minimal, deposits leads to weaker bones (figure 7.6) (159).
               

               
               
               
                  



               
               
            

            
            
            

         
         
         

      
      
      




Figure 7.6    Phosphorus homeostasis.
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               Sources of Phosphorus

               
               
               
                  
                  Phosphorus is found in a wide variety of foods, including poultry, seeds, nuts, beans, dairy, meat, poultry, and fish. The
                     standard American diet, the typical dietary pattern of most Americans, contains roughly two to four times more phosphorus
                     than calcium, and national survey data indicate many Americans get more than enough phosphorus in their diet, suggesting sources
                     of phosphorus are both popular among and readily available to U.S. consumers. That said, not all groups have an adequate intake
                     of phosphorus.
                  

                  
                  
               

               
               
            

            
            
            
               
               Inadequate or Excess Phosphorus Intake

               
               
               
                  
                  Individuals who eat a lot of dairy foods or drink several servings of soft drinks per day tend to have a high phosphorus intake.
                     Females 9 to 18 years of age are the only group with an inadequate intake of this mineral (106).
                  

                  
                  
                  
                     Hypophosphatemia, low blood phosphate, is not common, though it is possible from starvation or in those recovering from an alcoholic bout
                     or diabetic ketoacidosis. Hypophosphatemia can lead to anemia, muscle weakness, bone pain, rickets, osteomalacia, general
                     physical weakness, increased risk of infection, paresthesia (a tingling or pricking feeling), ataxia (loss of body movements),
                     confusion, anorexia, and possible death (163).
                  

                  
                  
                  Excess phosphorus intake can lead to hyperphosphatemia, abnormally high phosphorus levels in blood. Risk of hyperphosphatemia is greatest in those with end-state renal disease
                     or vitamin D intoxication. Hyperphosphatemia can lead to decreased calcium absorption and calcification of nonskeletal tissues,
                     such as the kidneys (163).
                  

                  
                  
               

               
               
            

            
            
            
               
               Phosphorus and Exercise

               
               
               
                  
                  Given the many roles phosphorus performs in the body, including in muscle, a deficiency of this mineral could, theoretically,
                     impair athletic performance. However, because phosphorus deficiency is rare, implications of low phosphorus intake or deficiency
                     and potential impact on athletic performance have not been studied.
                  

                  
                  
                  
                  
                  
                     
                     How Do I Know If I’m Meeting My Mineral Needs?

                     
                     
                     
                        
                        Putting It Into Perspective

                        
                        
                        To determine if you are meeting your needs for each mineral, regularly monitor the foods you are eating. Keep a food diary
                           for at least 3 days without changing your normal eating habits. Are you eating foods that are good or excellent sources of
                           each mineral?
                        

                        
                        
                        
                        
                     

                     
                     
                  

                  
                  
               

               
               
               
            

            
            
         

         
         
         
            
            Magnesium

            
            
            
               
               Magnesium is a cofactor in over 300 biochemical reactions in the body that regulate a wide array of functions, including protein
                  synthesis, nerve and muscle function, glucose control, and blood pressure regulation. Magnesium is essential for maintenance
                  of intracellular calcium and potassium levels, metabolism, and energy production. Magnesium is a structural component of bone,
                  and is necessary to synthesize RNA, DNA, and glutathione, an antioxidant that suppresses muscle fatigue resulting from prolonged
                  exercise (5, 163). Approximately half of the body’s magnesium stores is in bone. The remaining amount is in soft tissues,
                  with less than 1 percent of the body’s magnesium stores found in blood. The amount of magnesium in blood is tightly regulated
                  and has little correlation to the amount of magnesium found within specific tissues (163). When more magnesium is consumed,
                  the body absorbs less. Likewise, lower magnesium intake leads to an increase in absorption (121).
               

               
               
               Several disease states have been linked to low magnesium intake, among them hypertension (high blood pressure). A meta-analysis
                  examining the effect of magnesium supplementation on blood pressure found 22 trials with 3 to 24 weeks of follow-up and a
                  supplemented elemental magnesium range of 120 to 973 mg (mean dose 410 mg). Combined, the trials found a small yet clinically
                  significant mean decrease in systolic blood pressure, 3 to 4 mmHg, and diastolic pressure, 2 to 3 mmHg. Results were greater
                  in crossover trials with a supplemental intake of >370 mg per day (77). Another meta-analysis of 34 trials found a median
                  magnesium dose of 368 mg per day for a median duration of 3 months significantly reduced systolic blood pressure by 2 mmHg
                  and diastolic blood pressure by 1.78 mmHg (183).
               

               
               
               Higher magnesium intake is associated with lower fasting insulin concentrations (lower concentrations of the hormone insulin
                  are measured during fasting) in both adults and obese children. Fasting insulin at lower levels may correspond with greater
                  insulin sensitivity (greater insulin sensitivity means muscle, fat, and liver cells respond better to insulin; insulin absorbs
                  glucose from the bloodstream) (47, 71, 89, 148). Additionally, approximately 25 to 38 percent of people with type 2 diabetes
                  have low magnesium levels (27). Despite the associations between dietary magnesium intake, fasting insulin concentrations,
                  and type 2 diabetes, clinical trials examining how magnesium supplements affect fasting blood glucose and insulin sensitivity
                  in type 2 diabetics have led to mixed results (30, 54, 122, 123, 132, 181).
               

               
               
            

            
            
            
               
               Sources of Magnesium

               
               
               
                  
                  Magnesium is found in nuts, seeds, legumes, leafy green vegetables, and whole grains (figure 7.7). Excellent dietary sources of magnesium (those containing 20 percent or more of the DV) include pumpkin seeds, almonds,
                     boiled spinach, soybeans, cowpeas, Brazil nuts, and cashews. Good sources of magnesium include kidney beans, peanuts, brown
                     rice, wild rice, and walnuts (99, 157).
                  

                  
                  
                  
                     



                  
                  
                  

               
               
            

            
            
            

         
         
         

      
      
      





Figure 7.7    Sources of magnesium, including Epsom salts, which is absorbed through the skin during a bath and should not be eaten. 
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                  When examining a magnesium supplement, the total amount of actual magnesium (referred to as “elemental magnesium”), as well
                     as the body’s ability to absorb the specific source of magnesium, should be considered. Dietary supplements contain varying
                     amounts of magnesium. Manufacturers are required to list the amount of elemental magnesium on the supplement label, which
                     is a fraction of the magnesium-containing compound. The absorption of supplemental forms of magnesium also varies. Magnesium
                     aspartate, citrate, lactate, and chloride are better absorbed and more bioavailable then magnesium oxide and magnesium sulfate
                     (41, 87, 107, 128, 173). Magnesium is a large mineral, so single-pill multivitamin mineral supplements do not contain anywhere
                     near 100 percent of the DV for magnesium.
                  

                  
                  
               

               
               
            

            
            
            
               
               Inadequate Magnesium Intake

               
               
               
                  
                  Poor magnesium intake is prevalent among several groups in the United States (42, 48, 170). A large percentage of American
                     teenagers, along with men and women 71 years of age or older, are consuming below EAR for magnesium (106). National survey
                     data show that African American women in all age groups had the lowest intake. Those who consume dietary supplements are more
                     likely to meet their magnesium needs, yet many women who use supplements still fall short of the RDA (6, 42).
                  

                  
                  
                  There are no nationally representative estimates of magnesium status because this electrolyte is rarely tested, and there
                     are no universally accepted methods of testing (figure 7.8). Magnesium loading is a good test but is impractical and expensive. The test involves measuring the percent of magnesium
                     retained by the body after a loading protocol. If 80 percent or more magnesium is retained, the person is considered deficient
                     (172). Symptomatic magnesium deficiency in otherwise healthy individuals is rare. Gastrointestinal diseases, type 2 diabetes,
                     alcoholism, and regular use of specific medications can lead to magnesium deficiency (21, 131, 154). Those with cardiovascular
                     disease, neuromuscular disease, malabsorption syndromes, renal disease, and osteoporosis may have an increased risk for depleted
                     magnesium levels (121). In addition, older adults have an increased risk of deficiency caused by decreased magnesium absorption
                     and increased excretion. Older adults are also more likely to have chronic diseases or take medications that affect magnesium
                     status (7, 109). Symptoms of magnesium deficiency include decreased appetite, nausea, vomiting, fatigue, weakness, numbness,
                     tingling, muscle contractions and cramps, twitches or spasms, seizures, personality changes, abnormal heart rhythms, hypocalcemia
                     (low serum calcium), hypokalemia (low serum potassium), and coronary spasms (22, 50). Magnesium deficiency can disrupt muscle
                     cell functioning, impair carbohydrate uptake by muscle cells, lead to impaired cardiovascular functioning, muscular fatigue,
                     muscle cramping, and impair athletic performance (20, 93, 113, 139). Low magnesium levels are also associated with chronic
                     inflammation (81, 176). Based on animal research, magnesium deficiency may lead to structural and functional damage to proteins
                     and DNA, as well as decreased antioxidant capacity (32, 43).
                  

                  
                  
                  
                     



                  
                  
               

               
               
            

            
            
            

         
         
         

      
      
      





Figure 7.8    Red blood cell magnesium might be the best method for testing magnesium status, but it does not correlate well with total
                        body magnesium status.
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                     Based on Elin et al. 1994.

                     
                     
                  

                  
                  
               

               
               
            

            
            
            
               
               Excess Magnesium Intake

               
               
               
                  
                  In healthy individuals, excess magnesium is typically excreted. No adverse effects have been noted from magnesium intake through
                     food (121). Excess magnesium intake from supplements, magnesium-containing antacids, or medications can lead to nausea, stomach
                     cramping, and diarrhea (121). Magnesium toxicity is associated with nausea, vomiting, facial flushing, fatigue, muscle weakness,
                     breathing difficulty, extreme hypotension (low blood pressure), irregular heartbeat, and cardiac arrest (109). Poor kidney
                     functioning increases risk of magnesium toxicity caused by a decline in the body’s ability to remove excess magnesium (109).
                  

                  
                  
               

               
               
            

            
            
            
               
               Magnesium and Exercise

               
               
               
                  
                  Given magnesium’s many roles in the body that affect athletic performance, including ATP synthesis, carbohydrate and fat metabolism,
                     bone strength, and muscle functioning, this mineral is clearly important for athletic performance (32, 43, 163). That said,
                     relatively few studies have examined the effects of magnesium supplementation on sports performance (172).
                  

                  
                  
                  Observational data accessing dietary recalls from adolescent athletes, ultraendurance athletes, rhythmic gymnasts, young adult
                     male athletes (aged 19 to 25 years old), male collegiate soccer (football) players, male collegiate rugby players, and elite
                     female athletes from a wide variety of sports suggest that many athletes are not meeting their magnesium requirements (28,
                     65, 72, 75, 117, 145, 178, 182).
                  

                  
                  
                  Research indicates that even marginal magnesium deficiency can impair exercise (114). A study in postmenopausal women found
                     low magnesium intake led to lowered magnesium stores in muscle and red blood cells; the women required more oxygen during
                     exercise and were more likely to fatigue quickly during submaximal work (93). In another study of elite male basketball, handball,
                     and volleyball players, magnesium intake, as assessed via a 7-day diet record, was directly associated with maximal isometric
                     trunk flexion, rotation, handgrip, jumping performance tests, and all isokinetic strength variables, independent of calorie
                     intake (139). Despite the associations between magnesium and factors that affect performance, only a few studies suggest magnesium
                     supplementation, particularly in the absence of low magnesium status as identified through testing, can improve athletic performance
                     (172).
                  

                  
                  
                  In a double-blind, 7-week strength-training study, untrained males aged 18 to 30 were given a magnesium oxide supplement,
                     a poorly absorbed form of magnesium (to bring total intake to 8 mg/kg body weight per day based on dietary intake as assessed
                     via a 3-day diet record) or placebo. (In a double-blind study, both the researchers and participants are unaware of the intervention.
                     In this study, the researchers and participants didn’t know if they were using the supplement or placebo.) At the end of the
                     7-week period, quadriceps torque was measured. Both groups gained strength, but the supplemented group had a greater gain
                     in absolute torque, relative torque as adjusted for body weight, and relative torque as adjusted for lean body mass, compared
                     to the placebo group (14). Twenty-five professional male volleyball players were given either 350 mg magnesium or 500 mg of
                     maltodextrin each day for 4 weeks. The group supplemented with magnesium experienced a significant decrease in lactate production
                     and up to 3-centimeter increases in countermovement jump and countermovement jump with arm swing (the athlete stands upright,
                     flexes knees, moves arms back while squatting, and then swiftly extends knees and hips to jump vertically), while there was
                     no change in the placebo group, suggesting improvement in immediate energy anaerobic metabolism (144). A randomized, controlled
                     trial in elderly women attending a fitness program found supplementing with 300 mg magnesium oxide daily led to improvements
                     in performance, particularly in women consuming lower than the RDA for magnesium (171).
                  

                  
                  
                  
                  
                  
                     
                     If You Use Detox Diets or Cleanses, Read This First!

                     
                     
                     
                        
                        Reflection Time

                        
                        
                        Many detox diets and cleanses rely on a combination of ingredients, foods, or beverages that often include laxatives and diuretics.
                           Magnesium is a common ingredient in some laxative products (53). If your detox diet or cleanse contains magnesium carbonate,
                           chloride, gluconate, or oxide, you are more likely to experience diarrhea (128). Also, very large doses of magnesium can lead
                           to magnesium toxicity, particularly in those with impaired kidney functioning (163).
                        

                        
                        
                        
                        
                     

                     
                     
                  

                  
                  
               

               
               
               
            

            
            
         

         
         
         
            
            Potassium

            
            
            
               
               Potassium helps maintain fluid volume inside and outside of cells, making this mineral important for proper cell functioning,
                  smooth and skeletal muscle (including muscle contraction) functioning, acid-base balance, and nerve transmission. A diet rich
                  in potassium can help decrease the adverse effects sodium can have on blood pressure, reduce the risk of recurrent kidney
                  stones, and potentially decrease bone loss. Potassium levels must be maintained within normal limits, as either high or low
                  levels of potassium can lead to serious health effects (166).
               

               
               
               
               
               
                  
                  A Potassium-Rich Diet Might Help Lower Blood Pressure

                  
                  
                  
                     
                     Putting It Into Perspective

                     
                     
                     Population-based research shows higher potassium intake is associated with lower blood pressure (58). Additional evidence
                        supporting the role of potassium in healthy blood pressure comes from randomized clinical trials that show increasing dietary
                        potassium intake leads to a small, though statistically significant, decrease in blood pressure in those with normal blood
                        pressure or hypertension (177), particularly when dietary sodium intake is high (105).
                     

                     
                     
                     Potassium decreases blood pressure by relaxing smooth muscle, which opens up blood vessels to allow for greater blood flow
                        and a subsequent drop in blood pressure (56). In addition, supplemental potassium intake increases the excretion of sodium
                        chloride in urine (56). The next time you drink a cup of potassium-packed, 100 percent orange juice or add slices of tomatoes
                        to your sandwich, you will be supporting healthy blood pressure levels.
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
            

            
            
            
            
               
               Sources of Potassium

               
               
               
                  
                  The average American consumes 2,640 mg of potassium per day, far below the recommended AI of 4,700 mg each day (69). Like
                     many other nutrients, potassium intake is related to calorie intake. Those who consume more calories each day generally consume
                     more potassium as well. Average total daily potassium intake is greater in men than women due to higher total daily calorie
                     intake (69). National dietary survey data suggest less than 1 percent of women consume at least 4,700 mg of potassium per
                     day. Non-Hispanic black females consumed the least amount of potassium, followed by Hispanic women and non-Hispanic white
                     females (69)..
                     
                  

                  
                  
                  Vegetables, beans, and fruits are among the highest dietary sources of potassium. All beans (soybeans, lima beans, mung beans,
                     white, black, kidney, pinto, etc.) are excellent sources of potassium, containing more than 25 percent of the AI per half-cup
                     serving. Potatoes, apricots, tomatoes, orange juice, prunes, and beet greens are also some of the highest dietary sources
                     of this nutrient (157). In the average American diet, the highest contributors of potassium include fruits and vegetables
                     (20%), milk and milk drinks (11%), meat and poultry (10%), and grain-based mixed dishes (10%) (69).
                  

                  
                  
                  
                  
                  
                     



                  
                  
                  

               
               
            

            
            
            

         
         
         

      
      
      





Reach for healthy snacks like fruits, vegetables, and hummus to keep up your energy for long study sessions.
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               Inadequate Potassium Intake

               
               
               
                  
                  Moderate potassium deficiency can lead to increased blood pressure, salt sensitivity, increased risk of kidney stones, and
                     a potential increase in cardiovascular disease, especially stroke. Severe potassium deficiency, called hypokalemia, can lead
                     to muscle weakness, glucose intolerance, and abnormal heart rhythm. Excess intake of diuretics or laxatives, prolonged vomiting
                     or diarrhea, as well as kidney and adrenal disorders, contribute to potassium deficiency (143, 166). Sodium intake, as tested
                     up to 3.2 grams per day, does not increase potassium excretion (90). However, at levels above 6.9 grams per day, there is
                     a net loss of potassium (at least over the short term—it isn’t clear if the body adjusts to consistently higher sodium intake)
                     (137).
                  

                  
                  
               

               
               
            

            
            
            
               
               Excess Potassium Intake

               
               
               
                  
                  There is no UL for potassium consumption because the kidneys excrete excess intake through urine, helping prevent high blood
                     potassium (166). However, potassium can build up in the blood, a condition called hyperkalemia, in those with poor kidney
                     functioning and impaired ability to excrete excess potassium. Potassium-sparing diuretics, hemolytic anemia (premature destruction
                     and removal of red blood cells), severe bleeding in the stomach or intestines, tumors, excess potassium intake from salt substitutes
                     or dietary supplements, and certain heart medicines (ACE inhibitors, angiotensin receptor blockers) can also lead to hyperkalemia.
                     Nonsteroidal anti-inflammatory drugs (NSAIDs) such as ibuprofen, aspirin, and naproxen may also increase risk of hyperkalemia,
                     particularly in those with poor kidney functioning. Hyperkalemia can lead to nausea, slow or irregular heartbeat, sudden collapse,
                     and cardiac arrest (95). Those who have an impaired ability to excrete excess potassium should keep their total daily intake
                     below 4.7 grams (166).
                  

                  
                  
               

               
               
            

            
            
            
               
               Potassium and Exercise

               
               
               
                  
                  Relatively small changes in extracellular potassium levels can affect nervous system function, muscle contraction, and blood
                     vessel function (166). Potassium’s role in athletic performance is discussed in chapter 8.
                  

                  
                  
               

               
               
            

            
            
         

         
         
         
            
            Sodium

            
            
            
               
               Sodium regulates the amount of fluid in blood and extracellular fluid balance (blood volume), is necessary for nerve and muscle
                  functioning, helps transport molecules across cell membranes, and is involved in the electrical potential across cell membranes.
                  Combined with sodium, chloride helps maintain fluid and electrolyte balance and makes up sodium chloride, otherwise known
                  as table salt (121). The AI for sodium is 1.5 grams per day (3.8 g/day sodium chloride, or table salt) for young adults, 1.3
                  grams per day for those 50 to 70 years of age, and 1.2 grams per day for anyone 71 years of age or older. This level ensures
                  the diet provides enough sodium to cover normal sweat losses in those not acclimated to the heat yet exposed to high temperatures,
                  while also ensuring adequate intake of other nutrients. The AI is not applicable for those who are competitive athletes, workers
                  exposed to extreme heat stress, or anyone else who loses large volumes of sodium through sweat (121).
               

               
               
               The body regulates fluid balance by monitoring blood volume and sodium level. When blood volume or sodium is too high, the
                  kidneys increase sodium excretion. Additionally, the pituitary gland releases antidiuretic hormone in response to low blood
                  volume. Antidiuretic hormone triggers the kidneys to conserve fluid. If blood volume drops too low, the kidneys secrete the
                  hormone aldosterone to retain sodium and excrete potassium. Increased sodium retention leads to a decrease in urine production
                  and subsequent rise in blood volume.
               

               
               
               As people age, fluid balance isn’t as well regulated. Older adults are more likely than younger adults to have an altered
                  thirst mechanism, and thus are less inclined to drink enough fluids. Kidney function changes with age, excreting more fluid
                  in urine. Older adults have less total body water, so a slight drop in body water can lead to more serious health consequences
                  than would occur in younger adults. Also, older adults are more likely to take multiple medications, which can increase fluid
                  excretion, and to have diseases or conditions (impaired walking, swallowing difficulty, dementia) that alter their ability
                  or desire to drink a sufficient amount of fluid.
               

               
               
            

            
            
            
               
               Sources of Sodium

               
               
               
                  
                  The majority of sodium consumed in the United States comes from salt, and the greatest source by far is processed foods, contributing
                     to approximately 77 percent of salt intake. Only 6 percent of the average person’s salt intake comes from the salt shaker,
                     and only 12 percent is from the sodium chloride naturally found in food (121).
                  

                  
                  
               

               
               
            

            
            
            
               
               Inadequate Sodium Intake

               
               
               
                  
                  The human body has a remarkable ability to adapt to low intake of sodium by conserving sodium in the body (121). Low blood
                     sodium chloride levels are rare in healthy individuals. Severe vomiting may lead to excess sodium chloride losses, low chloride
                     levels, and metabolic alkalosis from hydrochloric metabolic alkalosis. Prolonged or intense exercise, particularly in the
                     heat, can lead to dangerously low blood sodium levels, a condition called hyponatremia (121), which will be discussed in chapter
                     8.
                  

                  
                  
               

               
               
            

            
            
            
               
               Excess Sodium Intake

               
               
               
                  
                  Healthy individuals excrete excess sodium intake. However, continuous high sodium chloride (table salt) intake over a period
                     of time is associated with an increase in blood pressure, a risk factor for stroke, heart disease, and kidney disease (121).
                     This increase in blood pressure appears to be greatest in older adults, African Americans, and those with chronic kidney disease
                     (121). Higher dietary potassium intake increases sodium excretion, reducing the rise in blood pressure associated with sodium
                     intake (121). Higher potassium intake has the greatest impact on blood pressure when sodium intake is high (121).
                  

                  
                  
                  Changes in blood pressure in response to changes in sodium intake can vary tremendously among individuals (24). Salt sensitivity
                     refers to the change in blood pressure after a reduction or increase in salt intake (166). Older adults, African Americans,
                     and those who are obese or have metabolic syndrome are more likely to be salt sensitive; their blood pressure increases in
                     response to an increase in sodium intake and decreases in response to a lower sodium diet (23, 61, 141). Both genetic and
                     environmental factors appear to influence salt sensitivity (52). Twenty-five to 50 percent of those with normal blood pressure
                     are salt sensitive; in this group, salt sensitivity seems to predict future high blood pressure (24, 120). Forty to 75 percent
                     of those with high blood pressure are salt sensitive (120). Those who are salt sensitive and have high blood pressure are
                     more likely to experience changes in blood pressure in response to salt intake (24).
                  

                  
                  
                  Based on the association between higher sodium intake and blood pressure, the 2015–2020 Dietary Guidelines for Americans recommend that those 14 years of age and older consume less than 2,300 mg sodium per day, while those with high blood pressure
                     consume less than 1,500 mg sodium per day (158). However, these guidelines are controversial. The Institute of Medicine reviewed
                     the research on sodium intake and health outcomes and found a positive relation between higher sodium intake and risk of cardiovascular
                     disease (CVD); however, no benefit is associated with a sodium intake below 2,300 mg per day in the general population. The
                     Institute also found no evidence for benefit, but perhaps for a greater risk of harm, with sodium intakes between 1,500 and
                     2,300 mg per day in those with diabetes, kidney disease, or CVD (168). In addition, a study examining over 100,000 people
                     found a sodium intake between 3 and 6 grams per day was associated with lower risk of death and CVD events compared to higher
                     or lower sodium diets (118). Average daily sodium intake in the United States is approximately 4,400 mg per day for men 19
                     years of age and older and 3,090 mg per day for women 19 years of age or older (73).
                  

                  
                  
                  Independent of its impact on blood pressure—that is, whether it raises blood pressure or has no effect—a high-sodium diet
                     (though there is no universal definition for “high sodium”) might have other adverse effects in the body. In those with normal
                     blood pressure, 4,600 mg of sodium per day decreased nitric oxide activity—the molecule that opens blood vessels for greater
                     blood flow (156). Nitric oxide is an important molecule for healthy blood pressure and one that is a target of active individuals—arginine
                     and beetroot juice increase nitric oxide activity to help increase blood flow to working muscles. Adults with normal blood
                     pressure experienced a temporary decrease in blood vessel dilation after a single high-salt meal (1,500 mg sodium) (33), while
                     overweight or obese adults with normal blood pressure saw improvements in blood flow while on a low-sodium diet (1,150 mg
                     sodium), compared to when on a high-sodium (3,450 mg) diet (34). High sodium intake seems to damage the inner lining of blood
                     vessels (endothelial lining), which is involved in blood clotting, nitric oxide release, immune function, and other important
                     processes (24), while also increasing artery stiffness (stiff arteries do not expand as well as normal arteries to accommodate
                     increases in blood pressure) (38). Also, a link exists between high dietary salt intake, increased inflammation among immune
                     system cells, and impaired immune regulation (120).
                  

                  
                  
               

               
               
            

            
            
            
               
               Sodium and Exercise

               
               
               
                  
                  Sodium chloride has two main functions during exercise—it helps the body retain fluid consumed (98) and helps restore electrolytes
                     for proper muscle functioning. Sodium is the top electrolyte lost through sweat, followed by chloride. Sodium chloride losses
                     vary tremendously among athletes, so sodium chloride recommendations should be individualized as much as possible (25, 85,
                     140), a topic revisited in chapter 8.
                  

                  
                  
                  
                  
                  
                     
                     If I Eat Too Much Salt Now, Will I Get High Blood Pressure Later in Life?

                     
                     
                     
                        
                        Reflection Time

                        
                        
                        Many factors contribute to high blood pressure, including genetics and obesity. There is no evidence that a high-sodium diet
                           causes high blood pressure in healthy individuals with normal blood pressure. However, according to the Institute of Medicine,
                           the majority of Americans consume too much salt—and not enough potassium—for health and reducing risk of some chronic diseases
                           (166). Recall that potassium can help diminish the possible deleterious effects of a high-sodium diet on high blood pressure.
                        

                        
                        
                        
                        
                     

                     
                     
                  

                  
                  
               

               
               
               
            

            
            
         

         
         
         
            
            Chloride

            
            
            
               
               Chloride is essential for maintaining extracellular fluid volume and plasma osmolarity. The majority of dietary chloride comes
                  with sodium in the form of salt (sodium chloride). As a part of hydrochloric acid, chloride is also a component of gastric
                  fluid. Approximately 98 percent of sodium chloride is absorbed. In healthy individuals with little sweat loss, the majority
                  of sodium chloride leaves the body through urine, with the amount excreted almost equal to the amount consumed (121). Because
                  chloride is bound to sodium, the AI for chloride is based on the AI for sodium (i.e., the AI equals the amount of chloride
                  in the quantity of salt containing the AI for sodium). Much more sodium chloride is derived from processed foods than from
                  salt added to food from the salt shaker. Chloride deficiency is rare, caused mainly by a loss of hydrochloric acid. Diuretics
                  can increase sodium and chloride losses in addition to water. Those with cystic fibrosis have an unusually high sodium and
                  chloride content in sweat and thus require more sodium and chloride. Excess intake is related to high blood pressure in those
                  who are salt sensitive (121).
               

               
               
            

            
            
         

         
         
         
            
            Sulfur

            
            
            
               
               Many metabolic intermediates, including the antioxidant glutathione, contain sulfur. Sulfur is found in the diet through sulfur-containing
                  amino acids and water. Sulfur is also created in the body from the amino acids methionine and cysteine. Deficiency is rare
                  in those with adequate protein intake. There is no UL for sulfur due to an absence of sufficient data. Excess sulfur intake,
                  from water high in inorganic sulfate, can lead to osmotic diarrhea (121).
               

               
               
            

            
            
         

         
         
      

      
      
      

         
         Trace Minerals
         

         
         
         
            
            Trace minerals are those the body needs in small amounts. They include iron, manganese, iodine, zinc, chromium, copper, selenium,
               and fluoride. Table 7.3 summarizes sources and signs of deficiency and excess intake of some minerals.
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            Iron

            
            
            
               
               Iron is necessary for growth, development, cell functioning, immune functioning, and the synthesis and functioning of some
                  hormones. Iron is also essential for the proteins hemoglobin and myoglobin. Hemoglobin transfers oxygen throughout the body;
                  myoglobin transports oxygen to muscles (36, 45, 49, 57, 82).
               

               
               
            

            
            
            
               
               Sources of Iron

               
               
               
                  
                  Two types of iron are found in food: heme iron and non-heme iron (figure 7.9). Heme iron, derived from hemoglobin, is found in foods that contain hemoglobin—animal foods such as red meat, fish, and
                     poultry. Approximately 15 to 35 percent of heme iron is absorbed (104). Dietary factors do not affect heme iron absorption
                     (121). Vegetables, grains, iron-fortified breakfast cereal and other nonmeat-based foods contain non-heme iron; 2 to 20 percent
                     of non-heme iron is absorbed (151). Phytic acid (the storage form of phosphorus in plants), polyphenols, phytates (legumes,
                     whole grains), vegetable proteins, and calcium inhibit non-heme iron absorption (59, 121, 126, 174, 179), whereas vitamin
                     C enhances non-heme iron absorption (121). Animal protein appears to increase non-heme iron absorption (121).
                  

                  
                  
                  
                     



                  
                  
                  

               
               
            

            
            
            

         
         
         

      
      
      





Figure 7.9    Are you getting enough iron each day? Here are some easy ways to incorporate more iron in your diet and enhance the absorption
                        of non-heme iron.
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               Inadequate Iron Intake

               
               
               
                  
                  Iron deficiency is the most prevalent nutrient deficiency in the world, largely because of iron-poor diets in developing countries
                     (108). In the United States, higher rates of iron deficiency and iron-deficiency anemia are seen in infants and toddlers,
                     women of childbearing age, teenage girls, women aged 20 to 49, pregnant women, and female endurance athletes, partially because
                     of poor dietary iron intake (94, 130). The following individuals have a higher risk of developing iron-deficiency anemia:
                  

                  
                  
                  
                     
                     	women because of blood loss during menstruation,

                     
                     
                     	endurance athletes due to depletion through exercise, and

                     
                     
                     	vegetarians because of inadequate dietary intake (94, 130).

                     
                     
                  

                  
                  
                  Additionally, individuals with excessive intake of antacids, anyone who has had bariatric surgery (weight-loss surgery involving
                     the stomach or intestines), and those with digestive diseases, such as celiac disease, have an increased risk of developing
                     iron-deficiency anemia (153, 165).
                  

                  
                  
                  
                  
                  
                     
                     Do You Know?

                     
                     
                     
                        
                        Footstrike hemolysis is the destruction of red blood cells in the bottom of the foot caused by activities involving running
                           or jumping. Footstrike hemolysis might explain the association between greater exercise duration and intensity and lower hemoglobin,
                           hematocrit, and ferritin (the storage form of iron in the body) in trained athletes (67).
                        

                        
                        
                        
                        
                     

                     
                     
                  

                  
                  
                  Iron deficiency alters immune system functioning and the immune system’s response to inflammation and infection. Iron deficiency
                     is also associated with an increased risk of infection (9). Given iron’s role in the formation of hemoglobin and myoglobin,
                     low levels of iron commonly lead to fatigue (figure 7.10).
                  

                  
                  
                  
                     



                  
                  
                  

               
               
               
               
            

            
            
            

         
         
         

      
      
      





Figure 7.10    Marginal iron deficiency and iron-deficiency anemia might make studying more difficult.
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                     Nutrition Tip

                     
                     
                     
                        
                        Ibuprofen, aspirin, and other nonsteroidal anti-inflammatory drugs (NSAIDs) are commonly used to prevent and treat pain, inflammation,
                           fever, arthritis, and other conditions. Long-term use of these drugs can damage the lining of the small intestine, causing
                           inflammation, upset stomach, and bleeding, which can lead to iron-deficiency anemia (2, 124). If you experience adverse side
                           effects or have concerns, talk to your physician. Iron supplements can also cause upset stomach; do not take iron supplements
                           with an NSAID unless directed to do so by your physician.
                        

                        
                        
                        
                        
                     

                     
                     
                  

                  
                  
                  Iron deficiency occurs in three progressive stages: depletion, marginal deficiency, and anemia (80, 110). Marginal iron deficiency
                     and iron-deficiency anemia can lead to general weakness, fatigue, feeling cold, irritability, poor concentration, headache,
                     decreased athletic performance, hair loss, and dry mouth (11, 15, 68).
                  

                  
                  
               

               
               
               
               
            

            
            
            
               
               Excess Iron Intake

               
               
               
                  
                  Risk of excess iron intake from dietary sources is low. High-dose iron supplements can cause constipation, nausea, vomiting,
                     or diarrhea. Acute iron toxicity can lead to alterations in functioning of the cardiovascular system, central nervous system,
                     kidney, and liver. Though there is some question about excess iron intake (through food or supplements) and coronary heart
                     disease and cancer, the association, if any, remains unclear (121). Individuals at greater risk for developing high iron levels
                     include those with hereditary hemochromatosis, chronic alcoholics, those with cirrhosis caused by alcoholism, and those with
                     blood disorders (thalassemias) (121).
                  

                  
                  
               

               
               
            

            
            
            
               
               Iron and Exercise

               
               
               
                  
                  Either marginal iron deficiency or anemia can impair endurance performance and reduce exercise capacity (11, 31, 49, 68).
                     Improving iron status through supplementation improves work capacity during exercise in athletes with marginal iron deficiency
                     and anemia (16, 91). Iron deficiency might also affect cognitive functioning. A study of 127 females aged 18 to 35 found those
                     with better iron status had better reaction time and faster planning time (142).
                  

                  
                  
                  
                  
                  
                     
                     I’m Tired—Should I Take an Iron Supplement?

                     
                     
                     
                        
                        Reflection Time

                        
                        
                        If you feel tired and grouchy, have difficulty concentrating, or notice exercise is tougher than usual, you could have marginal
                           iron deficiency or iron-deficiency anemia. Review the best sources of iron in table 7.3. On average, are you are getting enough iron in your diet each day? If you are not meeting your iron needs, increase your
                           intake of iron-rich foods and consider taking a multivitamin that has 100 percent (or less) of the DV for iron. Consider seeing
                           your physician for a diagnosis. Never take high doses of iron without consulting your doctor first. In addition to the side
                           effects associated with iron supplements, acute iron toxicity is very harmful to the body.
                        

                        
                        
                        
                        
                     

                     
                     
                  

                  
                  
               

               
               
               
            

            
            
         

         
         
         
            
            Manganese

            
            
            
               
               Manganese is important for bone formation and enzyme activity involved in amino acid, carbohydrate, and cholesterol metabolism.
                  Manganese has no AI because of insufficient data to set an EAR. Grain products and vegetables make up large amounts of the
                  manganese in the American diet (121). Beef, nuts, and beans are among the highest dietary sources of manganese (157). Clinical
                  symptoms associated with low intakes are generally not observed, even among those with poor dietary intake of manganese (40,
                  121). Symptoms of manganese deficiency include dermatitis, decreased levels of clotting proteins, and low blood cholesterol.
                  Miners exposed to manganese-laden dust have developed symptoms of toxicity, including neurological symptoms classified as
                  manganese-induced Parkinsonism (note that Parkinsonism is different from Parkinson’s disease), involving tremors, involuntary
                  muscle contractions, impaired postural reflexes, and slow movements (40, 119).
               

               
               
            

            
            
         

         
         
         
            
            Iodine

            
            
            
               
               As a component of thyroid hormones, iodine is important for proper thyroid function. Thyroid hormones regulate a number of
                  processes in the body, including metabolism and protein synthesis. Thyroid hormones affect several organs, including the brain,
                  muscles, heart, pituitary gland, and kidneys. Seafood contains high amounts of iodine. Dairy products, fruits, and vegetables
                  contain lower levels. The amount of iodine in fruits and vegetables can depend on iodine content in soil, fertilizer used,
                  and irrigation. The addition of iodine to salt is mandatory in Canada and optional in the United States, where approximately
                  50 percent of salt is iodized. Iodized salt is one of the main sources of iodine in the U.S. and Canadian diet. Seafood might
                  contain more iodine than many other foods because of the iodine content of seawater. Processed foods might also contain higher
                  amounts of iodine because of the addition of iodized salt or other additives that contain iodine.
               

               
               
               
               
               
                  
                  Are Processed Foods Unhealthy?

                  
                  
                  
                     
                     Putting It Into Perspective

                     
                     
                     Processed foods are not necessarily unhealthy. Though countless magazine articles and blogs are devoted to warning consumers
                        about processed foods, many of the authors do not understand the true (FDA) definition of processed food. For example, frozen
                        broccoli, frozen chicken breasts, dried beans, and dried pumpkin seeds are all examples of processed foods.
                     

                     
                     
                     A processed food is “any food other than a raw agricultural commodity (“food that is in its raw or natural state, including
                        all fruits that are washed, colored, or otherwise treated in their unpeeled natural form prior to marketing”) and includes
                        any raw agricultural commodity that has been subject to processing, such as canning, cooking, freezing, dehydration, or milling”
                        (162). If you have a busy day ahead studying for exams, you might want to spend less time chopping, prepping, and cooking
                        and more time studying. Enjoy a nutrition-packed, easy-to-prepare, healthy dinner that includes such processed foods as steamed
                        frozen vegetables, a chicken breast that has been thawed from frozen and then grilled, and 5-minute whole-grain couscous with
                        a glass of milk. Don’t believe everything you hear about processed foods. They can provide diet versatility, good nutrition,
                        and convenience, often at a great price.
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
               Excess iodine intake through food and dietary supplements is highly unlikely. Though rare, overt symptoms of iodine deficiency
                  can lead to impaired cognitive development in children and hypothyroidism and goiter (enlarged thyroid) in adults. Iodine
                  deficiency is particularly damaging to the developing brain, as it can lead to neurological damage. Excess intake of iodine
                  can alter thyroid function (hypothyroidism or hyperthyroidism) and cause inflammation of the thyroid gland (121).
               

               
               
            

            
            
            
         

         
         
         
            
            Zinc

            
            
            
               
               Zinc is essential for immune system functioning. This mineral promotes wound healing and helps maintain skin integrity, one
                  of the first lines of defense against pathogens. Zinc is essential for the metabolism of carbohydrates, proteins, and fats,
                  gene expression, red blood cell functioning, normal taste and smell, and growth and development. Zinc is not stored in the
                  body and thus must be consumed daily (129).
               

               
               
               
               
               
                  
                  Nutrition Tip

                  
                  
                  
                     
                     Some, though not all, studies show that zinc gluconate lozenges taken within 24 hours of the onset of cold symptoms may be
                        helpful for decreasing the duration and severity of the symptoms (19, 35, 127, 146, 155). Other studies have used different
                        forms of zinc, so it remains unclear what dose, formulation, and duration of zinc is best (125, 146). When using a zinc lozenge
                        or other zinc supplement, consume the zinc according to package directions for a few days at the early onset of symptoms.
                        Do not take a zinc supplement long term, as this can lead to adverse side effects, including suppressed immune system functioning
                        (55, 165).
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
            

            
            
            
            
               
               Sources of Zinc

               
               
               
                  
                  Many foods are good or excellent sources of zinc. Oysters are among the highest sources, containing nearly 500 percent of
                     the DV for zinc in just 3 ounces. Red meat is another excellent source, whereas poultry, fish, baked beans, and cashews are
                     good sources. Diets high in protein provide substantial amounts of zinc (157).
                  

                  
                  
               

               
               
            

            
            
            
               
               Inadequate and Excess Zinc Intake

               
               
               
                  
                  National survey data suggest that few people consume below the EAR for zinc (46), but several studies in athletes show low
                     dietary intake or low zinc status. This research shows various athletes were not consuming enough zinc through their diet,
                     including a small group of competitive male swimmers in Brazil, male and female adventure race athletes, male and female U.S.
                     national figure skaters, trained female cyclists, and female high school gymnasts (51, 69, 78, 182, 184). Vegetarians, athletes
                     consuming very high-carbohydrate, low-fat diets, and those who don’t meet their daily calorie needs are more likely to fall
                     short of recommended intake levels for zinc (101, 125, 184). Because of lower overall energy intake, female athletes are less likely than male athletes to meet their zinc needs (60, 136).
                  

                  
                  
                  Although zinc deficiency is considered rare (121), inadequate zinc intake can impair energy production and measures of athletic
                     performance (83, 92). The primary symptom of zinc deficiency is growth retardation. Additional symptoms include hair loss,
                     diarrhea, eye and skin lesions, poor appetite, and delayed sexual maturation (121). Zinc deficiency can also delay wound healing,
                     suppress immune system functioning, and cause weight loss (55, 136). Excess supplemental zinc intake over a long period of
                     time can suppress immune system functioning, lower HDL, and inhibit copper absorption, potentially leading to copper deficiency
                     (165).
                  

                  
                  
                  
                  
                  
                     
                     Do You Know?

                     
                     
                     
                        
                        
                           Chelated means attached to another compound. Chelated minerals are often attached to an amino acid. In some, though not necessarily
                           all, instances, chelation improves absorption.
                        

                        
                        
                        
                        
                     

                     
                     
                  

                  
                  
               

               
               
               
            

            
            
            
               
               Zinc and Exercise

               
               
               
                  
                  Zinc is part of the red blood cell enzyme carbonic anhydrase, which picks up carbon dioxide for the lungs to exhale, an important
                     step for chemical balance in muscle cells. Zinc deficiency leads to a decline in carbonic anhydrase activity, reduction in
                     peak oxygen uptake, and peak carbon dioxide output, as well as a decrease in respiratory exchange ratio, suggesting the body
                     had insufficient oxygen to use carbohydrates efficiently (92).
                  

                  
                  
                  Low zinc levels lead to a decline in muscle strength and power output. Marginal zinc deficiency is associated with low levels
                     of testosterone, thyroid hormones, and IGF-1, a hormone that promotes muscle growth and metabolism (17, 83). Correction of
                     zinc deficiency with zinc or iron and zinc improve red blood cell functioning in those with anemia (115, 116).
                  

                  
                  
               

               
               
            

            
            
         

         
         
         
            
            Chromium

            
            
            
               
               Chromium is important for the functioning of insulin, a hormone involved in the metabolism and storage of fat, protein, and
                  carbohydrate. Chromium is found in small amounts throughout the food supply, though food processing can decrease the chromium
                  content of whole grains and other foods (165). Chromium deficiency is rare and has been observed only in hospitalized patients
                  fed intravenously (prior to chromium added to intravenous solutions). Deficiency can impair glucose tolerance leading to weight
                  loss and neuropathy (74).
               

               
               
               Although chromium deficiency can impair the action of insulin and glucose tolerance, the safety and efficacy of chromium supplementation
                  as a treatment for insulin resistance and type 2 diabetes has not been backed by science (165). In a review of 15 trials,
                  all but 1 showed chromium supplementation had no effect on glucose or insulin concentrations in nondiabetics or diabetics
                  (3).
               

               
               
            

            
            
         

         
         
         
            
            Copper

            
            
            
               
               Copper is necessary for the functioning of several enzymes, helps the body make hemoglobin, and assists with energy production.
                  The highest sources of copper are lamb, beef, shellfish, whole grains, beans, and nuts. Copper deficiency is rare, though
                  it has been observed in premature malnourished infants; deficiency can lead to brittle bones, the blood disorder neutropenia,
                  and anemia. High copper intake through dietary sources hasn’t been observed in humans, though drinking water with high levels
                  of copper has resulted in cramps, nausea, abdominal pain, diarrhea, and vomiting (121).
               

               
               
            

            
            
         

         
         
         
            
            Selenium

            
            
            
               
               Selenium-rich proteins are important for thyroid functioning and defend the body against oxidative stress, an imbalance between the production of free radicals and the body’s antioxidant defenses (12). Selenium is in a wide variety
                  of foods, including seafood, cereals, fruits, vegetables, grains, dairy, and meat. Selenium content of foods can vary tremendously
                  based on the selenium content of soil. Selenium deficiency is rare, though possible in those with vegetarian diets consisting
                  of food grown in low-selenium soil. Symptoms of deficiency include alteration in cardiac functioning and diseased cartilage.
                  Selenium toxicity is also rare, though it can lead to GI disturbances, brittle hair, and nails (121).
               

               
               
            

            
            
         

         
         
         
            
            Fluoride

            
            
            
               
               Fluoride is essential for bone and teeth. This mineral helps protect against dental cavities and stimulates the formation
                  of new bone. The primary source of fluoride in the U.S. diet is through fluoridated water. Other sources include beverages
                  such as tea (fluoride builds up in tea leaves) and some marine fish (particularly if the bones are eaten). Inadequate fluoride
                  intake can increase risk of developing cavities. Infants and children living in areas where water is not fluoridated will
                  have difficulty meeting the AI for fluoride. Excess fluoride intake can lead to discolored or pitted teeth. Teeth might have
                  opaque white spots or brown stains. Young children who swallow too much toothpaste or mouth rinse might get too much fluoride
                  (121).
               

               
               
               
               
               
                  
                  Should You Take a Multivitamin Supplement?

                  
                  
                  
                     
                     Putting It Into Perspective

                     
                     
                     According to the 2015–2020 Dietary Guidelines for Americans, “nutritional needs should be met primarily from foods. In some cases, fortified foods and dietary supplements may be useful
                        in providing one or more nutrients that otherwise may be consumed in less-than-recommended amounts.” This is an important
                        point because foods also contain fiber and plant-based compounds necessary for good health. In some instances, a beneficial
                        synergistic effect between the compounds is found in various foods that might not be replicated in a supplement. Multivitamins
                        cannot take the place of consuming healthy foods (112).
                     

                     
                     
                     If you want to ensure you’re meeting your vitamin and mineral needs, eat a wide variety of nutrient-dense foods. Greater variety
                        means you are more likely to get a wide array of compounds found in food that are necessary for good health. However, even
                        with a very healthy diet, it can be tough to get enough of certain nutrients, especially if you don’t consume at least 2,000
                        calories per day (more food means more opportunities to consume nutrients). Even if you eat enough total calories, research
                        shows many athletes, active adults, and nonathletes are not meeting their nutrient needs (103). Women, individuals who avoid
                        certain food groups, and those who are dieting are particularly likely to fall short of their micronutrient needs. Women consume
                        far less than the dietary reference intakes set for calcium, iron, magnesium, and potassium. Plus, what you see isn’t always what you get—food storage and processing (during production and at home) can destroy or decrease
                        certain nutrients in your food. Also, some people have higher needs for specific vitamins and minerals because of medications,
                        previous surgery (such as gastric bypass), or health conditions. Fortified foods or a multivitamin can help fill in dietary
                        gaps (18, 133).
                     

                     
                     
                     According to the National Institutes of Health, groups likely to benefit from taking certain nutrients found within multivitamin
                        mineral supplements include the following:
                     

                     
                     
                     
                        
                        	Women who may become pregnant might benefit from increased folic acid (400 mcg/day). Folic acid can reduce the risk of birth
                           defects of the brain and spine in newborn babies.
                        

                        
                        
                        	Pregnant women have higher iron needs, so their physicians might recommend a prenatal multivitamin mineral with iron or a
                           separate iron supplement.
                        

                        
                        
                        	Breast-fed or partially breast-fed infants, as well as infants who drink less than 1 quart of vitamin D-fortified milk or
                           formula each day, need a vitamin D supplement.
                        

                        
                        
                        	Postmenopausal women might need more calcium and vitamin D to increase bone strength and reduce fracture risk.

                        
                        
                        	Adults over the age of 50 might require supplemental vitamin B12 or higher amounts of vitamin B12 from fortified foods because of a potential decrease in absorption of vitamin B12 (112).
                        

                        
                        
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
            

            
            
            
         

         
         
      

      
      
      

         
         Summary
         

         
         
         
            
            Minerals have many essential functions throughout the body. For fitness and athletic performance, minerals are essential components
               of bone and help regulate fluid balance, metabolism, pH balance, oxygen transport, nerve impulses, and muscle contractions.
               Minerals are also important for muscle building and repair. Low intake of calcium can increase risk of developing a stress
               fracture. Low intake of other minerals and overt mineral deficiencies, particularly in the case of iron, can affect health
               and human performance and, in some instances, lead to performance decrements. Despite their importance, with the exception
               of iron, measuring mineral status can be challenging, as serum markers do not always reflect tissue stores. Although inadequate
               intake of minerals can affect health and performance, no evidence to date suggests that consuming more than the RDI will improve
               health or athletic performance. Also, excess intake of certain minerals, such as zinc, can be detrimental to health and affect
               the balance of other minerals in the body.
            

            
            
            You can find several forms of minerals in dietary supplements. Many might interact with other supplements or medications,
               so anyone considering taking a supplement should talk to their pharmacist or RDN first.
            

            
            
            
            
            
               
               For Review

               
               
               
                  
                  
                     
                     	Name the minerals that many Americans do not consume in adequate quantities and discuss why.

                     
                     
                     	How does iron deficiency affect fitness and athletic performance?

                     
                     
                     	What are the stages of iron deficiency?

                     
                     
                     	Which minerals are important for bone health?

                     
                     
                     	List common sources of magnesium.

                     
                     
                     	How does zinc deficiency affect physical performance?

                     
                     
                     	Discuss the roles of sodium and potassium for blood pressure regulation.
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Water and Electrolytes
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Chapter Objectives

            
            
            
               
               After completing this chapter, you will be able to do the following:

               
               
               
                  
                  	Discuss the role water plays in health and performance.

                  
                  
                  	Discuss factors that affect an individual’s fluid and electrolyte needs.

                  
                  
                  	Describe the major electrolytes lost through sweat and their health and physical performance implications.

                  
                  
                  	Calculate sweat rate.

                  
                  
                  	Describe tools that measure hydration status, including their ease of use and efficacy.

                  
                  
                  	Describe signs and symptoms of hyponatremia.

                  
                  
                  	Discuss risk of developing hyponatremia.

                  
                  
               

               
               
               
               
            

            
            
         

         
         
         Water and electrolytes are essential for optimal health and athletic performance. Water lost through sweat cools the body,
            but if it is not replaced, health and athletic performance can be compromised. When fluid losses that are not replaced reach
            significant levels, risk of heat illness increases. Electrolytes conduct electricity. They are essential for muscle and nerve
            functioning and thus critical for the heart and skeletal muscles. Several factors affect fluid and electrolyte losses, making
            measurements in different environments essential for developing an individualized hydration plan for each athlete.
         

         
         
      

      
      
      

      
      
      

         
         Water
         

         
         
         
            
            Water is critical for homeostasis (a state of balance or equilibrium). Water is a solvent for biochemical reactions, helps maintain blood volume, and serves
               as a means to transport nutrients and remove waste products (96). Water helps regulate body temperature by absorbing heat
               from metabolic processes and dissipating heat through insensible perspiration (fluid that evaporates through pores in the skin via sweat glands before the body recognizes it as moisture on the skin)
               and sweating. As sweat evaporates, skin is cooled. See figure 8.1 for the functions of water in the body. Low water intake is associated with some diseases, though there isn’t enough evidence
               to establish water intake recommendations for specific populations as a means to reduce risk of chronic disease (96).
            

            
            
            
               



            
            
            

         
         
         

      
      
      



Figure 8.1    The body gains water through food and beverages, whereas typical water losses stem from respiration, insensible perspiration,
                  metabolism, urine, and feces.
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               Data from U.S. Institute of Medicine 2005.

               
               
            

            
            
            For optimal functioning and health, total body water must be kept within a narrow range. Fluid intake, through food and beverages,
               increases total body water. Total body water loss stems from respiratory loss, insensible perspiration, urinary loss, gastrointestinal tract water loss (during metabolism), and fecal loss. See figure 8.2 for further information on daily fluid gains and losses. Excessive body water losses from fever, burns, diarrhea, vomiting,
               trauma, heat exposure, or exercise can impair health (96). Hyperhydration from excessive intake of low- (or no) sodium fluids can increase body water and dilute blood sodium levels, potentially leading
               to hyponatremia—dangerously low blood sodium (96).
            

            
            
            
               



            
            
            

         
         
         

      
      
      



Figure 8.2    How we gain and lose fluid.
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               Data from Riebl and Davy 2013; U.S. Institute of Medicine 2005.

               
               
            

            
            
            As the largest part of the human body, total body water comprises 45 to 75 percent of body weight in healthy individuals.
               Sixty-five percent of total body water is found in intracellular fluid, with the remaining 35 percent in extracellular fluid
               (41, 96). Differences in body water among individuals of the same body weight are typically due to variations in body composition.
               Muscles contain approximately 70 to 75 percent water, whereas fat tissue contains 10 to 40 percent (96). Athletes typically
               have high total body water compared to their sedentary counterparts because of higher levels of muscle mass and muscle glycogen
               (96).
            

            
            
         

         
         
         
            
            Fluid Needs

            
            
            
               
               Many factors affect fluid requirements, including age, body size, physical activity, environmental heat, altitude, health
                  status, medications used, and use of particular dietary supplements. Individuals who exercise or live in hot climates might
                  need more water. Additionally, fluid needs vary from day to day (68). The AI for total water intake each day from foods and
                  beverages for healthy, sedentary adults in temperate climates is 2.7 liters (91.3 fl. oz., or 11.4 cups) for women and 3.7
                  liters (125.1 fl. oz., or 15.6 cups) for men. The AI for pregnant and lactating women is 3.0 liters (101.4 fl. oz., or 12.7
                  cups) and 3.8 liters (128.49 fl. oz., or 16.1 cups) per day, respectively. All sources of fluid contribute to meeting the
                  AI. The majority of a person’s water intake, approximately 81 percent, comes from water and beverages. The remaining amount,
                  about 19 percent, comes from food (96). Table 8.1 shows the amount of water in select foods. Regardless of its source (food, water, other beverages), fluid is absorbed and
                  treated the same in the body (96).
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                  Do You Know?

                  
                  
                  
                     
                     The advice to “drink eight 8-ounce glasses of water each day” isn’t backed by science.

                     
                     
                     
                     
                     
                     
                     
                     
                     
                  

                  
                  
               

               
               
               
                  
                  Do Caffeine-Containing Beverages Cause Dehydration?

                  
                  
                  
                     
                     Putting It Into Perspective

                     
                     
                     Caffeine is the most widely used legal central nervous system stimulant in the world. Caffeine temporarily increases alertness
                        and memory, decreases fatigue, and improves mental functioning (83). Though caffeine has a small or mild diuretic effect,
                        caffeine consumption does not lead to excessive fluid loss during exercise or at rest. Thus, caffeine is considered safe and
                        shouldn’t have a negative effect on fluid balance (104). That said, individual responses to caffeine vary tremendously because
                        of genetics, so until you know your limits, be mindful of your caffeine intake. Caffeine can cause anxiety or jitteriness,
                        especially in large doses (70, 103). Caffeine is completely absorbed within 45 minutes, though its effects peak anywhere between
                        15 and 120 minutes. The half-life of caffeine—that is, the amount of time it takes for caffeine concentration to decrease
                        by half—is between 1.5 and 9.5 hours, a wide range that can be affected by several factors, including oral contraceptives,
                        obesity, smoking, altitude, genetics, and intake of other stimulants (93). Although caffeine might help you study, it might
                        do more harm than good if it interferes with sleep.
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
            

            
            
            
            
         

         
         
         
            
            Body Fluid Regulation

            
            
            
               
               Water and electrolytes are tightly regulated through coordination of neural pathways in the brain, kidneys, heart, sweat glands,
                  and salivary glands. When dehydrated, sensors in the brain, kidneys, and heart detect increases in plasma osmolarity (the concentration of solutes, particularly sodium, in the blood), as well as decreases in fluid volume, and set off a cascade
                  of actions to increase fluid volume (figure 8.3).
               

               
               
               
                  



               
               
               
               
               

            
            
            
            
            

         
         
      

      
      
      




Figure 8.3    The human body has several feedback mechanisms in place to regulate fluid balance.
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                  Based on Popkin 2010; U.S. Institute of Medicine 2005.

                  
                  
               

               
               
               
               
               
                  
                  Do You Know?

                  
                  
                  
                     
                     The kidneys are responsible for filtering blood and urine. On average, 1.5 liters of urine is produced each day. Urine contains
                        water, electrolytes, and waste products (96). The kidneys function best when water is abundant (65).
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
               
                  Dehydration, the process of losing body water, causes a drop in blood volume (61, 96). When blood volume is low, the kidneys set off
                  a cascade of steps to maintain healthy blood pressure. Blood vessels are constricted, increasing blood pressure; sodium and
                  water are reabsorbed from the water filtered by the kidneys so that less urine is produced; blood volume starts to rebound,
                  leading to an increase in blood pressure; and a message is sent to the brain to stimulate thirst. However, during dehydration,
                  thirst can lag behind fluid loss. Also during dehydration, stretch receptors in the aorta and carotid arteries detect a decrease
                  in blood pressure and signal antidiuretic hormone (ADH) release to maintain blood volume and, in turn, sufficient blood pressure
                  for adequate blood delivery to tissue (96).
               

               
               
               
               
               
                  
                  Do You Know?

                  
                  
                  
                     
                     Dehydration might reach a 2 to 3 percent decrease in body weight before you feel thirsty.

                     
                     
                     
                     
                  

                  
                  
               

               
               
               When blood volume is higher than normal, stretch receptors in the heart send a signal inhibiting ADH release. The thirst mechanism
                  is inhibited, and the kidneys excrete more water.
               

               
               
               
               
            

            
            
            
            
            
               
               Dehydration and Hypohydration

               
               
               
                  
                  Whereas dehydration refers to the process of losing body water, hypohydration is the uncompensated loss of body water (88). Depending on the amount of body fluid lost, hypohydration can be mild, moderate,
                     or severe. Symptoms of mild to moderate hypohydration include thirst, dry mouth, low urine production, dry and cool skin,
                     headache, muscle cramps, and dark urine (not to be confused with bright yellow or orange urine from B vitamins, carotene,
                     or certain medications). Signs and symptoms of severe hypohydration include
                  

                  
                  
                  
                  
                  
                     
                     	increased core body temperature,

                     
                     
                     	decreased blood pressure (hypotension),

                     
                     
                     	decreased sweat rate,

                     
                     
                     	rapid breathing,

                     
                     
                     	fast heartbeat,

                     
                     
                     	dizziness or lightheadedness,

                     
                     
                     	irritability,

                     
                     
                     	confusion,

                     
                     
                     	lack of urination,

                     
                     
                     	sunken eyes,

                     
                     
                     	shock,

                     
                     
                     	unconsciousness,

                     
                     
                     	delirium,

                     
                     
                     	dry, wrinkled skin that doesn’t “bounce back” quickly when pitched,

                     
                     
                     	reduced stroke volume and cardiac output,

                     
                     
                     	reduced blood flow to muscles,

                     
                     
                     	exacerbated symptomatic exertional rhabdomyolysis (serious muscle injury), and
                     

                     
                     
                     	increased risk of heat stroke and death (22, 36, 74, 96).

                     
                     
                  

                  
                  
                  
                  
                  
                     
                     Nutrition Tip

                     
                     
                     
                        
                        Your hydration level might affect your ability to study and do well on tests. A body water loss of just 1 to 2 percent (1.5–3
                           lbs. for a 150-lb. person) can impair concentration and short-term memory, while increasing reaction time, moodiness, and
                           anxiety (7, 32).
                        

                        
                        
                        
                        
                     

                     
                     
                  

                  
                  
                  During exercise, hypohydration occurs when fluid intake doesn’t match water lost through sweat (71). Risk for hypohydration
                     is greater in hot, humid environments and at altitude (20, 50, 55). Clothing, equipment, heat acclimatization, exercise intensity,
                     exercise duration, body size, and individual variations in sweat rates all affect risk of hypohydration (71). With repeated
                     exposures to hot environments, the body adapts to heat stress, and cardiac output and stroke volume returns to normal, sodium
                     loss is conserved, and the risk for heat-related illness is reduced.
                  

                  
                  
                  Sickle cell trait, cystic fibrosis, diabetes medications, diuretics, and laxatives increase risk of dehydration. Children
                     and the elderly also have an increased risk of dehydration (10, 90).
                  

                  
                  
                  
                  
                  
                     
                     Will Supplements Make Me Dehydrated?

                     
                     
                     
                        
                        Reflection Time

                        
                        
                        Certain ingredients commonly found in detox products, cleanses, and weight-loss supplements will increase water lost through
                           urine. Some of these products include uva ursi, dandelion (Taraxacum officinale), burdock root, horsetail, and hawthorn. Though
                           many people believe creatine increases dehydration, no research supports this (23, 38).
                        

                        
                        
                        
                        
                     

                     
                     
                  

                  
                  
                  Several studies suggest children are at greater risk than adults for dehydration and heat illness. Children have more body
                     surface area relative to their body weight, leading to greater heat gain from the environment. They have a lower sweat rate,
                     and thus a decreased ability to dissipate heat through sweat (though this conserves body water) and higher skin temperature.
                     Children also take longer to acclimatize to heat (24, 27, 71, 91). Some studies suggest that children rehydrate as well as,
                     if not better than, adults (11, 16, 69, 72), whereas other studies show children, like adults, do not drink enough to adequately
                     replace fluid losses in warm temperatures, even when they have sufficient access to fluids (11, 37, 101). However, sweat sodium
                     concentration is lower in children than in adults, a factor that may help children retain fluid (51). Signs and symptoms of
                     heat illness are presented in figure 8.4.
                  

                  
                  
                  
                     



                  
                  
                  

               
               
               
               
               
            

            
            
            

         
         
      

      
      
      





Figure 8.4    Heat illness.
                     

                     
                     
                     [image: Figure 8.4 Heat illness.]

                     
                     Based on Binkley 2002.

                     
                     
                  

                  
                  
                  Older adults do not have a sensitive thirst mechanism, so they generally drink less fluid than younger adults. In addition,
                     the kidneys do not conserve water as well with age. Older individuals on certain medications might have increased fluid requirements
                     or increased fluid losses. Some elderly people have limited access to food and fluids because of impaired motor skills, injuries,
                     diseases, or surgeries that limit mobility. All these factors put the elderly at greater risk for heat stress, dehydration,
                     and hypohydration.
                  

                  
                  
                  
                  
                  
                  
                  
                     
                     Why Does Alcohol Give You a Hangover?

                     
                     
                     
                        
                        Putting It Into Perspective

                        
                        
                        We all know that drinking too much alcohol can lead to a hangover. But why? And how can we prevent it? Hangover symptoms include
                           fatigue, headache, poor sleep, thirst, nausea or vomiting, dizziness, and sensitivity to light, among others. Unfortunately,
                           the mechanisms that lead to a hangover are not entirely clear. Although alcohol causes hangovers, there appears to be no way
                           to prevent them other than the obvious—not drinking or drinking less. However, among the factors that can reduce the severity
                           of a hangover, two are in our control: getting enough sleep and not smoking (64).
                        

                        
                        
                        In addition to hangovers, an acute bout of heavy alcohol consumption can harm the body in other ways. Alcohol decreases the
                           amount of ADH produced, leading to a larger volume of urine and increased dehydration (87). Alcohol shrinks and disrupts brain
                           tissue, throwing neurotransmitters off course, so you feel sleepy and function in slow motion—both physically and verbally.
                           A single night of heavy drinking can also compromise your immune system, decreasing the ability of white blood cells to handle
                           harmful bacteria (57).
                        

                        
                        
                        To prevent or reduce some of the negative side effects of overdrinking, try these strategies for drinking less. Know how much
                           alcohol is in your drink (figure 8.5), and alter your pace accordingly. Drink a glass of water after each alcoholic drink. Eat something—eating slows down the
                           absorption of alcohol so you have more time to metabolize what you are drinking. Also, for academic performance, don’t drink,
                           or at least limit drinking, the night before tests, exams, or days of intense studying.
                        

                        
                        
                        
                           



                        
                        
                        

                     
                     
                  

                  
                  
               

               
               
               
               
               
            

            
            
            

         
         
      

      
      
      







Figure 8.5    Percent alcohol by volume in alcoholic beverages. To find out the amount of alcohol in a drink, multiply the percent alcohol
                              by the volume of the drink. Each one of the drinks pictured above contains 0.6 oz. of alcohol. Interactive calculators to help you determine both the caloric content and amount of alcohol in various drinks are available
                              online.
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                        Adapted from National Institute on Alcohol Abuse and Alcoholism. 

                        
                        
                        
                        
                     

                     
                     
                  

                  
                  
               

               
               
               
               
               
            

            
            
            
               
               Hyperhydration

               
               
               
                  
                  Hyperhydration, sometimes referred to as overhydration or water intoxication, is an excess of total body water resulting from
                     excessive intake of low- or no-sodium fluids, such as water (96). Hyperhydration is rare in healthy individuals. Those with
                     heart, kidney, or liver disease, as well as individuals who have damage to the thirst mechanism, have an increased risk of
                     hyperhydration because of the kidneys’ reduced ability to excrete excess water. Athletes, particularly those competing in
                     prolonged endurance events, and consuming only water or low-sodium beverages, might also be at risk for hyperhydration (100).
                  

                  
                  
                  Signs and symptoms of hyperhydration (28, 59)

                  
                  
                  
                  
                  
                     
                     	Confusion

                     
                     
                     	Inattentiveness

                     
                     
                     	Blurred vision

                     
                     
                     	Muscle cramps or twitching

                     
                     
                     	Poor coordination

                     
                     
                     	Nausea or vomiting

                     
                     
                     	Rapid breathing

                     
                     
                     	Acute weight gain

                     
                     
                     	Weakness

                     
                     
                     	Paralysis

                     
                     
                  

                  
                  
                  Hyperhydration can result in cellular edema and hyponatremia, which is a dangerously low blood sodium level, defined by plasma
                     sodium below 135 mmol/L (96). When blood sodium levels fall below 125 mmol/L, an individual might experience intracellular
                     swelling, headaches, nausea, vomiting, muscle cramps, swollen hands and feet, restlessness, and disorientation. When blood
                     sodium drops below 120 mmol/L, risk of developing cerebral edema, seizures, coma, brainstem herniation, respiratory arrest,
                     and death increases (3, 5, 74, 97). Hyponatremia can occur during an event or up to 24 hours after. In athletes, hyponatremia
                     might result from high water intake during prolonged endurance or ultraendurance events, particularly for athletes with slower
                     race times (97).
                  

                  
                  
                  Signs and symptoms of hyponatremia

                  
                  
                  
                     
                     	Core body temperature less than 40 °C (104 °F)
                     

                     
                     
                     	Nausea

                     
                     
                     	Vomiting

                     
                     
                     	Swelling of the hands and feet

                     
                     
                     	Low blood sodium level

                     
                     
                     	Progressive headache

                     
                     
                     	Confusion

                     
                     
                     	Lethargy

                     
                     
                     	Altered state of consciousness

                     
                     
                     	Apathy

                     
                     
                     	Pulmonary edema

                     
                     
                     	Cerebral edema

                     
                     
                     	Seizures

                     
                     
                     	Rhabdomyolysis (skeletal muscle injury)

                     
                     
                     	Coma

                     
                     
                  

                  
                  
                  
                     
                     Based on Coris 2004; Sawka et al. 2007; U.S. Institute of Medicine 2005.

                     
                     
                  

                  
                  
               

               
               
            

            
            
         

         
         
      

      
      
      

         
         Electrolytes
         

         
         
         
            
            Electrolytes are essential for muscle contraction and nerve conduction, so an electrolyte imbalance could certainly impair
               athletic performance (22, 74). Electrolytes lost in sweat include sodium, chloride, potassium, calcium, and magnesium (figure 8.6) (74).
            

            
            
            
               



            
            
            

         
         
         
      

      
      
      



Figure 8.6    Average amounts of electrolytes lost through sweat.
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               Data from Coris 2004; American College of Sports 2007; Institute of Medicine 2005.

               
               
            

            
            
            Because of the high amount lost through sweat, sodium losses are the greatest concern, ranging from 230 to greater than 2,277
               mg/L (10 to 99 mEq/L), followed by chloride, which is lost along with sodium (22, 74, 96). Sodium influences fluid regulation
               by helping the body retain more of the fluid consumed (less fluid consumed is lost through urine) (49). With greater sodium
               losses, risk of muscle cramping increases (14, 84). Athletes who exercise intensely or for several hours and hydrate excessively
               with only water or a no- or low-sodium beverage can dilute their blood sodium levels, increasing risk of cramping and possibly
               developing hyponatremia (3, 5, 74). To avoid hyponatremia, fluid intake shouldn’t exceed sweat losses, and athletes should
               consume sodium via food or sports drinks (62, 74).
            

            
            
            Hypernatremia, elevated blood sodium, is defined as a blood sodium concentration greater than 145 mmol/L. Hypernatremia is
               typically associated with dehydration and can be extremely dangerous, even causing death (2, 21).
            

            
            
            Some sports drinks provide very small amounts of potassium, while others provide no potassium (via pills). In a healthy individual,
               blood potassium is well regulated. High doses of supplemental potassium can be very dangerous, possibly fatal (96).
            

            
            
            Calcium is lost in sweat in very small quantities. When blood calcium levels drop, the body can pull calcium from bone tissue
               to maintain blood calcium within a tight range. Though magnesium is lost in sweat and urine during exercise, it is redistributed
               in the body to accommodate metabolic needs (58). In addition, the average amount of magnesium lost through sweat, approximately
               10 mg/L, is a tiny fraction of a person’s magnesium needs each day (240–420 mg/day for those 9 years old and up, depending
               on life stage) (74, 95).
            

            
            
            
            
            
               
               Do You Know?

               
               
               
                  
                  Sodium is the primary electrolyte lost through sweat. Increased sodium losses can increase an athlete’s risk of cramping,
                     particularly when combined with substantial fluid losses through sweat.
                  

                  
                  
                  
                  
               

               
               
            

            
            
         

         
         
         
      

      
      
      

         
         Water, Electrolytes, and Exercise Performance
         

         
         
         
            
            During exercise, muscular contractions produce heat, which must be dissipated through sweat to help cool skin and body temperature.
               When fluids are consumed to maintain normal body water (euhydration), sweating remains an effective compensation for increased core temperatures. However, as discussed earlier, thirst lags
               behind fluid needs. It might take a 2 to 3 percent loss in body mass from fluid before thirst kicks in (37). Thus thirst might
               not be a sufficient stimulus to prevent significant dehydration during exercise, particularly in hot, humid conditions (figure 8.7) (71). If sweat losses are not replaced with fluid, hypohydration will lead to a decrease in sweat rate and evaporative heat
               loss, an increase in core body temperature, a drop in blood volume, a decrease in blood pressure, and cardiovascular strain,
               as well as altered metabolic and central nervous system functioning (73, 88). Factors increasing dehydration risk include
               multiple layers of clothing, protective equipment (pads, helmets), heat, humidity, multiple practices per day, intentional
               dehydration, and other unsafe weight-loss practices, including diuretics, using the sauna, manipulating water and sodium balance
               to “make weight,” excessive spitting, self-induced vomiting, laxative abuse, and inappropriate use of thermogenic aids (13,
               31, 34-36, 86, 99).
            

            
            
            
               



            
            
            
            
            
            

         
         
         
         
      

      
      
      



Figure 8.7    The Heat Index is a measure of how hot it really feels outside when humidity is taken into account along with temperature.
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               Reprinted, by permission, from C.B. Corbin, G.C. Le Masurier, and K.E. McConnell, 2014, Fitness for life, 6th ed. (Champaign, IL: Human Kinetics), 76.
               

               
               
            

            
            
            
            
            
            
               
               Can I Use Diuretics, Detoxes, or Cleanses to Lose Weight Quickly?

               
               
               
                  
                  Putting It Into Perspective

                  
                  
                  Diuretics increase urine production, so you lose water weight, temporarily. As soon as you rehydrate, you gain the weight
                     back. Many detoxes and cleanses claim to remove toxins from your body, causing you to lose weight. Typical approaches include
                     one or more of the following:
                  

                  
                  
                  
                     
                     	Calorie restriction

                     
                     
                     	Consuming juice only or a liquid diet for several days

                     
                     
                     	Restricting food choices

                     
                     
                     	Laxatives, enemas, or colonics

                     
                     
                     	Various dietary supplements

                     
                     
                  

                  
                  
                  No concrete evidence suggests that typical detoxes and cleanses remove toxins or improve health. If the detox or cleanse diet
                     or program is lower in calories, compared to what you typically consume, you might lose weight. According to the FDA and the
                     Federal Trade Commission, some detox or cleansing products or programs can be harmful. Both groups have taken action against
                     several companies for selling illegal and potentially harmful ingredients, making false claims suggesting their products could
                     treat serious diseases, or unapproved uses of medical devices for colon cleanses. Other issues identified include the following:
                  

                  
                  
                  
                     
                     	Unpasteurized juices might contain harmful bacteria (pasteurization kills bacteria) that could make people sick, particularly
                        those with weakened immune systems, the elderly, and children.
                     

                     
                     
                     	Because of high levels of oxalate, high intake of juice could be harmful for those with kidney disease.

                     
                     
                     	Laxatives can lead to diarrhea, dehydration, and electrolyte imbalances.

                     
                     
                     	Anyone with diabetes could experience serious side effects resulting from an imbalance between prescribed medication and diet,
                        causing low blood sugar.
                     

                     
                     
                     	Fasting and very low-calorie diets could lead to headaches, fainting, weakness, dehydration, and other issues (56).

                     
                     
                  

                  
                  
                  In chapter 13 we will look at safe and effective strategies for losing weight.

                  
                  
                  
                  
               

               
               
            

            
            
            Hypohydration of less than 1 percent of pretraining body weight is not likely to have a negative effect on performance, unless
               the athlete begins training with a significant fluid deficit (17). Sweat losses reaching 1 to 3 percent body weight loss can
               increase core body temperature and significantly affect athletic performance by increasing fatigue; decreasing motivation; impairing attention, psychomotor, and immediate memory skills; decreasing sprint performance;
               increasing rate of perceived exertion; and impairing neuromuscular control, accuracy, power, strength, and muscular endurance
               (1, 12, 20, 26, 39, 42, 43, 53, 75, 82).
            

