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            One should not pursue goals that are easily achieved. One must develop an instinct
               for what one can just barely achieve through one’s greatest efforts. —Albert Einstein
            

            

            
         

         
      

   
      Disclaimer

      
      
      This book represents reference material only. It is not intended as a medical manual,
         and the data presented here is meant to assist the reader in making informed choices
         regarding wellness. This book is not a replacement for treatment(s) that may have
         been suggested by the reader’s personal physician. If the reader believes he or she
         is experiencing a medical issue, professional medical help is recommended. Mention
         of particular products, companies, or authorities in this book does not entail endorsement
         by the publisher or author.
      

      
      
   
      Introduction

      
         
         
         
      

      
      Aging is an inevitable part of life, and as we age, our brains change. The way they
         change, however, can be influenced by numerous factors. While we are small children,
         the goal of our parents and teachers is to provide us with enriched, stimulating environments
         to facilitate the greatest possible chance of developing normally, or in some cases
         even exceptionally. “Exceptional” here is not in regard to above average performance,
         but rather refers to individuals who begin life with a disability. For example, children
         who experience a developmental disadvantage or disability may have the opportunity
         to participate in programs that give these children the potential to achieve “for
         them” above average cognitive ability. But, you might ask, what happens if I am fifty-five,
         sixty-five, seventy-five, eighty-five, or ninety years old or older? Is there any
         advantage to putting into place a program to enrich my cognitive ability? This is
         the issue we will address and examine in this book.
      

      
      Society’s concern with brain development and, more specifically, with brain maintenance
         has significantly increased in recent years; the evidence shows that individuals are
         living substantially longer lives than previous generations. Historically, however,
         the focus has been on early brain development, and there is a clear lack of information
         for individuals who want to age successfully and aspire to maintain a high quality
         of life. This book presents evidentiary information on the best ways to ensure good
         cognitive ability as you age. Topics such as cognitive training, exercise, and diet,
         and how these all affect one’s aging brain, will also be reviewed. It is important
         to understand that ensuring brain health as you age will require you to be proactive
         and to understand when things become abnormal. This book will give you insight into
         how the brain changes as we age and will explain what this means, and what you can
         do to help maintain effective cognitive ability. There are many products and strategies
         offering ways to maintain a youthful brain, but keep in mind that a youthful brain
         can be at a disadvantage compared to an experienced brain. Thus, the goal should not
         be achieving a youthful brain—we have worked hard to get to this point and do not
         want to regress; we want to progress. Therefore, the key should be to maintain our
         effective cognitive abilities as we reach our latter years. The information provided
         is intended to help you understand ways this can be achieved and to provide solid
         evidence of why things work the way they work and what you can do to minimize the
         effects of advancing age and combat certain diseases affecting the brain.
      

      
      The brain has historically been divided into four major anatomical lobes; each of
         these lobes is believed to operate specific behavioral and sensory functions. The
         first few chapters will outline the major function of each lobe and provide insight
         into ways to stimulate these regions. The overall goal is to stimulate as much of
         the brain as possible to maintain brain health.
      

      
      These four regions, or lobes, are called the frontal, parietal, temporal, and occipital.
         Each of these areas “contains” specific features involved in our everyday functioning.
         How we interact with the external world is driven by internal processes; specifically,
         the flow of information from our brain provides meaning and structure, and generates
         appropriate actions. It is important to note that at this point, even though we can
         discuss the regional components of the brain as if they are distinct, I do not believe
         that the brain works in a compartmental way. In fact, the different areas of the brain
         are connected in ways we are only beginning to understand. I will touch more on brain
         connectivity and neuroplasticity in the final chapter, but to begin this book I will
         discuss the processes involved in each of the identified brain regions, including
         a brief review of each area. These reviews will include a description of how functioning
         is evaluated, the effects of aging, and strategies to enhance cognitive ability using
         very simple tasks.
      

      
      As we age, we are more susceptible to certain diseases affecting the brain; some can
         significantly impact one’s quality of life. Although there are many diseases that
         can affect the brain, I have focused on one of the most debilitating neurodegenerative
         diseases linked to aging: Alzheimer’s disease (AD). In addition, I will focus on one
         of the most common precursor illnesses linked to AD that is also of great concern,
         mild cognitive impairment (MCI). AD is a destroyer of cognitive ability, and it profoundly
         affects cognitive performance and a sense of oneself in everyone it touches. It is
         one of the most concerning issues of our global aging population. The section on AD
         includes pertinent information on ways you can fight the onset and progression of
         AD, as well as insight into factors related to living with AD.
      

      
      This book strives to provide detailed and concise information on current research
         as well as information on how to stave off the onset of AD as much as possible. I
         provide the reader with succinct information about current medications commonly associated
         with treating AD and the role of medications in effectively managing the disease.
         I also provide general information on ways individuals can, and should, advocate for
         effective health care to fight this illness as soon as possible, and in the best ways
         possible.
      

      
      The last two sections of the book focus on how to ensure healthy living and a healthy
         brain as you age. Understanding current information and evidence on the brain-aging
         process will go a long way to helping you put into place a program and lifestyle that
         can be neuroprotective to ensure successful brain aging. The final chapter examines
         the possible directions and avenues science may take in the years to come in regard
         to altering the effects of aging. Only by posing interesting questions will individuals
         be inspired to understand and answer them; thus I will provide some theories and examine
         the possibility of having excellent brain health forever. This will include looking
         at some of the scientific advancements that could make this possible. A glimpse into
         the future of what might be possible may help generate and spark ideas to deal with
         the issues we are all currently facing as we age.
      

      
      Finally, the ultimate goal of this book is to provide proper and supportive information
         as both a resource tool and an instructional manual to inspire you to choose a path
         to good cognitive health as you age, and demonstrate why and how it is possible.
      

      
      
   
      Section I

      Cognitive Stimulation

      
         
         
      

      
      
      
      Chapter 1

      The Brain Age

      
         
         
      

      
      As our global village grows, so does our desire and expectation to access information
         instantly. With this growth of the technological age and the dawn of this new “instant
         information society,” our ability to measure our personal performance both physically
         and mentally has become very accessible. For example, if we want to track how far
         we run or walk, we now can use a personal global position device (pGPS), which can
         also continuously monitor our heart rate, speed, pace, and so on. To top it off, we
         can have all this information instantly and remotely downloaded onto a computer as
         soon as we walk in our front door. These results can be ready in minutes and printed,
         or remotely reviewed, by whoever has access to this program. Thus, technology has
         reached a point where understanding physiologically how one is performing during a
         certain activity, and sharing this information widely, has been altered by how we
         access, store, and transmit personal information.
      

      
      In regard to examining one’s cognitive ability, there are certainly ways one can get
         a measure of basic ability. For example, there are several computer programs and websites
         that will test cognitive abilities in several areas (e.g., memory, vocabulary, perception).
         In addition to tests of cognitive performance, there are also commercially available
         programs that can track patterns of brain activation while performing cognitive tasks.
         With advancements over the next few decades, having an individual perform a task while
         their brain activation patterns are monitored remotely might soon be possible.
      

      
      For example, in the field of genetics, scientists can now sequence people’s entire
         genomes, which can help identify any diseases an individual may be predisposed to.
         These types of advances were thought unattainable even two decades ago. Similar to
         gene sequencing advances, neuroimaging advances can, to a certain extent, examine
         brain activation patterns for use in understanding an individual’s predispositions
         to certain functional/cognitive deficits or the presence of or predisposition toward
         diseases. In addition, it is also not too far-fetched to think that in the future
         monitoring brain patterns while people are working on day-to-day activities could
         determine, for example, which times of day seem most productive, or at what times
         one should take a break, or when an individual might be in a state that makes them
         more susceptible to mistakes. Identifying physiological issues before the individual
         is consciously able to understand his or her limitations could be extremely important.
         I am certain you can think of many occupations that could benefit from this kind of
         technology (e.g., airline pilots, air traffic controllers, surgeons). The point is
         that there is a vast amount to be learned about the brain and, specifically, about
         the aging and adult brain. This is more important than ever before because life expectancy
         has significantly increased, and humans are living approximately twice as long as
         they did a century ago. The aging brain is, in some ways, a very new concern of the
         twenty-first century; understanding how to manage brain issues related to aging, and
         not just aging concerns related to one’s physical abilities, is becoming an (anxious)
         issue for many. The emergence of this older and aging brain can be thought of, in
         some cases, as an unexplored frontier. Trying to understand the role played by eighty-six
         billion neurons (roughly fourteen billion fewer than is popularly suggested)[1]  as one’s age increases, as well as the creating and maintaining of successful neural
         connections throughout the aging process, will be a monumental and novel task to say
         the very least. Though the task is large, there are increasing numbers of neuroscientists
         working on understanding the role of the brain in almost every area one can think
         of, and schools are now specifically graduating neuroscientists whose whole focus
         is understanding the brain’s inner workings, including functions, abilities, limitations,
         and so on. Thus, when I suggest that we are living in a “brain age,” I mean we are
         living in an age in which understanding how the brain functions and responds in the
         face of so many events is at the forefront of the consciousness of society as a whole,
         and it seems to seep into our days in ways that many individuals may not be aware
         of. This process has inspired a new wave of researchers and a thirst for understanding
         more and more of what our brain’s abilities, or limitations, are. As the global society
         ages, finding ways to maintain one’s cognitive performance will drive research dollars
         and subsequently research programs, which will seek to answer how one can maintain
         a healthy brain and good cognitive performance into old age.
      

      
      In the spirit of this brain age, I will review a couple of topics describing how this
         new focus on brain health has shaped our current research interests. Though it is
         essential to understand the pitfalls associated with aging, it is equally important
         to highlight positive aspects of aging and how aging may not affect one as expected.
         First off, I will describe the story of “SuperAgers” and how research shows that these
         individuals’ brains do not act their age.[2]  Second, I will review research examining aspects of aging and technology, specially
         looking at what is being developed to support aging individuals and how these new
         tools will change our future.
      

      
      Exceptional Brain Aging

      
      Though time (aging) is detrimental for so many physiological processes, including
         the brain, it is not always so. In fact, researchers have documented subgroups of
         aging individuals that go against the conventional knowledge that aging equals “reduced
         brain ability.” These individuals have been effectively identified as “SuperAgers.”[3]  Historically, there is an accepted understanding that as one ages one can expect
         to experience a decline or a significant reduction in cognitive ability. But this
         is not necessarily the case, and some individuals actually maintain excellent cognitive
         performance throughout their later years. When questioned, many individuals believe
         that aging equals a significant decline in cognitive ability. You might hear someone
         say, “I am having a seniors’ moment.” For some, this could actually be a positive
         experience, if they are one of these SuperAgers, and not the negative episode some
         intend by this statement.
      

      
      The SuperAgers study focused on twelve individuals with an average age of 83.5, plus
         or minus 3 years. These individuals were compared to ten individuals of a similar
         age—83.1, plus or minus 3.4 years—and fourteen middle-aged individuals with an average
         age of 57.9, plus or minus 4.3 years. All individuals were tested on a range of memory-related
         tests, and their brains were measured via structural magnetic resonance imaging (MRI)
         to determine the level of cortical thickness for each group. Interestingly, the SuperAgers
         performed at a similar level as the middle-aged individuals on tests related to episodic
         memory (e.g., memory of life events, times, and places) and significantly better than
         others their age. What was even more remarkable was that when researchers measured
         whole-brain cortical thickness (brain size), they discovered that the SuperAgers displayed
         a similar level of cortical thickness as the middle-aged individuals, who were on
         average almost thirty years younger. This is remarkable because, typically, as individuals
         age their brains will often lose cortical thickness (reduce in size); in fact, the
         additional ten individuals with an average age of 83.1 showed a reduction of cortical
         thickness. The first assumption one might make is that these SuperAgers always had
         superior memories, in addition to significant education levels. However, the researchers
         noted that the SuperAgers were not noted to have superior skills when they were younger,
         and only four of the twelve had a university or college degree.[4] 
      

      
      This leaves a lot of unanswered questions related to how these individuals maintained
         this biological and cognitive advantage. Though how this was accomplished is certainly
         important, what might be more crucial is that it was actually achievable. As an eighty-year-old,
         it would certainly be quite beneficial to be a SuperAger, and it is not as unbelievable
         as one might have previously imaged. Thus, even before we get into the heart of this
         book, note that it is certainly possible to maintain cognitive ability as you age,
         and one should not expect, or accept, a loss of cognitive abilities with advancing
         age. The strategies outlined throughout this book are designed to put readers on the
         right track and give them the best opportunity to become one of these SuperAgers.
      

      
      Aging and Technology

      
      For some individuals, the ability to maintain excellent cognitive performance may
         not be a real option, for any number of reasons (e.g., injury, disease). However,
         with this ever-evolving technological age we live in, we have developed electronic
         solutions in cases where the brain may fail to perform at our desired standards. The
         real challenge for many developers and designers has been to provide user-friendly
         systems for aging individuals. One might think that older individuals have an opposition
         to learning and understanding computer-assisted devices or new technology in general.
         However, research suggests that this is just not the case, and that older people are
         not “technophobic” and are more receptive to learning new technologies than traditionally
         thought.[5]  The key to successful implementation of good electronic and computerized assisted
         devices for older individuals is ensuring that they are used effectively. It is also
         suggested that older individuals should be provided with extra training time to learn
         how to use these devices to their best advantage. As well, these devices need to be
         as user-friendly as possible, starting with a clear and effective menu that defines
         the features of the equipment well.
      

      
      The devices potentially available to support aging individuals seem only limited by
         our imagination. One of the most interesting devices, encompassing many smaller integrated
         devices, is “smart home” technology. The stated role of the smart home is to ensure
         safety and independence for the resident.[6]  The smart home can include technology that monitors the stability of the resident
         by using sensors installed throughout the home to determine if the individual has,
         for example, fallen to the ground. Basic features can also include automatic lighting,
         which lights the room as the individual enters, or voice-activated TV or radio. Other
         features can be more sophisticated, such as motion sensors to track the individual’s
         activities throughout the day. This feature can provide caregivers with daily feedback
         on how much time the individual spent in different areas of the home. For example,
         tracking the amount of time spent in the kitchen could suggest whether or not meals
         were prepared and consumed. Moreover, smart homes can integrate technology such as
         wearable body sensors or items such as a bio-sensing shirts, which have the ability
         to detect and continuously track an individual’s biorhythms (e.g., heart rate). Sensor
         development has progressed to the extent that they can be placed directly on clothing
         and linked, for example, to one’s washing machine; individuals can put their wash
         in the machine, and it will automatically determine which type of wash cycle to perform.
         Another great feature of the smart home is that systems can be operated through a
         touch screen menu. Thus, with clear menu icons that easily identify various features
         of the house, users can, for example, see who is at the front door or open and close
         doors, windows, and blinds. Smart homes can also be equipped with technology that
         will help the individual maintain their routine. For instance, if an individual isn’t
         sure what to do next at any time during the day, they can query “the home” via a voice-activated
         system and ask what the next task they normally perform is on this day of the week.
         Individuals can also ask the home what time they can expect their caregiver and how
         many minutes are left until their arrival. This feature is especially important for
         individuals with a cognitive impairment; having the ability to ask questions without
         worrying about ridicule or without frustrating a caregiver can be of great use. In
         addition, if an individual with a cognitive impairment is left at home alone, they
         can query the smart home for answers to questions over and over again, eliminating
         much of the frustration and anxiety an individual can experience when they become
         unsure of something. A caregiver can also program in suggested activities for the
         individual while they are away, which can include automatic reminders. Built-in features
         can also include automatic voice reminders of appointments or scheduled phone calls.
         Smart homes can also be used to program medication dispensing, which can utilize face-recognition
         systems so that if there are a few individuals in the home the proper type and dose
         of medication is delivered to the proper person. Automatic systems for locking the
         doors or turning off the bath water or the stove have also been identified as standard
         smart home technology inclusions. The real benefit to having a system like this in
         place is that it can reduce fears associated with living alone or with an aging significant
         other. The goal of these homes is to ensure greater quality of life for individuals
         so they can age in place. Incurring a drastic change in one’s quality of life (e.g.,
         leaving the family home) can cause a significant amount of stress; if a situation
         arises where the individual may not be safe at home, the technology presented here
         could certainly increase the opportunities for individuals to maintain their independence
         and their comfortable home environment.[7] 
      

      
      In addition to these features of the smart home, other researchers have suggested
         that there can be great benefits to using computers for two-way video use. Having
         a computer available and accessible so an individual can accept or decline video calls
         or be set up for daily check-ins with family or caregivers is an excellent way for
         an individual to maintain positive relationships.[8]  These types of systems can also be used by health-care professionals to see and
         talk to the individual and readily determine needs in situations where this might
         have otherwise been very difficult. These types of video assessments have risen in
         use and implementation, particularly in regions where accessing the individual due
         to geography can be difficult (e.g., long travel distances or inaccessible towns).[9]  These types of interactive systems may also be very helpful in situations where
         overburdened clinics need to track an individual’s health. Thus, a virtual appointment
         might occur much sooner than an in-person one, and at limited cost.
      

      
      For many aging individuals, having a virtual appointment or a virtual chat with family
         will certainly pale in comparison to a real visit. However, in some cases, when used
         effectively and individuals are aware of the facts and the feelings of all involved
         (not ideal in some cases), these types of systems can be used in a positive fashion
         to ensure that connections are maintained and regular in-person visits are richer.
         Individuals are provided the opportunity to feel more in touch with the happenings
         in each other’s lives. The key is certainly ensuring that this type of interaction
         does not replace in-person contact but is instead used to enhance relationships. For
         many aging individuals, the future will include an increase in video interactions,
         which can be a great way for an aging parent to check in with their family and for
         families to check in with an aging parent.
      

      
      As one can see, in-home applications of technology have certainly come a long way
         in the last decade. These advantages, however, have not stopped at the development
         of in-home devices. Unlike previous generations, we are a very mobile global society;
         because we are so mobile, technology has had to keep pace and integrate with our needs
         and wants. So-called smart phones use a significant amount of specialized technology,
         including global positioning systems (GPS). The inclusion of GPS allows individuals
         access to a map that can determine their location and provide step-by-step instructions
         on how to reach a desired destination. These smart phones also double as a personal
         assistant, providing one the ability to input dates into a calendar and ensure that
         reminders are given prior to appointment times. These phones can also be used to make
         notes or write down a grocery list, check online for better deals when at a store,
         and stay in touch via text message or e-mail at any given time. Smart phones can also
         act as a virtual wallet, allowing one to pay for items with the phone. Individuals
         can also closely track their bank accounts, including daily and monthly transactions,
         and be alerted of any concerns. Effectively, the smart phone becomes an electronic
         personal banker as well.
      

      
      A lingering question many aging individuals have is, “If I rely heavily on this technology,
         am I not compromising brain ability because I will not be using my mind as much?”
         This is a great question, and a great fear of many aging individuals, and rightly
         so. However, researchers have suggested that using technology effectively actually
         involves a significant amount of brain resources. For example, inputting dates and
         reminders into your calendar requires both brain activation and cognitive involvement
         in scheduling weekly or monthly tasks. Asking for directions, be it from your smart
         phone or in person, requires one to dedicate cognitive resources. In fact, inputting
         directional information into your smart phone requires activating the visual and motor
         cortices networks (beyond what would be experienced via verbal directions). In addition,
         these phones can be used to track and improve our eating habits and exercise levels,
         both of which will be shown in this book to be very important for brain health as
         we age. These phones also allow us to maintain social connections beyond what has
         been previously available.[10]  To some aging individuals, all this knowledge about what capabilities phones like
         these possess can be very daunting. Things like updating software and downloading
         programs will require time and brain effort that may not have been otherwise utilized.
         As you can see, a significant amount of brain resources will be required for these
         applications. Because this technology is ever emerging on the market, much of this
         will be quite novel to many aging individuals, especially in the next few years, and
         will require time and effort to learn the ins and outs of this equipment. Understanding
         and using these resources to the best of your ability will take time and significant
         mental effort, which might be just what your brain needs. Devices that require one
         to stay involved and be actively aware of needed changes or upgrades require one to
         relearn something new every now and then, which is an excellent way to keep one’s
         brain engaged.
      

      
      One might believe that these applications are only beneficial if one is a cognitively
         healthy aging individual, and if an individual has some memory issues already, then
         learning the technology related to a smart phone might be too difficult and unhelpful.
         Surprisingly, however, that has not been shown to be true. In fact, researchers have
         reported that individuals with moderate to severe memory issues have had good success
         (with training) in using commercially available programs for day-to-day memory tasks.
         Thus, not only were improvements seen, but researchers also showed that individuals
         with cognitive issues could be trained to use a smart phone to supplement memory concerns,
         thus closing the gap between themselves and cognitively intact individuals and creating
         greater independence, which is an excellent positive outcome for individuals who might
         previously have been very frustrated.[11] 
      

      
      As one can see, there are numerous technological advances coming each year, and creating
         an opportunity for aging individuals to use this technology to their advantage will
         be important for the aging society. It is important to highlight that, as with any
         new tool, with no prior experience individuals will require a certain amount of training
         time to master the skills involved, but once achieved the benefits can be great. Aging
         is currently a certainty for all individuals; however, how you age and at what rate
         is optional. The brain age is upon us. How we respond to the wealth of information
         that will be available to us over the next few years will certainly help shape our
         aging society’s future. Thus, it is imperative for individuals who want good brain
         health, and to cognitively age well, to seek out and implement the best ways to do
         this. The remainder of this book is a collection of supported strategies and information
         to ensure that you are on the right track when it comes to ensuring good brain health.
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      Chapter 2

      What Does the Front of My Brain Do and Why Is It Important as I Age?

      
         
         
      

      
      After reading this chapter, you should be able to answer the following questions:

      
      
         	
            
            What kind of tasks does my frontal lobe perform?

         

         
         	
            How do researchers determine if the front of my brain is performing normally?

         

         
         	
            Does my frontal lobe have the ability to compensate for deficits in other areas of
               my brain?
            

         

         
         	
            Are there any activities I can perform to specifically activate my frontal cortex,
               and if so would it be beneficial for me to perform them?
            