            
            
            In endurance-trained cyclists, dehydration of 4 percent of body weight in the heat decreased blood flow to muscles (36). Cardiac
               output, sweat production, and blood flow to skin and muscle decrease when sweat fluid losses rise to 6 to 10 percent of body
               weight, while risk for heat illness increases (22, 25, 74, 88).
            

            
            
            Substantial sweat sodium losses can increase an athlete’s risk of muscle cramping (14), poor performance, and, when combined
               with overhydration, hyponatremia (3, 5, 74, 97). A study in NCAA Division I football players found sweat sodium losses were
               two times higher in those with a history of heat cramps compared to age-, weight-, race-, and position-matched players who
               had never cramped (84).
            

            
            
            Many athletes and recreational exercisers start training in a hypohydrated state, making it difficult to achieve euhydration
               during training (17, 19, 62, 85, 86, 98). In research studies, fluid losses ranged from 0.3 to over 4.6 L/h in athletes (62,
               74). A study in NCAA Division I athletes found 66 percent started practice in a hypohydrated state and 13 percent in a significantly
               hypohydrated state as measured by urine specific gravity (USG). USG is a tool used to assess hydration status by measuring
               the concentration of particles in urine (81). Additional research studies found that many teenage male and female tennis players,
               female Canadian junior elite soccer athletes, and more than 50 percent of the athletes on Canada’s junior men’s hockey team
               began practice in a hypohydrated state (17, 34, 63). In addition, among those who started in a hypohydrated state did not
               drink enough during practice to avoid a fluid deficit (34, 63).
            

            
            
            Pro indoor and outdoor athletes follow similar patterns as younger athletes—many start in a hypohydrated state. A study examining
               29 NBA players during indoor summer league competition found 52 percent started the game in a hypohydrated state while 5 players
               lost more than 2 percent body mass (measured prior to the game) during the game (62). Figure 8.8 illustrates how performance suffers as dehydration increases.
            

            
            
            
               



            
            
            

         
         
         
         
      

      
      
      



Figure 8.8    Skill decreases in basketball with progressive dehydration.
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               Data from Baker 2007.

               
               
            

            
            
            Because of larger body size, equipment, and exercising outdoors in the heat, American football players, particularly linemen,
               have an increased risk of becoming dehydrated (22). A study in NFL players found that smaller players lost significantly less
               fluid through sweat during practice than larger players (figure 8.9).
               
            

            
            
            
               



            
            
            

         
         
         
         
      

      
      
      



Figure 8.9    Sodium lost through sweat in three groups of NFL players over 4.5 hours of practice in the heat.
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            In addition to the importance of hydrating before and during exercise, rehydrating after exercise takes time. In one small
               study, subjects had their food and fluid intake restricted and exercised in moderate heat to achieve hypohydration by 0 percent,
               3 percent, 5 percent, and 7 percent of their body weight on 4 separate trials (each subject experienced each level of dehydration).
               For a period of 1 hour afterward, they were allowed to drink as much as they wanted. All subjects didn’t consume enough fluid
               during this time to rehydrate back to baseline body weight, suggesting adequate rehydration after hypohydration takes time,
               even when subjects have access to plenty of fluid (30).
            

            
            
            Athletes should drink enough fluid to prevent water weight losses exceeding 2 percent of body weight, while also restoring
               electrolytes lost through sweat to prevent adverse effects on health and athletic performance. In addition, it is important to restore
               fluid intake after exercise and prior to the next training session (74). Given the wide range of fluid and electrolyte losses
               through sweat, all athletes should have their own individualized hydration plan. The first step to developing an individualized
               hydration plan is an assessment of daily hydration status, as well as fluid and electrolyte losses during exercise.
            

            
            
            
            
            
               
               Do Recreational Athletes Need Salt?

               
               
               
                  
                  Putting It Into Perspective

                  
                  
                  All athletes, no matter their level of competition, should know the basics of dehydration, hyponatremia, and sodium replenishment.
                     In fact, hyponatremia occurs more often in recreational athletes than competitive athletes. Staying well hydrated, yet not
                     overhydrated, and replacing electrolytes will not only help you perform your best, but also help ensure that you make the
                     most of your workout. In addition, maintaining adequate hydration could help you perform your best each day, not just while
                     exercising or competing, but in school and during other extracurricular activities that require cognitive thinking skills.
                  

                  
                  
                  
                  
               

               
               
            

            
            
         

         
         
         
         
      

      
      
      

         
         Hydration Assessment
         

         
         
         
            
            There are several ways to measure hydration status, all varying in cost, ease of use, and ability to detect small changes
               in hydration (61). There is no perfect measurement for all situations, though plasma osmolality is generally considered the
               most effective overall (6, 96). Plasma osmolality measures the concentration of solutes in plasma. When an athlete sweats,
               plasma volume and extracellular water decrease with fluid losses, while plasma osmolality increases (more fluid is lost than
               solutes). Plasma osmolality alters with acute changes in hydration status (96). In sports settings, commonly used measures
               of hydration status include urine osmolality (UOsmol), USG, changes in body weight, sweat patches, and bioelectrical impedance
               analysis (6). Urine markers, including UOsmol and USG, and serum osmolality measure the concentration of particles in urine
               and serum, respectively. Both are sensitive (effective) indicators of hydration status (96). As discussed earlier, USG measures
               the concentration of particles in urine and provides an assessment of hydration status and kidney function (81). USG is easy
               to use, inexpensive, and practical. USG and UOsmol should be measured first thing in the morning; values may be misleading
               during acute periods of dehydration (as can happen when athletes sweat profusely during exercise) or if urine is assessed
               after rehydration (61, 74). Both devices show delayed dehydration-related changes (61). If dehydrated athletes consume a large
               volume of hypotonic fluid, they will produce a large volume of urine prior to becoming adequately rehydrated (euhydration).
               During this period of rehydration, USG and UOsmol are misleading. Both values will indicate athletes have achieved euhydration
               when in fact they are still dehydrated (74, 80). UOsmol is misleading and a poor indicator of hydration for at least 6 hours
               after exercise (46). USG values increase with increasing water deficit, though this varies considerably among individuals.
               USG values cannot predict the extent of water deficit (96). See table 8.2 for more information on measuring hydration with USG.
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            A wide range of values is normal for urine UOsmol—50 to 1,200 mOsmol/L (89). Given this range, increasing urine UOsmol can
               be used to determine increasing levels of dehydration, though it is not considered a good indicator of hydration status (8,
               78, 96).
            

            
            
            
            
            
               
               Do You Know?

               
               
               
                  
                  USG testing is often part of routine testing of urine samples. The next time you provide a urine sample at your physician's
                     office, check the report for your USG value. USG is also measured during drug testing to determine if athletes have attempted
                     to manipulate the test by overhydrating in an attempt to dilute their urine.
                  

                  
                  
                  
                  
               

               
               
            

            
            
            Measuring changes in weight can help identify athletes who are dehydrated. Acute changes in body weight often reflect fluid
               fluctuations in athletes who are in a state of caloric balance—that is, consuming enough calories each day to maintain their
               weight. Athletes can estimate day-to-day hydration changes by weighing in the nude or in minimal clothing each morning after
               using the bathroom and prior to eating or drinking. See figure 8.10 for accurately estimating sweat losses through changes in body weight. Athletes can estimate sweat-related fluid losses,
               and therefore sweat rate, by weighing pre- and postworkout (60, 74). Though body weight changes can be used to estimate acute
               changes in hydration status, over a longer period of time food intake, bowel movements, and alterations in body composition
               will confound the use of weight as an indicator of changes in hydration status (60).
            

            
            
            
               



            
            
            

         
         
         
      

      
      
      



Figure 8.10    Estimating sweat losses through weight changes.
               

               
               
               [image: Figure 8.10 Estimating sweat losses through weight changes.]
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            Athletes are sometimes advised to check their urine color to assess their hydration status; darker urine is more concentrated
               with solutes and a sign of dehydration or hypohydration, while pale yellow urine is less concentrated and considered a sign
               of euhydration. However, urine color assessment is problematic because it is subjective, imprecise, and open to interpretation
               (74, 96). Several food ingredients, nutrients, and medications can influence the color of urine (33, 81, 92). Also, urine
               color is also not an accurate measure for at least 6 hours postexercise (46).
            

            
            
            Urine will be pale in color during the immediate rehydration period after dehydration, even though the athlete is still dehydrated
               (74). See table 8.3 for more information on factors influencing urine color.
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            Sweat patches are placed on an athlete’s forearm or another part of the body to collect fluid and electrolyte losses. These
               patches are easy to use and provide valuable information for developing an individualized hydration and electrolyte (sodium
               chloride) plan (29). Bioelectrical impedance analysis (BIA) is an easy, quick method of assessing hydration status. BIA uses
               a frequency passed through the skin. There is greater resistance to the current when water and electrolyte content in tissues
               is higher (48). In euhydrated and chronically hyperhydrated or hypohydrated subjects, BIA provides a good estimate of total
               body water and hydration status (60, 76). However, fluid shifts between intracellular and extracellular water during exercise,
               increased blood flow to working muscles and skin, and sweating can confound BIA measures in athletes. BIA is also independently
               influenced by water and electrolyte content, as well as changes in electrolyte content in intracellular fluid and extracellular
               fluid. So, for instance, when plasma (extracellular fluid) sodium concentration increases, resistance decreases, which can
               also confound its use for estimating hydration status (60). For these reasons, BIA is not an accurate method for assessing
               hydration status in athletes because they have frequent shifts in hydration status (60, 96). Table 8.4 presents methods for measuring hydration status.
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         Hydration Recommendations for Exercise
         

         
         
         
            
            Given the wide variety of conditions that affect sweat fluid losses—including climate, training or athletic event, clothing,
               equipment, acclimation, and individual differences in sweat rates and electrolyte losses—it is impossible to develop general
               fluid guidelines sufficient for all individuals in all situations. However, the following research-based recommendations can
               be adjusted based on a thorough assessment of an individual’s fluid and electrolyte losses in different environmental conditions.
            

            
            
         

         
         
         
            
            Before Exercise

            
            
            
               
               Many athletes and active individuals start training or exercise in a hypohydrated state, making it difficult to achieve euhydration
                  during training (17, 19, 62, 86, 98). Thus the preexercise goal is to achieve euhydration by prehydrating, when necessary,
                  several hours before exercise to allow time for fluid absorption and urine production. If using USG, the measurement should
                  read below 1.020 before exercise (74).
               

               
               
               Four hours before exercise athletes should slowly drink enough fluid to urinate approximately 5 to 7 ml/kg bodyweight (0.076–0.108
                  oz./lb.) to allow for sufficient time to void excess fluid (74). The addition of sodium, through a sports drink or table salt,
                  to a preworkout meal or snack will help the athlete retain more of the fluid consumed (54).
               

               
               
               
               
               
                  
                  Do You Know?

                  
                  
                  
                     
                     Athletes should start training or competition in a hydrated state, avoid losing more than 2 percent of body weight (via sweat
                        loss) during exercise, and rehydrate completely after exercise prior to the next training session.
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
            

            
            
            
         

         
         
         
            
            During Exercise

            
            
            
               
               The average person loses approximately 0.3 liters per hour through insensible perspiration and sweating when sedentary (96).
                  Sweat fluid losses during training range from 0.3 to over 4.6 liters per hour, while sodium losses range from 230 to 2,277
                  mg or more per liter of sweat. Given this variation, it is ideal to use an individualized hydration plan that helps limit
                  fluid losses of greater than 2 percent, replenishes electrolyte losses, and avoids overhydration (62, 74). Most athletes can
                  maintain adequate hydration by consuming 0.4 to 0.8 liters per hour (13–27 oz./h) of fluid. Athletes with high sweat rates
                  (>1.2 L/h) or salty sweat or those exercising for more than 2 hours are more likely to have considerable sodium losses and
                  should choose a beverage that contains sodium during exercise. A carbohydrate concentration of 6 to 8 percent might be ideal,
                  as sports drinks containing more than 8 percent carbohydrate delay gastric emptying (i.e., how quickly the drink is emptied
                  from the stomach), which could result in an upset stomach (52, 74). Cool, but not cold, beverages are recommended: 10 to 15
                  °C (50–59 °F) (19).
               

               
               
               
               
               
                  
                  Do You Know?

                  
                  
                  
                     
                     When sports drinks are ingested at high rates during intense or prolonged exercise, athletes might consume more carbohydrate
                        than their stomach can process quickly, which could result in an upset stomach.
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
               A drink containing multiple types of carbohydrate, such as glucose and fructose or maltodextrin combined with fructose, can
                  increase the speed of gastric emptying and thus decrease the risk of upset stomach (102). During prolonged periods of training,
                  athletes can consume 30 to 60 grams of carbohydrate per hour to help sustain energy. Based on limited research, mainly conducted
                  during long bouts of cycling, aerobic endurance athletes could increase total carbohydrate intake to 90 grams per hour if
                  their sports drink contains multiple types of carbohydrates (40).
               

               
               
            

            
            
            
            
               
               Children and Adolescents

               
               
               
                  
                  A sports drink with flavor and sodium may increase drinking at one’s pleasure. Children should be offered a choice of fluids
                     so they can decide which one they prefer (71).
                  

                  
                  
                  The American Academy of Pediatrics suggests enforcing periodic drinking in children to ensure adequate fluid intake during
                     exercise. Drinks should contain a sodium chloride concentration of 15 to 20 mmol/L (1 g per 2 pints), which has been shown
                     to increase voluntary hydration by 90 percent when compared to unflavored water (4, 15, 101). According to the Academy’s guidelines
                  

                  
                  
                  
                     
                     	children weighing 40 kg (88 lb.) should drink 5 ounces (148 ml) of cold water or a flavored salted beverage every 20 minutes
                        during practice, and
                     

                     
                     
                     	adolescents weighing 60 kg (132 lb.) should drink 9 ounces (256 ml) every 20 minutes, even if they do not feel thirsty.

                     
                     
                  

                  
                  
                  
                     



                  
                  
                  

               
               
            

            
            
            

         
         
         

      
      
      





A child participating in any sport should have plenty of breaks to ensure proper hydration.

                     
                     
                     [image: A child participating in any sport should have plenty of breaks to ensure proper hydration.]
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               Adults

               
               
               
                  
                  Athletes should follow an individualized hydration plan. In general, a sports drinks should contain 20 to 30 mEq of sodium
                     (460–690 mg, with chloride as the anion) per liter, 2 to 5 mEq of potassium (78–195 mg) per liter, and 5 to 10 percent of
                     carbohydrate (94). Given the available literature on tennis players, recommendations specific to their sport suggest aiming
                     for approximately 200 to 400 ml (approximately 7–14 oz.) fluid per changeover, with some of their fluid coming from a carbohydrate
                     and electrolyte sports drink (47).
                  

                  
                  
                  All guidelines for children, adolescents, and adults might need to be adjusted to fit the needs of individual athletes.

                  
                  
               

               
               
            

            
            
         

         
         
         
            
            After Exercise

            
            
            
               
               Many athletes, whether competitive or recreational, finish exercising with a fluid deficit. They might continue sweating afterward
                  and lose additional fluid through urine. For these reasons, the athlete needs more fluid than lost through sweat to replace
                  total fluid losses and restore fluid balance. They should aim to consume 125 to 150 percent of the fluid deficit (20–24 oz.
                  per lb. bodyweight lost or approximately 1.5 L fluid for each kg body weight lost). If sodium isn’t consumed with the beverage
                  (or through food intake after exercise), much of the fluid consumed postexercise will lead to increased urine output (80).
                  Therefore, sodium should be consumed in postworkout drinks, meals, or snacks both to replace sodium and enhance rehydration.
                  Additional salt can be added to foods when sodium losses are substantial (74, 80, 96). This strategy helps make up for increased
                  urine production following consumption of a large volume of fluid (74, 79).
               

               
               
               
               
               
                  
                  Factors That Contribute to Greater Fluid Consumed

                  
                  
                  
                     
                     Putting It Into Perspective

                     
                     
                     Given the importance of hydration and the potential adverse health effects that can result from dehydration, hypohydration,
                        and heat illness, coaches and parents should create an environment that encourages fluid consumption. They can do this by
                        providing access to fluids (both water and flavored sports drinks), scheduling breaks during training, and educating athletes
                        and parents about the importance of hydration, while also providing instructions for maintaining optimal hydration (45).
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
            

            
            
            
         

         
         
      

      
      
      

         
         Summary
         

         
         
         
            
            Water and electrolytes are essential to health and athletic performance, but many factors affect hydration needs, so no one
               recommendation fits everyone. The AI can be used as guidance and adjusted accordingly based on individual needs. Daily hydration
               status, as well as hydration and electrolyte losses from activity, can be measured and used to develop individual hydration
               strategies to ensure adequate daily hydration and prevention of an excessive loss of body fluid and sodium during exercise.
               In instances when hydration status is not measured (possible reasons include lack of measuring devices and sensitivity about
               body weight), the athlete’s coach (or parent) must pay close attention to the athlete and educate them on frequency and quantity
               of urination, as well as symptoms of hypohydration. Despite access to fluids, many athletes and recreational exercisers start
               training in a hypohydrated state, lose significant quantities of sweat while training, and cannot quickly replace body fluid
               losses because of continued sweating and urinary losses postexercise.
            

            
            
            
            
            
               
               For Review

               
               
               
                  
                  
                     
                     	Why is body water important for athletic performance, exercise, and fitness?

                     
                     
                     	Discuss the factors that affect an individual’s fluid needs.

                     
                     
                     	Discuss the role of sodium in the body, and why it is important for athletic and exercise performance.

                     
                     
                     	List the methods used to calculate sweat rate. Which methods are more accurate than others?

                     
                     
                     	Discuss the symptoms associated with hyponatremia.

                     
                     
                     	Which individuals are most at risk of developing hyponatremia? Why is their risk increased?
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Chapter Objectives

            
            
            
               
               After completing this chapter, you will be able to do the following:

               
               
               
                  
                  	Explain how dietary supplements are regulated.

                  
                  
                  	Describe the categories of claims used with dietary supplements.

                  
                  
                  	Discuss the process for evaluating the safety and efficacy of dietary supplements.

                  
                  
                  	Identify the common supplements used in different sports and discuss their efficacy and safety.

                  
                  
                  	Describe the illegal drugs commonly used in sports and their consequences.

                  
                  
                  	Discuss the effects of alcohol on sports performance.

                  
                  
               

               
               
               
               
            

            
            
         

         
         
         People choose to take supplements for many reasons: to improve health, boost energy levels, enhance athletic performance,
            change body composition, and of course to compensate for nutrients not consumed in adequate amounts through intake of food
            and beverages (27, 80). When used correctly, many dietary supplements can indeed support health, training, and athletic performance.
            However, though some dietary supplements are beneficial, others are not, and some are even harmful in certain circumstances
            (depending on a person’s health, what else they are taking, and several other factors) (34, 53, 54, 92). For athletes, poor
            manufacturing practices or intentional spiking of a supplement with a prescription drug or illegal substance could result
            in a positive drug test. In any case, whether you are a competitive athlete or not, you must ensure the safety and other implications
            of any dietary supplement you choose to take.
         

         
         
      

      
      
      

      
      
      

         
         Popularity of Supplement Use in Sport
         

         
         
         
            
            The prevalence of dietary supplement use among athletes is difficult to quantify because of insufficient studies, inconsistent
               methodology, poor research design, and a lack of homogeneity among published studies. An estimate of supplement use internationally
               ranges from 37 to 89%, with the greatest use among elite and older athletes (80). A review and meta-analysis reported the
               prevalence of dietary supplement use among athletes using data from 159 previously published studies (44). These data suggest
               that
            

            
            
            
               
               	supplement use is higher among elite athletes compared to their nonelite counterparts,

               
               
               	use is similar for men and women, with a few exceptions (men used more vitamin E, protein, and creatine, whereas women used
                  more iron),
               

               
               
               	prevalnce of dietary supplements use has been relatively high over time (data taken from articles published up to 2014), and

               
               
               	a larger percentage of athletes used supplements than the general United States adult population.

               
               
            

            
            
            The most commonly used supplements cited from this study include vitamins and minerals, amino acids and protein, creatine,
               herbal supplements, omega-3 fatty acids, caffeine, and energy drinks. There are far more products on the market, with new
               ones being introduced on a regular basis. 
            

            
            
            
            
            
               
               Nutrition Tip

               
               
               
                  
                  Many supplements marketed for energy contain caffeine. However, companies are not required to list the caffeine content on
                     the label of dietary supplements (93). According to a study conducted by the United States Department of Agriculture, the
                     caffeine content of dietary supplements ranged from 1 mg to more than 800 mg for a daily dose—800 mg is equivalent to approximately
                     8 cups of coffee (96). Caffeine affects people in different ways, so consumers should use caution when taking a caffeine-containing
                     supplement, especially if consuming other caffeinated foods or beverages (29). When taking supplements with caffeine, start
                     slow, monitor your body’s reactions, and proceed accordingly.
                  

                  
                  
                  
                  
               

               
               
            

            
            
         

         
         
         
      

      
      
      

         
         Regulation of Dietary Supplements
         

         
         
         
            
            
               Dietary supplements are regulated by the FDA, whereas the Federal Trade Commission (FTC) protects consumers by regulating potentially unfair, deceptive, or fraudulent practices in the marketplace. The Dietary Supplement
               Health and Education Act (DSHEA) of 1994 legally defined a dietary supplement as “a product taken by mouth that contains a
               ‘dietary ingredient’ intended to supplement the diet. The ‘dietary ingredients’ in these products may include vitamins, minerals,
               herbs or other botanicals, amino acids, and substances such as enzymes, organ tissues, glandulars, and metabolites. Dietary
               supplements can also be extracts or concentrates, and may be found in many forms such as tablets, capsules, softgels, gelcaps,
               liquids, or powders” (85). If any of these compounds are in other forms, such as a sports bar, the information provided on
               the product label cannot represent the product as a conventional food and cannot imply it can replace a meal or substitute
               for a diet comprised of foods. Under this act, dietary supplements are regulated separately and under a different set of regulations
               from food and drugs (85).
            

            
            
            The FDA does not approve dietary supplements for safety or effectiveness before these products reach the store shelves for
               purchase by the consumer. The manufacturer is responsible for ensuring that the Supplement Facts label and ingredient list
               are accurate, the dietary ingredients are safe for use as intended, and the amounts of each active ingredient matches the
               amount declared on the label. Once a product is marketed and sold, it is the FDA’s responsibility to demonstrate that a dietary
               supplement is harmful or unsafe before taking action to restrict the product’s use or remove it from public purchase. Manufacturers
               and distributors of dietary supplements must record and investigate any reported adverse reactions from their product and
               forward any reports to the FDA. The FDA is able to review reported adverse reactions from manufacturer reports, or information
               reported by health care providers or consumers, to identify the potential presence of safety risks to the public. A safety
               alert or consumer advisory has been issued on some common products, including pure powdered caffeine, caffeinated energy drinks,
               red yeast rice, and botanicals added to conventional foods (86). Check the FDA website for a complete list and updates.
            

            
            
         

         
         
         
            
            Marketing Supplements

            
            
            
               
               Supplement manufacturers are required to notify the FDA of their intention to sell the product if it contains a “new dietary
                  ingredient.” This refers to an ingredient that meets the established DSHEA definition of a “dietary ingredient” and was not
                  sold in the United States in a dietary supplement before October 15, 1994. If a manufacturer and distributor of the supplement
                  intends to use a new ingredient, it is their responsibility to determine if the ingredient meets this definition and to demonstrate
                  to the FDA their proposed ingredient has a reasonable expectation of safety for use in their product, unless it has been recognized
                  as a food substance and is present in the food supply. Any supplements that do not contain new ingredients do not need approval
                  from the FDA before they are marketed and sold to the consumer (85).
               

               
               
               Manufacturers can voluntarily provide information to the FDA or consumers about safety and efficacy of their product, if they
                  choose to do so (85). It is up to each manufacturer to establish its own policy regarding this disclosure to either the FDA
                  or its customers.
               

               
               
               In June 2007, the FDA published comprehensive regulations for current Good Manufacturing Practices (GMPs) for those who manufacture, package, or distribute dietary supplement products. These regulations focus on practices that
                  ensure the identity, purity, quality, strength, and composition of dietary supplements. The existence of GMPs may help ensure
                  the ingredients on the label are present in listed quantities and that products are free from contaminants and impurities.
                  These published GMPs do not govern marketing or claims made about the product, so it is the consumer’s responsibility to contact
                  the manufacturer of a product if more information is desired. The name and address of the manufacturer or distributor can
                  be found on the dietary supplement label (85).
               

               
               
               
               
               
                  
                  Nutrition Tip

                  
                  
                  
                     
                     The FDA and the National Institutes of Health’s Office of Dietary Supplements provide research-based information about dietary
                        supplements. If you are considering taking a supplement, visit the websites of these government organizations for basic information
                        and useful tips.
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
            

            
            
            
         

         
         
         
            
            Supplement Facts Labels

            
            
            
               
               Regulations control the information that must appear on the labels of dietary supplements. All supplement labels must include
                  “a descriptive name of the product stating that it is a ‘supplement’; the name and place of business of the manufacturer,
                  packer, or distributor; a complete list of ingredients; and the net contents of the product” (85). The FDA further requires
                  that most dietary supplements have a “Supplement Facts” panel on the product (figure 9.1). This panel must list each dietary ingredient contained in the product; those ingredients not included in the panel must
                  be listed in the “other ingredients” statement printed beneath the panel. Other ingredients may include the source of dietary
                  ingredients, other food ingredients (e.g., water and sugar), additives, colors, preservatives, flavors, or other processing
                  aids. There are no regulations limiting a serving size or the amount of a nutrient or ingredient in the product. The recommended
                  serving size is determined by the manufacturer and does not require FDA approval (90).
               

               
               
               
                  



               
               
            

            
            
         

         
         
         

      
      
      




Figure 9.1    Supplement Facts label.
                  

                  
                  
                  [image: Figure 9.1 Supplement Facts label.]

                  
               

               
               
            

            
            
         

         
         
         
            
            Dietary Supplement Claims

            
            
            
               
               Manufacturers generally employ three types of claims with their dietary supplements (90):

               
               
               
                  
                  	Nutrient content claims

                  
                  
                  	Health claims

                  
                  
                  	Structure/function claims 

                  
                  
               

               
               
            

            
            
            
               
               Nutrient Content Claims

               
               
               
                  
                  Nutrient content claims describe the quantity of a nutrient in a product and can be used for both foods and dietary supplements. Common examples refer
                     to calories, fat, sugar, and sodium. Other terms, such as “light” or “healthy,” are also defined. Examples include “low-fat,”
                     “sugar-free,” “low-calorie,” “good source,” and “high potency.” Some of these terms compare the level of the nutrient in a
                     product to the Daily Value (DV) for that nutrient (e.g., “excellent source”), whereas others may compare one product to another
                     (e.g., “reduced” or “more”). Detailed descriptions of FDA-approved nutrient content claims can be found on the FDA’s website
                     (87, 88). Check this site periodically for any changes to existing terms or the addition of new terms.
                  

                  
                  
               

               
               
            

            
            
            
               
               Health Claims

               
               
               
                  
                  The second category of claims that the FDA oversees and issues regulations regarding the use of, in both foods and dietary
                     supplements, is health claims. These claims describe a relation between a nutrient or ingredient (component of food or dietary
                     supplement) and reduced risk of a health-related condition or disease. Both components in this relationship must be present
                     to be a health claim. For example, the FDA-approved health claim regarding calcium and osteoporosis lists both components
                     in its model claim: “Adequate calcium throughout life, as part of a well-balanced diet, may reduce the risk of osteoporosis”
                     (89, 90). On the other hand, dietary guidance statements do not fulfill this requirement (e.g., regular fruit and vegetable
                     consumption is good for health). In order for the FDA to approve a health claim for use on a food or supplement product, there
                     must be significant scientific agreement supporting the proposed claim. A limited number of health claims have been approved
                     for use. The complete list can be found on the FDA’s website (89). Visit this site regularly to see if any new health claims
                     have been approved. It is illegal for dietary supplement manufacturers to use any health claim not approved by the FDA. For
                     example, manufacturers cannot promote or print on a label that the product is a treatment, prevention, or cure for a specific
                     disease or condition.
                  

                  
                  
                  
                  
                  
                     
                     Adverse Supplement Reactions Can Be Reported to the FDA

                     
                     
                     
                        
                        Reflection Time

                        
                        
                        You or your health care provider can anonymously report an adverse reaction or illness suspected to be caused by a dietary
                           supplement or problems with packaging, contamination, or other quality defects to the FDA. Visit https://www.fda.gov or call
                           the FDA MedWatch hotline at 1-800-FDA-1088.
                        

                        
                        
                        
                        
                     

                     
                     
                  

                  
                  
               

               
               
               
            

            
            
            
               
               Structure/Function Claims

               
               
               
                  
                  The third category of claims related to foods and dietary supplements is called structure/function claims. Two claims are under the regulatory requirements of the DSHEA:
                  

                  
                  
                  
                     
                     	Claims of general well-being

                     
                     
                     	Claims related to a nutrient deficiency disease

                     
                     
                  

                  
                  
                  Structure/function claims may state how the product, nutrient, or ingredient intends to affect the normal structure or function
                     within the body (e.g., calcium helps build strong bones) or how it acts to maintain a particular structure or function (e.g.,
                     fiber helps keep you regular; antioxidant nutrients help maintain cell integrity). Structure/function claims cannot explicitly
                     or implicitly link or associate the claimed effect of the nutrient, component, or dietary ingredient to a specific disease
                     or state of health leading to a disease.
                  

                  
                  
                  These claims are not preapproved by the FDA, but the manufacturer must submit notification of the claim to the FDA no later
                     than 30 days after marketing. It is the manufacturer’s responsibility to have scientific evidence to substantiate their claim
                     and that their claim is truthful and not misleading. If the structure/function claim is used with the product, the product
                     must include a disclaimer stating that the claim has not been evaluated by the FDA. The disclaimer must also state that the
                     dietary supplement product is not intended to “diagnose, treat, cure or prevent any disease” because the product is a dietary
                     supplement, and only drugs can legally make such claims about a disease (90).
                  

                  
                  
               

               
               
            

            
            
         

         
         
      

      
      
      

         
         Evaluation of Dietary Supplements
         

         
         
         
            
            A wide array of dietary supplements are available for sale, with more arriving on the market regularly. With so many products
               to choose from, and so many similar products competing with each other, the risk of confusion is high. When considering a
               dietary supplement, use the guidelines that follow. Of course this information is not meant to replace advice given by your
               medical provider.
            

            
            
         

         
         
         
            
            Product Labels

            
            
            
               
               The first step in evaluating a dietary supplement is to view the product label. The brand, product name, claims, and name
                  and quantity of key ingredients should be listed. This information, however, tells you nothing about the quality or efficacy
                  of the product. The limited, and sometimes confusing, regulations associated with the DSHEA act can make the process of product
                  evaluation very difficult for consumers. Health professionals must go above and beyond any advertising or simple label reading
                  to determine the safety and effectiveness of a product.
               

               
               
            

            
            
         

         
         
         
            
            Peer-Reviewed Scientific Evidence

            
            
            
               
               There are many printed sources of information about dietary supplements. Laypersons might commonly turn to newspapers or magazine
                  articles since these media tend to cover current, popular topics. Articles published in these sources may or may not be from
                  experts in the field qualified to write about the topic, and you may not know authors’ qualifications or if they have conflicts
                  of interest (are they receiving money from a company to write a good review?). While Registered Dietitian Nutritionists and
                  other allied health professionals possessing knowledge of dietary supplements should keep up with the lay information being
                  presented to the public, they must stay up to date on the scientific evidence presented in peer-reviewed journals. Peer-reviewed
                  journal articles, also called refereed or scholarly journal articles, are written by experts in the field who have conducted
                  the research study being published or by those who are reviewing the current available literature. Not all scholarly journals
                  go through the process of peer review.
               

               
               
               
               
               
                  
                  What Journals Are Peer-Reviewed?

                  
                  
                  
                     
                     Reflection Time

                     
                     
                     To investigate whether or not a journal is peer-reviewed, visit the homepage of the journal on the Internet. Many state their
                        peer-review process and also include a list of people on their editorial board. If still in doubt, a reference librarian at
                        a university library can likely help you.
                     

                     
                     
                     Peer-reviewed journals in the fields of nutrition and exercise sciences include the following:

                     
                     
                     
                        
                        	
                           Journal of Nutrition
                           
                        

                        
                        
                        	
                           International Journal of Sports Nutrition and Exercise Metabolism
                           
                        

                        
                        
                        	
                           Medicine and Science in Sports and Exercise
                           
                        

                        
                        
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
            

            
            
            
         

         
         
         
            
            Resources Regarding Quality and Banned Substances

            
            
            
               
               Well-established resources are available for health professionals and consumers to use to minimize chances of purchasing a
                  supplement that is adulterated or contaminated.
               

               
               
               Independent certification programs assess various aspects of supplements, including the quality, purity, potency, and composition
                  of the product. These programs typically have a particular seal (a stamp of approval) that supplement manufacturers include
                  on their products, once certified. Banned Substances Control Group (BSCG), Informed-Choice, ConsumerLab.com, NSF International, and the US Pharmacopeia Convention (USP) are among the organizations
                  with assessment programs (1). An assessment should not be confused with a recommendation for use. Manufacturers who use third-party
                  testing do so voluntarily, as testing is not required to sell products. No testing company tests for all of the substances
                  banned by the NCAA, MLB, NFL, or WADA (World Anti-Doping Agency), and of course any list is subject to change as new substances
                  become available.
               

               
               
               The BSCG tests over 450 banned substances, including drugs prohibited in sports, prescription drugs, and over-the-counter
                  drugs. They randomly test either every finished batch of supplements or one batch monthly. The BSCG database lists the supplements
                  they have certified. Certified products carry the BSCG seal (10).
               

               
               
               NSF International has three seals or marks that can be used with supplements. Only one of these tests for banned substances:
                  the NSF Certified for Sport program. The NSF Certified for Sport seal indicates a supplement has been tested for over 240
                  banned substances. They perform ongoing testing of products that are certified, selecting certain batches to be tested (1).
                  Under the NSF Certified for Sport program, NSF tests to ensure the supplement contains what its label says it contains. However,
                  ingredients as listed on the label can vary by 20 percent (i.e., total sugar, calories, total fat, saturated fat, cholesterol,
                  or sodium might be 20% higher than as listed on the label; vitamins, minerals, protein, carbohydrate, and fiber must be at
                  least 80% of the value listed on the container) (1, 59).
               

               
               
               
                  Informed-Choice is a quality-assurance program specifically designed for sports nutrition products and their manufacturers and suppliers.
                  Products that carry the Informed-Choice logo certify that the nutritional supplements and ingredients in the product have
                  been tested for over 200 banned substances by an independent lab. The Informed-Choice website provides a search feature that
                  allows consumers wishing to use supplements to find products that have been through this certification process (34).
               

               
               
               The U.S. Pharmacopeial Convention (USP) is a scientific, worldwide, nonprofit organization that sets standards for the identity, strength, quality, and purity of
                  medicines, food ingredients, and dietary supplements manufactured and distributed for sale. USP’s drug standards are used
                  in more than 140 countries and are enforceable by the FDA. USP offers third-party, voluntary, independent verification of
                  dietary supplements in an attempt to limit the presence of adulterants and contaminants in supplement ingredients and final
                  products sold to consumers (1, 95).
               

               
               
               Products carrying the USP Verified Mark meet the criteria set by the organization, including standards of quality, purity,
                  potency, performance, and consistency and current FDA GMPs. This mark ensures consumers of the following:
               

               
               
               
                  
                  	The product contains the ingredients listed on the label, in the indicated quantities. Lower levels of ingredients may not
                     render the intended effect or be completely useless. Higher levels can cause undesirable side effects or harm.
                  

                  
                  
                  	The product does not contain harmful levels of tested contaminants (e.g., heavy metals or microbes).

                  
                  
                  	The product will be delivered into the body within a specified amount of time. Both digestion and metabolism factors are considered
                     using federally recognized dissolution standards.
                  

                  
                  
                  	The product was manufactured according to FDA GMPs, using sanitary and well-controlled procedures to ensure safety and consistent
                     quality within and between batches (1, 95).
                  

                  
                  
               

               
               
               
               
               
                  
                  Are Seals on Supplement Labels a Guarantee?

                  
                  
                  
                     
                     Reflection Time

                     
                     
                     While many of the verification and seal programs can be useful when making a supplement selection, they do not guarantee purity
                        or safety. There are independent, third-party auditing programs that can test dietary supplements for substances that are
                        banned or restricted by sport organizations. These testing facilities use a standard (ISO 17025 accreditation standard) that
                        provides a better assurance that a tested supplement is free of banned substances and thus might prevent the athlete from
                        a doping violation or loss of eligibility (80).
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
               The FDA provides valuable resources to consumers to help them reduce the risk of encountering a product marketed as a dietary
                  supplement containing hidden ingredient(s). The FDA’s Medication Health Fraud website lists some of the potentially hazardous
                  products with hidden ingredients marketed and sold to consumers. Products more likely to be contaminated are those promoted
                  for weight loss, sexual enhancement, and bodybuilding (19, 20, 92).
               

               
               
               The FDA advises caution when considering products with these potential warning signs (19, 20, 92):

               
               
               
                  
                  	They claim to be alternatives to FDA-approved drugs or to have effects similar to prescription drugs.

                  
                  
                  	They claim to be a legal alternative to or one step away from anabolic steroids.

                  
                  
                  	They are marketed primarily in a foreign language.

                  
                  
                  	They are marketed through mass e-mails.

                  
                  
                  	They are marketed as sexual-enhancement products promising rapid or long-lasting effects.

                  
                  
                  	They include small print about the possibility of testing positive in drug testing.

                  
                  
               

               
               
            

            
            
            
         

         
         
         
            
            Dietary Supplement Information Specific to Athletes

            
            
            
               
               Some athletes in competitive sports are tested for banned substances such as steroids. Supplements may contain prohibited
                  substances not declared on the label, contamination of the product might have occurred because of poor manufacturing practices,
                  or sometimes through deliberate intent on the part of the athlete. Determining whether a supplement was contaminated at the
                  outset or through a conscious choice of the athlete can be difficult to discern. It is not uncommon for athletes who test
                  positive for a banned substance to blame the positive test on a supplement, when in reality they were taking the substance
                  intentionally. Most sports organizations with banned substances policies have strict liability. This means even when athletes
                  innocently ingest the substance, and then test positive, they are not allowed to compete. If the competition has already occurred,
                  any awards, records, or other kinds of acknowledgment are nullified. Reputable organizations can be found that provide dietary
                  supplement information specific to athletes who are concerned about testing positive.
               

               
               
               The National Center for Drug Free Sport (Drug Free Sport) is a provider of drug-use prevention services for many athletic organizations and delivers strategic alternatives to traditional
                  drug-use prevention programs. More important, Drug Free Sport is different from other third-party drug-testing companies that
                  conduct primarily workplace and insurance testing in that they work exclusively with sports organizations and their athletes.
                  Some of the services provided include
               

               
               
               
                  
                  	blood and urine testing,

                  
                  
                  	a resource exchange center providing current and accurate information on sports supplements and prohibited substances,

                  
                  
                  	online drug education for student athletes,

                  
                  
                  	drug policy developing and consulting, and

                  
                  
                  	customized education programs and webinars (55).

                  
                  
               

               
               
               The U.S. Anti-Doping Agency (USADA) is the national anti-doping organization for Olympic, Paralympic, Pan American, and American Games (a multi-sport
                  event for athletes with physical disabilities held every four years after Pan American Games). The USADA’s mission is to preserve
                  the integrity of competition, inspire true sport, and protect the rights of U.S. athletes. Their vision is “to be the guardian
                  of the values and life lessons learned through true sport” (82).
               

               
               
               This organization manages the anti-doping program, including in-competition and out-of-competition testing, results management
                  processes, and drug reference resources. USADA also provides education for all United States Olympic Committee (USOC)-recognized
                  sport national-governing bodies, their athletes, and their events. This organization contributes to the advancement of clean
                  sport through supporting scientific research and education, as well as educational outreach initiatives focusing on awareness
                  and prevention (82). The USADA website Supplement 411 educates athletes on how to recognize red flags indicating an increased
                  risk, how to reduce the risk of testing positive, and how to avoid developing health problems (83).
               

               
               
               Before competing, all athletes must know the rules regarding banned or prohibited substances in their particular sport:

               
               
               
                  
                  	Major League Baseball Players Association (MLBPA): http://mlb.mlb.com/mlb/news/drug_policy.jsp

                  
                  
                  	National Football League Players Association (NFLPA): www.nflpa.com/active-players/drug-policies

                  
                  
                  	National Collegiate Athletic Association (NCAA): www.ncaa.org/2015-16-ncaa-banned-drugs
                  

                  
                  
                  	US Anti-Doping Agency (USADA): www.usada.org/substances/prohibited-list/

                  
                  
                  	The World Anti-Doping Agency (WADA): www.wada-ama.org/en/what-we-do/prohibited-list

                  
                  
               

               
               
            

            
            
         

         
         
         
            
            Considerations for Choosing a Supplement

            
            
            
               
               There are so many supplements available in the marketplace, and it is important to be able to recognize when a product’s safety
                  or efficacy is in question. First, examine the brand. Determine if the product is made by a national seller or is from a manufacturer
                  whose products are aimed at specific populations or purposes such as weight loss, bodybuilding, or sexual enhancement. A 2014
                  study reported that products in these three areas had the highest level of tainted supplements (19). Many national brands
                  have good manufacturing practices in place and want to keep a sound reputation. This does not mean smaller companies make
                  poor products—it is only one factor to consider. Second, beware of complicated products with long lists of ingredients, unfamiliar
                  ingredients, or proprietary blends. With proprietary blends, it is impossible to know the quantities of individual ingredients and compare them to the scientific
                  literature, since the literature will specify quantity of an ingredient or ingredients. If the proprietary blend has different
                  amounts of ingredients than used in the research studies, a product might not have an efficacious dose of the active ingredient
                  or ingredients. Manufacturers sometimes add useless ingredients to make a product appear more robust and appealing. Third,
                  be concerned if a product claims to have the same effect as a prescription drug. Many such claims are false. Finally, don’t
                  be fooled by the term “natural.” This is not a defined term and is not an indication of safety. Many herbal products are natural
                  yet contain compounds that have pharmaceutical activity or that can interfere with the action of over-the-counter or prescription
                  drugs (85). For example, kava kava should not be used with alcohol or with many of the antidepressant drugs prescribed by
                  psychiatrists, and black cohosh might interfere with commonly prescribed statin drugs (66).
               

               
               
               
                  



               
               
               

            
            
            
         

         
         
      

      
      
      




When searching for a supplement, examine the brand, beware of proprietary ingredients, and remember “natural” does not always
                     mean the product is safe.
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                  What Should I Consider Before Taking a Supplement?

                  
                  
                  
                     
                     Reflection Time

                     
                     
                     There are many other factors to think about when deciding whether to take a supplement, or which one to take. Here are some
                        questions to consider:
                     

                     
                     
                     
                        
                        	Do you have a diagnosed nutrient deficiency? If so, you should be under the care of a qualified health care practitioner.
                           A supplement may or may not be the answer. Sometimes a nutrient deficiency can be corrected through medical nutrition therapy.
                        

                        
                        
                        	Do a product’s claims sound too good to be true? Do they sound exaggerated or unrealistic? If so, research the product thoroughly
                           before purchasing it.
                        

                        
                        
                        	Are a product’s claims only from testimonials? If so, use reason before believing these claims.

                        
                        
                        	Can you not find any data regarding a product’s safety? Note that no news is not always good news. Lack of scientific evidence
                           of harm does not mean the product is safe. It might mean only that no research is available.
                        

                        
                        
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
            

            
            
            
         

         
         
      

      
      
      

         
         Common Sports Foods and Medical Supplements
         

         
         
         
            
            The most common sports foods used in endurance sports are foods and drinks containing carbohydrate and electrolytes (see chapters
               3 and 8). While numerous supplements are available on the market, a few of the most popular among endurance athletes are discussed
               below.
            

            
            
         

         
         
         
            
            Caffeine and Energy Drinks

            
            
            
               
               Caffeine can be found naturally in food and beverages, can be added to food and beverage products, or can be purchased as
                  dietary supplements. Some of the common herbal sources of caffeine often used in weight-loss products are guarana, kola nut,
                  and yerba mate.
               

               
               
               
                  



               
               
               

            
            
            
            
         

         
         
         

      
      
      




Caffeine is found in more than just coffee. Consider your intake of coffee, tea, energy drinks, and supplements claiming they
                     will give you energy when evaluating your total caffeine consumption.
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               Caffeine is the most widely consumed legal psychoactive agent (i.e., a substance that affects brain functioning) in the world.
                  It occurs naturally in the leaves, nuts, and seeds of over 60 plants, yet it can also be made synthetically for use in over-the-counter
                  medications and dietary supplements. Caffeine is consumed by billions worldwide with the major dietary sources coming from
                  coffee, tea, and soft drinks, which contain from 30 to 200 mg of caffeine per serving. Chocolate is another common source,
                  but the caffeine content is significantly lower (usually less than 15 mg/oz., or about 100 mg/cup) (50). Over-the-counter
                  medications may contain 100 to 200 mg of caffeine per tablet. Quantity is listed on labels because caffeine is a drug. Caffeine
                  can be toxic in high doses, such as 15 mg/kg body weight, and these toxic effects can be exacerbated when caffeine is combined
                  with other stimulants (57, 84). Caffeine content is not required on food labels, so exact quantities in some products, such
                  as coffee, are difficult to determine and can be quite variable depending on source and brewing method (50). If caffeine is
                  added to a food or beverage, it must be included in the list of ingredients on the label, but there is no requirement to disclose
                  the quantity of caffeine (94).
               

               
               
               Caffeine has been studied and used for decades to improve physical performance. The original rationale for its use was related
                  to the physiological finding of an enhanced free fatty acid (FFA) release. The assumption at that time was these FFAs would
                  be a preferential fuel source for working skeletal muscle during exercise, and thus glycogen would be spared (28). More recent
                  research suggests that although FFAs are released into the bloodstream with caffeine ingestion, FFA oxidation (use) does not
                  increase, nor is glycogen spared. In other words, the fatty acids go through circulation and then travel back to the adipose
                  cells again to be stored and skeletal muscle (8, 74, 78).
               

               
               
               It appears that the ergogenic, or performance-enhancing, benefit of caffeine is most likely related to its role as a central nervous system stimulant. Adenosine is a compound found
                  in all cells in the body and plays an important role in energy metabolism. Adenosine prepares the body for sleep by blunting
                  communication between nerve cells while widening blood vessels to increase oxygen flow. Caffeine and adenosine compete for
                  the same receptors in the brain. When levels of adenosine are reduced because of higher levels of caffeine competing for binding,
                  this results in an increased feeling of alertness. In exercise performance, the main benefit is a heightened sense of awareness
                  and decreased perception of effort (8, 74, 78).
               

               
               
               Caffeine is generally recognized as safe by the FDA and has been consumed for centuries as part of coffee and tea. Considerable
                  research supports the use of caffeine as an ergogenic aid, and studies have most commonly examined doses ranging from 3 to
                  13 mg/kg body weight. The amount typically used to stimulate central nervous system functioning is 2 to 3 mg/kg. Some organizations
                  ban the use of caffeine in higher doses or have limits to urinary caffeine levels. Higher doses are considered to be in the
                  range of 10 to 13 mg/kg. For a 70-kg athlete, this is equivalent to 700 to 900 mg of caffeine, or in 7 to 9 cups of coffee.
                  This amount is greater than the average consumption. Doses in this range may come with significant side effects, including
                  elevated heart rate and elevated levels of catecholamine, lactate, FFAs, and glycerol. Furthermore, undesirable feelings of
                  gastrointestinal distress, jitteriness, mental confusion, problems concentrating or focusing, and sleep disturbances may accompany
                  such doses. Symptoms might be more pronounced in individuals who usually use no or low doses of caffeine and then increase
                  the dose for an event (8, 74, 78).
               

               
               
               Moderate doses of caffeine (5–6 mg/kg body weight) have often been used in research studies and demonstrate an ergogenic effect
                  on endurance performance without undesirable side effects, but other research has clarified starting with even lower doses
                  (2–3 mg/kg) can be just as ergogenic. In addition to quantity, timing is an important consideration. Caffeine is rapidly absorbed
                  in the body, with appearance in the blood stream 5 to 15 minutes after ingestion and peak concentrations between 40 to 80
                  minutes (8, 74, 78).
               

               
               
               
               
               
                  
                  Do You Know?

                  
                  
                  
                     
                     Caffeine consumed in smaller doses (less than 180 mg/day) does not seem to significantly increase daily urine output or cause
                        dehydration in individuals who maintain hydration status with ingestion of other fluids. Dehydration itself will result in
                        reduced urine output but less is known about the effects of caffeine ingestion in individuals who are already dehydrated (71).
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
               A final consideration is whether the ergogenic effects of caffeine use are more pronounced with acute use or chronic use.
                  This question has not been fully resolved in the literature, and therefore must be included in trial periods. Chronic users
                  may need a higher dose during competition to see a benefit. But caution should be taken by individuals who are not habitual
                  caffeine users. There are genetic differences in caffeine metabolism and, if not accustomed to caffeine, a person could be
                  sensitive to it (78). As with any change in diet, athletes who want to test their response to caffeine should experiment during
                  the preseason or early in the training season, not during competition or precompetition.
               

               
               
               The guidelines for the consumption of energy drinks are different from those for caffeine because energy drinks contain a
                  variety of other ingredients, such as sugar, carbonation, herbs, amino acids, vitamins, minerals, and other stimulants (53).
               

               
               
               
               
               
                  
                  Do You Know?

                  
                  
                  
                     
                     The caffeine content in beverages like coffee and tea are generally too variable to determine a specific dose. Factors such
                        as brew time, origin and type of plant, and preparation methods can all affect caffeine content.
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
            

            
            
            
            
         

         
         
         
            
            Sodium Bicarbonate

            
            
            
               
               Sports involving heavy use of anaerobic glycolysis as the predominant energy system result in the metabolic fatigue associated
                  with progressive increased intracellular acidity. Athletes may consume sodium bicarbonate in an attempt to neutralize the
                  hydrogen ions and thus extend the time of high-intensity activities before fatigue sets in. Athletes participating in sporting
                  events of high intensity lasting 1 to 7 minutes, such as middle-distance running and swimming and high-intensity sprints,
                  might benefit the most from bicarbonate. However, participants in other sports lasting much longer in duration (e.g., 30–60
                  minutes) that include surges of increased intensity, or in sports with intermittent periods of high intensity, might also
                  benefit. While the research data do not unanimously show support for an ergogenic benefit of sodium bicarbonate, some data
                  suggest an acute, preexercise dose of 300 mg/kg body weight might provide the blood- buffering capacity needed to see a performance
                  benefit occur (15, 70, 80).
               

               
               
               Sodium bicarbonate is very inexpensive and readily available in all grocery stores as baking soda, but it might not be palatable.
                  Commercial products are available in capsules or tablets and might be more desirable. Potential side effects reported with
                  use of sodium bicarbonate include nausea, vomiting, stomach pain, and diarrhea, which clearly result in performance impairment,
                  not improvement (15, 70, 80).
               

               
               
            

            
            
         

         
         
         
            
            Glycerol

            
            
            
               
               Glycerol is the “backbone” that holds the three fatty acids in a triglyceride molecule. It is also a solute that, when ingested,
                  is rapidly absorbed and evenly distributed in the body’s water compartments. This causes the retention of fluid with a concomitant
                  reduction in urine output and thus a state of hyperhydration (see chapter 8). The potential ergogenic effect stems from the extra plasma volume that in turn attenuates water loss with
                  exercise-induced sweating. Prolonging or preventing dehydration can have a significant positive effect on performance. Additionally,
                  it has been proposed that glycerol can have a secondary benefit of aiding in the maintenance of blood glucose via gluconeogenesis
                  in the liver. However, research suggests that glycerol provides an insignificant energy source during exercise (97, 98).
               

               
               
               Some research studies suggest a performance benefit with glycerol use, while others do not. If a benefit exists, it would
                  likely be most beneficial as a preexercise strategy in sports requiring continuous exercise for a prolonged period of time,
                  where intensities are on the higher side, and in warmer environmental conditions. It might also be beneficial in the rehydration
                  plan. The general recommendations for glycerol use as a preparatory aid for exercise are 1.2 g/kg body weight in 26 ml/kg
                  body weight of fluid. It is best to consume the drink over 1 hour, and then allow an additional 30 minutes before beginning
                  exercise. If continuing glycerol consumption during exercise, the recommended dose is 0.125 g/kg in 5 ml/kg fluid. If using
                  glycerol and a rehydration strategy, the recommendation is 1.5 liter of fluid for each kg of weight loss, with 1.0 g/kg of
                  glycerol added to each 1.5 liter. Some users of glycerol report side effects of lightheadedness and GI distress such as bloating,
                  nausea, or diarrhea. As with other supplements, trial and error is warranted and should occur early in training rather than
                  waiting until competition. Note that hyperhydration can result in masking illegal doping practices with other substances,
                  and as a result, the World Anti-Doping Agency added glycerol to its list of prohibited substances in 2010 (97, 98).
               

               
               
            

            
            
         

         
         
         
            
            Nitric Oxide

            
            
            
               
               There are three main types of nitric oxide (NO) boosters. Beets and other nitrate-rich vegetables work through the nitrate-nitrite-NO
                  pathway, one that functions when oxygen isn’t as readily available (during high-intensity exercise such as sprinting up and
                  down a soccer field). L-arginine works through a very different pathway, one that requires the presence of enzymes and oxygen
                  and thus isn’t effective during high-intensity exercise. Certain polyphenols, including those found in Concord grape juice,
                  acai juice, cranberry juice, carrot juice, and pomegranate juice turn on proteins that signal the endothelial cells to make
                  more endothelial nitric oxide synthase (eNOS, one of the enzymes responsible for the majority of nitric oxide produced; eNOS
                  helps produce nitric oxide from arginine), boosting levels of eNOS for up to a full day. The endothelial cells treated with
                  Concord grape juice increased nitric oxide levels by 50 percent (2, 24).
               

               
               
               Inorganic nitrate helps open blood vessels to increase blood flow, supporting cardiovascular health and athletic performance.
                  It is naturally found in beetroot juice, green leafy vegetables, spinach, celery, commercial vegetable juices, carrot juice,
                  and pomegranate juice (18, 80). However, the amount of dietary nitrate varies in beets and other vegetables based on growing
                  conditions, including the nitrate content of the fertilizer used, the level of nitrate in the water supply, soil conditions,
                  time of year, and how the vegetables are stored (101).
               

               
               
               
               
               
                  
                  Do You Know?

                  
                  
                  
                     
                     Inorganic nitrate found in beets and other vegetables are not the same as nitrite salts (sold over the Internet), which can
                        be harmful, even deadly in low doses. Organic nitrates and nitrites are also very different from inorganic nitrate. Organic
                        nitrates and nitrites are potent vasodilators (substances that open blood vessels) found in the drugs nitroglycerine and amyl
                        nitrite, used to treat angina (chest pain) and should be prescribed and used only under the care of a medical doctor.
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
               Once consumed, inorganic nitrate (NO3
                  −) is metabolized to bioactive nitrite (NO2
                  −), which is converted to nitric oxide (NO). The initial conversion of inorganic nitrate to nitrite begins in the mouth with
                  the help of salivary bacteria; the conversion rate is approximately 20 percent (14, 18). Antibacterial mouthwash and antibiotics
                  kill bacteria in the mouth, which significantly reduces this initial conversion (18). Once swallowed, the conversion to nitric
                  oxide occurs in many phases in the stomach, gut, and other organs. Though research is limited, the bioavailability (the amount
                  that reaches the circulation) of nitrite has been reported to be 95 to 100 percent (14, 18).
               

               
               
               Nitric oxide exerts its action by signaling the lining of blood vessels (the endothelium) to relax, subsequently enhancing
                  blood flow. This enhanced blood flow is thought to improve exercise performance and recovery. Nitrate intake might also reduce
                  the oxygen cost of submaximal exercise and translate to enhanced exercise tolerance and improved performance. Research has
                  shown that both acute (2–3 hours) and chronic (3–15 days) supplementation of nitrate improve activities for men and women
                  of all ages, including both trained and untrained (18). However, further reports suggest the positive effect is more pronounced
                  in the untrained and recreationally active, and the data are less clear for elite competitors (37, 80). Studies showing a
                  benefit reported doses ranging from 5 to 9 mmol of nitrate (425–765 mg) ingested as a single dose or as multiple servings
                  3 hours prior to exercise. This quantity is equivalent to approximately 2 cups (16 oz.) of pure (nothing added) beetroot juice.
                  For athletes choosing to stick with foods rather than traditional dietary supplements, consumption of beetroot juice and other
                  green leafy vegetables, such as arugula and spinach, may provide some benefits. Ingestion of nitrate in typical amounts from
                  foods does not cause adverse health consequences in healthy persons. Less is known about the safety of supplementation with
                  high doses in the supplemental form, though there are no known safety issues with supplementation at recommended doses in
                  healthy individuals (14, 18).
               

               
               
               
               
               
                  
                  Do You Know?

                  
                  
                  
                     
                     Beets and beetroot juice might turn your urine red. This is harmless. For more information on substances that change the color
                        of your urine, see chapter 8.
                     

                     
                     
                     
                     
                     
                     
                     
                  

                  
                  
               

               
               
               
                  
                  Bad Rap for Nitrate?

                  
                  
                  
                     
                     Putting It Into Perspective

                     
                     
                     Nitrate is a naturally occurring chemical compound found in plants, our soil, and within the human body. Sodium nitrate is
                        also naturally occurring and is used as a preservative in processed meats. When this compound interacts with the bacteria
                        naturally found in meat, it gets converted to sodium nitrite. Sodium nitrite can also be added directly to meats for the purpose
                        of preservation. Nitrites have received much attention because, when heated, they can create nitrosamines, which are reported
                        to be carcinogenic in animals. Nitrate and nitrite are still abundant in the human diet. Vegetables are a larger source of
                        nitrates than processed meat, and plant foods are generally considered healthy, with greater intake linked to a reduced risk
                        of cancer and CVD. Since the initial scare, newer scientific evidence has become available that suggest these compounds might
                        not be as detrimental as once thought. More research is needed, especially to understand the potential beneficial roles of
                        nitrates (14, 73).
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
               L-arginine and L-ornithine are two conditionally essential amino acids known in the sports nutrition world as arginine and
                  ornithine. The body makes them, but they become essential (and must therefore be consumed through food) during times of illness
                  and metabolic stress. Ornithine is used to synthesize arginine, which is used to create nitric oxide (NO). Some athletes will
                  attempt to boost their intake of these amino acids through foods or supplements in order to see a performance benefit. Both
                  arginine and ornithine are found in fish, meat, eggs, and dairy foods. Plant sources of arginine include beans, brown rice,
                  oats, and nuts
               

               
               
            

            
            
            
            
            
         

         
         
         
            
            Creatine

            
            
            
               
               Approximately 95 percent of the body’s creatine stores are in skeletal muscle, with about 60 percent of total creatine content
                  in the form of phosphocreatine (PCr). Creatine is used in the ATP-PC energy system, where PCr is able to rapidly re-phosphorylate adenosine diphosphate (ADP) to adenosine triphosphate (ATP). ATP is then used as the energy source for the contracting muscle.
                  This generally occurs in high-intensity activities lasting 5 to 8 seconds. Creatine can be produced by the body, primarily
                  in the kidney and liver, though ingestion of 1 gram per day from the diet helps maintain creatine homeostasis (17, 70, 78,
                  80).
               

               
               
               Primary dietary sources include meat and fish, but many athletes choose to take creatine in the supplemental form in order
                  to maximize skeletal muscle quantities and improve performance. One common strategy begins with a 20-gram-per-day loading
                  phase for 5 to 7 days, followed by a maintenance phase of 3 to 5 grams per day until the supplement is discontinued. Other
                  research has found efficacy with lower doses of 5 grams per day, with maintenance doses ranging from 1 to 27 grams per day,
                  with 3 grams per day for 28 days commonly used (41, 47). Skeletal muscle has limitations on how much creatine can be stored,
                  and any excess gets converted to creatinine and is excreted (17, 70, 78, 80).
               

               
               
               Creatine is a widely researched sports supplement and the subject of numerous publications in peer-reviewed journals. Much
                  of the data support an ergogenic benefit for anaerobic performance, especially in sports with repeated short bursts of very
                  high-intensity exercise, as seen in American football and soccer. In conjunction with resistance training, creatine supplementation
                  might lead to greater gains in strength and lean body mass. The increased strength is likely caused by the increased ability
                  to train at a higher intensity before fatigue. The reported increased lean body mass should not be confused with increased
                  skeletal muscle mass. Lean body mass is comprised of muscle, water, and bone, and it is thought that much of the lean body
                  mass increase is caused by the fluid retention required for creatine storage within the muscle. Some body composition methods
                  are unable to detect changes to skeletal muscle, only to lean body mass as a whole, though other studies have been able to
                  demonstrate creatine’s effectiveness at the level of the muscle, using more sophisticated techniques (17, 70, 78, 80).
               

               
               
               Creatine does not seem to have an ergogenic benefit for improving maximal aerobic capacity or improving field performance
                  in long-duration aerobic events such as long-distance running. While there is an abundance of scientific support for use of
                  creatine with certain activities, the results are not unanimous. This is because of individual responses to creatine supplementation,
                  with some people being responders and others nonresponders (17, 70, 78, 80).
               

               
               
               Direct response to creatine cannot be determined without a muscle biopsy or sophisticated medical imaging procedure, so there
                  is no way to feasibly screen for this. However, because of the fluid retention, weight can be accurately measured and used
                  as an indicator of creatine retention. Furthermore, improvements in the weight room or the field can be assessed to help evaluate
                  if a person is responding to creatine use (17, 70, 78, 80).
               

               
               
               
               
               
                  
                  Does Creatine Supplementation Lead to Dehydration?

                  
                  
                  
                     
                     Putting It Into Perspective

                     
                     
                     It is a common belief that creatine can hinder exercise heat tolerance, muscle cramps, or hydration status. This belief stems
                        from the fluid retention that accompanies creatine storage and dehydration reports in high school football players using creatine.
                        However, many athletes start practice in a dehydrated state. Also, a review of the scientific literature examining randomized
                        clinical trials show no evidence suggesting creatine impairs the body’s ability to dissipate heat or contributes to dehydration
                        when recommended doses are used (17, 70, 78, 80).
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
               There is some controversy about the safety of creatine supplementation in those under the age of 18 years. The American Academy
                  of Pediatrics (3) will often publish information related to creatine in adolescents and youth as well as information about
                  other supplements. Those under the age of 18 should discuss the use of all supplements and products with parents or guardians
                  and qualified medical professionals (70, 78, 80).
               

               
               
               Current data indicate no short-term health risks with creatine use, but more research is needed to assess effects with long-term
                  use (over decades). From the published literature, it appears that short-term use does not result in permanent or adverse
                  effects in kidney, liver, cardiac, or muscle function in healthy adults (63). Caution should be used with doses greater than
                  3 to 5 grams per day in individuals with preexisting renal disease or those with another disease that can affect kidney function,
                  such as diabetes and hypertension (40). Note that weight gain might be an undesirable side-effect in weight-sensitive sports
                  and, though rare, GI stress is a reported potential side-effect from some types of creatine (78, 80).
               

               
               
               
               
               
                  
                  Do You Know?

                  
                  
                  
                     
                     Though creatine supplementation is most popular among athletes, it might also have a therapeutic application. Creatine supplementation
                        has been shown to be well tolerated and effective in improving muscle function in those with muscular dystrophy, muscle myopathies
                        and disorders, and neuromuscular and neurometabolic disorders (43, 77, 79).
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
            

            
            
            
            
         

         
         
         
            
            Beta-Alanine

            
            
            
               
               Carnosine is a dipeptide comprised of beta-alanine and histidine and thought to serve as a buffer for skeletal muscle during
                  high-intensity activities. Beta-alanine is a beta-amino acid, differing from the majority of alpha-amino acids found in the
                  human diet. Synthesis of muscle carnosine is limited by the availability of beta-alanine, the rate-limiting substrate. Supplementation
                  with beta-alanine might enhance natural carnosine production and provide an ergogenic, buffering effect during anaerobic exercise
                  (31, 68, 70, 80).
               

               
               
               Several research studies have reported increased skeletal muscle, carnosine content, and an ergogenic effect with beta-alanine
                  supplementation. Supplementation of a mean dose of 4.8 ± 1.3 grams per day seems to improve perceived exertion (i.e., exercise
                  feels like less effort) and biochemical markers of muscle fatigue (12). Common supplementation regimens vary from 1.6 to 6.4
                  grams per day, and beta-alanine might be most beneficial during high-intensity exercise lasting 1 to 4 minutes. This is the
                  period of time where acidity increases and therefore the best time to attempt to provide a buffering agent (31, 68, 70, 80). A meta-analysis of the literature found a total dose of 179 grams (approximately 28 days of supplementation
                  with 6.4 g/day) resulted in a median improvement of 2.85 percent compared to placebo (31). More research is needed to examine
                  the potential benefits for activities longer than 4 minutes. This supplement might benefit endurance athletes who have intermittent,
                  high-intensity movements, sprinters, those engaged in repeated sprint activity (such as in soccer or American football), or
                  those who focus on strength training. Paresthesia, tingling in the skin, is a potential side effect (31, 68, 70, 80).
               

               
               
            

            
            
         

         
         
         
            
            Beta-Hydroxy-Beta-Methylbutyrate

            
            
            
               
               Leucine is an essential, branched-chain amino acid believed to be a trigger for skeletal muscle protein synthesis. Beta-hydroxy-beta-methylbutyrate
                  (HMB) is a metabolite of leucine and has been reported to have therapeutic effects in individuals with atrophic conditions
                  and cachexia (wasting) (51, 102, 105). Athletes and bodybuilders have expressed an interest in using the compound in attempts
                  to increase skeletal muscle protein strength and hypertrophy.
               

               
               
               Early research studies reported HMB reduces skeletal muscle damage with resistance training. Unfortunately, this area of study
                  has not significantly increased over time, so published research studies are somewhat scarce. Based on available data, it
                  appears that 3 grams per day is the dose for maximal response, with no additional benefits from doses of 6 grams per day.
                  The most common reported ergogenic effects include reduced muscle damage and increased strength, primarily in novice weightlifters,
                  but minimal data support this claim. No safety concerns or significant side effects have been reported in the literature at
                  this dosage. Based on available research, there does not appear to be an ergogenic benefit in trained persons of all ages.
                  More studies are needed to see if the results reported in previous studies translate to actual increases in skeletal muscle
                  protein synthesis. This supplement might have therapeutic effects in those with muscle-wasting disease (51, 102, 105).
               

               
               
            

            
            
         

         
         
         
            
            Dehydroepiandrosterone

            
            
            
               
               Dehydroepiandrosterone (DHEA) is classified as a prohormone. Prohormones are androgenic precursors that become enzymatically
                  converted to testosterone derivatives once ingested and metabolized. Athletes take DHEA in an attempt to improve muscle strength
                  and hypertrophy with fewer side effects than anabolic androgenic steroids. These are often marketed as legal alternatives
                  to testosterone or steps away from testosterone synthesis. DHEA produces androstenedione and androstenediol, both precursors
                  to testosterone synthesis. What the marketers of these supplements do not advertise is that DHEA is also a precursor to estrogen.
                  Estrogen is found in higher levels in females than in males. Higher than normal levels in males may result in undesirable
                  side effects including some female physical characteristics. Some users of DHEA will cycle the use of the compound or stack
                  with other compounds (21, 42).
               

               
               
               The limited research in athletes using DHEA, androstenedione, and androstenediol in attempts to improve muscle strength and
                  hypertrophy do not show ergogenic effects. Most do not report a significant rise in testosterone; if such a rise occurred,
                  it was short lived and not relevant, with levels quickly returning to baseline. DHEA, androstenedione, and androstenediol
                  appear on the WADA list of prohibited substances both in and out of competition (21, 42).
               

               
               
            

            
            
         

         
         
      

      
      
      

         
         Common Supplements Marketed for Fat Loss
         

         
         
         
            
            Effective weight management requires balancing energy intake (not consuming more calories than burned) over time, but some
               individuals are looking for a quicker fix. Losing or maintaining weight with diet and exercise is time consuming and both
               physically and mentally hard for most people. Many supplements claim to ease this burden, promising that weight loss can be
               greatly improved with consumption of a simple product. In this section we look at the marketing claims made by some of the
               supplement manufacturers and the currently available scientific evidence examining the efficacy of said promises and claims.
            

            
            
         

         
         
         
            
            Caffeine

            
            
            
               
               Research studies reporting the effect of caffeine on weight or fat loss have generally been short term in nature. Another
                  complication in this realm of literature is the fact that caffeine is often combined with other compounds or appears in multi-ingredient
                  products, making it difficult to draw conclusions about caffeine itself. A few of these studies, ranging in length from 45
                  days to 6 months, reported significantly different weight loss with daily caffeine doses ranging from 192 to over 600 mg (5,
                  13). Data from a 12-year observational study reported men and women with increased caffeine intake had a weight gain difference
                  of less than 0.5 kg compared to those with lower caffeine intakes (49).
               

               
               
            

            
            
         

         
         
         
            
            Green Tea

            
            
            
               
               Green tea is a popular beverage containing high levels of polyphenols. Approximately 70 to 80 percent of the polyphenols are
                  catechins, predominately epigallocatechin gallate (EGCG). It is thought that the combination of the naturally occurring caffeine
                  and EGCG might have stimulatory properties that enhance weight or fat loss (6, 9, 33).
               

               
               
               Animal research shows green tea might have a role in enhancing fat loss by reducing food intake, reducing the absorption of
                  dietary fat, suppressing or reducing the synthesis of fat, and increasing thermogenesis (energy burned). Human research on
                  this topic is nonhomogeneous because of different doses, nonstandardization of doses in relation to body weight, use of the
                  whole tea leaf rather than the extract, different EGCG content in supplements and brewed tea, other ingredients combined with
                  EGCG (primarily caffeine), and subject compliance to green tea treatment. Given the mixed results in the scientific literature,
                  evidence at this time is insufficient to say that green tea is an effective strategy for weight or fat loss for everyone.
                  Studies show no significant effects on BMI, waist circumference, or body weight (9, 36). However, some studies have shown
                  an increase in energy expenditure over 24 hours, and a few studies demonstrate a statistically significant effect on body
                  weight or fat, though the values are clinically insignificant (6, 7, 9, 32, 33, 36). (This means that even though a difference
                  is evident from a statistical and scientific standpoint, the difference might not be enough to cause noticeable changes.)
                  A meta-analysis that combined the results from 15 randomized controlled trials lasting at least 12 weeks in length found that
                  the combination of green tea catechins and caffeine resulted in small positive effects of green tea consumption on weight
                  loss and weight maintenance (an approximate 1.3–1.4 kg greater weight loss compared to caffeine alone) (33). Other scientific
                  reviews report that green tea catechins mixed with caffeine have positive effects on weight loss, especially weight maintenance,
                  following energy-restricted weight loss. Mechanisms may include sustained energy expenditure, increased fat oxidation, and
                  preservation of lean body mass. However, it appears that habitual caffeine intake greater than 300 mg per day counteracts
                  some of the effects (36).
               

               
               
               If individuals or athletes enjoy the beverage, there is no reason to recommend its discontinuation. There are other health
                  benefits of green tea, including the potential to support heart health (6, 7, 9, 32, 36, 58).
               

               
               
            

            
            
         

         
         
         
            
            Garcinia Cambogia

            
            
            
               
               Garcinia cambogia is a fruit native to southeastern Asia and is a popular cooking ingredient in southern India. Commercial
                  garcinia cambogia weight-loss supplements contain between 20 and 60 percent hydroxycitric acid (HCA) and might contain other
                  ingredients as well. HCA is found naturally in the rind of the fruit and can be isolated in its free form or synthesized in
                  the laboratory. Both weight reduction and satiety have been reported with HCA consumption in rat studies. Some human trials
                  report desired effects on BMI, body weight, and satiety, yet other studies did not concur. A meta-analysis on the topic concluded
                  that HCA might be more effective for weight loss than placebo, but most of the studies were conducted short term on a small
                  number of subjects. Clinical significance is still to be determined, and long-term effectiveness and safety is unknown (7,
                  23, 72).
               

               
               
               
                  



               
               
            

            
            
         

         
         
         

      
      
      




There are many weight loss supplements on the market today; however, there are no weight loss supplements that are both safe
                     and effective.
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            Citrus Aurantium

            
            
            
               
               Citrus aurantium is native to tropical Asia and found also in other tropical regions. Because the fruit tastes sour or bitter,
                  it is also called “bitter orange.” In 2004, the FDA issued a regulation prohibiting the sale of ephedra-containing dietary
                  supplements in the United States. In response, supplement companies found a need for an alternative product to fill the void
                  in weight-loss supplements. Citrus aurantium contains alkaloids that are adrenergic agonists and phytochemicals that are thought
                  to work similarly to ephedra. A key alkaloid with potential weight-loss properties is synephrine, which is thought to decrease
                  food intake through reduced gastric motility and increased energy expenditure. Rodent studies have demonstrated reduced food
                  intake with citrus aurantium or synephrine intake. Human studies show citrus aurantium can increase resting metabolic rate,
                  but this doesn’t translate to significant weight loss (57, 75, 76). While some limited research suggests that citrus aurantium
                  is safe (75), other studies report side effects of hypertension, diarrhea, nausea, vomiting, cramps, headaches, insomnia,
                  anxiety, and flu-like symptoms. One complication with reported side effects is that most dietary supplements contain many
                  ingredients along with the citrus aurantium, so it is difficult to pinpoint the side effects to one ingredient (7, 57, 75,
                  76).
               

               
               
            

            
            
         

         
         
         
            
            Conjugated Linoleic Acid 

            
            
            
               
               Conjugated linoleic acid (CLA) is a fatty acid found naturally in the milk and meat of cows, sheep, and goats and is considered
                  an umbrella term for several different types of fats that are similar in chemical structure. There are about 20 different
                  chemical configurations of CLA, called isomers, and each isomer may have a different physiological effect on the body. CLA
                  contains double bonds that are most abundant in positions 9, 10, 11, and 12 along the carbon chain, and these numbers are
                  used partially to describe the form. Forms of CLAs can be further named depending on whether the functional chemical group
                  is on the same side of the carbon chain (called cis) or on the opposite side of the carbon chain (called trans). For example,
                  one form of the supplement that you may see in a weight-loss product could be called the cis-12, trans-10 isomer.
               

               
               
               Research in various animal models has demonstrated that CLA delivers promising results for body fat loss, but these results
                  have not extended to studies on humans. Human studies report mixed results; those that did report positive effects on weight
                  loss or body composition were unconvincing and not clinically important (i.e., the amount of weight lost was too small to
                  matter much). Most of the studies used between 3 and 6 grams per day, a dosage that appears safe for consumption. Long-term
                  safety and efficacy are still in question (23, 48). In human studies, supplementation with both isomers of CLA increased insulin
                  resistance (insulin resistance can increase sugar build-up in the bloodstream, which can be dangerous and over time lead to
                  type 2 diabetes). Randomized, double-blind, placebo-controlled studies show CLA supplementation has an adverse effect on insulin
                  and glucose metabolism in adults with type 2 diabetes (52) and increases insulin resistance in obese men with metabolic syndrome
                  (69). CLA increased insulin resistance and lipid peroxidation compared to placebo in obese men (69). Both DHA and flaxseed
                  oil helped reduce or prevent CLA-induced insulin resistance in animal studies (39, 99). It is not clear if omega-3 fatty acids
                  can attenuate CLA-induced insulin resistance in humans. When examining any scientific studies on the efficacy of CLA on weight
                  or fat loss, it is important to pay attention to the isomer that was used in the study, as different isomers may have different
                  effects, especially in different species used in the research model.
               

               
               
            

            
            
         

         
         
         
            
            Chromium Picolinate

            
            
            
               
               Chromium is an essential trace element that plays a role in carbohydrate, protein, and fat metabolism. It is a cofactor required
                  for insulin action and so is marketed for improving glucose metabolism and insulin resistance. Chromium picolinate, the form
                  of chromium commonly found in dietary supplements, stimulates the neurotransmitters that play a role in food cravings, mood,
                  and eating behavior. It is theorized that chromium may result in appetite suppression and increased thermogenesis (energy
                  expenditure as well as improved insulin). Research studies investigated doses of chromium picolinate ranging from 200 to 1,000
                  µg taken daily for 6 weeks to 8 months by obese and overweight people (as defined by a BMI greater than or equal to 25) and,
                  at best, those taking the supplement lost an average of 1.1 kg more than those taking a placebo, though there was no correlation
                  between the amount of chromium taken and the amount of weight lost. These were short-term studies and are not considered good
                  evidence of clinical significance. Overall, this supplement appears well tolerated, but reports of weakness, dizziness, headaches,
                  nausea, and vomiting have been reported in clinical trials (23, 57, 60, 65, 81).
               

               
               
            

            
            
         

         
         
         
            
            Chitosan and Glucomannan

            
            
            
               
               Chitosan is a polysaccharide believed to bind with dietary fat in the GI tract and thus enhance weight loss. Research in mice
                  has demonstrated reduced food intake with chitosan supplementation. Some human research studies have reported greater weight
                  loss, but other studies report no effect of chitosan consumption on fecal fat excretion. These early trials have been criticized
                  for their poor quality (38, 64). More recent research studies of better quality did not support a large weight-loss effect,
                  and these authors concluded that weight loss from chitosan ingestion was clinically irrelevant. Side effects are not considered
                  serious but include gas, bloating, GI upset, and possibly constipation (23, 38, 57).
               

               
               
               Glucomannan is a water-soluble dietary fiber derived from konjac root (Amorphophallus konjac) that might act in the stomach
                  and intestines by absorbing water. This increased bulk can provide a feeling of satiety and thus reduce energy intake (61).
                  Most research studies used a dose between 2 and 4 grams per day. Examination of results from several published trials do not
                  support statistically significant weight loss with supplementation. More studies are needed before conclusions can be made.
                  As with chitosan, side effects can be uncomfortable, including GI stress with loose stools or diarrhea. Some tablets might
                  be difficult to swallow, yet this has not been reported with capsule or powdered forms (57, 61, 103, 104).
               

               
               
            

            
            
         

         
         
      

      
      
      

         
         Common Supplements for General Health
         

         
         
         
            
            Some supplements are clearly marketed toward a particular sport or type of activity, while others might have an appeal and
               application to a broader audience. Many of these supplements claim to improve physical health, and any benefits might also
               apply to the physically active adult or competitive athlete.
            

            
            
            
               



            
            
            

         
         
         

      
      
      



Some supplements may help alleviate joint pain as a result of years of repetitive motion.
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            Glucosamine and Chondroitin

            
            
            
               
               Osteoarthritis is a degenerative joint disease caused by wear and tear of cartilage tissue from excess body weight (one of
                  the top causes), mechanical stress through repetitive motion (running up and down a field for years), and oxidative damage
                  and inflammatory responses from the anabolic-catabolic balance of the joint, synovium, matrix, and chondrocytes (all parts
                  of the working joint). While some people get this condition later in life as a result of age, many athletes and active individuals
                  are at risk because of the volume of training that accompanies many sports (25). Many individuals seek pain medications, particularly
                  nonsteroidal anti-inflammatory drugs (NSAIDs, such as ibuprofen or aspirin) to decrease their symptoms, but over time NSAIDs
                  can lead to a number of side effects, including stomach pain and ulcers (that might lead to bleeding), heartburn, headaches,
                  and dizziness. For those allergic to NSAIDs, side effects include rashes, throat swelling, and difficulty breathing (100).
               

               
               
               Glucosamine and chondroitin sulfate are popular supplements for minimizing the pain of osteoarthritis and delaying the disease’s
                  progression. Glucosamine is a naturally occurring amino sugar found in meat, fish, and poultry and made by cartilage cells.
                  It is used as a building block of the cartilage matrix. Chondroitin sulfate is a type of protein present in cartilage. Research
                  on this topic examines outcomes of reduction in pain and decreased joint space narrowing (more narrow spaces mean less cartilage
                  to cushion joints). Glucosamine sulfate and glucosamine hydrochloride help rebuild the cartilage matrix and decrease activity
                  of an enzyme that damages tissue. Sulfate is a source of the essential nutrient sulfur, which is important for cartilage (35).
               

               
               
               Current research suggests 1,500 mg a day of glucosamine sulfate combined with 500 mg a day of chondroitin might help with
                  symptoms of pain and improve cartilage growth or maintenance at the joint (25).
               

               
               
               
               
               
                  
                  Is Natural Always Safe?

                  
                  
                  
                     
                     Putting It Into Perspective

                     
                     
                     Many people seek natural food and supplement products, assuming they are healthier than their counterparts and safe for consumption—and
                        often this is the case. The FDA does not officially regulate the term “natural,” yet in the eyes of the FDA, “natural” means
                        that no artificial or synthetic ingredients have been added (91). However, natural does not guarantee safety. Natural products
                        will be safe for many people, but they can have side effects and might interact with each other or with over-the-counter or
                        prescription drugs. For example, vitamin K interferes with blood-thinning medications, and St. John’s wort can speed the breakdown
                        of many drugs (including antidepressants and birth control pills), thereby reducing their effectiveness (66).
                     

                     
                     
                     In addition, some products labeled as natural might be contraindicated for people with certain diseases or conditions. For
                        example, a joint health supplement may contain natural ingredients such as glucosamine that should be used with caution by
                        people with diabetes or shellfish allergies, and high doses of caffeine can increase heart rate (66). Manufacturers of supplement
                        products might not include warnings about potential adverse effects or list those persons who should not use the supplement.
                        The general recommendation is not to take any supplement unless you are certain it will not aggravate a preexisting condition
                        or interact adversely with any other medication or supplement you are already taking. Of course such certainty is hard to
                        come by. If you feel the need to take a supplement with unknown contraindications or side-effects, always start with small
                        doses and be sure your physician and pharmacist know you are taking it.
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
            

            
            
            
         

         
         
         
            
            Probiotics and Prebiotics

            
            
            
               
               The human gut provides about 70 to 80 percent of our immune protection, acting as a physical barrier and interacting with
                  gut-associated lymphoid tissue, which protects the body from invasion of foreign cells (45). It is normal to have bacteria
                  in the gastrointestinal tract, called gut flora, and the goal in using probiotics is to modify the gut flora so that the number
                  of beneficial bacteria increases while reducing the number of potentially harmful ones. Probiotics are live microorganisms,
                  which when administered in adequate amounts should confer a health benefit. However, research is not clear on what constitutes
                  adequate amounts, and the amount may be different for every individual. The most common species are Lactobacillus and Bifidobacterium.
                  A probiotic should be nonpathogenic (contain only good, healthy bacteria, not harmful ones), be resistant to processing (gastric
                  juices, bile), colonize intestinal epithelial tissue (increase the number of good bacteria in the gut), and provide measurable
                  benefit. Probiotics are sold in many forms, including capsules, powders, and fermented dairy products (26, 67).
               

               
               
               Research is evolving on the effectiveness of probiotics in the general population and use may be of interest among athletes.
                  Specific species and strains can support immune health, vaginal health, incidence and duration of diarrhea in infants or adults,
                  gut transit time (how fast food moves through the gut), and other functioning. A small number of studies report certain species
                  and strains promote health in athletes and trained individuals. The most commonly reported benefits in this population include
                  reduced incidence and duration of respiratory and GI illness during periods of heavy training load and stress. In reviewing
                  the published research, a limiting factor is that different strains are used in the scientific literature, as well as differing
                  durations of the supplementation. This makes it difficult to compare studies and make generalizations based on research findings
                  (22, 67).
               

               
               
               A prebiotic is an ingredient that targets the microbiota (bacteria) already present within the gut, acting as a “food” for
                  the target microbes. Prebiotics are not digested until they reach the colon, where they become fermented. Foods containing
                  prebiotics include yogurt, kefir, kombucha, raw sauerkraut, barley, bananas, oats, wheat, soy bean, asparagus, leeks, chicory,
                  artichokes, garlic, and onions. Like probiotics, some research suggests prebiotic consumption might help athletes reduce their
                  risk of developing respiratory and GI illnesses during periods of heavy training and psychological stress (22).
               

               
               
            

            
            
         

         
         
      

      
      
      

         
         Drugs Commonly Used in Sports
         

         
         
         
            
            While many dietary supplements are readily available and legal for use and purchase, other substances are not legal. In addition
               to illegal substances, some athletes use alcohol in attempts to improve performance outcomes. These products are not only
               potentially problematic for competition eligibility but also have negative impacts on overall health.
            

            
            
         

         
         
         
            
            Stimulants

            
            
            
               
               The most commonly used prohibited stimulant-based drugs are amphetamine and its derivatives, D-methamphetamine and methylphenidate.
                  These drugs are used in medical settings for specific purposes, yet athletes turn to them for their purported ability to increase
                  energy and concentration, and thereby enhance performance. They might also be used in some weight-class sports as a means
                  of reducing body weight and fat. Prohibited stimulants tend to produce significant side effects in both the central nervous
                  and cardiovascular systems. Use of amphetamines, or related compounds, even when prescribed by a doctor and taken as directed,
                  can cause tremors, tachycardia, jitteriness, and insomnia, and more seriously, myocardial infarction, stroke, and even death.
                  The side effects from methylphenidate include Raynaud phenomenon (feelings of numbness or cold), profuse perspiration, and
                  reduced appetite. Combining stimulants with exercise, or exercise in the heat, can have additional effects that lead to heat
                  illness or heat-illness-related death (30).
               

               
               
            

            
            
         

         
         
         
            
            Anabolic Androgenic Steroids

            
            
            
               
               In a medical setting, anabolic androgenic steroids (AAS) are used to treat clinical testosterone deficiency. In the world
                  of competitive sports, athletes take these compounds in an attempt to gain skeletal muscle mass. In addition to the banned
                  or prohibited status among sport organizations, many dangerous side effects are associated with their illegal use (i.e., not
                  prescribed by a physician to treat a medical condition) (30), especially since the doses taken may be well beyond the therapeutic
                  level prescribed to treat medical conditions. The most common undesirable side effects include gynecomastia (growth of breasts),
                  testicular atrophy (reduction in testicle mass), and widespread acne, especially on the chest and back. More significant side
                  effects affect the cardiovascular system, including increases in total cholesterol and LDL cholesterol and reductions in high-density
                  lipoprotein cholesterol. Further, in some instances, illegal or unsupervised use of AAS use can lead to liver damage, accelerated
                  puberty, and stunted growth in young people. Women have additional, sometimes irreversible, side effects of dysfunction in
                  menses, male-pattern hair growth or alopecia, voice deepening, and clitoris enlargement. Some athletes will use multiple forms
                  of AAS and a cycling pattern of use to minimize side effects. They might also use other drugs concurrently in attempt to counteract
                  side effects. Athletes must fully understand the legal implications, competition eligibility issues, and most important, the
                  many health risks associated with AAS use (30).
               

               
               
            

            
            
         

         
         
         
            
            Human Growth Hormone

            
            
            
               
               Human growth hormone (hGH) is naturally released in the body, with its highest secretion during the adolescent growth spurt.
                  Deep sleep, heat stress, hypoglycemia, and exercise stimulate endogenous release. Human growth hormone in its natural form
                  requires a prescription and is intended to treat a limited number of medical conditions, including short stature, Turner syndrome,
                  Prader-Willi syndrome, muscle wasting from AIDS, and growth hormone deficiency. Prescription and distribution of this drug
                  is tightly regulated. Taking hGH for nonlegitimate medical reasons (e.g., to enhance performance or for anti-aging benefits)
                  while not under the supervision of a licensed physician or medical practitioner permitted to prescribe these substances might
                  be illegal. Some athletes use hGH in an attempt to improve cardiorespiratory fitness, increase skeletal muscle mass, reduce
                  fat mass, or recover more quickly from injury. The side effects associated with hGH are numerous, including depression, fluid
                  retention, and with long-term use, acromegaly (chronic elevated levels of hGH in the body). Symptoms of acromegaly include
                  swelling and subsequent abnormal growth of the hands and feet; overgrowth of bone in the face (protruding of the brow and
                  lower jaw, enlargement of the nasal bone, and spacing of the teeth); carpal tunnel syndrome; and enlargement of body organs,
                  including the heart. Still other symptoms might include joint pain; coarse, oily skin; skin tags; enlarged lips, nose, and
                  tongue; voice deepening; sleep apnea; excessive sweating and foul odor; fatigue and weakness; headaches; impaired vision;
                  decreased libido; erectile dysfunction in men; and menstrual cycle abnormalities or breast discharge in women. Many of these
                  symptoms develop with long-term use and elevated hGH levels. Currently, it remains unclear whether higher doses over a shorter
                  time, as used by some athletes, would result in the same level of side effects (17, 30).
               

               
               
            

            
            
         

         
         
      

      
      
      

         
         Alcohol Use
         

         
         
         
            
            Athletes choose to use alcohol for a variety of reasons, from the perception of “taking the edge off” to social acceptance
               and team building. While prevalence of alcohol consumption is similar in the athletic and general populations, its use is
               especially popular in the college setting during weekend festivities and celebrations associated with team success. The NCAA
               has cited alcohol as the most abused drug in collegiate sport (4). Recent research suggests college athletes associate alcohol
               consumption with an enhanced sense of well-being and that social drinking helps build group identification (106).
            

            
            
            While the research on the effects on performance of low to moderate alcohol intake preexercise or during exercise is inconclusive,
               detrimental effects on athletic performance have been reported (11, 80). For example, alcohol might negatively affect metabolism,
               thermoregulation, motor skills, and mental concentration. Some of these negative effects might persist for hours after consumption.
               Alcohol likely impairs endurance performance through impairment of gluconeogenesis, glucose uptake, and glucose use. A recent
               study examined the effects of alcohol consumption on rates of skeletal muscle protein synthesis after an acute exercise bout
               and reported reduced rates even when the alcohol was coingested with protein (62). This would likely result in slowed recovery
               and repair and growth of tissue (4, 11, 16, 80).
            

            
            
            Overconsumption of alcohol can lead to alcohol-related illness or death. This is of increasing concern among college students,
               as excess alcohol consumption can lead to undesirable consequences. It is estimated that over 1,800 college students die from
               alcohol-related unintentional injuries each year (56). A relation is also suspected between alcohol use and suicidal tendencies among students (46). In addition, alcohol-related
               physical and sexual assaults have affected over 690,000 and 97,000 college students, respectively. Approximately 25 percent of college students report suffering negative academic consequences related to drinking alcohol,
               such as missing classes, exams, papers, and falling behind (56).
            

            
            
            Postexercise nutrient intake is critical for optimal recovery for athletes. While alcohol is not a nutrient, it does contain
               energy (approximately 7 kcal/g). Postexercise is the time when an athlete should be focusing on rehydration, adequate repletion
               of glycogen with carbohydrate sources, and maximizing skeletal muscle protein synthesis with dietary protein intake. If time
               after training is spent consuming alcohol instead of nutrients, recovery can be compromised (11, 62, 80).
            

            
            
         

         
         
      

      
      
      

         
         Summary
         

         
         
         
            
            Dietary supplements are defined and regulated by the FDA, and advertising is regulated by the FTC. Supplements are regulated
               differently from food additives and drugs. FDA standards govern Supplement Facts labels and the claims that manufacturers
               are allowed to make about a product. Allowable claims can be categorized into three groups: nutrient content, health, and
               structure/function claims. Nutrient content claims refer to the amount of a given nutrient in a product, whereas health claims
               describe a relation between a nutrient and disease. Both of these types of claim are approved by the FDA. Structure/function
               claims are not approved by the FDA and require a disclaimer about the product.
            

            
            
            Some sports organizations have lists of banned substances that are prohibited of participants; other sport groups do not impose
               such regulations. Several professional organizations or certification programs are available to help a person navigate this
               issue and the process of certifying products that are sold to the consumer. Some dietary supplements may enhance performance
               or body composition, and others do not. While there are hundreds of supplements on the market, it might be easiest to classify
               them into categories such as those for endurance sports, strength and muscle growth, and weight management. A greater quantity
               of research data is available for some supplements compared to others. For example, some science supports the use of caffeine
               as an ergogenic aid in endurance sports and creatine for strength-training gains. While research is always emerging in this
               field, not all supplements have the same amount of research to support use or refute claims.
            

            
            
            Supplements presented in this chapter might perform as claimed, but that does not imply endorsement by this textbook. Athletes
               or others interested in using supplements should analyze the cost-to-benefit ratio and seek professional guidance when needed.
               The potential physiological benefits or performance gains of a product need to be weighed against potential disadvantages
               and should then be used only after evaluation for safety, efficacy, and compliance with relevant anti-doping codes and legal
               requirements. When supplements are used, the regimen should be fitted to the individual’s needs and goals.
            

            
            
            
            
            
               
               For Review

               
               
               
                  
                  
                     
                     	Why do athletes choose to use dietary supplements?

                     
                     
                     	How are dietary supplements regulated?

                     
                     
                     	What are the three categories of claims used on dietary supplements, and how do they differ?

                     
                     
                     	What are a few considerations when exploring the use of dietary supplements?

                     
                     
                     	What is peer-reviewed scientific evidence?

                     
                     
                     	Explain the seals used on supplement labels. What do they mean?

                     
                     
                     	Which organizations provide information about banned substances?

                     
                     
                     	For the following supplements, list the popular claim, purported mechanism of action for performance improvement, and the
                        overall impression of safety and efficacy:
                        
                           
                           	Caffeine

                           
                           
                           	Sodium bicarbonate

                           
                           
                           	Glycerol

                           
                           
                           	Nitrate

                           
                           
                           	Creatine

                           
                           
                           	Beta-alanine

                           
                           
                           	HMB

                           
                           
                           	DHEA

                           
                           
                           	Green tea

                           
                           
                           	Garcinia cambogia

                           
                           
                           	Citrus aurantium

                           
                           
                           	CLA

                           
                           
                           	Chromium picolinate

                           
                           
                           	Chitosan

                           
                           
                        

                        
                        
                     

                     
                     
                     	Why would athletes use pre- and probiotic supplements?

                     
                     
                     	Describe the negative aspects of using stimulants, anabolic androgenic steroids, and alcohol in sport.
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         The final section of this book includes information on applying sports nutrition principles. This section covers ideal body
            weight and composition for health and athletic performance and presents different assessment methods to estimate body composition.
            Nutrition for aerobic training and sports (chapter 11) brings the information conveyed in chapter 2 full circle by giving
            specific examples of fueling for endurance sports. Chapter 12 covers the principles behind before, during and postresistance
            exercise nutrition, as well as overall diet and how this impacts training gains. Supplements specific for resistance training
            are also covered. The following chapter outlines strategies to achieve optimal body composition, including decreasing fat
            and gaining muscle for recreational and competitive athletes. The principles behind these dietary strategies are also discussed.
            Finally, chapter 14 covers how to work with active individuals who fall into special populations and have unique nutrition
            needs.
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Body Weight and Composition
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Chapter Objectives

            
            
            
               
               After completing this chapter, you will be able to do the following:

               
               
               
                  
                  	Explain the difference between body weight and body composition.

                  
                  
                  	Explain how body weight and body composition affect sports performance.

                  
                  
                  	Describe the compartments of the body as they pertain to body composition.

                  
                  
                  	Discuss the genetic and environmental factors that contribute to body composition.

                  
                  
                  	Discuss the principles behind the common methods of body composition assessment.

                  
                  
                  	Explain how to interpret body composition estimates.

                  
                  
               

               
               
               
               
            

            
            
         

         
         
         Health organizations use different terms to describe the composition of the human body. Some terms refer to the absolute size
            of the body (e.g., body weight or mass), whereas other terms assess the body’s composition, or relative amounts of muscle,
            fat, bone, and water in the body. It is important to distinguish between the size and composition of the body because they
            tend to have far different impacts on human health. Excess body weight, caused by high body fat, is dangerous. Lean body mass,
            which is comprised primarily of muscle, bone, and water, is healthier than adipose tissue, especially when present in large
            quantities in the body.
         

         
         
         The conditions termed “overweight” and “obesity” increase a person’s risk of morbidity from hypertension; dyslipidemia coronary
            heart disease; gallbladder disease; stroke; type 2 diabetes; sleep apnea; osteoarthritis; respiratory problems; and endometrial,
            breast, prostate, and colon cancers. In fact, the U.S. Centers for Disease Control and Prevention (CDC) has declared modern
            American culture to be “obesogenic” in nature, meaning that the normal “way of life” causes Americans to be fatter and heavier
            than ideal. The American culture promotes excessive intake of unhealthy, energy-dense foods and makes it very easy to be habitually physically inactive (5). Body weight that is higher than what is considered healthy
            for a given height is described as overweight or obese (6). More specifically, overweight means that one weighs more on a scale than the healthy reference standard, whereas being obese means that one is carrying
            a higher percentage of body fat than what is desirable within the healthy reference standard. Sixty-nine percent of adults
            over 20 years of age are overweight, and 35 percent of these people are obese. Weight management is undeniably a challenge
            for many Americans, including sedentary, moderately active, and even competitive athletes (5, 6).
         

         
         
         In 2013, the American Medical Association (AMA) presented a report classifying obesity as a disease and basing the diagnosis on having a body mass index (described later in the chapter) above 30 kg/m2 (3). Their position is that classifying obesity as a disease will help the way that medical professionals address it with
            their patients. Other professional groups have published arguments against classifying obesity as a disease because they believe
            that it is only a risk factor for other diseases and by diagnosing this in the large number of individuals who are obese could
            result in more health care costs from drugs and surgeries. Their position is that by labeling an obese person as having a
            diagnosed illness would promote a drug or surgical intervention rather than lifestyle change. Furthermore, there are imperfections
            in using body mass index to classify a person as obese (14, 27).
         

         
         
         
         
         

      
      
      


            
            Obesity and Inflammation

            
            
            
               
               Reflection Time

               
               
               Chronic inflammation is an underlying factor in several diseases, including obesity. Fat tissue pumps out inflammatory compounds.
                  There is a theory that as white adipose tissue (WAT) increases, it shifts from an anti-inflammatory or neutral tissue to one
                  that is proinflammatory. WAT secretes proteins called adipokines. It is believed that normal-sized adipocytes secrete anti-inflammatory
                  molecules, whereas full adipocytes (seen with weight gain) secrete proinflammatory molecules. As overweight and obesity increases
                  over time, there may be a shift to an overall proinflammatory state (1). Overweight and obese individuals may also have altered
                  gut flora, with more harmful bacteria and less beneficial bacteria as compared to those of normal weight. This condition might
                  also contribute to higher levels of inflammation. Note that this is a new area of research. The current evidence suggests
                  that it is the actual adipose tissue that contributes most to inflammation (1).
               

               
               
               
               
            

            
            
         

         
         
      

      
      
      

      
      
      
      

         
         Factors Contributing to Body Weight and Composition
         

         
         
         
            
            Both genetic and environmental factors contribute to the accumulation of body fat. Humans are born with a tendency to store
               body fat in amounts that are predetermined by our genetic makeup. Genetics influence where fat is deposited on the body, as
               well as muscularity; this does not mean, however, that our ultimate body shape and size are completely outside our control.
               We have the ability to shape our environment by adopting healthy eating behaviors, exercising regularly, and engaging in activities
               of daily living. This can be difficult because, as consumers, we are inundated with an abundance of inexpensive, energy-dense
               foods and many jobs that, although mentally exhausting at times, demand little physical exertion. Successfully overcoming
               the temptation to be physically inactive and to overeat or choose unhealthy food requires a level of discipline that escapes
               many people. This is unfortunate because our food selections and level and type of physical training ultimately determine
               how close to our genetic potential we become. A tiny percent of the population has a genetic condition that makes it extremely
               challenging to achieve and maintain a body weight and composition that promotes health and well-being (29).
            

            
            
         

         
         
         
            
            Genetic Factors

            
            
            
               
               Genetics contribute to our height, weight, body fat distribution, and metabolism, regardless of our environment. Identical
                  twins raised in different households have been found to have similar body weights to one another, while children of adopted
                  parents have been shown to more closely resemble the body types of their biological parents than their adoptive parents. In
                  addition to body weight and fat distribution, children also tend to inherit specific body types, such as being tall and thin
                  or short and stout. This is important to remember when setting body composition-related goals because some ideals might be
                  unattainable no matter how hard one trains or how disciplined they are about food choices. For example, a very tall and thin
                  person might never be able to put on enough muscle mass to be a bodybuilder, nor may a very muscular, stocky person ever achieve
                  extreme leanness and become an elite runner (29).
               

               
               
               Another area of active research that suggests a genetic component to body weight and fatness is known as the set point theory, which proposes that the brain, hormones, and enzymes work together to regulate body weight and fat at a genetically predetermined
                  level that solidifies sometime during young adulthood. This theory surmises that any attempt to voluntarily change body weight
                  from the set point initiates a series of physiological and metabolic responses that ultimately result in no further loss of
                  body fat, or a plateau. These responses may include storing fat more efficiently, decreasing metabolism, or stimulating appetite
                  (29).
               

               
               
            

            
            
         

         
         
         
            
            Environmental Factors

            
            
            
               
               Environment plays a significant role in body weight regulation. Although genetic factors limit what can be accomplished, healthy
                  behaviors and choices, such as choosing the correct foods and portion sizes and getting sufficient quantity and quality of
                  exercise; activities of daily living; and learning behavioral modification and self-monitoring techniques certainly can help
                  maximize genetic potential. Poor food choices are often learned behaviors that can become lifelong habits. Over time, new
                  habits can be established by building on small, positive changes. Although athletes might seem more disciplined than the general
                  population, they too struggle with food choices, as a result of many factors, including limitations in financial resources,
                  lack of knowledge about nutrition, need for convenience, and preferences for certain foods (29).
               

               
               
            

            
            
         

         
         
      

      
      
      

         
         Body Weight and Composition Concerns in Activity and Sport
         

         
         
         
            
            Many competitive athletes are young and do not have long-term health consequences at the forefront of their minds. However,
               it is important for athletes to strike a balance between weight for optimal performance and for long-term health. Instead,
               immediate performance outcomes are often the focus. Similarly, some individuals are new to activities, such as cycling or
               running races, and want to commit to short-term goals that enable them to complete an event. Like the general public, some
               athletes also face the struggle of needing to decrease or maintain an ideal weight and body composition for optimal performance.
               Many athletes have body image concerns, especially those in sports in which they might be “judged” on aesthetics and performance, such as gymnastics, figure
               skating, and physique sports (including bodybuilding, bikini, and fitness competitions).
            

            
            
            Most athletes who are concerned about weight management are either overweight or obese and want to reduce their body fat levels
               to conform to healthy values, or they are already normal weight, or even lean, and want to further reduce body fat and increase
               lean mass for either aesthetic or performance reasons. Body weight and composition are somewhat easily manipulated and thus
               tend to be target areas of change when considering certain sports or activities. Many active people place a huge emphasis
               on body weight, making the assumption that body weight is an absolute predictor of athletic performance. While weight and
               fat can certainly play a role in athletic success, no one weight or percent fat level is indicative of positive outcomes (28).
               It is important that athletes seeking weight or fat loss do so safely as to not jeopardize their health or physiological function.
               Fortunately, the well-established weight-management principles that hold for the general population also apply to athletes
               and active individuals (20).
            

            
            
            It is not uncommon for many athletes to fluctuate in weight throughout a year, depending on whether they are in the off-season,
               training season, or competition period. For most athletes, the competition period is when body fat is the lowest, but this
               level might be hard to maintain throughout the other periods. Too much fluctuation is not the best situation for the athlete
               because it sometimes requires more extreme measures to obtain and maintain the ideal competition weight. Ideally, an athlete
               would have a healthy body weight that could be maintained for much of the year, with slight adjustments during increased training
               in preparation for competition. Extreme chronic dieting or repeatedly losing and gaining significant amounts of weight can
               be an indicator that the athlete is trying to achieve an unrealistic body weight (20).
            

            
            
            
            
            
               
               Negative Consequences of Yo-Yo Dieting

               
               
               
                  
                  Putting It Into Perspective

                  
                  
                  The term “yo-yo dieting” has been used to describe a situation in which a person goes on a diet to lose weight only to gain
                     that same weight back. Such diets are often fads that call for eliminating key food groups in an attempt to reduce energy
                     (calorie consumption). They usually promote quick weight loss, and many have a defined period of time. Once the individual
                     completes the diet, the weight is gained back—sometimes even more weight returns than was originally lost. Lean body mass
                     is often lost during these diets, yet primarily fat is gained back. Ultimately, such diets do not maintain a healthy body
                     composition, nor do they teach lifelong healthy eating habits. Competitive athletes, and others, might succumb to such methods
                     with the intention of losing weight for improved performance. However, losing weight in an unhealthy fashion can be detrimental
                     to performance.
                  

                  
                  
                  
                  
               

               
               
            

            
            
            Different sports and activities differ significantly in the body composition that might affect performance outcomes. For some
               sports or activities, skeletal muscle size and shape might be the target, while others might require a balance of strength
               and power for movement. Many sports have weight classes for competition and require competitors to achieve a delicate balance
               of the lowest possible body weight while maximizing skeletal mass and power (28).
            

            
            
            On the opposite side of the spectrum, it is disadvantageous to be overweight or overfat in many sports because it is physiologically
               inefficient to carry the extra mass. In some sports, such as long-distance running and cycling, a lower body mass can contribute
               positively to efficiency in energy expenditure and improved heat dissipation. For bodybuilders or those in physique competitions,
               low levels of body fat are required in that participants are judged on their aesthetic appearance. Some individuals, such
               as gymnasts and acrobatic performers, require a body composition that optimizes biomechanical movement. In contrast, being
               too thin or too lean might negatively affect both performance and long-term health. For most athletes, it is desirable to
               have a higher percentage of lean mass with a lower percentage of body fat. While some optimal body composition ranges are
               presented later in the chapter, there is no one ideal body fat target associated with optimal performance in any given sport
               or activity (28). Chapter 13 provides a detailed discussion on achieving optimal body composition.
            

            
            
         

         
         
         
         
            
            Body Mass Index

            
            
            
               
               Body weight is different from body mass index (BMI). Body weight 
                  or body mass is how much a person weighs on a scale and is usually expressed in pounds or kilograms. With a calibrated scale, this can
                  be measured with great accuracy. BMI was originally created to access population-based rates of obesity.
               

               
               
               BMI uses both body weight and height to classify people into four subclasses: underweight, normal, overweight, and obese.
                  See table 10.1 for the classification and table 10.2 to determine how to calculate BMI (4, 5, 6, 12). BMI correlates with body fatness in most people, but it is not an actual
                  measure of body fat (10, 30), nor is it a measure of visceral fat, the kind of fat stored in the abdomen and covering internal
                  organs, including the liver, pancreas, and intestines (25). BMI cannot distinguish between excess fat and muscle or bone mass.
                  BMI can overestimate fatness in athletes with higher lean body mass and therefore shouldn’t be used with this population (8,
                  17, 31). In thin children, BMI is a better measure of fat-free versus fat mass (9). Age, sex, ethnicity, and muscle mass affect
                  the association between BMI and body fat in both children and adults. BMI can overestimate body fat in athletes and others
                  with muscular builds and underestimate body fat in older persons or those who have lost muscle (21).
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               A BMI between 18.5 and 24.9 kg/m2 is considered a normal or healthy body weight. BMI within this range is associated with the lowest risk of developing a chronic
                  disease or death. Those classified as overweight might have an increased risk of disease and death, and those who are obese
                  have the highest risk of developing a number of diseases, including cardiovascular diseases and type 2 diabetes. BMI is a
                  useful initial screening tool to help identify individuals who might be overweight or obese. BMI is also used to track population-based
                  rates of overweight and obesity. However, BMI should not be used in isolation to determine health, disease, or disease risk
                  (21). A disadvantage in using BMI is that it does not specifically differentiate between body weight and amount of body fat.
                  Thus, BMI overestimates fat in those with high muscle mass. For example, a very muscular male athlete with low body fat could
                  have a BMI that classifies him as overweight or obese. His weight would be higher than expected for his height, though he
                  is not overfat, and thus not at a higher risk for disease based on body composition. If the BMI is 25 kg/m2 or greater, it is important to determine whether weight loss should be the goal. Since BMI is associated with increased risk
                  of developing certain chronic diseases, perhaps current body fat levels along with any medical laboratory values can be an
                  indicator as whether weight loss is warranted. If an athletic person with large, defined musculature has a high BMI value,
                  then BMI may not be the best tool for estimating level of body fatness. In such situations, having body composition (percent
                  body fat) measured might be of value, although these techniques require the assistance of a qualified exercise professional
                  (6).
               

               
               
               
               
               
                  
                  How to Estimate a Desired Body Weight From BMI

                  
                  
                  
                     
                     Putting It Into Perspective

                     
                     
                     What if your BMI is higher than the healthy BMI range? First, you need to determine if the BMI is high because of excess body
                        fat or because you’re a very muscular person. If you feel excess body fat is the culprit, you can use your current BMI to
                        calculate a desired weight to allow you to move to the healthy BMI range. Simply take your height in inches squared and multiply
                        it by the desired BMI (e.g., 24). Then divide by 703.
                     

                     
                     
                     Example: A person weighs 180 lb. and is 5'5" tall. Current BMI is 30. The desired BMI is 24. 4,225 × 24 = 101,400. 101,400 ÷ 703 = 144 lb.
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
            

            
            
            
         

         
         
         
            
            Body Fat Patterns

            
            
            
               
               In addition to body weight, the amount and placement of body fat can influence health and performance. Levels of body fat
                  can rise as a result of adipose cell hyperplasia (growing more fat cells) or by cell hypertrophy (growth of existing cells). Given a state of chronic positive energy balance, the ability to store body fat is limitless.
                  Whether there is a stage in life at which hyperplasia predominates over hypertrophy is controversial, but most agree that
                  both ultimately occur as a result of chronic positive energy balance (24).
               

               
               
               People have different body shapes, characterized by three types: ectomorph, mesomorph, and endomorph. Individuals can either
                  be predominately one of the three shapes or fall somewhere between two shapes. In addition to body shape, there are also differences
                  in body fat patterning. Overweight individuals who carry a majority of their weight around the middle fall into the android type, or “apple shaped.” Such a person tends to have both subcutaneous (just beneath the skin) and visceral (deep) body fat,
                  with the amount in each area varying from person to person. This shape—specifically, the larger amount of visceral body fat—increases
                  the risk of developing chronic diseases caused by a multitude of factors, one being fat surrounding vital organs. Those who
                  carry weight in their hips, thighs, and buttocks are called gynoid, or “pear shaped.” This fat is usually predominately subcutaneous and not associated with the same risk of developing chronic
                  disease. While the android shape is more common in men and the gynoid in women, this is not always the case (11). See figure 10.1 for a visual demonstration of android versus gynoid obesity patterns.
               

               
               
               
                  



               
               
               

            
            
            
         

         
         
         

      
      
      




Figure 10.1    The android shape describes people who carry more body fat in their upper body, specifically the abdominal region. The gynoid
                     shape describes people who carry more body fat in the lower part of their body, specifically the hips, buttocks, and thighs.
                  

                  
                  
                  [image: Figure 10.1 The android shape describes people who carry more body fat in their upper body, specifically the abdominal region. The gynoid shape describes people who carry more body fat in the lower part of their body, specifically the hips, buttocks, and thighs.]

                  
               

               
               
               Taking a measurement of waist circumference is one way to look more closely at body fat patterns. Waist measures of more than
                  35 inches (88.9 cm) for women or more than 40 inches (101.6 cm) for men classify people as being at increased risk for developing
                  chronic disease. Use of both BMI and waist circumference can be helpful in determining risk of chronic disease or the need
                  for a weight-management intervention (6).
               

               
               
               
               
               
                  
                  How Do I Measure My Waist Circumference?

                  
                  
                  
                     
                     Putting It Into Perspective

                     
                     
                     
                        
                        	In a standing position, place the tape measure horizontally near your belly button, just above your hip bones.

                        
                        
                        	Measure at the narrowest portion of your waist.

                        
                        
                        	Make sure the tape is snug but not compressing the skin.

                        
                        
                        	Take the measurement once you comfortably exhale.

                        
                        
                        	For additional information on taking waist circumference, visit the Centers for Disease Control and Prevention website (6).

                        
                        
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
            

            
            
            
         

         
         
         
            
            Body Composition

            
            
            
               
               Body composition refers to the components that make up the body. While there are a few body composition models in the scientific
                  literature, the one most commonly discussed in sports nutrition is the four-compartment model. In this model, the body is
                  compartmentalized into body fat and lean body mass (LBM), sometimes referred to as fat-free mass (FFM). Fat-free mass includes
                  everything except body fat. Organs, muscle, tendons, ligaments, bones, and skin are all part of fat-free mass. While FFM contains
                  no body lipids, LBM contains a small amount of essential body lipids. LBM is further compartmentalized into skeletal muscle
                  mass, total body water, and bone mass. Any of these four components can change through diet or training interventions. Body
                  water changes can occur very rapidly, while changes in bone mass take several months. Most athletes tend to focus on manipulating
                  their body fat and skeletal muscle mass to achieve a body that is desirable for aesthetics, performance, or both (11).
               

               
               
               There are different types of body fat, some of which are considered essential, while the rest are considered storage. Essential
                  body fat is a component of many tissues and must be maintained as not to compromise physiological function. Storage fat, however,
                  results from a chronic positive energy balance (too many calories) and can be altered (lost) without a negative impact on
                  physiological function; in fact, a loss will likely improve health if a person is overfat. Essential body fat is approximately 3 percent of body mass for men and 12 percent of body mass for women; body fat percentages
                  lower than these are not optimal for health and physiological functioning. With the rise of obesity in our society, there
                  are not good estimates for “average” body fat values in the current general population. For most healthy adults, the total
                  body fat percentage is between 12 and 15 percent for young men and between 25 and 28 percent for young women (18). Further
                  classification of body fat percentages are listed in table 10.3 (16, 18).
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         Estimating Body Composition
         

         
         
         
            
            While many techniques give a body composition “value,” note that all of these are just estimates. There is no way to measure
               body composition with 100 percent accuracy in a living human body. All methods used today are based on early research on cadavers
               (26). Cadaver analysis was used to develop statistically sound prediction equations for body composition, and included in
               these is a percent error. If a female athlete has her body composition assessed by one of the techniques with a 4 percent
               margin of error, and she is assessed to have 15 percent body fat, this means her body fat could be anywhere between 11 and
               19 percent. While errors are unavoidable, they can be minimized with proper equipment and technique. For example, the equipment
               must be calibrated, and a standardized operating protocol must be used. If measuring before and after a program or intervention,
               the same equipment should be used, and in most cases the same operator should take the measurements. Valid and reliable equations
               should be used to calculate body composition. The athlete being tested might need to follow a protocol that involves being
               in the same state of feeding or fasting and at a consistent hydration level (not after exercise or sweating). For females,
               time in the menstrual cycle may need to be consistent, depending on the type and purpose of the measurement. When following
               protocols for each specific measure of body composition, several methods are useful for assessing baseline body composition
               level or examining change with training and intervention. Ideal body composition includes a range of values that is individually
               determined as appropriate for a given individual. Any normative body composition targets should be set as a range of values
               rather than one number that might be considered ideal (28).
            

            
            
         

         
         
         
            
            Understanding Compartment Models

            
            
            
               
               Two-, three-, or four-compartment models may be used to estimate body composition. A two-compartment model assumes the body
                  is separated, or “compartmentalized,” into fat and LBM. This model, developed in the 1940s, was based on the inverse relation
                  between body density and body fat. If one can measure body density, then one can estimate body fat from the developed prediction
                  equations. This model has a few assumptions that apply to all individuals, and these assumptions may or may not be true. When
                  estimating body fat from body density, it is assumed that the density of all fat tissue and all LBM tissue is the same for
                  all individuals and that the proportions of the water, muscle, and bone of the LBM are constant within and between all persons.
                  This model is useful for detecting changes in total body fat, though one cannot detect the individual components that comprise
                  total LBM. If body fat decreases and LBM increases, one cannot determine if LBM changes were caused by muscle, bone, or water,
                  so LBM and muscle might be over- or underestimated if there are significant shifts in water content caused by hyper- or hypohydration
                  during measurement. Since bone mass changes can take 6 to 12 months, and are relatively minor, changes in bone do not have
                  an appreciable effect on body composition measures (11).
               

               
               
               Since the total body water (TBW) portion of the LBM can change both drastically and rapidly, to adjust for hydration status
                  of an individual, a three-compartment body composition model was proposed in 1961 (26). In this model, the body can be separated
                  into fat and LBM, with an independent assessment of TBW. The methods for assessing TBW with the greatest possible accuracy
                  require a lab setting with radioisotopes where the hydrogen molecules are labeled. This requires the collection of saliva,
                  urine, or blood and might also require a physician, depending on the isotope used and specimens collected. This method is
                  expensive. While some bioelectrical impedance devices estimate TBW, they are not as accurate as isotope-dilution methods (11).
               

               
               
               In a four-compartment model, measurements are made for body density (and hence body fat), TBW, and total body bone mineral.
                  The remaining unmeasured component is assumed to be muscle mass. Like the three-compartment model, this model provides enhanced
                  accuracy, but the measurement of more variables results in increased time and cost. Specialized equipment, laboratories, and
                  personnel are needed, so this method is not as common as using the two-compartment model. While the three- and four-compartment
                  models increase accuracy of body composition estimates, they are usually limited to a research setting in sophisticated laboratories.
                  There is a six-compartment model, called the atomic-level model, which is used for validation of some of the common body composition
                  models and techniques, but this model requires extensive research laboratories and is not used outside of the research setting
                  (11).
               

               
               
            

            
            
         

         
         
         
            
            Choosing a Method

            
            
            
               
               Many factors can influence the choice of a body composition method. While everyone wants the one that is most accurate and
                  convenient, it is not that simple. As mentioned, some methods require specialized equipment and skilled operators and can
                  be quite expensive. Some of the simplest and inexpensive methods lack the desired accuracy. When considering a method, one
                  must factor accuracy, cost, portability, ease of use, and subject comfort.
               

               
               
               Recall that all body composition methods are estimates. In the methods described, mathematical equations are used to predict
                  body composition values. The two key statistical methods used in body composition are correlation and regression. Correlation
                  estimates the strength of a relation between two variables, while regression is used to predict one variable from another
                  single or multiple variables. There are often population-specific equations that were developed on a narrow group of people
                  with similar physical characteristics. Generalized equations were developed on a wider range of people and are better suited
                  when used in settings where people might vary in age, gender, ethnicity, fatness, or athletic condition. It is important to
                  know the research behind the published equation to ensure the best equation is used for the population being tested. This
                  might require obtaining the original published article and understanding the application of it for those being measured. Many
                  of the newer automated methods or workplace computer systems may have prediction equations built in and may or may not specify
                  where that equation originated (11).
               

               
               
            

            
            
         

         
         
         
            
            Using Body Composition Methods

            
            
            
               
               Body composition assessment methods can be categorized as laboratory methods or field methods. Laboratory methods are found
                  in sophisticated research settings. Though they tend to be expensive and sometimes require more in-depth techniques, these
                  methods have the greatest accuracy. Some lab techniques also require additional levels of training, such as radiation safety
                  training or a license to operate equipment. A few of the common techniques include hydrometry, hydrodensitometry, air displacement
                  plethysmography, and dual-energy x-ray absorptiometry. These methods may provide some of the reference values for the derivation
                  of equations used in the more common field methods. Field methods such as anthropometric skinfold thickness and bioelectrical
                  impedance analysis are less accurate but are more convenient and not as expensive (11).
               

               
               
            

            
            
            
               
               Hydrometry

               
               
               
                  
                  
                     Hydrometry is a measurement of TBW. In this method, the concentration of labeled isotopes of hydrogen or oxygen equilibrate with bodily
                     fluids, and then samples from saliva, urine, or blood can be taken to estimate TBW. This method is costly, requires specialized
                     lab equipment, trained personnel, and sometimes a physician. This method is not commonly used with athletes in field settings
                     but has been used in research settings with both athletes and nonathletes (11).
                  

                  
                  
               

               
               
            

            
            
            
               
               Hydrodensitometry

               
               
               
                  
                  
                     Hydrodensitometry is also referred to as hydrostatic weighing or underwater weighing (UWW). Densitometry is the measurement of body density,
                     and “hydro” means water. In this method, water is used to estimate the body density of an individual. A basic physics principle
                     is applied here: body density = body mass/body volume. 
                  

                  
                  
                  Body mass or weight can be measured with great accuracy. Weighing a person underwater is used to estimate body volume, and
                     thus body density is derived. An established prediction equation is then used to calculate the percent body fat from the body
                     density. Accuracy of the method will somewhat depend on using a proper prediction equation.
                  

                  
                  
                  A specialized tank is required to weigh a person who is completely submerged in water. Some tanks use a hanging scale, and
                     some of the better instruments have a scale on the bottom of the tank. The person being assessed must expel as much air as
                     possible from the lungs.
                  

                  
                  
                  
                  
                  
                     



                  
                  
                  

               
               
            

            
            
            

         
         
         

      
      
      





A person fearful of the water may have difficulty with hydrostatic weighing, while good swimmers can usually expel air while
                        submerged.
                     

                     
                     
                     [image: A person fearful of the water may have difficulty with hydrostatic weighing, while good swimmers can usually expel air while submerged.]
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                  The basic principle behind this technique involves buoyancy. Fat tissue is less dense than water, while LBM is denser than
                     water. The more body fat a person has, the more buoyant they are (they float), and the less they weigh underwater. On the
                     contrary, the leaner a person is, the less buoyant they are (they sink), and they will weigh more underwater. The other factor
                     in the body that contributes to buoyancy is air in the lungs. A person is asked to expel that air while underwater, but completely
                     emptying the lungs is not possible. The air that is left after the attempt to exhale is called residual lung volume. This
                     value must also be measured and factored into the measurement.
                  

                  
                  
                  One limitation of UWW is the variance in quality of tanks and equipment. A good, accurate system is quite expensive and requires
                     technical skill to administer. While underwater weighing can be used on both lean and morbidly obese individuals (who are
                     mobile), dimension of the tank itself can be the limiting factor. Even under the best of practices, the minimum standard error of the estimate (SEE) is ± 3.5 percent (2), and the minimal error published about this method demonstrates a 1 to 2 kg body fat error, or a little
                     over 3 percent body fat in an average person. So, as described earlier, for a calculation resulting in a 15 percent body fat
                     value, the range of possible accuracy would be 12 to 18 percent. If lower quality equipment or an inappropriate prediction
                     equation is used, the error can greatly exceed this estimate (11). Taking the limitations into account, if this procedure
                     is available, it can provide the athlete and his or her coaching staff information about a baseline percent body fat or changes
                     in body fat with training and nutrition intervention.
                  

                  
                  
               

               
               
            

            
            
            
               
               Air Displacement Plethysmography

               
               
               
                  
                  Similar to UWW, air displacement plethysmography 
                     (ADP) estimates body volume and thus body density. Instead of water displacement, air displacement is used. This procedure usually
                     takes less than 10 minutes and requires the subject to sit quietly. The one discomforting factor of this method is that the
                     person is completely enclosed in the machine (although light is available, and a window is usually provided). Like UWW, this
                     equipment is quite expensive and usually limited to lab settings. It might not work well for very small individuals or children,
                     and since the chamber size cannot be adjusted, some obese persons simply might not fit. If all conditions are ideal, the SEE
                     is approximately ± 2.2 to 3.7 percent (2), which might still lead to an average 3 to 4 percent error in the percent body fat
                     (11). Additional research is needed to better establish the SEE, as the current values are not founded on an abundance of
                     published data. Similar to UWW, if this procedure is available, it can provide athletes and coaches with information about
                     a baseline percent body fat or changes in body fat with training and nutrition intervention.
                  

                  
                  
               

               
               
            

            
            
            
               
               Dual-Energy X-Ray Absorptiometry

               
               
               
                  
                  
                     Dual-energy x-ray absorptiometry 
                     (DEXA) was first developed to measure bone mineral density, but later it was found to quite accurately assess soft tissue composition
                     (fat) at the same time. This method does require exposure to radiation, but the dose is relatively low and considered safe
                     for most individuals (the dose is less than one-tenth the dose of a standard chest x-ray, and less than a day’s exposure to
                     natural radiation, including that from sunlight exposure). Despite the low dose, this method should not be used on pregnant
                     women (23). In some states, urinary pregnancy tests are required. Subject comfort is relatively high in that the person must
                     lie still on a table for approximately 10 minutes. The method is limited by the dimensions of the table and table weight capacity.
                     A very tall person might exceed the dimensions of the table, thus compromising accuracy. Each machine also has a weight limit
                     because of the sensitive x-ray tubes located within the table. Thus, overweight and obese or very large individuals might
                     not be able to be tested. Other limitations are the great expense to purchase and provide service calls for required machine
                     maintenance, the need of a trained operator, and state statutes. In many states, a specific license is required to operate
                     the machine; in some states, a physician order or prescription is required. With an accurate machine and under ideal conditions,
                     the SEE is ± 1.8 percent (2), and the percent body fat error is thought to be 1 to 2 percent (11). More research is needed
                     to better establish the SEE, as its current values are not founded on sufficient published data. If we consider all methods
                     of body composition assessment, DEXA has the lowest SEE (whereas skinfold thickness has the highest) (28).
                  

                  
                  
                  
                     



                  
                  
                  

               
               
            

            
            
            

         
         
         

      
      
      





Dual-energy x-ray absorptiometry accurately measures bone mineral density and fat.

                     
                     
                     [image: Dual-energy x-ray absorptiometry accurately measures bone mineral density and fat.]
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                  In addition to the relatively good accuracy, DEXA can provide valuable health information in terms of body composition and
                     bone mineral density (BMD) that applies both to the recreational exerciser and the competitive athlete. BMD can be very useful,
                     especially in younger athletes, in whom bone formation is still occurring. It is possible to see young female athletes with
                     low BMD, especially in those sports where low body weight is preferred (22). In some of these weight-controlled sports, individuals
                     use weight-control strategies that include eliminating food groups rich in calcium and vitamin D. Poor intake of calcium and
                     vitamin D combined with low energy intake can result in reduced bone formation despite participation in exercise training.
                     Even in women who are past the age of bone formation, knowing their value for BMD is critical. If the BMD is less than optimal,
                     efforts and interventions can still be taken to prevent further BMD loss (22).
                  

                  
                  
               

               
               
            

            
            
            
               
               Skinfold Thickness

               
               
               
                  
                  
                     Skinfold thickness has been used in the field for many years and is still used today to estimate percent body fat. In this method, the thickness
                     of a subcutaneous fat fold is measured with a device called a caliper. An assumption underlying the method is that subcutaneous
                     fat is proportional to total body fat. Subject comfort varies; for some, the pinch hurts for a few seconds, and for others,
                     it is virtually painless. Subjects might feel self-conscious about having a person pinching their fat folds, so this method
                     should always be done in a private setting. In this technique, skinfold thickness is measured, and prediction equations are
                     used to first estimate body density and, from that, body fat. Over 100 different equations in the literature can be used for
                     this purpose, so the operator must fully understand the equation used and its appropriateness for the population being measured.
                     Some equations, called generalized equations, were developed on a nonhomogeneous population with varying characteristics (age,
                     gender, body shape) (7, 15). Other equations are considered population specific, because they were developed on a homogeneous
                     population of similar physical characteristics, and should not be used on individuals outside those parameters. When considering
                     an equation for use, try to choose one that was developed using valid reference methods or multi-compartment models.
                  

                  
                  
                  
                     



                  
                  
                  

               
               
            

            
            
            

         
         
         

      
      
      





Many skinfold testing sites are used, including (a) triceps, (b) thigh, and (c) suprailiac.
                     

                     
                     
                     [image: Many skinfold testing sites are used, including triceps, thigh, and suprailiac.]
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                  Once an equation is selected, you must determine through a review of the research literature which sites on the body to take
                     skinfold thickness. Most equations require at least three sites but might include more. This procedure requires much precision,
                     with careful attention to anatomical landmarks and technique. Resources are available to learn about all possible sites and
                     the exact landmarks and procedure to be used for each fold measurement (11, 19). Skinfold measurement technique takes practice
                     with people of many different body types and shapes. Adhering carefully to the standardized procedures increases both the
                     accuracy and consistency (reliability) of the measurements.
                  

                  
                  
                  In addition to an appropriate equation, you will need a good skinfold caliper. Most of the valid equations use a high-quality
                     metal caliper that produces a constant pressure throughout the measurement. Inexpensive (often plastic) calipers do not produce
                     constant force throughout the measurement and tend to be much less accurate. Unlike some of the referenced methods, even a
                     high-quality metal caliper can be purchased for less than a few hundred dollars and will last a long time with proper care.
                  

                  
                  
                  Other factors to consider to improve accuracy when taking measurements include ensuring the skin is dry, allowing time after
                     a workout for body fluid compartments to normalize (13, 19), and taking each measurement at least twice. If the first measurements
                     result is more than a 2-mm difference, a third (or fourth) measurement is required. It is best to rotate through all measurement
                     sites and then repeat, instead of taking two or more sequential measurements from the same site (2). One limitation of skinfold
                     measuring is the difficulty in measuring obese individuals. It can be challenging to identify anatomical locations, or to
                     isolate one fold; sometimes the jaw of the caliper is not large enough. Also note that the accuracy of this method is extremely
                     variable because of the vast choice of equations and the precision and skill required for success. Even in the best-case scenario,
                     the SEE is approximately ± 3.5 percent (2), and is often significantly higher, depending on the equation used and operator
                     skill (11). Also, standardization of skinfold sites, measurement techniques, and calipers all vary around the world. Still,
                     all things considered, this method remains common because it is inexpensive, convenient, quick, and can be used on athletes
                     by anyone trained in the proper protocol and technique, including team physicians, coaches, trainers, or even teammates. The
                     comfort level of this method for athletes is relatively high.
                  

                  
                  
               

               
               
            

            
            
            
               
               Bioelectrical Impedance Analysis

               
               
               
                  
                  
                     Bioelectrical Impendence Analysis (BIA) is another popular method of estimating body composition, because of its ease of use, high subject comfort, and relative
                     low cost. This method does not require great technician skill and can be easily used with all individuals, including those
                     who are obese. In this technique, a harmless electrical current is passed through the body, and the impedance or resistance
                     to that electrical current is measured. The principle behind this method is that LBM conducts electricity well, while body
                     fat resists electricity. The higher the percent body fat, the higher the resistance value. Since LBM contains water, and water
                     conducts electricity, hydration status can affect the reading. The subject should be in a state of euhydration for the most
                     accurate measurement. Eating, drinking, exercise, and menstrual cycle stage must stay consistent when multiple measurements
                     are taken.
                  

                  
                  
                  Most research-quality machines measure the conduction through the whole body, requiring the placement of electrodes, and are
                     more expensive than other devices. These devices usually give a value for resistance, and then the investigator can choose
                     a prediction equation that ultimately predicts body fat. As with skinfold testing, many equations are available, so careful
                     consideration is needed to increase accuracy. Other BIA machines may be considered lower-body analyzers (they look like a
                     scale) or upper-body analyzers (they are hand-held devices). Since the machine is measuring the resistance to an electrical
                     current, these devices may introduce more error. For example, someone with a gynoid fat pattern carries most of their body
                     fat in the hips, buttocks, and thighs. If a hand-held device was used, the current is running primarily through the upper
                     body and missing most of the body fat compartments. Similarly, an android–obese person carrying most of their fat in the upper
                     abdominal region may get an inaccurate reading from a standing device because the electrical current is running primarily
                     through the legs and lower body. These hand-held or standing devices are available at many major retailers, are less expensive,
                     and are easy to use. Many have only one prediction equation and thus, no option for adjustments. An instant value is given
                     for percent body fat. While these devices may be somewhat useful for estimating body fat in population groups, they might
                     not be accurate for predicting body fat in individuals because of individual variances.
                  

                  
                  
                  In a best-case scenario, when an effective analyzer and appropriate prediction equation is used, the SEE for this method is
                     ± 3.5 to 5.0 percent, depending on the equipment and equation used for body fat prediction (2). If a lower-quality device
                     is used, the error can be significantly higher. On the other hand, this is a relatively inexpensive method that is quite portable
                     and can be used in obese persons with great comfort (11).
                  

                  
                  
               

               
               
            

            
            
         

         
         
         
            
            Interpreting Body Composition Results

            
            
            
               
               As stated earlier, no method can measure body composition in a living human with 100 percent accuracy. In each method, assumptions
                  are made that might not hold true in all individuals. Furthermore, no one method is better than the others in every case.
                  Different methods measure different variables; for instance, hydrometry measures TBW; UWW and ADP measure body density; and
                  DEXA measures bone mineral mass. Taken together, these methods can give a reasonably accurate value for body composition.
                  When using a field method, you can increase accuracy as much as possible through proper equation selection, equipment, and
                  technique. Even in the best of circumstances, errors can occur in any method of measurement. As discussed, if an individual
                  is assessed at 20 percent body fat, and the method used has a 3 to 4 percent margin of error, the individual’s actual percent
                  body fat ranges from 16 to 24 percent. Such imprecision might not be an issue if assessments are being used primarily to track
                  change over time, such as during nutrition and exercise intervention. If using the same technique and equipment, improvements
                  over time can be assessed with accuracy. Most of the popular methods can be used in an initial assessment to help determine
                  the overall health of the individual being measured and to help determine whether intervention is warranted (11).
               

               
               
               Once an estimate of body fat is acquired, an individual might wish to reduce body fat. A desirable body weight can be calculated
                  as a goal to obtain a certain percentage of body fat. This is the popular formula for estimation:
               

               
               
               Desirable body weight = LBM/(1 – desired percent body fat)

               
               
               Example: A 180-pound male who has 20 percent body fat wants to reduce his fat to 15 percent:

               
               
               
               
               180 lb. /x/ 0.20 body fat = 36 lb. fat mass

               
               
               180 lb. – 36 lb. fat mass = 144 lb. LBM

               
               
               Desirable body weight = LBM /(1 – desired percentage of body fat)

               
               
               144 / (1 – 0.15) = 144 / 0.85 = 169

               
               
            

            
            
         

         
         
      

      
      
      

         
         Summary
         

         
         
         
            
            Body weight and composition is determined by a combination of genetic and environmental factors. While we cannot control our
               genetic makeup, we can control some of our environmental factors. A sound diet and personalized training program help us to
               maximize our genetic potential to achieve our goals. Body weight is a simple measurement of mass and does not take body compartment
               or tissues into account. Body composition is the proportion of the body that is fat in relation to lean body mass. Lean body
               mass can be further subdivided into skeletal muscle, water, and bone. These components of body composition can be estimated
               in various ways in both the research laboratory and field settings.
            

            
            
            
            
            
               
               For Review

               
               
               
                  
                  
                     
                     	Describe the components of body composition.

                     
                     
                     	Explain the difference between overweight and obesity.

                     
                     
                     	Describe the role of genetics in body weight and composition.

                     
                     
                     	What is a desirable BMI?

                     
                     
                     	What is a limitation to classifying an individual based on BMI?

                     
                     
                     	Describe the different body fat patterns and the physiological differences.

                     
                     
                     	Can percent body fat ever be too low? Explain your answer.

                     
                     
                     	What is a limitation of using two-compartment models to measure body composition?

                     
                     
                     	For each of the listed body composition assessment methods (hydrometry, hydrodensitometry, air displacement plethysmography,
                        dual-energy x-ray absorptiometry, skinfold thickness, and bioelectrical impedance), list the physiological principle, strengths,
                        limitations, and error of measurement.
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Chapter Objectives

            
            
            
               
               After completing this chapter, you will be able to do the following:

               
               
               
                  
                  	Identify the defining characteristics of endurance activities.

                  
                  
                  	Describe how ATP is produced from energy-yielding macronutrients during endurance activities.

                  
                  
                  	Identify nutrient requirements of endurance athletes, including preparation for, participation in, and recovery from competitive
                     events.
                  

                  
                  
                  	Explain how to select foods to meet nutrient requirements for endurance.

                  
                  
                  	Discuss unique challenges facing endurance athletes.

                  
                  
                  	Discuss how endurance training affects macronutrient metabolism.

                  
                  
               

               
               
            

            
            
         

         
         
         Many sports and events—running, cycling, swimming, soccer, among others—are categorized as endurance activities because of
            the long duration they take to complete. While some of these events last less than an hour, others continue for many hours,
            or even days. Each endurance event has its own unique duration and environmental challenges, and thus its own set of nutrition
            requirements for energy-yielding macronutrients, micronutrients, and fluids (26).
         

         
         
      

      
      
      

      
      
      

         
         ATP Production During Endurance Activities
         

         
         
         
            
            The continuous muscle contraction that is characteristic of endurance activities requires a near constant production of ATP
               at the skeletal muscle site, with stronger and faster movements necessitating greater ATP synthesis to meet the need for more
               energy. If ATP production cannot keep up with demand, movements will necessarily become slower or weaker (27). As discussed
               in chapter 2, ATP can be produced from several different systems working simultaneously inside the muscle, including
            

            
            
            
               
               	the ATP-PC system,

               
               
               	the partial oxidation of glucose (e.g., glycolysis),

               
               
               	the complete oxidation of glucose,

               
               
               	the complete oxidation of fatty acids, and to a limited extent,

               
               
               	the complete oxidation of amino acids.

               
               
            

            
            
            The big question is which system is used to supply ATP during endurance exercise?

            
            
            The answer lies in how quickly oxygen and substrate can be delivered to the working muscle. Metabolic systems are working
               together at any given time, and each system’s contribution will depend on the ATP demand. At rest and lower-intensity activities
               ATP demand is low, and fat is the preferred fuel source. With increasing intensity of exercise, there is increased skeletal
               muscle ATP demand, and carbohydrate becomes the preferred source of fuel. The switch from predominantly fat to predominately
               carbohydrate is known as the crossover concept (6).
            

            
            
            Ideally, the muscle will completely oxidize glucose and fatty acids to produce large quantities of ATP with no metabolic by-products
               that contribute to fatigue (e.g., hydrogen ions produced from metabolism). In this ideal situation, glucose and fatty acids
               enter the muscle cell from the bloodstream, where they circulate in free form and are delivered to working muscle, along with
               plentiful oxygen. This perfect situation occurs when exercise intensity is relatively low (<50% [image: V over time]O2max, such as when walking) and will continue in this manner as long as there are sufficient free fatty acids (FFA) and glucose
               circulating in blood to meet the ATP demand. When exercise intensity becomes moderate or higher (>50% [image: V over time]O2max) the transport of substrates from the bloodstream into contracting muscle cells takes too long to match the demand for
               ATP, and as a result, begins the process of taking glucose and FFA from the limited supply of glycogen and triglycerides that
               are stored within the muscle itself. Glycogen stores can range from 70 to 500 grams, providing 280 to 2,000 kilocalories of
               energy (17, 18, 27), and intramuscular triglycerides compose of only a small portion of total fat stores in the body, approximating
               1 to 2 percent (45, 58). The greater the exercise intensity, the greater the proportion of substrate that comes from intramuscular
               sources; at near maximal intensity, over 90 percent of substrate comes from within the muscle. Note that this relation between
               exercise intensity and glycogen use is critical for understanding the cause of substrate fatigue, discussed later in the chapter
               (5, 27, 42, 47).
            

            
            
            Regardless of their origin (plasma or muscle), the combination of glucose and fatty acid oxidation provides roughly 95 to
               98 percent of the total ATP produced during endurance exercise, with the remaining 2 to 5 percent coming from amino acids.
               This ratio remains consistent during exercise of all intensities, except during the later stages of very prolonged endurance
               exercise, when glycogen reserves are running low and amino acids from the breakdown of skeletal muscle can contribute up to
               15 percent of total ATP production. Normally, amino acids are preserved for important functions related to growth, maintenance,
               and repair, but they are used in increasing amounts to produce ATP as glycogen levels in the body decline during lengthy exercise.
               Reliance on amino acids for fuel during endurance exercise can be reduced by the common practice of ingesting carbohydrate
               during activity. The relative percentages of glucose and fatty acids used during exercise depend primarily on exercise intensity,
               with higher intensities favoring greater glucose use and lower intensities favoring fat use (figure 11.1) (5, 6, 27, 42, 47).
            

            
            
            
               



            
            
            

         
         
      

      
      
      



Figure 11.1    The switch from primarily fat for fuel to primarily carbohydrate as the preferred fuel with increasing exercise intensity
                  is known as the crossover concept (6).
               

               
               
               [image: Figure 11.1 The switch from primarily fat for fuel to primarily carbohydrate as the preferred fuel with increasing exercise intensity is known as the crossover concept (6).]

               
            

            
            
            The reason that carbohydrate use increases and fat use decreases with increasing exercise intensity is in part due to the
               amount of oxygen delivered to the muscle at higher intensities and also to the capacity of the muscle to use this oxygen to
               completely oxidize substrates. Moving faster or more forcefully activates the sympathetic nervous system, resulting in elevated
               heart rate, blood pressure, and respiration. The overall effect is to enhance oxygen delivery to the working muscle, thereby
               making it possible to fully oxidize FFA and glucose. If oxygen availability is plentiful and the muscle cell has the capacity
               to process the oxygen delivered to it, such as during low-intensity exercise (10–35% [image: V over time]O2max), then predominantly FFA will be used because the complete oxidation of FFA produces more ATP than does an equal amount
               of glucose. As exercise intensity increases to moderate and higher levels (>35% [image: V over time]O2max), oxygen uptake at the muscle becomes a limiting factor and begins to prevent some of the FFA and glucose from being completely
               oxidized; partial oxidation of glucose, however, is unaffected by this shortage of oxygen. The result of all this is that
               glucose becomes the substrate of choice at intensities greater than approximately 35 percent [image: V over time]O2max and is virtually the sole ATP-producer at near maximal exercise. Moreover, the amount of glucose that is partially oxidized
               because of limited oxygen availability with high exercise intensity rises and contributes to a build-up of lactic acid and
               subsequent metabolic fatigue caused by the hydrogen ions. The fact that glucose can undergo partial oxidation to produce ATP
               and fatty acids cannot is just one reason that glucose is considered a more oxygen-efficient fuel than are fatty acids, meaning
               that glucose will produce more ATP per unit of oxygen than will the same amount of fatty acids (5, 6, 27, 42, 47).
            

            
            
            
               



            
            
            

         
         
      

      
      
      



Team endurance sports like the Tough Mudder have grown in popularity.
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         Energy-Yielding Macronutrient Requirements of Endurance Athletes
         

         
         
         
            
            Endurance athletes who can produce ATP at a rapid rate for long periods have a distinct advantage over their competitors who
               cannot do so as rapidly or for quite as long. These advantages come from physiological adaptations as a result of specific
               aerobic training. Exercising at high intensities might help you go faster, but it will surely result in progressive glycogen
               use over time, as glucose is pulled from intramuscular sources rather than from the blood. Fatigue resulting from glycogen
               depletion of skeletal muscles was discussed in chapter 3. Without glucose, virtually all voluntary muscle movements will eventually
               slow down or cease because of the inability to synthesize ATP from any source. Athletes experiencing substrate fatigue from lack of carbohydrate stores and the metabolic ability to use them will
               slow down, walk with a stagger, or fall. The rate of glycogen depletion can be blunted by maintaining a constant supply of
               glucose in the blood through intake of carbohydrate during exercise, but even this can only preserve a finite amount of muscle
               glycogen. In addition, maximizing the amount of glycogen in skeletal muscle before the event begins is another way to increase
               the amount of time the athlete can exercise before running out of glycogen. Finally, glycogen could be spared if more fatty
               acids were oxidized instead of glucose. The drawback to this is that oxidation of fatty acids require ample oxygen, which
               isn’t as plentiful during intense exercise. So, there seems to be a cost to using fatty acids in place of glucose, and that
               cost is the inability to move as fast or as forcefully as possible. If finishing an endurance event is more important than
               finishing as fast as possible, then training the body to use more fatty acids than glucose might be a good idea. This concept,
               called training low, is when training in preparation for an event includes workouts in a state of lower glycogen stores and
               is discussed in greater detail later in the chapter. This section will provide recommendations for the consumption of energy-yielding
               macronutrients (fat, carbohydrate, protein) for optimal ATP production before, during, and after endurance events (5, 6, 16,
               27, 47).
            

            
            
            
            
            
               
               Do You Know?

               
               
               
                  
                  Extreme glycogen depletion (insufficient glycogen to meet ATP demand) in those who regularly consume carbohydrates (as opposed
                     to those who have adapted to a low-carbohydrate diet or ketogenic diet) results in the skeletal muscle’s inability to generate
                     ATP for contraction. This “bonking” or “hitting the wall” is characterized by the inability to move forward. Performance will
                     be significantly altered until fuel once again becomes available.
                  

                  
                  
                  
                  
               

               
               
            

            
            
         

         
         
         
         
            
            Habitual Intake of Energy-Yielding Macronutrients

            
            
            
               
               Ideally, athletes and active individuals would consume a diet that promotes the following characteristics over a long period
                  of time (e.g., decades):
               

               
               
               
                  
                  	consistent healthy body weight ideal for their sport,

                  
                  
                  	overall health and well-being,

                  
                  
                  	prevention and management of disease, and

                  
                  
                  	optimal physical performance.

                  
                  
               

               
               
               The first ideal requires that athletes consume energy in amounts that are consistent with what they expend. Consistently consuming
                  less than adequate energy could have many drawbacks, depending on the total calorie deficit (amount of calories below average
                  daily calorie needs) and foods consumed. These drawbacks might include nutrient deficiencies, loss of lean tissue (e.g., muscle,
                  particularly if protein intake is not sufficient; see chapter 13), compromised immune and endocrine function, and impaired
                  sport performance (26, 30, 31, 53).
               

               
               
               Energy requirements of endurance athletes vary considerably but can be quite high for some sports (table 11.1). Recreational exercisers or novice athletes might require an additional 500 kilocalories a day to support their activity,
                  while runners or cyclists training for a long-distance competitive event might need an additional 2,000 kilocalories a day,
                  or more, to support their training. Energy expenditure of ultraendurance athletes range from 5,000 to 10,000 kilocalories
                  per day. Since scientific literature that provides solid estimates of energy expenditure for men and women in different sports
                  is scarce, athletes must pay close attention to their energy balance. If endurance athletes are unintentionally losing weight,
                  they should increase energy intake; if they are unintentionally gaining weight, they should reduce intake. Athletes with high
                  energy expenditures often have trouble consuming adequate energy. To meet these energy demands, these individuals must often
                  snack continuously throughout the day or consume bigger meals and be selective in choosing energy-dense foods (26).
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                  Carbohydrate Availability Versus High Carbohydrate

                  
                  
                  
                     
                     Putting It Into Perspective

                     
                     
                     The term “energy availability” refers to energy intake minus energy expenditure and has been used, especially for female athletes,
                        to describe the dietary energy remaining for other body functions after exercise training. It can be argued that “carbohydrate
                        availability” is a preferable way to think about carbohydrate needs in athletes. Intake alone may not be the best measure
                        of physiological status. Carbohydrate availability takes into account the total daily intake and timing throughout the day
                        and whether this intake meets the demand of exercise by adequately supplying glucose for the working skeletal muscle and central
                        nervous system. Intake matched to or exceeding demands would be considered a state of high carbohydrate availability, whereas
                        low carbohydrate availability would mean carbohydrate intake or stores are too limited to meet the demands of training (33,
                        53).
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
               Recall from chapter 3 that the DRI for carbohydrate for adults is 45 to 65 percent of total energy intake, with added sugar
                  intake limited to 10 percent of energy or less each day (34). Since athletes’ requirements do not always fit into these parameters,
                  it is best to express carbohydrate recommendations in absolute quantities (e.g., g or g/kg body weight), rather than as a
                  percentage of total energy. General carbohydrate recommendations for athletes were summarized in chapter 3 (table 3.6), and sample daily carbohydrate gram targets based on body weights were provided in table 3.7.
               