         

      

       

      The frontal lobe (figure 2.1) is known to be involved in a number of processes. It
         primarily directs our ability to organize activities, maintain attention, monitor
         progress, and act in a flexible manner. In addition, perseverance, perception, cognition
         (i.e., abstract reasoning), and certain sensory functions are just some of the other
         important features that areas within the frontal lobe perform. The initiation of these
         high-level activities often occurs primarily in this lobe, and as such it is often
         identified as the “executive center” because it provides structure and organization
         to the majority of tasks we perform each day.
      

      
         Major Brain Lobes and the Cerebellum. This figure displays the location of the traditionally defined four major lobes
               of the brain and the cerebellum as viewed from the left side of the brain. (WJ Tippett/Building an Ageless Mind. Rowman & Littlefield Publishers, Inc.)
            

         

      

      Testing the functioning of our frontal lobe can occur in many ways. One of the least
         invasive ways is through neuropsychological evaluation. Using this method, researchers
         may, for instance, have individuals engage in tasks that involve planning, foresight,
         or procedures requiring original thought, such as generating novel word lists. These
         types of tests are sensitive to neural disruptions that may occur as a result of damage
         to the frontal lobe. Thus, we know that neural disruptions to a certain extent can
         be detected via a simple paper-and-pencil procedure. One of the primary ways to detect
         neural distress or interference in the frontal lobe is through the presentation of
         neural incongruent tasks. What does this mean? Well, for example, if one is shown
         the word blue written in red ink and is asked to name the color of ink and not read the word, that
         would be an example of a neural incongruence task. This is an actual psychological
         task called the Stroop test; it has been used since the 1930s. What is interesting
         about the Stroop test is that the brain, and more specifically the anterior cingulate
         and dorsolateral prefrontal cortex[1]     located in the frontal lobe, will process much of this information. When one
         is requested to answer these questions quickly, one must of course disregard the unimportant
         information and organize the correct information to generate the response needed,
         which in this example is “red.” Tests such as these are very good measures of frontal
         lobe functioning. Though these tests have been used for quite some time, it was not
         until recently (in the last twenty-five years or so) that we have actually had the
         ability to (somewhat) look inside the brain while it is working to see where processing
         for tasks of this type occurs. Up until this time, researchers relied on studying
         individuals with specified brain damage to help determine what certain parts of the
         brain are used for and what deficits we can expect when damage occurs to these areas.
         However, these evaluations were limited in that detailed information of the precise
         brain areas that were being affected was hard to come by. As well, because patients’
         responses to injuries are so varied, researchers would have to use a composite of
         behavioral information from various individuals to get a general understanding of
         which structures, for example, in the frontal lobe, are responsible for planning a
         movement. With the introduction of imaging technology, specifically functional magnetic
         resonance imaging (fMRI), we now have a better idea of the areas of the brain that
         are at work during task performance. What fMRI measures is blood-oxygen level dependence
         (BOLD); basically, it examines the amount of oxygen used in the brain. Which area
         needs more O2, researchers suggest, indicates greater activity and the region most likely responsible
         for task performance. In addition, much early research went to linking behavioral
         deficits in patients who had experienced trauma to certain brain regions to provide
         further evidence for regionalization of specific behavioral tasks to certain brain
         structures. Thus, it could be suggested that the best explanation for regionalization
         of specific tasks would be from these two lines of research, which form our current
         general understanding of what might be happening in the brain.
      

      
      Imaging Research and the Frontal Lobe

      
      Conducting a scan of the brain (i.e., imaging) while it is at “rest” or at “work”
         (as with an fMRI) provides a new way to test which tasks are linked to which part
         of the brain. Another advantage is that researchers are able to make comparisons between
         individuals of varying ages to determine how the brain changes and operates differently
         as we age.
      

      
      The multitude of imaging studies available demonstrates that the frontal lobe is significantly
         involved in activities such as the processing of novel words,[2]     indicating that new information needs to be attended to, and acted on, in a meaningful
         manner to be useful at a later time. Additional research has noted that the frontal
         region contains very fine distinctions; although the brain generally operates in collusion,
         damage to general areas of the right frontal, left frontal, or bifrontal regions produces
         very different types of cognitive deficits. These deficits can affect, for example,
         one’s ability to process phonemic (segments of sounds in a word) fluency[3]     or one’s ability to organize information for the purpose of remembering, generally
         noted as a prefrontal cortex task.[4]     The frontal lobe has also been noted as central to our ability to comprehend
         language,[5]     understand word meaning,[6]     and reason effectively[7]; the list of these higher-level processing tasks goes on and on. The primary point
         I am trying to make is that this region is essential to effectively interact with
         the external world and apply meaning and organization to the information we are faced
         with on a daily basis. It is also important to note that our frontal lobe is the region
         that helps us, as humans, form the concept of self and self-awareness. Patients experiencing
         frontotemporal dementia (FTD) often lose their concept of self or self-awareness.[8]     Individuals can have great difficulty acting in their own self-interest and even
         demonstrate a lack of understanding of the level of their own deficit. These individuals
         often have difficulty managing their own finances (similar to Alzheimer’s disease
         [AD] patients) and are reported to show signs of disinhibition related to social conventions
         (for example, dressing appropriately in public) and can act in an inappropriate sexual
         manner to individuals of the opposite sex. These individuals may also experience a
         disinterest in tasks once deemed enjoyable or engage in other tasks they once thought
         silly.
      

      
      Thus, the concept of who they were or are as a person can start to deteriorate. Since
         a disease like FTD can have dramatic effects on an individual’s understanding of self,
         I will discuss FTD before reviewing brain changes as we age.
      

      
      Frontotemporal Dementia

      
      FTD is a term used to define individuals that demonstrate identified brain atrophy (e.g.,
         dementia) in the frontal and temporal regions. Researchers historically have also
         used Pick’s  disease interchangeably with FTD, but more recently FTD and its subdesignation frontal variant
         frontal temporal dementia (FvFTD) seem to be the common designations for the pathological
         effects observed in the frontal regions of the brain. FTD is currently thought to
         come about because of a gene mutation involving chromosome 17, which involves the
         production of neurofibrillary tangles. These occur when the internal structure of
         a cell begins to break down due to the accumulation of an abnormal protein called
         tau, causing a breakdown in the cell’s system to feed itself, which kills the brain
         cell from the inside out.[9]     The frontal lobe of the brain is commonly considered the “executive center” of
         the brain. Many daily activities we perform, such as planning, organizing, social
         conduct/awareness, mood, name finding, and many other higher-level behavioral activities
         are thought to be the primary responsibility of the frontal regions. With this in
         mind, many researchers believe that identifying individuals with FTD should not be
         difficult because there are readily identifiable behavioral deficits that stand out
         in contrast to individuals with AD. However, as you might imagine, using behavioral
         measures on both of these types of populations might be easier said than done. Many
         deficits arising out of each disease are very similar. Thus, unless you have access
         to a clinic that has well-identified procedures to distinguish between these diseases,
         including access to imaging data, an individual will most likely be diagnosed with
         AD or a dementia-related illness. Conversely, individuals who present with “typical”
         frontal lobe difficulties, and are on average younger than many individuals with AD,
         may receive a FTD diagnosis initially, until further investigated.
      

      
      There has been some research trying to find reliable behavioral criteria to discriminate
         between AD and FTD individuals. Though a 100 percent reliability cannot be found,
         the following traits are some of the ones primarily noted as good discriminative factors
         between these groups. For example, research comparing AD against FvFTD patients has
         noted significant differences on tasks such as attention, visual perception, constructive
         praxis (problems drawing or copying figures), and memory (specifically the ability
         to complete short story recall and reconstructing figures from memory given a short
         delay period).[10]     FvFTD patients have also been shown to be different from AD patients because
         of their lack of social awareness, stereotypical movements (a pattern or fixed behavioral
         movements), and eating habits,[11]     which occurred regardless of how severely individuals were affected by the disease.
         Finally, another main difference between AD and FvFTD patients is in their ability
         to infer what other individuals’ thoughts, feelings, and mental states were given
         a certain social situation. Mild FvFTD individuals were noted to have problems understanding
         what other individuals might be experiencing; their abilities were similar to how
         children between the ages of three and seven perform on certain social tests.[12]     As can be seen, having insight and inference into others’ states of mind can
         be significantly impaired for FTD patients, but not AD patients.
      

      
      Surprisingly, researchers have demonstrated that factors such as mood changes, executive
         dysfunction, and self-care,[13]     as well as linguistic, executive, and intellective abilities,[14]     were not good discriminators between individuals with AD and FvFTD. These results
         are unexpected in that many of these traits are highlighted as major reasons for providing
         an FTD versus an AD diagnosis. Additionally, much of the research to date has suffered
         from low recruitment numbers, which most certainly would contribute to the difficulty
         of identifying the key aspects of FTD versus AD. Because these differences can sometimes
         be subtle, especially in certain cases, it makes it almost impossible to untangle
         which group the individual should belong to. As well, it is important to remember
         that individuals react differently to each disease, which again makes it difficult
         to accurately diagnose, particularly because there can be so many overlapping features/symptoms.
         Researchers and clinicians, therefore, do the best they can with the tools they have
         and the information available to them at the time. I think the best advice is to be
         proactive and read up on the subtle differences between AD and FTD. Reporting and
         tracking all the symptoms an individual experiences can make a big difference in how
         he or she is diagnosed, which may have a dramatic effect on his or her care plan.
      

      
      Finally, it is important to point out that an illness such as FTD can have dramatic
         effects on who a person is. As shown, the frontal lobe is an essential region to ensure
         normal functioning. Because of the significant responsibility of the frontal regions
         in our everyday performance, it is important to understand how it changes and how
         it is affected as one ages.
      

      
      Brain Changes as We Age

      
      Before moving into the brain training section of this chapter, it is important to
         examine some of the observable changes that occur in the frontal lobe of the brain
         as we age. Most studies examining older individuals have indicated that better cognitive
         performance is correlated to increased brain activity. In addition, the frontal cortex
         is the one region that is often found to have increased activity as we age.[15]     One reason this increase is occurring is that the frontal cortex may be acting
         as a compensatory system,[16]     filling in for other regional deficiencies in an effort to maintain “regular”
         performance and to ensure activities or tasks can be produced in a timely and efficient
         manner. What is not known is the extent of this process. Does every aging individual
         have this inborn capacity? Are some individuals better at it than others? Do they
         experience success each and every time they draw on these additional resources? These
         are questions researchers do not have the answers to yet, but I am confident these
         issues will be studied and broached in the near future. What I can tell you is that
         accessing additional resources within the frontal lobe to help individuals function
         at an optimal level is a good argument for brain training and theories related to
         brain plasticity. Engaging in tasks that activate regions in the frontal lobe on a
         regular basis could greatly benefit cognition and brain function. Hence, one of the
         primary roles of this book is to provide individuals with simple ways to increase
         brain activation in specific regions, and subsequently increase cognitive performance
         as we age. Provided below are a few simple activities one can perform to help activate
         his or her frontal cortex. In addition, I have provided simple ways you can, on your
         own, change these tasks to keep them fresh and novel as you move forward, which as
         you will see later in this book is essential for brain health.
      

      
      Training the Frontal Lobe

      
      One of the primary features of the brain’s frontal region is its ability to cognitively
         control ongoing events. Research has shown that the frontal lobe can be further segregated
         when humans are performing specified tasks. For example, an area within the frontal
         lobe known as the dorsolateral prefrontal cortex (DLPFC) (see figure 2.2) is linked
         to our ability to hold information “online” in order to complete the entire steps
         of a specified procedure. Also, this area can, if required, modify task performance
         to change the direction or duration of specified tasks as needed. The DLPFC is tied
         to our attention system, and it provides us, as humans, the ability to attend to tasks
         at hand.
      

      
         The Dorsolateral Prefrontal Cortex (DLPFC). The approximate location (left side of the brain) of the DLPFC within the frontal
               lobe. (WJ Tippett/Building an Ageless Mind. Rowman & Littlefield Publishers, Inc.)
            

         

      

      The idea that the frontal lobe is the brain’s control center has not been lost on
         several researchers. Some of the most cutting-edge research has involved using the
         brain as a system to control our external world via a human-computer interface system.
         An example of how this has been achieved is through the implantation of electrical
         devices to interact with the brain. In fact, implantation of devices into the frontal
         region has been used to help individuals with limited or no mobility operate items
         such as the lights in their room, the television, the curtains, and so on.[17]     These types of advances demonstrate the control our frontal lobe has over our
         actions, and in some cases our external environment. We know that engaging in tasks
         similar to the ones noted in the opening of this chapter will activate the frontal
         lobe. We also know through electroencephalography (EEG) and fMRI research that the
         more this area is activated, the more efficiently it processes information of this
         nature, and the more “automatic” the process becomes.
      

      
      This evidence is important because continued training and repetitive activation of
         independent regions may keep these areas healthier longer and help stave off brain
         diseases such as AD and may also provide quicker recovery if one is affected by a
         traumatic event, such as a traumatic brain injury or a stroke. It is also important
         to note that little information is provided to aging individuals in regard to the
         maintenance of brain regions. But to maintain a healthy brain, one needs to partake
         in activities that stimulate all brain regions; in particular, one should take time
         to active each brain region specifically. Thus, in the following section, suggestions
         are provided for activities one can do to activate and stimulate the frontal lobe.
      

      
      Frontal Lobe Activities

      
      As humans, we live in a rule-based society where one action results in the occurrence
         of a secondary action. The majority of the time we are operating from the position
         of experience, and as such we often have preconceived expectations of what may occur.
         For example, if I throw a rock at a window, I expect the window will break, but I
         do not wonder if the rock will fly through the air because I know that the laws of
         physics dictate that the rock will fly. What is left to determine are variables such
         as distance, height, flight time, and so on. I provide this simplistic example to
         point out that individuals with healthy brains take many things that seem rather simple
         for granted; when things do not work the way one would expect them to, it is accompanied
         by a significant amount of distress and frustration. Thus, if you are an individual
         afflicted with a cognitive impairment, this frustration and distress becomes a part
         of your everyday life. For instance, the action of picking up a rock and throwing
         it is one that requires integration and communication between various areas of the
         brain. A healthy brain is required to ensure that one can complete a multitude of
         procedural steps in order to carry out a specified action in a unified manner (both
         internally and externally), each and every minute of every day. Keeping the brain
         “flexible” and healthy should be an essential component for us all; this could help
         us deal with aging and disease. Let me provide a quick example of our brains’ expectations.
         The next time you turn on your computer, before using your mouse, pick it up and turn
         it sideways. Now try to use it as you would normally (e.g., same hand placement) and
         pick a point on the screen you would like your cursor to touch. What you will find
         is that it is no longer as simple a task as it normally is, and it requires a “remapping”
         of sorts to allow you to complete it correctly. This is because our brain has been
         wired to operate this way, based on our preconditioned experience. The point is that
         because of these everyday expectations few cerebral challenges are thrust in our path;
         to keep an active and healthy brain, we need to participate in tasks that are challenging
         and ever changing.
      

      
      Here are a few activities that I have come up with that you can use to challenge yourself.
         These activities are specifically designed to activate your frontal lobe.
      

       

      Activity One—Processing

      
      Activity One Instructions: On the left side you will see a column of numbers and a column indicating which hand
         you will be required to use (e.g., left, right, or both). On the right side you will
         see four sets of circles with the numbers 1 or 2 above them. For the first time through, you will use the hand indicated and touch
         the target as indicated. For example, for the first one you will take your left hand
         and touch the left side of target number 1; for the third one you will take your right
         hand and touch target 1 on the right side. Make sure you pick a starting location
         below the page for both hands and use this location to begin and end the task with.
      

      
      
         	
            
            The first time through you will do exactly as indicated.

         

         
         	
            The second time through use the opposite hand. For example, on task 1 you would now
               use your right hand instead of your left, and you must remember this rule throughout
               the second time through (note: for both hands you will still use both hands).
            

         

         
         	
            For the third time through, you will use the opposite number. For instance, on task
               1 you will use the left hand as indicated but touch target number 2 instead of target
               number 1.
            

         

         
         	
            Finally, for the fourth time through, you will use the opposite hand and the opposite
               number. For example, for task 1 you would use your right hand to touch the target
               on the right side marked target number 2, not target number 1.
            

         

      

      
      Repeat this task five times. Record your times to see if you become faster.

      
      If you start to see good improvement, modify the task on your own by changing the
         order of the hand used or the number used or both. Track your progress on each procedure
         type (i.e., each modification you make) to see if you improve and make changes accordingly.
         This will ensure an ever-changing and challenging procedure you can modify on your
         own.
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      Activity Two—Ordering

      
      Activity Two Instructions: On day one you will write out the alphabet and give each letter a corresponding number,
         skipping every second letter and every second number. For example, A = 1, C = 3, E
         = 5, and so on. Then you will go back and fill in the skipped numbers: for example,
         B = 2, D = 4, and so on. This will create two rows, one with odd numbers and letters
         and one with even numbers and letters (see below). With the corresponding letters
         and numbers spell words numerically.
      

       

      A-1, C-3, E-5, G-7, I-9, K-11, M-13, O-15, Q-17, S-19, U-21, W-23, Y-25

       

      B-2, D-4, F-6, H-8, J-10, L-12, N-14, P-16, R-18, T-20, V-22, X-24, Z-26

       

      For example, try spelling the word brain numerically: 2, 18, 1, 9, 14 = 44.
      

      
      Now try the words health, exercise, connections, stimulate. Time yourself and see how well you did by both completion time and the number of
         words added correctly. Once you get sufficiently good at this task, change it.
      

      
      Instead, write the alphabet out starting with the letter B and the number 1, skipping each letter and each number, creating a new row of numbers and letters
         ending with the letter A. Create a new word list (five or ten words or as many as you want), and spell them
         out numerically, add them together, and see how well you did. Repeat each day until
         you get good at this task and then change it again.

       

      Activity Three—Free Word Association

      
      Activity Three Instructions: Pick two letters of the alphabet. For example, the letter A and the letter T. Give yourself ninety seconds to name as many things as you can think of that one
         would find in a grocery store that begins with the letter A (write them down). Then try it again with the letter T. Next, name as many things as you can think of that you would find in a school that
         start with the letters A and T, remembering to time yourself and write down your answers. When you have completed
         the task, count how many words you were able to name each time. Repeat this each day
         until you see good improvement; once you do, change the two letters you were using.
         With your new letters, repeat this task again for a few days until you see improvement,
         and then change your letters again.

       

      The role of these tasks is to enhance your brain through activities that stimulate
         your frontal lobe. The tasks designed, though rather simplistic, provide you with
         a starting point and the tools to modify and change them with little effort. Though
         the modifications are relatively simple, you will notice that great effort is required
         to adapt to the new tasks, which as you will learn, is the cornerstone to a healthy
         brain.
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      Chapter 3

      Where It All Comes Together

      
         
         
         The Parietal Lobe

         
      

      
      After reading this chapter, you should be able to answer the following questions:

      
      
         	
            
            What is the role of the parietal lobe in completing visually guided movements?

         

         
         	
            Will aging affect my ability to make visually guided movements?

         

         
         	
            Are there any activities I can perform to specifically activate my parietal cortex,
               and if so would it be beneficial for me to perform them?
            

         

      

       

      In the last chapter I suggested that you try turning your computer mouse sideways
         before using it and see how effective you were at locating a desired point on the
         screen. For some people this task is extremely difficult, while others take a short
         time to make the adjustment. You may wonder why I am pointing this example out one
         more time; the reason is that the area of the brain responsible for integrating incoming
         visual information (where we see the cursor on the screen) to generate a motor output
         (moving it to the desired position) is essentially the responsibility of the parietal
         lobe. The parietal lobe/region (see figure 2.1) is the area of the brain primarily
         responsible for supporting visually guided movements.
      

      
      As you can see from figure 2.1, the parietal lobe is an area that starts approximately
         at the top of your head just before your head begins to become round (hopefully) and
         from there extends to the back of the head and is about the width of your hand and
         a half. This part of your brain is a very exciting region in that it is responsible
         for performing many tasks we take for granted. For example, this region is involved
         in the control and direction of our eye movements (e.g., gaze, tracking objects).
         It is also linked directly to our ability to successfully perform reaching, pointing,
         and grasping activities, including the updating of ongoing motor plans. For instance,
         if we reach for a glass on a table and the table starts to shift and the glass begins
         to move, our parietal region (specifically, the posterior parietal cortex) will transform
         this visual information to update the location of the glass and create a motor plan
         to alter our reach and grab the glass before it falls off the table. Thus, eye-hand
         coordination is one of the primary features of this brain region.
      

      
      The parietal lobe is our vision-for-action center and is one of the predominant ways
         that we interact with our external world. Using vision to guide motor responses is
         for many individuals an unconscious and seamless act. Every day the parietal lobe
         performs endless numbers of these acts that one would perceive are very simple. However,
         this process is a very complex one and requires the integration of numerous amounts
         of information that all primarily converge on the parietal lobe. This information
         must then be converted and sent on to the premotor and motor areas to produce an efficient
         and effective motor response. If this region (specifically the posterior parietal
         cortex) experiences trauma or damage, research has shown that individuals will experience
         difficulty programming visually guided eye and arm movements.[1]    
      

      
      It is important to state here that the parietal region does not work in isolation
         but constantly sends and receives information from both the frontal and medial-temporal
         (middle part of your brain, see figure 2.1) areas of the brain. In the example of
         reaching for a glass, grabbing the glass before it hits the ground not only requires
         several visuomotor (vision and motor) plans but may rely on our personal experiences,
         such as knowing that the table always falls to the right. With this knowledge provided
         by additional brain regions, we choose and carry out what we believe is the best response.
      