               
               
               The AMDR for fat is 20 to 35 percent of total energy intake. A valid habitual intake goal that falls within the AMDR range
                  for most endurance athletes is 1.0 to 2.0 g/kg body weight, with the higher end of the range recommended for those participating
                  in training regimens significantly increasing the total daily energy expenditure. Dietary fat recommendations are tricky because,
                  in practice, endurance athletes need to estimate their carbohydrate and protein needs first, and then fill in the remaining
                  kilocalories with fat. If an athlete desires to stay in a state of energy balance, it may turn out that fat intake falls at
                  the lower end of the AMDR. Chronic fat intakes less than 20 percent of total kilocalories are discouraged for most athletes
                  who do not have extreme energy expenditures, as smaller percentages might impair fat-soluble vitamin absorption and lead to
                  less than optimal levels of essential fats, such as omega-3 fatty acids (53). Lower fat intakes should be reserved for acute
                  periods of time in preparation for competition (34, 53).
               

               
               
               
               
               
                  
                  Do You Know?

                  
                  
                  
                     
                     Your body can digest and metabolize only so much food at one time. For example, during many endurance activities, it is possible
                        to burn 500 to 1,000 kilocalories per hour, but consuming that much energy during a training period would likely cause an
                        upset stomach and impaired performance. The goal during endurance sports is to postpone substrate fatigue, not to replace
                        exact energy expended with food. The bottom line is that your body cannot replenish energy with food as fast as energy is
                        expended.
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
               Endurance exercise training produces a great deal of microscopic injuries within muscle that must be repaired, as well as
                  the need to replace proteins, particularly in the mitochondria, that tend to undergo significant turnover because of the repetitive
                  stress of lengthy exercise. This process requires a balance between muscle protein syntheses and muscle protein breakdown.
                  In addition to physical training, the anabolic process of muscle protein synthesis is also stimulated by dietary protein intake.
                  For these reasons, athletes in general need 1.2 to 2.0 g/kg of dietary protein. Athletes with larger training volumes leading
                  to extensive skeletal muscle adaptation, repair, and remodeling tend to benefit from consumption at the upper end of the range.
                  Endurance athletes need more dietary protein than their sedentary counterparts, but they typically do not have the most extensive
                  skeletal muscle protein turnover and thus can consume at the lower end of the range (53). Athletes on a lower-calorie diet
                  need more protein to minimize muscle mass loss during weight loss (see chapters 12 and 13) (30).
               

               
               
               
               
               
                  
                  Nutrition Tip

                  
                  
                  
                     
                     Energy expenditure can be high in some endurance events. Since the body cannot replace all of the energy lost in these sessions,
                        it is best to use the general sports nutrition principles presented in this chapter rather than consuming as much food as
                        possible.
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
            

            
            
            
            
            
         

         
         
         
            
            Carbohydrate Loading

            
            
            
               
               Maximizing glycogen reserves preceding an endurance event is a common strategy among athletes. The process of carbohydrate loading was introduced in 1967 and has been used for years in an attempt to super-compensate glycogen stores (4). The theory is that
                  if one can deplete glycogen with exercise followed by repletion with a high-carbohydrate diet, then more glycogen will be
                  stored than if one maintained an exercise routine and consumed a steady amount of carbohydrate. Carbohydrate loading appears
                  to be an effective strategy for endurance events lasting 90 minutes or more if implemented at least 24 hours before an event
                  (53). Athletes who benefit from this strategy include distance runners, road cyclists, cross-country skiers, and open-water
                  swimmers. Research suggests performance can be improved by approximately 2 to 3 percent when glycogen stores are super compensated,
                  as compared to normal stores (23). Note that since every gram of stored glycogen also retains 3 to 4 grams of water (23, 29),
                  it is not uncommon for glycogen-loading protocols to induce up to a 2-kg gain in body weight, which actually may cause the
                  athlete to feel “weighed down” prior to the event (23). Whether an athlete can perform well with the added body water weight
                  is left to them to decide (4).
               

               
               
               Carbohydrate loading can be approached in various ways, though all include a high-carbohydrate intake in the days leading
                  up to an event to maximize glycogen stores (and thus to increase carbohydrate availability during the later stages of an event).
                  Exercise-induced glycogen depletion is approximately 90 minutes instead of to exhaustion, and carbohydrate intake is at a
                  moderate level of approximately 5 g/kg body weight. The repletion stage is followed by tapering (decreasing) exercise and
                  increasing daily carbohydrate intake to approximately 10 g/kg body weight daily. Table 11.2 summarizes this strategy for carbohydrate loading, which is recommended for continuous endurance activity of 90 minutes or
                  more (35, 46).
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               Other carbohydrate-loading strategies have been demonstrated as well. For example, one can consume a high-carbohydrate diet
                  for 3 days in concert with tapering exercise the week before competition and complete rest the day before the event. The total
                  diet should provide adequate energy and carbohydrate per day, approximately 8 to 10 g/kg body weight. This regimen should
                  increase muscle glycogen stores 20 to 40 percent above starting levels (14). However, higher intakes of 10 to 12 g/kg body
                  weight of carbohydrate have been suggested for marathon runners, road-race cyclers, and some team games during the 36 to 48
                  hours prior to the event (7, 9). While carbohydrate loading appears to be effective for improving performance for some endurance
                  athletes, the research data are mixed (50, 51, 60). Study protocols vary in energy intake, training status (fitness level),
                  and gender of the research subjects (50, 51, 60). Thus a trial approach is recommended.
               

               
               
               Additional research has suggested that it is possible to enhance glycogen levels without a depletion stage. Athletes can consume
                  a high-carbohydrate diet (10–12 g/kg body weight) coupled with rest for as little as 36 to 48 hours before an endurance event.
                  This provides more flexibility in methods to glycogen load. Carbohydrate intake before an event should include choices that
                  are low in dietary fiber or residue in order to prevent excessive or untimely bowel movements. Athletes should experiment
                  with intake during practice or training rather than wait until the week or day of the actual event. Athletes need to determine
                  the optimal training, total carbohydrate intake, and food choices that best suits their goals (10, 35, 53).
               

               
               
            

            
            
         

         
         
         
            
            Day of an Event

            
            
            
               
               Precompetition intake the day of an event can be critical for optimal performance. Athletes should prepare for an event by
                  consuming enough food to avoid hunger, provide adequate fuel and fluids, and top off glycogen stores, while minimizing potential
                  for gastrointestinal (GI) distress. There is no one precompetition meal that best suits everyone; carbohydrate and other nutrient
                  intake will vary depending on factors such as type of event, time of event, environmental conditions, physiological training
                  status of the athlete, stress of the athlete, and individual preferences. Ideally, many athletes prefer to begin an endurance
                  event with full glycogen stores. Note, however, that other athletes might choose a different approach, which will be discussed
                  later in the chapter (9). Further, some research suggests consuming carbohydrate just prior to an event might have additional
                  benefits. Most research has been on endurance athletes whose sport involves continuous movement but might also apply to those
                  in sports with intermittent high-intensity periods, such as soccer. Carbohydrate ingestion before an event will likely be
                  beneficial for prolonged, sustained, or intermittent activities lasting an hour or longer and for those who have not eaten
                  several hours before an event (9, 53). For events of shorter duration, adequate glycogen stores will likely be enough to supply
                  the needed fuel for ATP synthesis.
               

               
               
               The amount of carbohydrate recommended the day of an event depends on the amount of time preceding the start of the activity:

               
               
               
                  
                  	If an event is 3 to 4 hours away, there is time to digest a full meal containing 3 to 4 g/kg body weight of carbohydrate.
                     Aerobic endurance athletes who eat at least 4 hours before competition should include approximately 1 to 4 g/kg body weight
                     of carbohydrate and 0.15 to 0.25 g/kg body weight of protein (52, 53).
                  

                  
                  
                  	If the event is 2 hours away, the carbohydrate recommendation is reduced to 1 to 2 g/kg body weight (53).

                  
                  
                  	If an event is early in the morning, the athlete might have only about an hour to prepare and consume a meal. The carbohydrate
                     recommendation is then 0.5 to 1 g/kg body weight (table 11.3) (10, 13, 53).
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               In order for this meal to be well tolerated by the athlete, it should have low-fiber carbohydrates and perhaps a little protein,
                  depending on the intensity and duration of the event and personal preference. Since fluids are also important, consuming a
                  carbohydrate-containing beverage along with the meal might be desirable if carbohydrate needs cannot be met through food alone.
                  Fluid needs are discussed in chapter 8. Each athlete should experiment with intake amounts prior to competition. Generally,
                  a small meal or snack with a beverage is sufficient, but all athletes are different and must determine what works best for
                  them. Some athletes need to have a little solid food in the stomach, whereas others do not tolerate anything solid and prefer
                  a beverage only. Precompetition jitters can affect how athletes respond to food and fluids, but this is difficult to replicate
                  in practice and thus hard to prepare for (10, 13, 26).
               

               
               
               
               
               
                  
                  Nutrition Tip

                  
                  
                  
                     
                     Some athletes might decide to try a new food or strategy before an important event. This can have undesirable consequences,
                        as the body might respond to one particular food or supplement differently from others. In addition, some athletes feel pressure
                        or nervousness on an event or game day, which can affect digestive function. It is advisable to stick with foods and supplements
                        used during preparation and to save new strategies and foods for practice days.
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
            

            
            
            
         

         
         
         
            
            Intake of Energy-Yielding Macronutrients During an Event

            
            
            
               
               It appears that consuming carbohydrate immediately before and during exercise lasting longer than 60 minutes has a beneficial
                  effect on endurance performance because it provides additional glucose to the working skeletal muscle, and thereby lessens
                  the need for the muscle to tap into its glycogen reserves. The amount of carbohydrate recommended is a fairly wide range of
                  30 to 90 grams per hour and is meant to provide as much glucose as can be oxidized without causing GI distress (figure 11.2). The higher end of the range (60 to 90 g/hour) is reserved for events lasting longer than 2.5 hours. Although individuals
                  differ in their rate of glucose breakdown, little scientific evidence suggests that requirements differ based on body weight.
                  It is for this reason that daily training and pre-event recommendations are in absolute terms (e.g., g/hour) instead of relative
                  terms (e.g., g/kg body weight/hour) (10, 13, 21, 22, 53). Note that the research studies examining these higher rates of glucose
                  use were conducted in controlled laboratory studies using cyclists. Whether these findings translate to all endurance athletes
                  is yet to be determined.
               

               
               
               
                  



               
               
               

            
            
            
            
            
         

         
         
         

      
      
      




Figure 11.2    Both amount and type of carbohydrate is important to optimize endurance performance. More total carbohydrate and carbohydrate
                     from different sources are needed with increased training time. The upper doses and types are most important for the elite
                     endurance athlete wishing to maximize glucose oxidation. This is not applicable to the recreational athlete exercising for
                     an hour a day.
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               In addition to considering the total amount of glucose ingested and used, it is also important to attend to the way different
                  types of carbohydrates are broken down and used at different rates. The limiting factor in carbohydrate availability during
                  activity is the intestinal absorption of glucose. Glucose requires one type of transport system to cross the small intestinal
                  wall for absorption. This sodium-dependent transporter can absorb a maximum of 60 grams per hour of glucose. However, this
                  is not the case when other forms of carbohydrate are simultaneously consumed. For example, fructose uses a completely different
                  transporter (GLUT5) than glucose (GLUT4) and allows an opportunity to ultimately get more glucose to the working muscle (recall
                  that fructose gets converted to glucose once absorbed) (figure 11.3) (13, 21, 22, 53).
               

               
               
               
                  



               
               
               

            
            
            
            
            
         

         
         
         

      
      
      




Figure 11.3    Because glucose and fructose use different mechanisms of transport into the intestinal cell, they are not competing for entry
                     space, thus more total carbohydrate in the form of glucose can get into the body and to the working muscle.
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               When glucose is combined with fructose in an approximate 2-to-1 ratio, the carbohydrate mix can be absorbed at a higher rate
                  of 90 grams per hour, because both transporters are working simultaneously. Think of it as having two doorways for the carbohydrate
                  to get through rather than one—both doorways are open to welcome the carbohydrate at the same time: fructose enters through
                  one doorway, and glucose enters through the other. Taking advantage of this concept allows an athlete to maximize the amount
                  of total carbohydrate that can be delivered to working muscle, a concept that can be of great value during extremely long
                  events (e.g., >2.5 hours) but not so much during relatively shorter events. Many products on the market contain both glucose
                  (and glucose derivatives) and fructose (e.g., gels, bars, and liquids), and they all appear to have a similar effect, so individual
                  preference and tolerance should be considered when choosing which to use (13, 21, 22, 53).
               

               
               
               
               
               
                  
                  Do You Know?

                  
                  
                  
                     
                     The limiting factor for using glucose as a fuel source is the absorption of dietary carbohydrate. Research shows that athletes
                        who regularly consume carbohydrate can increase the absorptive capacity of the small intestine—called “training the gut.”
                        This should be practiced well before an important event (22)!
                     

                     
                     
                     
                     
                     
                     
                     
                  

                  
                  
               

               
               
               
                  
                  Nutrition Tip

                  
                  
                  
                     
                     The body can digest and use only so much carbohydrate at a time. Most sports drinks designed for endurance athletes are a
                        6 to 8 percent carbohydrate solution because solutions greater than that result in GI distress (13, 21, 22, 53). It might
                        seem acceptable to consume juice or other sugary beverage but most of these have a carbohydrate concentration well above 6
                        to 8 percent. While it is possible to dilute to the correct carbohydrate concentration, this is not a convenient process.
                        Also, these beverages might not contain the correct forms of carbohydrate and might be missing needed electrolytes.
                     

                     
                     
                     
                     
                     
                     
                     
                  

                  
                  
               

               
               
               
                  
                  Continuous Endurance Sports Versus Endurance Activities

                  
                  
                  
                     
                     Putting It Into Perspective

                     
                     
                     Some matches in sports, such as tennis, can last for several hours and thereby qualify as endurance events, but they are never
                        continuous in the way that long-distance running is, for example. Sports like tennis and soccer are characterized by high-intensity
                        bouts of activity interspersed with shorter periods at lower intensity or relative rest. These sports not only require large
                        amounts of carbohydrate for fuel, but also the ingested carbohydrate might improve motor skills, mood, force production, fatigue,
                        and perceived exertion. While the research on carbohydrate intake in intermittent sports is not as abundant as it is for continuous
                        endurance sports, carbohydrate intake during prolonged, intermittent activities is recommended for optimal performance. For
                        events lasting 60 to 90 minutes, 60 grams per hour of carbohydrate will likely suffice. Carbohydrate intakes greater than
                        60 grams will likely be of benefit only if the event stretches to 2 to 3 hours, if the intensity of activity is high for a
                        majority of the event, or if the athlete does not begin the event in a fed, glycogen-filled state and yet relies on glycogen
                        for fuel (i.e., has not adapted to a low-carbohydrate diet and is competing in a lower-intensity event) (10, 13, 19, 48, 53).
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
               Most pre-event meals focus on carbohydrate content, without guidelines for fat. While some research shows that a high-fat
                  preexercise meal results in increased plasma free fatty acid concentration and fatty acid oxidation, it is unclear whether
                  this translates to an actual performance benefit in humans. Further, consuming large amounts of fat immediately before exercise
                  can result in GI stress. For this reason, consuming a high-fat meal during the day of competition is not recommended, but
                  small amounts of healthy fats are not contraindicated, either (11, 53). More information on manipulation of dietary fat and
                  carbohydrate in attempts of metabolic adaptations to benefit performance will be presented later in the chapter.
               

               
               
               Research examining the effects of consuming protein during endurance events is limited. Some studies suggest that co-ingestion
                  of carbohydrate and protein during endurance activities can promote overall protein accretion and increased time to exhaustion,
                  but other research has not confirmed these findings. Further, critics of this work argue that time to exhaustion is not necessarily
                  an indicator of improved performance because few events actually go to exhaustion, and that actual improvements in event finish
                  time would be better to gauge. In studies that do assess race finish times, co-ingestion of carbohydrate with protein does
                  not seem to improve finish time over consuming carbohydrate alone. Thus, there is little rationale at this time to routinely
                  recommend the consumption of protein during endurance exercise (3, 59).
               

               
               
            

            
            
            
            
            
         

         
         
         
            
            Macronutrient Intake After an Event

            
            
            
               
               Optimizing glycogen repletion is important for athletes who have to train or compete hard on multiple occasions in the same
                  day or on successive days. Glycogen stores replenish at a rate of about 5 to 7 percent per hour, with 20 to 24 hours needed
                  to reestablish stores. Without purposefully modifying dietary patterns, glycogen will eventually replenish with normal eating
                  and sufficient carbohydrate intake; however, this process might take some time and not maximize stores between bouts of activity.
                  This is fine on the last day of an event when the athlete will be resting or taking time off, but it is not ideal for the
                  athlete needing to train or perform again within 24 hours. Optimizing glycogen replacement is even more important if subsequent
                  training or an event takes place within several hours of the first activity period, and in this case, it is wise to begin
                  ingesting carbohydrate as soon after activity as possible (3, 10, 12, 20, 22, 53).
               

               
               
               To replenish glycogen, the two factors needed most are glucose and insulin. Consuming carbohydrate-rich foods will provide
                  the glucose and insulin response needed for glycogen synthesis. Muscle glycogen synthesis occurs in two stages, the first
                  being insulin-independent and the second being insulin-dependent. During the first phase (30 to 60 minutes postexercise),
                  it appears that glycogen depletion itself is a stimulus for glycogen re-synthesis. It is thought that depleted levels of glycogen
                  and skeletal muscle contraction during exercise act as a stimulus for translocation of the GLUT4 protein to the muscle’s cell
                  membrane (figure 11.4). It appears that this enhanced glucose transport declines rapidly if carbohydrate is not consumed within an hour or 2 after
                  exercise. In addition, lower levels of glycogen stimulate activity of the enzyme glycogen synthase, which is the key enzyme responsible for glycogen synthesis (3, 10, 12, 20, 22, 53).
               

               
               
               
                  



               
               
               

            
            
            
         

         
         
      

      
      
      




Figure 11.4    To replenish glycogen in the cells of the liver and skeletal muscle, both glucose and insulin are needed. Glucose comes from
                     the ingestion of dietary carbohydrate, and insulin is secreted as a result of this intake.
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               The second phase of skeletal muscle glycogen synthesis, beginning 1 to 2 hours postexercise and lasting for up to 48 hours,
                  is marked by a period of enhanced insulin sensitivity. Because this period is so dependent on carbohydrate intake and its
                  subsequent glycemic response, it is most ripe for nutrition strategies aimed at maximizing glycogen synthesis. Based on the
                  best available data, the recommendation for immediate carbohydrate intake postexercise ranges from 1.0 to 1.5 g/kg body weight,
                  with 1.2 g/kg considered the optimal amount. A mixture of carbohydrate, namely glucose, glucose polymers, fructose, and if
                  practical, galactose, appears to provide the best results. Some evidence suggests that fructose ingestion causes a more rapid
                  replenishment of liver glycogen compared to glucose; however, fructose alone does not optimally restore muscle glycogen (13).
                  The recommended carbohydrate should be consumed immediately after exercise to maximize that enhanced metabolic window followed
                  by repeated consumption at frequent intervals (e.g., every 15–30 minutes) for 4 to 6 hours or until the daily carbohydrate
                  intake goal is achieved. Delaying carbohydrate intake for as little as 2 hours postexercise might cause the athlete to miss
                  the window of opportunity and not maximize glycogen stores prior to the next event. Again, this is important for multiple-day
                  or successive-day events, but not as important if there is no need to optimize glycogen stores between events (3, 10, 12,
                  20, 22, 53).
               

               
               
               The type of carbohydrate might not be as important as the amount. It appears that glycogen can be replenished equally well
                  with both liquid and solid carbohydrates, so the athlete’s personal preference should be the primary determinant. It is also
                  not clear whether the glycemic index of the carbohydrate makes much of a difference during the second phase of glycogen repletion.
                  While it seems logical that high-glycemic index foods would induce an elevated insulin response and glycogen synthesis, this
                  phenomenon has not been repeatedly demonstrated in the scientific literature. In fact, some data suggest that any form of
                  carbohydrate, regardless of its glycemic index, ingested immediately postexercise will promote glycogen replenishment. More
                  research is needed before we can recommend a definitive glycemic index pattern postexercise to maximize glycogen synthesis
                  and stores (3, 10, 12, 15, 20, 22, 53).
               

               
               
               
               
               
                  
                  Caffeine and Glycogen Replenishment

                  
                  
                  
                     
                     Putting It Into Perspective

                     
                     
                     Caffeine is often used as an ergogenic aid for enhanced endurance performance, but some evidence suggests that it might also
                        be helpful during glycogen replenishment during recovery from exercise. While the mechanism is unclear, it appears that caffeine
                        might increase insulin sensitivity during recovery period and also improve intestinal absorption of carbohydrate. Note that
                        some individuals are sensitive to caffeine, and ingestion could result in undesirable side effects such as jitteriness or
                        sleeplessness. All things considered, an athlete interested in caffeine as an ergogenic aid should consume the smallest dose
                        that results in the desired effect in order to decrease the risk of undesirable side effects (3, 53).
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
               It is clear that carbohydrate should be eaten immediately after an endurance event has ended, but what about the other energy-yielding
                  macronutrients, fat and protein? Do they also have an effect on glycogen replenishment? This has been studied for several
                  years, and thus far findings are not conclusive. In theory, protein or certain amino acids might enhance postprandial insulin
                  secretion and thus glucose uptake and glycogen synthesis. However, the data suggest that this may occur only when carbohydrate
                  intake immediately after exercise is less than the recommended amount. In fact, when consuming the recommended amount of 1.2
                  g/kg body weight carbohydrate, adding protein does not enhance glycogen repletion. Although protein may not have a valuable
                  impact on glycogen repletion, it does play an important role in other processes involved with skeletal muscle growth and repair
                  (see chapter 5) and should be included in the immediate postexercise meal for this reason alone (3, 38, 53).
               

               
               
            

            
            
            
         

         
         
      

      
      
      

         
         Food Selection to Meet Nutrient Requirements
         

         
         
         
            
            Whereas estimating nutrient requirements is a relatively straightforward process, actually selecting foods and beverages to
               meet daily nutrient requirements can be a challenge. Many athletes are unfamiliar with the process of researching the nutrient
               contents of various food products and then taking the next step of combining them in such a fashion that they meet their daily
               nutrient needs. Athletes wanting to consume a target amount of carbohydrate (e.g., 350 g) merely need to read the labels on
               all of the products they plan to eat that day and calculate the number of servings of each that in aggregate will provide
               the recommended amount of carbohydrate. For example, assume a male athlete wants to eat 1 cup of the product described by
               the label in figure 11.5. From the label, it is clear that one serving of the product equals 1/2-cup, so if 1 cup of the product is desired, that
               is equivalent to two servings (55, 56). Figure 11.6 provides a sample list of foods containing about 350 grams of carbohydrate.
            

            
            
            
               



            
            
            
            

         
         
         
      

      
      
      



Figure 11.5    Based on this product’s food label, 1 cup is two servings and contains a total of 26 grams of carbohydrate.
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Figure 11.6    These foods should be spread out throughout the day with consideration for training schedule and recovery.
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            It is also obvious from the label that one serving of the product provides 13 grams of carbohydrate, of which 3 grams each
               are in the forms of sugar and fiber. Since the athlete plans to eat two servings, he will consume 26 grams of total carbohydrate,
               6 grams of sugar, and 6 grams of fiber. So, when looking at the big picture for the day, ingesting this product will contribute
               26 of the 350 grams of carbohydrate allotted for the entire day, or 18 percent of the athlete’s recommended daily intake.
               Further, the amount of sugar and fiber in the product also contribute to the amounts allowed for those nutrients. Note that
               sugar intake should be kept below 10 percent of the total energy consumed each day, and fiber should be limited immediately
               before and during competition. In the current example, these calculations were done for just one product, but in a real situation
               they need to be done for every food product consumed throughout the day, aggregated, and then compared to the recommended
               daily requirements (54-56).
            

            
            
            Food labels work great for manufactured products, but what about foods that don’t have labels, such as fruits and vegetables?
               In this case, we have a couple of choices. Many grocery stores will have food composition tables in the produce aisle for
               reference. Another option is to use a standard food composition table found in many general nutrition textbooks—but the most
               comprehensive one is provided by the USDA in the form of an extensive database of foods that is available to the general public
               and simple to access (http://ndb.nal.usda.gov) (57). Similar to the food labels on products, the USDA database provides total
               carbohydrate, fiber, sugar, fat, and protein contents per serving, but the database also provides much more nutrition information—probably
               much more than the typical athlete will need.
            

            
            
            
            
            
               
               Nutrition Tip

               
               
               
                  
                  Consider if the serving size on a food label is for a cooked or raw product. For example, oats most commonly report the serving
                     size as dry oats, but when cooked, they become engorged with water, so that a cup of cooked oats has far fewer nutrients than
                     a cup of dried oats.
                  

                  
                  
                  
                  
               

               
               
            

            
            
         

         
         
         
      

      
      
      

         
         Types of Carbohydrate and Performance
         

         
         
         
            
            Traditional sports drinks, gels, and other supplements marketed for endurance athletes usually contain a combination of glucose,
               sucrose, and maltodextrin (also known as a glucose polymer). Maltodextrin has the highest glycemic index of these sugars,
               but all are digested rapidly, providing a quick source of energy immediately before and during exercise. Ingesting these products
               result in an increased insulin level that facilitates the uptake of glucose into the muscle to be broken down for fuel (43).
            

            
            
            Some athletes are concerned about glucose and insulin spikes and falls, as an inconsistent level of blood glucose can alter
               perception of fatigue and cause a negative impact on performance. A few new products have appeared on the market that claim
               to provide energy without the same amount of instability as glucose, sucrose, and maltodextrin, and without the same level
               of insulin needed for uptake. Carbohydrates with a higher molecular weight than glucose or maltodextrin are made in a laboratory
               and absorbed more slowly. These compounds were originally formulated for people with glycogen storage disease, and then extended
               for individuals with diabetes. In the sports nutrition community, the compounds are often referred to as superstarch or waxy
               maize. The theory and promotion behind their use as a sports supplement is that they do not provide a rapid rise in blood
               glucose, so effort, whether perceived or real, will be improved. Studies that consistently show favorable changes in blood
               glucose and insulin responses, glucose uptake and oxidation (use), glycogen re-synthesis, or absolute improved performance
               in the field are lacking. In reality, exercised muscles respond just fine to a rise in blood glucose, so the benefit of using
               these compounds remains questionable (25, 41, 43, 44, 49).
            

            
            
         

         
         
      

      
      
      

         
         Unique Challenges Facing Endurance Athletes
         

         
         
         
            
            All sports have their own unique characteristics that often require participants to take certain measures to help them perform
               or tolerate the activity better. In this section we describe situations in which endurance athletes might want to take such
               measures.
            

            
            
         

         
         
         
            
            Inability or Unwillingness to Consume Extra Carbohydrate During Activity

            
            
            
               
               In many cases an athlete cannot or will not consume additional carbohydrate during an endurance activity. Consuming carbohydrate
                  during activities less than 1 hour in duration is not warranted when the goal is to spare glycogen; however, there may be
                  other reasons to justify this practice. Some studies show improved performance after subjects simply rinse their mouths with
                  a carbohydrate-containing beverage and spit it out without swallowing, or “mouth rinsing.” The exact mechanism is unknown,
                  but it appears that the brain can detect the presence of carbohydrate or energy in the mouth, perhaps anticipate carbohydrate
                  delivery into the body, and somehow that leads to improved performance. It appears that tasting carbohydrate is more stimulatory
                  than other products because the same level of brain activity is not seen with nonnutritive sweeteners, so it is more than
                  just perceived sweet taste that triggers the excitation in the brain. This finding can have practical applications, particularly
                  for athletes who do not tolerate traditional sports beverages or who participate in weight-sensitive sports and cannot afford
                  to consume excess calories (e.g., wrestlers, gymnasts). Perhaps this strategy would allow them to exercise at a greater intensity
                  without fatigue, or a lower perception of fatigue without the unwanted energy (calories). While more research is needed, it
                  remains prudent to ensure carbohydrate stores are adequate before exercise for athletes interested in using this strategy
                  for an ergogenic effect (22, 24).
               

               
               
               
                  



               
               
               

            
            
         

         
         
         

      
      
      




Wrestlers who must make weight need to monitor their food consumption prior to weigh-in.

                  
                  
                  [image: Wrestlers who must make weight need to monitor their food consumption prior to weigh-in.]
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            Gastrointestinal Distress

            
            
            
               
               Some endurance athletes have cited GI stress during training and competition, a condition that certainly can cause impaired
                  performance. The severity of GI distress might vary from mild to severe, with the most common symptoms being nausea, vomiting,
                  abdominal pain, and diarrhea. Discomfort and unwanted stops at a portable toilet can be the difference between winning and
                  losing, or for less competitive athletes, between dropping out and finishing a race. The exact prevalence of GI distress in
                  endurance athletes is not known, but studies report it to be up to 93 percent for any one symptom (37, 39, 40).
               

               
               
               
               
               
                  
                  Do You Know?

                  
                  
                  
                     
                     Some GI problems are transient and associated only with training and competition, but others can be a result of celiac disease,
                        irritable bowel syndrome, inflammatory bowel syndrome, Crohn’s disease, or another medical condition.
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
               Nutrition intake can significantly affect symptoms of GI distress. The traditional culprits are fiber, fat, protein, concentrated
                  carbohydrate solutions, fructose alone, or dehydration. For example, fiber, fat, and protein can delay gastric emptying, and
                  consuming fructose alone or a high mixed-carbohydrate solution during higher-intensity exercise can cause fluid shifts in
                  the GI tract that may cause GI distress and impaired performance. It is not clear whether the GI tract can be trained to better
                  tolerate the food it receives; however, it is important to at least experiment with nutrition strategies during practice before
                  implementing them in a competitive environment (37, 39, 40).
               

               
               
               
               
               
                  
                  Minimizing GI Distress for Athletes

                  
                  
                  
                     
                     Putting It Into Perspective

                     
                     
                     The following strategies can be used to prevent or minimize GI distress in endurance athletes. However, if an athlete has
                        a diagnosed medical condition, such as celiac disease, irritable bowel syndrome, or Crohn’s disease, which requires medical
                        nutrition therapy, then a referral should be made to a RDN familiar with these conditions.
                     

                     
                     
                     
                        
                        	Avoid high-fiber foods during the day, or even days, before competition. On all other days, consuming a diet with adequate
                           fiber will help keep the bowel regular.
                        

                        
                        
                        	Avoid high-fructose foods, particularly drinks that are exclusively fructose; beverages containing both fructose and glucose
                           might be better tolerated.
                        

                        
                        
                        	Avoid dehydration by starting the event well hydrated and consuming fluids throughout the event.

                        
                        
                        	Do not ingest concentrated carbohydrate-containing beverages.

                        
                        
                        	Practice new nutrition strategies many times before implementing them during competition.

                        
                        
                     

                     
                     
                     Reprinted from E.P. de Oliveira, R.C. Burini, and A. Jeukendrup, 2014, “Gastrointestinal complaints during exercise: Prevalence,
                        etiology, and nutritional recommendations,” Sports Medicine 44(suppl 1): S79–S85. This article is distributed under the terms of the Creative Commons Attribution License.
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
            

            
            
            
            
         

         
         
         
            
            Desire to Enhance Fatty Acid Oxidation

            
            
            
               
               Success or failure in most endurance activities depends physiologically on the ability to produce ATP at a rapid rate over
                  a long duration, an endeavor that requires large storage reserves of glycogen and the capacity to effectively use fuel sources
                  other than muscle glycogen, specifically fatty acids. A protocol designed to train the body to preferentially oxidize fatty
                  acids over glucose during exercise—called “training low, competing high”—has gained increased attention. The underlying theory
                  behind this protocol is that by conducting training sessions in a somewhat glycogen-depleted state, the body will “learn”
                  to prefer fatty acids over glucose as a fuel. Some protocols combine this with a lower-carbohydrate, higher-fat diet, often
                  referred to as “fat loading,” for a short period prior to the competitive event, before ultimately switching to a higher-carbohydrate
                  diet right before the event. From a physiological standpoint, this protocol does appear to accomplish its mission; it can
                  result in increased intramuscular triglyceride stores and elicits greater fat oxidation and decreased use of skeletal muscle
                  glycogen during exercise. The problem is that in sporting events success is measured based on performance, not metabolic adaptations
                  or source of fuel. At this time, there is no evidence of improved performance. More field-based research studies are needed
                  in order to see if metabolic adaptations translate into improved performance. While training low might result in some physiological
                  adaptations, it might also trigger undesirable side effects, such as fatigue during exercise and inability to train at high
                  intensities, either of which contributes to failure instead of success (1, 2, 8, 9, 16, 36, 53).
               

               
               
               This topic has been controversial in the sports nutrition literature for some time. Some of the earlier studies, conducted
                  prior to 2006, were used to argue the case for this protocol. These studies had different study designs that make comparison
                  difficult, and the sample sizes and total number of studies were small. These studies concluded that a low-carbohydrate, high-fat
                  (LCHF) diet resulted in fat being the preferential fuel source, and glycogen was spared. These studies did not match for or
                  consider initial glycogen levels, so the conclusion is not fully accurate. Still, the observed increased use of fat as a fuel
                  source (increased fatty acid oxidation) is worth further examination (9). The research studies conducted through 2006 did
                  demonstrate some interesting findings, which are summarized here (9):
               

               
               
               
                  
                  	Consuming a LCHF diet for as little as 5 days can cause skeletal muscle adaptations such as increased intramuscular triglyceride
                     stores; increased activity of the enzyme hormone sensitive lipase, which facilitates fatty acid mobilization from storage;
                     and enhanced cellular metabolic processes that ultimately allow an increased oxidation (use) of fat for fuel. As fat oxidation
                     is increased, it appears that carbohydrate oxidation (breakdown or use) is reduced and that this reduction is caused by changes
                     in skeletal muscle glycogen utilization.
                  

                  
                  
                  	Even after several days of using a LCHF diet and then switching to a higher-carbohydrate regimen, the enhanced fat utilization
                     persists. These fat metabolism adaptations remain even if carbohydrate is introduced closer to an event.
                  

                  
                  
                  	Despite the metabolic changes that appear to take place with consumption of an LCHF diet, the translation to an actual performance
                     benefit is lacking. The studies had small sample sizes, and these changes might not apply to all individuals. People who don’t
                     respond well or tolerate carbohydrate during exercise would adapt better to this protocol than those who do well with carbohydrate
                     loading and consumption of carbohydrates during exercise. Further, many of these protocols in the research studies were conducted
                     on submaximal exercise in a glycogen-depleted state. This may not be what is happening in the field.
                  

                  
                  
                  	Some athletes who consumed LCHF diets report a perception in improved training capacity and decreased perceived exertion and
                     heart rate. LCHF consumption might actually impair performance in the field, particularly in activities of higher intensity
                     or power requirement in which glycogen utilization is the preferred source of energy (9).
                  

                  
                  
               

               
               
               With the increased use of social media, support of this approach has increased based on anecdotal evidence. Because of the
                  rise in popularity of the concept, and that absolute conclusions cannot be made based on the previous research, it is surprising
                  that only a few additional studies have been completed and published on this topic. None have shown a performance benefit
                  to the LCHF diet, and one of the studies did not impose a typical carbohydrate restriction used in the LCHF protocol. More
                  research needs to be completed that compares nonketogenic LCHF diets versus ketogenic LCHF diets. Some theorize that chronic
                  carbohydrate restriction resulting in ketone production is beneficial because the body can adapt to use these ketones as a
                  fuel source during exercise. This sounds nice in theory, but we have no data on the amount of energy that ketones can provide
                  as an exercise substrate (9).
               

               
               
               Until more research is available, it is important to think of the use of LCHF diets and exercise performance. The popular
                  media and anecdotal promotion of this approach implies that it is based on evidence from and applicable to a wide range of
                  athletes. In reality, it might be applicable only to ultraendurance athletes or those undergoing long periods of submaximal
                  exercise, if it is beneficial at all. While general carbohydrate guidelines do exist for before, during, and after endurance
                  activities, note that sports dietitians who are current in their practice work with their athletes to avoid unnecessary, excess
                  carbohydrate intake and tailor recommendations for carbohydrate amount and type specific to the individual. Balance in all
                  nutrition aspects of the diet is an important concept (9).
               

               
               
               
               
               
                  
                  Nutrition Tip

                  
                  
                  
                     
                     Sports nutrition guidelines are evidence-based and developed using the current available research. These guidelines are often
                        suited for a wide range of individual athletes, but never replace the individualized approach that is likely necessary for
                        optimal health and performance. Athletes might use these guidelines as a starting point during preparation and training, but
                        they must learn what works best for them through trial and error. Sometimes an athlete might fall outside of an established
                        guideline. The Certified Specialist in Sports Dietetics (CSSD) uses a modernized, periodized approach to meet the needs of
                        individual athletes.
                     

                     
                     
                     
                     
                     
                     
                     
                  

                  
                  
               

               
               
               
                  
                  Overtraining Syndrome

                  
                  
                  
                     
                     Putting It Into Perspective

                     
                     
                     Overtraining syndrome (OTS) is characterized by chronic inadequate energy intake coupled with long periods of low-carbohydrate
                        intake and high-volume training. There can be an accompanied long-term performance decrement with or without physiological
                        symptoms. Restoration of physiological function and performance can take several weeks to several months. The only “cure”
                        for OTS is reduced training volume, or complete rest, along with consuming adequate energy, protein, carbohydrates, and fluids
                        (13, 28, 32).
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
            

            
            
            
            
         

         
         
      

      
      
      

         
         Impacts of Endurance Training on Macronutrient Metabolism
         

         
         
         
            
            
               Endurance training elicits numerous physiological adaptations that lead to enhanced performance, including improved delivery, uptake, and oxidation
               of glucose, larger skeletal muscle glycogen stores, greater oxygen uptake in working muscle, and a better ability to use lactate
               as a fuel source. Trained skeletal muscle is also more sensitive to insulin and possesses a greater amount of GLUT4 proteins,
               thereby allowing enhanced glucose uptake and utilization. Endurance-trained individuals have larger left ventricle heart volumes,
               larger blood volume, increased capillary density, and greater myoglobin concentration, all of which contribute to greater
               oxygen delivery to the muscle, which when coupled with increased mitochondrial density and concentration of metabolic enzymes
               in muscle cells results in a greater ability to completely oxidize glucose and fatty acids.
            

            
            
         

         
         
      

      
      
      

         
         Summary
         

         
         
         
            
            Endurance athletes participate in events that have demanding energy requirements that pose unique challenges to the body’s
               main ATP-producing systems, particularly the ability to completely oxidize glucose for lengthy periods of time without fatigue.
               Carbohydrates are of primary importance for long-term ATP production, and numerous strategies exist to preserve muscle glycogen
               by delaying its utilization or increasing its content in muscle. Endurance athletes face distinct and demanding nutrient requirements
               for energy, fat, carbohydrates, and fluids, and the challenge of translating these requirements into actual food choices can
               be daunting. Fortunately, readily available tools that assist in the process of selecting foods, beverages, and supplements
               do exist, and these significantly help endurance athletes satisfy the unique nutrition requirements of their chosen activity.
            

            
            
            
            
            
               
               For Review

               
               
               
                  
                  
                     
                     	Explain how carbohydrate and fat are used as fuel sources during exercise of varying intensities.

                     
                     
                     	How can an athlete minimize fatigue during prolonged endurance exercise?

                     
                     
                     	What are the carbohydrate recommendations before an endurance event? List for 1, 2, 3, and 4 hours pre-event. What types of
                        carbohydrate are recommended at each time period?
                     

                     
                     
                     	What are the carbohydrate recommendations during exercise? Do the recommendations change with time and intensity?

                     
                     
                     	What are the carbohydrate recommendations for recovery to maximize glycogen stores, including both quantity and timing?

                     
                     
                     	Describe the role of glycemic index in making carbohydrate recommendations before, during, and after endurance exercise.

                     
                     
                     	Many endurance-enhancing supplements are marketed specifically toward athletes. Can an endurance athlete obtain the same benefits
                        from typical foods? Give examples.
                     

                     
                     
                     	Describe the theory behind “training low, competing high.” Is this a widely recommended strategy? Why or why not?

                     
                     
                     	List strategies for minimizing GI distress during endurance training.

                     
                     
                  

                  
                  
               

               
               
            

            
            
            
         

         
         
      

      
      
      
      
   
Chapter 12
Nutrition for Resistance Training
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Chapter Objectives

            
            
            
               
               After completing this chapter, you will be able to do the following:

               
               
               
                  
                  	Discuss differences in protein needs between children, younger adults, and the elderly for maximizing training adaptations.

                  
                  
                  	Discuss appropriate protein recommendations for individuals who are dieting while following a resistance-training program.

                  
                  
                  	Distinguish between a low-carbohydrate and ketogenic diet and discuss how each diet affects resistance-training performance.

                  
                  
                  	Discuss preexercise, exercise, and postresistance training nutrition.

                  
                  
               

               
               
            

            
            
         

         
         
         Many individuals include resistance training in their exercise program. In this chapter we discuss nutrition strategies to
            support resistance training by providing the energy (kilocalories) and nutrients needed to fuel muscle contraction, support
            muscle growth and repair, replace carbohydrate used during activity, and minimize muscle soreness. Although research continues
            to uncover how specific nutrients and supplements affect muscle functioning and acute and chronic training adaptations (gains
            made from a resistance-training program), inter-individual results from incorporating one or more of these strategies might
            vary considerably based on the training program one is following, genetic differences in response to training, training status
            (from untrained to highly trained), age, gender, overall diet, adaptation to one’s diet, and possibly nutrigenomics (the interaction between nutrition and genes—a relatively new area of study).
         

         
         
         Though an individual’s overall diet, including consistent intake of kilocalories and certain nutrients, can have a profound
            effect on improvements made through resistance training, considerable research has focused on the timing of specific nutrients
            and how supplements during the preexercise, exercise, and postexercise periods influence performance, recovery, and changes
            in muscle mass, strength, and power over time.
         

         
         
         
         
         

      
      
      


            
            Do You Know?

            
            
            
               
               Many people recognize the role of muscle mass in strength and athletic performance; however, muscle mass also has an important
                  role in reducing risk of obesity, cardiovascular disease, type 2 diabetes, osteoporosis, and sarcopenia, the age-related loss of muscle mass and strength (130).
               

               
               
               
               
               
               
            

            
            
         

         
         
      

      
      
      

      
      
      
      

         
         Nutrition Before Resistance Training
         

         
         
         
            
            The main purpose of the preexercise meal, consumed within an hour or less before resistance training, is to hydrate the athlete,
               top off glycogen stores, and decrease hunger. In addition, adding protein to one’s preexercise meal or snack might be advantageous
               if the athlete hasn’t consumed protein for several hours prior, or if their daily protein needs are high and the preexercise
               meal represents an important opportunity to help them meet their daily protein needs. For instance, a 280-pound male athlete
               who is trying to gain 20 pounds will have substantial daily protein needs and might find it challenging to consume the quantity
               of food (including protein) necessary to gain weight, particularly if he is training for several hours a day (more time spent
               training means less available hours to eat).
            

            
            
         

         
         
         
            
            Hydration

            
            
            
               
               Staying hydrated is important for resistance training. Hypohydration compromises resistance-training performance and recovery
                  (55, 56). However, methodological considerations in study design make it difficult to clearly distinguish the mechanism through
                  which hypohydration affects strength, power, and high-intensity exercise. Cardiovascular strain such as decreases in maximal
                  cardiac output and blood flow to muscle tissue (and thus a decline in the delivery of nutrients and metabolite removal) are
                  plausible contributing factors (55, 57). The studies to date indicate dehydration of 3 to 4 percent body weight loss reduces
                  muscle strength by approximately 2 percent, muscular power by approximately 3 percent, and high-intensity endurance activity
                  (maximal repeated activities lasting >30 seconds but <2 minutes) by approximately 10 percent (55).
               

               
               
               Hypohydration also impacts the hormonal response to exercise. In one resistance training study, increasing levels of hypohydration
                  (from 2.5% of body weight to 5% of body weight) led to progressive increases in the stress hormones cortisol and norepinephrine,
                  and a subsequent increase in blood glucose, presumably to cope with increased physiological demands (the stress response leads
                  to greater energy availability). These results suggest hypohydration significantly enhances stress from resistance exercise
                  and could impair training adaptations. Over time, these changes could decrease training adaptations to resistance training
                  if consistently performed in a hypohydrated state (57).
               

               
               
               Given the impact of hypohydration on strength, power, and repetitive activity lasting more than 30 seconds but less than 2
                  minutes, athletes engaging in resistance-training sessions or participating in sports that require these variables, such as
                  American football, soccer, wrestling, ice hockey, and rugby, should ensure they are adequately hydrated prior to training
                  or competition. There are no specific pretraining guidelines for resistance exercise because any recommendations depend on
                  hydration status prior to exercise.
               

               
               
            

            
            
         

         
         
         
            
            Carbohydrate

            
            
            
               
               Carbohydrate, from circulating blood sugar and muscle glycogen, is the primary source of fuel used during resistance training.
                  In addition, maintaining adequate glycogen stores can help attenuate muscle breakdown during exercise and keep both the immune
                  and nervous system functioning normally. Low carbohydrate intake can acutely suppress immune and central nervous system functioning
                  (18, 67).
               

               
               
               
               
               
                  
                  Do You Know?

                  
                  
                  
                     
                     Muscle breakdown increases when resistance training is performed on an empty (fasted) stomach (9, 92).

                     
                     
                     
                     
                  

                  
                  
               

               
               
               Consuming carbohydrate prior to training can help decrease muscular fatigue, particularly in fast-twitch muscle fibers, which
                  tire quickly compared to slow-twitch muscle fibers; spare the use of protein as a source of energy; and perhaps also improve
                  performance (44, 54, 67). This strategy is particularly important for athletes who exercise first thing in the morning after
                  an overnight fast; those who haven’t consumed enough carbohydrate in the time period since their last training session; and
                  those who are lifting weights right after speed work, endurance exercise, or any other type of training that requires a significant
                  amount of carbohydrate for energy. Like many aspects of nutrition, there is a caveat to the need for carbohydrate prior to
                  resistance training. The body can adapt to sustained alterations in the intake of energy-yielding macronutrients (carbohydrate,
                  protein, fat), and thus individuals on a low-carbohydrate diet might not experience any negative effects or performance decrements
                  once adapted to this diet, provided their diet contains enough protein to build and repair muscle and energy to help spare
                  protein losses (from protein breakdown in muscle as a source of energy). However, there is a paucity of data on this topic
                  (83), so at this time low-carbohydrate diets are not recommended for those engaging in a resistance-training program.
               

               
               
               In one study, six trained men were given either a carbohydrate supplement (1 g of carbohydrate per kg body mass before exercise
                  and 0.17 g of carbohydrate per kg body mass every 6 minutes during the session) or a placebo sweetened with saccharin and
                  aspartame (nonnutritive sweeteners). They performed a series of static contractions of the quadriceps at 50 percent maximum
                  contraction with 40 seconds of rest between sets until muscle failure (i.e., they couldn’t do anymore). Time to exhaustion
                  and force output were significantly higher in the group receiving carbohydrate compared to the group consuming the placebo
                  (123).
               

               
               
               Carbohydrate loading is a technique endurance athletes have used for several decades to super-compensate glycogen stores and
                  improve performance. In general, the athlete will taper their training program for a specified period of time—from a few days
                  to weeks prior to an event—while consuming a higher-carbohydrate diet, generally between 8 and 10 grams of carbohydrate per
                  kilgram body weight each day (48). Few studies have looked at the effect of carbohydrate loading on resistance exercise performance.
                  However, in one study, healthy young men were randomized to receive either a moderate-carbohydrate diet (4.4 g of carbohydrate
                  per kg body weight) or higher-carbohydrate diet (6.5 g of carbohydrate per kg body weight) for 4 days before a resistance
                  exercise test, including 4 sets of 12 repetitions of maximal-effort jump squats with a load of 30 percent of 1 repetition
                  maximum (1RM) and a 2-minute rest period between sets (48). Power performance didn’t differ between groups, indicating a higher-carbohydrate
                  diet did not enhance power-endurance performance over four sets of exercise. However, it isn’t clear if an even greater intake
                  of carbohydrate, reaching 8 to 10 grams per kilogram body weight, would have led to a performance difference or if the diet
                  used would have made a difference over the course of several sets.
               

               
               
               Bodybuilders might carbohydrate-load prior to competition to increase muscle size, a practice that makes sense physiologically
                  (particularly if they consume a lower-carbohydrate diet for a few days, followed by carbohydrate loading), yet only one study
                  to date has examined this practice. There was no change in muscle size following a low- versus high-carbohydrate diet; however,
                  study subjects consumed the same amount of total energy during the period of low-carbohydrate intake (3 days of 10% energy
                  from carbohydrate) as they did during the 3-day period of carbohydrate loading (80% energy from carbohydrate) (7). Thus it
                  is possible that a difference might have been noted if they also increased total energy intake (50).
               

               
               
               
               
               
                  
                  Do You Know?

                  
                  
                  
                     
                     Muscle size and strength do not increase together in a direct linear fashion.

                     
                     
                     
                     
                  

                  
                  
               

               
               
            

            
            
            
            
         

         
         
         
            
            Protein and Amino Acids

            
            
            
               
               Research shows that protein or essential amino acids (EAAs) consumed prior to resistance training will stimulate muscle protein
                  synthesis (110, 111, 113), and prolonged supplementation can improve lean mass, body fat percentage, and muscle hypertrophy
                  (21, 28). Protein can be taken pre- or postexercise to enhance acute muscle protein synthesis (91, 129).
               

               
               
               
               
               
               
            

            
            
         

         
         
      

      
      
      

         
         Nutrition During Resistance Training
         

         
         
         
            
            During resistance training, carbohydrate and hydration are the most important nutrition considerations. Hormonal changes facilitate
               the delivery of glucose to muscle cells for energy, which affects the production of muscle force and rate of muscular contraction.
               Glycogen (via glycogenolysis) contributes a significant amount of energy used during resistance training (44). Decreases in
               glycogen can impair force production and strength while accentuating muscle weakness (44, 54). Studies examining glycogen
               use during resistance training found subjects used 13 percent of their glycogen stores after one set of 10 reps of biceps
               curls to 45 percent of their glycogen stores after a few sets of different exercises (43, 71, 72). Carbohydrate intake during
               resistance training can help maintain glycogen stores and might enhance performance (43, 44). Carbohydrate needs during training
               depend on glycogen levels and carbohydrate intake over the course of the day before training.
            

            
            
            Athletes who start training in a hypohydrated state should sip water or other fluids to prevent excessive hypohydration and
               subsequent decrements in strength. As mentioned in the previous section, maintaining adequate hydration status is important
               for performance in strength and power training and events.
            

            
            
            Protein or amino acids can be consumed during training to increase muscle protein synthesis (24). In one study, protein ingestion
               during prolonged (>2 hours) resistance training led to a greater increase in acute muscle protein synthesis during exercise
               compared to a carbohydrate control (90). However, this strategy is probably not be necessary if protein is consumed before
               or after exercise.
            

            
            
         

         
         
      

      
      
      

         
         Nutrition After Resistance Training
         

         
         
         
            
            Hormones released during exercise prepare the body to use protein and carbohydrate. Athletes should take advantage of this
               time period after resistance training to replenish their glycogen stores and also provide high-quality protein that will deliver
               amino acids to muscle tissue to start the growth and repair process.
            

            
            
            
            
            
               
               Do You Know?

               
               
               
                  
                  The postresistance training meal is likely even more important for those who train every day and those who do not meet their
                     daily protein and carbohydrate requirements.
                  

                  
                  
                  
                  
               

               
               
            

            
            
         

         
         
         
         
            
            Replacing Glycogen

            
            
            
               
               Carbohydrate intake after resistance training helps replace glycogen, facilitate recovery, and decrease muscle breakdown (9,
                  43, 92). After training, it is important to replace glycogen over the time period prior to the next training session for maximum
                  strength and power (43). Athletes training or competing within several hours of the initial training session (two training
                  sessions per day) should consume carbohydrate immediately after resistance training. During the first 45 minutes (approximately)
                  after the completion of training, muscles rapidly soak up carbohydrate. After about 45 minutes, the rate of glycogen resynthesis
                  decreases (53, 85). Individuals who have more than 8 hours between training sessions or those who do not train every day do
                  not necessarily need to consume carbohydrate immediately after training in an effort to rapidly replace glycogen. Instead,
                  they can fully replenish their carbohydrate stores over the period of time prior to their next bout of training if total daily
                  dietary carbohydrate intake is adequate (84).
               

               
               
               In a crossover study, men trained in a fasted state, performing knee-extension exercises until failure (exhaustion), and consumed
                  either 1.5 grams of carbohydrate per kilogram body weight immediately after training and again 1 hour later or water at these
                  same time points. The group consuming carbohydrate replaced glycogen stores to 91 percent of preexercise levels by 6 hours
                  after training, whereas the group consuming water replaced muscle glycogen levels to 75 percent of preexercise levels (85).
               

               
               
               Many factors affect the amount of carbohydrate needed to fully replenish glycogen stores, including glycogen levels prior
                  to the start of training, the intensity and duration of resistance training, body weight, habitual carbohydrate consumption,
                  and if carbohydrate was consumed before or during exercise.
               

               
               
            

            
            
         

         
         
         
            
            Building and Repairing Muscle

            
            
            
               
               A series of steps are involved in building and repairing muscle tissue, as shown in figure 12.1.
               

               
               
               
                  



               
               
               

            
            
            
            
            

         
         
      

      
      
      




Figure 12.1    The steps to building and repairing muscle tissue.
                  

                  
                  
                  [image: Figure 12.1 The steps to building and repairing muscle tissue.]

                  
                  Based on Charge and Rudnicki 2004; Hamada et al. 2005; Tidball 2005; Tiidus 2008; Gran and Cameron-Smith 2011; Frost and Lang
                     2012.
                  

                  
                  
               

               
               
               Two factors influence net muscle protein balance: muscle protein synthesis and muscle protein breakdown. Muscle protein synthesis must be greater than breakdown for growth
                  to occur (41). Chronic net gains in the muscle protein pool lead to improvements in strength and hypertrophy over time. When
                  muscle protein breakdown chronically exceeds muscle protein synthesis, a net loss occurs in the protein pool (muscle atrophy)
                  over time (24, 91).
               

               
               
               
               
               
                  
                  Do You Know?

                  
                  
                  
                     
                     Muscle protein breakdown is a physiologically important process that helps remove damaged proteins. Think of this process
                        as tearing down part of an old building and rebuilding it with newer, stronger materials. Though breakdown is essential, excess
                        breakdown is not beneficial.
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
               Muscle protein synthesis is suppressed during exercise. Resistance training increases both muscle protein synthesis and muscle
                  protein breakdown. Though net muscle protein balance improves, it remains negative (catabolic state) until protein or essential
                  amino acids are consumed (9, 92). Blood flow to muscle increases after resistance training, enhancing the delivery of the
                  amino acids from protein to muscle (9). The synergistic effect of resistance training combined with greater amino acid availability
                  (from consuming protein or essential amino acids) leads to a greater increase in muscle protein synthesis compared to resistance
                  exercise alone, leading to a net gain in muscle proteins (outweighing breakdown) postexercise (9, 91, 92). Muscle protein
                  breakdown after resistance training varies, with reported ranges from 31 to 51 percent (9, 92). Relatively small amounts of
                  carbohydrate, between 30 and 100 grams, consumed after resistance training reduces muscle protein breakdown (14, 41). However,
                  muscle protein synthesis is considered the most important part of this equation, making up more than 70 percent of improvements
                  in net protein balance through resistance training, whereas muscle protein breakdown has a smaller contribution to net protein
                  balance (41). Net muscle protein balance remains negative if carbohydrate alone is consumed without the addition of essential
                  amino acids or protein (figure 12.2) (14, 41).
               

               
               
               
                  



               
               
               

            
            
            
            
            

         
         
      

      
      
      




Figure 12.2    The muscle protein balance equation.
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               Type, amount, and timing of protein are the three most important factors to consider after resistance training to enhance
                  muscle protein synthesis (129). The ideal type of protein is high in leucine and digested quickly, leading to a rapid rise
                  in amino acids in the bloodstream (a “fast” protein). Faster proteins lead to a greater increase in acute muscle protein synthesis
                  (over the 3-hour period postexercise) compared to proteins that are digested more slowly and thus lead to a slower release
                  of amino acids into the bloodstream. Whey is a fast protein, soy a moderate-speed protein, and casein is digested slowly.
                  In trained individuals, milk increased acute muscle protein synthesis to a greater extent than soy; whey protein, compared
                  to soy and casein, led to the greatest rise in acute muscle protein synthesis (over the 3-hour period postexercise, when protein
                  is consumed); and soy resulted in a more significant increase than casein (47, 105, 127). While speed is important for an
                  immediate increase in muscle protein synthesis, there is a benefit to blending proteins. Protein blends including a mix of
                  fast and slow proteins such as whey, soy, and casein combined or milk (which contains approximately 80% casein and 20% whey)
                  effectively stimulate muscle protein synthesis and lead to a more prolonged increase in muscle protein synthesis compared
                  to the consumption of a fast protein alone (91, 95). In healthy, recreationally active men and women, a blend of whey, soy,
                  and casein (25% whey, 25% soy, 50% casein, including a total of 1.8 g of leucine) led to a similar increase in muscle protein
                  synthesis over a 2-hour period after a bout of resistance training as whey protein matched for leucine content (1.9 g of leucine).
                  Only the blend resulted in an increase in muscle protein synthesis 2 to 4 hours after exercise (95). Blending fast and slow
                  proteins may be beneficial if a person waits several hours (3–5 or more) before eating again or exercises at night and consumes
                  protein prior to sleeping.
               

               
               
               The amino acid leucine triggers the initiation of muscle protein synthesis at meals and after exercise, though protein-derived
                  amino acids are necessary for protein synthesis to continue running (126). In healthy young men, a relatively small amount
                  of whey protein (6.25 g) combined with leucine (for a total of 3 g of leucine), or 6.25 grams whey combined with essential
                  amino acids minus leucine (essential amino acids minus leucine for a total leucine content of 0.75 g in the whey plus essential
                  amino acids) stimulated muscle protein synthesis during the 1- to 3-hour period after exercise to the same extent as 25 grams
                  of whey protein (total leucine equals 3 g). However, muscle protein synthesis remained elevated above fasting levels in the
                  3- to 5-hour period after exercise after consuming 25 grams of whey compared to the whey plus leucine treatment and whey plus
                  essential amino acids minus leucine treatments. This study suggests leucine or essential amino acids without leucine can be
                  added to a small amount of protein to maximally stimulate acute muscle protein synthesis, though protein synthesis will continue
                  to be elevated for a longer period of time if a greater amount of whey protein is consumed postexercise (27).
               

               
               
               As noted in figure 12.3, research suggests younger adults need approximately 2 to 3 grams of leucine or 0.05 grams of leucine per kilogram body weight,
                  whereas older adults might need 3 to 4 grams of leucine as part of an amino acid mix or protein postexercise to maximize muscle
                  protein synthesis (79, 82, 112). Younger adults can meet this leucine threshold with 20 to 25 grams of high-quality protein
                  (providing about 8.5–10 grams of essential amino acids), such as egg or whey. If opting for a protein source with less leucine
                  per serving, more protein is necessary to meet the leucine threshold of 2 to 3 grams. For instance, approximately 30 grams
                  of soy protein contains approximately 2 grams of leucine. Older adults need more leucine and protein because of age-related
                  decline in muscle sensitivity to amino acids (discussed later in the chapter). A minimum of 40 grams of protein is recommended
                  for maximizing muscle protein synthesis after resistance training in this age group (3, 15, 76, 80, 91).
               

               
               
               
                  



               
               
               

            
            
            
            
            

         
         
      

      
      
      




Figure 12.3    Leucine turns on muscle protein synthesis.
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               Total amount of lean body mass does not influence the amount of protein needed after resistance training. However, protein
                  needs increase with greater amounts of muscle used during a resistance training bout. When more muscle is activated, more
                  amino acids are taken up by muscle. Muscle protein synthesis was stimulated to a greater extent in resistance-trained men
                  after ingestion of 40 grams compared to 20 grams of whey protein following a bout of whole-body resistance exercise (73).
                  Depending on many factors, including a person’s age, type of training, training load, type of protein consumed, total energy,
                  and protein intake, it is possible that even higher amounts of protein can lead to a more robust acute muscle protein synthesis
                  response.
               

               
               
               For maximum muscle protein synthesis, the idea of an “anabolic window of opportunity” has been put forth. Many have suggested
                  muscle protein synthesis is greatest if protein is consumed within a specific period of time, typically 1 hour, after exercise.
                  However, the exact time period for resistance-trained individuals is not clear, while consuming protein within a 3-hour window
                  after resistance training does not appear to be important for untrained individuals, perhaps because of their later spike
                  in muscle protein synthesis several hours after exercise (129).
               

               
               
               
               
               
                  
                  Alcohol and Exercise

                  
                  
                  
                     
                     Putting It Into Perspective

                     
                     
                     If you want to get in a good lift before heading out to the bars to throw back a few beers, you might feel as if you are pumping
                        up your muscles, but you have only wasted a training session. In men, alcohol consumed after exercise decreases the effect
                        of dietary protein on muscle protein synthesis and impairs anabolic signaling. Alcohol does not have the same effect in women
                        (36). Also, high doses of alcohol decrease testosterone in men, and long-term use decreases the androgen receptor, so even
                        if you have a lot of testosterone circulating, there’s a decrease in your body’s ability to use testosterone.
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
            

            
            
            
            
            
               
               Does Food Work as Well as Protein?

               
               
               
                  
                  Eating a food-based source of protein, such as meat, enhances muscle protein synthesis after resistance training. However,
                     current research is insufficient to determine if protein supplements lead to a greater impact on acute muscle protein synthesis,
                     as well as strength and hypertrophy adaptations over time, compared to food-based sources of protein, or if they are equivalent
                     (with all other factors being equal, including total energy intake and total protein intake).
                  

                  
                  
                  Negro and colleagues (2014) reported healthy men who consumed 135 grams (4.7 oz.; 20 g of protein and >2 g of leucine) of
                     tinned beef after resistance training over the course of an 8-week study increased muscular strength, though there was no
                     difference compared to the placebo group. No significant differences in lean mass were found in either the food group or control
                     group (78). While tinned beef is more rapidly digested than some other types of red meat, it is still considerably slower
                     than fast proteins, such as whey (peak plasma EAA concentrations occurred at approximately 2 hours postconsumption; whey peaks
                     at approximately 30 minutes) (89). The lack of significant differences between groups might not be caused by the speed of
                     release of amino acids into the bloodstream from tinned beef but rather from the low total daily protein intake in both groups:
                     1 gram of protein per kilogram bodyweight per day (78).
                  

                  
                  
                  In another study, middle-aged men (59 ± 2 years) who were habitually consuming “at or above the recommended dietary allowances
                     for protein” (total daily average protein intake was measured by a 3-day dietary recall, yet the amount was not indicated
                     in the article) were given protein prepackaged food, which provided 1 gram of protein per kilogram body weight per day and
                     enough energy for weight maintenance, for the 2 days prior to the start of the study.
                  

                  
                  
                  Subjects were randomly assigned to consume either 0 ounces, 2 ounces (12 g protein), 4 ounces (24 g protein), or 6 ounces
                     (36 g of protein) of ground beef (15% fat) after unilateral resistance exercise of a randomly selected leg on an empty stomach
                     (after an overnight fast). In middle-aged and elderly individuals, for both the rested (nonexercised leg) and exercised leg,
                     6 ounces of beef led to significantly greater increases in muscle protein synthesis compared to lower doses of beef (figure 12.4) (97).
                  

                  
                  
                  
                     



                  
                  
               

               
               
            

            
            
            

         
         
      

      
      
      





Figure 12.4    Muscle protein synthesis increases with greater protein intake up to approximately 20 to 25 grams of high-quality, high-leucine
                        protein in younger adults and 40 grams of high-quality, high-leucine protein in older adults. Muscle protein breakdown decreases
                        slightly with greater protein or amino acid intake.
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               Does Protein Timing Matter?

               
               
               
                  
                  After exercise, an individual is in a catabolic state until food is consumed. The muscle protein synthesis response to amino
                     acids postexercise decreases over time, which makes the time period soon after resistance training particularly important
                     for maximizing acute muscle protein synthesis in trained individuals (91). Protein timing might be more important for individuals
                     exercising in a fasting state or those not consuming enough protein per day (in which case, either timing or the additional
                     protein provided from the supplement makes the difference) (101). Timing protein intake soon after exercise is far less important
                     in untrained individuals, possibly due to their later peak in muscle protein synthesis after exercise (77).
                  

                  
                  
                  In a randomized, crossover study, 10 untrained and 10 trained men were put on a diet for weight maintenance (providing 1.5
                     g protein kg body weight) for 11 days. Three hours after eating breakfast each day, they started their resistance-training
                     session. They were given protein (0.3 g/kg body weight; 21.7 ± 1.3 g for trained, 19.3 ± 1.5 g for untrained) and carbohydrate
                     (0.8 g/kg body weight; 57.9 ± 3.4 g for trained, 51.5 ± 4.0 g for untrained) either 5 minutes after the completion of training
                     or 6 hours later, for 11 days (the first 8 days were used for acclimation and the last 3 days for data collection). The trained
                     group had greater muscle protein accumulation when taking the supplement immediately postexercise as compared to 6 hours later,
                     while the timing of protein intake did not affect the accumulation of muscle protein (as measured by whole-body protein metabolism;
                     muscle protein synthesis represents approximately 30% of whole-body protein synthesis) in untrained men (27, 77). These results
                     are consistent with previous research, which found untrained individuals reach peak muscle protein synthesis more than 4 hours
                     after exercise and maintain this state for several hours (106).
                  

                  
                  
                  
                  
                  
                     
                     Strength-Training Gains

                     
                     
                     
                        
                        Putting It Into Perspective

                        
                        
                        Strength increases during the first few months of resistance training are achieved not only through changes in muscle size
                           but also through changes in neural adaptations, so novices might get stronger before they notice any appreciable increase
                           in muscle size (37). Also, the same strength-training program can elicit a wide range of responses. Some individuals will
                           show little to no gains, while others might have profound changes in muscle size and strength (51, 122, 124). The wide variability
                           in response to a well-designed strength-training program might help explain some of the variability observed in response to
                           nutrition interventions (52).
                        

                        
                        
                        
                        
                     

                     
                     
                  

                  
                  
               

               
               
               
            

            
            
            
               
               Postexercise Protein Intake for Older Adults

               
               
               
                  
                  Aging alters the anabolic response to protein intake. Although regular exercise improves an older person’s response to protein
                     intake (33), older adults need more protein (and more leucine) than younger adults after resistance training to maximize muscle
                     protein synthesis. Studies suggest the elderly need approximately 40 grams of high-quality protein to maximize the acute rise
                     in muscle protein synthesis after resistance training (88). Consuming protein in the time period immediately after exercise
                     may be particularly important in the elderly who do not consume the RDA for protein. Though some studies have found that protein
                     supplementation improves acute muscle protein synthesis in the elderly, a longer-term study (12 weeks) found that 10 grams
                     of casein hydrolysate protein consumed before and after resistance training did not further improve strength or muscle mass
                     compared to a placebo in healthy elderly individuals who habitually consumed adequate amounts of protein (1.1 g/kg body weight/day)
                     (118).
                  

                  
                  
                  
                  
                  
                     
                     Do You Know?

                     
                     
                     
                        
                        Invasive procedures are required to examine changes in muscle protein synthesis, so there are not enough studies in children
                           to make a research-based recommendation for protein intake after resistance training in this age group (12, 13).
                        

                        
                        
                        
                        
                     

                     
                     
                  

                  
                  
               

               
               
               
            

            
            
            
               
               Impact of Concurrent Training

               
               
               
                  
                  
                     Concurrent training sessions are those performed back to back. For instance, a coach might choose to have athletes work on speed immediately followed
                     by strength training, or vice versa. Some studies report interference—aerobic training interferes with resistance exercise performance. However, other studies show moderate-intensity endurance
                     exercise does not impair acute bouts of resistance exercise, anabolic signaling, or the hypertrophy response (2, 19, 35, 69,
                     70). Physiological and molecular responses to concurrent training depend on the duration and type of exercise (running followed
                     by upper-body lifting may not have any interference effects, while running or repetitive sprint activity followed by lower-body
                     lifting will likely result in interference; cycling has less of an impact than running), whether the athlete is in a fed or
                     fasted state, how trained the athlete is (and adaptation to concurrent training regiments), and sequence of concurrent training
                     (29, 94).
                  

                  
                  
                  Scant research has examined the impact of concurrent training and nutrition interventions compared to studies examining how
                     pre-, during, and postworkout nutrition alters acute changes after a single training session (128). A concurrent training
                     model seems to lead to greater acute increases in muscle protein synthesis in the fed state compared to resistance exercise
                     alone (19, 35).
                  

                  
                  
                  While it is difficult to determine optimal nutrition strategies because of the sheer number of variables, including different
                     types of concurrent training programs, more general recommendations can be made based on both the research on concurrent training
                     models, nutrition interventions used in single training studies (endurance, sprint performance, resistance training etc.),
                     and proposed mechanisms responsible for exercise interference (5, 90).
                  

                  
                  
                  Some athletes may want to perform endurance exercise in a glycogen-depleted state to promote greater adaptations in skeletal
                     muscle. Immediately after endurance exercise they might also delay carbohydrate intake for the same reason. However, these
                     strategies need to be carefully considered, as they can lead to skeletal muscle breakdown and decreases in energy, as well
                     as resistance-training performance, particularly when used in a concurrent model where resistance training is performed immediately
                     after endurance exercise (90). For peak training performance, athletes should consume enough carbohydrate after aerobic or
                     high-intensity interval training and prior to strength training to refill their glycogen stores. In addition, over the course
                     of prolonged concurrent sessions, the athlete may want to consider a small amount of dietary protein or BCAAs if their stomach
                     can handle it during aerobic or high-intensity interval training or prior to strength training in addition to a leucine-rich,
                     fast protein soon after resistance training to maximize muscle protein synthesis.
                  

                  
                  
               

               
               
            

            
            
         

         
         
      

      
      
      

         
         How Daily Dietary Intake Affects Muscle
         

         
         
         
            
            Though pre-, during, and postexercise nutrient intake has received considerable attention, other factors are essential for
               optimal resistance-training performance including total daily protein intake, per meal amount of protein, and intake of specific
               nutrients that support muscle functioning.
            

            
            
            
            
            
               
               Nutrition Tip

               
               
               
                  
                  Low total protein intake is associated with a reduction in muscle mass and strength throughout the life cycle (80, 99). Exercise increases protein needs; athletes engaging in resistance training will benefit from consuming approximately 1.2 to
                     2.0 grams of protein per kilogram body weight per day to maximize muscle protein synthesis (20, 92).
                  

                  
                  
                  
                  
               

               
               
            

            
            
            Studies in children and adolescents suggest these athletes also need more protein than their sedentary counterparts to meet
               the demands of growth and training. Though it isn’t entirely clear how much protein they need per day, 1.2 to 2.0 grams of
               protein per kilogram body weight per day has been put forth as a general recommended range (13, 20). As the body ages, muscle
               mass tends to decrease as a result of sarcopenia. This is a major challenge, but exercise, particularly resistance training,
               and the consumption of an adequate amount of protein per meal and per day represent promising strategies to delay the onset
               and progression of sarcopenia. Older adults should aim for 1.1 to 1.5 grams of protein per kilogram body weight daily (80).
            

            
            
         

         
         
         
         
            
            Meal Patterns and Muscle Growth

            
            
            
               
               Resistance training can increase muscle sensitivity to amino acids for up to 48 hours after activity. As shown in figure 12.5, protein intake at any point during this 48-hour period has an additive effect (additive to resistance training) on muscle
                  protein synthesis (91). Therefore, consuming regular meals containing an efficacious amount of protein can help maximize muscle
                  protein synthesis. The recommendation for adults is 0.25 to 0.30 grams of protein per kg body weight or 30 grams of protein
                  and 2 to 3 grams of leucine per meal, and for aged individuals, 30 to 40 grams of protein and 3 to 4 grams of leucine per
                  meal (22, 64, 74, 81, 91).
               

               
               
               
                  



               
               
               

            
            
            
         

         
         
         

      
      
      




Figure 12.5    Protein has an additive effect to resistance training, enhancing muscle protein synthesis more than resistance training alone.
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               In adults, the initiation of protein synthesis is regulated by leucine, which up-regulates the mTORC1 pathway that controls
                  the synthesis of proteins in muscle (27, 61). A high-quality, leucine-rich protein should be a central part of each meal if
                  the goal is to maintain or build muscle. See figure 12.6 for the leucine content of commonly consumed proteins. The anabolic effect (up-regulation in muscle protein synthesis) of
                  a meal lasts approximately 3 to 5 hours, so regular meals evenly spaced apart might be best for maximizing muscle growth (4,
                  11, 27, 95).
               

               
               
               
                  



               
               
               

            
            
            
         

         
         
         

      
      
      




Figure 12.6    Leucine content of common foods and supplements.
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                  Data from Babault et al. 2015; Pennings et al. 2011; U.S. Department of Agriculture 2013.

                  
                  
               

               
               
               The body does not store protein to stimulate muscle protein synthesis at a later time, though the gut can retain amino acids
                  and release them later for incorporation into tissues, including muscle (33). However, the consumption of a very large amount
                  of protein at one meal does not lead to greater acute muscle protein synthesis compared to a more modest amount of protein
                  (104). In a 7-day crossover feeding study with a 30-day washout period (a period where they went back to their regular diet)
                  between each trial, researchers examined how different patterns of protein intake affected muscle protein synthesis over a
                  24-hour period. Each of the two study diets provided enough energy for weight maintenance and 1.2 grams of protein per kilogram
                  body weight per day (90 g of protein). Diet 1 provided an even distribution of protein intake: about 30 grams at breakfast,
                  30 grams at lunch, and 30 grams at dinner. Diet 2 provided a skewed distribution of protein intake set to mimic a typical
                  American diet (a lower-protein breakfast with most protein consumed at dinner): about 10 grams at breakfast, 15 grams at lunch,
                  and 65 grams at dinner (114). Carbohydrate content at each meal was held constant, while dietary fat content was manipulated
                  to ensure total daily calorie intake remained similar on each diet and that carbohydrate, fat, and protein intake was not
                  different between the diets. Consuming an even distribution of protein at each meal resulted in an approximately 25 percent
                  greater mixed muscle protein synthesis (contractile proteins make up a large part of this) over the 24-hour period, as measured
                  on study day 1, compared to when protein intake was skewed. By day 7, when study subjects were habituated to the diet, a similar
                  muscle protein synthetic response was observed. This study suggests an even distribution of approximately 30 grams of protein
                  per meal leads to greater muscle protein synthesis compared to a skewed distribution that reflects a typical American diet,
                  even after 7 days of habituation to the pattern of protein intake. It isn't clear from this study if higher per-meal doses
                  of protein would have resulted in greater increases in acute muscle protein synthesis and greater improvements in muscle mass
                  and strength over time (74, 98). It is possible that greater quantities of protein may lead to greater net protein gains (33).
                  At this time, at least 30 grams of protein per meal is suggested for younger adults to fully stimulate muscle protein synthesis
                  (64), while older individuals might need more protein per meal (15, 80). Figure 12.7 shows examples of foods with 30 grams of protein.
               

               
               
               
                  



               
               
               

            
            
            
         

         
         
         

      
      
      




Figure 12.7    What does 30 grams of protein look like?
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                  Do You Know?

                  
                  
                  
                     
                     Though adults need to eat a certain amount of leucine and protein at each meal to maximally stimulate muscle protein synthesis,
                        children, teens, and young adults (those in their early 20s or under—the exact age isn’t clear) do not need to follow specific
                        per-meal guidelines for protein. Their drive for protein synthesis isn’t leucine dependent, so they will grow and get stronger
                        as long as total dietary protein and calorie needs are met.
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
            

            
            
            
         

         
         
         
            
            Increasing Muscle Protein Synthesis in Protein-Poor Meals

            
            
            
               
               If 30 grams of protein at each meal seems like a lot of food, or if a higher-protein diet is contraindicated, another strategy
                  might increase acute muscle protein synthesis to the same extent as a higher-protein meal. Leucine or EAAs can be added to
                  meals to increase muscle protein synthesis while keeping dietary protein intake and total nitrogen load lower (27, 62, 96,
                  119). However, this strategy might not translate to the same long-term results as consuming adequate amounts of protein at
                  each meal.
               

               
               
               In a 2-week study, leucine added to meals low in EAAs improved acute muscle protein synthesis and anabolic signaling in older
                  adults consuming just over the RDA for protein (0.81 ± 0.04 g protein per kg body weight per day) (22). However, a longer-term
                  study found the addition of leucine to meals did not improve muscle mass, strength, or muscle quality in diabetic or healthy
                  older adults who consumed enough protein throughout the day (66). 
               

               
               
               
               
               
                  
                  What Is the Maximum Amount of Protein Your Body Can Digest and Use at One Time?

                  
                  
                  
                     
                     Putting It Into Perspective

                     
                     
                     What is the ideal amount of protein per meal to maximize muscle protein synthesis and satiety (fullness) without wasting food
                        or money? Current studies suggest 25 to 45 grams per meal might be best for maximizing muscle protein synthesis, though we
                        do not know what the upper limit is beyond which protein synthesis will not continue increasing to any appreciable extent
                        (68, 74, 75). The ideal amount of protein per meal varies among individuals based on age, training status, amount of energy
                        consumed each day, amount of protein they consume each day, the quality and leucine (or EAA) content of the protein, other
                        nutrients consumed at meal time in conjunction with protein, and health status (33, 40, 91, 100). Some researchers suggest
                        there is a “muscle full” effect, a dose-dependent upper limit of muscle tissue saturation of amino acids, beyond which the
                        amino acids are no longer used to increase muscle protein synthesis but instead are oxidized (4). However, no studies have
                        actually examined the maximum amount of protein intake at a meal and how this relates to changes in muscle strength and mass
                        over time (33). In addition, few studies have examined how consistently higher total daily protein intake (above the recommendations
                        listed in this text) affects measures of resistance-training performance and lean body mass. No studies to date have separated
                        the effect of higher protein intake from higher calorie intake on these variables (comparing diets with the same total amount
                        of energy but considerably higher amounts of protein in one diet). One study in resistance-trained individuals found that
                        4.4 grams of protein per kilogram body weight per day along with more total energy each day did not lead to greater increases
                        in lean body mass compared to 1.8 grams of protein per kilogram body weight per day and significantly fewer kilocalories per
                        day (1).
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
            

            
            
            
         

         
         
      

      
      
      

         
         How Dieting Affects Muscle
         

         
         
         
            
            A higher protein intake combined with resistance training can preserve muscle while on a lower-calorie diet. However, the
               overall calorie deficit and speed of weight loss are important factors influencing muscle loss when dieting. If the calorie
               deficit is small, higher amounts of dietary protein and resistance training can counter most of the breakdown in muscle proteins.
               When the size of the caloric deficit is large, protein alone cannot stop the loss of skeletal muscle mass completely (91).
            

            
            
            Even short periods of energy restriction can decrease postmeal increases in muscle protein synthesis. One study found a 27
               percent decline in postmeal muscle protein synthesis after 5 days on a reduced-calorie, yet higher-protein diet (30 kcal per
               kg fat-free mass and 1.4–1.6 g of protein per kg body weight), which shows that even when protein intake is twice the RDA,
               it isn’t always enough to preserve muscle protein synthesis during times of major caloric restriction.
            

            
            
            In another study, 39 adults were randomized to receive 0.8 grams of protein per kilogram body weight per day (the RDA for
               protein), 1.6 grams of protein per kilogram body weight per day (twice the RDA), or 2.4 grams of protein per kilogram body
               weight per day (three times the RDA). For the first 10 days of the study, they were placed on a diet for weight maintenance.
               After this period, subjects were put on a 21-day diet consuming 40 percent fewer kilocalories than they needed to maintain
               weight. All groups lost the same amount of weight regardless of dietary protein intake. However, the groups consuming two
               and three times the RDA for protein lost significantly more fat and less fat-free mass than the group consuming the RDA for
               protein. Also, the anabolic response to a protein-rich meal was significantly lower when subjects were given the RDA for protein
               on the lower-calorie diet compared to when they consumed the RDA for protein on the regular- weight maintenance diet. The
               anabolic response to a meal was not different between the weight maintenance and lower-calorie diet phases when subjects consumed
               two or three times the RDA. Combined, these results suggest consuming two to three times the RDA for protein while consuming
               significantly less energy preserved muscle mass during weight loss (86).
            

            
            
            
            
            
               
               Do You Know?

               
               
               
                  
                  It is more difficult to gain muscle when cutting kilocalories because lower-calorie diets decrease the intracellular signaling
                     necessary for the synthesis of new proteins in muscle, and muscle tissue may be less sensitive to protein when calorie intake
                     is insufficient (87).
                  

                  
                  
                  
                  
               

               
               
            

            
            
         

         
         
         
         
            
            Low-Carbohydrate Diets and Resistance Training

            
            
            
               
               Though carbohydrate is the main source of energy used during resistance training, research in endurance athletes shows the
                  body can adapt to a lower-carbohydrate diet over time and increase reliance on fat stores for use during exercise (18, 49).
                  However, no studies published in resistance-trained individuals examine how following a nonketogenic low-carbohydrate diet
                  affects resistance training. The studies to date on low-carbohydrate diets show a very low-carbohydrate, high-protein diet
                  (7% carbohydrate, 63% protein, 30% fat) and low-carbohydrate, moderate-protein diet (20% carbohydrate, 50% protein, 30% fat)
                  led to greater total weight and fat mass losses (though not significant) compared to a high-carbohydrate, low-protein diet
                  group (55% carbohydrate, 15% protein, 30% fat) in healthy obese women engaged in a circuit-training program (59).
               

               
               
               
                  



               
               
               

            
            
         

         
         
         

      
      
      




Ketogenic diets are not ideal for gaining muscle.
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            Ketogenic Diets and Resistance Training

            
            
            
               
               Ketogenic diets are very high-fat diets, containing approximately 80 to 90 percent of energy from fat, or 3 to 4 grams of
                  fat for every 1 gram of protein and carbohydrate. Carbohydrate intake is kept low enough so the body goes into a state of
                  nutritional ketosis, as determined by circulating ketone levels reaching more than 0.5 mmol/L as measured through urine, blood,
                  or breathe tests. Ketones are used as a source of energy when the body has insufficient glucose.
               

               
               
               Ketogenic diets were originally designed to decrease the incidence and severity of seizures in epileptic patients, and they
                  are very effective for this purpose. Now they are being studied as a potential therapy for minimizing the damaging effects
                  resulting from traumatic brain injury. However, some athletes and active gym-goers are going “keto” to improve athletic performance
                  or lose body fat. Proponents of ketogenic diets suggest an increased reliance on body fat as a source of fuel will lead to
                  greater overall fat loss, fewer hunger pangs, and a decrease in mental and physical fatigue. Additionally, some suggest the
                  likelihood of gastric distress is minimized because the athlete will not have to rely on carbohydrate during exercise and
                  will consume fewer kilocalories, which will decrease the likelihood of stomach upset (93).
               

               
               
               
               
               
                  
                  Do You Know?

                  
                  
                  
                     
                     Nutritional ketosis should not be confused with ketoacidosis—the rapid production of specific ketone bodies leading to a life-threatening
                        change in the body’s acid-base buffering system in uncontrolled diabetics.
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
               It takes at least 7 days for a person to reach nutritional ketosis, and 3 to 4 weeks to fully adapt to relying on ketones
                  to fuel exercise. The diet is not ideal for resistance training because many of the signaling modules needed for muscle hypertrophy
                  are reduced while following a ketogenic diet. In addition, protein intake must be kept fairly low in order to stay in a state
                  of ketosis. A lower-protein diet can impair muscle gains. In one study subjects placed on a ketogenic diet while consuming
                  less than 1.2 grams of protein per kilogram of ideal body weight per day lost muscle, and their athletic performance declined.
                  The ketogenic diet is not beneficial for fat loss compared to consuming the same amount of energy from a lower-fat diet. NIH
                  researchers admitted 17 overweight or obese men to a metabolic ward and placed them on a high-carbohydrate baseline diet for
                  4 weeks followed by 4 weeks on an isocaloric ketogenic diet. (This diet contained the same amount of energy as the high-carbohydrate
                  diet.) The men lost weight and body fat on both diets. The ketogenic diet did not lead to greater fat loss as compared to
                  the high-carbohydrate diet, and in fact body fat loss slowed during the ketogenic diet and subjects lost muscle (45).
               

               
               
               Trading carbohydrate for fat seems like a huge benefit for athletes, particularly endurance athletes who train and compete
                  for several hours at a time (120). In addition to using body fat, fat actually produces more energy (ATP) (83). However, fat
                  is a slow source of fuel—the human body cannot access it quickly enough to sustain high-intensity exercise—so this diet is
                  really only (potentially) applicable to ultrarunners and triathletes competing at a relatively moderate to slow pace. However,
                  to date, there is no research to suggest either a ketogenic diet or a carbohydrate diet is superior to a higher carbohydrate
                  diet for endurance performance.
               

               
               
               Some individuals opt for a modified ketogenic diet, which is really a low-carbohydrate, as opposed to ketogenic, diet. A study
                  in gymnasts found that a very low-carbohydrate (<30 g of carbohydrate per day), a so-called modified ketogenic diet (4.5%
                  carbohydrate, 54.8% fat, and 40.7% protein, which equaled approximately 2.8 g of protein per kg/day), for 30 days resulted
                  in significant fat mass losses, while the gymnasts were able to maintain their lean body mass. In addition they also maintained
                  power and strength while training 30 hours per week (83).
               

               
               
               A ketogenic diet has some nutrition and cardiovascular drawbacks. Studies in epileptic children show soon after starting the
                  diet, blood cholesterol levels rise and artery stiffness increases (30, 58). High total and LDL cholesterol are risk factors
                  for cardiovascular disease, while artery stiffness decreases the ability of the arteries to expand to accommodate changes
                  in pressure. Increased artery stiffness is an early sign of vascular damage and a risk factor for cardiovascular disease (23).
                  After 6 to 12 months on the diet, or if a patient goes off the diet, blood cholesterol levels dropped back to normal, while
                  artery stiffness returned to normal after 24 months on the diet (30, 58). A high-fat diet may also increase levels of harmful
                  bacteria and decrease levels of beneficial bacteria in the gut (gut bacteria influences many aspects of health, including
                  immune system and gastrointestinal tract functioning) (16). In addition, food choices are very limited, which makes it difficult
                  to get enough calcium, vitamin D, potassium, and folate versus folic acid. Ketogenic may increase sodium needs due to electrolyte
                  excretion. Potassium and sodium are critical for muscle functioning (including heart functioning), so a ketogenic diet should
                  never be attempted without a physician’s guidance. During the first few weeks on the diet, individuals might suffer headaches
                  and feel fatigued, as if exercise requires more effort (125).
               

               
               
               
               
               
                  
                  Do You Know?

                  
                  
                  
                     
                     A ketogenic diet is always low in carbohydrate, but a low-carbohydrate diet is not necessarily a ketogenic diet. The literature
                        includes a wide variety of definitions for “low carbohydrate.” A ketogenic diet is always high in fat, with 80 to 90 percent
                        of energy coming from dietary fat.
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
            

            
            
            
            
         

         
         
      

      
      
      

         
         Nutrients That Support Muscle Functioning
         

         
         
         
            
            Several nutrients are important for muscle functioning, including magnesium, vitamin D, and zinc. Low levels of magnesium
               can lead to muscle cell dysfunction and a decrease in muscle cell carbohydrate uptake, whereas magnesium deficiency can lead
               to muscle cramping, muscular twitching or spasms, muscular fatigue, numbness, and tingling (26, 39).
            

            
            
            Vitamin D positively influences muscle strength, whereas a vitamin D deficiency leads to muscle weakness and pain (102). A
               systematic review and meta-analysis found vitamin D supplementation has a small but significant positive effect on muscle
               strength with no effect on muscle mass or muscle power. Supplementation was more effective in people 65 years of age or older,
               in addition to those who were deficient prior to the start of the study (8). Note that vitamin D supplementation also decreases
               risk of falls in the elderly (10, 65).
            

            
            
            Low zinc status can lead to declines in muscle strength and power output, while correcting a zinc deficiency can improve muscle
               strength (17, 63, 117). All vitamins and minerals and their impact on athletic performance are discussed in chapters 6 and
               7.
            

            
            
         

         
         
      

      
      
      

         
         Sport Supplements for Resistance Training
         

         
         
         
            
            Creatine monohydrate is a supplement that increases body weight, strength, and muscle mass in healthy younger adults (31,
               60, 107). In addition, a 2014 meta-analysis in older adults found creatine supplementation taken in combination with resistance
               training led to greater increases in lean body mass and some measures of strength, as well as significant improvements and
               functional performance compared to placebo (34).
            

            
            
            Beta-hydroxy-beta-methylbutyrate (HMB) is a metabolite of leucine, although only 5 percent of leucine is converted to HMB
               during metabolism (116). HMB increases protein synthesis, though less effectively than leucine, and decreases muscle protein
               breakdown in an insulin-independent manner (126). However, studies on this supplement are mixed, and HMB might only be beneficial
               for the frail elderly who are unable to exercise or those on bedrest (32, 103, 121).
            

            
            
         

         
         
      

      
      
      

         
         Summary
         

         
         
         
            
            Carbohydrate, from circulating blood sugar and muscle glycogen, is the main source of energy for resistance training. When
               carbohydrate stores are low, performance suffers, while immune and central nervous system functioning can be acutely suppressed.
               Adequate carbohydrate after exercise provides energy for the calorie-expensive process of muscle building and repair, helps
               decrease muscle breakdown, and replaces glycogen so the athlete has adequate energy for the next training session. In addition
               to carbohydrate, hydration status affects resistance-training performance by altering the hormonal and metabolic response
               to resistance exercise and making the heart work harder.
            

            
            
            Protein isn’t necessary for resistance-training performance, though it is essential for recovery and training adaptations.
               Both protein and essential amino acids consumed prior to or after resistance training will stimulate acute muscle protein
               synthesis. At least 20 to 40 grams of protein should be consumed after exercise, though more is likely preferable in some
               circumstances. Over time, a sound resistance-training program combined with postworkout protein and protein-rich meals spaced
               evenly throughout the day will improve strength and muscle hypertrophy in adults. Aging alters the anabolic response to protein
               intake; older adults benefit from greater amounts of protein postexercise and at mealtime.
            

            
            
            
            
            
               
               For Review

               
               
               
                  
                  
                     
                     	Why do dieters need more protein each day? How much protein should they aim for?

                     
                     
                     	Explain why a ketogenic diet is not beneficial for those engaging in a resistance-training program.

                     
                     
                     	Why do older adults need more protein than younger adults after exercise?

                     
                     
                     	How does alcohol affect training in men?

                     
                     
                     	Describe the factors that influence an individual’s protein needs.

                     
                     
                     	What regulates protein synthesis in children?
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Changing Weight and Body Composition
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Chapter Objectives

            
            
            
               
               After completing this chapter, you will be able to do the following:

               
               
               
                  
                  	Describe the health implications associated with excess body fat.

                  
                  
                  	Describe the health implications associated with very low body fat.

                  
                  
                  	List strategies an athlete can use to gain lean body mass.

                  
                  
                  	Discuss the key behind popular diets, and how they help people lose weight.

                  
                  
                  	Discuss how low energy (calorie) intake affects the ability to increase muscle hypertrophy.

                  
                  
                  	Discuss why higher protein intake is important during weight loss.

                  
                  
               

               
               
            

            
            
         

         
         
         As you recall from chapter 10, body composition is the ratio between fat and fat-free mass. There is no universal definition
            for “optimal body composition,” which is subjective (40). Also, what an athlete considers ideal might vary from what a coach
            or performance staff considers ideal. In order to manipulate body composition, fat and muscle are altered through training
            and nutrition. However, each individual’s response to diet modifications and training varies, including how much body fat
            can be lost or muscle gained within a particular timeframe. Body composition goals may be adjusted over time based on how
            the body responds, health status (including injuries), and for athletes, how changes in body composition affect performance.
         

         
         
      

      
      
      

      
      
      

         
         Understanding Body Fat
         

         
         
         
            
            The two main types of body fat are essential body fat and storage fat. Essential fat, necessary for physiological functioning, is found in bone marrow, the heart, lungs, liver, spleen, kidneys, intestines,
               muscles, and fat-rich tissues of the central nervous system (78). Essential fat for men and women is approximately 3 percent
               and 12 percent body fat, respectively (78). In women, essential fat is higher because it includes fat in the breasts, hips,
               and pelvis for reproduction. Storage fat is energy accumulated for later use and found around internal organs (visceral fat) and directly below the skin (subcutaneous fat). Storage fat increases over time when excess energy (calories) is consumed, and decreases when more energy is burned than
               is consumed. Visceral fat wraps around organs like a blanket and contributes to inflammation (68). Higher levels of visceral
               fat are associated with higher risk for several chronic diseases (35, 44), whereas subcutaneous fat might help the body fend
               off disease and protect it during blunt force trauma, such as a car crash (36, 140).
            

            
            
            
            
            
               
               Do You Know?

               
               
               
                  
                  It is possible to be within normal weight yet have high levels of visceral fat (126).

                  
                  
                  
                  
               

               
               
            

            
            
         

         
         
         
         
            
            Health Implications of Excess Body Fat

            
            
            
               
               Excess body fat, technically called adipose tissue, takes a toll on the entire body. Obesity increases risk of many health
                  problems and diseases, including
               

               
               
               
                  
                  	type 2 diabetes,

                  
                  
                  	heart disease,

                  
                  
                  	stroke,

                  
                  
                  	certain types of cancer,

                  
                  
                  	sleep apnea,

                  
                  
                  	osteoarthritis,

                  
                  
                  	fatty liver disease,

                  
                  
                  	kidney disease,

                  
                  
                  	depression,

                  
                  
                  	chronic inflammation,

                  
                  
                  	osteoarthritis, and

                  
                  
                  	complications during pregnancy, such as gestational diabetes; high blood pressure, which can affect the health of the mother
                     and the baby; premature birth; stillborn birth; and neural tube defects.
                  

                  
                  
               

               
               
               
                  
                  Based on Arabin and Stupin 2014; Gregor and Hotamisligil 2011; Guffey, Fan, Singh, and Murphy 2013; Marshall and Spong 2012;
                     Pi-Sunyer2009; Polednak 2008; Roberts, Dive, and Renehan 2010.
                  

                  
                  
               

               
               
               Obesity also increases risk of all-cause mortality (death from all causes), cancer mortality, and cardiovascular mortality (103). More than 33 percent of adults and approximately
                  17 percent of children in the United States are obese (92).
               

               
               
               It is best to measure body fat directly rather than relying on indirect measures such as BMI. BMI can incorrectly classify
                  individuals with low body fat and high muscle mass as obese, while those with high body fat and low body weight can have a
                  “normal” BMI even when they have an unhealthy amount of body fat. The various methods of measuring body fat were presented
                  in chapter 10. Table 13.1 includes body fat ranges and their classification.
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               Excess fat around the waist is associated with increased risk of disease. The waist-to-hip ratio is used as a measure of higher
                  waist circumference and reflects increased visceral fat better than BMI (figure 13.1) (31, 105). 
               

               
               
               
                  



               
               
            

            
            
            

         
         
         

      
      
      




Figure 13.1    Measuring waist circumference.
                  

                  
                  
                  [image: Figure 13.1 Measuring waist circumference.]

                  
                  Based on National Heart Lung and Blood Institute 1998.

                  
                  
               

               
               
            

            
            
            
               
               Blood Vessels, the Heart, and Kidneys

               
               
               
                  
                  Obesity can increase blood lipids, including cholesterol and triglycerides (blood fats). Lipoproteins transport cholesterol
                     through the body. Low-density lipoprotein (LDL) carries cholesterol from the liver to tissues, where it is used for a variety of functions, including incorporation as a
                     structural component in cell membranes and the synthesis of steroid hormones. Though cholesterol is essential, high blood
                     LDL can increase cholesterol build-up in arteries and is associated with increased risk for heart disease (52). High-density lipoprotein (HDL) carries cholesterol back to the liver for excretion or recycling, thus HDL is sometimes referred to as “good” cholesterol
                     and is not associated with increased risk for heart disease. There are varying types or subclasses of LDL and HDL, each of
                     which has different effects in the body. Triglycerides are not directly artery clogging, though high levels of triglycerides
                     are associated with increased risk of cardiovascular disease (80, 90).
                  

                  
                  
                  Excess body fat causes the heart to work harder to pump blood, as the heart must overcome resistance in blood vessels to deliver
                     blood throughout the body. Over time, greater force of blood against artery walls leads to an increase in blood pressure (111),
                     a condition called hypertension, which can damage and weaken artery walls. Plaque (composed of fat, cholesterol, calcium, and other substances) adheres more
                     easily to damaged artery walls (figure 13.2). Plaque build-up, called atherosclerosis, decreases the diameter of arteries, narrowing the space blood travels through. Narrow artery walls decrease the flow of
                     oxygenated blood to tissues and organs and increase risk of blood clots, which can block blood flow partially or completely
                     (88). High blood pressure and atherosclerosis are risk factors for cardiovascular disease, diseases of the heart and blood
                     vessels, and chronic kidney disease. Healthy kidneys help maintain blood pressure by regulating blood volume and electrolytes
                     and through hormonal control. Damage to kidneys can impair kidney functioning, which may result in fluid build-up in blood
                     vessels and an even greater increase in blood pressure (139).
                  

                  
                  
                  
                     



                  
                  
                  
                  
                  
                  

               
               
               
               
            

            
            
            

         
         
         

      
      
      





Figure 13.2    Plaque build-up in an artery.
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                     High Blood Pressure and Plaque Build-Up on Artery Walls

                     
                     
                     
                        
                        Reflection Time

                        
                        
                        Atherosclerosis is similar to the build-up of dirt and debris inside a garden hose. When gunk builds up in a hose, you must
                           turn up the water pressure to continue getting the same amount of water from the hose. Plaque build-up in arteries means the
                           heart must work harder and generate more force to push blood through the body. That force damages artery walls.
                        

                        
                        
                        
                        
                        
                        
                        
                     

                     
                     
                  

                  
                  
                  
                     
                     Do You Know?

                     
                     
                     
                        
                        Smoking and exposure to second-hand smoke also damages artery walls.

                        
                        
                        
                        
                     

                     
                     
                  

                  
                  
               

               
               
               
               
            

            
            
            
               
               Obesity, Insulin Resistance, and Type 2 Diabetes

               
               
               
                  
                  Overweight and obesity can impair the body’s ability to use insulin properly. High blood sugar can lead to greater plaque
                     build-up in arteries and increase the amount of insulin released from the pancreas to decrease sugar in the blood. Insulin
                     helps reduce blood sugar (typically referred to as blood glucose) in two ways:
                  

                  
                  
                  
                     
                     	Insulin reduces glucose production in the liver (from stored glycogen), thereby helping reduce blood sugar.

                     
                     
                     	Insulin helps muscle, fat, and liver cells take up sugar (glucose) from the bloodstream, which lowers blood sugar.

                     
                     
                  

                  
                  
                  After removing glucose from the bloodstream, insulin stimulates glucose storage in the form of glycogen in liver and muscle.
                     Stored muscle glycogen is used for energy during exercise. Over time, high blood sugar decreases the body’s ability to use
                     insulin effectively, which can lead to insulin resistance (cells become resistant to the action of insulin) and type 2 diabetes
                     (89). Ninety percent of those with type 2 diabetes are overweight or obese (143). Type 2 diabetes can damage many parts of
                     the body, including nerves, kidneys, eyes, and skin, while also increasing risk of heart attack and stroke (32).
                  

                  
                  
               

               
               
            

            
            
            
               
               Cancer and Other Health Consequences

               
               
               
                  
                  Gaining weight increases the risk for several cancers, even if the weight gain doesn’t result in overweight or obesity. Scientists
                     believe this increased risk might be caused by several factors, including an increase in estrogen produced from fat; increased
                     insulin and insulin-like growth factor-1 (IGF-1), which might fuel the development of some types of tumors; chronic inflammation
                     (fat produces inflammatory compounds); and an increase in hormones produced in fat cells that might affect cell growth (28,
                     84, 106).
                  

                  
                  
                  Inflammation and excess fat around the neck might make the airway smaller, resulting in sleep apnea (113). Fat build-up in
                     the liver can injure liver tissue, leading to damage, scarring (cirrhosis), and liver failure (97). Also, excess weight puts
                     pressure on weight-bearing joints, increasing wear and tear of cartilage, the cushioning between joints, and risk for osteoarthritis
                     (60).
                  

                  
                  
                  
                  
                  
                     
                     Athletes and Obesity

                     
                     
                     
                        
                        Putting It Into Perspective

                        
                        
                        Athletes are not immune to obesity and obesity-related health consequences. A study in 90 Division I college football players
                           found that 21 percent were obese (all were linemen), as defined by 25 percent body fat or greater, as measured by BOD POD;
                           21 percent had insulin resistance (13 of the 19 players with insulin resistance were linemen); and 9 percent had metabolic
                           syndrome (all linemen) (9).
                        

                        
                        
                        
                        
                        
                        
                        
                     

                     
                     
                  

                  
                  
                  
                     
                     Can You Be Fit and Fat?

                     
                     
                     
                        
                        Putting It Into Perspective

                        
                        
                        The concept “fit and fat” suggests a high level of cardiovascular fitness attenuates some of the metabolic and cardiovascular
                           disease risk factors associated with being overweight or obese (30). As a result, obese individuals who are fit may be healthier
                           and live a longer life than normal-weight unfit individuals (146). Research lends some support to this theory: unfit individuals
                           have twice the risk of death from all causes (all-cause mortality) as compared to overweight and obese fit individuals (6),
                           demonstrating the powerful effect exercise has on health. Also, overweight and obesity does not affect everybody the same
                           way, and where fat is located on the body affects health. Thus it is possible for two individuals with similar amounts of
                           body fat, stored in different areas, to have very different risk profiles. As discussed in chapter 10, individuals who are
                           “pear shaped” (gynoid), carrying more fat around their buttocks and thighs, have a lower risk for obesity-related chronic
                           diseases than do those who are “apple shaped” (android), who carry more fat around the belly (which means more visceral fat).
                           The pattern of body fat storage is largely determined by genetics.
                        

                        
                        
                        The following factors are considered characteristics of those who are healthy and obese (119):

                        
                        
                        
                           
                           	A waist size of no more than 40 inches for a man or 35 inches for a woman

                           
                           
                           	Normal blood pressure, cholesterol, and blood sugar

                           
                           
                           	Normal insulin sensitivity

                           
                           
                           	Physically fit

                           
                           
                        

                        
                        
                        Few people meet the criteria for fit and fat, probably because of low levels of physical activity; many who are overweight
                           and obese aren’t getting enough physical activity to move them into this category. Furthermore, “obesity is independently
                           associated with reduced cardiovascular fitness” (30). Does this mean it is okay to be overfat as long as you are fit and meet
                           the criteria listed above? Not necessarily. It is unclear if an individual who is considered fit and fat (or healthy and obese)
                           will stay healthy and avoid unhealthy metabolic changes over time. In addition, these studies primarily examined metabolic
                           health, and, unfortunately, overweight and obesity can have many other negative effects on health. Excess weight can lead
                           to joint pain and damage and is the leading cause of osteoarthritis and sleep apnea; it is associated with increased risk
                           of some types of cancer, as well as other negative health effects. Obese individuals should engage in an exercise program
                           sufficient to improve cardiovascular fitness and help reduce body weight.
                        

                        
                        
                        
                        
                     

                     
                     
                  

                  
                  
               

               
               
               
               
            

            
            
         

         
         
         
            
            Health Implications of Low Body Fat

            
            
            
               
               When body fat gets too low, energy levels and one’s tolerance for cold decreases. Athletic performance might also suffer.
                  Body fat below essential fat can compromise health and be associated with low energy availability—energy intake insufficient to meet energy expenditure and physiological needs. Low energy availability can disrupt reproductive
                  functioning, leading to irregular menstrual cycles or complete cessation of menstruation (147). Irregular menstruation and
                  altered menstrual functioning can compromise bone health and might also increase risk of infertility (16).
               

               
               
            

            
            
         

         
         
      

      
      
      

         
         Decreasing Body Fat
         

         
         
         
            
            An individual might want to decrease body fat for a variety of reasons, including lowering disease risk and improving health,
               body image, or athletic performance.
            

            
            
            Studies examining weight loss show numerous approaches can be effective, as long as they create an energy deficit over time
               (144). However, losing weight too quickly can lead to a decrease in muscle mass, greater drop in metabolic rate (energy burned
               each day) than predicted by weight loss alone, and less energy available to train and get through each day (18, 34, 54, 133). Generally
               speaking, rapid weight loss should be avoided unless warranted for health reasons.
            

            
            
            
            
            
               
               Nutrition Tip

               
               
               
                  
                  If you are competing in a sport, either recreationally or competitively, it is best to focus on weight loss during the off-season
                     or in the base phase of training. If you are working on weight loss in-season or before competition, cut calories as little
                     as possible to preserve muscle mass, prevent a large drop in RMR, and minimize training and performance decrements.
                  

                  
                  
                  
                  
               

               
               
            

            
            
         

         
         
         
         
            
            Determining a Healthy Weight Goal and Daily Energy Needs

            
            
            
               
               The first step in determining a healthy body weight goal is weighing in a euhydrated state and measuring body composition
                  (133). These measures can be used to determine how much body fat individuals should lose to put them within an optimal range
                  for health or, for athletes, within a sport-specific body fat range.
               

               
               
               
               
               
                  
                  Determining If Weight Goals Are Realistic

                  
                  
                  
                     
                     Putting It Into Perspective

                     
                     
                     A realistic weight goal

                     
                     
                     
                        
                        	takes weight history, history of family, body weight and shape, and past history of eating disorders, obesity, and disordered
                           eating into account;
                        

                        
                        
                        	does not compromise health or increase risk of injuries;

                        
                        
                        	promotes sound eating habits and supports training and performance;

                        
                        
                        	meets the needs for growth, development, and reproductive functioning; and

                        
                        
                        	can be maintained without extreme weight control practices or constant dieting (75).

                        
                        
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
               Next, energy needs can be estimated by using one of the following equations.

               
               
               Harris-Benedict equation

               
               
               Men BMR = 66.5 + (13.8 \×\ weight [kg]) + (5 \×\ height [cm]) − (6.8 \×\ age [yr])

               
               
               Female BMR = 655.1 + (9.6 \×\ weight [kg]) + (1.9 \×\ height [cm]) − (4.7 \×\ age [yr])

               
               
               Cunningham equation

               
               
               RMR = 500 + (22 \×\ lean body mass [kg])

               
               
               Mifflin-St. Jeor equation

               
               
               Men RMR = (10 \×\ weight [kg]) + (6.25 \×\ height [cm]) – (4.92 \×\ age) + 5

               
               
               Women RMR = (10 x weight [kg]) + (6.25 x height [cm]) – (4.92 x age) – 161

               
               
               All of these equations take body weight into account, and some also consider age, height, and lean body mass to predict basal metabolic rate (BMR) or resting metabolic rate 
                  (RMR). BMR measures the amount of calories burned at rest in a comfortable temperature at least 12 hours after activity and 10
                  to 12 hours after eating. RMR is measured at least 3 to 4 hours after activity or strenuous activity. The Cunningham equation
                  considers lean body mass and is thus more applicable to athletes and other active individuals (127). BMR or RMR can be multiplied
                  by an activity factor or METs (metabolic equivalents) can be added to estimate total daily energy needs to maintain weight.
                  Table 13.2 shows common activity factor values. Subtract the desired daily caloric deficit from total calories per day for weight loss.
                  METs are an estimate of energy expenditure during activity (1, 46). When considering number of calories burned each day, be
                  sure to account for activities of daily living (nonathletic activities such as walking, gardening, playing with the kids,
                  etc.) as well as energy burned through restlessness (fidgeting and constant movement) (66). Some individuals are extremely
                  active outside of their training or athletic endeavors, whereas others tend to be sedentary when not training (128).
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                  Do You Know?

                  
                  
                  
                     
                     A caloric deficit of 500 to 1,000 calories below estimated daily energy needs is generally recommended for weight loss (86,
                        115). However, individuals with lower energy needs (women, older adults) in addition to growing children and teens should
                        minimize their total caloric deficit to ensure they are getting enough nutrients for good health (more calories equals more
                        opportunities to consume nutrients) and for growth, development, and reproductive functioning.
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
               Weight loss isn’t simple math, and people don’t lose weight in a linear fashion. In 1958, a physician discovered that 1 pound
                  of fat stores approximately 3,500 calories (145). This discovery resulted in thousands of textbooks, articles, websites, and
                  weight-loss programs inaccurately predicting weight loss by dividing 3,500 by the daily calorie deficit to get the number
                  of days it would take to lose a pound. For instance, many would assume subtracting 500 calories per day from the amount of
                  calories necessary to maintain weight would lead to a 1-pound weight loss in 7 days. However, this simple math equation is
                  inaccurate because it makes many assumptions: that we need the exact same amount of calories each day to be in a state of
                  energy balance; that calories burned each day through physical activity and activities of daily living remains constant from
                  day to day; that we can calculate exactly how many calories we are eating; that we consistently adhere to the diet; and that
                  our bodies do not adapt to dieting and weight loss. Metabolism decreases with weight loss, providing one explanation for less
                  than expected weight-loss results (14). However, decreased adherence to a particular diet might be the primary factor slowing
                  the rate of weight loss or leading to a plateau in weight (42, 43, 125).
               

               
               
               Validated weight-loss calculators can be used to predict the approximate amount of time it will take to lose weight. These
                  calculators take metabolic slowing through weight loss into account. They are easy to find online. One weight loss calculator
                  is titled “Weight Loss Predictor” and was created by Pennington Biomedical Research Center. A second one is the “Body Weight
                  Planner” by the USDA.
               

               
               
               
               
               
                  
                  Preventing a Weight-Loss Plateau

                  
                  
                  
                     
                     Putting It Into Perspective

                     
                     
                     Even if muscle mass is preserved, losing weight typically leads to a drop in metabolism. Some research shows this drop is
                        greater than predicted (18, 24, 54, 121, 142), whereas other studies suggest the drop is relatively small (measured at 50
                        to 100 calories per day in one study) (77). Reasons for this decrease in metabolism, often referred to as metabolic adaptation,
                        aren’t entirely clear, though it is correlated to the degree of energy deficit (the greater the energy decrease, the greater
                        the drop in metabolism) and changes in circulating leptin (54, 61). Leptin, a hormone secreted by fat cells, helps regulate
                        body weight and energy balance (148). Also, fewer calories are necessary to carry less body weight. We burn less energy (fewer
                        calories), even during activities of daily living, such as raking leaves (assuming our intensity level is the same), at a
                        lower weight than we do at a higher weight. To account for metabolic adaptation, dieters must adjust energy intake over time
                        to continue losing weight or to maintain their new body weight. The greater the weight lost from dieting, the greater the
                        decrease in metabolism, which dieters must account for to maintain their new weight. Rapid and massive weight loss seems to
                        lead to the greatest drop in metabolic rate. Weight regain after weight loss is quite common—and complex. Adjusting energy
                        intake for weight maintenance likely slows the process of regaining lost weight.
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
            

            
            
            
            
            
         

         
         
         
            
            Energy-Yielding Macronutrient Requirements for Weight Loss

            
            
            
               
               Many people lose muscle when dieting, which contributes to, yet doesn’t fully account for, the drop in metabolic rate that
                  occurs with dieting. Several factors affect the amount of muscle mass lost, including activity (type, frequency, and duration);
                  speed of weight loss; total protein intake; total daily energy deficit; gender; baseline level of body fat; and possibly individual
                  differences in hormonal response to dieting. During dieting, muscle mass losses are relatively smaller in obese individuals
                  as compared to those of “normal” weight (49).
               

               
               
               
               
               
                  
                  Do You Know?

                  
                  
                  
                     
                     Losing weight quickly increases the likelihood of losing muscle during weight loss (18, 34).

                     
                     
                     
                     
                  

                  
                  
               

               
               
               A lower-calorie diet that does not contain enough protein will lead to significant muscle loss (55, 98, 99). During weight
                  loss, protein needs are higher to preserve muscle tissue (19, 47, 85). A protein intake of at least 1.2 grams per kilogram
                  body weight (0.55 g of protein per lb. body weight) is recommended to maintain muscle during dieting, though more protein,
                  1.8 to 2.7 grams of protein per kilogram body weight per day (or approximately 2.3–3.1 g protein per kg fat-free mass per
                  day), might be preferable for attenuating the loss of muscle (86). Protein needs depend on many factors, including the amount
                  of the caloric deficit, type of proteins consumed, and training program (type, duration, intensity, and frequency).
               

               
               
               
               
               
                  
                  Nutrition Tip

                  
                  
                  
                     
                     A RDN trained in sports nutrition can help athletes and active individuals identify a realistic weight goal and create a plan
                        to meet this goal without the use of extreme diets and unsafe weight-loss practices (56, 123).
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
               In addition to meeting recommended guidelines for total daily protein intake, per-meal protein dose matters. The exact amount
                  of protein needed at each meal to maximally stimulate muscle building likely depends on several variables, including the type
                  of protein consumed, total daily energy intake, body weight, and training program. At mealtime, a minimum of 25 to 30 grams
                  of protein containing 2 to 3 grams of leucine for younger adults and at least 3 grams of leucine for older adults is recommended
                  to maximally stimulate muscle protein synthesis (74). Those who are dieting should also consume a minimum of 20 to 30 grams
                  of a high-quality, fast-digesting protein such as whey (when a vegetarian protein is consumed, eat a minimum of 30 grams).
                  Older adults should have at least 30 grams and possibly closer to 40 grams after resistance-training sessions.
               

               
               
               
               
               
                  
                  How Can I Feel Full When Dieting?

                  
                  
                  
                     
                     Putting It Into Perspective

                     
                     
                     Satiation and satiety help limit overall food intake. Satiation is the satisfaction of appetite during a meal, which helps us determine when to stop eating. Satiety is the feeling of fullness
                        after a meal, which affects when we decide to eat again. Satiety decreases over time after eating (23). Several factors influence
                        satiation, including sensory feedback, expectations of feeling full, gastric distension caused by the volume of food consumed,
                        and hormonal feedback to the brain; all of these factors help to regulate the amount, duration, and frequency of food consumption
                        (13, 21, 136). Foods that are higher in volume, such as whole fruits and vegetables, broth-based soups, and whipped shakes
                        can increase satiation.
                     

                     
                     
                     Protein increases satiety in a dose-dependent manner (the more protein consumed at one time, the more full we feel, though
                        it isn’t clear what the upper limit is, beyond which feelings of fullness are not increased). Per-meal doses of at least 30
                        grams are recommended (95). However, habitual consumption of a high-protein diet might decrease protein’s impact on satiety
                        over time (69). A high-protein breakfast, particularly, appears to be important for improving satiety during the day. Choosing
                        solid as opposed to liquid sources of calories can also enhance satiety (64, 65). Fiber improves satiety, the degree to which depends on the type of fiber consumed. Beta-glucan (from oats and barley), lupin
                        kernel fiber, whole-grain rye, rye bran, and a mixed diet of fiber-containing foods (grains, legumes, vegetables, and fruits)
                        might be best for enhancing satiety (100).
                     

                     
                     
                     Increases in satiety do not necessarily correspond to a decrease in food intake over the course of a day, as multiple factors
                        affect a person’s desire to eat, including the sight or smell of food, habit, and emotional state (we eat when we are bored
                        or stressed, for instance).
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
               In addition to protein, an adequate amount of carbohydrate must be consumed if a training program includes high-intensity
                  exercise. Carbohydrate is the primary source of fuel used during high-intensity exercise because the body can readily access
                  and use it for energy. Fat is a slow source of energy, which means the body cannot access and use fat quickly enough to sustain
                  high-intensity training (71). If the body lacks an adequate supply of carbohydrate for use as energy, intensity will drop.
               

               
               
               
               
               
                  
                  Do You Know?

                  
                  
                  
                     
                     Behavior therapy and support improves weight-loss results and enhances weight maintenance after weight loss.

                     
                     
                     
                     
                  

                  
                  
               

               
               
            

            
            
            
            
            
            
         

         
         
         
            
            Popular Diets and Approaches to Dieting

            
            
            
               
               A variety of dietary approaches can lead to weight loss. These might include counting calories, cutting down on one macronutrient
                  (as in a low-fat diet or low-carbohydrate diet), watching portion sizes, taking a nondiet approach, excluding certain foods
                  or food groups, and intermittent fasting or eating only within a certain window of time (e.g., daytime hours between 8 and
                  5).
               

               
               
               
               
               
                  
                  Does Carbohydrate Make You Fat?

                  
                  
                  
                     
                     Reflection Time

                     
                     
                     Carbohydrate does not make you fat. However, if you consume more energy than you burn, you will gain weight. Well-designed
                        metabolic ward studies (study subjects are held at the research institution, and all food is provided; food intake and physical
                        activity are strictly measured and observed) show obese adults lose more body fat when they reduce dietary fat intake rather
                        than cutting down on carbohydrate (41).
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
               Low-fat and low-carbohydrate diets are often compared for effectiveness, yet research indicates that both approaches work.
                  A meta-analysis of 48 randomized controlled clinical trials examining the effectiveness of popular weight-loss diets—including
                  Atkins, Zone, South Beach (low carbohydrate), LEARN, Jenny Craig, Nutrisystem, Weight Watchers (moderate approaches), Ornish,
                  and Rosemary Conley —for overweight and obese adults (BMI >25) found most lower-calorie diets result in weight loss as long
                  as participants stay on the diet. Additionally, low-fat and low-carbohydrate diets resulted in the greatest weight loss, though
                  these differences were minor in comparison to the rest of the diets (55). Research reviews examining popular diets have come
                  to the same conclusion: Most are equally effective, and evidence is insufficient to recommend one particular dietary approach
                  for all people (53, 110, 131).
               

               
               
               
               
               
                  
                  How Do I Know What Diet Is Best for Me?

                  
                  
                  
                     
                     Putting It Into Perspective

                     
                     
                     No one diet works for everyone. Research shows the ability to adhere to a diet is the most important factor that predicts
                        successful weight loss, while lack of adherence is one of the biggest barriers to long-term success (55, 73). Individuals
                        should choose a diet or plan they can adhere to, one that presents the fewest number of challenges and allows them to maintain
                        their health and level of exercise. Instead of following a rigid approach to losing weight, maintaining some flexibility to
                        alter the approach as needed or to switch diets might improve adherence (55). For instance, a person can start by counting
                        calories and then transition to portion sizes and mindful eating. Mindful eating helps people get in touch with their physiological
                        hunger and satiety cues. In addition, mindful eating helps people examine when they are eating due to stress, boredom, habit,
                        and for other reasons not related to hunger. Once a person identifies why they are eating (e.g., if they are really hungry
                        or using food to cope with something else in life) in addition to their eating cues (i.e., time of day, sight of the vending
                        machine, etc.), they can work on better habits so they do not habitually turn to food when they are not truly hungry.
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
            

            
            
            
            
         

         
         
         
            
            Does the Type of Food You Eat Matter?

            
            
            
               
               When individuals are cutting calories, they have fewer opportunities to get the vitamins, minerals, fiber, and protein necessary
                  for optimal health. This means they must make their calories count by focusing on nutrient-rich foods. They might also want
                  to choose foods with no (or little) processing, as well. The research is limited, but emerging evidence suggests the body
                  expends more energy digesting foods that are less processed, or absorbs fewer calories from the food during digestion, as
                  compared to highly processed foods.
               

               
               
               Studies examining intake of whole almonds, pistachios, walnuts, and peanuts suggest incomplete energy absorption from fat.
                  Study subjects absorbed 5 to 21 percent fewer calories than the nuts contained (percentages differed based on the nut). Fewer
                  calories were absorbed from the nuts due to incomplete breakdown of the cell walls within the food (4, 91, 120). In addition,
                  some research shows less dietary fat (and so less calories) is absorbed from peanuts as compared to peanut oil, peanut butter,
                  and peanut flour (130).
               

               
               
               In a crossover study in healthy women, study subjects were provided either a sandwich with cheddar cheese on multigrain bread
                  or processed cheese on white bread. Meals contained the same amount of protein, carbohydrate, fat, and calories. Calorie expenditure
                  was significantly greater after the whole food as compared to the processed meal (137 ± 14.1 calories vs. 73.1 ± 10.2 calories),
                  suggesting more energy is expended during the digestion of less-processed foods as compared to highly processed foods (5).
               

               
               
               
               
               
                  
                  Nutrition Tip

                  
                  
                  
                     
                     Vigorous exercise can lead to an increase in food consumption. However, this shouldn’t be viewed as a reason to avoid exercise
                        or reduce exercise intensity, as metabolism will slow if food intake doesn’t increase to correspond with the increase in exercise
                        (125). Just be mindful of overall calorie balance.
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
            

            
            
            
         

         
         
         
            
            Training for Losing Body Fat

            
            
            
               
               Training programs can be tailored to increase calories burned and therefore help with weight loss. Two components make up
                  the total amount of energy burned as a result of exercise:
               

               
               
               
                  
                  	Energy burned during exercise.

                  
                  
                  	
                     Excess 
                     postexercise
                      oxygen consumption (EPOC)—the energy burned after exercise.
                  

                  
                  
               

               
               
               Resistance training is critical for up-regulating muscle protein synthesis when dieting (3, 85, 121) to help ensure muscle
                  mass is maintained (or improved) during weight loss. In addition to burning calories during resistance training and in the
                  time period after training, through excess postexercise oxygen consumption, the body requires energy (calories) to repair
                  training-induced microscopic damage in muscle while laying down new proteins in muscle. Resistance-training programs designed
                  for weight loss focus on recruiting a greater amount of muscle mass in each session to maximize the amount of calories burned
                  during the session and afterward (excess postexercise oxygen consumption) (138). For example, a program might include more
                  squats instead of calf raises or leg extensions. In addition to focusing on recruiting more muscle mass in each training session,
                  performing supersets (completing two sets of different exercises back to back before resting, such as a set of squats immediately
                  followed by deadlifts prior to resting) increases total calories burned during and after exercise (57).
               

               
               
               
               
               
                  
                  Will Building Muscle Turn Me Into a Calorie-Burning Machine?

                  
                  
                  
                     
                     Putting It Into Perspective

                     
                     
                     Muscle tissue burns significantly more calories at rest than fat tissue. Though this difference is statistically significant,
                        it might not translate to a very meaningful difference in calories burned over a short period. One pound of muscle burns 5.9
                        calories per day at rest (RMR), whereas each pound of fat burns 2.0 calories per day at rest (RMR). So if you gain 5 pounds
                        of muscle, you’ll burn approximately 20 more calories each day (141).
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
               In addition to resistance training, incorporating aerobic exercise into a training program can enhance total energy burned
                  during the day. Steady-state (constant intensity) aerobic work sessions can be intermixed with high-intensity interval training
                  (HIIT) to increase total energy burned. Although several studies have suggested HIIT training, which involves repeated bouts
                  of high-intensity exercise followed by low-intensity exercise, increases energy burned during exercise and excess postexercise
                  energy consumption to a greater extent than steady-state exercise (11, 37, 48, 58), a systematic review and meta-analysis,
                  including 31 studies, found HIIT training doesn't led to greater weight loss than steady-state exercise when matched for total
                  calories burned. However, HIIT does lead to greater calories burned in a shorter period, so a person can get more results
                  for a shorter time commitment (http://onlinelibrary.wiley.com/doi/10.1111/obr.12536/abstract). Note that HIIT training can
                  be difficult for individuals who are very overweight or who have chronic health conditions or injuries.
               

               
               
               
               
               
                  
                  Do You Know?

                  
                  
                  
                     
                     Studies show that changing your diet will lead to greater weight loss than changing your exercise program (22, 114, 116).
                        However, dieting alone (without exercising) leads to greater decreases in muscle mass compared to combining diet with exercise,
                        particularly with anaerobic exercise (e.g., resistance training) (125).
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
               A sound training program is an essential component for altering body composition in favor of less fat and more muscle, but
                  overall daily activity is important as well. Research shows many people compensate for increases in physical activity by being
                  less active the rest of the day. They decrease their activities of daily living, so they burn fewer calories during the rest
                  of the day when they are not working out (128). Activities of daily living include walking to class, cleaning, mowing the
                  lawn, gardening, and washing the car (26, 66).
               

               
               
               
               
               
                  
                  Forget the “Fat Burning Zone,” and Ramp Up the Intensity

                  
                  
                  
                     
                     Putting It Into Perspective

                     
                     
                     As discussed in previous chapters, when you exercise at a lower intensity you burn a greater percentage of calories from fat
                        than when you exercise at a higher intensity. However, you also burn fewer total calories per training session compared to
                        training at a higher intensity. If weight loss is the goal, focus on total calories burned in a day rather than worrying about
                        burning a greater percentage of fat, as opposed to carbohydrate, during exercise. If you burn more calories during exercise
                        to help create a caloric deficit, your body will tap into fat stores for energy at other times of the day—when you are studying
                        or watching TV, for instance.
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
               Training can increase the total amount of calories burned in various ways, but the best exercise for weight loss is the one
                  that an individual will stick with over time, both during the weight-loss period and afterward, for weight maintenance.
               

               
               
               Several strategies can be used to help an individual cut calories and thereby lose weight. Research-based nutrition and exercise
                  strategies are shown in figure 13.3.
               

               
               
               
                  



               
               
            

            
            
            
            
            
         

         
         
         

      
      
      




Figure 13.3    Effective strategies for consuming fewer calories.
                  

                  
                  
                  [image: Figure 13.3 Effective strategies for consuming fewer calories.]

                  
               

               
               
            

            
            
            
            
            
         

         
         
         
            
            Sport-Specific Weight and Body Fat Goals

            
            
            
               
               Average body fat levels for men and women in the United States are approximately 22 to 28 percent for men and 32 to 40 percent
                  for women (67). Athletes will likely be higher or lower than these ranges. Obesity, even for the active individual or athlete,
                  comes with health consequences. Note also that extremely low body fat, defined as below essential body fat levels—less than
                  5 percent for men and 12 percent for women—can impair immune system and endocrine functioning (129).
               

               
               
               Three categories of sports are most commonly associated with lower body fat (75, 123):

               
               
               
                  
                  	Sports in which carrying a lower body weight is advantageous such as endurance athletes, ski jumping, and jockeys

                  
                  
                  	Weight-class sports such as wrestling and judo

                  
                  
                  	Aesthetic sports such as gymnastics and figure skating

                  
                  
               

               
               
               All athletes who must meet weight-class goals should be monitored for use of extreme weight-loss practices that are harmful
                  to health and increase injury risk (122). Athletes who are still growing should also be closely monitored, as severe energy
                  restriction can interfere with growth and development (75).
               

               
               
               A wide range of body fat values has been reported in elite athletes, making it difficult to determine ideal ranges for each
                  sport. See table 13.3 for general ranges. Note that body fat measurement techniques and instruments and equations used vary widely among athletes.
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         Gaining Muscle Mass
         

         
         
         
            
            Improving muscle mass can help prevent injuries, slow sarcopenia (the age-related decline in muscle mass) and possibly improve
               athletic performance. Some individuals also choose to gain muscle mass for aesthetic reasons. Several factors influence the ability to increase muscle size (hypertrophy) and strength, including genetics, current training,
               previous history of training, and nutrition. The most important modifiable factor necessary for muscle hypertrophy is a well-designed,
               periodized resistance-training program. A sound diet can improve results obtained from a training program. For muscle hypertrophy,
               it is important to consume enough total calories and protein. Sufficient calories are necessary to provide both the energy
               to train and the energy necessary for the synthesis of new proteins in muscle.
            

            
            
         

         
         
         
            
            Energy Needs

            
            
            
               
               Energy needs for weight gain can be estimated by calculating RMR and calories expended through activity, and then adding calories
                  on top of this number. The majority of extra calories should come from protein and carbohydrate. At least 44 to 50 calories
                  per kilogram body weight is suggested for weight gain (118).
               

               
               
               In well-designed overfeeding studies, participants are given meals to help determine the effect of varying calorie and energy-yielding
                  macronutrient intake on weight, fat, and muscle mass. In these studies, consuming more of the extra calories from protein
                  led to a greater increase in lean body mass. A 10- to 12-week overfeeding study in normal and overweight participants provided
                  39.4 percent more calories each day than needed for weight maintenance and either 6, 15, or 26 percent of the extra calories
                  as protein. All groups increased body fat, though overfeeding protein led to greater lean body mass gains and an increase
                  in energy expenditure (12). In another study, participants were overfed for 8 weeks and given a diet containing 5, 15, or
                  25 percent protein. Those given 15 or 25 percent protein stored 45 percent of the extra calories consumed as muscle mass,
                  while those on the low-protein diet stored 95 percent of extra calories as fat (33). While protein is important for weight
                  gain, there are individual differences in weight gained (fat mass and muscle mass) when calorie intake is increased. Individuals
                  with more fat-free mass may gain less weight when overfed compared to those with less fat-free mass. Plus, the amount of calories
                  burned each day increases when overfed, as discussed earlier in the chapter. Thus weight gain cannot be accurately predicted
                  based on the amount of extra calories consumed (10). In other words, adding an extra 3,500 calories per week will not lead
                  to exactly 1 pound of weight gained.
               

               
               
               A study in lean and obese men overfed (50% more than calorie needs to maintain weight) carbohydrate or fat found carbohydrate
                  overfeeding led to an increase in total calories burned and 75 to 85 percent of excess calories stored as fat, while overfeeding
                  fat had minimal impact on total calories burned and led to 90 to 95 percent of excess calories stored as fat (51).
               

               
               
               
               
               
                  
                  Nutrition Tip

                  
                  
                  
                     
                     When consuming more calories each day, your metabolism will increase, so over time your weight gain might start to plateau
                        and an even greater increase in calories will be needed to continue gaining weight.
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
            

            
            
            
         

         
         
         
            
            Protein Needs

            
            
            
               
               As noted in chapter 12, it is not entirely clear exactly how much protein is optimal for building muscle; the total amount
                  of protein that should be consumed depends on a person’s health status, total calorie intake, and training program. The type
                  of protein consumed might also influence optimal protein intake for hypertrophy; vegetarian proteins may need to be consumed
                  in higher amounts and combined to get all essential amino acids in each serving. To maximize muscle hypertrophy, a total daily
                  protein intake of approximately 1.2 to 2.0 grams per kilogram body weight is recommended (8, 15).
               

               
               
               In addition to total daily protein intake, consuming a high-quality, fast protein, one that is quickly digested and leads
                  to a rapid rise in amino acids in the bloodstream, soon after resistance training will up-regulate muscle protein synthesis
                  better than resistance training alone. The exact time period after training during which one should consume protein isn’t
                  entirely clear, though for individuals who are resistance-trained (not novices) it is preferable to consume protein sooner,
                  within about 1 hour, rather than later. This strategy may be most important for those who train in a fasted state (83, 112).
                  If using this strategy, one should consume a minimum of 20 to 25 grams of high-quality protein containing at least 2 grams
                  of leucine per serving (82). If choosing a vegetarian protein source, select at least 30 grams of a variety of proteins, covering
                  all essential amino acids and including at least 2 grams of leucine. Older adults need at least 40 grams of a protein containing
                  at least 3 grams of leucine after exercise to maximally stimulate acute muscle protein synthesis (82, 101).
               

               
               
               Resistance training increases muscle protein synthesis for at least 48 hours after training, so regular meals with at least
                  25 to 30 grams of protein, providing at least 2 grams of leucine for younger adults and 3 grams of leucine for older adults,
                  will maximally stimulate acute muscle protein synthesis at each meal (17, 63, 96).
               

               
               
            

            
            
         

         
         
         
            
            Carbohydrate Needs

            
            
            
               
               Carbohydrate is the body’s primary source of energy for resistance training; when carbohydrate availability is low, training
                  intensity will drop. Carbohydrate also helps decrease muscle breakdown after a workout and, like the other energy-yielding
                  macronutrients (protein and fat), carbohydrate contributes to total daily caloric needs.
               

               
               
               Though fat is the primary source of fuel during moderate-intensity activity (30–65% of [image: V over time]O2max), as intensity increases, carbohydrate use also increases, with muscle glycogen becoming an important source of energy
                  (132, 137) (recall the crossover concept, shown in figure 11.1). The maximum rate of ATP production from fat is 0.4 mmol/minute, while the maximum rate of ATP re-synthesis from stored
                  muscle glycogen is 1.0 to 2.3 mmol/minute (7). Thus, ATP is not produced fast enough from stored fat to meet the demand for
                  energy during high-intensity activity (117). Resistance training with low glycogen leads to a decrease in the rate of ATP
                  production (as the body must rely on a slower production of ATP), fatigue, and a decrease in power output (29, 93, 94). Studies
                  examining different weightlifting protocols reiterate the importance of muscle glycogen; participants used 24 to 45 percent
                  of their glycogen stores after a few sets (72).
               

               
               
            

            
            
         

         
         
         
            
            Sports Supplements

            
            
            
               
               Protein and creatine are the two most effective supplements for increasing muscle mass. Supplementation with a high-quality
                  protein that provides at least 2 grams of leucine per serving for younger adults and at least 3 grams of leucine per serving
                  for older adults provides a convenient and effective way to consume protein soon after finishing a workout to increase acute
                  muscle protein synthesis. There is not enough research to date to compare food sources of protein, such as chicken and fish,
                  to supplemental forms of protein.
               

               
               
               Supplementing with creatine monohydrate may increase in body weight, strength, and muscle mass in healthy younger adults and
                  older adults (20, 25, 59). However, individual responses will vary with creatine supplementation. Some people are considered
                  nonresponders, meaning they do not see any changes in strength or muscle mass (124).
               

               
               
               
               
               
                  
                  Do You Know?

                  
                  
                  
                     
                     It is important to keep in mind that altering fat or muscle mass will not necessarily result in improvements in athletic performance
                        or body image. Simply gaining muscle mass does not automatically translate to improvement on a field or court, in a pool,
                        or on a track. Also, shedding body fat or gaining muscle will not necessarily improve a person’s body image; plus, some individuals
                        may be striving for what is unachievable and therefore never be satisfied with how they look.
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
            

            
            
            
         

         
         
      

      
      
      

         
         Losing Fat and Gaining Muscle at the Same Time
         

         
         
         
            
            In addition to the risk of losing muscle while losing weight, it is more difficult to gain muscle when cutting calories because
               lower- calorie diets decrease the intracellular signaling necessary for the synthesis of new proteins in muscle, and muscle
               tissue might be less sensitive to protein when a person is dieting (99).
            

            
            
            Despite these challenges, it is possible to lose body fat and preserve, or even gain, muscle at the same time by combining
               a higher-protein diet with an intense resistance-training program (70, 81, 102). For example, 31 overweight or obese postmenopausal
               women were put on a reduced-calorie diet of 1,400 calories per day (with 15%, 65%, and 30% calories from protein, carbohydrate,
               and fat, respectively) and randomized to receive either 25 grams of carbohydrate (maltodextrin) or a whey protein supplement
               twice a day for the 6-month study period. The group receiving the additional protein lost 3.9 percent more weight than the
               carbohydrate group and preserved more muscle mass (81).
            

            
            
            In another intervention study, young, overweight, recreationally active men (prior to the study they exercised once or twice
               a week) were placed on an intense 4-week diet and exercise program. Their diet contained 40 percent fewer calories each day
               than necessary for weight maintenance (providing a total of 15 calories per pound of lean body mass). Half of the men were
               randomly selected to receive a higher protein diet (2.4 g of protein per kg body weight; 1.09 g of protein per lb. body weight;
               35% protein, 50% carbohydrate, and 15% fat). The rest of the men were placed on a lower-protein diet (1.2 g of protein per
               kg body weight; 0.55 g of protein per lb. body weight; 15% protein, 50% carbohydrate, and 35% fat). Though this diet was lower
               in protein, it provided 50 percent more protein than the RDA for protein (0.8 g/kg body weight per day). Both groups were
               given enough carbohydrate to sustain a higher-intensity training program. All meals were prepared and provided to participants
               during the study, which helped control for calories and energy-yielding macronutrients consumed. In addition to their meals,
               participants were given dairy shakes during the day and immediately postexercise (the lower-protein group was given lower-protein
               shakes with carbohydrate in them; the higher-protein group received more protein in their shakes). Supervised workouts consisted
               of full-body resistance circuit training three times per week, high-intensity interval training twice per week, and a time
               trial. In addition to their structured exercise program, all participants were instructed to accumulate at least 10,000 steps
               per day, as monitored by a pedometer worn on their hip.
            

            
            
            Both the lower-protein and higher-protein groups lost weight, with no significant difference between groups. Men in the higher-protein
               group gained 2.64 pounds of muscle and lost 10.56 pounds of body fat, while men in the control group gained very little muscle
               (0.22 lb.) and lost 7.7 pounds of fat. Both groups improved all but one measure of strength in addition to aerobic and anaerobic
               capacity. There were no differences between groups in strength, power, aerobic fitness, or performance at the end of the study.
               In this study, a higher-protein, reduced-calorie diet combined with a high-intensity circuit-training program including interval
               training and sprints helped participants build muscle. In addition to their total protein intake, participants in the higher-protein
               group also consumed more protein per meal (approximately 49 g per meal) than those in the lower protein group (approximately
               22 g per meal) (70).
            

            
            
            Dieters who want to gain muscle while losing fat may want to consider consuming more than 2 grams of protein per kilogram
               body weight (102). Protein intake should be spaced out evenly throughout the day (regular meals containing at least 25–30
               g of protein).
            

            
            
         

         
         
      

      
      
      

         
         Summary
         

         
         
         
            
            Overweight and obesity result in many health consequences that can be reversed with weight loss. For athletes, decreasing
               body fat may also be driven by weight requirements of their sport or position, aesthetic demands, performance goals, decreasing
               risk of injuries, and joint pain. Losing body weight, especially when done quickly and without adequate dietary protein, can
               lead to a substantial decrease in muscle mass. To prevent muscle mass losses when cutting calories, one must consume more
               total protein and engage in resistance training. However, rapid weight loss can also lead to a more substantial drop in metabolism,
               so this approach is not recommended unless needed for rapid reversal of obesity-related health consequences. Weight loss is
               often less than predicted from nutrition and exercise interventions because many people tend to decrease their daily activity
               once they increase their exercise, adherence to diets drops over time, and metabolism drops with weight loss.
            

            
            
            
               



            
            
            

         
         
      

      
      
      
      
   



If you are trying to gain muscle while losing weight at the same time, keep in mind the diet and training information provided
                  in this chapter to help you achieve your goals. 
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            Gaining muscle can improve quality of life in older adults and those who are disabled by helping them perform typical daily
               tasks, such as lifting their groceries or opening a can of food. For athletes, gaining muscle can decrease risk of injuries
               and improve strength and power. Greater intake of both calories and protein, as well as an effective resistance-training program,
               is necessary for muscle hypertrophy. It is possible to gain muscle and lose fat at the same time. Doing this requires fewer
               calories, more protein per day, and a well-designed training program. Like weight loss, individual results from following
               a hypertrophy program or program designed for fat loss and hypertrophy at the same time will vary among individuals.
            

            
            
            
            
            
               
               For Review

               
               
               
                  
                  
                     
                     	Why do protein needs increase on a reduced-calorie diet?

                     
                     
                     	Describe the health implications that can result from body fat below essential fat levels.

                     
                     
                     	Describe the health implications resulting from and associated with excess body fat.

                     
                     
                     	Why is carbohydrate essential for high-intensity training?

                     
                     
                     	What is low energy availability, and how does it affect health?

                     
                     
                     	Why don’t people lose weight in a linear fashion? Why don’t they lose as much as they predict they would have?

                     
                     
                     	What makes popular diets effective?

                     
                     
                  

                  
                  
               

               
               
            

            
            
            
         

         
         
      

      
      
      
      
   
Chapter 14
Nutrition Concerns for Special Populations
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Chapter Objectives

            
            
            
               
               After completing this chapter, you will be able to do the following:

               
               
               
                  
                  	Discuss the most important nutrition concerns for child and adolescent populations.

                  
                  
                  	Discuss the special nutrition needs of masters-level athletes and active older adults.

                  
                  
                  	Describe special nutrition concerns for athletes with diabetes.

                  
                  
                  	Identify special considerations for athletes who are pregnant.

                  
                  
                  	Describe special nutrition concerns for vegetarian athletes.

                  
                  
                  	Discuss nutrition challenges associated with disordered eating and eating disorders in physical activity and sport.

                  
                  
               

               
               
               
               
            

            
            
         

         
         
         Many athletes and other active individuals face distinct dietary challenges that differ from those of the majority. These
            differences often have implications for health and exercise performance and might require an individualized approach to meeting
            nutrition needs. Concerns about the needs of distinct groups, or special populations, differ across the life stages. Nutrition
            needs of the child athlete, for example, are quite different from those of the masters athlete. When trying to ensure a proper
            diet that meets all nutrition needs, the considerations of some individuals, such as vegetarians, diabetics, or those with
            eating disorders, might be far different from those we have discussed in earlier chapters. In this chapter we focus on nutrition
            for physically active youth, including young athletes; athletes who compete at a masters level; physically active seniors;
            physically active individuals and athletes who are pregnant, diabetic, or vegetarian; and physically active individuals and
            athletes who have eating disorders.
         

         
         
      

      
      
      

      
      
      

         
         Children and Adolescents
         

         
         
         
            
            More opportunities than ever before exist for children and adolescents to participate in sports, and children are participating
               in competitive sporting activities at younger ages. Over 38 million children in the United States participate in team sports,
               the majority of them during high school (53). Other trends include increased female participation in sports, increased participation
               in extreme sports, earlier specialization, and year-round training. Some children and adolescents participate in long, intense training several
               times a week, often without sufficient recovery because of their busy schedules. Such situations call for nutrition plans
               that meet all needs for growth and development, promote health, enhance athletic performance, and aid in injury prevention.
               However, during periods of rapid growth with accompanying high-energy needs, many children and adolescents, including athletes,
               fall well short of meeting the standard guidelines for nutrition. Common meal patterns are often low in fruits, vegetables,
               calcium-rich foods, and micronutrients. Excessive saturated fat, sodium, and sugar are consumed. Unsafe weight-loss practices,
               disordered eating, and clinically defined eating disorders are of extreme concern in the young, as they can have significantly
               negative impacts on growth and development.
            

            
            
            
               



            
            
            

         
         
         

      
      
      



Young athletes require practical guidelines and adult support to meet the nutrition demands for their life stage and sport.
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            Children and Prepubescent Adolescents Are Not Small Adults

            
            
            
               
               Both benefits and drawbacks are associated with youth participation in sport. While some of these can also be observed in
                  adults, others are unique to this life stage and can be more significant, with lasting impacts into adulthood. Exercise associated
                  with youth sport improves physical fitness, reduces body fat, and decreases risk of chronic disease. Youth participation in
                  sport also enhances bone health, decreases the likelihood of depression and anxiety, improves self-esteem, improves academic
                  achievement, and provides overall improvements in emotional well-being. Risks for both acute physical injury and overuse injury
                  are heightened in the young. Children tend to injure themselves at different anatomic structures than adults. Their bones
                  are weaker than their tendons and ligaments, putting them at risk for fractures throughout the bone and growth plate. Some
                  adolescent athletes have decreased flexibility, coordination, and balance, which can increase injury risk while also affecting
                  sport performance, stress, anxiety, and self-esteem. Quick return to sport without appropriate rehabilitation can result in
                  chronic pain, repeated injury, and impaired functioning (38, 50).
               

               
               
               In addition to an immature skeleton, children and adolescents have distinct physiological differences that affect energy expenditure,
                  fuel (substrate) utilization, and thermoregulation during exercise. Along with increased demands for energy and many nutrients—as
                  a result of rapid anatomical, physiological, and metabolic changes—children have an immature anaerobic metabolic system prior
                  to the onset of puberty, which might affect their ability to perform well in high-intensity exercise. Children rely more on
                  fat oxidation and are thus less likely to achieve high rates of ATP generation via the anaerobic pathway.
               

               
               
               Children should be cautiously introduced to strenuous activity. Along with limited muscle glycolytic activity, children also have lower muscle strength related to reduced anaerobic capacity and experience minimal muscle fiber growth in response to exercise. Given the obvious need to avoid child exploitation, not much research data is
                  available on young athletes, and what is available is fraught with small sample sizes and study designs that address the research
                  question only indirectly. An example of this is applying research findings from studies conducted in adults to children.
               

               
               
               Children should not be thought of as “mini-adults,” and neither should they be grouped collectively when considering their
                  physical development. Many factors, including genetics and environment, affect the individual onset of maturation and must
                  be considered during nutrition planning. Both physiological and psychological differences affect youth’s dietary patterns,
                  as well as their perception and receptivity to nutrition information. Many young athletes are most interested in performance,
                  with little thought given to the impact of lifestyle choices on long-term health. Consciously or otherwise, they depend on
                  the adults in their lives for guidance. Like their nonathletic peers, young athletes are impressionable and are often up-to-date
                  with popular trends. Strategic use of infographics and media links can be powerful educational tools.
               

               
               
               Some adolescent athletes may be curious if dietary supplements will help their performance and give them an edge over their
                  competition, particularly if they have witnessed a teammate’s or other athlete’s success after taking a supplement. As future
                  professionals interested in working with young athletes, it is important and beneficial to talk with them about the benefits
                  and risks of various ergogenic aids, as well as discussing the benefits of natural aids (e.g., carbohydrate, protein, and
                  fat) and what it means to live a healthy lifestyle. Discouraging the use of unproven or dangerous dietary supplements can
                  help balance a young athlete’s “win at all costs” mentality. Steering young athletes early in the direction of optimal nutrition
                  and harnessing the benefits of whole foods will not deter all of them from experimenting with dangerous and illegal supplements,
                  but it will make a difference and yield long-term benefits for many.
               

               
               
            

            
            
            
               
               Growth and Development in Childhood

               
               
               
                  
                  Childhood growth can be erratic and is slow compared to adolescence growth. These variable growth patterns result in considerable
                     fluctuations in dietary energy needs. During periods of rapid growth, children might experience unexpected periods of lethargy,
                     poor coordination, and movement inefficiency. Training load itself can be a concern with youth, as available information on
                     the effect of intense exercise on growth in children is sparse. In many cases, once training load decreases, “catch-up” growth
                     can occur, but an imbalance in energy intake and expenditure (not enough calories to meet the demands of growth and training)
                     can have long-term effects on both performance and health. Chronic low energy availability can lead to short stature, delayed puberty, menstrual irregularities, poor bone health, and increased risk of injury. Along
                     with monitoring energy intake and training volume, professionals working with prepubescent athletes should monitor growth
                     via body mass trends and anthropometric variables and not rely solely on growth charts.
                  

                  
                  
                  Growth charts are used to assess height and weight for age in children. The guidelines below are used to determine weight
                     category for age.
                  

                  
                  
                  
                     
                     	Underweight: <5th percentile

                     
                     
                     	Healthy weight: 5th to <85th percentile

                     
                     
                     	Overweight: 85 to <95th percentile

                     
                     
                     	Obese: ≥95th percentile

                     
                     
                  

                  
                  
                  
                  
                  
                     
                     Energy Availability

                     
                     
                     
                        
                        Putting It Into Perspective

                        
                        
                        Energy availability equals dietary intake minus exercise energy expenditure (normalized to fat-free mass [FFM]). Energy availability
                           is the amount of energy available to the body to perform all other functions after the energy cost of exercise is subtracted.
                        

                        
                        
                        Example:

                        
                        
                        Female is 62 kg (136.4 lb.)