      
      One of the primary ways researchers have tested the parietal lobe is through neuropsychological
         visuospatial tasks. The basics of these types of procedures normally require individuals
         to demonstrate intact abilities through the copying of complex designs, such as in
         the Rey-Osterrieth Complex Figure Test,[2]     or to identify the relative spatial locations of arbitrary lines, as in the Benton
         Line Orientation Test.[3]     Inability to complete these types of procedures or even to complete a simple
         task such as copying a picture of two overlaid pentagons crossing one another (investigators
         are looking for precision in such a simple task as this) indicates that something
         may not be right. Individuals’ inability to perform these types of tasks may indicate
         to an investigator that the region of the brain responsible for these elements (which
         we now know is the parietal lobe) could be affected. It is also important to note
         that these tests are flexible enough that one should not be concerned that being a
         bad drawer will lead investigators to believe that there is something wrong. These
         tests are set up to detect real disturbances and deficits that are usually fairly
         obvious to a trained researcher. I should also point out that all neuropsychological
         evaluations are created to account for normal differences observed in the general
         population, such as education level, age, or sex of the participant. Each one of these
         attributes can influence how individuals perform; therefore, comparisons are made
         relative to a similar population. Though I have provided some examples of tasks that
         are performed within the parietal lobe, I would also like to highlight some recent
         imaging evidence to demonstrate how involved this region is in everyday tasks.
      

      
      Imaging Research and the Parietal Lobe

      
      Imaging researchers have shown the parietal lobe to be involved in completing activities
         such as line bisection (detecting the midpoint of a line), visual motion, spatial
         realignment (correcting vision for action when experiencing distortions), visual search,
         goal directed hand movements, as well as the other activities I have already mentioned.[4]     The take-home message from this research is that the parietal region is very
         important in completing and maintaining visually guided motor control. Without a functioning
         parietal cortex, performing everyday acts such as grabbing that glass of water would
         be very difficult, if not impossible. One of the questions researchers are interested
         in is how the area changes as we age. Should you expect significant reductions in
         your visual motor ability?
      

      
      Brain Changes as We Age

      
      As I have previously discussed, as we age our brains change. In some cases, they change
         dramatically, while in other cases they progress at a steady rate. Either way, this
         process is constant. These changes, of course, are not readily observable, and as
         a result, you may wonder, “Will I still function at the level I have always been accustomed
         to as I reach my latter years?” This chapter focuses on the parietal lobe, and as
         such I will address how aging affects activities involving parietal lobe functioning.
      

      
      The primary question with the parietal lobe is will aging affect your visually guided
         motor performance. Well, yes, of course it will. But the good news is that in most
         cases it is not that big of a change. Most interesting is that as we age our brain
         begins to operate somewhat differently than when we were younger. What is generally
         seen is that the older brain utilizes other brain regions to support task completion.
         Thus, activations become more widespread throughout the brain, unlike in younger brains
         where activations are more focused and are limited to specified regions.[5]     This evidence indicates that older individuals must rely more on the whole brain
         for many activities we perform each day such as reaching and grasping, which is particularly
         important if the response required is extraordinary. But what you may really want
         to know is how this affects your performance. For basic reaching-type activities,
         research has shown that responses can be slowed by an average of 0.4 seconds.[6]     However, if older individuals are given time to practice, this difference can
         become relatively small. This of course changes if the young individuals are given
         practice time as well, but nevertheless older individuals can perform relatively well.[7]     So if you are planning to begin a career as a race car driver at sixty-five,
         you may want to rethink your decision, because half a second might make a big difference.
         But generally speaking, you should not see much of a degradation in your movement
         performance as it relates to the brain’s ability.
      

      
      A healthy brain as we age is important in supporting all types of activities beyond
         normally predefined regions. It is important to understand that other regions may
         rely on the parietal lobe to complete desired activities. For example, our working
         memory is vital to remembering things such as the page we were just reading, a phone
         number until we dial it, a message just after getting off the phone, and the like.
         Though we know the brain region primarily responsible for this activity is the temporal
         lobe, researchers have shown that there is great reliance on the parietal lobe as
         well.[8]     Additionally, current evidence examining the physiological structure of the nervous
         system via brain imaging examinations demonstrates that age-related declines in visual
         motor dexterity (e.g., dialing a phone number) and visuospatial construction (e.g.,
         puzzle construction) can occur as a result of reduction in structural integrity in
         the inferior longitudinal fasciculus (a structure linking the parietal lobe to the
         frontal and temporal lobes).[9]     Since we know that these regions can be weakened by age, trauma, or disease,
         activating this connective structure might provide the opposite response and strengthen
         these connections, helping overall brain health. Therefore, training the parietal
         lobe could be of great importance.
      

      
      Training the Parietal Lobe

      
      As I have outlined above, the parietal lobe is highly involved with everyday visually
         guided motor acts. This region includes areas that specialize in pointing, grasping,
         tracking of objects, updating our ongoing movements, navigating our external world,
         and basic calculations around how to successfully interact with items presented to
         us. Because we perform these acts day in and day out, one might think, “Why would
         I need to train this area; it is always at work?” This is an excellent point. However,
         though one would be correct in assuming that this area is always at work, these activities
         become very specialized and our brain gets so used to performing them that it expends
         little energy doing so, resulting in less brain activation. This is normally a very
         good thing in that little resources are being used to interact with our world and
         we can focus our attention and resources on more important things. If we constantly
         needed to focus on how to move about, we would be very frustrated and little else
         would be achieved during our day. The main point here is that the acts that we are
         performing do not challenge this region on a daily basis, and in a way the area can
         become complacent. For some, this may have become apparent, for instance, when trying
         a new activity that requires successful eye-hand coordination. Such an activity might have
         taken some time to get right. This is a good example of this region hard at work.
         The example of turning your computer mouse sideways is also a great demonstration
         of this area at work. It takes time to understand where and how to move your mouse,
         and these types of activities are excellent ways to exercise this region. With this
         in mind I have provided some example activities below that will stimulate and activate
         the parietal lobe and that I believe can assist in providing an overall healthy brain.
      

      
      Parietal Lobe Activities

      
      Below I have again provided three suggested activities one can do to keep the parietal
         lobe stimulated and active. The first activity uses tangrams, puzzles that came from
         China and emerged in the Americas at the start of the 1800s. What I like about these
         puzzles is that they require the user to spatially understand and organize the location
         of pieces in a specific way to be successful. Thus, significant involvement of the
         parietal lobe can be expected, in both constantly manipulating the pieces as well
         as trying to work out how they should come together. The second activity is a 3-D
         puzzle construction. Again, this type of activity requires general spatial understanding
         and continued manipulation of the pieces, which will also assist in fine motor skill
         maintenance.
      

      
      The final activity is a navigation one. This activity is physical and moves the user
         away from the table. It is important to point out that some researchers suggests that
         tabletop activities (such as paper-and-pencil tasks) can be independent of normal
         navigation ability, such as finding your way around streets or trails. Thus, individuals
         may actually perform satisfactorily on these measures, making the evaluation of true
         ability difficult to assess.[10]     In fact, researchers have shown that some individuals can experience this specific
         deficit alone.[11]     Thus, it is important to remember that if you see a brain training guide or package
         (e.g., a computer program or activity book) out in the market suggesting that this
         ability can be remediated using only paper-and-pencil activities, know that this may
         not in fact be the case. With this in mind, I have suggested actually performing a
         way-finding (navigation) training task using an environment you may be faced with
         every day (and if possible a novel environment).
      

      
      Finally, I would like to point out that these again are example tasks that are designed
         to focus on stimulating the parietal lobe. There are, of course, any number of activities
         one could engage in to help keep this region active and challenged. I would like to
         suggest one other activity not included below, and that is the game Pac-Man. I really like Pac-Man as a training tool because the elements of the game require individuals to identify
         target positions, track moving objects, navigate a series of ever-changing virtual
         environments, and engage in avoidance maneuvers. These should all sound very familiar
         in that they require great involvement of the parietal lobe. In addition, as one gets
         better at it, the game becomes more challenging (i.e., faster ghosts, new game boards),
         which is excellent for creating an ongoing challenging activity for the user. There
         are a couple of ways you can get this game. One is by picking up a “plug-and-play”
         game console. These can be found at online stores or in special game stores (possibly
         even large department stores). These consoles include a joystick and two cables that
         plug directly into your TV, and nothing else is needed. Thus it does not require any
         significant set up, and you can plug it directly into any TV (approximate cost is
         anywhere from twenty to ninety dollars). The other way is to play online; there are
         a number of free sites that allow you to play online at your own computer. So, yes,
         believe it or not, I am suggesting you play some video games each week. After a while,
         you may even want to challenge your kids, grandkids, friends, significant other, or
         anyone else to game.
      

       

      Activity One—Tangrams

      
      A tangram puzzle consists of seven shapes: two small right triangles, two large right
         triangles, one medium right triangle, one parallelogram, and one square. I have provided
         a set of smaller tear-out pieces so you can try this task on your own and get a feel
         for manipulating the pieces (see appendix). You should be aware that there are a number
         of free websites where you can learn to make larger pieces on your own (one good suggestion
         is making the puzzle from foam sections, creating a 3-D puzzle). There are also a
         number of websites where you can try this activity online. The rules of tangrams are
         very simple: pieces must be placed flat, you must use all seven pieces, pieces must
         not overlap, and all pieces must touch each other (though these traditional rules
         are not always followed). All seven pieces can form several basic shapes (see below).
         These shapes are a good place to start. I have also provided some additional shapes
         in the appendix with the hope that you see this activity as fun and recognize the
         numerous pictures one can make.
      

      
         Tangram Puzzle. (WJ Tippett/Building an Ageless Mind. Rowman & Littlefield Publishers, Inc.)
            

         

      

      Activity One Instructions: Review the rules of tangrams as outlined above before you begin. Now organize the
         seven pieces in the same order each time before you start. Start a timer or stopwatch
         and try to complete shape number one as quickly as possible. Record your time. Now
         move on to shape number two. I would go through these twice in a row so you get a
         good feel for them. Continue to work on these basic shapes until you see good improvement
         in your time, then change to four other basic shapes or add some picture puzzles. Once you see good improvements
         in your next set, change them once again.

      
      Activity Two—3-D Puzzles

      
      There are a couple of options for this task. I will suggest three ways to perform
         it, but there are of course a number of ways you can do this type of activity. My
         suggestion is to purchase either a set of building blocks with the ability to make
         a number of different simple designs or objects (must come with instructions) or a
         couple of different simple wooden 3-D puzzle kits (e.g., of animals) from a local
         craft store. These can also be painted or decorated as well. The third option is to
         purchase 3-D puzzle kits, which are made of foam and require you to construct famous
         structures from around the world (e.g., the Eiffel Tower or the CN Tower).
      

      Activity Two Instructions: If you purchase the smaller wooden puzzles, I would use these in a timed task. For
         example, if these are animals, use three animals each day and time how long it takes
         to put them together. If you get a basic set of building blocks, use the instructions
         for making an object and time how quickly you assemble it. Two or three designs should
         be sufficient. Check your progress at the end of the week. If you are improving, change the object you are assembling. For the third option, the 3-D structures can be more
         of an ongoing activity. With these types of puzzles I would simply set aside a certain
         amount of time each day (e.g., fifteen to twenty minutes) to work on the puzzle.
      

      
      Activity Three—Navigation Task

      
      This activity is a great excuse for you to get out and do some shopping or discover
         a local trail. If your mobility is limited, or you just need a break, there are a
         couple of alternatives to this task that I will outline below, such as counting shapes
         or maze finding. I have provided two examples below. Note that you can find puzzles
         like these online for free or at your local bookstore. These are good alternatives
         to the navigation task.
      

      Navigation Task. (WJ Tippett/Building an Ageless Mind. Rowman & Littlefield Publishers, Inc.)
         

      

      Alternative Activity Instructions: For the first image, organize squares into three sizes, small, medium, and large.
         Then provide a total count for all squares and a subtotal for the three sizes. The
         second image is a basic maze-finding task. You start at one end and work your way
         to the exit. I suggest timing yourself and recording the number of wrong turns you
         make. You can rotate a set of twenty mazes (photocopy them), and make sure to organize
         them so you know how you performed each time you did each maze. Also, rotating through
         them will ensure the task is varied and challenging.
      

      
      Activity Three Instructions: If possible, find a local mall, university, art gallery (indoor structures are great
         in the winter), outdoor trail with lots of twists and turns and different paths, or
         someplace similar. Go with a friend, family member, or significant other. Ask for
         a map of the place you are, and then have your friend pick a point on the map and
         time how long it takes you to get there (also mark how many wrong turns you make so
         you can compare the next time you try this location). Each week change the spot on
         the map, but have your partner keep track of the places you have been. After trying
         five different places, start at the first one again and compare your performance to
         the last time. You and your friend could also alternate and test each other, which
         can provide some healthy competition.
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      Chapter 4

      Reasons Not to Forget the Temporal Lobe and How We See the Occipital Lobe

      
         
         
      

      
      After reading this chapter, you should be able to answer the following questions:

      
      
         	
            
            What types of activities are my temporal and occipital lobes responsible for performing?

         

         
         	
            What common changes in the temporal and occipital lobes occur as one ages?

         

         
         	
            What is the importance of the hippocampus in forming memories?

         

         
         	
            Would damage to the temporal lobe affect my language ability?

         

      

       

      As has been shown, the frontal and parietal regions of the brain are responsible for
         taking the lead in completing many very important tasks on a day-to-day basis. However,
         without the collaboration of the temporal and occipital lobes a lot of the actions
         performed by these regions would suffer from a lack of meaning and perspective. The
         temporal lobe is the area within the brain that controls our emotional responses,
         memory of events, names of things in our world, sensory systems such as our hearing
         and seeing, language ability, sexual behavior, and, most importantly for aging individuals,
         the sense of who we are, our personalities, and responses to events based on our learned
         experiences. These are just a few of the very important tasks linked to the temporal
         lobe, but as one can see, it plays an essential role in our ability to function and
         interact with the world around us in a personally meaningful way. The occipital lobe,
         though, is not an area rich in meaning; it is one of the basic brain areas that are
         required to function effectively to support our ability to see and transfer this information
         to additional brain regions for action. This chapter highlights some of the important
         functions of the temporal and occipital lobes and examines how and what changes can
         be observed as an individual ages and how certain subregions respond in the face of
         a focused deficit.
      

      
      What Are the Primary Responsibilities of the Temporal Lobe?

      
      To list all of the functions the temporal lobe has been found to perform would take
         several books. Therefore, in the interest of your time and my space, I will highlight
         just some important functions of the temporal lobe and how they help us interact with
         our world. Some of the primary features of the temporal lobe (see figure 2.1) are
         processing auditory information (via the primary auditory cortex) and aiding in the
         production of language (i.e., in the Wernicke’s and Broca’s areas; see figure 4.1).
         Also, the temporal lobe contains a region called the hippocampus (see figure 4.2),
         which is primarily implicated in our ability to form, store, and use our memories.
         Thus, as you can see, this region performs some very important functions.
      

      
         Wernicke’s and Broca’s Areas. (WJ Tippett/Building an Ageless Mind. Rowman & Littlefield Publishers, Inc.)
            

         

      

      
         The Hippocampus. (WJ Tippett/Building an Ageless Mind. Rowman & Littlefield Publishers, Inc.)
            

         

      

      As we age, the interruption of temporal lobe functions can become quite noticeable
         (e.g., language or memory issues), which is why testing this area can be very informative
         to health-care professionals. Why and how these regions are altered as we age will
         be discussed shortly; however, before I discuss them, I would like to outline how
         and what specific regions within the temporal lobe contribute to our language and
         memory processes.
      

      
      Hearing, speech, and particularly the use of language are the cornerstone of what
         makes us different from other animals in our world. The temporal lobe contains regions
         linked to both the production and understanding of language. For example, Broca’s
         area on the left side of the brain in the temporal lobe is known to be responsible
         for speech production. Thus, when damage occurs to this area, individuals have problems
         speaking fluently. Individuals with halting and broken speech production could have
         an illness called Broca’s aphasia. Individuals with Broca’s aphasia will retain the
         ability to understand speech, but producing it becomes quite difficult. On the other
         hand, individuals with Wernicke’s aphasia have no issue with the production of speech,
         but the comprehension of it or the producing of proper sentence structure is primarily
         affected.[1]  Individuals with Wernicke’s aphasia also show difficulty in writing with appropriate
         form and content. Thus, such tasks as writing a letter can be quite problematic for
         them. I have highlighted these communication issues because they are often used as
         signs that the brain is experiencing or has undergone an assault in certain areas
         of the temporal lobe.
      

      
      The term aphasia is a general term used by health-care professionals to describe those who are experiencing
         some form of language impairment, be it speaking or written, and generally is accompanied
         by a disease or injury. Aphasia in general can occur for a number of reasons; one
         of the most common causes of the onset of aphasia is a stroke episode. In fact, it
         has been reported that 18 to 38 percent of individuals experiencing a stroke will
         show symptoms of aphasia.[2]  In addition, one of the cognitive features examined in neurodegenerative disease,
         particularly in the diagnosis of Alzheimer’s disease, is the presence of a progressive
         aphasia deficit.[3]  Researchers have shown that the presence of aphasia is very common in individuals
         with Alzheimer’s disease and that the more severe the case of Alzheimer’s disease,
         the more profound the aphasia-type disorder.[4]  In fact, it has been shown that to a certain extent most Alzheimer’s patients will
         experience a form of aphasia, with the most likely symptoms related to one’s ability
         to find appropriate words when speaking, name objects, and write properly. As well,
         many caregivers report these symptoms very early on in the course of the illness.[5]  Given these facts, if you have undergone or will undergo cognitive (neuropsychological)
         testing, you can be assured that your ability to use language will be evaluated. Language
         impairment, be it word-finding problems, comprehension difficulty, or syntax issues,
         indicates to clinicians an issue in the left temporal lobe. As noted above, illness
         related to a neurodegenerative condition such as Alzheimer’s disease or having a stroke
         are highly related to the presence of aphasia.
      

      
      Interestingly, a key risk factor in the development of Alzheimer’s disease and in
         the chance of one experiencing a stroke-related episode rises with one’s age. Thus,
         as one ages, one can expect the likelihood of experiencing either of these illnesses
         to increase, consequently increasing the chance of aphasia.
      

      
      The facts presented above and throughout are not the rule but are simply a description
         of what is or could be possible as a result of brain trauma. What is also possible
         is intact and healthy functioning of one’s ability driven by the temporal lobe. Just
         because we age does not mean that we necessarily lose performance ability, and if
         we work at it, we can maintain our abilities. Strategies for doing so are described
         throughout this book.
      

      
      Besides language ability, the temporal lobe performs a number of very important functions.
         One of the most studied of these functions is one’s ability to remember (e.g., faces
         and places). Memories are a rich source of information for individuals, to the extent
         that it would be very difficult to operate each and every day without them. Memories
         are also essential to our sense of who we are. The primary region of focus in regard
         to our memory is the hippocampus. This brain region has sparked numerous investigations
         into why our ability to remember becomes impaired, and in some cases why it may be
         quite excellent and above average.
      

      
      The Hippocampus

      
      The hippocampus (Greek for “sea horse”; see figure 4.2) is a very important substructure
         in our temporal lobe and is the primary region where we process and encode information
         to assist our long-term memory. This is the current standard definition that one can
         glean from many psychology and health textbooks. However, it is important to note
         that the hippocampus can also be thought of as a region that helps facilitate the
         process of remembering by assisting in the storing and retrieval of memories throughout
         the cerebral cortex. The hippocampus, and more specifically the hippocampal formation
         and areas closely linked to it, such as the CA1 and the entorhinal cortex, is greatly
         affected in Alzheimer’s disease. This collection of substructures is involved in a
         process known as “long-term potentiation,” whereby axons fire and assist in the formation
         of memories. This process can also be carried out in other areas of the brain, but
         to date much of this process is believed to occur in the hippocampus.[6]  Research has shown that the hippocampus maintains memories for a limited duration
         of time, after which many of these are transferred to other brain regions. The ones
         that are transferred successfully will often be maintained for your lifetime. Identification
         of the processes the hippocampus performs has also been supported by patient research.
         For example, one of the most famous cases examining the role and type of processing
         the hippocampus performs involved an individual named Henry Molaison (aka HM). Henry
         had the majority of his hippocampus removed in an operation at the age of twenty-seven
         (in 1953) to help calm his seizures. However, what was not known at the time was how
         important the hippocampus was in storing and retrieving memories. After the surgery,
         Henry did not experience any intellectual deficits, but his ability to form new memories
         was dramatically affected. In fact, Henry often could hold new information for only
         a short time before it was gone, especially if he got distracted. Henry was always
         wondering what happened just a few minutes before he got to “his now.” Henry was able
         to maintain some memories from before his surgery, such as how to get home to his
         old house, but new memories could not be formed.[7]  This made Henry the main subject in many studies, and the perfect subject because
         he never remembered taking part in them. In addition to his amnesia for new events,
         he lost memories back to about the age of sixteen, causing retrograde amnesia.[8] 
      

      
      Thus, in certain cases of neurodegeneration (e.g., Alzheimer’s disease) we assume
         significant damage to the hippocampal region has occurred based on the disruption
         observed in memory. These theories are often supported by postmortem examination,
         during which a brain autopsy shows damage to the hippocampal area. This early realization
         of the importance of the hippocampus resulted in much research being conducted to
         date, and the cascading process of memory-related deficits starting from the hippocampal
         region has also received much attention.
      

      
      One of the cool things about the hippocampus is that it contains neurons that have
         been described as “place cells.” In one very interesting study, researchers measured
         the brain activity of people while they walked around a virtual environment. This
         brain activity was then analyzed via a computer program, and based on the individuals’
         brain responses (as they walked around) researchers were able to determine where the
         individuals had been in this virtual environment.[9]  Thus, simply by measuring brain activity, they could chart the path of the individual
         around the virtual room. This type of interface between one’s brain and computer is
         a remarkable advancement in our ability to understand how specific structures can
         be mapped, and in this case, the extent to which we could determine where an individual
         has been. This of course raises the questions of where this research can go, and I
         think the possibilities are quite exciting. For example, what else might we be able
         to mimic or map as the brain responds to a certain type of activity? Perhaps if we
         could map our thought process as we worked on a problem or set of problems, this tracking
         might be important to other intellectual challenges down the road. Thus, if you can
         imagine, we could have some of the most brilliant researchers wired up every day as
         they work, in the event that something they thought of that day might be very important
         to solving future problems. In fact, computer programs could be utilized to demonstrate
         common bonds between researchers.
      