                        
                        
                        2,600 kcal – 600 kcal = 2,000 kcal

                        
                        
                        2,000 kcal/62 kg = 32.3 kcal/kg

                        
                        
                        Having an energy availability below 30 kcal/kg is associated with impairments of a variety of body functions. Energy availability
                           of 45 kcal/kg FFM per day was found to be associated with energy balance and optimal health (76), but more research is needed.
                        

                        
                        
                        
                        
                     

                     
                     
                  

                  
                  
               

               
               
               
            

            
            
            
               
               Growth and Development in Adolescence

               
               
               
                  
                  The period of adolescence is a nutritionally vulnerable time of life influenced by peer pressure, desire for increased autonomy,
                     and significant physical, cognitive, emotional, and social changes. Growth patterns in adolescence are strongly related to
                     genetics but can be influenced by many factors, including energy balance (energy intake and expenditure). Growth spurts tend
                     to occur around 10 to 12 years of age for females and roughly 2 years later for males (figure 14.1). Key body composition changes begin to emerge during this period. Females begin to develop greater fat mass, whereas males
                     begin to acquire more lean body mass and blood volume. Because of these changes, males may seem more advanced than females
                     on the playing field, since these physiological changes support power and performance. As a cumulative result of adolescent
                     growth spurts, adolescents accrue an estimated 15 percent of their final adult height and 45 percent of maximal skeletal mass
                     during their adolescent years. From a measurement standpoint, this translates into roughly 10 inches (25 cm) and 53 pounds
                     (24 kg) for females and 11 inches (27 cm) and 70 pounds (31 kg) for males.
                  

                  
                  
                  
                     



                  
                  
                  

               
               
            

            
            
         

         
         
         

      
      
      





Figure 14.1    Growth spurts are key times to maximize bone mass accretion.
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                  As shown in Figure 14.2, the appearance of secondary sexual characteristics is a key indicator of pubertal age. For example, a 13-year-old boy who
                     is actively going through puberty has aspects of energy metabolism and muscle physiology that are more advanced than a 15-year-old
                     boy who has not started puberty. In this scenario, the 13-year- old likely has greater glycolytic potential in strength and
                     power sports, is better suited for experiencing muscle metabolic adaptations to training, and has greater capacity to recover
                     from heavy exercise because of the hormonal environment supported by puberty.
                  

                  
                  
                  
                     



                  
                  
               

               
               
            

            
            
         

         
         
         

      
      
      





Figure 14.2    Secondary sexual characteristics in females and males.
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            Energy Needs

            
            
            
               
               Determining energy needs for children and adolescents is an inexact science in which many of the best estimates for calculating
                  energy needs are extrapolated from adult data. However, relying on data derived from adults is a flawed approach because children
                  are less metabolically efficient than adults. For instance, energy needs for children during walking and running activities
                  in sport may be as much as 30 percent higher compared to adults. Methodology used to predict daily energy needs are further
                  complicated when children compensate for bouts of strenuous physical activity by becoming more sedentary with other physical
                  activities (i.e., less walking, more sitting).
               

               
               
               It can be difficult for active adolescents to support optimal growth and development with adequate energy intake while also
                  meeting the increased energy demands of their sport. Time constraints, travel, and sport-specific eating attitudes can make
                  it challenging to meet energy needs. In addition, high rates of childhood obesity can make energy intake recommendations and
                  strategies to meet them less than clear. Child and adolescent athletes desiring to “bulk up” could gain excess fat resulting
                  in reduced speed, endurance, agility, work efficiency, and acclimation to heat, while also potentially increasing their risk
                  of developing obesity. In 2011 to 2014, approximately 17 percent of 2- to 19-year-olds were obese (56).
               

               
               
               Child and adolescent athletes who are overweight or obese should be encouraged to exercise and follow strategies that promote
                  healthy eating. In this age group, a focus on promoting weight loss is not always recommended. Unless comorbidities are present
                  and weight loss is recommended and monitored by a primary care provider, most professionals agree that promoting weight maintenance
                  and healthy lifestyle changes while waiting for height to increase will lead to a lower BMI and is considered a healthier
                  strategy (52). Strategies to encourage healthy eating include the following (54):
               

               
               
               
                  
                  	Choose smaller portions of foods and drinks.

                  
                  
                  	Place healthy foods and drinks within easy reach.

                  
                  
                  	Keep less healthy foods out of sight.

                  
                  
                  	Cut down on fast food.

                  
                  
                  	Cut down on distractions while eating (TV, phones, the computer, etc.).

                  
                  
                  	Don’t tell children to “clean their plate.”

                  
                  
                  	Don’t reward children’s good behavior with food.

                  
                  
               

               
               
            

            
            
         

         
         
         
            
            Nutrition Needs

            
            
            
               
               In addition to meeting their energy needs for growth, development, and activity, children and teens need to meet their energy-yielding
                  macronutrient (carbohydrate, protein, fat) needs for health and sport. Specific recommendations in other areas of the diet
                  are also warranted to support performance, health, and overall diet quality. Many recommendations are unique to this age group
                  and are described below.
               

               
               
            

            
            
            
               
               Carbohydrate

               
               
               
                  
                  Carbohydrate needs for optimal athletic performance and recovery are listed in table 14.1. In sporting activities lasting longer than 1 hour or at greater than 70 percent [image: V over time]O2max, children and adolescents may be limited by sparse carbohydrate stores and thus rely more on exogenous carbohydrate sources
                     (those they consume before and during activity) and less on glycogen to fuel performance. Strength training in youth can enhance
                     glycolytic activity, but maximal adaptation is not appreciated until sometime during adolescence when the limited glycolytic
                     activity from childhood is resolved. A diet containing a minimum of 50 percent of energy needs as carbohydrate is recommended.
                     To help meet carbohydrate needs, young athletes can consume carbohydrates in sports foods (drinks, gels, bars) during training
                     and competition (66). To improve diet quality, child and adolescent athletes would benefit from expanding their palate by
                     consuming a variety of carbohydrate-rich foods, including whole grains, dairy, vegetables, and fruits that provide a wide
                     range of micronutrients, phytonutrients, and fiber.
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                     Do You Know?

                     
                     
                     
                        
                        Sugar-sweetened beverages, such as soda, rank among the top five energy sources consumed for people over 2 years of age (80).

                        
                        
                        
                        
                     

                     
                     
                  

                  
                  
               

               
               
               
            

            
            
            
               
               Protein

               
               
               
                  
                  For child and adolescent athletes, protein needs are higher than for nonactive peers, but research suggests that additional
                     needs (above sport amounts) are not required to support growth and development. The g/kg body weight recommendations available
                     for adults are considered applicable in adolescence, with an upper limit of 1.7 grams of protein per day per kilogram body
                     weight (78). Concerns for inadequate protein intake arise with chronic energy restriction, and these concerns are exacerbated if chronic
                     energy restriction is combined with intense physical training. This combination could alter protein metabolism and impair
                     growth and maturation. Child and teen athletes can improve the quality of their diet by making better choices of protein foods
                     to consume. Some children have been found to be more reluctant to add animal-based protein foods to their diet and prefer
                     foods higher in carbohydrate and fat. In adolescence, the quality of protein consumed could be improved via leaner sources
                     dense with nutrients.
                  

                  
                  
               

               
               
            

            
            
            
               
               Fat

               
               
               
                  
                  In recommendations for fat consumption, the minimal absolute grams of fat have not changed much over the years in adults,
                     and there is limited research in children and adolescents. Although younger athletes rely more on aerobic metabolism, no evidence
                     currently exists to support a performance benefit from higher fat intake. The most prudent advice for fat intake aligns with
                     following the acceptable macronutrient distribution range (AMDR) of 20 to 35 percent of total energy consumed. For overweight
                     or obese child and teen athletes, mild reductions in dietary fat (within the AMDR range) are a prudent weight-management strategy.
                     As far as quality of food sources that supply fat to the diet in this age group, fat intake is strongly associated with increased
                     consumption of cheese, poultry, and snack foods. Many child and teen athletes may not know how to fill the void by reducing
                     such foods as chips, cookies, cakes, and do not realize “crispy,” “pan fried,” and “creamed” are food descriptors associated
                     with increased fat content. This might contribute to intakes above 10 percent of total calories from saturated fatty acids
                     and might increase the consumption of trans fatty acids.
                  

                  
                  
               

               
               
            

            
            
            
               
               Fluids

               
               
               
                  
                  Compared to adults, children have a greater surface area to mass ratio because of their smaller body and muscle mass, which
                     may result in greater heat absorption. Children also generate more heat, have a higher sweat threshold, a lower sweat capacity,
                     and take longer to acclimate to hot environments. Many of these physiological observations begin to resolve during adolescence.
                     Hydration for young athletes is discussed in chapter 8.
                  

                  
                  
                  It is particularly important for young athletes to begin practice and competition well hydrated. Urine color should be clear
                     or light yellow at the initiation of exercise. Structured hydration protocols for adolescents can be found elsewhere (18)
                     and describe the effects of sweat rates, sport dynamics, availability of fluids, environmental factors, level of fitness,
                     duration, intensity, and fluid preferences on hydration status.
                  

                  
                  
                  
                  
                  
                     
                     Do You Know?

                     
                     
                     
                        
                        Unsafe hypohydration and dehydration practices to lose weight that are commonly practiced in sport include fluid restriction,
                           spitting, use of laxatives and diuretics, rubber suits, steam baths, and saunas.
                        

                        
                        
                        
                        
                     

                     
                     
                  

                  
                  
               

               
               
               
            

            
            
            
               
               Micronutrients

               
               
               
                  
                  Research suggests active children and adolescents have greater vitamin and mineral intake than their nonactive peers, and
                     exercise does not appear to increase needs. However, this does not mean that micronutrient deficiency is not an issue, as
                     many adolescents fall short in their consumption of three major micronutrients: iron, calcium, and vitamin D. The RDAs for
                     each of these nutrients, consequences of deficiency, and strategies for increasing consumption are discussed in chapters 5
                     and 6.
                  

                  
                  
                  
                  
                  
                     
                     Do You Know?

                     
                     
                     
                        
                        About half of the world’s children aged 6 months to 5 years have at least one micronutrient deficiency. Most micronutrients
                           cannot be made within the body and must be acquired through the diet. Thus children and adolescents should be eating well-chosen
                           diets that include a variety of fruits and vegetables, grains, protein, and dairy, as well as other fortified foods in order
                           to prevent micronutrient deficiencies.
                        

                        
                        
                        
                        
                     

                     
                     
                  

                  
                  
               

               
               
               
            

            
            
         

         
         
         
            
            Ergogenic Aids and Dietary Supplements

            
            
            
               
               Some adolescent athletes become vulnerable to the lure of dietary supplements because they are influenced by their peers,
                  sport heroes, and the media. Lay publications, manufacturer claims, and the use of supplements by famous athletes may add
                  to the allure for some adolescent athletes. As a future professional in nutrition or athletics (or both), you must stay abreast
                  of the trends in this area. As described in chapter 9, recommendations for athletes in this age group regarding supplement
                  use are available. Read position statements and other reputable research on the dietary supplement practices of athletes in
                  this age group to ensure you are prepared to work with young athletes in the future.
               

               
               
            

            
            
         

         
         
      

      
      
      

         
         Masters Athletes
         

         
         
         
            
            Aging brings unique opportunities and experiences. From the standpoint of athletic performance, aging can be detrimental because
               of its effects on all physiological functions. However, exercise is widely accepted as essential for preventing chronic disease
               and slowing the loss of physical function associated with aging. Further, given what we know about the importance of physical
               activity and exercise throughout the lifespan, it is not a surprise that more people are staying involved in exercise and
               competitive sport in the their 50s and beyond. The term “masters athlete” is not universally defined by age and varies by
               sporting activity; however, most masters champions are in their 40s and beyond. Masters-level events are gaining popularity
               at the local, national, and international level. Many recommendations for masters athletes are extrapolated from recommendations
               for younger athletes and nutrition needs for the aging, as outlined by the DRIs (33).
            

            
            
            
               



            
            
            

         
         
         

      
      
      



Masters athletes compete across several age categories.
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            Exercise as an Essential Lifestyle Behavior in Aging

            
            
            
               
               The world’s population in 2040 is estimated to include 1.3 billion people with 14% of the population over the age of 65. This
                  estimation is roughly double the approximate 506 million people over 65 in 2008 (81). Regular physical activity and exercise
                  is essential for keeping the aging population in better health. Exercise is essential for slowing the losses of cardiorespiratory
                  and cardiovascular function, muscle function, and bone mineral density, while helping to control changes in body mass and
                  cognitive function and preventing insulin resistance.
               

               
               
            

            
            
            
               
               Cardiovascular and Metabolic Health

               
               
               
                  
                  Aging athletes who continue to perform endurance exercise retain greater aerobic capacity than their sedentary age-matched
                     peers (69). Although a decrease in [image: V over time]O2max with aging that begins at about the age of 30 is inevitable, those who begin and maintain endurance exercise can improve
                     their fitness level. Several factors are thought to contribute to this age-related decline in [image: V over time]O2max, including social factors such as limited time, commitment to career and family, and less time spent exercising. Physiological
                     changes also contribute and have been explained by changes to exercise economy and lactate thresholds (75). Despite some losses
                     in aerobic performance, one of the benefits of exercise in aging is its effect on maintaining healthy lipid profiles that
                     put masters athletes at lower risk of metabolic and cardiovascular disease (63).
                  

                  
                  
                  In addition to promoting optimal lipid profiles and cardiovascular health, exercise during aging augments overall metabolic
                     health by decreasing risk of insulin resistance. Skeletal muscle helps use blood glucose, and exercise helps improve both
                     insulin signaling and noninsulin-dependent glucose uptake induced by muscle contraction. In the absence of exercise during
                     aging, it is common for fasting blood glucose levels to rise because of insulin resistance. If unresolved, a series of events
                     may take place involving weight gain, increased inflammation, and increased likelihood of developing type 2 diabetes mellitus.
                     The benefit of regular exercise in staving off diabetes cannot be overstated; the effect appears to be independent of age
                     and instead more likely associated with decreasing risk of obesity (11).
                  

                  
                  
               

               
               
            

            
            
            
               
               Musculoskeletal Health

               
               
               
                  
                  Strong bones and muscles are essential to maintaining normal physical functioning and independent living during aging. Usually
                     starting sometime in our 40s, a slow, progressive decline begins in muscle mass (62). Muscle mass declines 3 to 8 percent
                     each decade, while strength declines approximately 1.5 percent per year and accelerates to 3 percent per year after age 60,
                     while powerful, fast-acting muscle fibers convert to slower muscle fibers (39, 57, 84). Sarcopenia increases one’s risk of
                     falling, a major cause of head injuries, broken bones, and hospitalization in the elderly (34, 41, 42, 68). Though muscle
                     loss cannot be completely stopped during aging, it can be blunted through resistance training and eating a well-balanced diet
                     that supports muscle tissue (13). It is never too late to start a resistance-training program; years of evidence suggests
                     muscle strength can be improved at any age, and this functional benefit can improve gait speed and balance with aging (10).
                     Resistance training also expresses its beneficial effects on bone mass. This is especially important for aging women, who
                     begin to lose bone much earlier than men because of lost estrogen with menopause. Estrogen is important for bone mass accretion.
                  

                  
                  
                  
                  
                  
                     
                     Preventing Osteoporosis

                     
                     
                     
                        
                        Putting It Into Perspective

                        
                        
                        Osteoporosis is a silent and increasingly common disease characterized by weak, porous bones. Bone density and quality of
                           bones are reduced during the disease process, and bones commonly become fragile, leading to increased risk of fractures. A
                           simple fall or slip for a person with osteoporosis can lead to a catastrophic bone fracture that can limit physical mobility,
                           contribute additional weakness to muscles and bones, and spark significant functional decline. While this disease is most
                           associated with aging, it has been identified in younger people. It can be prevented during young adulthood through weight-bearing
                           exercises, a diet with adequate energy intake, and adequate vitamin D and calcium. For the college student, this can be as
                           simple as taking up weight training or dancing while avoiding extreme weight loss practices and consuming more calcium-rich
                           foods.
                        

                        
                        
                        
                        
                     

                     
                     
                  

                  
                  
                  In addition to resistance training, any exercise has a positive effect on muscle and bone, and these effects can be maximized
                     through high-impact exercise (87). High-impact exercise results in greater stimulation of muscle and mechanical stress on
                     bone, which helps produce stronger tissue. It is through this type of exercise that masters athletes tend to be stronger and
                     have better bone health compared to sedentary counterparts. When examining bone health, even when exercise provides moderate
                     impact, bone health can be improved. These benefits have been documented in physically active adults who were 65 years of
                     age and older and showed greater bone mineral content from both swimming and running compared to nonactive controls (82).
                  

                  
                  
               

               
               
               
            

            
            
            
               
               Body Weight

               
               
               
                  
                  Obesity is currently estimated to affect approximately one-third of the adult population, which puts this disease in epidemic
                     status. Overweight, a prerequisite to obesity, is also of concern, with physical inactivity serving as a major risk factor.
                     Masters athletes are also at risk of weight gain, but exercise is one effective strategy for lessening age-related weight
                     gain. It is well established that regular exercise is essential for maintaining a healthy weight, especially after achieving
                     a weight loss (74). The absolute amount of exercise needed to prevent weight gain has been studied and has informed recent
                     physical activity guidelines (19). It appears that research subjects who average 60 minutes of moderate physical activity
                     per day gain the least amount of weight (35). 
                  

                  
                  
                  In summary, engaging in regular, moderate-intensity physical activity can prevent overweight and obesity. This level of physical
                     activity is consistent with the level for most masters athletes.
                  

                  
                  
               

               
               
            

            
            
            
               
               Cognitive Function

               
               
               
                  
                  Exercise during aging has multiple positive effects on systemic health, body system function, prevention of weight gain, metabolic
                     disease, and possibly, cognitive function. Masters athletes have greater white matter integrity in areas of the brain related
                     to motor control, visuospatial function, and working memory (79). Recent studies have found that cognitive performance and
                     cerebral blood flow are strongly associated with cardiorespiratory fitness and that the benefits of healthy heart function
                     leading to brain function improvements can be modified by fitness (37).
                  

                  
                  
               

               
               
            

            
            
         

         
         
         
            
            Energy Needs

            
            
            
               
               The calculation and estimation of energy needs for aging athletes is an inexact science, with many of the same limitations encountered in other life-stage groups. Many energy prediction equations
                  do include an age variable that is incorporated into the calculation to reduce the number of calories required for total energy
                  expenditure (TEE). This is based on the premise that aging is directly associated with reduced metabolic activity. While this
                  association is real, reductions in metabolic rate are more likely caused by a reduction of total muscle mass than age and
                  a reduced BMR. An experienced masters-level athlete likely has a higher metabolic rate than an age-matched individual who
                  is sedentary.
               

               
               
               As discussed in chapter 2, TEE is comprised of basal metabolic rate (BMR), thermic effect of food (TEF), and physical activity. All of these factors have been independently shown to decrease with age, but physical activity is
                  clearly the most variable. While many equations to predict TEE are commonly used in practice, if a masters athlete has recent body composition data, the preferred method is to use the Cunningham
                  equation. This equation uses fat-free mass as a variable and has been shown to estimate RMR more accurately than other equations
                  (77).
               

               
               
            

            
            
         

         
         
         
            
            Nutrition Needs

            
            
            
               
               We know little thus far about the specific nutrition needs of masters-level athletes because data is limited for this population.
                  However, to date, there is good evidence on the physiological benefits of exercise in aging, sports nutrition recommendations
                  for adults, and important data on physiological outcomes of diet and exercise interventions in older recreational athletes.
                  These data are currently being used to extrapolate nutrient recommendations for masters-level athletes. The following sections
                  will describe energy, macronutrient, micronutrient, and hydration recommendations for aging athletes.
               

               
               
            

            
            
            
               
               Macronutrients

               
               
               
                  
                  Sport nutrition guidelines continue to call for an individualized and periodized approach to carbohydrate and protein needs
                     based on training load, and intensity. Carbohydrate needs for training are not age-specific but depend on training and competition
                     demands. A diet consisting of high-carbohydrate, nutrient-dense foods such as whole-grain breads and cereals, fruits and vegetables,
                     and low-fat dairy foods provide quality carbohydrate to meet the masters athlete’s needs. Protein is essential throughout
                     the lifespan, helping promote muscle and connective tissue recovery from exercise, while also supporting bone health, and
                     assisting in the support of metabolic adaptation. Protein sometimes becomes the “forgotten nutrient” that is essential for
                     bone health. As with carbohydrate, protein needs should be based on training intensity and volume of both endurance and resistance
                     exercises. General guidelines for the intake of energy-yielding macronutrients for masters athletes are provided in table 14.2.
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               Micronutrients

               
               
               
                  
                  It is generally accepted that as more energy is consumed, more micronutrients are also consumed. Since athletes of all ages
                     tend to consume more energy than their sedentary counterparts, many athletes also consume more micronutrients. When these
                     athletes also focus on consuming fortified foods and many sports foods that contain added micronutrients, they might feel
                     even more assured they are meeting their micronutrient needs. However, some studies report that athletes are coming up short
                     on key micronutrients, which could have a negative effect on health and performance. Review chapters 6 and 7 for further discussion.
                  

                  
                  
                  The need for some micronutrients (vitamin D, vitamin B6, vitamin B12, and calcium) increases beyond the age of 50, while the need for iron and chromium decreases (30). When examining studies
                     that report on nutrient intake in aging athletes, the most cited micronutrients of concern, because of limited intake, were
                     vitamin D, calcium, and vitamin B12. While both vitamin D and calcium are tied to bone health, it is now also clear that both support muscle function and immunity—two
                     important findings for masters athletes. Aging athletes should aim for 1,000 to 1,200 mg of calcium per day from calcium-rich
                     foods. If supplements are used, aging athletes should consider using a form that has high bioavailability, such as calcium
                     citrate. For vitamin D, controversy continues over the amount needed in the blood (as 25[OH]D) to signify sufficiency to promote
                     health and athletic performance. Although hotly debated, the IOM defines deficiency when serum 25(OH)D falls below 20 ng/ml
                     (64). Using this definition, it has been estimated that 20 to 100 percent of community-dwelling elderly are vitamin D deficient
                     if not on a vitamin D supplement (28). In the older population, it has been found that vitamin D levels were associated with
                     poor physical performance when subjects were matched by age and gender over a 3-year period (86). Poor vitamin D status is
                     a real concern in aging, and it should be emphasized that consuming natural food sources of vitamin D is not a reliable way
                     to prevent or reverse a deficiency (28). For this reason, a three-pronged approach to improve and maintain vitamin D status
                     is advisable: consumption of vitamin D-rich foods, responsible midday sun exposure, and vitamin D supplementation as needed.
                  

                  
                  
               

               
               
            

            
            
            
               
               Fluids

               
               
               
                  
                  Aging elicits many physiological changes that create challenges in determining hydration needs for masters athletes. With
                     aging comes a decreased response to thirst, and the thirst mechanism related to the sensation of thirst is slower to respond
                     both when additional fluid is needed and when fluid needs are met. Further, alcohol and several medications can contribute
                     to a compromised hydration status that might be risky during physical exercise. Masters athletes should not rely solely on
                     thirst to meet fluid needs and should adopt a drinking strategy to maintain adequate fluid intake. See chapter 8 for guidelines
                     on fluid consumption.
                  

                  
                  
                  
                  
                  
                     
                     Negative Consequences Associated with Dehydration

                     
                     
                     
                        
                        Putting It Into Perspective

                        
                        
                        Body fluid deficits that cause a 2 percent or higher drop in weight can impair aerobic performance and cognitive function
                           (1, 65). Dehydration can decrease speed, strength, stamina, and recovery time. It can also raise perceived effort of exertion
                           and lead to an increased body temperature and increased risk for injury. In some scenarios, the heat stress associated with
                           dehydration can contribute to an increased risk of life-threatening exertional heat illness (i.e., heatstroke).
                        

                        
                        
                        
                        
                     

                     
                     
                  

                  
                  
               

               
               
               
            

            
            
         

         
         
      

      
      
      

         
         Individuals With Diabetes and Metabolic Syndrome
         

         
         
         
            
            According to the American Diabetes Association, in 2012, 29.1 million Americans, or 9.3 percent of the population, had type 2 diabetes 
               mellitus. Of this staggering number, 21.0 million were estimated to be diagnosed, and 8.1 million undiagnosed. Almost 1.5 million
               Americans are diagnosed with diabetes every year. At this rate, over the next 25 years, the number of Americans with diagnosed
               and undiagnosed diabetes could nearly double. Many athletes are now playing sports with metabolic diseases such as diabetes,
               and dietary plans must be designed to meet their metabolic demands and energy needs. Diabetes affects carbohydrate availability
               and its use by body cells, so specific dietary, exercise, and medication considerations are necessary for athletes with diabetes.
               With a proper management plan in place, athletes with diabetes can perform just as well as their peers, as evidenced by the
               2000 Olympics, where two athletes with diabetes won gold medals in swimming.
            

            
            
            Diabetes is generally characterized by high blood glucose levels caused by either a lack of insulin or the body's inability
               to use insulin efficiently. In type 1 diabetes mellitus (figure 14.3), hyperglycemia results from the pancreas not making insulin and requires insulin injection to normalize blood glucose levels. The loss of
               insulin production is a result of an autoimmune insult on the pancreas and presents with a quick onset, typically in childhood.
               In contrast, in type 2 diabetes mellitus (figure 14.4)—the most common form of diabetes, representing approximately 90 percent of all diabetes diagnoses—insulin resistance is
               the dominant mechanism. Insulin resistance, a precursor to type 2 diabetes, is the body's inability to respond to and use the insulin it produces. Obesity, high levels
               of fat in the blood, and a diet high in saturated fat are contributing factors to insulin resistance.
            

            
            
            
               



            
            
            
            

         
         
         
         
         
         

      
      
      



Figure 14.3    Type 1 diabetes.
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Figure 14.4    Type 2 diabetes.
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            When insulin resistance begins, the pancreas will make extra insulin to make up for it. Over time, the pancreas is not able
               to keep up and cannot make enough insulin to keep blood glucose levels within normal limits. The pancreas wears down and might
               stop making insulin because of the constant glucose stimulus it receives. Type 2 diabetes mellitus is treated with lifestyle
               changes, oral medications, and in some cases insulin.
            

            
            
            Type 2 diabetes is associated with metabolic syndrome and can lead to permanent organ damage. This syndrome is characterized by high blood pressure, high blood sugar levels, excess
               body fat around the waist, and abnormal cholesterol levels. When these factors are present together, they increase the risk
               of heart disease, stroke, and diabetes. Type 2 diabetes is a major cause of morbidity and mortality worldwide and strongly
               associated with inactivity, obesity, and family history (16). Over 90 percent of those with type 2 diabetes are overweight
               or obese.
            

            
            
            While type 2 diabetes is typically diagnosed later in life, the rise in obesity and physical inactivity in youth has increased
               the prevalence of type 2 diabetes in children and teens.
            

            
            
            
            
            
               
               Metabolic Syndrome in Athletes

               
               
               
                  
                  Putting It Into Perspective

                  
                  
                  Aggressive lifestyle changes can delay or even prevent the development of serious health problems and help prevent the cluster
                     of conditions associated with metabolic syndrome. Athletes are well positioned to delay the onset of or decrease the severity
                     of metabolic syndrome with frequent exercise and weight control. While lack of exercise is a strong pedictive factor for both
                     diabetes and metabolic syndrome, there is concern about athletes with ongoing interest in weight gain (such as American football
                     linemen). These athletes might become obese, placing them at greater risk for metabolic syndrome when their playing days are
                     over (76).
                  

                  
                  
                  
                  
               

               
               
            

            
            
            The glucose in the blood stream that has limited capacity to enter cells begins to accumulate in the blood at concentrations
               higher than normal. Chronic hyperglycemia from diabetes can cause a host of problems due to a change of viscosity of the blood
               that the added glucose creates and can affect the interaction of glucose with red blood cells as well as small blood vessels
               in many body tissues.
            

            
            
            The poor absorption and disposal of glucose by the body’s cells occurs as a result of a series of defective events and creates
               severe alterations to normal energy metabolism. A major component of cellular glucose uptake relies on the action of cellular
               glucose transporters. These transporters are a large family of proteins that reside in the cell and, upon receiving a signal,
               will translocate to the outer membrane to allow glucose to enter the cell. Without receiving a proper signal, glucose uptake
               is impaired and can result in mild to severe rises in blood glucose, depending on the severity of the signal impairment. The
               signal required to initiate glucose transporter movement comes from insulin. This peptide hormone is secreted from the pancreas
               in response to very small rises in blood glucose after consuming a meal. Insulin normally binds to receptors on the surface
               membrane of cells. The docking of insulin to its receptor creates a cascade of intracellular signaling events that stimulate
               glucose transporter translocation to the cell surface. Normally this activity results in normal glucose uptake and a decrease
               in blood glucose levels. In diabetes, there can be a disruption in insulin release by the pancreas and a decreased response,
               or insulin resistance of the cells to any insulin that is secreted.
            

            
            
            As introduced earlier, complications of diabetes are rooted in two major concerns: cellular starvation, due to the lack of
               glucose, and hyperglycemia. When the cells are deprived of glucose, the body is fooled into thinking that cells are starving
               and therefore initiates a series of events that unfortunately does more harm than good. The liver is signaled to release its
               stored glucose in hopes of providing more fuel for starved cells; however, this only results in higher blood glucose concentrations.
               Once blood glucose concentrations get high enough, the kidneys start to respond by filtering the excess glucose into the urine
               as a means to help manage hyperglycemia. The problem with this response is that it creates additional urine, leading to excessive
               urination, known as polyuria. This increases thirst and creates a symptom known as polydipsia. Because of these series of events, many people with untreated type 2 diabetes also experience increased hunger, known as
               polyphagia, which can further contribute to hyperglycemia. While some form of these bodily symptoms may develop in an effort to address
               the issue of cell starvation, other signals are amplified in response to the ineffectiveness of the previous strategies. Figure 14.5 summarizes the series of events that lead to these metabolic abnormalities and the body symptoms that result.
            

            
            
            
               



            
            
            

         
         
         
         
         
         

      
      
      



Figure 14.5    Events that can lead to metabolic abnormalities.
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            As the body recognizes that previous attempts to fuel cells have limited effectiveness, it will then turn to using protein
               and fat as fuel. The body will increase skeletal muscle protein catabolism in order to use amino acids as substrates for gluconeogenesis,
               as discussed in chapter 2. Fat utilization will also increase in hopes that fat will meet the ATP demands of the cell. Collectively,
               the end result of increased protein and fat utilization is body weight loss, muscle wasting, and muscle weakness. While the
               loss of valuable protein to glucose production has limited impact on solving the metabolic dilemma at hand, increased attempts
               to use more fat as a fuel source creates additional problems. Without an adequate supply of intracellular glucose, fat cannot
               be completely oxidized, and intermediate products of fat metabolism can build up, forming ketone bodies. If left unchecked,
               a significant rise in ketone bodies can lead to a condition known as ketoacidosis, which can result in acidification of blood and body fluids that may be life threatening and result in a coma.
            

            
            
            
            
            
               
               Do You Know?

               
               
               
                  
                  One of the most easily observed characteristics of ketoacidosis is fruity-smelling breath. This is caused by acetone (a ketone)
                     being produced by organs that are starved of glucose in response to the body’s hyperglycemic state. This is one way in which
                     a friend or family member may be able to detect ketoacidosis with just a simple observation.
                  

                  
                  
                  
                  
                  
                  
                  
               

               
               
            

            
            
            
               
               Do you Know?

               
               
               
                  
                  Because of the direct effect chronic hyperglycemia has on body tissues, other chronic diseases may develop. Tissues that have
                     very small blood vessels and are vital to the function of a particular organ system are particularly susceptible to chronic
                     high blood glucose levels. The most common complications occur with the eyes, kidneys, nerves, and heart, and may ultimately
                     result in blindness, kidney dysfunction, heart disease, and nerve degeneration.
                  

                  
                  
                  
                  
               

               
               
            

            
            
            The treatment regimen for diabetes depends on the type of diabetes diagnosed. Type 1 diabetes mellitus is typically met with
               a treatment regimen that involves insulin injections, combined with regular exercise and a healthy diet to control blood sugar
               levels. For type 2 diabetes mellitus, cells are not responsive to insulin, resulting in perturbations in glucose uptake. Treatment
               depends on multiple factors, including average blood glucose levels and amount of endogenous insulin production. Some people
               with type 2 diabetes mellitus can control their blood glucose levels through healthy eating and physical activity. In addition
               to diet, exercise, and lifestyle changes, medications to lower levels of blood glucose are often prescribed to enhance cellular
               sensitivity to insulin, allowing glucose to be transported more effectively into the cells for energy. Some of the signs and
               symptoms of diabetes and clinical parameters used to diagnose diabetes appear in table 14.3.
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            Symptoms of Type 1 Diabetes

            
            
            
               
               	Polyuria

               
               
               	Polydipsia

               
               
               	Polyphagia

               
               
               	Unusual weight loss

               
               
               	Extreme fatigue and irritability

               
               
            

            
            
            
            
            Symptoms of Type 2 Diabetes

            
            
            
               
               	Any of the type 1 symptoms

               
               
               	Frequent infections

               
               
               	Blurred vision

               
               
               	Cuts or bruises that are slow to heal

               
               
               	Tingling or numbness in the hands or feet

               
               
            

            
            
            Athletes diagnosed with type 2 diabetes mellitus must understand the effect training and competition have on their blood glucose
               levels. To effectively understand and manage this effect, frequent self-monitoring of glucose before and after exercise is
               necessary to avoid abnormally low levels of blood sugar called hypoglycemia. Since muscle contraction provides an additional stimulus for glucose intake, and medications are also usually taken to create
               the same effect, the two stimuli together can sometimes create too much glucose uptake, which limits glucose availability
               to the central nervous system. The effect of exercise on glucose uptake is strong and can continue for several hours after
               exercise, with a prolonged impact on blood glucose levels. While this is thought to be very helpful for preventing hyperglycemia,
               this can be a negative consequence for an athlete with high training demands who is not properly fueled. Monitoring of blood
               glucose for several hours after exercise may be necessary to monitor for hypoglycemia.
            

            
            
            Athletes with type 1 diabetes must be more cautious than athletes with type 2 diabetes. These athletes are presented with
               a number of challenges in achieving tight blood glucose controls that support athletic performance and devising food and insulin
               regimens that must adapt quickly to an unpredictable sporting environment. Insulin must be injected at the right times at
               the right amounts, matched to physical activity level, and paired with carbohydrate intake. Additionally, the mode of exercise
               that determines whether an activity is more anaerobic or aerobic in nature must be considered because of their different effects
               on blood sugar management. Aerobic exercise may not cause insulin levels to fall, resulting in a higher risk of hypoglycemia.
               Furthermore, exercise will increase insulin sensitivity for several hours and may further increase hypoglycemia risk. Anaerobic
               exercises tend to cause a release of hormones that promote the spilling of additional glucose into the blood that may not
               be accounted for once insulin is already dosed, resulting in a greater risk of hyperglycemia. In order to train and compete
               safely and effectively, type 1 diabetes athletes must possess good self-management skills to be able to adjust the timing
               and dose of insulin injections. Proper control of blood glucose will facilitate safe participation in sport and minimize medical
               complications.
            

            
            
         

         
         
         
         
         
         
            
            Blood Sugar Management Strategies

            
            
            
               
               Monitoring of glucose levels prior to, during, and after exercise is essential to determining whether an athlete needs to
                  make changes in diet, exercise program, or medication regimen. Maintaining a blood glucose of 70 to 110 mg/dl on a regular
                  basis is the foundation of controlling diabetes. Portable blood glucose testing devices take a small sample of blood from
                  capillaries at the tips of the fingers, which is placed on a chemically treated test strip and inserted into the testing device.
                  The device provides a quick digital readout of the blood glucose level and is usually tested several times throughout the
                  day. The most important times for testing in the athlete is prior to exercise, immediately after exercise, and several hours
                  after exercise. Decisions on whether to start training or competing or make adjustments to carbohydrate intake or insulin
                  are based on preexercise monitoring of blood glucose. If glucose concentrations from the capillary blood test are greater
                  than 250 mg/dl, the athlete should do a urine test for the presence of ketone production in the body. This test is completed
                  by using a different type of chemically treated test strip that interacts with a small amount of urine to change color if
                  ketones are present. Athletes with type 1 diabetes and insulin-dependent type 2 diabetes are more prone to ketone production
                  and should not exercise with a combination of hyperglycemia and urine ketones because of an elevated risk of ketoacidosis.
                  Table 14.4 provides specific considerations for the initiation of exercise related to blood glucose concentrations for both hypo- and
                  hyperglycemia and the presence of urine ketones. When hypoglycemia is present prior to exercise, an athlete must make time
                  to consume carbohydrate and adjust insulin dosage as necessary and should not exercise until hypoglycemia is resolved. The
                  amount of carbohydrate required to help glucose levels rebound to above 100 mg/dl will vary but generally is between 15 and
                  40 grams. One cup of 100 percent orange juice provides approximately 30 grams of carbohydrate to increase blood sugar concentrations.
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               Many athletes with diabetes become accustomed to their training and competition cycles and develop a good feel for what adjustments
                  are needed for blood sugar control. However, they should keep in mind that any changes to their training cycle may make their
                  normal regimen inadequate for proper blood sugar control. For instance, any exercise lasting greater than 60 minutes in duration
                  requires additional focus on blood glucose testing. Further, anytime the type, intensity, or duration of exercise is modified,
                  the athlete should expect the need for closer monitoring of glucose concentrations and more adjustments.
               

               
               
            

            
            
         

         
         
         
            
            General Nutrition Recommendations

            
            
            
               
               For athletes with diabetes, the foundation of a healthy diet closely resembles the diet recommendations for the general population.
                  The 2015 Dietary Guidelines for Americans along with the MyPlate food guidance system should form the basis of the foods that
                  make up the diet. Carbohydrate remains the predominant energy for fueling exercise and should make up the bulk of the diet.
                  The acceptable macronutrient distribution range (AMDR) provides general guidelines for each energy-yielding macronutrient
                  in terms of the percent of total energy that should be consumed, and dosing the daily amount of carbohydrates needed depending
                  on daily activity demand relative to body mass (g/kg body weight) is the most practical approach to get started. With these
                  tools, the diabetic athlete can begin to build a healthy diet based on cultural food preferences and training–nutrition periodization
                  concepts discussed in other chapters of this text.
               

               
               
               All carbohydrate foods can fit into a diabetic athlete’s diet, but the bulk of the carbohydrates chosen should be nutrient
                  dense, provide fiber, and originate from a variety of food groups. The goal for carbohydrate intake should be to balance intake
                  throughout the day, to support fueling needs of activity, and to support stable blood sugar levels to minimize hypo- and hyperglycemia.
                  Foods high in sugar should be minimized and should not regularly replace nutrient-dense carbohydrate choices.
               

               
               
               Protein and fat make up the remaining energy needs of the diabetic athlete’s diet. The specific requirements for each generally
                  fall in line with the AMDR recommendations and guidelines set forth by the Dietary Guidelines. Additionally, protein needs
                  for recovery and optimal muscle adaptation to training and fat intake guidelines to promote cardiovascular health are similar
                  to those for nondiabetic athletes and the general population. Adjustments in macronutrient composition of the diet may be
                  necessary following consultation with a physician, a Certified Diabetes Educator (CDE), or a Registered Dietitian Nutritionist (RDN) to personalize recommendations not only to meet the demands of the sport but
                  to promote euglycemia between the recommended range of 70 to 100 mg/dl and cardiovascular health. Most of the day-to-day monitoring
                  and adjustments to the diet are based on the goal of eating at approximately the same time each day while maintaining consistent
                  intake of carbohydrate throughout the day through meals and snacks.
               

               
               
            

            
            
         

         
         
         
            
            Specific Nutrition Recommendations

            
            
            
               
               Athletes with type 1 diabetes mellitus should be knowledgeable about estimating the amount of carbohydrate consumed in each
                  meal in order to match insulin requirements. The key consideration regarding carbohydrate intake during meals is the quantity of carbohydrate consumed and not so much the type of carbohydrate or a rigid schedule for carbohydrate intake. These athletes
                  must self-monitor blood glucose levels regularly in order to learn what affects their blood glucose level.
               

               
               
               In preparation for training or competition, it is vital that enough carbohydrate is available to the body before, during,
                  and postexercise. Likewise, the amount of insulin administered must be tailored to how much carbohydrate has been consumed
                  (1, 25) and adjusted depending on the type, intensity, and time of the exercise. For type 1 diabetes athletes, the glycemic
                  index of foods has not been of much value for athletes with diabetes, and thus the total amount of carbohydrates ingested
                  and the timing of ingestion are the most important variables. Since excessive carbohydrate intake in the days prior to an
                  event can adversely affect blood sugar control, the practice of carbohydrate loading is often not advised (25).
               

               
               
               Carbohydrates should be readily available to consume for exercise or competition lasting more than 30 minutes. Target carbohydrate
                  consumption goals are generally 20 to 30 grams consumed every 30 to 60 minutes of endurance exercise. Depending on food preferences
                  and the sport or activity, this can be accomplished by drinking most 8-ounce sports drinks, one sports gel, 4 ounces of 100
                  percent fruit juice mixed with 4 ounces of water, or a cereal–fruit breakfast bar. Athletes with type 1 diabetes participating
                  in explosive, anaerobic events typically do not need additional carbohydrate during the event. During exercise, athletes with
                  type 1 diabetes should be well versed in picking up on the early symptoms of hypoglycemia and recognize that prolonged exertion
                  might make identifying hypoglycemia difficult. If hypoglycemia is evident, immediate access to rapid-acting carbohydrate must
                  be administered to increase circulating glucose levels.
               

               
               
               The postexercise goal for type 1 diabetes athletes is to replenish glycogen stores and prevent hypoglycemia in the postexercise
                  period when insulin sensitivity is enhanced. Carbohydrate intake recommendations for exercise recovery is similar to that
                  for nondiabetic athletes—approximately 1.0 to 1.2 g/kg per hour until normal meals to meet fueling needs resume (76).
               

               
               
               Specific nutrition recommendations for athletes with type 2 diabetes mellitus are often based on blood glucose response to
                  exercise and adherence to an exercise program. When the etiology of type 2 diabetes mellitus is considered, the value of exercise
                  as the cornerstone of blood sugar control cannot be overstated. Exercise improves insulin sensitivity and through an insulin-independent
                  mechanism, primes the muscle for increasing the peripheral uptake of glucose. In fact, exercise has other benefits through
                  promoting carbohydrate oxidation and glycogen storage, metabolic adaptations to burn more fuel more efficiently at higher
                  intensities that can support fat loss and weight maintenance with improved body composition (60, 61). Just 20 to 30 minutes
                  of any exercise improves insulin sensitivity, and a single bout of endurance exercise can affect insulin sensitivity for 24
                  to 72 hours (60). The effects of regular resistance exercise are also impressive. Resistance exercise increases muscle mass,
                  which increases the size of the number one organ responsible for glucose uptake and disposal. Bigger engines can burn more
                  energy! A goal for type 2 diabetes athletes is to manage energy intake to promote slow weight loss and to exercise regularly
                  to promote insulin sensitivity.
               

               
               
               Once an exercise program is initiated, the diet should be modified to reduce energy intake. Over time, these two strategies
                  will work together to reduce fat mass and improve insulin sensitivity. Immediately prior to exercise, no additional carbohydrate
                  should be consumed, since the goal is to promote weight loss. During exercise, additional carbohydrate should be avoided (as
                  long as there are no signs of hypoglycemia) in order to preserve the energy deficit created by the adoption of a healthier
                  diet and to avoid sabotaging progress in weight loss. If carbohydrate must be consumed, a keen awareness of carbohydrate density
                  is important, again to prevent excessive energy intake. During the postexercise timeframe, insulin sensitivity is improved
                  and energy use is amplified, so individuals with type 2 diabetes mellitus are advised not to immediately consume carbohydrate
                  and instead wait until their next regular meal (36).
               

               
               
            

            
            
         

         
         
         
            
            Preventing Diabetes Emergencies in Sport

            
            
            
               
               The first step in preventing hypo- and hyperglycemic emergencies in athletes with diabetes is for athletes to have a track
                  record of consistently managing their diabetes well. Consistent euglycemia coupled with good hemoglobin A1C scores and confidence
                  in the interplay between their training, diet, and medication is essential for building a foundation to reduce emergency risk.
                  Beyond these guidelines, those with diabetes at the greatest risk are those who require insulin. Athletes on oral medications
                  are at a lower risk, while athletes with type 2 diabetes controlled solely with diet and exercise have minimal risk. Hyperglycemia
                  can occur as a result of insulin deficiency during exercise coupled with the actions of other hormones released during exercise
                  that mobilize more glucose into the bloodstream from liver glycogen stores. Maintaining euglycemia prior to exercise and keeping
                  injectable insulin readily available are important strategies to prevent this emergency. If too much insulin is present during
                  exercise or postexercise recovery, excessive amounts of blood glucose can be taken up by muscle tissue and the liver will
                  stop releasing glucose, resulting in hypoglycemia. Consuming carbohydrate during exercise and exercise recovery and monitoring
                  blood glucose levels for multiple hours postexercise is the best prevention strategy. Additional strategies to prepare for
                  hypoglycemic emergencies include having a food bag on hand with glucose tablets and fruit juice, and making sure friends,
                  family, teammates, and sporting staff are aware of the location of the food bag and how to notice the signs and symptoms of
                  hypo- and hyperglycemia so they are prepared to act appropriately.
               

               
               
               
               
               
                  
                  Do You Know?

                  
                  
                  
                     
                     The symptoms of hypoglycemia are individualized and do not normally appear until blood glucose levels reach 70 mg/dl or less.
                        Athletes must know their own signs of hypoglycemia. These include shakiness, nervousness, sweating, irritability, confusion,
                        rapid heartbeat, dizziness, hunger, fatigue, headaches, lack of coordination, and perhaps other symptoms.
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
            

            
            
            
         

         
         
      

      
      
      

         
         Pregnant Women
         

         
         
         
            
            Following physician screening for contraindications to exercise, well-chosen exercise programs can safely be incorporated
               to promote the health of the developing fetus and mother. While some women may elect to maintain most of their pre-pregnancy
               exercise intensity and volume, others strive to remain active but reduce their training load and avoid athletic competition.
               Guidelines for exercise during pregnancy and the postpartum period can be found elsewhere (3).
            

            
            
            Combining exercise with pregnancy creates unique nutrition challenges. Exercise alone increases energy needs and an elevated
               demand for many nutrients. When pregnancy is added to the equation, energy demands increase again in order to promote the
               healthy growth of the fetus. In addition to the increase in energy needs, macronutrient and micronutrient demands also increase
               and can be areas of concern for the mother and baby if the diet is not appropriately planned or well chosen.
            

            
            
         

         
         
         
            
            Physiological Changes Lead to Diet Recommendations

            
            
            
               
               An active lifestyle during pregnancy is linked to several benefits, including an increase in maternal metabolic and cardiopulmonary
                  reserve, normal glucose tolerance, improved psychological well-being, and beneficial fetal and placental adaptations. Physical
                  activity can help manage weight gain for pregnant athletes and nonathletes. As exercise commences, it is important to understand
                  the normal metabolic changes that affect nutrition needs. During pregnancy, the major tenants are making sure nutrient intake
                  is adequate to meet pregnancy demands while also emphasizing an active lifestyle. An unhealthy diet and sedentary lifestyle
                  during pregnancy can tip the balance of normal metabolic changes and lead to high or uncontrolled glucose, excessive weight
                  gain, and gestational diabetes mellitus (GDM). You have probably heard people say that pregnant women need to “eat for two,” but this is far from the truth. While energy
                  needs are only marginally increased during pregnancy, nutrient needs increase substantially. The message should not be “eat
                  for two” but “eat twice as healthy.”
               

               
               
               Several physiological changes affect exercise capacity and performance during pregnancy. These changes in turn have an effect
                  on nutrition needs. The cardiovascular system is remodeled by ovarian and placental hormones in early gestation to accommodate
                  the increasing blood volume that comes with pregnancy. Other cardiovascular changes include an increase in resting cardiac output during the first trimester and a remodeling of the thoracic cage and diaphragm to a higher position in order to accommodate
                  placental and fetal growth. Symptoms of shortness of breath are common and are caused in part by these mechanical alterations
                  and also by increased sensitivity to carbon dioxide in the blood stream. Thermoregulation steadily improves throughout gestation,
                  with a downward shift in the temperature at which sweating is initiated. This results in quicker heat loss and is important
                  because of heat generation by the fetus and fetal dependence on maternal temperature regulation. Metabolic changes support
                  using the mother’s blood glucose as a primary energy source for growth of fetus and placenta. To accommodate a greater demand
                  for blood glucose, gluconeogenic pathways in the liver are up-regulated and there is increased insulin production in the pancreas
                  to assist glucose uptake for the fetus. In the peripheral tissue, there is an increase in skeletal muscle insulin resistance
                  and fat stores to make more fat available via lipolysis. While these metabolic changes are considered normal, they can be
                  a significant concern if a mother is living an unhealthy lifestyle that promotes these changes independent of pregnancy. For
                  instance, a mother who remains sedentary during pregnancy and consumes a diet that promotes excessive weight gain might also
                  be promoting insulin resistance. This lifestyle, combined with normal metabolic adaptations to ensure a developing fetus has
                  adequate access to glucose, may tip the healthy balance to GDM. Other factors also play a role in the risk for developing
                  GDM, including overweight status prior to pregnancy, family history of GDM, specific ethnicities and ancestry, and pregnancy
                  after the age of 35.
               

               
               
            

            
            
         

         
         
         
            
            Healthy Weight Gain

            
            
            
               
               Unless directed otherwise by a physician, pregnancy is not the time to be concerned with or initiate efforts to lose weight.
                  However, pregnant women must also avoid consuming more energy than necessary. The number of daily calories a pregnant woman
                  needs during pregnancy depends on a host of factors, including her pre-pregnancy BMI, the rate of body weight change during
                  gestation, age, and level of physical activity. Unfortunately, many women start off pregnancy overweight or obese. Others
                  gain more weight than is healthy during their pregnancy. Obesity during pregnancy is a risk factor for both mother and child
                  (in-utero, at delivery, and later in life), with some risks including gestational diabetes, gestational hypertension (high
                  blood pressure), Cesarean delivery (C-section), birth defects, and even fetal death. If a woman is obese during pregnancy,
                  this increases the chance her child will be obese later in life; and if the mother retains most of the weight gain acquired
                  during pregnancy, she is at greater risk of developing type 2 diabetes mellitus and obesity later in life. Overweight women
                  who retain previous pregnancy weight also tend to start their next pregnancy with a higher early rate of weight gain, which
                  is strongly associated with weight retention at 6 and 12 months postpartum (21). All this considered, recommendations have
                  been published by the Institute of Medicine to provide guidelines for total weight gain and the rate of weight gain recommended
                  for the second and third trimester of pregnancy (table 14.5). The amount of weight gained depends on pre-pregnancy weight. Research shows that the risk of problems during pregnancy
                  and delivery is lowest when weight gain is kept within a healthy range. The weight recommendations in the table are presented
                  as a range to guide professionals in giving individualized advice (2). These recommendations serve as a healthy guide during
                  pregnancy and can certainly guide planning of energy intake and energy expenditure to manage healthy weight gain. This information
                  is valuable because exceeding weight gain recommendations is thought to contribute to fat reserves and weight retention and
                  increases risk of GDM, pregnancy induced hypertension, and a difficult labor and birth. Proper diet and exercise can go a
                  long way in managing weight gain, preventing GDM, and promoting a healthy pregnancy. While diet guidelines are addressed in
                  the subsequent section, physical activity guidelines are important to remember. The current recommendation for pregnant women
                  is 30 minutes of moderate exercise on most, if not all, days of the week following a discussion with a doctor before starting
                  or continuing any exercise routine.
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                  Nutrition for Multiple Babies

                  
                  
                  
                     
                     Putting It Into Perspective

                     
                     
                     Women can healthily gain up to twice as much weight (depending on their pre-pregnancy BMI) when carrying twins compared to
                        carrying a single child. Increased appetite leaves mothers of twins at risk for excessive weight gain during pregnancy, especially
                        during the early months.
                     

                     
                     
                     Increased complications with twin pregnancies include

                     
                     
                     
                        
                        	anemia—twice as likely to occur in women who are pregnant with twins than with a single baby, and

                        
                        
                        	hypertension—more than three times as likely to occur in women who are pregnant with twins than with a single baby.

                        
                        
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
            

            
            
            
         

         
         
         
            
            Nutrient Needs

            
            
            
               
               Maternal energy needs during pregnancy are a moving target based on the stage of pregnancy and the level of physical activity.
                  In general, pregnant women need between 2,200 calories and 2,900 calories a day. Metabolic rate increases 15 percent during
                  the second and third trimesters of pregnancy without a significant change during the first trimester. This increase during
                  the latter two-thirds of pregnancy is thought to support the growth of the fetus, placenta, and maternal tissues (32). When
                  translating these metabolic changes into energy needs, it is generally recommended that during the first trimester no additional
                  energy beyond resting energy expenditure (REE) that is adjusted for physical activity is required to support pregnancy. Exceptions
                  are generally recommended for expectant mothers classified as underweight by BMI at the onset of pregnancy. These expectant
                  mothers would benefit from additional energy (calories) to support growth and weight gain. During the second and third trimester,
                  additional calories required to support weight gain have been translated as approximately +340 to 360 kcals and +450 kcals
                  during the second and third trimesters, respectively.
               

               
               
               
               
               
                  
                  Do You Know?

                  
                  
                  
                     
                     Additional energy needs during the second and third trimesters of pregnancy can easily be met by eating one extra snack per day. This is clearly not “eating for two!”
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
               Simple, common-sense strategies can be employed to prevent excess energy consumption. Extra calories can be avoided by cutting
                  down on foods high in fat and avoiding added sugars. Practical advice includes replacing all sugar-sweetened beverages and
                  fried foods with healthy options such as low-fat milk and yogurt, whole fruit, vegetables, and grains. Note that there is
                  not a specific energy estimation equation for pregnancy, and absolute energy needs will vary with exercise during pregnancy
                  by the type of physical activity and the total energy expended. Along with focusing on diet quality, nutrient density of foods and meals chosen, and strategically consuming multiple small meals that can help with nausea and heart burn, the
                  most accurate assessment of weight progress is to monitor weight gain while being aware of the weight-gain guidelines based
                  on pre-pregnancy BMI.
               

               
               
               While supporting a healthy rate of weight gain with proper energy intake is the cornerstone of nutrition recommendations,
                  note that carbohydrate, protein, and fat demands are best met as part of a well-chosen diet built on food variety and nutrient
                  density. Pregnant athletes who maintain their training should not only strive to meet DRI recommendations for the carbohydrate,
                  protein, and fat but also consider periodizing their macronutrient choices based on the mode and volume of training to support
                  the energy expenditure of exercise while also supporting healthy weight gain. For example, the RDA for carbohydrate in adult
                  women increases from 130 grams per day to 175 grams per day during pregnancy. When exercise training or an active lifestyle
                  is added to pregnancy, carbohydrate needs can be significantly higher to support increased energy expenditure. The most practical
                  way to determine carbohydrate needs for exercise during pregnancy is to first understand that additional carbohydrate is often
                  needed, particularly pre- and postexercise. By assessing fatigue during exercise, and monitoring the rate of weight gain,
                  carbohydrate needs can be adjusted accordingly. Note that carbohydrate is the primary source of energy for both mother and
                  fetus, so it should be the predominate macronutrient fuel source (50–65% of total energy consumed). Carbohydrate foods are
                  also a great vehicle for providing fiber in the diet to aid in preventing hemorrhoids and constipation. According to the Institute
                  of Medicine, the RDA and adequate intake (AI) of fiber for a pregnancy between the ages of 18 and 50 is 28 grams per day (31).
               

               
               
               For protein, general pregnancy guidelines recommend an additional 20 to 25 grams per day during the second half of pregnancy
                  above what was consumed during the pre-pregnancy period. This recommendation is based on the needs of pregnant women who are
                  primarily sedentary. So pregnant women who participate in regular exercise should use the 20- to 25-gram recommendation as
                  a baseline and might require additional protein during times of increased training duration or intensity. As exercise frequency
                  and intensity decline during the third trimester, energy, carbohydrate, and protein needs might be only slightly elevated
                  beyond sedentary pregnancy needs.
               

               
               
               Assuming that energy intake demands are met as part of a well-chosen diet, macronutrient intake is usually directly associated
                  with caloric intake and allow for all macronutrient demands to be met (table 14.6). This principle may not be the case if an expectant mother excludes certain food groups from the diet, develops an aversion
                  for a wide range of healthy foods, or begins to follow a fad diet. In these scenarios, protein intake becomes an area of concern.
                  Inadequate protein intake can be harmful for the mother and the baby. Low protein intake can negatively affect a mother’s
                  ability to recover from exercise, as well as her normal adaptation to pregnancy. If low protein intake is coupled with low
                  energy intake, body proteins will preferentially be oxidized for fuel and can lead to reduced fitness, lowered immune response,
                  altered fetal development, and increased fatigue.
               

               
               
               



            
            
            
            
         

         
         
         

      
      
      




                  [image: ]

               

               
               
               
               
               
                  
                  Where Does All the Weight Go?

                  
                  
                  
                     
                     Putting It Into Perspective

                     
                     
                     What accounts for the weight gained during pregnancy (48)?

                     
                     
                     
                        
                        	Baby: 7 to 8 pounds

                        
                        
                        	Larger breasts: 2 pounds

                        
                        
                        	Larger uterus: 2 pounds

                        
                        
                        	Placenta: 1.5 pounds

                        
                        
                        	Amniotic fluid: 2 pounds

                        
                        
                        	Increased blood volume: 3 to 4 pounds

                        
                        
                        	Fat stores: 6 to 8 pounds

                        
                        
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
               The metabolic adaptations resulting from exercise combined with pregnancy increase the need for some micronutrients. Meeting
                  energy demands with a sound diet can help an active female meet her micronutrient needs during pregnancy. Pregnant athletes
                  who are not gaining weight, consume poorly chosen diets, or eliminate one or more food groups might be consuming suboptimal
                  amounts of micronutrients.
               

               
               
            

            
            
            
            
         

         
         
         
            
            B Vitamins

            
            
            
               
               An important function of B vitamins is their role in supporting metabolic pathways for energy production. The need for several
                  of the B vitamins—thiamin, riboflavin, niacin—increases during pregnancy. Most B vitamin needs can easily be met by consuming
                  enough energy to gain weight during pregnancy and choosing a wide range of nutrient-dense and fortified foods. The B vitamin
                  of greatest interest during pregnancy is folate (and the synthetic form of folate known as folic acid). Folate deficiency
                  can lead to serious effects on both the mother and her developing fetus. For the mother, megaloblastic anemia can result,
                  causing fatigue and weakness that can contribute to an underlying etiology of depression, irritability, and poor sleep.
               

               
               
               
               
               
                  
                  Do You Know?

                  
                  
                  
                     
                     Folate is important for proper DNA synthesis, red blood cell production, and nervous system development. All females of child-bearing
                        age should ensure they are not deficient in folate if they have even a slight chance of becoming pregnant.
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
               For the fetus, folate plays an important role in cell division and the development of the fetal nervous system. The most important
                  stages of neural tube formation occur within the first month of conception, usually before a woman knows she is pregnant.
                  In many cases, weeks of cell division have already taken place when a woman learns she is pregnant, and any defects that have
                  occurred might be too late to address effectively, even if a healthy diet is adopted immediately. Note that folic acid supplementation
                  is recommended for all women of child-bearing age to help prevent the risk of folate deficiency and to counter the folate
                  depletion effect of alcohol consumption.
               

               
               
            

            
            
            
         

         
         
         
            
            Other Vitamins of Concern

            
            
            
               
               The combined physiological stress of pregnancy and exercise increases the need for both vitamin C and vitamin A. Fortunately,
                  there is an overlap of foods that are good sources of most vitamins during pregnancy. Vitamin C is a water-soluble vitamin
                  with requirements that increase from 75 mg to 80 to 85 mg during pregnancy to support collagen formation, hormone synthesis,
                  proper immune function, and iron absorption and to increase antioxidant activity (22), all functions important for the pregnant
                  athlete. Note that the increased need for vitamin C to serve as an antioxidant can easily be met through the diet—antioxidant
                  supplementation has not been shown to enhance athletic performance and may be harmful (59). Pregnant athletes wanting to increase their antioxidant
                  intake should focus on healthy dietary choices instead of relying on antioxidant supplementation.
               

               
               
               Vitamin A assists in cell differentiation and proper immune function. Requirements increase from 700 to 770 micrograms (µg)
                  during pregnancy (23). Despite this increase, mothers should seek to increase their vitamin A primarily from plant sources
                  and avoid dietary supplements that contain retinol, unless otherwise directed by a physician. Supplemental forms of retinol
                  can become toxic and unhealthy for the developing fetus (6).
               

               
               
               The RDA for vitamin D for pregnant females is 15 micrograms per day of calciferol. Vitamin D deficiency during pregnancy is associated with medical complications such as gestational diabetes. Additionally,
                  vitamin D deficiency can have negative fetal consequences, including low birth weight, neonatal rickets, asthma, or type 1
                  diabetes (8). Folate and vitamins A, C, and D deserve focus during pregnancy. Increased consumption of these nutrients should begin prior to pregnancy and continue until delivery.
               

               
               
            

            
            
         

         
         
         
            
            Iron

            
            
            
               
               Iron status can become compromised at the onset of pregnancy due to anatomical and physiological changes that result in expansion
                  of blood volume and increased oxidative tissue demand. In active females, iron status can also be compromised because of increased
                  iron losses with exercise. This is of significant concern, as iron is involved in fetal development and growth and red blood
                  cell production. Iron needs during pregnancy are 27 mg per day (30), a level difficult to obtain without careful diet planning
                  or supplementation. A focus on iron-rich foods should be the first strategy employed to meet iron needs.
               

               
               
            

            
            
         

         
         
      

      
      
      

         
         Vegetarian Populations
         

         
         
         
            
            The popularity of vegetarian diets has increased from 2.3 percent in 1998 (67). Vegetarian diets vary in the exact foods that
               are allowed and disallowed (table 14.7). It has been estimated that approximately 3.3 percent of the American population chooses not to consume meat, fish, or poultry
               (49, 76). About half of this percentage also do not eat any forms of animal food, including eggs and dairy products. Note
               that the definitions in table 14.7 are not all-inclusive, as new descriptors and definitions of vegetarian eating styles are described elsewhere (24). People
               choose vegetarian diets for many reasons—from ethnic, religious, moral, or philosophical beliefs to health promotion, food
               aversions, or financial constraints (76). Vegetarian diets can be nutritionally adequate when well chosen (i.e., includes
               an abundance of fruits, vegetables, whole grains, nuts, soy products, fiber, phytochemicals, and antioxidants) (49). This
               appears to hold true for vegetarian athletes as well, again as long as the diet is well chosen. Note, however, that some athletes
               adopt a vegetarian diet to disguise disordered eating (15, 26). The more limited the vegetarian diet, the greater challenge
               it is to consume an optimal intake of several nutrients. Vegetarians can benefit from comprehensive dietary evaluation and
               intervention from a sports dietitian to ensure their diets are nutritionally sound to support training, competition demands,
               and performance.
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            The amount of food required to meet the nutrient demands of vegetarians depends on the foods consumed and the energy needs
               of the athlete. Generally, for all vegetarians, foods rich in iron, calcium, zinc, and protein should be included daily; fortified
               foods and dietary supplements can be helpful in some scenarios. Vegetarians who consume milk, eggs, cheese, and yogurt can
               meet their nutrient needs more easily.
            

            
            
         

         
         
         
            
            Effects on Exercise and Athletic Performance

            
            
            
               
               Research is limited on the long-term effect of vegetarianism on athletic performance (47). At this time, vegetarian meal patterns
                  are thought to be neither beneficial nor detrimental to athletic performance (83) but can be appropriate for athletes if well
                  chosen (49, 76). Studies are needed to examine elite athletes who habitually consume vegetarian diets. The effect of vegetarian
                  diets on promoting or maintaining changes in athlete body composition also needs to be explored because the achievement of
                  the body composition associated with optimal performance is now recognized as a challenging but important goal (76). Some
                  athletes following a vegetarian diet have been found to have a higher percentage of body fat than their nonvegetarian peers
                  (27).
               

               
               
            

            
            
         

         
         
         
            
            Effects on Health

            
            
            
               
               While data does not support a performance benefit as a result of following vegetarian diet patterns, several reported health-related
                  outcomes are associated with these diet plans. Vegetarian diets have been shown to be lower in saturated fat, while providing
                  higher levels of carbohydrates, fiber, magnesium, potassium, carotenoids, and flavonoids (49, 76). Vegetarians have also been
                  reported to have lower death rates from heart disease and associated risk factors such as hypertension and high cholesterol.
                  Vegetarian diets are also endorsed by the American Cancer Association (40) and are associated with a lower risk of prostate
                  and colon cancer (49).
               

               
               
               Health benefits associated with a vegetarian diet are multifactorial and likely a result of both what an individual is and
                  is not eating. Increased consumption of phytonutrients, antioxidants, and dietary nitrate are likely key in promoting overall
                  health and might help athletes avoid some of the oxidative stress and immunosuppression effects seen with heavy training (24).
               

               
               
            

            
            
         

         
         
         
            
            Nutrition Needs

            
            
            
               
               Nutrient concerns for vegetarian athletes can include inadequate intake of energy, protein, fat, and omega-3 fatty acids (figure 14.6) (49). For active individuals, a vegetarian diet might provide insufficient energy to maintain weight and fuel performance.
                  Often the solution to this problem is to consume higher-energy foods such as nuts, beans, corn, starchy vegetables like peas
                  and potatoes, avocados, dried fruits, and 100 percent fruit juices.
               

               
               
               
                  



               
               
               

            
            
            

         
         
      

      
      
      




Figure 14.6    Example of a balanced vegetarian diet.
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               While vegetarian athletes who include some animal products should be able to easily meet protein needs, vegans should be very
                  aware of protein content of plant foods and consider this in their meal planning. One of the key tenants of vegan diet planning
                  is to choose a variety of foods to meet energy needs to preserve protein utilization and to consume all essential amino acids
                  in each meal. Fortunately, combining complementary protein foods at every meal is no longer thought to be necessary (88).
                  However, complementary foods should be a foundation of the diet plan, along with plant sources that contain all nine essential
                  amino acids. These excellent sources of protein include soybeans, quinoa, and tofu. See figure 14.7 for examples of complementary protein foods.
               

               
               
               
                  



               
               
               

            
            
            

         
         
      

      
      
      




Figure 14.7    Complete protein meals.
                  

                  
                  
                  [image: Figure 14.7 Complete protein meals.]

                  
               

               
               
               (clockwise from left)     Elena Schweitzer/Getty Images/iStockphoto; popovaphoto/Getty Images/iStockphoto; egal/Getty Images/iStockphoto;
                  AlinaMD/Getty Images/iStockphoto
               

               
               
               While usually not deficient in dietary protein, vegetarian athletes often consume less protein than their nonvegetarian counterparts.
                  Because plant proteins have a lower bioavailability, it has been suggested that vegetarians increase their protein intake
                  by 10 percent (15). However, the target total daily protein range of 1.2 to 2.0 grams per kilogram body weight is the same
                  as the range for nonvegetarians (76). Meeting daily protein needs to support athletic performance is important, as is supporting
                  muscle protein synthesis by providing an even spread of protein intake across the day and consuming enough energy to support
                  growth and maintenance of lean tissue. Vegetarian athletes should also be reminded that muscle protein synthesis occurs via
                  stimulation of the protein synthetic machinery in response to a rise in leucine concentrations in combination with other essential
                  amino acids from food for incorporation into new proteins (12). In addition to consuming a variety of high-quality plant protein
                  sources, physically active vegetarians should also consume plant foods rich in leucine, such as soybeans, nuts, seeds, and
                  legumes. Studies are still needed to determine the effectiveness of concentrated vegetable protein supplements in stimulating
                  the muscle protein synthesis machinery following various modes of exercise.
               

               
               
            

            
            
            
               
               Micronutrients

               
               
               
                  
                  Depending on the extent of dietary limitations, micronutrient concerns for vegetarianism may include iron, zinc, calcium,
                     iodine, vitamin D, and vitamin B12(49, 76). Being a physically active vegetarian is a risk factor for low iron status, mainly because of the low bioavailability
                     of non-heme plant sources. Physically active vegetarians should thus be regularly screened and aim for an iron intake greater
                     that the RDA (i.e., >18 mg for women and >8mg for men) (14, 20). Females might be at greater risk because iron requirements
                     for female athletes can increase up to 70 percent the EAR (17). Because of the decreased bioavailability of non-heme sources,
                     iron intakes for vegetarians have been recommended as 1.8 higher than for nonvegetarians.
                  

                  
                  
                  Iron deficiency in all athletes can occur with or without anemia and impair athletic performance by decreasing muscle function
                     and limiting work capacity (20, 43). Even in the absence of anemia, a compromised iron status has been shown to negatively
                     affect endurance competition times (17). Athletes with clinically diagnosed iron deficiency should follow medical advice that
                     usually includes oral iron supplementation (58), dietary interventions, and follow-up appointments with their care provider.
                     Reversing iron-deficiency anemia can take 3 to 6 months; this delayed response continues to allow for side effects that affect
                     health and performance during the treatment timeframe. This highlights the importance of monitoring iron intake from the diet
                     and adopting eating strategies that promote an increased intake of food sources of well-absorbed iron (76). Athletes concerned
                     about iron status or who have iron deficiency without anemia (e.g., low ferritin without IDA) should adopt eating strategies
                     that promote an increased intake of food sources rich in iron by choosing food sources containing well-absorbed iron (e.g.,
                     heme iron and non-heme iron combined with vitamin C foods) as the first line of defense in their plan to promote optimal iron
                     status.
                  

                  
                  
                  
                  
                  
                     
                     Nutrition Tip

                     
                     
                     
                        
                        You can maximize iron bioavailability in a vegetarian diet in several ways. Good sources of non-heme iron such as spinach
                           can provide more absorbable iron by combining spinach with fresh citrus vinaigrette or a fresh squeeze of lemon. Iron bioavailability
                           in green leafy vegetables can also be improved by blanching them in boiling water for 5 to10 seconds. Cooking vegetarian dishes
                           in cast-iron skillets increases the iron content of food, especially if the food is acidic, such as tomato sauce.
                        

                        
                        
                        
                        
                     

                     
                     
                  

                  
                  
                  Vegans are also at risk of developing a vitamin B12 deficiency because this nutrient is not found in plant foods. Since B12 is found in virtually all animal products, vegetarians following less limited plans that allow for animal products such as
                     dairy should have no trouble getting enough B12. Vegans must rely on an additional source of B12, including fortified milk alternatives such as soy milk, fortified breakfast cereal, and fortified yeast products. If these
                     food products cannot be consumed regularly, a supplemental form of B12 is recommended.
                  

                  
                  
                  It has been estimated that 50 percent of female distance runners consume less than the RDA for zinc, which makes zinc a mineral
                     of concern for vegetarian athletes, particularly if a diet is poorly chosen with low energy intake. Studies have shown that
                     zinc intake and zinc status is highly variable in vegetarian athletes, which is partly explained by GI absorption inhibitors
                     such as phytate and fiber that are abundant in vegetarian diets (29). As with other minerals in the vegetarian diet, zinc-rich
                     foods should be included when planning meals.
                  

                  
                  
                  Vegetarians who consume dairy take advantage of the most bioavailable source of calcium in the U.S. diet. Vegans, on the other
                     hand, tend to have lower calcium intakes than nonvegetarians and lacto-ovo vegetarians and often fall below the RDA (49).
                     Vegetarian athletes might have an increased risk of lower bone mineral density and stress fractures (85). Foods rich in calcium
                     should be a focus in vegetarian meal planning. In some cases calcium supplementation is required to meet needs, especially
                     if a vegetarian athlete is restricting energy intake. Calcium needs increase to 1,500 mg per day to optimize bone health in
                     athletes with low energy availability or menstrual dysfunction (51).
                  

                  
                  
                  
                     



                  
                  
                  

               
               
               
            

            
            
            

         
         
      

      
      
      





A balanced vegetarian or vegan meal is about more than vegetables. Use the guidelines from this chapter to ensure you’re consuming
                        a balanced diet that suits your needs.
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               Other Concerns

               
               
               
                  
                  Vegetarian diets might also be low in creatine and carnosine, which can be problematic for athletes who rely on strength,
                     power, and anaerobic performance (9). Dietary creatine is found in animal flesh, and vegetarians have been shown to have a
                     lower body creatine pool than nonvegetarians (9, 44). In both vegetarians and nonvegetarians about 1 gram of creatine is synthesized
                     per day from endogenous body amino acids. Those who consume meat obtain approximately 1 gram per day of additional creatine.
                     Vegetarians who supplement with creatine tend to have a greater increase in strength and lean body mass accretion and muscle
                     creatine concentrations, as well as improved work performance (9). Another interesting finding is that a lacto-ovo vegetarian
                     diet does not preserve muscle creatine levels, indicating that dairy products and eggs are not a replacement for meat when
                     attempting to maintain body stores of creatine (45). It appears clear that vegetarian athletes who rely heavily on strength
                     and power performance can benefit from short-term creatine supplementation. While anecdotal reports of side effects of creatine
                     supplementation exist, there are no confirmed concerns regarding short-term use. The long-term effects of creatine supplementation
                     are not well described in the scientific literature.
                  

                  
                  
               

               
               
            

            
            
         

         
         
      

      
      
      

         
         Individuals With Disordered Eating and Eating Disorders
         

         
         
         
            
            Reports of eating behavior problems have become increasingly prevalent in the past decade, both for the athletes and the general
               population. Athletes face unique challenges; they must deal with the common sociocultural influences and also the pressure
               of fitting in and competing at a high level alongside peers and competitors. Many athletes are susceptible to a strong sense
               of pressure to look and perform a certain way, which might be compounded by coaches, trainers, and family members who have
               a strong opinion about the shape and size of body required to excel. For some, rigorous training and competition can spark
               threats to health and well-being that might produce negative health outcomes. An obsession with obtaining a particular body
               composition can trigger short- and long-term health problems for both male and female athletes that stem from low energy availability, disordered eating behaviors, and clinically defined eating disorders.
            

            
            
         

         
         
         
            
            Disordered Eating Spectrum

            
            
            
               
               Disordered eating behaviors develop in athletes when they continue to strive for an “ideal” at the expense of health and performance
                  goals, leading to eating disturbances that can cause diagnosable eating disorders. Those who participate in weight-sensitive
                  sports have the highest risk of developing disordered eating patterns. According to a position statement from the International
                  Olympic Committee Medical Commission, these sports can be classified into three main groups (71):
               

               
               
               
                  
                  	Gravitational sports where moving the body against gravity is key to performance (e.g., long-distance running, mountain bike
                     cycling, jumping sports)
                  

                  
                  
                  	Weight-class sports such as boxing, martial arts, wrestling, lightweight rowing, and weightlifting

                  
                  
                  	Aesthetically judged sports such as figure skating, diving, and gymnastics

                  
                  
               

               
               
               Disordered eating occurs across a spectrum, starting with eating and exercise behaviors that are appropriate in the short
                  term, such as energy restriction at certain training periods to “lean-up” or “make weight.” Disordered eating practices often
                  involve a preoccupation with body weight and shape, food restriction, dieting, binge eating, vomiting, or abuse of diuretics,
                  laxatives, and diet pills (73). In contrast, eating disorders are spectral disorders: they exist on a continuum of severity,
                  have a specific clinical diagnosis, and often become more severe the longer they are present.
               

               
               
               Normal eating patterns for athletes might include the occasional use of weight-loss methods that are typically very short
                  in duration, but for some, this can be coupled with strong body dissatisfaction. For some susceptible athletes, these behaviors—often
                  a traditional part of their sport culture—can progress to chronic dieting and frequent weight fluctuation; fasting; passive
                  (e.g., sauna or hot baths) or active dehydration (e.g., exercise with sweat suits) or both; and purging, such as use of laxatives,
                  diuretics, vomiting, and diet pills. These behaviors might occur with or without excessive training (74). These athletes often
                  feel fat on a daily basis, and their disordered eating behaviors can advance to become a clinically defined eating disorder,
                  in which athletes succumb to extreme dieting, body image distortion, abnormal eating behaviors, and decreases in health and
                  athletic performance (73). Failure to meet all criteria for anorexia nervosa or bulimia nervosa should not deter early and
                  comprehensive intervention, as early recognition and intervention can prevent further development of a clinically defined
                  eating disorder (55). Even in the absence of a clinically defined eating disorder, restrictive and purging behaviors are of
                  concern because of their effect on energy availability.
               

               
               
            

            
            
         

         
         
         
            
            Prevalence, Etiology, and Types

            
            
            
               
               The prevalence of disordered eating in athletes is almost impossible to estimate. Prevalence of clinically defined eating
                  disorders remains difficult to determine because many athletes do not seek diagnosis and treatment. Research on the topic
                  of eating disorder prevalence is limited, with few studies in females, limited research in males, and poor study designs.
                  A large study in Norway compared groups of Olympic athletes to a control group and found that athletes had approximately a
                  three times higher incidence rate of eating disorders (13.5%) compared to nonathlete controls (70). The presence of eating
                  disorders is not restricted to female athletes, as male athletes are susceptible as well. Eating disorders exist in recreational,
                  high school, and collegiate sports and among personal trainers. It is not uncommon for these diseases to coexist with other
                  psychological comorbidities such as anxiety, depression, substance use, and obsessive compulsive tendencies.
               

               
               
               Eating disorders go beyond weight dissatisfaction and involve more than abnormal eating patterns and pathogenic weight control
                  behaviors. An eating disorder is not about food per se but is a mental illness. The best way to understand the significance
                  of an eating disorder diagnosis is to recognize that eating disorders are underpinned by a psychological pathology with serious
                  nutrition and medical concerns.
               

               
               
               Eating disorders were once viewed as disorders of choice, meaning the person afflicted could easily reverse their condition
                  if they would just eat. This viewpoint did not foster providing guidance to families, and the concept of a genetic etiology
                  was viewed as absurd. Over time etiological theory advanced from “choice” to family dysfunction, to complex interactions among
                  genetics, neurobiology, personality characteristics, and environmental factors. It is now thought that over half of the variance
                  associated with developing an eating disorder can be attributed to genetics and that stressful environments can exacerbate
                  eating disorders, but that families are not causative in eating disorder etiology. While genetic factors seem to be emerging
                  as the cornerstone for eating disorder etiology, the overall cause is considered multifactorial, with interacting psychological,
                  neurobiological, genetic, cultural, and social factors. A current prevailing theory is that neurophysiologic and genetic components
                  might set the stage for eating disorder development that could be triggered by weight loss and might be the reason many psychological
                  symptoms resolve with physical restoration. So when athletes face a sport culture that provides pressure to reduce weight
                  and body fat, support for disordered eating is generated and often maintained. Psychosocial factors identified as contributing
                  factors, which may occur alongside a backdrop of genetic predisposition, include a history of being teased, abuse, low self-esteem,
                  and predisposing psychiatric diagnoses. Personality characteristics that help to cultivate eating disorders, once developed,
                  include anxiety, perfectionism, low self-directedness, rigidity, emotional avoidance and isolation, and an obsessive evaluation
                  of shape and weight control.
               

               
               
               Eating disorders are defined by very specific physical and mental criteria, as outlined by the American Psychiatric Association’s
                  Diagnostic and Statistical Manual of Mental Disorders, 5th edition (DSM-5) (4). The DSM-5 has recently designated four categories of eating disorders:
               

               
               
               
                  
                  	Anorexia nervosa

                  
                  
                  	Bulimia nervosa

                  
                  
                  	Binge eating disorder

                  
                  
                  	Other specified feeding or eating disorders

                  
                  
               

               
               
            

            
            
            
               
               Anorexia Nervosa

               
               
               
                  
                  An anorexia nervosa diagnosis requires three criteria, including the restriction of energy intake below what is required to
                     maintain weight that leads to a significantly low body weight in the context of age, sex, developmental trajectory, and physical
                     health.
                  

                  
                  
                  A “significantly low body weight” in adults is defined as a weight that is less than minimally normal. A second requirement
                     for diagnosis is an intense fear of gaining weight or becoming fat, or persistent behavior that interferes with weight gain,
                     even when at a significantly low weight. The final requirement is a disturbance in the way in which one’s body weight or shape
                     is experienced, undue influence of body weight or shape on self-evaluation, or persistent lack of recognition of the seriousness
                     of one’s current low body weight.
                  

                  
                  
                  The physical effects of anorexia nervosa are shown in figure 14.8. Athletes who meet all the requirements for anorexia nervosa are further classified into one of two subtypes:
                  

                  
                  
                  
                     
                     	Restricting type: During the last 3 months, the athlete has not engaged in recurrent episodes of binge eating or purging behavior.
                     

                     
                     
                     	Binge-eating or purging type: During the last 3 months, the athlete has engaged in episodes of binge eating or purging behavior.

                     
                     
                  

                  
                  
                  
                     



                  
                  
               

               
               
            

            
            
            

         
         
         

      
      
      





Figure 14.8    Physical effects of anorexia nervosa.
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               Bulimia Nervosa

               
               
               
                  
                  A bulimia nervosa diagnosis has four specific criteria, characterized by

                  
                  
                  
                     
                     	recurrent episodes of binge eating once a week over 3 or more months, and

                     
                     
                     	recurrent inappropriate compensatory behavior to prevent weight gain, such as self-induced vomiting; misuse of laxatives,
                        diuretics, or other medications; fasting; or excessive exercise.
                     

                     
                     
                  

                  
                  
                  These first 2 criteria must occur, on average, at least once a week for 3 months. Athletes must also present with

                  
                  
                  
                     
                     	a self-evaluation that is unduly influenced by body shape and weight, and

                     
                     
                     	symptoms that indicate the disturbance does not occur exclusively during episodes of anorexia nervosa.

                     
                     
                  

                  
                  
               

               
               
            

            
            
            
               
               Binge Eating Disorder

               
               
               
                  
                  The distinct diagnosis of binge eating disorder is newer to the DSM-5 and is intended to increase awareness of the substantial differences with the all-too-common phenomenon of overeating. Binge
                     eating disorder is “not just the occasional second helping of food”; rather, the disorder includes feeling out of control
                     during the eating episode and feeling distressed about the eating pattern. Binge eating is defined by consuming an amount
                     of food that is definitely larger than most people would eat in a similar period of time under similar circumstances marked
                     by feelings of lack of control during the eating episode. For an athlete to receive a Binge Eating Disorder diagnosis, key
                     criteria must be met, including recurrent episodes of binge eating that are associated with three or more of the following:
                  

                  
                  
                  
                     
                     	Eating much more rapidly than normal

                     
                     
                     	Eating until feeling uncomfortably full

                     
                     
                     	Eating large amounts of food when not feeling physically hungry

                     
                     
                     	Eating alone because of embarrassment by how much one is eating

                     
                     
                     	Feeling disgusted with oneself, depressed, or guilty after eating

                     
                     
                  

                  
                  
                  Three additional criteria must also be met:

                  
                  
                  
                     
                     	Binge eating is accompanied by a marked level of distress.

                     
                     
                     	The binge eating occurs, on average, at least once a week for 3 months.

                     
                     
                     	The binge eating is not associated with the recurrent use of inappropriate compensatory behavior and does not occur exclusively
                        during the course of bulimia nervosa or anorexia nervosa.
                     

                     
                     
                  

                  
                  
                  While disproportionately more females than males develop anorexia and bulimia, with binge eating disorder the ratio is less
                     disparate, with an approximate of a 3-to-2 female-to-male ratio. While overeating is a challenge for many Americans, a recurrent
                     binge-eating pathology is much less common, far more severe, and associated with significant physical and psychological problems.
                  

                  
                  
               

               
               
            

            
            
            
               
               Other Specified Feeding or Eating Disorders

               
               
               
                  
                  At one time, the most frequent eating disorder diagnosis among athletes was eating disorder not otherwise specified (EDNOS).
                     This was because relatively few patients met the strict criteria for the diagnosis of bulimia nervosa or anorexia nervosa.
                     Those who develop disordered eating behaviors who advance to an eating disorder clinical diagnosis most often meet the criteria
                     for a newly defined diagnosis called “other specified feeding or eating disorders (OSFED) (46, 72). Generally, OSFED is defined
                     as a feeding or eating disorder that causes significant distress or impairment but does not meet the criteria for another
                     feeding or eating disorder. OSFED is a new addition to eating disorder diagnoses found in the recently published DSM-5. The diagnosis of OSFED is still very serious, with patients having significant concerns about eating and body image and
                     health risks similar to those of the other eating disorders. For example, an athlete who shows almost all of the symptoms
                     of anorexia nervosa but who has retained a normal body mass index can be diagnosed with OSFED.
                  

                  
                  
                  According to the DSM-5, OSFED has five subtypes that are atypical of other eating disorder diagnoses:
                  

                  
                  
                  
                     
                     	Atypical anorexia nervosa—restrictive behaviors without meeting low weight criteria

                     
                     
                     	Bulimia nervosa—lower frequency or limited duration of binging and purging

                     
                     
                     	Binge eating disorder at a lower frequency or limited duration

                     
                     
                     	Purging disorder—recurrent purging of calories through self-induced vomiting, misuse of laxatives and diuretics, or excessive
                        exercising without binge-eating behaviors
                     

                     
                     
                     	Night eating syndrome—recurrent episodes of night eating, as manifested by eating after awakening from sleep or by excessive
                        food consumption after the evening meal
                     

                     
                     
                  

                  
                  
                  In the OSFED eating disorder category is also the diagnosis of unspecified feeding or eating disorder. This category serves
                     as a preliminary diagnosis when insufficient information is available to make a specific diagnosis. Symptoms may include any
                     of the disordered eating patterns that cause significant distress or impairment.
                  

                  
                  
               

               
               
            

            
            
         

         
         
         
            
            Impact of Disordered Eating on Health and Performance

            
            
            
               
               Several sports have been identified as having an increased likelihood of harboring athletes who have an unhealthy body image
                  and eating disorders. These sports tend to be those that place emphasis on an ideal body type, push for low body weights,
                  or emphasize lean body shape. Further, sports that require revealing clothing, such as diving, can support body image issues
                  and disordered eating patterns. Note that although some sports are more associated with eating disorders than others, individuals
                  in any sport can develop an eating disorder. Also, athletes might show signs of short-term disordered eating patterns without
                  developing a clinically defined eating disorder.
               

               
               
            

            
            
            
               
               Health Concerns

               
               
               
                  
                  Before we look at health concerns associated with  disordered eating and eating disorder, note that these eating patterns
                     occur along a continuum and may affect different athletes in different ways. This includes an athlete with an eating disorder
                     who may appear normal and physically healthy while maintaining their training load and volume. On the other hand, an athlete
                     with disordered patterns or OSFED may have health problems as significant as some cases of anorexia or bulimia nervosa. Initial
                     weight changes might not affect health in ways that can be observed by peers. Behavioral changes such as social withdrawal,
                     teammate conflict, reduced self-esteem or self-confidence, a loss of competitiveness, or an onset of depression and anxiety
                     are not unusual.
                  

                  
                  
                  Historically, the concept of low energy availability and its effect on health emerged (76) from the study of the female athlete
                     triad (often shortened to triad) (figure 14.9). The triad is formed by the interconversion of three clinical conditions typically observed in young female athletes: disordered
                     eating, menstrual irregularities, and low bone mineral content or density. Each of these three components occurs along a continuum,
                     and at any one time each component could independently present as being mild, moderate, or severe. For instance, a female
                     athlete with a disordered eating pattern might not meet the criteria for an eating disorder but might restrict energy intake
                     enough to produce low energy availability during heavy training. The occurrence of oligomenorrhea or amenorrhea is believed to be induced by some degree of low energy availability and is detrimental to bone mineral density when female
                     athletes present with low energy availability and dysmenorrheic tendencies. Female athletes with dysmenorrhea have been found
                     to have low bone mineral density in the lumbar spine, hip, and whole body (5). Obtaining a history of disordered eating behaviors
                     is valuable because the effects of low energy availability on bone are cumulative (7).
                  

                  
                  
                  
                     



                  
                  
                  

               
               
            

            
            
            

         
         
         

      
      
      





Figure 14.9    Female athlete triad.
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                  Our understanding of the triad has evolved into a broader understanding of the concerns associated with any movement along
                     the spectra away from optimal energy availability, menstrual status, and bone health (38). It is now known that other physiological
                     consequences can result from one of the components of the triad in active females, such as endocrine, gastrointestinal, renal,
                     neuropsychiatric, musculoskeletal, or cardiovascular dysfunction (76). Further, this long list of physiological concerns also
                     affects the health of male athletes, leading to an extension of the triad termed the relative energy deficiency in sport (RED-S). RED-S encompasses several physiological complications observed in males and females
                     involved in sport who consume energy intakes that are insufficient to meet the needs for optimal body function once the energy
                     cost of exercise has been removed (51). Health and performance consequences of RED-S are shown in figures 14.10 and 14.11.
                  

                  
                  
                  
                     



                  
                  
                  

               
               
            

            
            
            

         
         
         

      
      
      





Figure 14.10    Body systems affected by RED-S.
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Figure 14.11    RED-S impairs exercise performance in many ways.
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               Performance Problems

               
               
               
                  
                  Exercise performance might not always be altered by disordered eating or in the early stages of an eating disorder; however,
                     as an eating disorder advances in severity, the downfall of performance is inevitable. In some cases this will present as
                     a physical injury that sidelines the athlete from training and competition. In other cases, the onset of performance decline
                     is more gradual and might be a direct result of nutrition deficiencies, low energy intake, or the direct physical stress of
                     purging behaviors.
                  

                  
                  
                  A significant and chronic reduction in energy intake directly leads to reduced carbohydrate intake, which creates a greater
                     reliance on body proteins to meet energy demands of the sport. This will ultimately reduce muscle mass, decrease performance,
                     and increase risk of injury. Energy intake is also strongly linked to micronutrient intake, so active individuals with an
                     eating disorder will be at greater risk of inadequate consumption of calcium, iron, and other important nutrients. To simplify,
                     the direct effect of inadequate nutrition on performance with eating disorders is most associated with low energy availability.
                     Low energy availability can occur from calorie restriction, excessive energy expenditure from exercise, or a combination of
                     the two. Individuals with an eating disorder and low energy availability will lack the energy necessary to sustain high levels
                     of exercise intensity and might also experience significant bone loss and iron depletion that impairs performance. Low energy
                     availability also disrupts normal hormonal responses, which can negatively influence adaptation to training and, for females,
                     promote menstrual dysfunction. Other direct effects of low energy availability in eating disorder that negatively impact performance
                     include decreased endurance, impaired judgment, decreased coordination, decreased concentration, irritability, depression,
                     decreased glycogen stores, and decreased muscle strength (51). Similar to other aspects of disordered eating and eating disorder
                     medical complications, impairments of health and performance occur across a continuum of reductions in energy availability
                     and do not occur at one specific energy availability value or threshold. Note that low energy availability is not synonymous
                     with negative energy balance or weight loss, as chronic low energy availability might reset and lower the athlete’s metabolic
                     rate in such a way that low energy intake does not result in weight loss. It is clear that low energy availability in male
                     and female athletes can compromise athletic performance in both the short and long term (76).
                  

                  
                  
               

               
               
            

            
            
         

         
         
         
            
            Prevention and Management

            
            
            
               
               As with most medical conditions, the best defense against eating disorders is prevention. Education is the driving force behind
                  prevention and can be used to prevent an unhealthy relationship with food, medical problems, and poor performance. To be able
                  to identify athletes at risk sooner rather than later requires basic knowledge of the signs and symptoms of disordered eating.
                  Physical, medical, psychological, and behavioral characteristics of the eating disorder spectrum are provided in table 14.8. Prevention of eating disorders occurs on three levels: primary, secondary, and tertiary. Each level is distinctly designed
                  to prevent development and progression to the next level in order to keep the clinical condition from becoming chronic and
                  debilitating.
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                  Help for Eating Disorders

                  
                  
                  
                     
                     Putting It Into Perspective

                     
                     
                     Athletes are at increased pressure to perform and have their body shaped in a specific way. Their appearance is analyzed as
                        well as their athletic performance. These pressures could trigger an eating disorder or disordered eating in the athlete.
                        If you know someone with an eating disorder or disordered eating, contact the Helpline at 800-931-2237 or seek online resources
                        at www.nationaleatingdisorders.org.
                     

                     
                     
                     
                     
                  

                  
                  
               

               
               
            

            
            
            
         

         
         
      

      
      
      

         
         Summary
         

         
         
         
            
            This chapter has addressed many of the nutrition concerns in exercise, physical activity, and sport that are seen at different
               life stages (child, adolescent, masters, pregnant), in the vegetarian lifestyle, and in pathological conditions including
               diabetes mellitus, metabolic syndrome, disordered eating, and eating disorders. For the child and adolescent, the importance
               of understanding their key physiological differences as compared to adults was emphasized. Nutrition recommendations were
               presented for this life-stage group. Energy expenditure, substrate utilization, and thermoregulation during exercise are all
               physiologically different in children. Adolescents have increased requirements for energy and many nutrients as a result of
               rapid anatomical, physiological, and metabolic changes. It is clear that in terms of their nutrition needs, children and adolescents
               should not be considered as small adults. At the other end of the lifespan, masters athletes have their own unique nutrition
               challenges. In aging, a stronger focus is placed on the physiological benefits of exercise and how nutrition can augment these
               effects. Unfortunately, data are insufficient on the specific nutrition needs of masters athletes, but we have good evidence
               of the importance of hydration, protein intake, and several key micronutrients.
            

            
            
            Disease processes and lifestyle choices can also create unique nutrition concerns. Diabetes mellitus provides unique challenges
               for athletes and the peers and staff who work with them. A good understanding of the physiological processes involved in blood
               glucose response to exercise, diet, and medication is necessary to promote exercise performance and long-term health and safety.
               Knowledgeable and careful planning of dietary strategies that work in parallel with medication regimens to promote euglycemia
               before, during, and postexercise can support successful exercise and competition.
            

            
            
            The vegetarian lifestyle can effectively support exercise and athletic performance. However, vegetarian and vegan female athletes
               are at increased risk for nonanemic iron deficiency, which may limit endurance performance. Vegans should follow a carefully
               chosen diet to obtain adequate intakes of iron, calcium, zinc, and vitamin B12. If selected properly, vegetarian and nonvegetarian diets are fully capable of providing all the nutrients necessary for
               the physically active individual.
            

            
            
            The diagnosis of an eating disorder is not easy. Athletes and nonathletes alike can exhibit disordered eating patterns, even
               if they don’t meet the threshold for an eating disorder  diagnosis. Conversely, it is important to recognize that not every
               athlete with a low body weight who occasionally exhibits disordered eating behavior has an eating disorder. An eating disorder
               diagnosis must encompass an identified psychological pathology associated with intense fear of gaining weight or of becoming
               fat, along with persistent behaviors that interfere with normal weight gain. Participation in exercise, sport, and pursuing
               a well-chosen diet are generally healthy behaviors for all athletes but menstrual status, nutrition behaviors, energy availability,
               and exercise volume should also be assessed. Education on the prevalence, etiology, and clinical manifestations associated
               with eating disorders should be widespread in environments that are likely to cultivate such disorders, including many sports
               settings and situations.
            

            
            
            
            
            
               
               For Review

               
               
               
                  
                  
                     
                     	Describe how a child’s anaerobic energy system is different from an adult’s.

                     
                     
                     	What is much more important than chronological age when evaluating a young athlete’s nutrition needs and potential for athletic
                        improvement?
                     

                     
                     
                     	What is the best strategy to prevent osteoporosis?

                     
                     
                     	Which four micronutrients are needed at increased levels beyond the age of 50?

                     
                     
                     	Explain the key differences between type 1 and type 2 diabetes mellitus.

                     
                     
                     	For athletes with type 1 diabetes mellitus, what is the carbohydrate consumption goal during prolonged competition lasting
                        2 hours?
                     

                     
                     
                     	Why are vegans at an increased risk for anemia?

                     
                     
                     	List some of the benefits of a vegetarian diet. What nutrients are of most concern for the vegetarian athlete?

                     
                     
                     	Explain the difference between disordered eating and eating disorders.

                     
                     
                     	What is meant by “energy availability”? How is this related to “RED-S”?

                     
                     
                  

                  
                  
               

               
               
            

            
            
            
         

         
         
      

      
      
      
      
   
      
      
      
      Glossary

      
      
      
      
         
         
            acetyl-CoA—An important molecule in the metabolism of carbohydrates, fats, and protein. Acetyl-CoA provides carbon atoms to the TCA cycle
            for energy production.
         

         
         
         
            active
             transport—Movement of molecules across a cell membrane from a region typically of lower concentration to a region of higher concentration.
         

         
         
         
            adenosine
             diphosphate (ADP)—Composed of adenosine and two phosphate groups; during glycolysis, ADP loses a phosphate group and energy is released.
         

         
         
         
            adenosine
             monophosphate (AMP)—Composed of adenosine and one phosphate group; involved in energy metabolism.
         

         
         
         
            adenosine
             triphosphate (ATP)—A molecule that stores the potential energy used to power many cellular activities. Composed of adenosine and three phosphate
            groups, ATP is created in cells from the breakdown of foods and is used when the cell needs energy to do something active,
            such as when a muscle cell contracts.
         

         
         
         
            adipocytes—Fat cells.
         

         
         
         
            adipose tissue—The cells that synthesize and store fat, predominantly found in subcutaneous locations but also surrounding vital organs,
            serving to protect them from physical damage.
         

         
         
         
            aerobic
             capacity—A measure of fitness demonstrating the maximal amount of oxygen that can be used by active muscles during physical activity.
         

         
         
         
            aerobic
             physical activity—Exercise involving large muscle groups moved in a rhythmic manner for an extended amount of time. Swimming, biking, and running are examples. Also termed endurance activity or aerobic exercise.
         

         
         
         
            aerobic
             system—One of the body’s energy systems; it has a large capacity to generate ATP but requires oxygen to function efficiently.
         

         
         
         
            air
             displacement plethysmography 
            (ADP)—A method to estimate body volume and thus body density. Instead of water displacement, air displacement is used. BOD POD is
            an example.
         

         
         
         
            albumin—A simple form of protein that is soluble in water, such as that found in egg white, milk, and (in particular) blood serum,
            in which this protein serves as a transporter (carrying hormones, fatty acids, and more).
         

         
         
         
            all-
            cause mortality—Death from all causes.
         

         
         
         
            alpha
             bond—Connects two monosaccharides together within a disaccharide or polysaccharide. These bonds are digested readily in the human
            digestive system.
         

         
         
         
            alpha-
            linolenic
             acid (ALA)—An omega-3 fatty acid found in plants, including flaxseeds and walnuts. ALA is an essential fat, the human body cannot make
            it, so it must be consumed in the diet.
         

         
         
         
            amenorrhea—The abnormal absence of menstruation; missing three or more menstrual periods in a row.
         

         
         
         
            amylopectin—The branched chain form of starch representing about 75 percent of the total carbohydrate in plants.
         

         
         
         
            amylose—The straight chain form of starch; amylose is composed of hundreds to thousands of glucose molecules and represents about
            25 percent of the total carbohydrate in plants.
         

         
         
         
            anabolism—Metabolic processes involving the synthesis of new molecules.
         

         
         
         
            anaerobic
             activity—Intense activity performed without relying on oxygen over a short period of time. Sprinting is an example.
         

         
         
         
            anaerobic
             system—An important energy system of the body that does not require oxygen. This system can produce ATP faster than the aerobic system
            but is limited by carbohydrate availability and lactate production.
         

         
         
         
            android—A body fat pattern representing accumulation of fat primarily in the abdominal region; often referred to as the “apple shape.”
         

         
         
         
            anemia—A general term used to describe a deficiency of red blood cells or decreased capacity of red blood cells to carry oxygen.
         

         
         
         
            angiogenesis—The growth of new blood vessels.
         

         
         
         
            antibodies—Proteins that make up our immune system and protect us from foreign pathogens or substances perceived as threats (food allergies
            for instance).
         

         
         
         
            antioxidants—Compounds that protect plants from pests and disease and, in some cases, protect cells in the human body from damage caused
            by free radicals.
         

         
         
         
            atherosclerosis—A disease characterized by plaque build-up in arteries that decreases the diameter of arteries, narrowing the space for blood
            to travel through. Atherosclerosis can increase risk for heart attack, stroke, and death.
         

         
         
         
            ATP synthase—A protein complex in the ETC that is responsible for regenerating ATP from ADP and inorganic phosphate.
         

         
         
         
            banned
             substances control group (BSCG)—A group that tests supplements for banned substances and provides 3rd party certification.
         

         
         
         
            basal
             metabolic rate (BMR)—A measure of energy expenditure accounting for basic metabolic demands (living) during rest. BMR is measured in a temperate
            environment after a 10 to 12 hour fast and a refrainment from exercise for 10 to 12 hours.
         

         
         
         
            beta
             bond—Connects two monosaccharides together within a disaccharide or polysaccharide. Carbohydrates with beta bonds cannot be digested
            in the human digestive tract.
         

         
         
         
            beta
             cells—Insulin-producing cells within the pancreas.
         

         
         
         
            bile—Substance synthesized by liver, stored in gall bladder, and secreted into the small intestine to help digest dietary fat.
            A primary constituent of bile is cholesterol.
         

         
         
         
            bioelectrical
             impedance analysis 
            (BIA)—A method for estimating body composition based on the resistance (impedance) of an electrical current running through the
            body.
         

         
         
         
            bioenergetics—The study of the transformation of energy in living organisms.
         

         
         
         
            body
             composition—The composition of the body that is fat mass compared to fat-free mass (lean body mass). Body composition can be further divided
            out into fat, muscle, water, and bone (a four-compartment model of measuring body composition).
         

         
         
         
            body
             image—A subjective view of one’s own body.
         

         
         
         
            body
             mass index (BMI)—A person’s weight in kilograms (kg) divided by height in meters squared.
         

         
         
         
            body
             weight 
            or body mass—How much a person weighs on a scale; usually expressed in pounds or kilograms.
         

         
         
         
            branched
             chain amino acids (BCAAs)—Nonaromatic amino acids with a branch (a central carbon atom bound to three or more carbon atoms). There are three BCAAs,
            and all are proteinogenic: leucine, isoleucine, and valine.
         

         
         
         
            calcitriol
             (1,25-dihydroxyvitamin D)—The active form of vitamin D in the body. Calcitriol is a steroid hormone that promotes calcium absorption, helps maintain
            blood calcium and phosphorus levels for normal bone mineralization, and has important physiological effects on cell growth,
            muscle, and immune system functioning while also reducing inflammation.
         

         
         
         
            calorimetry—The act of measuring energy expenditure by observing changes in thermodynamic variables.
         

         
         
         
            carbohydrate—An organic compound containing the elements carbon, hydrogen, and water. Carbohydrate is a major energy macronutrient in the
            human diet. The smallest carbohydrates are monosaccharides such as glucose, fructose, and galactose; the largest are polysaccharides
            such as starch and fiber.
         

         
         
         
            carbohydrate
             loading—A nutrition strategy designed to avoid glycogen depletion during endurance activities by maximizing the storage of glycogen
            in muscles and liver through the consumption of a high carbohydrate diet for a few days prior to an event.
         

         
         
         
            carbohydrate-electrolyte
             beverages (CEB)—Scientific term used to describe a family of beverages that contain a carbohydrate (sugar) source and electrolytes, primarily
            sodium.
         

         
         
         
            carboxyl
             group—A weak acid group on a molecule characterized by having a carbonyl and hydroxyl group attached to the same terminal carbon
            atom.
         

         
         
         
            cardiac
             output—The amount of blood the heart pumps in 1 minute and equal to the product of the stroke volume and heart rate.
         

         
         
         
            carnitine
             shuttle—Shuttle located in the mitochondria that is responsible for transferring long-chain fatty acids across the inner mitochondrial
            membrane to proceed toward beta-oxidation.
         

         
         
         
            catabolism—The breakdown of molecules to generate usable energy.
         

         
         
         
            celiac
             disease—An autoimmune digestive disease, leading to an abnormal immune response when the protein gluten is ingested.
         

         
         
         
            cell
             membrane—The outer covering of a cell that controls the exchange of materials between the cell and its environment.
         

         
         
         
            certified
             diabetes educator (CDE)—Health professional who possesses comprehensive knowledge of and experience in prediabetes, diabetes prevention, and management.
            A CDE educates individuals with diabetes and helps the medical team and patient with the management of the condition.
         

         
         
         
            cheilosis
            —Inflammation and cracking of the lips at the corners of the mouth.
         

         
         
         
            chelated—Attached to another compound; chelated minerals are often attached to an amino acid.
         

         
         
         
            chemical
             digestion—The breakdown of food in the mouth, stomach, and intestines through the use of acids and enzyme-catalyzed reactions.
         

         
         
         
            chemical
             energy—Energy released from food during metabolic processing.
         

         
         
         
            chemiosmotic
             coupling—The continuous flow of hydrogen ions through the ETC protein channels driven by an electrochemical gradient that produces
            proton motive force to drive ATP synthase.
         

         
         
         
            cholecystokinin
             (CCK)—Peptide hormone of the gastrointestinal system responsible for stimulating the digestion of fat and protein.
         

         
         
         
            cholesterol—A lipid-like substance found in all cells in the body and is incorporated into many hormones, vitamins, and substances used
            to help digest food. Cholesterol moves in the bloodstream in transport vesicles called lipoproteins. Cholesterol is a component
            of all animal tissues and found only in animal-based foods including eggs, red meat, poultry, cheese, and milk. In the human
            body cholesterol is a structural component of cell membranes, helps repair and form new cells, and is necessary for synthesizing
            steroid hormones (such as testosterone, androgen, and estrogen) and bile acids.
         

         
         
         
            chylomicron—Lipoprotein particles that transport dietary lipids from the intestines to other locations in the body; they consist primarily
            of triglycerides but also contain phospholipids, cholesterol, and other proteins.
         

         
         
         
            chyme
            —The semi-fluid, pulpy acidic mass that passes from the stomach to the small intestine, consisting of gastric juices and partly
            digested food.
         

         
         
         
            cis
             configuration—Unsaturated fatty acids with hydrogen ions on the same side of the double bond.
         

         
         
         
            coenzyme
             A—Derived from pantothenic acid, a B-vitamin, and functions in metabolic reactions.
         

         
         
         
            collagen—The main structural protein found in human connective tissue, including tendons, ligaments, and cartilage.
         

         
         
         
            colon—The part of the digestive tract that extends from the end of the small intestine to the anus. It absorbs water, minerals,
            and vitamins from the intestinal contents and eliminates undigested material during defecation. Also called the large intestine.
         

         
         
         
            complex
             carbohydrates—Plant and grain foods, such as peas, beans, breads, and vegetables, containing abundant strands of polysaccharide carbohydrates.
            Complex carbohydrates also have vitamins, minerals, and fiber important to human health.
         

         
         
         
            concurrent
             training—Two training sessions performed back to back. For instance, speed training immediately followed by strength training or vice
            versa.
         

         
         
         
            Cori cycle—Metabolic pathway in which lactate produced by the anaerobic energy system in muscle cells moves to the liver and is converted
            to glucose, which then returns to the muscles and serves as a fuel source.
         

         
         
         
            crossover
             concept—Describes fat and carbohydrate utilization as fuel sources during exercise. The crossover occurs when carbohydrate utilization
            exceeds fat utilization and the point at which this happens is determined by your aerobic fitness.
         

         
         
         
            current
             good manufacturing practices (GMPs)—Manufacturing processes established and enforced by the U.S. Food and Drug Administration (FDA). GMPs provide for systems
            and processes ensuring proper design, monitoring, and control of manufacturing processes and facilities.
         

         
         
         
            cytoplasm—The entire contents of a cell except for the nucleus.
         

         
         
         
            cytosol—A component of the cytoplasm where a variety of metabolic reactions occur.
         

         
         
         
            daily
             value (DV)—An indicator of how much of one serving of a particular food contributes to a person’s nutritional needs; based on a 2,000
            kilocalorie diet.
         

         
         
         
            dehydration—The process of losing body water.
         

         
         
         
            denature—A process through which proteins lose the quaternary structure, tertiary structure, and secondary structure because of exposure
            to a stimulus that changes protein structure. Common examples include strong acid (such as HCL in the stomach) and heat (cooking).
         

         
         
         
            deoxyribonucleic
             acid (DNA)—A molecule that carries the genetic instructions used in the growth, development, functioning, and reproduction of all known
            living organisms.
         

         
         
         
            dietary
             fat—The kind of fat found in foods and beverages.
         

         
         
         
            dietary
             fiber—Material in plants, mostly nonstarch polysaccharides, that is not digested by human digestive enzymes and instead passes through
            the digestive tract relatively unchanged before being eliminated.
         

         
         
         
            dietary
             reference intakes (DRIs)—Reference values for macro- and micronutrients aimed at preventing or reducing the risk of chronic disease and promoting optimal
            health.
         

         
         
         
            dietary
             supplement—A product taken by mouth that contains a “dietary ingredient” intended to supplement the diet. The “dietary ingredients” in
            these products may include vitamins, minerals, herbs or other botanicals, amino acids, or substances such as enzymes, organ
            tissues, glandulars, and metabolites. Dietary supplements can also be extracts or concentrates and may be found in many forms
            such as tablets, capsules, softgels, gelcaps, liquids, or powders.
         

         
         
         
            digestion—The breakdown of food into its constituent parts using mechanical and chemical methods.
         

         
         
         
            digestive
             elimination—The elimination of undigested food content and waste products from the digestive tract.
         

         
         
         
            digestive
             tract—A term for the entire gastrointestinal tract from the mouth to the anus.
         

         
         
         
            direct
             calorimetry—Measures heat production by the body, using carbon dioxide, oxygen, and temperature measurements to determine energy expenditure.
         

         
         
         
            disaccharide—Sugars composed of two monosaccharide units. In the human diet, the most common disaccharides are maltose, lactose, and sucrose.
         

         
         
         
            diverticulitis—Inflammation or infection of the small pouches, called diverticula, that bulge outward from the center of the colon (large
            intestine).
         

         
         
         
            diverticulosis—A condition in which the large intestine contains small pouches, called diverticula, that bulge outward from the center of
            the colon. Diverticula themselves are not problematic and people having diverticulosis are often asymptomatic.
         

         
         
         
            docosahexaenoic
             acid (DHA)—An omega-3 fatty acid. DHA is the major fat found in the brain and important for brain development and function. DHA is necessary
            for the production of compounds that help reduce inflammation in the brain stemming from reduced blood flow.
         

         
         
         
            dual-energy
             x-ray absorptiometry (DEXA)—A laboratory method used to measure bone mineral density and soft tissue composition (percent body fat).
         

         
         
         
            duodenum—The first part of the small intestine immediately beyond the stomach, leading to the jejunum.
         

         
         
         
            dyslipidemia—Total cholesterol or triglyceride levels above the reference standard, or levels of high-density lipoprotein (HDL) cholesterol
            below a reference standard.
         

         
         
         
            eccentric
             contractions—A movement where the skeletal muscle is lengthening. The downward phase of a bicep curl is an example.
         

         
         
         
            eicosanoids—The physiologically active substances that are primarily derived from arachidonic acid; they are involved in intracellular
            signaling.
         

         
         
         
            eicosapentaenoic
             acid (EPA)—An omega-3 fatty acid. EPA is a precursor to a group of eicosanoids that may be protective against heart attacks and strokes.
            EPA helps decrease inflammation by inhibiting the production of proinflammatory compounds.
         

         
         
         
            electrolytes—Minerals that conduct electricity in the body. Electrolytes affect fluid balance, muscle pH, and muscle functioning. Sodium,
            chloride, potassium, calcium, magnesium, and phosphorus are electrolytes.
         

         
         
         
            electron
             transport chain (ETC)—A series of protein complexes that transfers electrons from electron donors as a result of oxidation and reduction reactions
            while also transferring hydrogen ions within the mitochondria.
         

         
         
         
            endoplasmic
             reticulum—A type of organelle in eukaryotic cells that is involved in protein synthesis.
         

         
         
         
            endurance
             training—A regimen of physical activities designed to improve exercise endurance.
         

         
         
         
            energy
             availability—The amount of energy available for body functions after the calories used during exercise is subtracted from the energy consumed
            in the diet.
         

         
         
         
            energy-dense
             food—A food that has a high amount of energy (kilocalories) per gram or portion of the food item.
         

         
         
         
            energy-yielding
             macronutrients—Nutrients that supply the body with energy; carbohydrates, fats, and proteins are the energy-yielding macronutrients. (Other
            macronutrients include water and lipids.)
         

         
         
         
            enrichment—The addition of vitamins and minerals lost during food processing.
         

         
         
         
            enterocytes—Epithelial cells found in the small intestine that contain digestive enzymes and microvilli on its surface.
         

         
         
         
            enterokinases
            —Enzymes produced by cells of the duodenum and involved in human digestive processes; secreted from intestinal glands following
            the entry of ingested food passing from the stomach.
         

         
         
         
            enzymes—Protein-containing biological catalysts that accelerate or catalyze chemical reactions.
         

         
         
         
            ergogenic—A term commonly used in sport as something intended to enhance physical performance or recovery from training.
         

         
         
         
            essential
             amino acids—Amino acids that cannot be made by the human body and must be consumed in the diet.
         

         
         
         
            essential
             fat—The amount of fat necessary for physiological functioning. Essential fat is found in bone marrow, the heart, lungs, liver,
            spleen, kidneys, intestines, muscles, and fat-rich tissues of the central nervous system.
         

         
         
         
            euglycemia
            —A normal concentration of glucose in the circulating blood.
         

         
         
         
            euhydration
            —Normal state of body water content.
         

         
         
         
            excess
             
            postexercise
             oxygen consumption (EPOC)—Calories burned after exercise has finished.
         

         
         
         
            exercise
             physiology—The study of the body’s responses to exercise, from acute bouts to chronic adaptations with repeated activity and long-term
            training.
         

         
         
         
            extreme
             sports—Any sport perceived as having a high level of inherent danger.
         

         
         
         
            FADH
            2
            —The reduced form of FAD used for metabolic reactions and derived from the B-vitamin riboflavin.
         

         
         
         
            fat-free
             mass (FFM)—Lean body mass defined as the total amount of nonfat body mass.
         

         
         
         
            fat
             soluble—Vitamins stored in the body’s fat tissues and more easily absorbed when consumed with dietary fat. Vitamins A, D, E, and K
            are fat soluble.
         

         
         
         
            fatty
             acid—A molecule consisting of a long chain of carbon and hydrogen atoms connected to a single acid group at its end. The long carbon chain
            can be any length, but the ones found in the human diet tend to have between 12 and 22 carbon atoms.
         

         
         
         
            Federal Trade Commission (FTC)—The FTC protects American consumers by preventing fraud, deception, and unfair business practices and ensuring competition
            in the marketplace.
         

         
         
         
            feedback
             inhibition—A control mechanism that catalyzes a reaction to produce a specific compound that can reduce the rate of a metabolic reaction
            when the compound reaches high concentrations.
         

         
         
         
            female athlete triad (triad)—Syndrome of three interrelated conditions that exist on a continuum of severity, including energy deficiency with or without
            disordered eating, menstrual disturbances/amenorrhea, and bone loss/osteoporosis; often shortened to simply “triad.”
         

         
         
         
            fermentation—Anaerobic breakdown of sugars by microorganisms in the gut.
         

         
         
         
            fiber—A blanket term that describes the indigestible parts of plants.
         

         
         
         
            food—The plants and animals humans ingest.
         

         
         
         
            fortification—The addition of nutrients to improve the nutrition content of a food or beverage.
         

         
         
         
            free
             radicals—Reactive oxygen and nitrogen species generated in the body through metabolism as well as exposure to various physiological
            conditions or disease states.
         

         
         
         
            fructose—A monosaccharide carbohydrate found in many plant foods and some nutritive sweeteners.
         

         
         
         
            galactose—A monosaccharide found in milk, usually bound to glucose as a disaccharide called lactose.
         

         
         
         
            generally
             recognized as safe (GRAS)—A designation by the FDA that the substance intentionally added to a food is generally considered safe by experts under the
            intended conditions of use.
         

         
         
         
            gestational
             diabetes mellitus (GDM)—High blood glucose levels during pregnancy in women who have never had diabetes. Diagnosis and management are important to
            protect the mother and baby’s health.
         

         
         
         
            glucagon—Hormone secreted by the alpha islet cells of the pancreas in response to hypoglycemia. It increases blood glucose concentration
            by stimulating glycogenolysis in the liver.
         

         
         
         
            gluconeogenesis—Synthesis of glucose from noncarbohydrate sources in the liver and kidneys whenever the supply of carbohydrate is insufficient
            to meet the body’s immediate requirements.
         

         
         
         
            glucose—A monosaccharide found in plants primarily in the form of starch and also found in some nutritive sweeteners.
         

         
         
         
            GLUT4—A protein found in cells that helps transport glucose across the cell membrane into the cytoplasm.
         

         
         
         
            gluten—A protein found in foods made from wheat and other grains. Barley and rye contain proteins related to gluten (though all of
            these proteins are typically referred to as gluten).
         

         
         
         
            glycemic—Foods that cause blood glucose levels to rise.
         

         
         
         
            glycemic index—A ranking of carbohydrates according to how quickly they are digested and absorbed, and therefore raise blood glucose levels
            in the 2-hour time period after a meal, compared to the same amount (by weight in grams) of a reference food, typically white
            bread or glucose, which is given a GI of 100.
         

         
         
         
            glycemic
             load—An indicator of the glycemic impact of a food that takes into consideration both the glycemic index and carbohydrate content,
            in grams, of the food. Glycemic load is computed as the product of a food’s glycemic index and its total available carbohydrate
            content: glycemic load = [GI × carbohydrate (g)]/100].
         

         
         
         
            glycemic
             response—Change in blood glucose after consuming food.
         

         
         
         
            glycogen—A branched polymer of glucose monosaccharides that serves as the storage form of carbohydrate in the liver and muscles of
            animals and humans.
         

         
         
         
            glycogenesis—The synthesis of glycogen from glucose subunits.
         

         
         
         
            glycogenolysis
            —Cleaving of individual glucose molecules from the ends of glycogen, primarily in liver and skeletal muscle; the metabolic
            breakdown of glycogen to glucose.
         

         
         
         
            glycogen
             synthase—Key enzyme responsible for glycogen synthesis in liver and skeletal muscle.
         

         
         
         
            glycolysis—Aerobic or anaerobic process that converts glucose into pyruvate and 2 ATP.
         

         
         
         
            glycolytic—Involving glycolysis.
         

         
         
         
            gynoid
            —A body fat pattern typically representing accumulation of body fat in the lower half of the body, with more fat deposited
            in the hips, buttocks, and thighs. This pattern is often referred to as the “pear shape.”
         

         
         
         
            health
             claims—Describes the relationship between a food, food component supplement ingredient, and decreased risk of a disease or health-related
            condition.
         

         
         
         
            high-density
             lipoprotein (HDL)—Carries cholesterol back to the liver for excretion or recycling; HDL is sometimes referred to as “good” cholesterol and is
            not associated with an increased risk for heart disease.
         

         
         
         
            high-fructose
             corn syrup (HFCS)—A manufactured nutritive sweetener commonly added to food to improve palatability and shelf-life. HFCS is similar in sweetness
            to table sugar and contains roughly the same amount of fructose as glucose.
         

         
         
         
            homeostasis—A state of balance or equilibrium.
         

         
         
         
            hormones—Chemical messengers secreted directly into the blood to interact with organs and tissues of the body to exert their functions.
            There are many types of hormones, some of which are complex protein structures.
         

         
         
         
            hydrodensitometry
            —In this reference method, water is used to estimate the body density and body fat of an individual. Also called hydrostatic
            weighing or underwater weighing (UWW).
         

         
         
         
            hydrometry
            —A laboratory measurement of total body water (TBW).
         

         
         
         
            hydroxyapatite—The storage form of calcium and phosphate in bones and teeth.
         

         
         
         
            hypercalcemia—High blood calcium.
         

         
         
         
            hyperglycemia—An abnormally high concentration of glucose in the circulating blood.
         

         
         
         
            hyperhydration
            —Overhydration.
         

         
         
         
            hyperphosphatemia—High blood phosphate.
         

         
         
         
            hyperplasia—Growth of more cells.
         

         
         
         
            hypertension—Long-term medical condition in which the blood pressure in the arteries is persistently elevated. Hypertension damages and
            weakens artery walls.
         

         
         
         
            hypertrophy—Growth of existing cells.
         

         
         
         
            hypoglycemia—An abnormally low concentration of glucose in the circulating blood.
         

         
         
         
            hypohydration
            —The uncompensated loss of body water.
         

         
         
         
            hyponatremia—Dangerously low blood sodium.
         

         
         
         
            hypophosphatemia—Low blood phosphate.
         

         
         
         
            indirect
             calorimetry—General energy expenditure measurement technique involving the measurement of oxygen and carbon dioxide gas exchange.
         

         
         
         
            inflammation—The body’s normal acute response to injury or attack from foreign invaders, involving localized heat, swelling, and pain.
            Ideally, inflammation is limited to what is required to counteract the present threat, but many chronic conditions are believed
            to be related to chronic inflammation.
         

         
         
         
            informed-choice—A quality assurance program designed for sports nutrition products and their manufacturers and suppliers.
         

         
         
         
            insensible
             perspiration—Fluid that evaporates through pores in the skin by sweat glands before the body recognizes it as moisture on the skin.
         

         
         
         
            insoluble
             fiber—Portion of dietary fiber that is not soluble in water and adds bulk to the stool for easier elimination.
         

         
         
         
            insulin—Hormone secreted by the beta islet cells of the pancreas in response to hyperglycemia (high blood sugar). Insulin promotes
            glucose uptake and storage, amino acid uptake, protein synthesis, and lipid synthesis and fat storage.
         

         
         
         
            insulin-dependent
             glucose transport (IDGT)—Process of transporting glucose into a cell that requires the involvement of insulin.
         

         
         
         
            insulin
             resistance—A condition in which cells fail to respond to the normal actions of insulin.
         

         
         
         
            interesterified
             fats—Fats that have had fatty acids rearranged, chemically or enzymatically, along the glycerol backbone.
         

         
         
         
            interstitial—Refers to a space between two structures or objects that are normally closely spaced.
         

         
         
         
            intravascular—Occurring within a vessel or vessels of an animal or plant, especially within a blood vessel or blood vascular system.
         

         
         
         
            isotopes—Element variations that have the same proton number but different neutron numbers.
         

         
         
         
            ketoacidosis—A metabolic state associated with high concentrations of ketone bodies, formed by the breakdown of fatty acids and the deamination
            of amino acids. This is associated with a pathological metabolic state where the body fails to adequately regulate ketone
            production, causing an accumulation of ketoacids and resulting in a decrease in the pH of the blood. In extreme cases, ketoacidosis
            can be fatal and is most common in untreated type 1 diabetes mellitus. Ketoacidosis should not be confused with ketone production
            and subsequent ketosis resulting from a ketogenic diet. Ketones produced from a ketogenic diet are managed by the body and
            do not result in ketoacidosis.
         

         
         
         
            kilocalorie—The same thing as a calorie. A unit of energy also called a kcal, large calorie. Refers to the amount of heat it takes to
            raise the temperature of one kilogram of water by one degree Celsius.
         

         
         
         
            lactase—An enzyme that catalyzes the breakdown of lactose to glucose and galactose.
         

         
         
         
            lactate—The molecule that remains when one hydrogen ion disassociates itself from a lactic acid molecule. Lactate serves as a fuel
            source that can be oxidized directly by many cells in the body, including brain, heart, and skeletal muscle. Lactate can also
            be converted back to pyruvate and glucose and oxidized in those forms.
         

         
         
         
            lactate
             dehydrogenase (LDH)—The enzyme that catalyzes the reaction from pyruvate to lactate.
         

         
         
         
            lactic
             acid—A substance produced when pyruvate, the end-product of glycolysis, binds with two additional hydrogen ions. Normally, one
            of the hydrogen ions immediately disassociates itself from the molecule and causes its surrounding environment to become more
            acidic.
         

         
         
         
            lactose—A disaccharide containing glucose and galactose. Commonly known as “milk sugar” because it is present in many dairy products.
         

         
         
         
            lactose
             intolerance—A condition marked by incomplete digestion of lactose. Consumption of dairy products such as milk and dairy products may lead
            to symptoms including diarrhea, gas, and bloating.
         

         
         
         
            large
             intestine—The colon. The part of the digestive tract that extends from the end of the small intestine to the anus. It absorbs water,
            minerals, and vitamins from the intestinal contents and eliminates undigested material during defecation.
         

         
         
         
            lean
             body mass (LBM)—The percentage of the body that is not fat. In a four-compartment model, LBM is comprised of water, skeletal muscle, and bone.
         

         
         
         
            linoleic
             acid (LA)—An omega-6 fatty acid that is an essential fat. The human body cannot make it, so it must be consumed in the diet.
         

         
         
         
            lipids—A category of macronutrients that are insoluble in water and have various biological functions in the body. There are three
            main types of lipids: triglycerides, sterols, and phospholipids.
         

         
         
         
            lipogenesis—The metabolic process by which excess acetyl-CoA is converted into body fat.
         

         
         
         
            lipoprotein—Any group of soluble proteins that combine with and transport fat or other lipids in the blood plasma.
         

         
         
         
            liver—Glandular organ that has many functions in the body related to digestion and metabolism, including bile synthesis and secretion,
            gluconeogenesis, glycogen synthesis and storage, lipolysis, and transamination.
         

         
         
         
            low-density
             lipoprotein (LDL)—A transport protein. LDL carries cholesterol from the liver to tissues.
         

         
         
         
            low
             energy availability—Energy intake that is insufficient to meet energy expenditure and physiological needs. Low energy availability can disrupt
            reproductive functioning, leading to irregular menstrual cycles or complete cessation of menstruation.
         

         
         
         
            luminal
             brush border—Microvilli-covered surface of simple epithelium where nutrient absorption takes place. The microvilli that constitute the
            brush border have enzymes for digestion anchored into their plasma membrane as integral membrane proteins. These enzymes are
            found near transporters that allow absorption of the digested nutrients.
         

         
         
         
            macronutrients—Nutrients required in the diet in larger amounts: carbohydrate, protein, fat, water, and lipids.
         

         
         
         
            maltase—An enzyme that catalyzes the breakdown of maltose to glucose.
         

         
         
         
            maltose—A disaccharide containing two glucose molecules. Maltose does not occur naturally in foods but rather during the enzymatic
            breakdown of starch during digestion.
         

         
         
         
            mechanical
             digestion—Involves physically breaking the food into smaller pieces. Mechanical digestion begins in the mouth as food is chewed and
            continues in the stomach as it churns.
         

         
         
         
            medical nutrition therapy (MNT)—An evidence-based application of the Nutrition Care Process, usually including nutrition assessment, nutrition diagnosis,
            nutrition intervention, and nutrition monitoring and evaluation that typically results in the prevention, delay, or management
            of diseases or conditions.
         

         
         
         
            medium chain triglycerides (MCTs)—A type of fat made up of a shorter carbon chain that allows it to bypass complex digestion and absorption processes and instead
            be absorbed directly into the blood.
         

         
         
         
            messenger
             RNA (mRNA)—The form of RNA in which genetic information transcribed from DNA as a sequence of bases is transferred to a ribosome.
         

         
         
         
            metabolic
             syndrome—The name for a group of risk factors that raises your risk for heart disease and other health problems, such as diabetes and
            stroke. The risk factors include abdominal obesity, high triglycerides, low HDL cholesterol, hypertension, and high fasting
            blood sugar.
         

         
         
         
            metabolism—A collection of chemical reactions for bodily processes that consist of anabolic or catabolic reactions.
         

         
         
         
            micronutrients—Nutrients required in small amounts, including vitamins and minerals.
         

         
         
         
            microvilli—Folds and projections on enterocytes that serve to increase the surface area for the digestion and transport of nutrients
            from inside the intestine into the enterocyte.
         

         
         
         
            mitochondria—The powerhouse of a cell where ATP production and respiration occurs.
         

         
         
         
            modeling—The process through which new bone is formed at one site inside the bone and old bone removed from another site outside the
            bone. Modeling occurs during childhood and adolescence and shapes bone.
         

         
         
         
            monounsaturated
             fatty acids (MUFA)—A type of unsaturated fatty acid that contains one double bond.
         

         
         
         
            mouth—Initial part of digestive tract. Mechanical digestion from chewing and chemical digestion from the action of salivary amylase
            occurs in the mouth.
         

         
         
         
            muscle
             protein balance—The difference between skeletal muscle protein synthesis (MPS) and breakdown (MPB).
         

         
         
         
            muscular
             endurance—The ability to perform repeated skeletal muscle contractions or to hold a contraction over a period of time.
         

         
         
         
            muscular
             flexibility—The ability to move through the joints range of motion.
         

         
         
         
            muscular
             power—Rate at which the work (contraction) is performed.
         

         
         
         
            muscular
             strength—The maximal force that a skeletal muscle or group of muscles can produce.
         

         
         
         
            myocyte—Muscle cell.
         

         
         
         
            NADH (nicotinamide adenine dinucleotide)—The reduced form of NAD used for metabolic reactions. A key component of NADH is the B vitamin niacin.
         

         
         
         
            NADPH (nicotinamide adenine dinucleotide phosphate)—A reduced form of NADP that is formed in the pentose phosphate pathway and used in anabolic reactions.
         

         
         
         
            National Center for Drug Free Sport (Drug Free Sport)—A premier provider of drug-use prevention services for many athletic organizations; delivers strategic alternatives to traditional drug-use prevention programs.
         

         
         
         
            nonessential
             amino acids—Amino acids that can be synthesized by the human body.
         

         
         
         
            nonexercise
             activity thermogenesis (NEAT)—The energy expended by the body for all activities not including exercise, sleeping, or eating.
         

         
         
         
            nonglycemic
            —Foods that do not cause blood glucose levels to rise.
         

         
         
         
            nonnutritive
             sweeteners (NNS)—Sweeteners that do not contain significant energy.
         

         
         
         
            NSF—National Sanitation Foundation, newly named NSF International. NSF provides third-party certification, which is an independent
            analysis of a manufacturer’s product with standards for safety, quality, and performance.
         

         
         
         
            nucleus—Present in eukaryotic cells; the control center of the cell that contains genetic material.
         

         
         
         
            nutrient
             absorption—The process of absorbing or assimilating digested substances into cells through diffusion or osmosis.
         

         
         
         
            nutrient
             content claim—Statement about the level of a nutrient in a product. These are approved and regulated by the FDA and can be used on both
            foods and dietary supplements.
         

         
         
         
            nutrient
             density—A measure of the number of nutrients contained in food compared to the amount of energy it provides. Foods considered nutrient
            dense provide a lot of vitamins and minerals with relatively little energy (calories).
         

         
         
         
            nutrients—Specific substances that elicit a biochemical or physiological function in the body.
         

         
         
         
            nutrigenomics—The interaction between nutrition and genes.
         

         
         
         
            nutrition
             periodization—A principle in which nutritional guidelines are adjusted depending on the state of training.
         

         
         
         
            nutrition—The study of how food supplies nutrients to the body and influences health and life.
         

         
         
         
            nutritive
             sweeteners—Sweeteners that also contain energy.
         

         
         
         
            obesity—A disease in which abnormal or excessive fat accumulation might impair health. There are grades of obesity.
         

         
         
         
            oligomenorrhea
            —Light or infrequent menstrual periods occurring in women of childbearing age; often defined as a woman who regularly goes
            more than 35 days without menstruating.
         

         
         
         
            oligopeptide—Molecules containing a relatively small number of amino acids.
         

         
         
         
            oligosaccharide—Carbohydrates composed of 3 to 10 monosaccharide units.
         

         
         
         
            oral
             glucose tolerance test (OGTT)—A screening test for diabetes mellitus, in which plasma glucose levels are measured in an individual after consuming an oral
            glucose load. An OGTT reveals type 2 diabetes mellitus or impaired glucose tolerance when plasma glucose levels exceed defined
            thresholds after consuming the glucose load.
         

         
         
         
            organelles—Found in eukaryotic cells; they have specialized functions within a cell (e.g., nucleus, chloroplast, mitochondria, etc.).
         

         
         
         
            osmolarity
            —The concentration of solutes, particularly sodium, in the blood.
         

         
         
         
            osmosis—Movement of water across a cell membrane, from a region of low concentration of solutes to one of higher concentration.
         

         
         
         
            osteoporosis—A disease characterized by low bone mass and structural deterioration of bone tissue leading to fragile bones and greater
            risk of fractures of the hip, spine, and wrist.
         

         
         
         
            overload—Gradual increase of stress placed on the body during training.
         

         
         
         
            overreaching—Excessive exercise volume that results in short-term performance decrement.
         

         
         
         
            overtraining—A compendium of symptoms referred to as the overtraining syndrome (OTS). This condition is more serious than overreaching
            with long-term performance impairment that can take several weeks or months to achieve recovery.
         

         
         
         
            overweight—Weighing more than desirable for optimal health.
         

         
         
         
            oxaloacetate—A four-carbon compound that combines with acetyl-CoA to initiate the TCA cycle to form citrate. It is also involved in gluconeogenesis,
            the urea cycle, amino acid synthesis, and fatty acid synthesis.
         

         
         
         
            oxidative
             decarboxylation—Forms carbon dioxide from the splitting of a carbon-carbon bond.
         

         
         
         
            oxidative
             phosphorylation—The use of the aerobic energy system to use macronutrient fuel sources (carbohydrate, protein, fat) to phosphorylate ADP to
            form ATP.
         

         
         
         
            oxidative
             stress—An imbalance between the production of free radicals and the body’s antioxidant defenses.
         

         
         
         
            pancreas—Glandular organ that secretes enzymes for the digestion of carbohydrates, proteins, and fats; also secretes the hormones glucagon
            and insulin that regulate the metabolism of carbohydrates, proteins, and fats.
         

         
         
         
            pancreatic
             amylase—An enzyme secreted from the pancreas into the small intestine during digestion that catalyzes the breakdown of starch into
            sugars.
         

         
         
         
            peak
             bone mass—Maximum bone strength and density.
         

         
         
         
            pepsin—A protease enzyme that breaks down food proteins into smaller peptides. Produced in the stomach, pepsin is one of the main
            digestive enzymes in the digestive systems of humans.
         

         
         
         
            pepsinogen—The proenzyme of pepsin, made and released by chief cells in the stomach wall.
         

         
         
         
            peptide
             bonds—Chemical attachment formed between two molecules, usually involving two amino acids. A carboxyl group of one molecule reacts
            with an amino group of another molecule releasing a molecule of water.
         

         
         
         
            phosphocreatine
             (
            PCr
            )—A fuel substrate that can rapidly donate its phosphorous group to ADP to form ATP.
         

         
         
         
            phospholipids—Structural components of cell membranes and lipoproteins. Phospholipids are necessary for the absorption, transport, and storage
            of lipids and aid in the digestion and absorption of dietary fat.
         

         
         
         
            phosphorylate—To add or introduce a phosphate group to a molecule or compound.
         

         
         
         
            photosynthesis—As it relates specifically to human nutrition, photosynthesis is the process through which plants use energy from the sun
            to convert carbon dioxide and water into glucose plus oxygen.
         

         
         
         
            physical
             activity level (PAL)—A factor used to express daily physical activity, typically used to estimate an individual’s total energy expenditure. PAL
            is often used in combination with the basal metabolic rate to compute the amount of food energy an individual needs to consume
            in order to maintain a particular lifestyle.
         

         
         
         
            polydipsia—Excessive thirst or excess drinking often associated with uncontrolled diabetes mellitus.
         

         
         
         
            polypeptide—Chains of amino acids linked by a peptide bond that serve as components of proteins.
         

         
         
         
            polyphagia—Excessive hunger or increased appetite that may be caused by medical disorders such as diabetes mellitus.
         

         
         
         
            polysaccharide—Carbohydrate composed of long chains of monosaccharides linked by glycosidic bonds (e.g., cellulose, starch, and glycogen).
         

         
         
         
            polyunsaturated
             fatty acids (PUFA)—A type of unsaturated fatty acid that contains more than one double bond. Polyunsaturated fatty acids are identified based
            on the location of their first double bond. Omega-3 and omega-6 fatty acids are examples.
         

         
         
         
            polyuria—Excessive or abnormally large production or passage of urine; often associated with uncontrolled diabetes mellitus.
         

         
         
         
            portal
             vein—A blood vessel that carries blood from the gastrointestinal tract, gallbladder, pancreas, and spleen to the liver.
         

         
         
         
            postprandial
             hypoglycemia—Low blood sugar that occurs soon after consuming a meal, usually containing carbohydrate. Also called reactive hypoglycemia.
         

         
         
         
            preformed
             vitamin A—The active form of vitamin A in the body; preformed vitamin A is found in animal liver, whole milk, and some fortified foods.
         

         
         
         
            principle
             of detraining—Involves the loss of physiological training responses when exercise is discontinued.
         

         
         
         
            principle
             of individuality—An exercise principle stating that we are somewhat limited by our genetic potential and that people respond in different ways
            to exercise.
         

         
         
         
            principle
             of periodization—Schedules training for a particular sport or event into smaller periods of time or blocks with specific training goals in
            each.
         

         
         
         
            principle
             of progressive overload—In order to see improvements in performance, the system being trained must have continuous demands placed upon it.
         

         
         
         
            principle
             of specificity—The training routine must induce a physical stress specific to the system needed for performance enhancements.
         

         
         
         
            proenzyme—A biologically inactive protein that is metabolized into an active enzyme.
         

         
         
         
            proprietary
             blends—A list of ingredients that are part of a product formula specific to a particular dietary supplement manufacturer. The names
            and quantities of the individual ingredients in the blend are not disclosed.
         

         
         
         
            protease
             activation cascade—A series of enzymatic events that lead to the activation of several digestive enzymes.
         

         
         
         
            proteases—An enzyme that breaks down proteins and peptides.
         

         
         
         
            proteinogenic
            —Amino acids that are precursors to proteins and are incorporated into proteins during translation.
         

         
         
         
            proton
             motive force—The electrochemical force generated by the electron transport chain that drives ATP synthase to create ATP.
         

         
         
         
            provitamin
             A carotenoids—Dark-colored pigments found in some vegetables, oily fruits, and red palm oil. Provitamin A carotenoids include beta-carotene,
            alpha-carotene, and beta-cryptoxanthin and must be converted to the active form of vitamin A in the body.
         

         
         
         
            purging
             behavior—Self-induced vomiting or misuse of laxatives, diuretics, or enemas with psychiatric underpinnings.
         

         
         
         
            pyrophosphate—The free phosphate group used to form ADP and ATP; sometimes referred to as inorganic phosphate.
         

         
         
         
            pyruvate
             dehydrogenase complex (PDC)—A formation of three enzymes that act to convert pyruvate to acetyl-CoA.
         

         
         
         
            quackery—An unproven or unsupported intervention usually promoted for the purpose of financial gain.
         

         
         
         
            reactants—Substances that take part in and undergo changes during a reaction.
         

         
         
         
            reactive
             hypoglycemia—Low blood sugar that occurs soon after consuming a meal, usually containing carbohydrate. Also called postprandial hypoglycemia.
         

         
         
         
            refined
             carbohydrate—Plant foods that have been processed to remove portions of the whole grain, usually to make the final product more palatable.
         

         
         
         
            registered dietitian nutritionist (RDN or RD)—A credential issued by the Commission on Dietetic Registration of the Academy of Nutrition and Dietetics to individuals who
            have expertise in food, nutrition, and dietetics. Education, supervised practice experience, and passing of a national exam
            is required.
         

         
         
         
            relative energy deficiency in sport (RED-S)—A syndrome of impaired physiological function including, but not limited to, metabolic rate, menstrual function, bone health,
            immunity, protein synthesis, and cardiovascular health. Encompasses a cluster of health complications that occur in males and females when energy intake may be sufficient to fuel
            physical activity but is not sufficient to maintain the health of many body systems.
         

         
         
         
            resorption—Bone breakdown.
         

         
         
         
            resting
             energy expenditure (REE)—The amount of energy from food calories required during resting conditions of the body.
         

         
         
         
            resting
             metabolic rate (RMR)—The amount of energy, usually expressed in kilocalories, required for a 24-hour period by the body during resting conditions.
            It is closely related to, but not identical to, basal metabolic rate (BMR). RMR tends to be slightly higher than BMR.
         

         
         
         
            reversibility—The reversal of metabolic and physical benefits achieved from training when an individual stops training.
         

         
         
         
            rhabdomyolysis—Serious skeletal muscle injury.
         

         
         
         
            ribonucleic
             acid (RNA)—Molecule that plays various biological roles in coding, decoding, regulation, and expression of genes.
         

         
         
         
            rule
             of five—A guideline used to help select whole grains and cereals that are deemed healthy. Rule is to select those grains having 5
            grams or more of fiber and less than 5 grams of sugar per serving.
         

         
         
         
            salivary
             amylase—An enzyme found in human saliva that catalyzes the breakdown of starch into sugars.
         

         
         
         
            sarcopenia
            —Age related loss of muscle mass and strength.
         

         
         
         
            satiation—The physiological satisfaction of appetite during a meal; satiation helps determine when to stop eating.
         

         
         
         
            satiety—The sensation of fullness or absence of hunger after a meal.
         

         
         
         
            saturated
             fatty acids—Fatty acids that have only single bonds between adjacent carbon atoms, so they can stack tightly on top of one another. Fats
            containing more saturated fatty acids are solid at room temperature.
         

         
         
         
            secretin—Digestive hormone secreted by the wall of the duodenum; influences the environment of the duodenum by regulating secretions
            in the stomach, pancreas, and liver.
         

         
         
         
            set point theory—A theory that any attempt to voluntarily change body weight from an established weight in adulthood initiates a series of
            physiological and metabolic responses that ultimately result in no further loss of body fat, or a plateau. These responses
            might include storing fat more efficiently, decreasing metabolism, or stimulating appetite.
         

         
         
         
            simple
             carbohydrate—A monosaccharide; simple sugar.
         

         
         
         
            simple
             sugar—A monosaccharide.
         

         
         
         
            skinfold
             thickness—A method for estimating body composition based on the thickness of a fold of skin and underlying subcutaneous fat. The measurement
            is made using calipers.
         

         
         
         
            small
             intestine—The part of the intestine that runs between the stomach and the large intestine and where the majority of digestion and absorption
            of food takes place.
         

         
         
         
            soluble
             fiber—Portion of dietary fiber that is soluble in water to form a gel-like substance in the stool.
         

         
         
         
            specificity—Targeting a specific energy system to initiate the desired effect of physical training.
         

         
         
         
            sport
             nutrition—A specialty discipline that examines the role of nutrition in exercise metabolism and the translation to nutrient guidelines
            for optimal training, performance, and recovery from exercise.
         

         
         
         
            standard
             error of estimate (SEE)—A measure of the accuracy of predictions using statistical regression lines.
         

         
         
         
            starch—The form of polysaccharide carbohydrate stored in most plants, which makes it the principal carbohydrate of the human diet.
         

         
         
         
            stearidonic
             acid (SDA)—An omega-3 fatty acid found in some seed oils; some fish, including sardines and herring; algae; and GMO (genetically modified
            organisms) soybeans.
         

         
         
         
            sterols—A type of lipid with a multiple ring structure. Cholesterol is the most well-recognized sterol.
         

         
         
         
            storage
             fat—Fat found around the internal organs (visceral fat) and directly below the skin (subcutaneous fat).
         

         
         
         
            stroke
             volume—Most generally associated with the left ventricle; measured through the amount of blood ejected from the left ventricle from
            one contraction.
         

         
         
         
            structure/function
             claim—States how a product, nutrient, or ingredient intends to affect the normal structure or function within the body or how it
            acts to maintain a particular structure or function. These claims cannot explicitly or implicitly link or associate the claimed
            effect of the nutrient, component, or dietary ingredient to a specific disease or state of health leading to a disease.
         

         
         
         
            subcutaneous
             fat—A type of storage fat found directly below the skin.
         

         
         
         
            substrate
             fatigue—A theory that attributes fatigue during long-duration exercise to skeletal muscle glycogen depletion.
         

         
         
         
            sucrase
            —An enzyme that catalyzes the breakdown of sucrose to glucose and fructose.
         

         
         
         
            sucrose—A disaccharide containing glucose and fructose. Commonly known as table sugar.
         

         
         
         
            thermic
             effect of activity (TEA)—Energy expenditure to support the demands of physical activity.
         

         
         
         
            thermic
             effect of feeding (TEF)—Energy expenditure from food absorption, metabolism, and storage of food ingestion accounting for no more than 10 percent
            of total daily energy expenditure.
         

         
         
         
            thrifty
             gene—A hypothesis speculating that humans slow their metabolism and store more body fat during times of food scarcity.
         

         
         
         
            total
             energy expenditure (TEE)—The sum of all energy expended over a set period of time (usually 24 hours).
         

         
         
         
            trans
             fatty acids—Fatty acids that have hydrogen molecules on opposite sides of the double bond. Trans fatty acids are harmful for heart health.
         

         
         
         
            transfer
             RNA (
            tRNA
            )—RNA consisting of folded molecules that transport amino acids from the cytoplasm of a cell to a ribosome.
         

         
         
         
            tricarboxylic
             (TCA) cycle—Aerobic pathway also known as Krebs cycle or citric acid cycle; uses acetyl-CoA in a series of reactions to create carbon
            dioxide and ATP.
         

         
         
         
            triglycerides—Lipids composed of one glycerol molecule and three fatty acid molecules that serve as the main constituent of body fat in
            humans and animals. Cooking oils, butter, animal fat, nuts, seeds, avocado, and olives are significant sources of triglycerides
            in the diet.
         

         
         
         
            trypsin—A protease important in protein digestion by serving to break (cleave) peptide chains. A proenzyme of trypsin, trypsinogen,
            is produced in the pancreas and found in pancreatic juice.
         

         
         
         
            type
             1 diabetes 
            mellitus—A condition in which the pancreas no longer produces enough insulin so glucose in the blood cannot be absorbed into cells
            of the body.
         

         
         
         
            type
             2 diabetes mellitus—A condition in which the body does not make or use insulin effectively. Left untreated blood sugar remains high.
         

         
         
         
            unsaturated fatty acids—Fatty acids with kinks in their double bonds so they do not stack neatly on top of one another; fats containing more unsaturated
            fatty acids, as opposed to saturated fatty acids, are liquid at room temperature.
         

         
         
         
            urea
             cycle—A cycle of biochemical reactions occurring in many animals that produces urea from ammonia (NH3).
         

         
         
         
            U.S. Anti-Doping Agency (USADA)—The national anti-doping organization for Olympic, Paralympic, Pan American, and Parapan American sport with a mission to
            “Preserve the integrity of competition—Inspire true sport—Protect the rights of U.S. athletes” and the vision “to be the guardian
            of the values and life lessons learned through true sport.”
         

         
         
         
            U.S. Food and Drug Administration (FDA)—The Consumer Protection Agency of the U.S. Government that monitors all products classified as foods sold in the United States.
         

         
         
         
            U.S. 
            Pharmacopeial
             Convention (USP)—A scientific, worldwide, nonprofit organization that sets standards for the identity, strength, quality, and purity of medicines,
            food ingredients, and dietary supplements manufactured and distributed for sale.
         

         
         
         
            [image: V over time]O
            2
            max—A measure of the maximum volume of oxygen that an athlete can use, measured in milliliters per kilogram of body weight per
            minute.
         

         
         
         
            villi
            , intestinal—Projections on the mucous membrane of the small intestine that increases its surface area, thus facilitating absorption of
            nutrients.
         

         
         
         
            visceral
             fat—A type of storage fat found wrapped around the internal organs.
         

         
         
         
            vitamins—Compounds necessary for metabolism, proper growth and development, vision, organ and immune functioning, energy production, muscle contraction
            and relaxation, oxygen transport, building and maintaining bone and cartilage, building and repairing muscle tissue, and protecting
            the body’s cells from damage.
         