      
      What Is the Primary Responsibility of the Occipital Lobe?

      
      The occipital lobe is host to one’s primary visual cortex and is responsible for our
         ability to see. It is divided into two general regions called the striate cortex and
         extrastriate cortex. The occipital lobe is located at the back of our brain (see figure
         2.1) and is responsible for processing the majority of what we see in our world. Visual
         information is received through our eyes and is transferred to the occipital lobe
         via the optic nerve. Visual information can also be processed simultaneously in other
         regions specialized for detecting changes in our visual world; however, to remain
         on topic I will focus specifically on what goes on within the occipital lobe. The
         striate cortex is responsible for our ability to process visual information related
         to movement, form, spatial frequency (intensity of brightness), retinal disparity
         (different points of view from each eye), and color.[10]  Thus, all information is processed on a basic level here, and then as required,
         it is transferred to the extrastriate cortex or out to other brain regions for help
         in applying meaning or understanding. The striate cortex sends out signals to additional
         brain regions and also can receive signals in order to modify what one is observing
         and help make sense of our world.
      

      
      An interesting observation is that atrophy within the occipital lobe is linked to
         the manifestation of visual hallucinations. In fact, researchers have reported that
         individuals that have a disease such as Alzheimer’s are noted to have an increased
         number of structural abnormalities in the visual association cortex, and consequently
         the primary type of hallucinations these individuals experience are vision based.[11]  As well, specific atrophy within the occipital lobe as a result of vascular issues
         has been linked to visual hallucinations.[12]  Note that atrophy within this region and others is not a normal part of aging, and
         individuals that experience these types of symptoms should seek medical assistance
         to determine how and why hallucinations have started. I have provided this as an example
         of what atrophy in this area could produce; however, the symptoms I have described
         could also arise for any number of other reasons, and one should be examined before
         becoming concerned that brain atrophy is automatically present.
      

      
      Imaging Research and the Temporal Lobe

      
      The temporal lobe has a very rich history of scientific evaluation, with the modern
         analysis of this region dating back to the time of Hermann Ebbinghaus and his memory
         experiments in the late 1800s and early 1900s. More recently, with the advent of our
         ability to image the brain, greater examination of this region has been undertaken.
         Because the hippocampus has been the subject of much memory research prior to the
         development of brain imaging tools, when this technology became more widely available
         researchers of course wanted to examine the relationship between memory performance
         and the hippocampus. What has been shown thus far is that the hippocampus is a leading
         brain region involved in one’s ability to store and encode (process) information.
         Imaging research has shown that individuals trying to remember a list of words, both
         initially and then twenty-four hours later, showed activation specifically within
         the hippocampus.[13]  Clinical studies examining populations with irregular brain activity, such as schizophrenic
         patients, have noted that the ability to recall words freely was impaired by irregular
         brain activation patterns in the left hippocampal area.[14]  Conversely, researchers have also shown that by enhancing the available glucose
         (a neurotransmitter) in the brain, greater activation could be observed within the
         hippocampus, resulting in an individual’s increased ability to remember emotionally
         arousing pictures versus individuals who were administered a placebo.[15]  The temporal lobe also contains regions linked to one’s emotional state and emotional
         memory. Researchers have shown that when individuals remember certain emotional events,
         the temporal regions show similar activation patterns to when the events were being
         experienced.[16]  Thus, humans are storing more than memories in their temporal regions; they are
         also storing emotional responses.
      

      
      As noted earlier, the temporal lobe plays a very important part in our ability to
         use language. Because this activity is so important, protecting this area during surgical
         interventions has been the emphasis of some clinical researchers. Using functional
         imaging tools, researchers have been able to show which brain regions are highly active
         during speech production, and a majority of activation for language regions was observed
         in the anterior temporal lobe. With the use of these functional maps, researchers
         are able to help guide surgeons when removing brain tissue. This guided surgery significantly
         reduces the impact on a patient’s language and is used to spare essential areas noted
         to be used in speech production and comprehension. Brain mapping is used frequently
         in surgeries that require removing brain tissue to help alleviate seizure activity.[17]  This type of guided surgery is not unlike the procedure used by Dr. Wilder Penfield
         at the Montréal Neurological Institute in the mid-twentieth century. Instead of precise
         imaging-guided procedures, Dr. Penfield would probe the brain to find the area of
         seizure activity to be removed and map the essential regions around the area to avoid
         unnecessary damage. Though this was certainly not as precise as these days, the procedure
         was pioneering work.
      

      
      In addition to these imaging studies, several other activities have also been noted
         in the temporal lobe. For example, the temporal lobe has been linked to one’s ability
         to process pictures, sounds, and spoken words and is the primary region involved in
         neurogenesis (which I will talk about much later).[18] 
      

      
      Imaging Research and the Occipital Lobe

      
      Any imaging experiment using the presentation of visual stimuli to study activation
         in the brain during the performance of a particular task will show activity within
         the occipital lobe. As well, the occipital lobe is known to be responsible for transferring
         information back onto several different areas of the brain in order to understand
         what one is viewing. Thus, it is important to note that imaging research shows that
         we use the primary visual areas in seeing something, but that we will also send information
         on to higher cortical regions to help us make sense of what we are seeing. Therefore,
         there are thousands of research projects using imaging tools that have activated the
         occipital lobe, confirming that this area is indeed needed to see and make sense of
         visual items in our world.
      

      
      Interesting cases arise when an individual has a lesion within the primary visual
         cortex. If you ask such a person to tell you what he or she can see, the most likely
         answer will be nothing. However, individuals with this type of damage have shown some
         ability to detect movement. Though for all intents and purposes they are blind, the
         fact that they see motion indicates the use of higher visual areas that maintain the
         ability, on some level, to get visual information from other structures.[19]  While the occipital lobe is defined as the primary area for the reception of visual
         information, it is important to note that due to advances in imaging we know that
         vision dominates the majority of our cortex in the performance of many tasks. In fact,
         research on monkey brains has noted that 55 percent of the cortex is dedicated to
         processing visual information. Thus, visual information from the occipital lobe transfers
         information to multiple visual regions within the temporal, parietal, and frontal
         lobes.[20]  The integration of this information by these regions is essential for interacting
         with our external world, and deficits in transferring or integrating this information
         can prove very detrimental.
      

      
      Brain Changes as We Age

      
      In general, excluding a number of abnormal factors affecting brain changes, including
         overt damage or damage not previously detected such as atrophy related to a specific
         illness or perhaps a previous stroke, results from research for the most part reflect
         what one can expect from aging normally. Thus, studies of how the brain changes as
         one ages remove individuals with significant concerns that might affect the results.
         Therefore, I will present information related to healthy individuals, and we can therefore
         assume that this information is not for individuals who have had a significant brain
         deficit.
      

      
      Temporal Lobe

      
      First off, in general, individuals fifty and older (age range fifty to eighty-seven)
         show a significant reduction in their temporal lobe brain matter, a factor directly
         related to the aging process. Specifically, men, more so than women, display reduction
         in the middle areas of the temporal lobe as a result of age.[21]  Reduction is not restricted to the temporal lobe, but for researchers trying to
         discount normal aging processes, this region is essential. Why this difference in
         regard to sex? One theory is that hormones play a factor; specifically, declining
         testosterone levels might influence this process and have been previously linked to
         brain weights in the hippocampus in animal experiments. Additionally, when testosterone
         is administered to aging men, improvements in spatial cognition can be seen. This
         theory, however, is at best speculative, and much research needs to be conducted to
         disentangle the effects of a specific hormone versus various environmental factors.[22]  Additional research has indicated that it is easy to view male brain reduction as
         a function of age because of the stable hormone processes that exist for men, as opposed
         to women, who experience significant changes in their later years. With the onset
         of menopause, hormone changes abound, and these changes can affect women in their
         latter years, resulting in a more rapid decline in brain volume than their male counterparts,
         who experience a stable trajectory.[23] 
      

      
      Thus, it’s clear that changes as a result of age can significantly alter our brain
         processes both structurally and chemically, particularly in the temporal lobe. Though
         age-related reductions in brain volume of the temporal lobe can be seen, other research
         suggests this decline increases significantly after the age of seventy.[24]  Reductions, however, are tempered by how much of one’s brain remains intact and
         functioning effectively. For instance, on average, men begin with a greater brain
         volume than women; thus, though reductions are greater for men, especially in the
         temporal lobe, the remaining temporal lobe structure overall for men still remains
         larger than women’s.[25]  How this plays into our ability to process and handle information will be discussed
         throughout this book. Needless to say, bigger does not necessarily equal better.
      

      
      Occipital Lobe

      
      The occipital lobe, and specifically the primary visual cortex, does not generally
         receive much attention when researchers examine brain changes as a result of age.
         This is because the primary visual cortex is focused primarily on perceiving our world
         (just seeing, which is actually a highly complex act). Much of the “interesting” functions
         or dysfunctions related to one’s vision are located in higher visual association areas.
         Damage within the primary visual cortex will simply turn off one’s vision. Weakened
         visual ability as a result of age is normally a physiological issue that occurs outside
         the brain.
      

      
      However, researchers interested in overall brain changes include the occipital lobe
         when trying to determine regional atrophy concerns or in cases of a neurodegenerative
         condition such as Alzheimer’s disease. Researchers generally report that when measuring
         individuals across age groups at different points in time (e.g., at forty, sixty,
         and seventy) or following individuals over a period of time (e.g., five years), results
         indicated little to no change in the size of the occipital lobe.[26]  Therefore, as we age, we can expect to “see” little difference in our occipital
         lobe and little effect on our vision as a result of alterations within our brain.
      

      
      Training the Temporal Lobe

      
      As mentioned earlier, the temporal lobe contains a number of highly specific subregions
         involved in some of our most complex abilities. It has areas involved in our ability
         to organize sensory information, including our ability to speak and hear. It also
         contains areas tied to our ability to process and assist in storing information for
         later recall. It is noted to contain areas directly related to our general memory
         abilities. And it contains regions involved with our ability to perceive and provide
         meaning to objects in our world. In addition to these abilities, the temporal lobe
         is linked to our emotional processing. In short, the temporal lobe is the region of
         the brain that makes us, us.
      

      
      Damage or disruptions within the temporal lobe can cause problems in one’s ability
         to speak and comprehend speech; the ability to remember events, names, faces, and
         objects; the processing of emotions; learning; attention; and many other functions.
         Though much of this region spontaneously performs these functions for us, such as
         our ability to understand speech and respond appropriately, some other areas require
         more hands-on involvement. One of these hands-on tasks is the ability to remember,
         though we should not forget that we store a significant amount of information without
         any effort, such as how we find our way home each day or the names of our parents
         or siblings.
      

      
      However, as we age, we must learn new things and ways to successfully interact with
         the world around us. For example, attending school requires us daily to remember various
         amounts of information that may not possess much internal meaning. This type of activity
         can be quite difficult, and trying to retain this type of information can require
         significant effort for some individuals. This effort challenges the brain. However,
         after we finish formal education and secure employment, many of the tasks we learn
         can become routine, and we start to know the answer to every question related to our
         occupation as we confront the same issues over and over again. Many individuals relish
         this opportunity and often enjoy not having to learn so much extraneous information
         on a daily basis. Others might choose a career path that requires significant learning
         of new activities, information, procedures, and the like, and thus they are unknowingly
         helping to keep their brain fit. If in the past few weeks you were required to learn
         a new set of procedures, a new language, or some information that you wanted to share
         with others, you were engaging in activities that were undoubtedly stimulating your
         temporal lobe. It is important to note that using working memory for activities like
         remembering a phone number until you dial it, though it certainly involves the temporal
         lobe, does not have a significant ongoing consequence for this region. Thus, in an
         effort to ensure that individuals are engaging in activities that are directly related
         to the temporal lobe, and to ensure the ongoing engagement of this region, I have
         provided some activities to help “exercise” and activate this area. Below are some
         activities individuals can use to target the temporal lobe. The overall goal in all
         of these activities is to ensure individuals have choices and an understanding of
         the different types of tasks one should take part in to prevent or rehabilitate cognitive
         concerns related to this region.
      

      
      Temporal Lobe Activities

      
      The tasks below will ensure the activation of the temporal lobe. Though all of these
         activities activate similar areas, the pathways used to complete such tasks have been
         shown to be quite different.[27]  Thus, these activities provide the best of both worlds, in that they activate major
         temporal regions as well as additional pathways within and outside of the temporal
         lobe. Multiple imaging studies show that learning or recalling words, as well as remembering
         stories or events for later retrieval, such as in the storytelling involved in activity
         two, is linked directly to temporal subregions.[28]  As for the final activity, it has been shown that producing, processing, or learning
         a language activates many regions of the temporal lobe and, as such, is an excellent
         temporal lobe activity.[29] 
      

       

      Activity One—Memory Training

      
      This first task comes from the German psychologist Hermann Ebbinghaus, who was one
         the first researchers to examine human memory. One of his very early experiments involved
         his creating thousands of three-letter nonsense words consisting of a consonant, a
         vowel, and a consonant. Ebbinghaus would make a list of a few, then read them out
         loud and attempt to remember them in the order he read them. He would write them down
         and each day try to remember the order correctly and check himself over the passing
         days to see how well he did.
      

      
      Activity One Instructions: Take a piece of paper and make a row of three-letter nonsense words that include a
         consonant, a vowel, and a consonant (e.g., BOK, KIB, JOR). After you make this list,
         check it over to ensure the words are nonsense words and do not represent something
         meaningful. You could start with a list of ten nonsense words. Read the words out
         loud and work to remember them. You can do this in the morning and then put the list
         away, and then in the afternoon see how many you can remember. Again, depending on
         your ability, you can change both how many words to remember and also how much time
         to give yourself between learning the list and recalling the words.
      

       

      Activity Two—Storytelling

      
      One of our great abilities as experiential learners is being able to recount events
         that have occurred, particularly those that have provided us with meaning or a moral.
         Ensuring that events follow an appropriate sequence is essential in these types of
         tales and, thus, use significant resources within the temporal lobe.
      

      
      Activity Two Instructions: There are two ways to approach this activity, and I would suggest trying both. The
         first is to write down a story that you have learned a lesson from. Make sure it is
         not too long, and include important details such as colors, names, and places that
         you can use as markers to check how much you remember accurately. Write down these
         important marker points and add them up. You can use this as a score to see how well
         you are doing. Once you have constructed this story, retell it to yourself or to a
         friend and have them check the details as you go. If needed, you can ask for some
         prompts and see how many marker points you cover (deduct half a point for using a
         prompt). Try this until you get good at telling the story, and then change it. Write another one and start over again.
      

      
      The second option is to find a short story with a moral and meaning and enough detail
         to create marker points. Learn the story and then try retelling it, describing it
         in as much detail as possible while ensuring you cover each marker point (which you
         will have identified ahead of time). This second option might help get you started
         if you have difficulty creating one of your own. Once you get good at retelling this
         story, change it up and find a new one.
      

       

      Activity Three—Foreign Language

      
      When individuals learn a language, their brains work to create associations (with,
         for example, names of objects, actions, etc.). Many of us learn our language at a
         very young age and create many of these associations during a period of significant
         brain development (neurogenesis). Though much of the brain is at work during this
         period, the temporal lobe plays a very important role in creating these associations
         and in reproducing and comprehending the language. If you are concerned that I am
         about to suggest that you learn a new language, don’t worry. I do not think you need
         to go to that extent. It would be very beneficial if you gave it a try, but if you
         are concerned about your ability here is a scaled-down version.
      

      
      Activity Three Instructions: Pick a foreign language that you have an interest in. Picking a language that is of
         interest to you will help you maintain focus on this task. Create pictures for items
         you wish to learn the words to in that language. Keep the words on the pictures for
         a while and in places around the house where you will see them often. Work on pronouncing
         the words and practice rehearsing how to say them for each item. Keep these posted
         until you feel you have a handle on the words, and then remove them and over the next
         few days name the pictures using the foreign-language words. Once again, after you
         have learned these names, start with a new set of pictures and words.
      

      
      Summary

      
      Though I have proposed several activities in this and previous chapters to activate
         distinct brain areas, I need to add one note of caution. Flexibility and novelty are
         reasons the brain works harder and are shown to increase overall activation. If a
         task becomes routine, the brain will not need as many resources to perform it. Therefore,
         you need to continually change the types of activities you engage in. If you become
         very proficient at one type of activity, then change it. Individuals will often state
         that they do their crossword every day, “so my brain gets exercise.” I often ask if
         they are good at it, and the answer is normally yes. But they are good at it because
         it has become routine and does not require as many resources as doing a crossword
         for the very first time. Thus, individuals need to be aware that novel tasks are very
         important for brain health. The above tasks are provided as a guide to how one can
         activate certain brain regions. These tasks are only suggestive, and I am certain
         there are many other tasks that could be beneficial. The point is to ensure you are
         engaging in a variety of tasks, and if you want to change the type of task, make sure
         you do research to understand which areas of the brain will be involved. Overall brain
         health will require overall brain involvement.
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      Chapter 5

      What Is Cognitive Reserve and How Important Is It in Maintaining a Healthy Brain?

      
         
         
      

      
      After reading this chapter, you should be able to answer the following questions:

      
      
         	
            
            What is a cognitive reserve?

         

         
         	
            How does my lifestyle affect my cognitive ability?

         

         
         	
            What is the role of education in protecting my brain as I age?

         

         
         	
            What are the effects of having a challenging career on my brain health?

         

         
         	
            What is neurogenesis?

         

      

      
      Cognitive Reserve

      
      Cognitive reserve is a broadly used term that refers to one’s general ability to create a strong, healthy
         brain that can handle adverse events. Cognitive reserve is often observed in individuals
         who have a high IQ, a challenging occupation, a high level of education, and a history
         of participation in challenging leisure activities. These processes are thought to
         lead to better “neural processing” (e.g., more efficient brain use and better brain
         capacity) and help build a cognitive reserve that may not be present in individuals
         without these attributes. As noted, individuals with cognitive reserve often demonstrate
         a greater ability to handle adverse brain pathology (e.g., disease states such as
         Alzheimer’s disease [AD]) and can use this reserve ability to compensate for structural
         deficits to complete desired behavioral and functional responses. If you are reading
         this and you have a high school diploma or less, or do not have a very challenging
         job, you might feel that you are doomed, but do not fear—you’re not! In fact, taking
         an interest in changing your current brain state for the better at any stage will
         be beneficial to you. For example, I believe that just reading this book and working
         with the strategies outlined in many of the chapters is a great way to help boost
         your cognitive reserve. Besides the activities in the other chapters, I have also
         outlined some tips for you at the conclusion of this chapter. In order to convince
         you that having or building a cognitive reserve is very important, I’ve provided some
         evidence to inspire you to get going, or to maintain ability if you have already built
         a good foundation.
      

      
      The cognitive reserve hypothesis suggests that having a high cognitive reserve leads
         to a more “flexible” or “malleable” brain that can handle changes related to neuropathology
         (biological diseases such as AD) or vascular damage (changes in brain structure and
         blood vessel structure), which often delays many individuals from displaying, noticing,
         and reporting any significant cognitive impairments. In fact, many “high cognitive”
         individuals may die without even experiencing any significant disruptions in their
         cognitive performance (even though, anatomically, their brains might be adversely
         affected), which would be ideal for the majority of us.
      

      
      The Education Factor

      
      One of the primary questions researchers often examine is if increased education can
         protect cognition (thought processes) as one ages. The principal way this question
         can be examined is through epidemiological (population) research. Epidemiological
         research is one of our best sources of information as it relates to tracking levels
         of education, death rates, cognitive impairments, age, and so on. One recent study
         in the United States examined education levels as determinates of cognitive impairment
         in individuals age fifty-five and older. This research showed that educated men and
         women benefit greatly from their higher levels of education, as measured through reduced
         rates of cognitive impairment as they aged. Higher education in this study referred
         to those with a college degree, and lower education individuals were those with less
         than a high school education. Results from this study demonstrated that white women
         and men had a 10 percent increased lifetime rate of experiencing a cognitive impairment
         if they were in the lower education group. Black men and women were shown to have
         the greatest chance of experiencing a cognitive impairment if they were in the low
         education group, with lifetime rates of 49 percent for the women and 57 percent for
         the men. These values suggest that education is playing a significant role in reducing
         symptoms related to cognitive impairment. Though the goal is to always control for
         socioeconomic factors, we should keep in mind that the results could be influenced
         based on an individual’s life status. As well, these authors identified that higher
         education was linked to increases in life expectancy. The study noted that highly
         educated men lived 1.6 fewer years with a cognitive impairment than those in the low
         education group. Highly educated women were reported to live 1.9 fewer years without
         cognitive impairment than women with less education.[1]    
      

      
      Interestingly, these researchers also examined factors like smoking and body mass
         index (BMI) related to cognitive impairment and life expectancy. Not surprisingly,
         factors that increased lifespan included being a woman and not smoking. However, the
         ultimate point was that only individuals with higher levels of education were shown
         to have a reduced rate of cognitive impairment as they advanced in age. Though BMI
         was not shown to play a role in cognition, smoking did in one respect. These researchers
         explained that if you are a smoker, the good news is you will experience less time
         with a cognitive impairment; the bad news is you are expected to die much sooner (hence
         the less time with a cognitive impairment). To summarize, this research clearly links
         education and cognitive decline, but it does not disentangle education levels from
         individuals with good cognitive habits or those with cognitively challenging careers.
      