         
         
         
            wellness—A multidimensional concept that includes spiritual, emotional, social, and occupational health as well as physical health.
         

         
         
         
            whole
             grain—Grain that has been minimally refined or processed; usually eaten in its whole native state.
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Table 2.2 Net ATP From the Complete Aerobic Oxidation of One Molecule of Glucose

Coenzyme electron carriers ATP yield

Glycolysis
MEA
Oxidative phosphorylation

2

GTP 2

2 NADH x 1.5 (G-3P0O) 3

2 NADH (oxidative decarboxylation 5
of pyruvate) x 2.5

2FADH (TCA) x 1.5 3

6 NADH (TCA) x 2.5 15

Total yield 30 (32) ATP
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Table 2.1 Relative Contribution of Each Energy System to ATP Production

Neighborhood walk Tertiary Secondary Primary
100-yard sprint Primary Secondary Tertiary
Soccer game Tertiary Primary Primary

Marathon Tertiary Secondary Primary
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Table 1.1 Samples of General, Nonmedical Nutrition Information

Nutrition principle Example application of the principle

Principles of healthy food preparation

Foods to be included in the normal daily diet of
healthy individuals

The functions of nutrients on the body

Recommended amounts of the essential nutrients
(DRIs) for HEALTHY individuals

The effects of deficiencies or excesses of nutrients
Food sources of essential nutrients

Providing information about food guidance systems
(e.g., Dietary Guidelines, food labels, and Choose
MyPlate)

The basic roles of carbohydrates, proteins, fats,
vitamins, minerals, water

Giving statistical information about the relationship
between chronic disease and the excesses or defi-
ciencies of certain nutrients

Proper hydration in HEALTHY individuals

Baking fish or chicken is healthier than batter dipping and
deep frying.

Fruits, vegetables, quality grains, lean proteins, low-fat dairy,
and healthy fats are all part of a healthy, balanced diet.

Carbohydrate is a fuel source for skeletal muscle and organs;
iron is a component of hemoglobin.

Share the USDA DRl tables.

Excess energy leads to obesity; iron deficiency leads to the
medical condition iron-deficiency anemia.

Orange juice is an excellent source of vitamin C; whole grains
contain dietary fiber.

Showing the actual food label or MyPlate system.

Protein is important for tissue growth and repair; calcium is
an important mineral for bone health; water plays an impor-
tant role in body temperature regulation.

Obesity is a leading cause of type 2 diabetes mellitus.

Use the current position stand on this topic (43).
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Table 3.1 Enzymes Involved inthe Digestion of Carbohydrates

Mouth Salivary amylase Breaks down starch in the mouth

Pancreas Pancreatic amylase Breaks down starch in the small intestine

Small intestine Maltase Breaks down maltose to the monosaccharide glucose

Small intestine Sucrase Breaks down sucrose to the monosaccharides glucose and fructose

Small intestine Lactase Breaks down lactose to glucose and galactose
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Table 3.2 Glucose and Glycogen Content in the Human Body

_ Amount (g) Amount (kcal)

Blood glucose 5-25 20-100
Liver glycogen 70-110 280-440
Muscle glycogen 120-500 480-2,000

Based on Ivy 1991; Jensen et al. 2011; Karpinski and Rosenbloom 2017; Kenney, Wilmore, and Costill 2015; Thompson, Manore, and Vaughan 2017.
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Table3.4 Glycemic Index and Load of Common Foods

Serving Glycemic | Availahle carhohydrates Glycemic
Serving e(g) ndex and serving (g) load
53 20 1

Wheat bread 15slice

Oatmeal 2/3cup 50 69 35 24
English muffin 1 half 30 7 14 1
White bagel Diameter 3 in. 70 2 35 25
White rice 1cup 150 51 42 21
Brown rice 3/4cup 150 50 33 16
Cheese pizza 1slice 100 36 24 9

Mashed potatoes 3/4 cup 150 74 20 18
Baked potato 5.30z. 150 60 30 18
Corn 3/4 cup 150 53 32 17
Kidney beans 0.5cup 150 52 17 9

Apple Diameter 2-3/4 in. 120 38 15 6

Apple juice 8fl.oz. 250 ml 40 29 12
Soda 8.5fl. oz 250 ml 53 26 14
Chocolate milk 1cup 50 43 28 12
Low-fat yogurt 7o0z. 200 31 30 9

Chocolate pudding 3.50z. 100 47 16 T

Chocolate ice cream 3/4cup 50 87 13 8

Angel food cake 20z. 50 67 29 19
Vanilla wafers 4 cookies 25 e 18 14
Ripe banana 7in. 120 51 25 13
Grapes 25 120 46 18 8

Strawberries 3/4cup 120 40 3 1

Raisins 20z, 60 64 44 28

Adapted from K. Foster-Powell, S.H. Holt, and J.C. Brand-Miller, 2002, 'International table of glycemic index and glycemic load values: 2002," American Journal
of Clinical Nutrition 76: 5-56.
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Table 3.3 Hormones Involved in Blood Glucose Regulation

Epinephrine Adrenal gland Activates glycogenolysis

Norepinephrine Adrenal gland Activates glycogenolysis

Cortisol Adrenal gland Activates gluconeogenesis

Glucagon Pancreas Activates gluconeogenesis and glycogenolysis
Insulin Pancreas Activates glycogen synthesis

Decreases gluconeogenesis

Data from Ross et al. 2014; Thompson, Manore, and Vaughan 2017.
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Table 3.6 Daily Carbohydrate Recommendations for Trained Athletes

Carhohydrate
recommendation

Daily amount for
59-kg (130 Ih.)

Daily amount for
79-kg (175 Ih.)
athlete (g)

3-5g/kg
5-79/kg

6-10 g/kg

8-12g/kg

Exercise intensity and duration athlete (g)
Low-intensity training 177-295
More than 60 minutes per day of low- 295-413

intensity training

60 minutes per day of moderate-intensity
training

Up to 30 minutes per day of high-intensity
training

1-3 hours per day of moderate- to high- 354-590
intensity training

4-5 hours per day of moderate- to high- 472-708
intensity training

237-395
395-553

474-790

632-948

Assumes adequate energy intake and that carbohydrate is spread throughout the day, depending on training schedule.
Data from Thomas, Erdman, and Burke 2016.
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Table 3.5 ATP Produced From Glucose During Exercise at Varying Intensities

Exercise intensity % of ATP produced

Rest 35
Light to moderate 40
High and short duration 95
High and long duration 70

Data from McArdle, Katch and Katch 2013.
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Table 2.3 Percentage of Energy Expended to Process Food Intake

Energy-yielding macronutrient % of calories used for processing

Protein 20-25
Carbohydrate 5-15
Fat 0-5
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Table 4.1 Types of Fatty Acids Found in Common Foods

Fatty acid Common food sources (not all inclusive)

CIS POLYUNSATURATED FATTY ACIDS (PUFA)

Omega-3 PUFAs
Alpha-linolenic acid (ALA)
Stearidonic acid (SDA)
Eicosapentaenoic acid (EPA)

Docosapentaenoic acid (DPA)
Docosahexaenoic acid (DHA)
Omega-6 PUFAs

Linoleic acid (LA)
Gammalinolenic acid (GLA)
Arachidonic acid (ARA)

Flaxseeds, chia seeds, walnuts, canola oil, soybean oil, flaxseed oil
Sardines, herring, algae, GMO soybean oil

Seafood, especially fatty fish such as salmon, mackerel, herring, and halibut

Seafood, especially fatty fish such as salmon, mackerel, herring, and halibut

Seafood, especially fatty fish such as salmon, mackerel, herring, and halibut

Soybean oll, corn oil, meat, sunflower oil, safflower oil
Black currant seed ofl, evening primrose oil

Meat, poultry, eggs

CIS MONOUNSATURATED FATTY ACIDS (MUFA)

Palmitoleic acid
Oleic acid*

Erucicacid

Elaidic acid**
Vaccenic acid**
Conjugated linoleic acid (CLA)*

Caprylicacid (MCT)
Capric acid (MCT)
Lauric acid (MCT)
Myristic acid

Palmitic acid

Stearic acid

Macadamia nuts, sea buckthorn oil, some blue-green algae
Olive oil, canola oil, beef tallow, lard, avocado

Available in low quantities in food, including rapeseed, kale, and broccoli

TRANS FATTY ACIDS (UNSATURATED)

Partially hydrogenated vegetable oils
Butterfat, meat

Ruminant meat, dairy, CLA supplements; food typically contains more cis
9, trans 11 18:2, whereas supplements often contain an equal mix of both
isomers

SATURATED FATTY ACIDS (SFA)

Coconutoil, palm kernel oil

Coconut oil, palm kernel oil

Coconut oil, palm kernel oil

Several types of cheese, coconut meat, coconut oil, beef fat

Beef, pork, and bacon fat; butter; several types of cheese; whipped cream;
whole milk; egg yolks; palm oil; palm kernel oil; most fats and oils contain
some palmitic acid

Beef and pork fat; Brazil nuts; lamb; cashew nuts; fully hydrogenated veg-
etable oil

GMO = genetically modified organism; MCTs = medium-chain triglycerides.
*Oleic acid is the most common monounsaturated fatty acid, accounting for approximately 92 percent of MUFAs found in the diet.

“*In high doses (3.7% of calorie intake), trans fatty acids from industrial sources and naturally occurring trans fatty acids both
increase LDL cholesterol and decrease HDL cholesterol (76).

Based on Vannice 2014; U.S. Department af Agriculture 2013; U.S, Institute of Medicine 2002,
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Table 3.7 Daily Carbohydrate Needs by Target Intake Level and Body Weight

Weight | Weight | 3 4 5 7 8 9 10 1 12
(Ib.) (kg) 9/kg 9/kg [kg kg 9/kg 9/kg 9/kg 9/kg 9/kyg
100 45 136 182 227 273 64 409 455 500 545

318 3
105 48 143 191 239 286 334 382 430 477 525 573
110 50 150 200 250 300 350 400 450 500 550 600
15 52 157 209 261 314 366 418 470 523 575 627
120 55 164 218 273 327 382 436 491 545 600 655
125 57 170 221 284 341 398 455 511 568 625 682
130 59 177 236 295 355 414 473 532 591 650 709
135 61 184 245 307 368 430 491 552 614 675 736
140 64 191 255 318 382 445 509 573 636 700 764
145 66 198 264 330 395 461 527 593 659 725 791
150 68 205 273 3 409 471 545 614 682 750 818
155 70 21 282 352 423 493 564 634 705 175 845
160 73 218 291 364 436 509 582 655 721 800 873
165 75 225 300 375 450 525 600 675 750 825 900
170 i 232 309 386 464 541 618 695 73 850 927
175 80 239 318 398 417 557 636 716 795 875 955
180 82 245 327 409 491 573 655 736 818 900 982
185 84 252 336 420 505 589 673 757 84 925 1,009
190 86 259 345 432 518 605 691 71 864 950 1,036
195 89 266 355 443 532 620 709 798 886 975 1,064
200 91 213 364 455 545 636 721 818 909 1,000 1,091

Data from Thomas, Erdman, and Burke 2016.
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Each of these food items has approximately
15 g of carbohydrate

1 piece of fruit (tennis ball size) 15 grapes

1/2 cup fruit juice 1/2 of a 9-in. banana

2 small plums 3/4 cup fresh pineapple

1 cup berries or melon

1/2 cup beans or lentils

1 tbsp. sugar
1 thsp. honey
2 thsp. chocolate syrup






images/00061.jpeg
Female 120 Ib. (54.5 kg) Male 150 Ib. (68 kg)

Percent of total

65% anergy 50%

(higher) (lower)






images/00064.jpeg
High lactose

®Milk or foods made with milk

®Cream or creamy products
like soups or sauces

® Coffee creamers
®lce creams
®Butters
®Cheeses
®Puddings

@ Custards

Lower lactose
(but still present)

®Breads

® Baked goods

® Creamy salad dressings
® Pancake and waffle mixes
® Some cereals

® |nstant potatoes

@ Instant pasta and
macaroni mixes

® Some processed meats
® Some candies

Other unexpected
foods that may
contain lactose

@ Powdered milk
®Whey protein
®Casein

® Spreads
@Curds
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Nutrition Facts

8 servings per container
Serving size 2/3 cup (559)

Amount per 2/3 cup
Calories 230

% Daily Value*

Total Fat 8g 10%
Saturated Fat 1g 5%
Trans Fat Og

Cholesterol Omg 0%

Sodium 160mg 7%

Total Carbohydrate 37g 13%
Dietary Fiber 7g 20%
Total Sugars 12g

Added Sugars 10g 20%

Protein 3g

1

Vitamin D 2mcg 10%

Calcium 260mg 20%

Iron 8mg 45%

Potassium 235mg 6%

*The % Daily Value (DV) tells you how much a nutrient in
a serving of food contributes to a daily diet. 2,000 calories
a day is used for general nutrition advice.
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Table3.8 Common Nonnutritive Sweeteners in the United States

Swestness | ADI Number
(numberof | (mg/ka body | of packets

timesseeter | weight) per | equivalent | FDA approval status

Name of NNS | Description than sucrose) | day 1o ADI and common uses

Saccharin®  OldestNNS on the market 200-700 5 250 Approved for limited
Not metabolized and heat stable use: <12mg/fl. oz.,
May ot be desirable for cooking and 20 mglpacket, 30 mg/
baking serving infoods.
Some experience a bitter aftertaste

Aspartame  Dipeptide of phenylalanine and aspar-  160-220 50 165 Approved as asweet-
tate enerand general
Provides 4 keallg but need such small flavor enhancer
quantity for swest taste

Metabolized to aspartic acid, phenylala-
nine, and methanol
Persons with PKU should not con-

sume**
Degrades and loses sweetness during
heating
Acesulfame  Approximately 95% s excreted 200 5 165 Approved as asweet-
potas unchanged in the urine and therefore ener and general
does not provide significant energy flavor enhancer except
Stable for cooking and baking meatand poultry
Usually combined with another NNS
Sucralose  Often marketed as “made from sugar” 600 5 165 Approvedas asweet-
3chloride molecules replace OH enerand general
groups on sucrose flavor enhancer
Approximately 85% is notabsorbed and
excreted in the feces unchanged. The
15% absorbed s excreted unchange
the urine,
Heat stable for cooking and baking
Neotame Heat stable for cooking and baking 700013000 0.3 200 Approved as a sweet-
ener and general
flavor enhancer except
for meatand poultry
Stevia (steviol Extract from the leaves of the Stevia  200-400 ‘ 2 GRAS™**
glycosides)  rebaudiana Bertoni plant Rebaudiana extract
Different from whole stevi approved as food
May be bitter in large quantities additive; other is
Stable in dry form; may be more stable considered a dietary
than others in liquid form supplement
LuoHan Guo  Marketed as powdered *monk fruit 100-250 Notspeci-  Notdeter-  GRAS™™*
extract” fied mined
Heat stable for cooking and baking
Advantame  Does not yet have a brand name 20,000 28 4000 Approved as aswest-
Chemically related to aspartame but enerand general
much sweeter flavor enhancer except
Does not carry the PKU warning for meatand poultry

#In 2000, the National Toxicology Program of the National Institutes of Health concluded that saccharin should be removed from the list of
potential carcinogens. Saccharin containing products no longer need to carry a warning label regarding cancer risk.

**Phenylketonuria (PKU) is an inborn error of metabolism where the person cannot metabolizs the amino acid phenylalanine. The phenylala-
ine would build up and become toxic. People with PKU cannot consume phenylalanine and require special dists.

**GRAS = generally recognized as safe. There must be “a reasonable certainty of no harm" to earn this category.
‘Adaptad rom U.S. Foot and Drug Adrinistraton 2015,
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Primary protein structure
is a sequence of amino
acids that forms one or
more polypeptide chains

Amino acids

-

Alpha helix Pleated sheet

Secondary protein structure

is the coiling or folding of its
polypeptide chains and is primarily
a result of hydrogen bonding
between amino acid chains

Pleated sheet

Tertiary protein structure

refers to the three-dimensional
shape caused by weak interactions
among side groups

Alpha helix

Quaternary protein structure
is the final three-dimensional
structure formed by all of the
polypeptide chains making
up the protein
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Active site

-

Substrates interact with
the enzyme’s active site,
causing the active site
to change shape.

L4

Substrates

Q@

Substrates enter
active site.

l‘\—/\

C Enzyme maneuvers the
substrates so they bind
The product is then released and the and form a product.

enzyme returns to its normal shape
to interact with other substrates.
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Albumin helps attract water
to stay within blood vessels
to balance fluid that is lost
through the force of the
heart pumping blood.

Blood from

heart to body Blood from

i body back
Capillaries to heart
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Table 5.2 Protein Functions in the Body

Lot

Hormones Serve as chemical messengers.

Regulators Help pump molecules across cell membranes to preserve
cellular function.

Transporters Move oxygen, vitamins, and minerals for delivery to target
cells throughout the body.

Immune function Proteins compose antibodies that protect the body from
bacteria and viruses.

Fluid and acid-base balance Attract water and release hydrogen ions; can influence
acid-base balance by releasing or gaining hydrogen ions.

Enzymes Initiate or speed up chemical reactions.

Structure Cellular integrity; muscle contraction.
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In the stomach, proteins are
unfolded into long polypeptide
chains by the action of
hydrochloric acid (HCL).

The pancreas releases digestive
enzymes into the small intestine.

)
o © © o
°o°°° )
) °

In the small intestine, enzymes break the peptide
bonds between amino acids. Smaller peptides and
amino acids are absorbed by endothelial cells.

Proteins not digested and absorbed in the small intestine
oo o pass through the large intestine and are excreted as feces.
o ©
Following intestinal absorption, amino acids are transported via
the portal vein to the liver and then released into general circulation.
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Table 4.2 Trans Fatty Acid and Conjugated Linoleic Acid Content of Dairy and Meat

_ TFA content per serving CLA content per serving

Cheddar cheese, 1 0z. 240 mg 36.7mg
Milk, whole, 1 cup 210 mg 41.6 mg
Yogurt, plain, low-fat, 1 cup 60 mg 37.8mg
Meat, beef, ground, 20.8% fat, raw, 4 oz. 910 mg 103.8 mg

Data from Gebauer 2011
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When a protein is ingested, it is
broken down by special enzymes

Protein breakdown and turnover of into individual amino acids.

all body proteins is the primary
contributor to the amino acid pool.

S8l .:?; Free amino acids can
v -,s;- o o be used by the body to
¢ oo %S, build a variety of tissues

and molecules.

Hormones Cell membranes  Muscle tissues Enzymes
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Table 5.1 High-Protein Foods

_ Protein (g) Kilocalories from protein (%)

3 0z. lean beef steak 26 53
3 oz. skinless chicken breast (grilled) 16.3 4
3 oz. tilapia filet 15 88
3oz.salmon 17 68
3 oz. pork loin 24 54
1cup lentils 9 32
1cup black beans 5 26
1cup peas (cooked) 9 21
3 oz.tofu 9 40
1large egg 6.3 32
1cup milk (1%) 8 31
1 cup soy milk 7 28
1cup chopped broccoli (raw) 2.6 34
1cup cooked white rice 44 14
1/2 cup quinoa 4 14
2tbsp. peanut butter i 15
1/4 cup almonds 7 16

Datafrom U.S. Department of Agriculture and U.S. Department of Health & Human Services 2015.
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Small salmon fillet, 3-4 oz.

Hamburger, 3-41/2 oz.
Small chicken breast, 21/2-31/2 oz.

Almonds, 3/4 -1 cup whole raw
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Leucine (g)

Wheyprotein, 30g 375

Pea protein, 30 g 3.20
Casein, 30 g 2.55
Soy protein isolate, 30 g 2.03
Beef, 90% lean, 3 0z., cooked 1.74
Egg whites, 4 large 1.34
Chicken breast, 3 0z., cooked 0.95
Fat-free fluid milk, 8 oz. 0.64
Edamame, 3 oz., cooked 0.71

Tuna, canned and drained, 3 oz. 0.45
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Consuming protein or essential amino acids after resistance training improves muscle protein
synthesis. Type, timing, and amount of protein influence the muscle protein synthesis response.

Muscle protein synthesis + muscle protein breakdown = net muscle protein balance.

Relatively small amounts of carbohydrate, from 30—100 g, leads to a decrease in muscle
protein breakdown after resistance training, yet consuming carbohydrate alone (without protein
or essential amino acids) the net balance remains negative (muscle is in a catabolic state).

Chronic gains in the net muscle protein pool = increases in strength and hypertrophy over time.

Chronic losses in the net muscle protein pool = decreases in strength and muscle atrophy over time. '
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Muscle protein synthesis

Younger adults after
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@ Resistznce training causes trauma (damage or irjury to
muscle cells) resulting in inflammation and an immune

system response (together these steps are important for
repairing damage and removing waste products).

@ inflammation increases blood supply to
the damaged area and leads to the
release of several types of cytokines
‘and growth faclors and movement of
inflammatory cells, including neutrophils
and macrophages.

and clean up damagec muscle tissue,
releasa frae radicals (reactive cxygen
species), and produce proinflammatory
cytokines, including TNF-c, interleukin-1,
and IL-6, which promote both injury and
repair.

@ Growth factors activate satellite cells to
move to the injured area. Satellte cells
mature to muscle cells and fuse
together to existing muscle fibers to
form new muscle fibers within &
few days.

Satelite cells ——~—_ S = ° © Growth hormone

S : stimulates an insulin-sig-
naling pathway inclucing
IGF-1, which stimulates
amino acid transportation
as well as Akt and mTOR

o (IGF-1 stimulates both).

Amino  mTOR Akt
acid
transportation

(@ Essential amno acids, leucine in particular
(as part of ar essential amino acids,
branched chain amino acids, or leucine-rich
protein), independenty stimulates mTOR.

:m @ mTOR stimulates
synthesis of new
proteins within muscle.
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2 cups leafy greens (10 g)
1/2 cup corn (15 g)

1 cup carrots (10 g)
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Nutrition Facts

8 servings per container
Serving size 1/2 cup (559)

Calories. 140

% Daily Value*

Total Fat 8g 12%
Saturated Fat 1g 5%
Trans Fat Og

Cholesterol Omg 0%

Sodium 160mg 7%

Total Carbohydrate 13g 4%
Dietary Fiber 3g 12%
Total Sugars 3g

Added Sugars 3g 1%

Protein 3g

I

Vitamin D 2mcg 10%

Calcium 260mg 20%

Iron 8mg 45%

Potassium 235mg 6%

*The % Daily Value (DV) tells you how much a nutrient in
a serving of food contributes to a daily diet. 2,000 calories
a day is used for general nutrition advice.
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Table 11.2 Sample Carbohydrate Loading Protocol

l Glycogen depletion
90 to 120 minutes of moderate- to high-intensity exercise at 75% \'IO‘max
Mixed diet with carbohydrate intake (4-5k g/kg)

2-3 40 to 60 minutes of low- to moderate-intensity exercise
Moderate carbohydrate intake (4-5 g/kg)

4-5 20 minutes of light training
Higher carbohydrate intake (8-10 g/kg)

6 Rest

Higher carbohydrate intake (8-10 g/kg)
7 Event

Data from Sherman etal. 1981
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Table 11.1

Relatively low energy expenditure

Generally high energy expenditure

Generally high energy expenditure
per kg body weight, but athletes
may be small

Highly variable

Baseball
Golf

Basketball
Cycling
Running
Ice hockey
Soccer
Tennis
Swimming
Wrestling*
Rowing*

Figure skating
Gymnastics

Weightlifting

Track and field events
Football

Martial arts

*Body weight and body composition are of critical importance.

Based on Karpinski and Rosenbloom 2017,

Energy Demands and Considerations for Different Sports

Energy demand _ Special considerations

Careful carbohydrate supplementation, if any,
should not lead to energy imbalance.

Expenditure varies based on body size, train-
ing volume, and training or competition time.
Expenditure tends to be greater at the collegiate
and professional levels.

Intake and expenditure must be individualized
based on performance and body composition
goals.

Intake and expenditure must be individualized
based on body composition goals. Body weight
and composition are emphasized.

Intake and expenditure must be individualized
based on body composition goals.
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Table 11.3 Carbohydrate Recommendations Before an Endurance Event

Hours hefore event Carhohydrate (g/kg BW) | Suggestions

3to4 3-4 Mixed energy-yielding macronutrient meal with carbohydrate
beverage

2 1-2 Light meal or snack or carbohydrate beverage

1 0.5-1 Snack or carbohydrate beverage

BW =Body weight
Note: Low fiber or residue foods should be consumed.
Data from Burke et al. 2011; Cermak and van Loon 2013; Thomas, Erdman, and Burke 2016.
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Table 10.2 Determining BMI

Measurement units Formula and sample calculation

Kilograms and Formula: weight (kg) / (height [m)])?
meters (or centime- With the metric system, the formula for BMI is weight in kilograms divided by height in
ters) meters, squared. Because heightis commonly measured in centimeters, divide height in

centimeters by 100 to obtain height in meters.

Example: weight =68 kg, height = 165 cm (1.65 m)
Calculation: 68 + (1.65)% = 24.98

Pounds and inches Formula: weight (Ib.) / [height (in.)]? x 703
Calculate BMI by dividing weight in pounds by height in inches squared and multiplying by
aconversion factor of 703.
Example: weight =150 Ib., height = 5’5" (65in.)
Calculation: [150 =+ (65)2] x 703 = 24.96
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Table 10.3 Classification of Body Fat Percentages

2 12 Essential
5-10 8-15 Athletic
11-14 16-23 Good
15-20 24-30 Acceptable
21-24 31-36 Overweight
>24 >36 Obese

Data from Jeukendrup 2010; Lohman and Going 1993.
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Table 10.1 BMI Classification

BMI (kg/m?) Classification

Below 18.5 Underweight
18.5-24.9 Normal or healthy
25.0-29.9 Overweight
30-34.9 Obesity class |
35.0-39.9 Obesity class Il

>40 Obesity class Il (extremely obese)
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Table 8.4 Measuring Hydration Status

Measures acute or Higher than Lower than
chronic hydration | Normal normal values may | normal values
Practicality | Advantages status or both values suggest may suggest
Total body Low Accurate, Both <2% Overhydration Dehydration
water (based on reliable Disease state Disease state
dilution—a lab
method)
Plasma osmo-  Medium Accurate, Both 275-295 Dehydration Hypothyroidism
lality reliable mOsm/kg Diabetes Hyponatremia
High blood sugar  Overhydration
level Adrenal gland
High level of not working
nitrogen waste properly
products in the ADH oversecre-
blood tion
Hypernatremia Conditions
Stroke or head related to lung
trauma resulting cancer
in decreased ADH
secretion
Urine-specific High Easy to use Chronic <1.020 Glycosuria Overhydration
gravity Alterations in Diuretic use,
ADH diabetes, adrenal
Dehydration insufficiency,

aldosteronism,
impaired renal

function
Urine High Variable—can Chronic 50t0 1,200  Heart failure Overhydration
osmolality be used to mOsmol/L  Dehydration Damage to the
measure level Renal artery kidneys
of dehydration stenosis Kidney failure
yetitisn'ta Shock Kidney infection
good measure Sugar in the urine
:Iatmdsratlon Poor ADH secre-
tion
Body weight High Easy, quick Both* <1-2% Overhydration Hypohydration

*Chronic changes (over a few days) can be estimated in an athlete in a state of caloric balance.
Based on Kavouras 2002; Sawka et al. 2007; Tilkian, Boudreau, and Tilkian 1995,





images/00163.jpeg
Supplement Facts

Serving Size: 1 capsule
Servings Per Container: 30

Amount Per Serving %DV

Ester C 50mg 83%
Vitamin E (dl-alpha tocopherol) 201U 67%
Vitamin B6 (pyridoxine hci) 25mg 1250%
Vitamin B12 (cyanocobalamin) 25mecg  416%

Vitamin B1 (thiamine) 1.5mg  100%
Vitamin B2 (riboflavin) 1.5mg 88%
Aloe Vera Powder 50mg
Alpha Lipoic Acid 50mg
Bioperine Standardized Extract 1.5mg
Collagen Type Il (from chicken) 250mg
CoQ10 10mg
Curcumin C3 Complex 25mg
Hyaluronic Acid 10mg

*Daily Value (DV) not established.

Other Ingredients: Vegetable Capsule (Hydroxypropyl Cellulose)
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Relative humidity (%)

Heat index
As humidity increases, air can feel hotter than it actually is.
This chart shows how hot it feels as humidity rises.

100 72 80 S 108
90 71 79 88
80 71 78 86
70 70 77 85
60 70 76 82
50 69 75 81
0 68 74 79
30 67 783 78 84 96
20 66 72 77 82 87 93
10 65 70 75 80 85 90 100 11 | 116
0 64 69 73 78 83 87 95 99 [IECENIIRLY

70 75 80 85 90 95 100 105 110 115 120

Air temperature (°F)

Caution zone
B Danger zone
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How Many Electrolytes Do You Lose?

5-60 mEq/L 10-99 mEq/L 3-15 mEq/L 0.2-1.5 mEq/L 0.3-2 mEq/L
(1772124 mg/L) (230-2,277 mg/L)  (117-585 mg/L) (0.24-18 mg/L) (6-40 mg/L)

Normal ranges lost:

Average 30 mEq/L
(1,062 mg/L) Average 35 mEq/L
N (805 mg/L) Average 5 mEg/L
(195 mg/L) Average 0.8 mEqg/L
(10 mg/L) Average 1 mEq/L
(20 mg/L)

~ Chloride Sodium Potassium Magnesium Calcium
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d the amount of sodium

lost 6.5 L of fluid and the
i i equivalent to almost
6.5 tsp. of salt.
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Performance suffers with increasing dehydration
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eDehydraticn can cause LY Sodium and water are
a decrease in blood pressure, reabsorbed by the
which is sensed by the kidneys kidneys, which helps
Blood reduce urine output
pressure
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121l oz. 8-9 fl. oz.
regular beer - malt liquor
(shown in a
12 oz. glass)
= eame—,

about 7% alcohol
(91-202 calories)

about 5% alcohol
(153 calories)

5fl. oz.
table wine

about 12% alcohol
(121 calories)

1.5 fl. oz. shot
of 80-proof
distilled spirits
(bourbon, gin, rum,
tequila, vodka,
whiskey, etc.)

40% alcohol
(97 calories)

<2/3of a
3 fl. oz.
margarita

about 30% alcohol
(84 calories)

6.3 fl. oz.
gin and tonic

about 10% alcohol
(216 calories)
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Which heat illness?

o s
l Ate you experiencing aggressiveness, seizures, siaggering, disorientation,

High body delirium, apathy, irriability, coma, confusicn, irrational behavir, drowsiness,
temperature (above 104°) tachycardia (100-120 beats per minute), hypotension, or hypervaniilation?

2 A

Do you have sweating, Do you have dizziness, vomiting,
thirst, dehydraticn, transient weakness, or fzinting?
muscle cramps, or fatigue? o

o &

Do you have stomach cramps, diarrhea, profuse
sweating, weakness, cool or clammy skin,
persistent muscle cramps, fast or weak pulse,

nausa, vemiting, or fainting?

Heat stroke

«Call 911 immediately.

« Move the person to a cocler
environment if possible.

= Remove clothing to reduce body
temperature.

« Use cold cloths and ice baths to
reduce a person’s temperature
(especially lo the armpits, groin,
and neck).
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@ Athlete should urinate.

1 hour
of practice

e Athlete should weigh in
minimal, lightweight clothing
(no shoes) before the workout.

@ Fill a bottle with
water and measure how
much the athlete consumes
during a 1 hour practice.

e Have the athlete weigh in.

o After a given period of
time training, have
the athlete urinate,
remove sweaty
clothes, and dry off.

o Subtract postworkout weight from
preworkout weight for total weight
lost. Each Ib. (0.45 kg) lost during
practice represents 16 oz. (0.5 L) of
fluid lost through sweat. A weight loss
of 2% or more of body weight
indicates the athlete is not adequately
replacing sweat fluid losses.

165 ~166= 3

@ Measure sweat rate by taking
fluid losses from no. 6 and adding
ounces of fluid consumed during
practice. To figure out your sweat
rate per hour, divide 60 by the total
minutes exercised and multiply
the total number of minutes exercised
by this number.
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Table 8.2 Measuring Hydration With USG

1.001-1.012 This may be indicative of overhydra- ~ Weighing more posttraining as
tion. compared to pretraining indicates
overhydration.
<1.020 Euhydration -1t0-3%
1.020-1.030 Hypohydration 3-5% of body mass
>1.030 Severe hypohydration >5% body mass

Some studies consider 1.010 to 1.020 as minimal dehydration and less than 1.010 as euhydration. Others consider 1.001 to 1.010 as
indicative of possible overhydration.

Both USG and percent body weight change (from a state of euhydration) can be used to assess hydration status, though USG

values do not correspond to or predict percent changes in body weight (for example, a USG of 1.020 does not correspond to a 3-5%
change in weight).

Data from Armstrong 1994; Popowski 2001.
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Table 8.3 Common Causes of Changes in Urine Color

ppearn
Pale yellow or clear

Cloudy

Milky

Brown

Dark brown

Brownish black

Green or blue

Purple.

Orange or dark
yellow

Pink, red, or light
brown

Bright yellow

al reasons

Hyperhydration
Diabetes insipidus

UTI (urine might also smell bad)

Phosphaturia (excess phosphorus i urine)

Chyluria (presence of a milky white lymphatic fluid)

Renal disease

Hyperoxaluria (recurrentkidney and bladder stones)

Bacteria (UTI)

Substances in urin

+ Crystals

- Lipids

- White or red blood cells

- Mucus

+ Chyluria (atropical disease more common in
poverty-stricken populations)

Bile pigments

Myoglobin (a protein that carries oxygen in heartand

skeletal muscles)

Medications to treat Parkinson's disease or UTI

Antimalarial drugs

Antibiotics (flagy))

bilirubin in the urine leading to liver disorder such

as acute viral hepatitis or cirrhosis.

Medications to treat Parkinson's disease o high blood

pressure (methyldopa)

Bile pigments
Melanin

Methemoglobin

Bilirubin

Medications to treat depression, ulcers, allergies
(Phenergan)

Diuretics (triamterene)

uti

Malabsorption and bacterial overgrowth syndromes

Hypohydration (especially if dark scanty urine is produced)

Bile pigments
Laxatives

Medications such as phenazopy:
pyridium, phenothiazines
Hemolytic anemia

Injury to the kidneys

Porphyria

Injury to the urinary tract or urinary tract disorders that
lead to bleeding

Blood in urine

Medications such as phenolphthalein, rifampin (Rifadin)
No known medical reasons.

ine, rifampin, warfarin,

UTI= urinary tract infection
Based an Gerbar and Brendier 2011; Reymond and Yerger 1988 Sherma and Hemal 2000; Simerille, Maxtad, end Pahira 2005; .5, Department o Agricuftura 2012

otential food and drug causes

Diuretics
Alcohol consumption

Mannitol

Diet high in purine-rich foods such as ancho-
vies, asparagus, liver, mushrooms, herring,
gravy, sweetbreads, game meats, dried beans
and peas, brains, beef kidneys, mackerel,
muscles, sardines, or scallops

Noknown food or drug causes.

Fava beans.

Cascara (a plant used as a laxative)
Senna (a laxative)

Medicine used totreat bacterial infections.
(metronidazole therapy)

Muscle injury causing myoglobin (a protein
found muscle) in urine; there are many types of
muscle injury, including rhabdomyolysis (rapid
breakdown of muscle tissue leading to leakage
of muscle contents into blood)

Cascara, certain drugs for Parkinson's dis-
ease, certain antihypertensive medications,
senna

Food coloring (indigo carmine)

Methylene blue (used totreat UTI)

Diuretics (triamterene)

Antidepressants (amitriptyline)
Anti-inflammatory drugs (indomethacin)

Noknown food or drug causes.
Purple tubing and bags in hospitals can dis-
color urine in long-term catheterized patients.

Carrots
Cascara

Beets, blackberries, thubarb
Some food colorings.

Senna, anthraquinone, and phenolphthalein-
containing laxatives, doxorubicin, rifampin,
and phenothi

Carrots, Bvitamins
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Nutrition Facts

Serving Size 2/3 cup (55g)
Servings Per Container about 8

Amount Per Serving

Calories 230 Calories from Fat 40
% Daily Value*

Total Fat 89
Saturated Fat 19
Trans Fat Og

Sugars 1g
Protein 3g

Vitamin A 10% Calcium 20%
Vitamin C 8% Iron 45%

*Percent Daily Values are based on a 2,000 calorie
diet. Your daily values may be higher or lower
depending on your calorie needs:

Calories 2,000 2,500

Total Fat Less Than 65g 80g
Saturated Fat Less Than 20g 25g
Cholesterol Less Than 300mg 300mg
Sodium Less Than 2,400mg 2,400mg
Total Carbohydrate 300g 375¢g
Dietary Fiber 25g 30g
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Risk of inadequacy

I EAR is inadequate for 50% of the population.
I RDA is inadequate for 2 to 3% of the population.

B Al is the recommended average daily intake assumed to be adequate for all
healthy people. Al is used when a RDA cannot be established.

B UL is the maximum safe level above which risk for adverse effects increases.

EAR RDA uL
0% 0%
50% 50%
Al
100% 100%

Observed level of nutrient intake ——

S}00440 9SIOAPE JO )SIY
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Nutrition Facts

8 servings per container
Serving size  2/3 cup (559g)

Amount per 2/3 cup

Calories 230

% Daily Value*
Total Fat 8g 12%
Saturated Fat 1g
Trans Fat Og
Cholesterol Omg
Sodium 160mg
Total Carbohydrate 37g
Dietary Fiber 4g

Total Sugars 1g

Added Sugars 0g
Protein 3g

Vitamin D 2mcg
Calcium 260mg

Iron 8mg

Potassium 235mg

*The % Daily Value (DV) tells you how much a nutrient in
a serving of food contributes to a daily diet. 2,000 calories
a day is used for general nutrition advice.
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Deficiency signs and symptoms

‘Though true deficlency s not common, even mild
deficlencles over time can lead to bone loss

Rare (4)

Rare; excess zinc Intake can impalr copper absorption

General weakness, fatigue, Irrtability, poor concen-
tration, headache, decreased athletic performance,
hairloss, dry mouth (11, 15, 68)

Decreased apptite, nausea, vomiting, fatigue, and
‘weakness; as magnesium deficlency worsens, numb-
ness, tingling, muscle contractions and cramps, sel-
2ures, personality changes, abnormal heart rhythms,
and coronary spasms can occur

Anorexia
Anemia

Bone pain

Rickets

Osteomalacia

General debility
Increased risk of infection
Paresthesia

Aaxia

Confusion

Possible death

Constipation
Skipped heartbeats

Palpitations (heart racing or pounding)
Abnormal heart thythm (which may fead to feeling
faint or lightheaded)

Fatigue.

Muscle damage

Muscle weakness or spasms

Tingling or numbness

Ifpotassium levels are very low, the heart can stop.
Rareinthe U.S.

Excess intake and toxicity signs and sympton

Impaired kidney function and decreased absorption of
other minerals.

Chromium can interact with certain medications (4).

Copper Is falrly nontoxic, but long-term excessive Intake
can lead to organ damage (83).

Risk of excess Iron ntake from dietary sources Is low.
High-dose Iron supplements can cause constipation,
nausea, vomiting, or diarrhea. Acute iron toxicity can lead
toalterations In functioning of the cardiovascular system,
central nervous system, kidney, and liver.

Doses over 350 mg per day can cause loose stools and
diarrhea (163).

Decreased calcium absorption and calcification of non-
skeletaltissues, especally the idneys.

Musclefatigue

Weakness

Paralysis

Slow, weak, Irregular pulse

Arrhythmias (abnormal heart rhythms)

Sudden collapse due to slow heartbeat or no heartbeat
Nausea (76)

Distary supplements typically contain very tiny amounts of
potassium because high potassium can be very danger-
ous.

Excess zinc may decrease magneslum balance and copper
absorption, so monitor the number of zin lozenges you
take, especally when combined with a multivitamin min-
eral supplement with over 100% DV for zinc (138, 149).

Based on Alln sl 2006;Oten, Hali,ond Meysrs 2006: U, Depariment f Agricuturs 2015 .S, Food and Drug Administrtion 2016;US. nsttcf

Mt ine 1937, S, Ittute o MadicineT0aes .. Inctueof ediens 2007

US-nstute of Macleina 2011,
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Table7.3 Excellentand Good Sources for Select Minerals

Calclum

Chromium®

Copper

Iron
Magnesium

Phosphorus

Potassium

Zin

NoDV

Excellent sources (:20% DV) based on standard
serving size

Yogurt, cheese, milk, calcium-fortified orange fuice,
calclum-fortified soy milk, some brands of tofu made.
with calcium sulfate (157)

Chromium Is In a wide array of foods typically in
‘small amounts; meats, whole grains, some fruts,
vegetables, spices, grape Juice, potatoes (¢)

Lamb liver, veal liver, sesame seeds, oysters, cocoa
powder, cashew nuts, pink or red lentils, sunflower
seeds, Brazil nuts, chestnuts, hazelnuts, radishes
Kidney beans, walnuts, mashed potatoes

Oysters, white beans, dark chocolate

Pumpkin seeds, almonds, bolled spinach, soybeans,
cowpeas, Brazll nuts, cashews (99, 157)

Turkey, pumpkin seeds, sunflower seeds, cheese.
(Swiss, cheddar, provolone), Brazil nuts, sesame
seeds, milk, beans (white, yellow, pink, navy, pinto,
lima), quinoa, almonds, wild rice

Radishes, beans (white, black, lima, pink, kidney,
pinto, soybeans, French), turkey breast, orange Juice,
peaches, potatoes, bananas, yam, tomatoes

Oysters, red meat

Good sources (x10% DV) based on
standard serving size

Canned salmon with bones, cottage.
cheese, bolled turnip greens, raw kale,
soybeans

There are no reliable methods to
accurately determine the chromium
content of grains, fruits, and vegetables
because agricultural and manufacturing
processes have asignificant influence
‘on chromium content (4)

Blackberries, beef macaron and cheese
‘with tomato sauce, pecans, peas, pea-
nuts, flgs, cooked spinach

Sardines, kidney beans, ground beef,
tofu, spinach, lentlls, chickpeas

Kidney beans, peanuts, brown rice, wild
ice, walnuts (99, 167)

Sirloln steak, beef, rcotta black bean
soup, edamame

Dried apricots, canned chill cod, hall-
but, Brussels sprouts, milk, artichokes,
vegetable uice, brown rice, winter
squash, pumpkin, spaghetti with meat-
balls and tomato sauce

Poultry, fish, baked beans, cashews;
diets high In protein provide substantlal
amounts of zinc
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Deficiencies in iron can be associated with: _—
Poor concentration

General weakness
Dry mouth

Hair loss
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Add vitamin C-rich tomatoes to a veggie
burger made with lentils or chickpeas to
enhance the absorption of non-heme iron.

Load your ground beef nachos with bell peppers, Toss citrus fruits and strawberries into your

tomatoes, and white and black beans. The heme spinach salad to enhance the absorption of

iron mm the ground M‘ as well as the vitamin non-heme iron from the spinach.
C from the bell peppers and tomatoes, will

enhance the absorption of iron from the beans.
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Muscles contain approximately
30% of total body magnesium.
Testing magnesium content
in muscle is a reliable measure,
but testing is costly.





images/00147.jpeg
Whole body
Approximately

& Brain
Liver 65% H,0 Approximately
Approximately 73% H,0
70% H,0

Bone
Kidney Approximately
Approximately 22% H,0
79% H,0

Water

is a solvent for biochemical reactions, Mu;cle

helps maintain blood volume, helps Approximately
73% H,0

transport nutrients, helps remove body
waste products, and regulates body
temperature by absorbing heat from
metabolic processes and dissipating
heat through insensible perspiration.
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Table 8.1 Water Content of Selected Foods

Food or drink % water hased on weight

Water, 8 oz. 8 100
100% vegetable juice, 8 0z. (243 g) Tl 94
Watermelon, 1 cup diced (152 g) 47 92
Milk, 1% fat, 8 0z. (236 g) 7.2 90
Soup, garden vegetable, 1 cup (246 g) 7.2 87
Yogurt, plain, Greek, nonfat, approximately 1 cup (200 g) 5l 85
Grapes, American, 1/2 cup (46 g) 1.2 81
Egg, scrambled, 1 whole, large (61 g) 1.6 76
Chicken breast, sliced, 3 0z. (85 g) 2 74
Banana, medium (118 g) 2.6 64
Fish, salmon, Atlantic, cooked in dry heat, 3 0z. (85 g) 17 60
Bread, wheat, 1 slice (29 g) 0.3 34
Peanuts, raw, 1/4 cup (36.5 g) 0.1 i

Percentage water calculated based on the amount of water in the food (in gram weight) as compared to the total weight of the food.
Based on U.S. Department of Agriculture 2013.
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Gain Loss
Food and beverages 2.2 L/day Respiration (lungs) — 250 to — 350 mL/day
Metabolic function 250 to 350 mL/day Insensible — 450 to — 1,900 mL/day
perspiration
Urine — 500 to — 1,000 mL/day

Feces — 100 to —200 mL/day
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Table 7.2 Daily Values for Minerals

Sodium 2,400 mg
Potassium 3,500 mg
Calcium 1,000 mg
Iron 18 mg
lodine 150 mg
Magnesium 400 mg
Zinc 15mg
Selenium 70mg
Copper 2mg
Manganese 2mg
Chromium 120 ng
Molybdenum 75mg
Chloride 3,400 mg

Data from U.S. Food and Drug Administration 2013.
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Table 7.1

I S [ S L S [

Calcium
Chloride
Choline
Chromium
Copper
lodine

Iron
Magnesium
Manganese
Molybdenum
Phosphorus
Potassium
Selenium
Sodium

Zinc

Dietary Reference Intakes for Minerals for Adults 19 to 30 years old

*%1,000 mg
*2.3mg
*550 mg
*35 ug
**700 ug
**95 ug
**6mg
**400 mg
*2.3mg
**34 ug
**580 mg
*700 mg
**45 pg
#1.59
**9.4 mg

*%1,000 mg
*2.3mg
*425 mg
*25 ug
**700 ug
**95 ug
*#¥8.1 mg
**310 mg
*1.8mg
**34 ug
**580 mg
*700 mg
**45 pg
i5lg
*¥6.8 mg

*%1,000 mg
*2.3mg
*450 mg
*30 ug
**800 ug
**160 ug
**22 mg
**350 mg
*2.0mg
**40 g
**580 mg
*700 mg
49 g
#1551
**9.5mg

Allvalues are estimated average requirements (EAR) unless otherwise indicated.

*Specifies adeq

**Specifies recommended dietary allowances (RDA).

uate intake (Al).

Data from U.S. Institute of Medicine 1997; U.S. Institute of Medicine 2001; U.S. Institute of Medicine 2011,

*%1,000 mg
*2.3mg
*550 mg
*45pg
*%1,000 ug
**209 ug
**6.5 mg
**310 mg
*2.6 mg
*¥*36 ug
**580 mg
*700 mg
**59 ug
515
*%10.4 mg
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VitaminD
It can be made when
skin is exposed to
UVB rays, is also
naturally found in a
few foods and added
to others, and increases
the body’s absorption
of calcium.

Absorption inhibited

Calcium

Absorption decreases

as the amount consumed
at one time increases.

Foods from plant seeds contain phytic acid, a form of phosphorus that is not

well absorbed in humans. Calcium can combine with phytic
with digestion and absorption.

Sources of oxalic acid
ST

Spinach

Rhubarb Sweet potatoes

acid and interfere
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Vegetables

Spinach, 1 cup raw: 3% DV
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Epsom salts

Leafy greens
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Foods that help maintain peak bone mass

2 cups

Provide micronutrients that support optimal
bone growth, (potassium, magnesium, iron
vitamin A, and vitamin C) and preserve bone by
balancing pH (due to their potassium content
and plant-based proteins).
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Key
M Males Females
1500

1220 1210*

1034 1030

1000

Calcium (mg)

500

All 2-5 6-11 12-19 20-39 40-59 60+
Age (yr)

*Significantly different from females (p<0.001)
+Within gender, significantly different than other age groups combined (p<0.001)
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Table 6.4 Vitamin Sources and Symptoms of Excess and Deficiency

Vitamin A
(as preformed
vitamin A, beta-
carotene, alpha-
carotene, beta-
cryptoxanthin, or
acombination of

these compounds)

Biotin

Folic acid or folate

Niacin

Pantothenic acid

Vitamin B,
(thiamin)

Vitamin B,
(riboflavin)

Excellent sources

(220% DV) hased on
standard serving size

Beefliver, goose
liver, turkey liver,
sweet potato,
pumpkin, canta-
loupe, sweet red bell
peppers, mangoes,
broccoli, apricots

Data on the amount
of biotin in food is.
notavailable, though
itis found in a wide
range of foods,
including turkey
breast, beef, whey
protein, soybeans,
chickpeas

Beef liver, spin-
ach, black-eyed
peas, cooked rice,
asparagus, enriched
spaghetti

Turkey (all parts or
breastalon
nuts, tun
loin, brown or white
rice, anchovies, beef,
chicken, mackerel,
salmon, potatoes

Turkey breast,
sunflower seeds,
shiitake mushrooms,
beef liver, lamb liver,
avocado, sockeye
salmon, brown or
white rice, canned
mushroom gravy
Enriched breakfast
cereals, long-grain
whiterice, egg
noodles, pork chops,
trout, black beans,
muscles

Fortified breakfast
cereals, instant oats,
yogurt, milk, beef,
clams

Good sources
(210% DV) based
on standard
serving size

Herring, tomato
juice, ricotta
cheese

Cooked broceoli,
raw spinach, avo-
cado, white bread,
Kidney beans,
green peas, boiled
mustard greens

Greekyogurt,
gluten-free pasta
‘made with corn
and rice flour, flax-
seeds, chestnuts,
blue cheese.

Sweet potato,
orange juice, pro-
claim, egg, black-
berries, peanuts,
burrito with beans,
cream of potato
soup, wild Atiantic
salmon

Whole-wheat
‘macaroni, acorn

squash, bluefin
tuna

Almonds, Swiss
cheese, egg,

chicken, salmon,
plain bagels, por-

tabella mushrooms.

Best farm in food
and distary
supplements

Beta-carotene

Biotin

Found in supple
ments as folic acid;
infood, itis found
as folate

Pantothenic acid

Thiamin

Riboflavin

Deficiencysigns
and symptams

Deficiency s rare

Rare unless a
personis eating
raw egg whites.
frequently

Though deficiency
is rare, women of
childbearing age
have an increased
need for folate or
folic acid
Rare; niacin is.
found in protei
rich foods.

Rare

Rare

Rare exceptin
thosewho are.
severely malnour-
ished

Excess intake and
foxicity signs a
symptoms
Increased intra-
cranial pressure,
dizziness, nausea,
headaches, skin
irritation, joint and
bone pain, coma,
and death.

Above 33,000
50,000 1U beta-
carotene may

increase sk of

lung cancerin
smokers.

Excess is excreted.

Excess folic acid
can maska vitamin
B, deficiency and
might interfere.
with certain medi-
cations.

Flushed skin,

rashes, and liver
damage.

Excess s excreted
though diarrhea,
and water reten-

tion may result,

Excess is excreted.

Excess is excreted.
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Table 6.3 Prevention and Treatment of Vitamin D Deficiency

Maintenance plan after
Age group (yr) or health condition | Treatment for deficiency (<20 ng/ml) ac| ng30ng/ml

1-18 2,000 IU vitamin D, or D,for at least 6 600-1,000 [U/day
weeks or

50,000 U vitamin D,once per week for at
least 6 weeks

>18 50,000 U vitamin D, or vitamin D, once a 1,500-2,000 |U/day
week for 8 weeks or

6,000 IU of vitamin D, or vitamin D, daily

Obese, malabsorption syndromes, At least 6000-10,000 U/day of vitamin D 3,000-6,000 |U/day
those on medications that affect
vitamin D metabolism

Hyperparathyroidism Treatment as needed; monitor blood cal- Treatment as needed;
cium levels monitor blood calcium levels

Data from Heaney 2011
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Sunflower seeds
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Excellent sources
(220% DV) based on
standard serving size

Chickpeas, beef
liver, tuna, sockeye
salmon, potatoes,
banana, marinara
sauce

Vitamin B, Clams, trout, sock-
eye salmon, beef
liver, haddock, some
fortified breakfast

cereals, sirloin

Vitamin C Sweet red or green
pepper, orange.
juice, orange, grape-
Truitjuice, kivifrut,
broccoli, Brussels
sprouts, grapefruit,
tomato juice, can-
taloupe, cabbage,

cauliflower, potato,

tomato.

Vitamin D (D, or ~ Cod liver oil,

cholecalciferol)  swordfish, sockeye
salmon, tunafish,

orange juice for
fied with vitamin D
(checklabel), yogurt
fortified with 20%
DV vitamin D, milk

Vitamin E Wheat-germ oil,
sunflower seeds,
almonds, sunflower
oil, safflower oil,
hazelnuts

Vitamin K Natto, collards,
turnip greens, s
ach, kale, broccoli,
soybeans, soybean
oil, edamarme,
pumpkin, pome-
granate juice

Good sources
(210% DV) based an
standard
servingsize

Winter squash, cot-
tage cheese, bulger,
ready-to-heat waffles,
ground beef

Milk, Swiss cheese,
beeftaco, ham, egg

Spinach, frozen green
peas, pumpkin, prune
juice, teriyaki rice bow!
with chicken, peaches,
hash brown potatoes,
summer squash,
yellow corn, edamame,
‘okra, butternut squash

Egg (inthe yolk),
sardines

Peanuts, corn oil,
spinach, peanut butter

Pine nuts, blueber-
ries, iceberg lettuce,
grapes, chicken
breast, canola oil,
cashews, carrots
olive oil, vegetable
juice cockt

Best form in food and
dietary supplements

Cobalamin

Ascorbic acid

D, or cholecalciferol

Natural vitamin E
(d-alphatocopherol)

is more active than the
synthetic form of vitamin
E (dl-alpha tocopherol);
approximately 50% more
ofthe synthetic form is
needed to compare to
the natural form

Phylloquinone, phytona-
dione, menadione

Basadton Allen et al. 2006; .. sttt of Madicine 1998; US. Instuteof Mcicing 2001 U, Insttute f Meicing 201

Deficiencysigns
and symptoms

Strict vegetar
and the elderly
are atrisk

ns

Rare

Lowintake
levels are more
common in indi-
viduals who are
notexposed to
sunlight, as well
as the elderly

Very rare unless
fat absorption is
anissue

Rare

Excess intake and
toxicitysigns and
symptoms

Large doses over
time can cause
nerve damage.

Low toxicity, no UL
established.

Excess is excreted,
though very large
amounts (over
1,000 mofday) may
se diarrhea
and upset stom-
ach.

Excess is stored
inthe bodyand
can be toxic.
Quantities above
5,000-10,000
1U/day can cause.
hypercalcemia,
hypercalciuria,
idney stones, and
softtissue calcifi-
cations.

Few side effects
have been noted,
even in doses as
igh as 3,200 mg.

Few side effects
noted, though
excess intake isn't
recommended.
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Nutrition Facts

8 servings per container
Serving size  2/3 cup (559)

Amount per 2/3 cup
Calories 230

% Daily Value*

Total Fat 8g 10%
Saturated Fat 1g 5%
Trans Fat 0g

Cholesterol Omg 0%

Sodium 160mg 7%

Total Carbohydrate 37g 13%
Dietary Fiber 4g 14%
Total Sugars 12g

Added Sugars 10g 20%

Protein 3g

————————————————————

Vitamin D 2mcg 10%

Calcium 260mg 20%

Iron 8mg 45%

Potassium 235mg 6%

*The % Daily Value (DV) tells you how much a nutrient in
aserving of food contributes to a daily diet. 2,000 calories
aday is used for general nutrition advice.






images/00124.jpeg
Asparagus

Pine nuts

Cheddar cheese

Italian style meatballs
(frozen)

Chicken pot pie
(frozen)

Dark meat chicken
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Fortified breakfast cereal

Almonds
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A blood disorder characterized by an inadequate supply of
red blood cells (RBCs) or hemoglobin.

Red blood cells contain the protein
hemoglobin, which delivers oxygen
to tissues throughout the body.

- 7 Hemoglobin

When you don't have enough
hemoglobin or red blood cells,
your body will not get enough
oxygen, so you'll feel tired.

Deficiencies in several vitamins and minerals can
lead to anemia including:

@ \V/itamin Bg (pyridoxine)
@ Vitamin B,

e Folate

®lron

®Vitamin E
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Potato, 1cup=6g
Spirulina, 1tbsp.=4.0g
Avocado, 1 whole =4.02 g
Cauliflower, 1 cup=2.05g

Amaranth, 1 cup=9.35g
Hemp seeds, 3 tbsp.=9.0g
Flaxseeds, 1/4cup=7.6 g
Chia seeds, 10z.=4.69g
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Table 14.8 The Three Prevention Levels of Eating Disorders

Prevention category _ Targeted intervention

Primary Protect individuals from pre- Education and instruction
disposing risk factors - Begins asearly as puberty

« Focus is on healthy eating and lifestyle patterns and
positive self-image

Secondary Early identification of those at Screening and measurement
risk, low energy availability, and . Eating disorders inventory (EDI)
the provision of early treatment Eating attitudes test (EAT)

- DSM-5
Tertiary Treatment of clinically defined ~ Multidisciplinary interventions
eating disorders « Medical, psychological, nutritional care

Based on Maughan 2013.
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Liver

Fatty fish (salmon)

Egg yolks
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UVA and UVB rays make up the
ultraviolet light that penetrates the skin.

»Cloud cover and shade reduce UV radiation.

Epidermis
P »When applied correctly, sunscreen and an

SPF of 8 or higher blocks vitamin D-
producing UVB rays.

) » Clothing decreases the amount of UVB

Dermis radiation that reaches the skin.

»UVB rays cannot penetrate glass; however,
glass does not protect against UVA rays
unless the glass is laminated or covered

Subcutaneous — with film.

tissue (fat)
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Table 6.2 Vitamin D Definitions

Food and Nut:
Endocrine Society Institute of Med

Deficiency (ng/ml) <20 ng/ml (50 nmol/L) 0-11 (<30)
Insufficiency (ng/ml) 21-29 ng/ml (52.5-72.5 nmol/L) 12-20 (30-50)
Sufficient levels (ng/ml) > 30 ng/ml (75 nmol/L) >20 (>50)
Toxicity (ng/ml) It is not clear what the safe upper limit is for serum- >50 (>125)

circulating calcidiol to avoid hypercalcemia. According to
the Endocrine Society, studies in both adults and children
show blood levels may need to be above 150 ng/ml (375
nmol/L) before risk of harm.

Based on serum-circulating calcidiol.
Data from Holick 2011; Institute of Medicine 1998.
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Many people are deficient in these Certain people are at
important vitamins and mineral: it

This matters because vitamins are important
for many life processes:

el

Energy O, transport Immune Healthy bones Healty

funclioning and teeth muscles
As a college student you can get more vitamins by ch

| 1 |.| :
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Table 6.1 Excellent or Good Sources of Vitamin A

Beef, variety of meats and

by-products, raw liver 40z.(1139) 32,000 106,670 2,133
Sweet potato, baked orbolled ;o\ naghed (45g) 2,581 51,627 1,033
(no skin)

Pumpkin, canned 1cup (245 g) 1,906 38,129 762
Goose liver (raw) 1liver (94 g) 8,750 29,138 582
Carrots (frozen, cooked, o

bolled, drained) 1 cup sliced (146 g) 1,235 24,7115 494
Carrots (raw) 1cup chopped (128g) 1,069 21,384 428
Turkey liver (raw) 1liver (78 g) 6,285 21,131 422
Collards (frozen, chopped,

cooked, bolled, drained) 1cup chopped (170g) 978 19,538 391
Kale (frozen, cooked, boiled,

drained) 1cup chopped (130g) 956 19,115 382
Spinach (cooked, boiled,

dralriad) 1cup (180 g) 943 18,866 377
Swiss chard (cooked, boiled,

drained) 1cup chopped (175g) 536 10,717 214

Data from U.S. Department of Agriculture 2013





images/00115.jpeg
T
Cigarette smoking

Air pollutants

Maintaining a healthy balance of free radicals and
antioxidants is essential for good health.
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Table 14.5 BMI and Weight Gain for Second and Third Trimesters

Recommended rate for 2nd and
Pre-pregnancy BMI Total weight (Ib.) 3rd trimesters (Ih./wk)

BMI <18.5 28-40 1(1-1.3)
BMI 18.5-24.9 25-35 1(0.8-1)
BMI 25-29.9 15-25 0.6 (0.5-0.7)
BMI 230 11-20 0.5 (0.4-0.6)

Reprinted from Institute of Medicine (US). Weight gain during pregnancy: Reexamining the guidelines. Washington, DC. National Academies Press, 2009.
©2009 National Academy of Sciences.
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o Transfer RNA gathers the necessary amino
acids in the cytoplasm of the cell and carries
them to the mRNA

\— Ribosome

mRNA attaches

e itself to a ribosome

o Cells signal a specific section with a
very specific pattern of DNA, called a
gene, to make a special type of
ribonucleic acid (RNA)
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Table 14.7 Types and Characteristics of Vegetarian Diets

Types of vegetarian diets Diet characteristics

Vegan
Ovo-vegetarian
Lacto-vegetarian

Lacto-ovo vegetarian

Semi-vegetarian

Pesco-vegetarian
Ovo-pesco vegetarian

Lacto-ovo-pesco vegetarian

Auvoids all animal products and animal-derived foods.
Allows eggs but no other animal products.
Allows milk and milk products.

Allows milk, dairy products, and eggs but no other
animal proteins.

Allows some animal-derived foods. Red meat is often
the primary animal food not allowed.

Allows seafood but no other animal products.
Allows seafood and eggs but no other animal products.

Allows dairy products, seafood, and eggs but no other
animal products.
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Table 14.6 Macronutrient Needs for the Nonpregnant, Pregnant, and Pregnant Athlete

Energy-yielding Nonpregnant
macronutrients adult athlete Pregnancy Pregnancy plus exercise
Protein 46 g/d 66-71g/d 71 g/d minimum

Carbohydrates (fiber) 130 (25) g/d 175 (28) g/d 175 (28) g/d minimum; needs
increase to support exercise

Fats 20-35 (% daily calories) 20-35 (% daily calories) 20-35 (% daily calories)

Data from Institute of Medicine 2005.
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Table 5.5 Protein Intake Recommendations for Athletes and Individuals With a High Volume
of Vigorous Activity

RECOMMENDATIONS BASED ON 1.2 G/KG TO 2.0 G/KG OF BODY WEIGHT

Light- to moderate-intensity physical activity with low to  High-intensity training periods

moderate weekly volume During reduced energy intake
Recovering from injury or during rehabilitation
Recovery protein 15 to0 25 g (0.25-0.30 g/kg) of high hiological value

protein
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) ™\ _Relative energy deficiency in sport (RED-S)
NN Irregular menstrual cycle affects physical
and emotional health

Greater prevalence of viral illness and injury
Hormonal changes may produce loss of bone
Increased risk of stress fracture

Decreased testosterone levels
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Table 5.7 Example Protein Sources for Lacto-Ovo-Pesco Vegetarians

Whey isolate 1scoop (28.7 g)
Whey concentrate 104 25 1scoop (28.7 g)
Egg 100 6 1egg

Milk 90 8 1cup

Fish 83 22 1filet (3 0z.)
Soybeans 73 9 1cup

Brown rice 57 5 1cup

Lentils 50 18 1cup

Datafrom U.S. Department of Agriculture and U.S. Department of Health & Human Services 2015.
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Table 5.6 Leucine Content of Foods

I [

36 g of whey protein isolate 3.2
36 g soy protein isolate 2.4
4 oz. sirloin steak 2.0
4 oz. chicken breast 2.0
1cup low-fat yogurt 14
1 cup fat-free milk 0.8
1egg 0.5
2tbsp. peanut butter 0.5
1slice wheat bread 041

Datafrom U.S. Department of Agriculture and U.S. Department of Health & Human Services 2015.
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Decreased training response
Impaired judgment
Decreased coordination
Decreased concentration
Irritability
Depression
Decreased glycogen stores

Decreased muscle strength
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Table 5.4 Protein Chemical Score

PROTEIN SOURCE
Essential amino acid mg/y % optimal mg/g % optimal mg/g % optimal
Lysine 36 62 21 46 89 154
Threonine 35 102 29 87 36 106
Amino acid (chemical) score 62 46 106

Cheese may be lower in protein in this example but contains higher quality protein, as indicated by the chemical score.

When comparing amino acids in foods, the amino acid with the lowest percent optimal score (the chemical score) is the limiting
amino acid (bolded in the table).
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Grains legumes —————  Beans and rice
Beans and corhbread
Bean tacos in corn tortilla

Nuts and seeds —————— Spinach salad with
almonds, walhuts, almonds and walnuts
ahd pistachios
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Table 5.3 Protein Quality Methods and Limitations

Protein quality method m Limitation of method

Biological value (BV)

Net protein utilization
(NPU)

Protein efficiency ratio
(PER)

Digestible indispensable
amino acid score (DIAAS)

Chemical score

Protein digestibility cor-
rected amino acid score
(PDCAAS)

BV = N retained | N
absorbed or

BV = |- (F-F) - (U-U) =
I-(FZF)

Protein ingested + amount
protein stored in body

Gain in body mass (g)
+ protein intake (g)

DIAAS % = (amino acid in
the protein + amino acid
requirement) x amino acid
digestibility

AAscore=mgAAinig
test protein/mg AAin1g
reference protein x 100

Chemical score x %
digestibility of a protein

Represents nitrogen reten-
tion as a percentage of
nitrogen absorption.

Compares the amount

of protein eaten to the
amount stored in the body,
or how much the body
actually used.

A score of 1 provides all
amino acids needed and is
fully digested.

Measures protein absorp-
tion at the end of the small
intestine. Method mea-
sures the digestion of indi-
vidual amino acids to paint
a better picture of how
protein meets the body's
amino acid needs.

The lowest score for any
ofthe essential AA's
designates the limiting AA
— chemical score for that
protein.

Involves calculating the
ratio of amino acids of a
food source against the
requirements ofa 2-to
5-year-old child based on
the first limiting dietary
EAA within the protein.

Tedious process that must
measure urine and fecal
nitrogen loss both on the
test dietand the N-free
diet.

Relies on animal nitrogen
excretion to determine the
nitrogen content retained.

May not correlate well with
humans due to reliability
on animals for score.

Complexity.

Digestibilityand AA
availability not taken into
account.

Based on young children,
so may not serve as best
method for determining
protein quality for adults.

I = Nintake; F = fecal N; U = urinary N; F,and U, =fecal and urinary N on an N-free diet; AA = amino acid.
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Recommended daily servings

Prepare half your plate with
vegetables and fruits

Make half your grains whole grains

Grains and
starchy vegetables
5+ servings

Vary protein food choices

by working tofu, beans, lentils,
and other soy products into
your meal plan

Choose a variety of
colorful vegetables

Achoose a variety of foods to meet energy needs to preserve protein utilization and to
consume all essential amino acids in each meal
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Cardiovascular: loss of cardiac muscle
mass, low blood pressure and heart
rate, compromised cardiac function

Nervous system:

fear of gaining fat, mental fog,
nxious, depressed, 0bSESSIVE
tendencies, irritablel

Skin: dry skin, poor
wound healing,
brittle nails, poor

thermoregulation

Hair:
thin and brittle;
appearance of
fine downy
hair on skin

Skeletal:
osteoporosis,
fractures,
loss of growth
potential

Endocrine:
abnormal
menstrual cycle

£ s
B — electrolyte abnormalities,
Gastrointestinal: # anemia, swelling

constipation,

\ poor oral health,
discomfort, bloating





images/00104.jpeg





images/00225.jpeg





images/00211.jpeg
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Larynx enlargement
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development

Enlargement
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ejaculation

Testes
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Type 2 diabetes mellitus

Pancreas may produce sufficient insulin

Blood glucose concentration increases

Glucose concentrations increase due to insulin resistance
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Table 14.4 Glucose Level Considerations When Initiating Exercise

Preexercise glucose level Recommendation made hy qualified professionals

<100 mg/dI Ingest additional carbohydrates prior to initiating exercise: 15-40 g
carbohydrates (or more) depending on actual glucose level and
athlete’s typical response to added carbohydrates.

>250 mg/dI Test urine for ketones.

>250 mg/dl, with ketones present Do not exercise. Make insulin or medication adjustments and then
retest glucose and ketones.

>250 mg/dl, without ketones present Exercise can be initiated.

>300 mg/dl, without ketones present Exercise with caution.
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Table 14.3 Diagnosing Criteria for Diabetes

Glycohemoglobin test (A1C) Less than5.7% 5.7-6.4% 6.5% or higher
Fasting plasma glucose (FPG) Less than 100 mg/d| 100-125 mg/dI 126 mg/dl or higher
Oral glucose tolerance test (OGTT) Less than 140 mg/d| 140-199 mg/d|I 200 mg/dl or higher

Based on American Diabetes Association, 2016, "Classification and diagnosis of diabetes,” Diabetes Care 39(suppl 1): S1-S22.
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Table 14.1 Carbohydrate Intake Guidelines for the Adolescent Athlete
RECOVERY GUIDELINES

Immediate recovery (0-4 hr) 1-1.2 g/kg/hr up to 4 hours, then resume daily needs
Daily recovery (low intensity or skill based) 3-5g/kg/d

EXERCISE PROGRAM GUIDELINES
Moderate exercise (1 hr/d) 5-7 g/kg/d
Endurance (training 1-3 hr/d) 6-10 g/kg/d
Extreme exercise (training 4-5 hr/d) 8-12 g/kg/d

DURING SPORT GUIDELINES

Short duration (0-75 min) Not required or small amount
Medium or long duration (75 min-2.5 hr) 30-60 g/hr

Based on Debrow et al. 2014,
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Type 1 diabetes mellitus

Immune cells destroy beta cells in the pancreas

Pancreas unable to produce and secrete insulin
Glucose concentrations increase in the absence of insulin
Muscle cannot clear high blood glucose efficiently
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Table 14.2 Energy-Yielding Macronutrient Recommendations for Masters Athletes

AMDR 45-65% of daily calories 10-35% of daily 20-35% of daily calories
calories
General sports Light exercise 3-5g/kg/d 1.2-2.0 g/kg Total fat 20-25%
nutrition guidelines  (low intensity)
Moderate (1 hr/d) 5-7 g/kg/d
High (1-3 hr/d) 6-10 g/kg/d Saturated fat <10%

Very high (>4-5 hr/d) 8-12g/kg/d

Data from Institute of Medicine 2005; Thomas, Erdman, and Burke 2016.
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Table 13.3 Body Fat Percentage in Athletes

(ot L JFomies ot was e

Baseball 12-15% 12-15% Rowing 6-14% 12-18%

Basketball 6-12% 20-27% Shot putting 16-20% 20-28%

Bodybuilding 5-8% 10-15% Cross-country 7-12% 16-22%
skiing

Cycling 5-15% 15-20% Sprinting 8-10% 12-20%

American foothall  9-12% No data Soccer 10-18% 13-18%

(backs)

American football  15-19% No data Swimming 9-12% 14-24%

(linemen)

Gymnastics 5-12% 10-16% Tennis 12-16% 16-24%

High jumpingand  7-12% 10-18% Triathlon 5-12% 10-15%

long jumping

Ice and field 8-15% 12-18% Volleyball 1-14% 16-25%

hockey

Marathon running  5-11% 10-15% Weightlifting 9-16% No data

Racquetball 8-13% 15-22% Wrestling 5-16% No data

Reprinted, by permission, from A. Jeukendrup and M. Gleeson, 2010, Sport nutrition, 2nd ed. (Champaign, IL: Human Kinetics), 316.
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Eat higher volume, lower calorie
foods first at mealtime before the
rest of your meal.

Higher volume focds irclude foods
with a higher water content, such as
broth-based soups, whole fits,
whole vegetables, and whipped
low-caloric shakes. Thoy incroase
satiation (feslings of fullness) to
help decrease your total caloric
intaie durng a meal.

Choose high-fiber
and slow-digesting
carbohydrates.

They sustain energy
levels and may help
increase foclings of
fulness.

Choose less processed,
whole foods.

Some studies suggest fewer
calcries are absorbed from
procassad foods.

Start with smaller portions
in restaurants, at home,
and when consuming food
from packages.

Study subjects consumed
more calories when they ate
from larger bags of chips,
larger sub sancwiches, and

Eat at home. restaurant entrées.

Poriion sizes at
restaurants have
increased and the
environmental
cues in restau-
rants encourage
overeating.
Restaurant meals
are ofter high in
calories.

Use environmental cues.
Put less healthy food out of
sight, behind closed
cabinets, and out of reach.
Place healthier food at eye
level in the refrigerator and
freezer.

Engage in mindful eating.
Learn to recognize the
difforonce between physiolog-
ical bunger and emotional
cues that may lead to
overeating and binge eating.
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Ideal waist size: Lowest palpable rib

Men Women

> 40in. >35in. Waist (narrowest point of torso,

or midway between top of hip
bone and lowest palpable rib)

Hip line
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Table 13.1 Body Fat Percentages for Males and Females and Their Classifications

5-10 8-15 Athletic
1-14 16-23 Good
15-20 24-30 Acceptable
21-24 31-36 Overweight
>24 >36 Obese

Note that these are rough estimates. The term athletic in this context refers to sports in which low body fat is an advantage.

Reprinted, by permission, from A. Jeukendrup and M. Gleeson, 2010, Spart nutrition, 2nd ed. (Champaign, IL: Human Kinetics), 216.
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Table 13.2 Activity Factor
Activity
Sedentary

Light activity (sitting, standing, some walking)
Moderate activity (exercise 3-5 days/week)
Very active (heavy training 67 days/week)

Extremely active (tough exercise or a physically demanding joh)

Multiply BMR hy

1.2
1.375
1.55
1.725
1.9
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