      
      High Cognitive Lifestyle

      
      A UK study has suggested that individuals aged sixty-five to eighty-one with a “high
         cognitive lifestyle” score, computed by looking at education and level of engagement
         with complex mental activities, had a decreased risk of moving from no to slight impairment.
         These individuals also had a greater ability to bounce back to a nonimpaired state
         after a period of impairment. This study also showed that if those with a high cognitive
         lifestyle were in a severely impaired state, they had a greater risk of mortality.[2]     I believe this point shows that people with a high cognitive lifestyle can combat
         impairment so effectively and for such a long time that when they reach a severe state
         of impairment, they have unknowingly already experienced a significant amount of damage
         to their brain, which may result in their reaching a tipping point where they can
         no longer ease the effects of a “brain attack,” resulting in the full force of the
         attack being brought to bear on the individual. The primary finding of the UK study
         was that if you engage in a high cognitive lifestyle, you are more likely to have
         better cognitive health as you age and a greater ability to respond to cognitive challenges.[3]    
      

      
      Additional research examining diseases and trauma in aging individuals suggests that
         effects can be reduced as a result of one’s level of education or occupational attainment.
         In fact, one study has shown this through an examination of 249 participants with
         identified “brain burden” as a result of either a cerebrovascular incident (i.e.,
         stroke) or an Alzheimer’s disease–type pathology.[4]     Individuals were less likely to experience symptoms related to their illness
         if they had attained a greater level of education or had a higher “grade” of occupation.
         It is important to note that these researchers used population census data and did
         not make fine distinctions as to what is deemed a cognitively challenging occupation.
         Instead, they used classification factors such as “managerial or professional” to
         determine high-grade occupations, which is a very broad classification system. One
         can certainly have a professional occupation but still engage in the same routine
         each and every day. Thus, though the occupation may be deemed “professional,” the
         activities of that occupation can become mundane and unchallenging. I would like to
         provide an example at this point. However, out of fear of receiving thousands of letters
         explaining to me how a certain job is very challenging, I will leave it to you to
         determine and discuss with your friends.
      

      
      Brain Structure, Bilingualism, and Cognitive Reserve

      
      Research examining brain structure and cognitive reserve has suggested that individuals
         with a greater cognitive reserve have, in general, larger brains and reduced brain
         activity when performing tasks. Though “reduced brain activity” sounds like a bad
         thing, it is thought to occur because healthy individuals use their “brain resources”
         more efficiently. Research on this topic shows that individuals with a higher cognitive
         reserve who are experiencing mild cognitive impairment or AD demonstrate greater brain
         volume than those individuals with no reserve.[5]     Thus, the actual anatomical brain structure can affect cognitive ability, and
         individuals with a greater cognitive reserve will fair much better structurally as
         they age, even if confronted by a disease.
      

      
      This structural brain advantage (i.e., increased brain areas critical for ensuring
         an adequate level of functioning) has also been observed in individuals who are fluently
         bilingual. Research has shown that bilingual individuals with AD have a significant
         reduction in brain size in regions noted to be associated with AD pathology. Even
         though this group had greater brain atrophy in critical brain regions, they showed
         cognitive ability similar to their monolingual counterparts who had less brain atrophy.
         The authors believe that bilingualism is a factor that can contribute to the delaying
         of symptoms related to cognitive impairment, and that these bilingual individuals
         can function at higher-than-expected levels in the face of greater brain atrophy.[6]     Additionally, work prior to this examination concluded that the symptoms of AD
         can be significantly delayed, possibly by as much as five years, in individuals who
         possess bilingual ability.[7]     Thus, it appears that a great way to increase your cognitive reserve and efficient
         brain functioning is to use a second language as much as possible. This could be viewed
         as a way to “flex” your brain, keeping it active and healthy.
      

      
      I would also suggest that learning a new language late in life might help build “network”
         brain connections. The novelty of learning new words could create a situation where
         your brain needs to adapt and grow and develop new avenues to be successful. I am
         not aware of any direct evidence that shows learning a new language late in life will
         specifically delay cognitive impairment by this many months or this many years, but
         the alternative would be to do nothing. But as they say, nothing ventured, nothing
         gained. I believe that activating the brain in many different ways, which could include
         acquiring a new language, is undoubtedly beneficial in most cases and, as we have
         seen above, may in fact positively alter cognitive performance.
      

      
      Cognitive Reserve and IQ

      
      Does having a higher IQ affect cognitive impairment as one ages? Thus far, the suggestion
         is that education appears to be the path to ensuring better cognitive vitality as
         one ages. However, there has been research showing that IQ can have an effect on cognitive
         performance. The main issue in examining the influence of IQ is trying to untangle
         it from a person’s achieved level of education and careers. As you can imagine, if
         you have a higher-than-average IQ, you will gravitate toward a more challenging career
         path, and having a strong desire to learn can result in higher educational attainment.
      

      
      One study examined the presence of dementia and mild cognitive impairment in relation
         to an individual’s level of IQ as measured in adolescence. The authors controlled
         for education and sex (thus these variables were removed from influencing the outcome).
         What they found was that persons with a high IQ in adolescence showed a lower risk
         of developing dementia or mild cognitive impairment (MCI) as they aged. In addition,
         the authors pointed out that the greater the activity level (gathered from yearbook
         data) individuals had in their youth, the fewer incidents of dementia or MCI they
         reported later in life.[8]     This study, of course, has a number of limitations, such as no way to account
         for the activity level of individuals outside of school activities. As well, using
         a telephone survey to diagnose the presence of dementia (as was used in this study)
         is not a sound way to determine such a level of cognitive impairment. Nevertheless,
         the findings are very interesting and suggest that having a high IQ can be beneficial
         as one ages. I would offer one further thought on this research: individuals with
         a higher-than-average IQ are interested in a number of varying topics and cognitive
         activities, and as such it might be the ongoing engagement in these activities that
         helps them maintain a healthy brain. In addition, the study noted that individuals
         who participated in several activities in school also showed better protection from
         cognitive impairment as they aged. Again, it may not be the early engagement in these
         activities but rather a natural personality trait that most likely continues throughout
         adulthood, when engaging in new and varied activities keeps the brain engaged and
         challenged. If, in fact, it is this ongoing engagement, as I suggest, influencing
         a healthy cognitive state, then the good news is that it would never be too late to
         begin.
      

      
      Can a Challenging Career Fill the Gap?

      
      One very important question individuals often ask is this: is a formal education a
         must to ensure good cognitive health, or could a challenging career fill the gap?
      

      
      In part, to answer this question, I would like to highlight some research from a study
         on London taxi drivers. Taxi drivers as a study group typically offer good representation
         of the general public. Sixteen participated in this research, with an average age
         of forty-four and the oldest participant being sixty-two. Using a control group (people
         who are not taxi drivers), researchers examined the brains of these two populations
         to see if they could identify any structural differences in brain size.[9]     Surprisingly, what they found was greater brain volume in the posterior hippocampus
         (a region involved with our ability to perform memory tasks associated with navigation).
         Furthermore, the longer someone was a taxi driver in London, the greater the volume
         in this brain region. This research indicates that neural plasticity is a very real
         component of our ability to adapt to life challenges and can be observed through actual
         changes in brain structure. As well, increased ability in this case was linked directly
         to brain changes. Thus, one could suggest that the nature of the work, which does
         not require several years of education or an outstanding IQ, is nevertheless actively
         involved in creating neural plasticity and neural growth in the brain. This finding
         is very exciting news for those who, for whatever reason, did not have the opportunity
         to be formally educated, but who nevertheless have very challenging careers. It could
         be that these careers are keeping these individuals cognitively sharp. As well, this
         research highlights the important fact that, with ongoing effort, all individuals
         have the ability to alter their brain structure and their cognitive abilities, changes
         that can be long lasting. To what extent this translates to other regions of the brain
         is difficult to say, but the evidence appears very promising and would suggest that
         activating all regions would be of the most benefit.
      

      
      Studies examining occupation and cognitive performance have been undertaken by a number
         of researchers. One study evaluated 357 individuals, 122 of whom had Alzheimer’s disease.
         Individuals were interviewed about their occupations and occupational traits throughout
         their work lives (e.g., in their twenties, thirties, forties, and fifties). The researchers
         found that occupational traits change throughout the course of one’s lifetime, and
         by statistically controlling for these changes, they believed they could show that
         occupational traits and occupations that require higher mental ability throughout
         one’s work life are related to a reduced chance of experiencing AD. The results of
         the research did in fact support this theory, and these researchers were able to show
         that the more mentally challenging the occupation and the occupational traits, the
         smaller the chance of being afflicted with a cognitive impairment. Occupations that
         required high physical demands but had low mental challenge created situations where
         individuals had a greater susceptibility to cognitive impairment as they aged.[10]     These conclusions were in line with other studies and help support the suggestion
         that those with manual occupations are at a greater risk for dementia-related disturbances.[11]     This suggests, then, that occupations that are mentally demanding offer a greater
         benefit to ensuring cognitive health as we age. However, what is missing is some insight
         into what these individuals are doing after they are done working. I would contend
         that individuals that have challenging careers enjoy challenging activities well into
         their retirement years, and this may be a greater factor for determining how they
         fair cognitively as they age.
      

      
      Though now you may be concerned if you have not had a challenging career, and as such
         have an increased susceptibility to experiencing a cognitive impairment, do not fear!
         This is certainly not a deciding factor, and it does not mean you will ultimately
         have a cognitive impairment. There are many individuals who have held manual occupations
         but still enjoy challenging leisure activities. Interestingly enough, researchers
         have shown that individuals who engage in certain types of leisure activities are
         less susceptible to experiencing cognitive impairments as they age. For example, individuals
         who learn a new skill, study a new subject, and practice mentally challenging problems
         in their leisure time are known to have a significantly reduced chance cognitive impairment
         as they age.[12]     This evidence is good news for individuals with manual jobs and limited opportunities
         for a mentally stimulating workday. Spending your leisure time actively engaged in
         stimulating activities could be of great cognitive benefit as you age. In addition,
         it highlights the claim I have been making throughout this book that activities need
         to be novel and ever changing, and that actively seeking out new activities that require
         a learning phase can be of great cognitive benefit.
      

      
      Before I move on to tips for creating a good cognitive reserve, I would just like
         to highlight some scientific evidence about why and how cognitive reserve is created.
         To do this, I want to briefly discuss the concept of neurogenesis. Neurogenesis is
         the process whereby our brain produces neurons. This process occurs significantly
         during the brain’s development, but it can also occur in adulthood and is generally
         limited to certain areas of the brain (e.g., the subgranular zone and the dentate
         gyrus). However, if one experiences some form of brain trauma, then neurogenesis can
         occur in these damaged regions. This plasticity is often observed in stroke patients,
         wherein they begin to regain a significant amount of lost ability in the early days
         following their stroke event. How does neural plasticity fit with the cognitive reserve
         phenomenon? One suggestion is that when our brains produce more and more neurons,
         we create a neurogenic reserve. It is important to note that we all possess the ability
         for neural growth. Many new neurons die off because we often don’t need them unless
         we are engaged in learning new things. As a result these cells do not accumulate or
         find an appropriate home. Thus, actively engaging in some form of new learning creates
         growth and allows new connections to develop. Because we have created a number of
         new connections, we see actual anatomical growth (like in our London taxi driver example).
         What this might mean for an individual is that if his or her brain becomes “challenged”
         (i.e., affected by disease or trauma), he or she has additional resources via additional
         neural connections to handle these events, creating alternative “routes” or “connections,”
         with the goal of completing a desired behavioral activity and with limited or less
         stress on our brains.[13]    
      

      
      Now you might be thinking, “This is all well and fine for younger individuals, but
         I am much older, and I’m sure this does not work in the same way for me.” Well, to
         a certain extent, this is true; it does not work in the same way because as one gets
         older the process slows. however, the process does not disappear. One’s stem cells
         remain capable of growing and creating new connections throughout one’s life.[14]     Thus, one might suggest that old dogs can learn new tricks—they just need to
         work at it a little bit longer.
      

      
      Tips for Creating a Good Cognitive Reserve

      
      The best way to create a good cognitive reserve is by creating an environment where
         the process of neurogenesis can flourish. There are a number of ways one can do this.
         For example, we know that physical exercise can stimulate growth, and an enriched
         environment can also effect brain change. Thus, having a number of exciting and challenging
         activities around your house can be beneficial for your brain. Having the opportunity
         to learn new things is an excellent way to stimulate growth. In addition, just trying
         new activities in general is a great way to help boost your cognitive reserve. I would
         also like to highlight that a good cognitive reserve occurs when we develop good habits,
         so finding a routine that includes novel activities can be an excellent way to ensure
         you stay on track.
      

      
      All these suggestions can be very helpful, but it is important to remember that in
         creating this type of environment you should also strive to limit processes that are
         bad for your brain. Things such as too much stress can create hormones that are bad
         for neurogenesis. Not engaging in new activities will limit your ability to create
         a good cognitive reserve.
      

      
      One final tip is to find a group or a friend to pick you up at a predetermined time
         and day to participate in a predetermined activity (e.g., taking a class, or perhaps
         a new mentally stimulating game or activity). This is a good way to ensure you stay
         on track and possibly inspire yourself to prepare each week for a new challenge.
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      After reading this chapter, you should be able to answer the following questions:

      
      
         	
            
            What is Alzheimer’s disease?

         

         
         	
            Why do people get Alzheimer’s disease?

         

         
         	
            How is Alzheimer’s disease diagnosed?

         

         
         	
            Does Alzheimer’s disease affect my sex life?

         

         
         	
            Is there a way to prevent Alzheimer’s disease?

         

      

      
      What Is Alzheimer’s Disease?

      
      Alzheimer’s Disease (AD) is characterized as a neurodegenerative brain disorder of
         unknown origin, causing progressive memory loss or loss of other mental functions,
         such as difficulty performing familiar tasks, disorientation to time and place, visuomotor
         and motor deficits, and word-finding difficulty. Much of these criteria for identifying
         the illness were developed in 1984 by the National Institute of Neurological and Communicative
         Disorders and Stroke (NINCDS) and the Alzheimer’s Disease and Related Disorders Association
         (ADRDA).[1]     After twenty-seven years, the criteria were updated to reflect the knowledge
         we have acquired about the disease since. The changes help with diagnosis and in defining
         variants of the disease, focusing on the impact dementia and AD have on individuals.
         The main change involved understanding that individuals can present with varying cognitive
         issues. Some individuals experiencing AD have intact memory ability while displaying
         other cognitive problems such as a language issue (e.g., word-finding difficulty),
         visuospatial deficits (e.g., way-finding ability), or deficits in reasoning or problem
         solving. Memory issues, of course, are still the major concern in many cases, but
         these other cognitive concerns are now more closely examined. It is also important
         to note that these deficits must have occurred gradually, without sudden onset.[2]     In the “Diagnosing AD” section of this chapter, I will explain the new categorical
         breakdown of individuals with AD and discuss the components of each.
      

      
      On the whole, people affected by AD are interested in what is primarily involved with
         this disease, but they may also be interested in how common the disease is within
         a given population. There are varying estimates of what percentage of dementia cases
         are specifically AD. Alzheimer’s Disease International identifies Alzheimer’s disease
         as accounting for 50 to 75 percent of all reported cases of dementia. The high rate
         often results in individuals believing that dementia and Alzheimer’s disease are interchangeable
         terms, but they are not. In recent years the dementia illness known as vascular dementia
         has grown in diagnosis and is currently the second most common dementia state. However,
         I believe within the next few years significant connections to the presence of vascular
         issues in all dementia patients will be identified, and thus a mixed presentation
         of the disease will be noted as much more common and diagnosed at a higher rate than
         AD alone. It is important to keep in mind when hearing the term dementia that it is a generic description. An individual could be afflicted with various dementia-related
         illnesses, such as AD, vascular dementia, Lewy body dementia, frontotemporal dementia,
         and primary progressive aphasia. The goal, however, of this chapter is to examine
         AD in detail.
      

      
      Although a description of AD was given at the beginning of this chapter, the symptoms
         of the illness can vary significantly from one individual to the next. Historically,
         memory loss as it relates to day-to-day events has been one of the defining features
         clinicians look for when trying to determine the presence of dementia. But this is
         not necessarily the case. The process of diagnosis is, of course, much more involved;
         the point to be made here is that difficulty with short-term memory, in particular,
         is very noticeable to family members (probably because of the frustration it causes
         for them). Family members are on the front lines and are typically aware of when an
         individual begins to change dramatically. This change is often observed many years
         after the disease began.
      

      
      The question many individuals want answered is what specifically is going on in the
         brain that causes AD.
      

      
      Genetic Components of AD

      
      There are two primary genetic processes at work in Alzheimer’s disease: the development
         of neuritic plaques and neurofibrillary tangles.
      

      
      Neuritic Plaques

      
      Neuritic plaques are generally the result of the accumulation and development of abnormal
         proteins. These plaques consist of a dense core of proteins known as a beta-amyloid.
         Beta-amyloid plaques develop because of abnormal cuts to an amyloid precursor protein
         (APP); this protein is thought to be initially present in neurons for health benefits
         (e.g., neuron growth). However, the protein is located partially in and outside of
         the cell. As a result, it gets cut into fragments by enzymes called alpha-, beta-,
         and gamma-secretase. Plaques are created depending on which protein does the cutting
         and where the cut occurs on the protein. In the development of AD, the beta-secretase
         cuts an APP at one end, and gamma-secretase cuts the remaining section at the other
         end, releasing this section out into the space outside the neuron rather than having
         it remain within the cell. This is a beneficial and natural path of this process.
         This beta-amyloid peptide, which has now been released outside of the neuron, is a
         defective, long-form mutation consisting of forty-two to forty-three amino acids,
         instead of the intended forty. These long-form beta-amyloid proteins then begin to
         stick together with other similar proteins. The brain has a process where it can clear
         some of these abnormal proteins out, but not all of them can or are cleared from the
         brain, resulting in insoluble “clumps” (or protofibrils). As this process continues,
         these clumps develop into plaques that are typical of AD.[3]     These plaques slow neuron transmission, and the brain sees them as degenerative
         sections. It then begins a process whereby the cells affected by plaques are enveloped
         and cleared from the brain. This is a reactive process wherein the brain is doing
         its best to protect itself. However, the resulting effect is the reduction of neurons
         and a reduced ability to transmit messages throughout the brain. What remains is a
         dense set of plaques and a shrinking brain.
      

      
      Neurofibrillary Tangles

      
      The second major process to be identified in individuals with AD is the development
         of neurofibrillary tangles. While plaques begin outside of the neuron cell membrane,
         a neurofibrillary tangle is a process that begins inside the cell. Inside our cells
         we have a system of microtubules that is like a long string of balloons tied together.
         This stringlike structure stretches throughout the cell, helping with the transport
         of cellular nutrients. The protein tau helps bind the microtubules together (like
         the string from balloon to balloon, keeping them together). What happens in AD is
         that the molecular structure of tau begins to break down, and as a result a process
         called hyperphosphorylation occurs. Hyperphosphorylation happens because phosphate
         ions become attached to the strands of tau. This is bad, because it results in tau
         losing its ability to bind together microtubules. Thus, the microtubules lose their
         structure and break apart. This means that the cell does not have a way to feed itself.
         Eventually, this results in cell death, and what is left in its place is a neurofibrillary
         tangle.[4]    
      

      
      As you can see, the production of plaques and tangles are very disruptive to the health
         of one’s neuronal structure. Thus, from a genetic perspective, AD is an attack specifically
         on one’s brain cells, from within and from outside of the cell. The result is significant
         disruptions or complete silence (as a result of cell death) in neural transmission.
         However, it is important to note that the brain is very resilient, and in many cases
         there can be significant damage while one’s performance remains stable. This happens
         because our brains find different pathways along which to send and receive messages.
         How long one can compensate for this ongoing attack varies for a number of reasons
         that are discussed throughout this book. Researchers have spent many years unravelling
         the processes I have just described. The goal in understanding what is occurring within
         an AD brain is to find ways to alter and repair this process. Though to date there
         is no cure for AD, there have been several advances in modifying these processes,
         and at the conclusion of this chapter I will report on a few upcoming therapies that
         hope to alter or stop this process altogether.
      

      
      Why Do People Get Alzheimer’s Disease?

      
      This question is very easy to answer: we just do not know, for the most part, how
         and what causes this process to be triggered. I have qualified this statement by saying
         “for the most part” because we are unsure of what causes the process to begin in sporadic
         cases. But in a small number of cases, we know that the disease can be inherited.
         Thus, AD is often divided into two broad types: hereditary/familial AD and sporadic
         AD.
      

      
      The term sporadic AD means that there is no identified connection to the cause of the illness. Thus, if
         one has sporadic AD, it is assumed that there is no hereditary component involved,
         and the disease has developed without a familial link. Sporadic AD is the most common
         form and accounts for 80 to 95 percent of AD cases.[5]     Suggestions for what causes the sporadic process to be triggered are numerous.
         For example, there are theories related to head injury, hypertension, heart disease,
         smoking, diabetes, obesity, cerebrovascular disease, and vitamin deficiencies (e.g.,
         B12, C, E).[6]     There is much research in this area, working to determine how and why some individuals
         get the illness while others do not. However, one of the best determinates of getting
         AD is simply one’s age. As one gets older, the chance of being affected by the illness
         increases. It has been reported that between the ages of sixty-five and eighty-five
         one is fifteen times more likely to experience a dementia-related illness.[7]    
      

      
      Genetically, sporadic AD has been linked to a gene on chromosome 19 called the APO
         E. The APO E gene is encoded for a protein called apolipoprotein E. One of the interesting
         functions of apolipoprotein E is moving cholesterol in and out of human cells. There
         are three forms of the APO E gene that have garnered much attention: APO E2, E3, and
         E4. Every human has two copies of this gene, one from each parent. E3 is reported
         to be very common, occurring in 40 to 90 percent of the population, whereas E2 is
         found in 2 percent and E4 in 6 to 37 percent of the population.[8]     Interestingly, research has shown that E2 carriers are less likely than the other
         carrier types to experience AD. One of the suggestions for why this may be is that
         E2 gene carries are more likely to have greater cortical thickness. Thus, a thicker
         cortex can be viewed as a neuroprotective effect against the onset or progression
         of AD.[9]    
      

      
      As you can see, in regard to sporadic AD, there is currently no definitive evidence
         to explain why one individual develops AD and another does not. The most well-known
         fact associated with sporadic AD is that it often has a late onset, meaning that individuals
         who develop this form of AD often do so after the age of sixty-five. The onset of
         the familial form of the disease can occur well before the age of sixty-five.
      

      
      Specific gene mutations have been linked to the familial form (also called early-onset
         or autosomal-dominant AD), including the genes APP (amyloid precursor protein), PSEN1,
         and PSEN2 (PSEN stands for presenilin).[10]     The contribution of each of these genes to the development of AD is complex to
         say the least. APP, as described earlier, is involved in abnormal cutting of beta-amyloid,
         which has a higher rate of causing the formation of plaques. Note also that APP is
         said to account for 10 to 15 percent of familial cases.[11]     The mean age of disease onset for individuals with PSEN1 mutation was 41.7 years,
         showing up in 66 percent of familial cases.[12]     The PSEN2 gene mutation is linked to an average age of onset at sixty-two years
         and has not been reported beyond familial research.[13]     The upside of these investigations is that researchers have developed a good
         understanding of why this group, in particular, has developed AD, unlike individuals
         with the sporadic form of the illness. It should also be pointed out that individuals
         who are E4 carriers have a higher rate of the familial form of AD than other forms.[14]    
      

      
      Individuals with familial AD are faced with a very uncomfortable scenario for a couple
         of reasons. First, they will normally develop AD much earlier than individuals with
         the sporadic form. Typically, individuals are affected in their forties, fifties,
         and sixties, though there are reports that it can start even earlier. Second, individuals
         with early-onset AD progress much faster than those with late-onset AD.[15]     For these two reasons alone, one can see that this form of the disease can have
         a significant effect on one’s life. It is important to highlight, though, that even
         if one has the familial form of AD, it does not guarantee early disease development,
         despite the increased risk.
      

      
      Diagnosing AD

      
      Diagnosing AD has historically been difficult because showing that an individual was
         afflicted with neuritic plaques and neurofibrillary tangles could only occur during
         postmortem examination. In recent years, methods have been developed to determine
         the presence of these biochemical processes before death (antemortem). Though researchers
         have had some success in developing these mechanisms,[16]     they are still is not entirely definitive. The reason individuals still cannot
         receive a clear-cut diagnosis of AD until death is that there are many other factors
         that can result in neuritic plaques and neurofibrillary tangles in the brain.[17]     As such, a diagnosis of AD due to dementia comes in one of three ways: probable
         AD, possible AD, and probable or possible AD (including evidence of a pathophysiological
         process). This last designation is meant to be used for research purposes.[18]     Let’s look at what each of these labels imply about one’s condition.
      

      
      Probable AD dementia is diagnosed when individuals first meet “all-cause dementia
         criteria.” These are defined by a number of categories, beginning with identifying
         if the disease is interfering with the ability to function at work or the completion
         of one’s usual activities. This level of function has to show a noticeable decline
         and cannot be explained by a psychiatric disorder. A clear history of decline is identified
         from a credible source and, where possible, via cognitive assessment.
      

      
      The cognitive and behavioral impairments must include two cognitive domains from the
         following:
      

      
      
         	
            
            Difficulty retaining new information, which is often noticed by caregivers because
               the individual becomes repetitive in their questions; problems locating regular places;
               and missing appointments due to memory issues.
            

         

         
         	
            Problems reasoning or completing multisequence tasks (e.g., making and eating lunch);
               difficulty planning to perform certain tasks (e.g., a trip to the store) or understanding
               safety issues while engaging in certain activities; and difficulty managing finances.
            

         

         
         	
            Problem with visuospatial ability. For example, individuals can exhibit problems using
               household items (e.g., scissors) and remembering common faces or places.
            

         

         
         	
            Language concerns, which can include word-finding issues, speaking at a normal pace
               (e.g., hesitated speech), newfound reading and writing difficulties.
            

         

         
         	
            Alterations in one’s personality or regular behavior. For example, lack of interest
               in interacting socially, loss of interest in activities, and being noticeably upset.[19]    
            

         

      

      
      The preceding information includes the new criteria outlined by McKhann and colleagues
         and must be met before moving on to the three categories of AD.
      

      
      Probable AD

      
      Probable AD dementia is diagnosed when the above symptoms are present and the criteria
         are met. In addition to this, individuals with probable AD will demonstrate the onset
         of symptoms over time (e.g., a few months or even years). As well, there has to be
         some record of a significant cognitive decline as observed in either amnestic (memory
         related concerns) or nonamnestic (memory not affected) presentations. Note that over
         the past few decades it has become clear to clinicians and researchers that individuals
         can experience dementia and still retain their basic memory ability. These individuals
         are referred to as nonamnestic and show, for example, problems related to language
         performance such as finding the proper word, reduced spatial ability, or difficulty
         problem solving, which may include activities such as reasoning and judgment. Amnestic
         individuals are certainly more common and display “classic” deficits related to learning
         and the recall of new information. A probable AD diagnosis should not occur when clinicians
         have evidence of a stroke, which can also result in some of the above symptoms. In
         addition, it is suggested that a diagnosis of probable AD should not be applied to
         individuals who have experienced a history of small strokes, show disease involvement
         related to the other forms of dementia, or have an active neurological disease.[20]    
      

      
      Possible AD

      
      A diagnosis of possible AD may be applied when an individual meets the core criteria
         as outlined, but the symptoms related to cognitive impairment are sudden or if it
         is difficult to determine when they started. As well, a possible AD designation may
         occur in cases where there is not an objective measure of cognitive difficulties,
         or in cases without a clear-cut sign that deficits are related to Alzheimer’s disease.
         This means that if an individual has experienced a stroke or has another illness that
         makes it difficult to determine what is causing the onset of deficits, one may receive
         a diagnosis of possible AD. With the application of these new guidelines, individuals
         who previously met the criteria for possible AD may not meet them any more, and therefore
         will not receive this designation.[21]    
      

      
      It is important to keep in mind that, when evaluating or diagnosing either possible
         or probable AD, clinicians use a myriad of tests. This is because there is currently
         no single test that can give a definitive diagnosis of AD. Thus, an individual might
         undergo a number of laboratory tests, such as urinalysis, microscopy, or blood count
         to investigate the effects of anemia or infection. Serum electrolyte levels may be
         examined to investigate a possible metabolic disease, including liver function tests,
         and a thyroid panel may be used to rule out hypothyroidism. Serum vitamin B12 is also
         examined to rule out a deficiency (which is often related to memory deficits; however,
         note that serum tests may not be accurate enough for this type of evaluation and additional
         testing is required). Other tests examine neurosyphilis serology, urine toxicology,
         and serum toxicology.[22]    
      

      
      In addition, clinicians often will investigate deficits through the use of a number
         of radiology tools, such as X-ray, CT (computerized, or computed, tomography), SPECT
         (single photon emission computed tomography), PET (positron emission tomography),
         and MRI (magnetic resonance imaging). These tools are used to look for possible symptoms
         and to exclude other diseases that may be affecting the brain and brain tissue. Currently,
         MRI is able to detect brain tissue loss patterns typical of later stage AD. This tool
         can help distinguish AD cases from other types of dementia.[23]     Research has shown that high-resolution imaging like MRI, fMRI (functional MRI),
         and especially PET can detect changes in brain tissue and brain chemistry. Past research
         shows that reported deficiencies can be observed within 94 percent accuracy when identifying
         reductions of fluorodeoxyglucose in AD patients over a period of time, which indicates
         an individual suffering from neurodegeneration.[24]    
      

      
      Progression of AD

      
      Providing a specific duration of time that any given individual will live with Alzheimer’s
         disease is not possible; at best, one can give a ballpark figure. This is because
         the rate at which one individual progresses versus another can be quite different.
         One can read up on average rates online or in texts, but it is important to note that
         these are average rates and can fail to take into consideration several factors, such
         as when the individual was diagnosed, the involvement of other diseases, sex, and
         age at disease onset, to name a few.[25]     General observations can be made about how individuals progress in the early
         stages as reflected by cognitive measurements. One suggestion is that quick progression,
         as shown by poor cognitive performance ability, can indicate illness at later stages.[26]     Researchers have also suggested that biomarker measures, such as high levels
         of tau in one’s cerebral spinal fluid (CSF), have been linked to a faster rate of
         cognitive decline in the latter stages of the illness.[27]     Additional evidence has linked genetics and quicker deterioration to early-onset
         cases. Individuals with the familial form of AD have reported faster rates of decline;
         interestingly, these rates can also be influenced by one’s level of both physical
         and cognitive health.[28]     Thus, though someone can look up guidelines related to stage of illness and rates
         of progression, these values may prove unhelpful. Individuals may therefore not have
         a full understanding of the variations involved in personal AD progression. In fact,
         some research has suggested that the variability of individual progression is as large
         as the mean values of a specified stage (as measured via cognitive scores).[29]     Therefore, one’s rate of progression could be extended or decreased by several
         years based on numerous factors.
      

      
      I could provide some general information related to the idea that if one is at this
         stage of the disease, then one has about this much time left. However, in doing so,
         I would risk depersonalizing the illness and possibly harm the efforts an individual
         is putting into fighting the progression of the disease. In addition, it is important
         to highlight that some of the current data we have on disease timelines is based on
         older patient information, which means that it doesn’t factor in new interventions,
         including medications, cognitive training, and lifestyle changes. These have the ability
         to significantly alter the progression of the disease, as I have been pointing out
         throughout this book. Because of human nature, it is understandable that individuals
         afflicted with AD would want to know how much time they have, and answering with “that
         depends” is not acceptable to many. The point is that if this is the answer you or
         your loved one receives from your practitioners, this is not bad news. It really does
         depend on what mechanisms you are able to put in place. Having a plan of attack for
         some may significantly affect their disease progression, and as such, putting a timeline
         on this process may discourage rather than encourage action.
      

      
      Sex and AD

      
      Engaging in an intimate sexual relationship with an individual afflicted with AD is
         viewed at times as both supportive (e.g., it helps reaffirm emotional ties) and on
         other occasions distressing (e.g., caregivers may worry about the level of consent).
         Individuals who view their ongoing sexual relationship as a source of support appear
         to do so as a way to deal with a sense of distance that can exist through the development
         and progression of AD. For many couples, sex is one of the last primary and positive
         aspects of their relationship that is “normal” and reaffirms their commitment to one
         another.[30]     Disentangling the presence of AD in relation to other factors that affect sexual
         intimacy for couples is difficult. For example, one of the most influential markers
         in all our lives is that of stress. In the case of individuals caring for someone
         with AD, stress is a significant caregiver burden. When caregiver burden is examined,
         results indicate that as an individual’s burden increases, engagement in sexual activities
         decreases. Specifically, studies note that couples dealing with AD have a significant
         reduction in sexual intercourse, with some research suggesting that it stops altogether.[31]     If the caregiver burden increases as the illness progresses, then the subsequent
         result is a reduction in sexual activities, which is still observed when compared
         to couples of a similar age. In fact, one study finds that out of a sample of 162
         individuals (average age 76.80 for the caregiver and 73.28 for the patient) only 27.9
         percent of patients were able to stay engaged in sex without losing attention or arousal;
         these rates were similar for both men and women (as rated over a one-month time period).
         In addition, caregivers reported that when their loved one affected by AD did engage
         in sexual intimacy, only a third completed activity to the satisfaction of their partner.[32]     This research clearly indicates that couples afflicted with AD still have a great
         interest in engaging in sexual activities. In fact, the majority of individuals want
         to maintain an intimate relationship with their loved one and often view it as a way
         to be supportive.[33]     Note, however, that for females the loss of an emotional connection is linked
         to a reduction in their sexual satisfaction.[34]     Therefore, even though health issues (normally occurring in men) are the primary
         reason for a lack of sexual intercourse in couples, the activity may still be tainted
         by a lack of the connection previously present. Interestingly, it is also noted that
         male caregivers report higher rates of sexual intercourse than the female caregivers.
         The belief here is that female caregivers are less focused on their own needs, and
         more focused on the core of the individual. However, for men it is suggested that
         their desire will continue in the face of minor changes in their partner, whereas
         women find this experience much more stressful.[35]    
      

      
      As just mentioned, men experience the majority of health concerns interfering with
         a couple’s ability to engage in sexual intercourse. One of the primary problems receiving
         much attention in men is erectile dysfunction. Some researchers have reported that
         over 50 percent of men may experience erectile problems as a result of the onset of
         Alzheimer’s disease. Interestingly, this study reported that this inability was not
         related to one’s level of cognitive impairment, type of medication being used, or
         degree of depression. Thus, the researchers expected rates of erectile problems to
         be much lower, especially since other than the diagnosis of AD these individuals were
         fairly healthy.[36]     There is no clear indication from this research why individuals will experience
         erectile dysfunction, but one suggestion is that this problem might be related to
         underlying brain pathways responsible for maintaining arousal. Additionally, being
         faced with such an illness and understanding its consequences can have a significant
         psychological impact. This psychological component will undoubtedly play a role in
         the desire to engage in sexual acts. One way to counter this problem, if it is truly
         based on a psychological issue, is for the couple to sit down and discuss concerns
         they have about the disease moving forward and their ability and desire to be intimate.
         Getting to the root of how the disease is affecting both of you and sharing your concerns
         will go a long way toward providing understanding and will improve the emotional and
         psychological components of your relationship.
      

      
      In relation to sexual issues, one concern often cited by caregivers is that their
         significant other will engage in sexually inappropriate behavior. This worry is of
         great concern to caregivers particularly when they are out in public. They worry about
         the AD individual’s decreased ability to censor comments or to refrain from sexually
         overt acts such as masturbation. It is difficult to ascertain where this worry may
         come from (perhaps word of mouth or small case reports); regardless, it is important
         to point out that current research suggests that such behavior is very rare. In fact,
         hypersexuality or talking to noncaregivers in sexual ways is rather limited, occurring
         in only about 7 percent of cases.[37]     This rate is for cases where an individual has at some point said something the
         caregiver reports as inappropriate. On the other hand, caregivers may also find it
         difficult to deal with AD individuals because they can become sexual at times with
         what they perceive as inappropriate behavior. For instance, caregivers report AD individuals
         have trouble remembering that they engaged in sexual activity earlier that evening,
         or one minute they seem very interested in sex and at another not at all. These types
         of situations are very stressful for caregivers, and it is often reflected in the
         whole issue of sexual intimacy and AD.[38]    
      

      
      In reviewing the research for this topic, one of the key points often mentioned is
         the need for professionals to be proactive in discussing sexual relationships with
         couples experiencing dementia-related diseases. Health professionals agree that maintaining
         and accessing a sexual relationship is important to the couples’ care. Because of
         the sensitive nature of this topic, many professionals leave it up to the couple to
         ask questions on sexual concerns. But if the health professional addresses this issue
         and communicates what is commonly observed on the sexual front (some of which is described
         above), it provides couples an opening to then ask questions or discuss any concerns
         they may be having. Having health professionals provide some structure to sexual conversation
         can improve ongoing care and ensure a more positive home environment, possibly reducing
         the need for early transfer to a long-term care facility.
      

      
      A common misconception is that older couples and couples with AD are not sexually
         active or interested in sex. Thus, health professionals may think this topic does
         not need to be addressed.[39]     However, it has been shown that sex is a very good way for couples to maintain
         a connection to one another and ensure the presence of intimacy. In addition, even
         if an individual has entered a long-term care facility, these institutions should
         be aware that it is important to provide the opportunity for couples to engage in
         sexual acts. Restricting a sexual relationship may affect the overall health of the
         couple and overall care.[40]     
      

      
      Ongoing research in this area is very important because the idea of what constitutes
         a couple has changed over the years, and soon these individuals will be seeking knowledge
         on how to handle sexuality and dementia. The creation of a body of knowledge that
         is accessible to all, and that promotes ongoing discussions of sexuality and dementia,
         will help couples understand they are not alone.
      

      
      Cholesterol and AD

      
      As noted previously, the APO E4 gene is linked to an increased risk of AD. E4 is often
         observed in the familial form of AD, and if your parents were carriers, you have a
         significantly increased risk of developing AD. This often results in a much earlier
         onset than sporadic AD. Recent research has shown that there is a metabolic relationship
         occurring between a gene called ABCA1 and APO E. This ABCA1 gene is believed to regulate
         APO E function through its “job” as a cellular cholesterol transporter. Outside the
         central nervous system, ABCA1 stimulates cholesterol transport via APOA-1, but within
         the central nervous system cholesterol is transported by APO E. APO E is important
         because it influences Aβ peptides, which facilitate the formation of amyloid plaques.
         Thus, the current theory is that if ABCA1 is overexpressed by a factor of six or more,
         it creates APO E that is lipid-enriched, resulting in the reduction of amyloidogenesis
         (the manufacturing of amyloid).[41]     What this means is that at a basic level the production of plaques in the brain
         can be influenced by one’s cholesterol system. This research is exciting because it
         suggests that a process can be designed to reduce the formation of amyloid plaques
         on the brain through genetic manipulation. Of course, researchers are just at the
         first stages of understanding all aspects of this relationship, including the mechanisms
         involved. But in light of this information, the goal now will be developing this as
         a treatment for certain causes of AD.
      

      
      Preventing Alzheimer’s Disease

      
      Can we prevent Alzheimer’s disease? This is most likely the first and most important
         question you would have after reading most of this chapter, particularly if you or
         a friend or family member have the disease or you’re predisposed to it. Therefore,
         let me say up front, the title of this section is somewhat misleading; there is no
         valid long-term evidence (yet) that indicates a definitive way to prevent the onset
         of Alzheimer’s disease. However, what I can say is that there are currently many researchers
         and research centers interested in developing preventative programs for individuals
         who have or might acquire Alzheimer’s disease. I will review some of these initiatives
         to demonstrate the important implications of this research.
      

      
      Immunotherapy

      
      Recent evidence reported by Norman Relkin and his colleagues at the Weill Cornell
         Medical College in New York suggests that it may be possible to treat AD using an
         immunotherapy program.[42]     The highlight of this program was the stabilization of AD symptoms over a three-year
         period, which included measures of cognitive performance and quality of life. This
         is the first treatment program to show consistent, long-term cognitive stabilization.
         Individuals in the full three-year treatment program received intravenous immunoglobulin
         (IVIG) at a rate of 0.4g/kg every two weeks. IVIG is a “blood cocktail” that includes
         concentrated levels of antibodies taken from the blood plasma of one thousand or more
         individuals. Historically, this type of treatment is used for individuals who have
         immune deficiencies or antibody production problems. It is also helpful in cases where
         individuals have experienced sudden infection onset. Individuals tolerated this therapy
         well, and all participants were in the mild to moderate stages of the disease. If
         there is a drawback to this study, it is that there were only sixteen patients that
         completed the full-term program. Though numbers are low, a fact acknowledged by the
         authors, the results clearly show that this group substantially outperformed controls.
         In addition, individuals who switched from the placebo group to the treatment group
         showed gains in previously noted performance deficit areas. These results look quite
         promising, but it is very early in this research program. Not until a larger group
         is evaluated, over a longer period of time, will researchers be able to understand
         the precise benefits of this treatment. These concerns aside, this is excellent news,
         and this type of therapy may be very important in the years to come.
      

      
      Anti-Amyloid Treatment

      
      As mentioned previously, one of the major processes involved in Alzheimer’s disease
         is the buildup of amyloid plaque in the brain. Researchers have suggested that if
         this buildup could be slowed or stopped, the outlook for AD patients would be dramatically
         improved. A group led by Reisa Sperling of the Harvard Medical School and Women’s
         Hospital in Boston has been working on the development of an anti-amyloid treatment.[43]     This treatment will likely use a monoclonal antibody (which means that the immune
         system can be triggered to target certain cells or proteins for destruction, such
         as beta-amyloid). The goal for this research group is to target individuals with the
         predisposition (the genetic form E4) to AD, and then to start them on therapy prior
         to onset. The hope is that this type of treatment will prevent the development of
         amyloid or, if already in progress, slow its development. Of course, outright prevention
         would be monumental because damage as a result of beta-amyloid is one of the main
         concerns related to AD. If this could be silenced, the outlook for affected individuals
         would be excellent. Even slowing this progression significantly would be of great
         benefit since the familial form of AD often begins much earlier and progresses much
         quicker. Thus, developing a way to affect this progression for these individuals would
         be considerable. Currently, this type of therapy is under development, and as such,
         success is not known. In addition, it is important to note that this therapy is designed
         to affect amyloid, and therefore the ongoing concern of tau will still be present.
         Therefore, there is no guarantee that the disease will not continue to progress in
         the tau form.
      

      
      The Alzheimer’s Prevention Initiative

      
      A group of researchers led by Eric Reiman, who is from the Banner Alzheimer’s Institute
         in Phoenix, Arizona, is developing a prevention program for individuals genetically
         at risk for developing AD. Research has suggested that changes in the brain of individuals
         who will exhibit AD occur many years prior to disease onset. The suggestion from this
         group, in fact, is that brain changes are detectable up to fifteen years before behavioral
         symptoms begin to appear.[44]     Individuals who show these early changes in their brain are identified as having
         presymptomatic Alzheimer’s disease. The researchers believe the best way to combat
         AD is to treat it before it starts. The goal is to use neuroimaging evidence and other
         methods (e.g., cerebral spinal fluids, cognitive measures) to identify and track changes
         in individuals as therapies such as gene modifying treatments and amyloid reduction
         are applied. Tracking changes through specific biomarkers will provide a level of
         detail on the progression and development of the disease unlike any seen before. Thus,
         we will have greater insight into how the disease develops and possibly identify ways
         to change its course.
      

      
      Though I have highlighted only three major projects in progress, this is by no means
         an exhaustive list of those underway. The progress, however, is very encouraging,
         and the goal of either eliminating this disease or providing a way to manage it seems
         achievable in the not too distant future. The evidence and research currently underway
         on Alzheimer’s disease is some of the most promising in recent years. The largest
         threat to achieving a cure could be the reduction of funding to support such programs.
         Thus, it is important for us all to ensure our nation’s health funding is meeting
         the needs of these programs.
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      Chapter 7

      Can Cognitive Training Affect the Course of Aging and Disease?

      
         
         
      

      
      After reading this chapter, you should be able to answer the following questions:

      
      
         	
            
            Can video games help my brain as I age?

         

         
         	
            Is there any point to cognitive training after I have been diagnosed with a cognitive
               impairment?
            

         

         
         	
            Are there any costs or benefits in using cognitive training programs?

         

      

      
      Gaming/Training Programs

      
      There is a new, emerging market of computerized brain training websites developed
         specifically to help individuals exercise, enhance, and improve their brain. These
         sites vary and offer different exercises, but to a certain extent they all offer an
         opportunity for individuals to exercise their brain, with the overall goal of improving
         everyday performance on tasks such as attention, memory, and visuospatial ability.
         The big question of course is, do these activities really work? Can I have a better
         and healthier brain by engaging in these online tasks? Let’s review some of the background
         research, beyond website testimonials or promotional commercials, to see whether programs
         such as these really make a difference.
      

      
      As a society, we have evolved by integrating ourselves with technology, although the
         level of integration varies depending on the individual. The virtues of gaming have
         been rather limited until recent years, and “gamers” themselves have often come under
         attack for spending too much time doing something looked upon as offering little benefit
         to society. However, times are changing, and some good examples have been provided
         of why gaming may be good. One such example comes from the medical field, where they
         have asked the question, is there a positive to medical students playing video games?
         Well, in fact, there is. A study in 2011 showed that medical students who engaged
         in a minimum of seven hours per week of video gaming demonstrated significantly better
         psychomotor skills. These authors believe improved psychomotor skills are advantageous
         to careers in surgery and that gaming activities translate to useful skills for the
         operating room.[1]     A literature review on this very topic also concluded that certain surgical skills
         were improved, in addition to overall performance on psychomotor tasks, as a result
         of playing video games.[2]     In addition, evidence currently suggests that gamers hold a distinct advantage
         in basic cognitive skills (e.g., tracking objects, visual short-term memory, task
         switching).[3]     The extent of this “brain advantage,” particularly in varying ages, is not yet
         fully understood, but there are ongoing efforts to evaluate it.
      

      
      I have offered up these initial examples to dispel the myth that gaming is all bad.
         In fact, the teenager next door who plays games all night might be the one operating
         on you ten years from now. By pointing out some positive attributes of gaming, I am
         simply trying to help you understand that engaging in activities via a computer or
         game system may hold some previously unthought-of benefits.
      

      
      Though there are some basic highlighted benefits of gaming in general, for aging individuals
         it is not these general benefits people are after, but the specific benefits. If you
         take time to engage in a task, you want to know why, and if, it works. These, of course,
         are very valid questions.
      

      
      Before providing some of the evidence, I should first point out that, not surprisingly,
         the effects of video gaming on older people have not been extensively examined, although
         they have certainly gained attention in the past few years for a number of reasons.
         One of these reasons is that the generation who grew up with home gaming systems is
         now of the age where they are researchers, and they are curious about the effects
         of the activities they have engaged in for a lifetime and how they might be used for
         health benefits. In addition to this, because of our rapidly aging population, both
         aging individuals and health-care professionals are trying to find new ways to supplement
         dwindling services, information, and attention.
      

      
      Do Video Game Activities Work for an Aging Individual?

      
      The answer is yes! Video games have been shown to be effective in assisting aging
         individuals improve a number of skills, yet what is of greater interest is how these
         games help and what skills they improve. Initially, researchers were interested in
         examining if playing basic “original” games (e.g., Donkey Kong, Pac-Man, Tetris) would lead to general, overall better cognitive performance. These initial studies
         showed what specific improvements could be observed by playing one of the “original”
         games. For example, one study found that aging individuals (between the ages of fifty-seven
         and eighty-three) playing Donkey Kong and Pac-Man saw improvements in their choice response times, meaning they got faster at tasks
         where they were required to decide quickly on the correct response.[4]     Thus, in this case, aging individuals’ game playing practices generalized to
         tasks requiring quick judgment and selection. Further examination in this area has
         also shown that aging individuals (from sixty-nine to ninety) playing the game Super Tetris had substantially improved their reaction time and in some cases their sense of well-being.
         However, in regards to Super Tetris, it is important to note that the authors indicate that weaker effects were observed
         on cognitive performance measures, suggesting that gains are specific to the type
         of task being undertaken.[5]     Though this might seem to be a negative, it can also provide insight into how
         these tasks can be used. For example, we know one can become generally quicker on
         visually guided motor control tasks, which is an excellent bonus, particularly in
         the face of advanced aging.
      

      
      These results are fantastic because they show that improvement occurs on some level
         in the aging brain. Researchers wondered if more complex games or a combination of
         games could be used to improve more complex cognitive processes, such as memory, reasoning,
         and planning abilities (i.e., frontal lobe tasks). In recent years, researchers set
         out to examine this question. For example, one study used a set of seven video games
         chosen for their presumed ability to improve concentration, processing speed, procedural
         tasks, and working memory.[6]     Another study chose a game that provided real-time feedback and was highly strategic,
         requiring constant attention to various components of game play and the implementation
         of an overall strategy.[7]     Other researchers focused on a game they believed tapped into “executive control”
         (e.g., divided attention, visual scanning, and working memory), which they found more
         effective in creating a transfer to everyday cognitive skills.[8]     What these studies have in common is that they all report, at some level, improved
         performance in aging populations on cognitive tasks such as working memory, visual
         short-term memory, task switching, reasoning, and quality of life. This list of benefits
         is most promising and is encouraged by increased examination of the use of complex
         games to help alter our cognitive processes. However, these tasks are presented in
         strict settings with strict controls, and participant gamers are excited and no doubt
         trying to provide their best each and every time. Thus, if this training seems desirable
         to you, keep in mind that undivided attention is very important to achieving these
         benefits.
      

      
      One might think, “Great, this might be a very helpful component in keeping me on top
         of my game as I age. But what happens if I have a brain that is under attack from
         cognitive disease? Is there anything I can do to help my brain then?” Well, as it
         just so happens, there are current studies underway to help us understand what we
         can do if we have been afflicted with a neurodegenerative disease such as Alzheimer’s.
      

      
      Gaming/Training and Alzheimer’s Disease

      
      Individuals afflicted with Alzheimer’s disease (AD) have historically thought that
         there was not much that could be done and that medication to help combat this assault
         on their brain was really the only option. This can be extremely problematic for individuals
         who are unable for a variety of reasons to take certain medications. However, in recent
         years researchers have found that medication is not the only option. Cognitive training
         for AD patients is a relatively new area of research, and as recently as 2004 it was
         reported that no empirically validated cognitive treatment procedures existed for
         AD.[9] However, more recent studies have reported that cognitive training, in addition to
         cholinesterase inhibitors (medication), may be effective in enhancing or stabilizing
         cognition in mild AD. For example, one study using an eight-week computer-based program
         consisting of two blocks of sixteen sessions of various cognitive exercises demonstrated
         that mildly affected AD patients on stable doses of cholinesterase inhibitors significantly
         improved on tests of global cognition (MMSE score), verbal production, and executive
         functioning.[10]     Additionally, a single-blind randomized pilot study comparing the addition of
         psychostimulation or cognitive stimulation to cholinesterase inhibitors in mild AD
         patients revealed improved scores on tests of global cognition, which were maintained
         until the study ended at twenty-four weeks.[11]     Similarly, mild AD patients on a stable dose of cholinesterase inhibitors benefited
         from a cognitive rehabilitative intervention, demonstrating improvements in orientation,
         learning of face-name associations, speed of processing, and specific functional activities
         such as making change for a purchase. These training effects were maintained over
         the three-month period without any further maintenance sessions.[12]    
      

      
      Other studies have shown improvements in cognition and in activities of daily living
         (ADL), including positive changes in behavioral disturbances and caregiver stress.
         Researchers who used exercises aimed at rehabilitation of memory and ADLs in patients
         on stable doses of cholinesterase inhibitors saw significant improvements on ADLs
         and a small improvement in memory after a fourteen-week training program. Patients
         with mild to moderate AD or mild cognitive impairment on cholinesterase inhibitors,
         who received a cognitive-motor intervention, maintained cognitive status at six months
         and maintained or improved their affective status at one year relative to controls.[13]    
      

      
      One of the primary take-home messages from these studies is that computer-based intervention
         targeting individuals afflicted with AD, a disease previously thought unresponsive
         to nonmeditative intervention, can be effective. Thus, the goal now for many researchers
         is to understand the subtleties of such programs, why certain strategies are more
         effective than others and which areas of the brain should be targeted.
      

      
      When it comes to targeting brain regions, trying to go head-on at the illness may
         not be very beneficial and can cause frustration for both the caregiver and the participant.
         Going head-on at the illness means, for example, targeting memory (if one has memory
         issues) on a daily basis, using a focused strategy to effect change and increase memory.
         For example, this might involve giving a list of ten words to an AD individual to
         read over each morning for thirty minutes, then taking the list away and asking him
         or her what those tens words were. As you can imagine, for an AD individual, this
         task will become very difficult and very frustrating. Remembering anything for any
         duration of time, especially unrelated words through a short-term memory task, will
         undoubtedly be difficult to complete. However, if every morning you give the AD individual
         a game to play that asks them to arrange shapes or find their way through a maze,
         the task will most likely not be as difficult and you will avoid a head-on collision
         with the disease (if memory is the primary concern). The goal of course is to increase
         overall performance, including memory, through access of other brain regions, which
         in turn can help stimulate affected areas via indirect routes.
      

      
      There are, of course, numerous brain regions that work in collaboration every day
         in an effort to perform various tasks. Cutting-edge research examining the physiological
         structure of the nervous system has recently shown that one’s brain has significant
         connections among its various regions. In fact, the structural integrity of a bundle
         of nerve fibers (the inferior longitudinal fasciculus, inferior occipitofrontal fasciculus,
         cingulate cortex, and posterior thalamic radiation) with connections between the parietal
         (i.e., action area), frontal (i.e., planning and organizing) and temporal (i.e., memory)
         brain regions is noted to be important in maintaining overall brain functioning. Research
         indicates that damage to these bundles of fibers in, say, the parietal areas could
         affect projections to regions such as the temporal.[14]     Thus, I suggest that if these regional connections can be weakened by disease
         or trauma (e.g., traumatic brain injury), then strengthening one area may help others,
         or at the very least generate better connectivity. Though there is currently no definitive
         proof that this in fact happens, further research in the years to come might shed
         some light on this topic.
      

      
      In conclusion, one might ask, should I incorporate video or mental games into my everyday
         efforts to maintain a healthy brain? Well, I believe the question is not so much should
         you, as how much, and in what ways. I believe there is a definitive answer to this
         question, and though some websites suggest that you can identify a weak area—which
         is true—it may not be the area that is of greatest concern, and targeting it may not
         help you maintain overall health. Therefore, the best advice is to alter your activities
         on an ongoing basis and exercise your whole brain, not just parts of it.
      

      
      Cognitive Training and Alzheimer’s Disease Neuropathology

      
      As evident from its classification, a neurodegenerative condition such as AD is a
         progressive and debilitating condition. However, despite this designation, the potential
         for cognitive plasticity is still present. In fact, evidence indicates that cognitive
         plasticity (i.e., the ability of the brain to adapt) can be observed in early AD.
         Research on AD patients has demonstrated greater activation in brain regions supporting
         memory and execution activities, indicating that the damaged brain is working harder.[15]     In support of this, pathological research has noted that increases can be seen
         in synaptic contrast size.[16]     Thus, the theory is that early stage AD creates an environment where the brain
         is attempting to compensate for deficits by increasing synaptic size and activity.
         Inducing changes in brain processes allows one to handle the onset of AD, but only
         for variable amounts of time. Not assisting with this process, in my opinion, means
         AD can progress more quickly, especially in certain individuals who are ill prepared
         to adapt to new challenges or changes in brain chemistry and structure. Evidence suggests
         that nonpharmacological adjunctive interventions such as cognitive stimulation activities,
         in conjunction with medication, can enhance one’s abilities beyond what can be observed
         in just taking medication alone.[17]    
      

      
      Cognitive Training and AD

      
      Rehabilitative procedures for AD patients are a relatively new area of research, and
         by no means is there expansive literature on this topic. A large review of the research
         in 2006 yielded nineteen solid studies (where proper protocol was followed and proper
         controls were put in place) focusing on cognitive training for individuals experiencing
         AD.[18]     Interestingly, on average there were only sixteen subjects per study, suggesting
         that cognitive training among this population group has by no means been studied on
         a large scale. Overall, cognitive training does appear to provide some benefit, but
         what is causing this benefit is up for interpretation. It could be merely that the
         individual is routinely engaged in tasks with another individual, and it is this ongoing
         attention that helps improve mood and attention, keeping the individual generally
         mentally active. It could also be that restorative strategies (which work around the
         deficit but focus on keeping the brain active), as opposed to compensatory strategies
         (which try to fix a specific deficit), are more beneficial.
      

      
      Additional research has indicated that when individuals with AD are provided opportunities
         to engage in cognitive training or cognitive rehabilitation programs, significant
         improvements occur. Specifically, one procedure showed cognitive improvement through
         the use of a computer-based program task, with improvements in memory (short term
         and long term), perception, and attention. In addition, studies of mild cognitive
         impairment (MCI) patients showed significant increases in working memory and psychomotor
         learning (understanding where to move when requested). Overall, significant improvements
         were observed on the Mini Mental Status Exam (MMSE), in verbal fluency, and on planning
         and organizing tasks.[19]     One program addressed the effectiveness of using a specified cognitive stimulation
         procedure versus a more global approach. Results showed that global stimulation, rather
         than specific cognitive procedures, is more successful (similar to what is reported
         above), as evidenced by improvements in verbal fluency, behavioral disturbances, and
         caregiver stress.[20]     Other approaches suggest that the most effective measure to slow the progression
         of AD is through the combination of cognitive training procedures and pharmacological
         treatments (e.g., cholinesterase inhibitors).[21]     Mildly impaired AD patients on cholinesterase inhibitors exhibited improved performance
         on orientation, learning of face-name associations, speed of processing, and specific
         functional abilities. This group also benefited from weekly stimulation of their memories
         and language ability, which in turn improved cognitive functioning and activities
         of daily living.
      

      
      Functional skills training was associated with successful maintenance of cognitive
         gains over a three-month interval. Two primary points noted by researchers is that
         functional training that more closely resembled real-world situations resulted in
         the greatest benefit to patients, and improved performance on these functional tests
         may be a direct result of visuomotor training. Thus, this study noted the importance
         of visuomotor processing in providing a positive effect on cognitive improvement for
         AD patients.[22] This suggests that future research needs to explore this type of design to determine
         the overreaching effects.
      

      
      Although many of the studies presented here demonstrate general cognitive improvement,
         the results should be tempered by the fact that these improvements are not observed
         in all domains or in all studies, especially when individuals have reached a more
         advanced stage of moderate to severe impairment. Although cognitive gains were not
         observed in all patients, their performance in some cases remained at a relatively
         stable level, providing optimism that the neurodegenerative disease was encountering
         resistance of some kind.
      

      
      Three major points can be drawn from this review of AD and cognitive training. One
         is that this process demonstrates success, evidenced by substantial cognitive change
         on many levels. Second, since these substantial changes can be observed, the opportunity
         exists to address this disease on different levels. Finally, training initiatives
         should be extended to address the more global impairments associated with AD. To date,
         cognitive training programs have been mainly pilot applications for AD patients. Thus,
         there has been limited focus on the stimulation of various brain regions—for example,
         the parietal region, which has had limited examination even though considerable deficits
         can be observed, especially in visually guided motor tasks.[23]     Thus, to deal with deficits in visuomotor/visuospatial (e.g., parietal lobe activities)
         performance and promote global rehabilitation (noted to affect general cognitive decline),
         designing training procedures to engage the parietal networks could be a viable option
         in rehabilitating a region substantially affected by the progression of AD.[24]     These procedures could improve the quality of life for many individuals, and
         further investigation is needed.
      

      
      The Cost-Effectiveness of Cognitive Stimulation Therapy

      
      First and foremost, when one reads the term cost-effectiveness, one thinks about how much money can be saved. But cost-effectiveness needs to be
         examined on a larger scale; governments need to be aware that a little bit of money
         up front could potentially protect their citizens from a more serious and drastic
         decline when faced with a dementia-related illness. On a personal front, cost-effectiveness
         can also refer to the cost of maintaining one’s level of ability for as long as possible,
         and to “retain oneself” is of such importance that individuals need to be aware of
         the cost of doing nothing.
      

      
      The overall picture is this: research on cognitive stimulation therapy (CST) demonstrates
         its capacity to be a cost-effective option for the treatment of AD. Quality of life
         and cognition improvements can be observed with the introduction of cognitive stimulation
         therapy. CST improvements are more beneficial when compared to standard treatments.[25]     This research also highlights the importance of using cognitive therapy techniques
         to address dementia-related illnesses and the advantages that can be gained with the
         application of straightforward cognitive programs within these populations. To further
         examine these interventions, the next section will give an understanding of the true
         monetary and human costs associated with this type of activity.
      

      
      CST’s Monetary and Human Costs

      
      The cost breakdown of how effective CST programs are or can be has received relatively
         limited examination since there is no one way to evaluate these types of programs.
         Deciding on what to measure, and how to measure it, influences the cost greatly. In
         addition, because of these inconsistencies, trying to make direct comparisons across
         different studies can prove difficult. However, despite these issues, great strides
         have been taken to try to pin down costs associated with CST.
      

      
      A study in 2006 examined the cost-effectiveness of CST in the UK in an effort to understand
         the willingness to pay for cognitive change. The authors mapped things such as the
         cost of achieving a one-point increase on a cognitive scale such as the MMSE, which
         was put at £102.00 ($156.00 USD). For the quality of life scale, a one-point change
         cost £22.82 ($36.00 USD). These amounts, particularly the second, were deemed relatively
         low since families indicated that they would pay on average £100.00 ($154.00 USD)
         for effective change. These authors noted that a one-point decline in the MMSE score
         for an individual just taking medication (donepezil) was equated to £56.00 ($86.00
         USD) of the direct cost to health and social care. This number excludes the costs
         of medication and institutionalization, which of course would be significant. Thus,
         they suggest that CST could be of greater value monetarily and would be far superior
         to relying on medication only for treatment. Finally, they wondered if the factor
         affecting this change in the CST groups could be related to the social component of
         CST and not the intervention itself. However, the researchers examined control data
         for social-only groups and determined that the difference was in fact due to CST and
         not just the social interaction.[26]     Though this research focused primarily on monetary concerns, I think it would
         be safe to say that an increase in one’s quality of life scores, rather than seeing
         a continual decrease, is a significant gain for both the individuals and their families,
         thus reducing the “human cost” as well.
      

      
      Additional studies not examining either of these costs directly have nevertheless
         shown that cognitive programs are successful in creating cognitive change. On average,
         a yearly decrease of 1.8 to 4.2 points in the MMSE score is typical for an AD patient.[27]     Given this understanding, several researchers have demonstrated that cognitive
         therapy programs can counteract this decline (note that no movement in scores at all
         would in fact be a gain with this disease). Research suggests that the longer and
         more often one engages in cognitive training programs, the greater the effect they
         have on staving off significant cognitive decline and increasing the time individuals
         are able to stay at home.[28]     It has also been suggested that maintenance (ongoing cognitive activities) is
         essential for individuals with AD. Thus, cognitive programs are good opportunities
         to effect immediate change; however, research has also suggested that these programs
         need to have periods of ongoing activity to help maintain cognitive gains. If they
         do not, individuals can deteriorate as early as twenty-three weeks after the cognitive
         intervention.
      

      
      Researchers have also examined interventions related to managing AD and dementia patients.
         Many facilities report issues related to agitation, behavioral disturbances, and physical
         injuries (e.g., falls). One study in 2012 noted that with the application of a behavior
         management program, which was a combination therapy program that included elements
         of music, memory props, and tailored DVDs related to comfort and stimulation, resulted
         in individuals increasing their engagement with the staff and reducing their agitation
         levels, which in turn reduced time spent handling upset residents and freed staff
         up to engage in better care. In addition, these researchers noted that falls were
         reduced by 32.5 percent during the first six months of this study.[29]     It is important to note that this program used a combination of therapies for
         behavior management, including stimulation activities. Though many of these results
         are observational only, I think it ties in well with the theory that cognitive stimulation
         activities have a multitude of benefits and can be easily applied and implemented
         in various settings.
      

      
      Though I have not listed any direct cost related to these programs, you can be assured
         that maintaining an individual in a community and at home is, on a personal level,
         less stressful for the individual and for family members as well. Of course, direct
         caregivers are an exception, since they experience significant amounts of stress at
         times dealing with their loved one, and having to choose a long-term placement (if
         available and one can afford it) is a very difficult decision. Thus, having cognitive
         training programs in place that are accessible, ongoing, and utilized effectively
         by the community could be cost-effective, especially when you look at the figures
         involved in treating individuals as we have in the past.
      

      
      Data from U.S. Alzheimer’s Society suggest that if we can delay long-term nursing
         home care by one month, one billion dollars a year could be saved.[30]     In addition, a report from the Alzheimer’s Society of Ontario, Canada, noted
         that by promoting prevention programs (which includes cognitive programs), as much
         as eleven billion dollars could be saved over the next decade, including a reduction
         of sixty-three thousand new cases of AD each year.[31]     Prevention programs and activities such as the ones discussed in this book can
         help delay the onset of dementia. In addition to these significant cost savings, which
         hopefully do not go unnoticed by governments and communities, there is the personal
         cost savings. If this were happening to you or your loved one, what would you give
         to get back five years, or even one year, of good brain health? What would that be
         worth? What would it be worth to maintain one’s autonomy or sense of self for just
         an extra six months? Programs such as these may add years of good cognitive health,
         and to many this would be priceless. Thus, the “human cost” is incalculable and should
         never be taken for granted.
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      Chapter 8

      Cognitive Enhancements

      
         
         
      

      
      After reading this chapter, you should be able to answer the following questions:

      
      
         	
            
            Are there medications available that can affect my cognitive performance?

         

         
         	
            Is there a prescription for Alzheimer’s disease?

         

         
         	
            What is the role of neurotransmitters?

         

      

       

      Cognitive enhancements is a term used for pharmacological interventions to boost cognitive performance,
         and it is a term that will increase in familiarity in the years to come. In regard
         to aging and age-related degeneration, most cognitive enhancement medications have
         been developed to combat cognitive decline related to dementia-related disturbances,
         mainly for individuals with possible or probable Alzheimer’s disease. I will discuss
         in detail in this chapter medications that are commonly used for the treatment of
         dementia-related decline. However, before I provide this review, I want to talk in
         general about the rise of cognitive enhancement drugs, how they are currently being
         used, and how they might be used in the future.
      

      
      In recent years, there have been increasing reports of the use of neuroenhancers (i.e.,
         “smart drugs”), showing that in some circles they have been gaining in popularity.
         Though the goal of neural enhancement is medications that can alter the course of
         specific cognitive impairments, as with many things in our society, segments of the
         population will undoubtedly come up with alternative ways to use such resources. One
         novel approach has been to evaluate if these same types of drugs can improve normal
         cognitive performance.
      

      
      Cognition, or thought processes, often gets boiled down to a few things, such as planning,
         memory retrieval, and decision making, and as such it is examined in relation to one’s
         errorless performance, speed of processing, and judgment ability. Though researchers
         are great at applying arbitrary separation between these abilities and then measuring
         performance via specific output scales, the truth is that these measurements fall
         well short of defining “innate” cognitive processing. In fact, though neuroscience
         has made great advances, we actually still do not know much about neurobiology as
         it relates to characteristics of cognitive networks.[1]     Despite these shortcomings, scientists have pushed forward by examining the drugs
         known as cognitive enhancers, called this because of the effects they have on an individual’s
         physiological state. By “physiological state” I mean a change, for instance, in an
         individual’s arousal level (e.g., attention).
      

      
      The “list of drugs potentially enhancing memory is rather long and includes drugs
         acting on neurotransmitters, on hormones, on transduction systems and brain perfusion
         and metabolism.”[2]     One of the main concerns with any drug is determining its effects on one set
         of desired outcomes (“brain gains”) at the expense of other physiological processes.
         For example, differences in attention are commonly observed with the use of a drug
         such as methylphenidate (Ritalin) in an effort to determine performance on and off
         the medication. Ritalin, though commonly prescribed to individuals experiencing attentional
         disorders, has also been examined for its effects on normally functioning individuals.
         Initially, it was thought that if this drug can correct attentional issues in “dysfunctioning”
         brains, then it could possibly create a heightened ability in a “normal” brain. In
         fact, many media sources have reported that university students use Ritalin to improve
         “memory recall” and “boost brain power,” with little attention paid to its actual
         effect in retaining information.[3]     Though certain short-term effects on attention and arousal appear beneficial
         for users of Ritalin, researchers suggest that after twenty-four hours these effects
         can dissipate. Also, high concentrations can actually induce impairment, rather than
         improve performance. However, results vary widely, and it often depends on the individual
         and the situation.[4]     In summary, Ritalin has generally not been very successful for enhancing “brain
         power” in regard to long-term learning, and extensive nonprescription use might create
         an impairment.
      

      
      Another drug recently examined is modafinil (Provigil). Around for about twenty years,
         it was initially marketed for excessive sleepiness. However, as with Ritalin, modafinil
         has been examined to determine if it can improve mental performance in normally functioning
         individuals. Current reports have suggested that, at best, it has selective ability
         to improve some areas related to attention, and some mild effects have been noted
         in working memory. Thus, similar to Ritalin, this drug can affect attention, most
         likely due to increased arousal, resulting in some improvement in working memory.[5]    
      

      
      The larger question in relation to these drugs is if cognition is affected or altered.
         Research to date suggests that only changes in physiology occur, and this type of
         medication does not seem to offer long-term or markedly large changes in one’s intelligence.
         If it did, I’m certain it would be in much greater demand, and “we the public” would
         have heard much more about these miraculous effects.
      

      
      So this leaves a lingering question: are there drugs in the works that can alter long-term
         cognition for individuals with average ability? The quick answer is yes. Researchers
         are currently examining the properties of several drugs, some of which are quite common
         (e.g., caffeine and nicotine) and some not so common (e.g., ampakine). All drugs thought
         to have cognitive-enhancing properties should be examined to see if long-term performance
         and improved memory ability can be achieved, which would provide us with a better
         understanding of their effects on cognitive ability.
      

      
      Ampakine is a drug identified to affect AMPA-type glutamate neuroreceptors (meaning
         it increases energy levels at certain sites in the brain). One study recently examined
         if rats given the drug could increase their performance on complex behavioral tasks.
         What researchers found was that rats actually exceeded their expected ability, and
         the effects of the drug lasted long after use, indicating complex cognitive processes
         were affected.[6]     Whether this ability can be observed in humans is yet to be determined, but assuredly
         several studies are underway to examine ways we can expand our performance beyond
         its predetermined level. Current drugs under investigation include piracetam, aniracetam,
         nimodipine, idebenone, mirtazapine, oxiracetam, and nefiracetam, to name a few. These
         drugs are known to have varying effects on memory and attention and continue to be
         examined in relation to “off label” (not as directed) use. In addition to experiments
         with these manufactured drugs, there has also been a boom in nutritional products
         that might increase cognitive ability the natural way, though the evidence is not
         clear. This industry alone has reached a billion dollars annually in the United States.[7]    
      

      
      Why is there so much interest in this area of research right now? One reason could
         be that, as a “global village,” we are increasingly exposed, or some might say overexposed,
         to significant amounts of information. Some might believe the best way to handle this
         “hyper-technological age” is through the use of cognitive-enhancing materials. If
         I want to get ahead and stay up-to-date with all this information, one way I may be
         able to help myself is by increasing my brain capacity. When you can go into any electronics
         store and pick up an external terabyte hard drive, you know we are in an age where
         information is dominant. To keep up with this increase, many are seeking ways to enhance
         their minds, explaining the billion dollars spent annually in the United States alone,
         despite some mixed results. Another explanation could be our aging workforce. Many
         individuals currently are working into their retirement years and might be looking
         for that little extra help to maintain or enhance their own personal performance.
         In addition, people are simply living longer, and cognitive diseases that may not
         have been an issue years ago (because higher mortality rates at earlier ages reduced
         the number of elderly worldwide) are becoming more apparent, simply by the shear number
         of individuals faced with an aging brain. One might argue that aging generations are
         also better informed on their options as they move into their later years. Whatever
         the reasons may be, there is a great interest in maintaining one’s cognitive ability,
         and rightly so!
      

      
      Though it is apparent that maintaining cognitive vivacity is of great importance to
         our world’s normal aging population, it is also of great importance to individuals
         experiencing cognitive difficulties. Alzheimer’s disease has been the poster child
         for cognitive impairment, and as a result much research has gone into examining ways
         to alter its progression. One of the ways researchers have been trying to do this
         is through the medications that affect the transmission of information within the
         brain. These medications do not directly combat the disease but instead use alternative
         means to keep the brain as active as possible and provide it assistance by increasing
         the “tools” available to the individual. I will describe some of the most recognized
         medications currently used and prescribed below.
      

      
      Neurotransmitters (Brain Messengers)

      
      Before I describe current medication designed to combat the effects of cognitive impairment,
         I would like to provide some information about neurotransmitters and their role in
         your brain’s ability to send messages. The brain is made up of around eighty-six billion
         neurons, each of which makes connections with other neurons in your brain.[8]     In order to work with one another, they need to send and receive information.
         This occurs by sending special messengers called neurotransmitters across the small
         gap (known as a synapse) between the cells. In some cases, the goal is to excite the
         neuron into generating an action (e.g., pay attention to these directions); in others,
         to inhibit an action (e.g., don’t drop your coffee even though it is hot). Thus, the
         number and type of neurotransmitters being sent across the synapse will depend on
         the ability of the neuron to act. Current medications for Alzheimer’s disease focus
         on altering the amount and type of neurotransmitters available in the synapse junction,
         and this subsequently affects the ability of the neuron. Such medications primarily
         increase two types of neurotransmitters: acetylcholine and glutamate. The goal is
         to increase the amount of acetylcholine and glutamate available in the synapses, which
         helps facilitate messages being sent and received between neurons. However, it is
         important to keep in mind that in a neurodegenerative condition such as Alzheimer’s
         disease, this process will only be beneficial for a certain amount of time, and results
         can vary widely based on the individual. Despite this, these medications can be very
         effective for certain durations of time, and in some cases I have seen individuals
         regain lost abilities, though not permanently.
      

      
      When an individual receives a diagnosis of possible or probable AD, one of the first
         questions families often have is, what can we do? It is important to understand that
         a disease such as Alzheimer’s cannot be eradicated by a vaccination or reversed by
         medications—yet! However, medications can treat the symptoms of Alzheimer’s disease.
         The goal, therefore, is to give these individuals the ability to maintain cognitive
         ability for as long as possible through the alteration of their “brain resources.”
      

      
      Primary Medications Used to Treat Alzheimer’s Disease

      
      Common medication treatments for Alzheimer’s disease in North America are the following:
         Aricept (donepezil), Exelon (rivastigmine), Reminyl (galantamine hydrobromide), Ebixa
         or Namenda (memantine hydrochloride), and Cognex (tacrine). Note that all information
         about medications is available at the manufacturers’ websites (including updates).
         The following information about medications was retrieved from the Alzheimer’s Societies:
         United States, Canada, and the United Kingdom (http://www.alzheimer.ca/en/Living-with-dementia/Treatment-options/Drugs-approved-for-Alzheimers-disease [Alzheimer’s Society Canada]; http://www.alz.org/research/science/alzheimers_disease_treatments.asp#approved [Alzheimer’s Society U.S.]; http://www.alzheimers.org.uk/site/scripts/documents_info.php?documentID=147 [Alzheimer’s Society U.K.]
      

      
      Aricept

      
      Aricept (donepezil): Intended for use with mild to moderate AD (5 mg white tablets;
         after four to six weeks, 10 mg yellow tablets all contain donepezil hydrochloride).
      

      
      Aricept is a “cholinesterase inhibitor.” It is designed to inhibit acetylcholinesterase,
         the enzyme responsible for breaking down acetylcholine. AD is noted to reduce the
         amount of acetylcholine, creating disruption in learning and memory. The subsequent
         effect of Aricept is that it increases the amount of acetylcholine, thereby increasing
         the potential for neuron transmission and improving sensitivity in receptor regions.
         Thus, the role of Aricept is to minimize the effects of disease progression.
      

      
      Before taking Aricept, notify your physician if any of these conditions exist: if
         you are allergic to donepezil hydrochloride or piperidine derivatives such as Mycobutin
         (rifabutin), Ritalin (methylphenidate), Akineton (biperiden HCI), Artane (trihexyphenidyl
         HCI), Bupivacaine HCI, and Paxil (paroxetine HCI); if you have a condition affecting
         your heart (rhythm disorder) or your lungs (asthma); if you have had seizures; if
         you have had fainting spells; and if you have a history of peptic ulcers or have an
         increased risk of developing ulcers (for example, if you are taking nonsteroidal anti-inflammatory
         drugs [NSAIDs] or high doses of acetylsalicylic acid [ASA/Aspirin]), or have an enlarged
         prostate. Aricept should not be used if you are pregnant or breastfeeding.
      

      
      Exelon

      
      Exelon (rivastigmine): Intended for use with mild to moderate AD (3–6 mg twice daily;
         12 mg daily often prescribed).
      

      
      Exelon is another cholinesterase inhibitor. It targets the cholinesterase enzyme that
         is normally broken down by acetylcholine. As with Aricept, the goal of Exelon is to
         increase the amount of acetylcholine available to the brain. Exelon facilitates greater
         interaction between nerve cells and heightens sensitivity in receptors, helping with
         cognition and memory processes.
      

      
      Before taking Exelon, notify your physician if any of these conditions exist: any
         conditions affecting your heart or lungs; if you have seizures; if you have had fainting
         spells; and if you have a history of peptic ulcers or have increased risk of developing
         ulcers (for example, if you are taking nonsteroidal anti-inflammatory drugs [NSAIDs]
         or high doses of acetylsalicylic acid [ASA/Aspirin]).
      

      
      Reminyl

      
      Reminyl (Razadyne in the United States) (galantamine hydrobromide): Intended for use
         with mild to moderate AD (extended-release tablet taken once daily; 8–24 mg often
         prescribed; 8 mg white capsule, 16 mg pink capsule, 24 mg caramel opaque capsules).
      

      
      Reminyl is another cholinesterase inhibitor designed to treat symptoms of AD. Galantamine
         is designed to prevent acetylcholinesterase (the process involved in breaking down
         acetylcholine compound). Galantamine also increases the activity of the acetylcholine
         present in the brain. Thus, as with the others, it is designed to help cognitive functions,
         such as thinking and problem solving.
      

      
      Before taking Reminyl, notify your physician if any of these conditions exist: if
         you have a heart disorder, liver problems, kidney problems, stomach ulcer or a history
         of ulcer, acute abdominal pain, disorders of the nervous system (like epilepsy), respiratory
         diseases that interfere with breathing (like asthma), a recent operation on the stomach
         or bladder, or difficulties in passing urine; if you have an increased risk of developing
         ulcers (for example, if you are currently using nonsteroidal anti-inflammatory drugs
         [NSAIDs] or high doses of acetylsalicylic acid [ASA/Aspirin]) or fungal infections,
         or if you are a woman of childbearing age, pregnant, possibly pregnant, or a nursing
         mother.
      

      
      Exiba

      
      Ebixa or Namenda (memantine hydrochloride): Intended for use with moderate to severe
         AD (Ebixa starts at 5 mg a day up to 20 mg per day).
      

      
      Ebixa (NMDA, n-methyl-D-aspartate) is a “receptor antagonist.” This amino acid derivate
         reacts as an agonist at the NMDA receptor sites. It creates an effect similar to the
         neurotransmitter glutamate, noted to be involved in transmitting nerve signals (important
         for learning and memory). Thus, changing the levels of glutamate can contribute to
         reducing symptoms observed in AD.
      

      
      Before taking Ebixa, notify your physician if you have any medical conditions, including
         heart problems, uncontrolled hypertension (high blood pressure), a history of seizures
         or kidney disease; any medications, including prescriptions and nonprescriptions,
         that you are currently taking or have taken within the last fourteen days; if you
         have ever had an allergic reaction to any medication; if you have a urinary tract
         infection or kidney problems; if you have recently changed your diet substantially
         (e.g., from a diet including meat to a vegetarian diet); or if you smoke.
      

      
      Cognex

      
      Cognex (tacrine): This drug is not actively marketed by the manufacturer but is still
         available.
      

      
      Cognex is another cholinesterase inhibitor designed to treat symptoms of AD. Cognex
         prevents the breakdown of acetylcholinesterase, thus increasing the amount of acetylcholine
         in the brain. This was the first AD drug approved by the FDA; however, it has limited
         use these days due to three main reasons: it must be taken four times daily, it has
         a number of unpleasant side effects (nausea, diarrhea), and it may cause serious liver
         damage.
      

       

      Your physician should always be notified if you are on any other medications. All
         of these medications take as long as twelve weeks before benefit is observed; however,
         as with any medication, times can vary.
      

      
      Finally, I have provided this list as a general guideline for individuals to understand
         what is generally known about these medications. The examples of quantities taken
         are just that—an example of common dosages. The reader should also be aware that new
         medications are in the development stage, and current medications are continuously
         followed to ensure the best possible outcomes. Thus, changes in recommended treatment
         programs may vary as the research unfolds.
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      Chapter 9

      What Is Mild Cognitive Impairment?

      
         
         
      

      
      After reading this chapter, you should be able to answer the following questions:

      
      
         	
            
            If I have MCI, will I get AD?

         

         
         	
            What are the two subtypes of MCI?

         

         
         	
            What areas of my brain are affected?

         

         
         	
            How do I know if I have MCI?

         

      

       

      Mild cognitive impairment (MCI) is a condition that can affect an individual’s memory
         retrieval, visuospatial performance, and language and attention skills below the expected
         normal performance for that individual’s given ability, but without significantly
         interfering with everyday functioning. Two subtypes of MCI have been identified: amnestic
         (predominately affecting memory) and nonamnestic (not significantly affecting memory).
      

      
      MCI often becomes a concern as a result of self-realization, in that individuals begin
         to believe that their normal ability is somewhat impaired. These individuals normally
         have good insight and a good understanding of their abilities and are usually the
         first to say something does not seem right. They often report to primary-care centers
         with complaints that their performance is below what they expect of themselves. These
         are complaints related to one aspect of their life only (e.g., memory or language)
         and not two or more. Two or more areas of concern would move these individuals into
         a category involving a dementia diagnosis. Thus, the hallmark of MCI is that it is
         a deficit in one area of functioning and not several, unlike, for example, Alzheimer’s
         disease, where two or more areas of concern would be needed for a diagnosis.
      

      
      As noted above, there are currently two subtypes for this illness. Amnestic MCI refers
         to the fact that the individual is having a problem strictly relating to an aspect
         of memory, but no other deficits outside of this concern are noted. With nonamnestic
         MCI, concerns are related to a cognitive area not relying on memory, such as attention,
         language-finding ability, or visually guided movements. Remember, these concerns must
         be out of the ordinary and must be significantly impacting one’s ability to perform
         at a normal, everyday level. This does not mean, for instance, that if you forgot
         where you placed your car keys twice last week, you must have a mild cognitive impairment.
         It is important to remember that it has to significantly affect your everyday functioning
         and, based on your “normal” functioning, seem very out of the ordinary, to the extent
         that you notice it impacting your life. An example might be forgetting where you placed
         your keys four times a week for the last few weeks, and noticing that they turn up
         in the freezer or microwave oven. If you never forgot your keys before and this is
         impacting your ability to perform everyday activities, then this could be a concern
         and you need to be evaluated for MCI or another illness. Please keep in mind that
         I have offered this example just as a guideline of a type of behavior that might fall
         into the realm of MCI or possible dementia.
      

      
      We as humans personalize information in an effort to understand it and to make sense
         of it. Thus, when receiving a diagnosis of, for instance, MCI, we do not often ask
         what pathologically is going on in my brain. Usually what we want to know is how it’s
         going to affect us (i.e., behaviorally). How am I going to function every day? What
         does the future hold? What can I do? And will this be noticeable to everyone around
         me? These are just some of the questions individuals often have when faced with a
         diagnosis. I will address these questions at the conclusion of this chapter, but first
         let’s focus on the brain and understand pathologically what is occurring to give us
         some insight into what might be contributing to an MCI deficit.
      

      
      Pathology of MCI

      
      This would be an extremely easy chapter to write if we could say that X causes Y.
         However, like most things in neuroscience, it is never that simple. I think one group
         of researchers said it best when they noted that “there is no silver bullet” at this
         time that fits the diverse pathologic, molecular, and cellular constellation of events
         that occur in the MCI brain.[1]     There are a number of bad events happening as your brain and body age, and several
         of these events may impact your cognitive ability and lead to a cognitive impairment such as MCI or,
         even more drastically, a dementia-related illness. Which events specifically are responsible
         for causing an MCI deficit are not known for sure, and in reality it is more likely
         that it takes a number of events working together (synergistically) to cause the progression
         to cognitive impairment. In addition, how an individual’s brain reacts to these “negative”
         events can be influenced, I believe, by what the individual has historically done
         and is currently doing to protect his or her health (brain and body). As researchers,
         we are not sure what triggers MCI, and it could be one or several things, leading
         to a cascade of issues creating cognitive disruption in one’s brain. Individuals will
         not know what is occurring, for example, on a chemical level in their brains; they
         may, however, receive behavioral feedback though a reduction in certain abilities.
         In the case of MCI, this behavioral impact can be minimal and may be a warning sign
         of what might be on the horizon. In the following sections, I have highlighted a few of these events
         that could be underway. However, please remember these are examples of what could
         be occurring (and are by no means an exhaustive list). Again, each individual is exactly
         that—individual—and how the brain responds will be quite different from one person
         to the next.
      

      
      Neurofibrillary Tangles

      
      In Alzheimer’s disease pathology, it is currently suggested, based on postmortem examinations
         of several individuals’ brains who were afflicted with Alzheimer’s disease and who
         displayed neurofibrillary tangles (NFT) throughout the progression of the illness,
         that the disease follows a certain staging process.[2]     MCI individuals have selective areas affected by these tangles, and they are
         not as widespread as you would see in AD cases. Areas affected in MCI individuals
         are primarily in the hippocampus, an area noted for memory, and in the parietal areas,
         concerned with sensory perception, language, and sensorimotor integration (which can
         affect your visually guided movements).[3]     This pathology of events (as it relates only to NFTs) fits well with behavioral
         explanations provided above and could be one of the primary issues in an MCI brain.
      

      
      Amyloid

      
      Beta-amyloid plaques, when seen widespread across the brain, are one of the primary
         links in our understanding of what is affecting neural transmission in Alzheimer’s
         disease. In regard to MCI, these plaques are present, but until they move into the
         neurons the effects are minimal.[4]     In fact, individuals with MCI and some with no identified deficits have shown
         significant amounts of beta-amyloid plaques in their brains in postmortem examinations,
         but without the cognitive impairments observed in, for example, an individual with
         Alzheimer’s disease. Thus, the link between the pathology and behavior is not clear.[5]     So trying to use beta-amyloid as a biological marker to distinguish a normal
         individual from an MCI individual does not appear to be a valid process.[6]     However, what does appear to be important about these plaques is that once they
         move into specific areas of the brain, affecting neurons directly (neuritic plaques),
         and move deeper into the cortex, individuals are more likely to experience cognitive
         difficulties, and thus show behavioral deficits that could then be identified as MCI.
         The role of these amyloid plaques is to stop transmission between brain regions. However,
         dynamic brains have more than one route along which to send information between regions.
         Thus, for some individuals a greater amount plaque development (specifically, neuritic
         plaques) may need to be present to cause behavioral disruption. Without this behavioral
         change, it’s highly unlikely individuals would be aware there was an issue or actually
         have themselves checked out for dementia-related concerns.
      

      
      MCI, Plasticity, and Neurons

      
      As has been noted in various places in this book, neurogenesis (or synaptogenesis)
         plays an important part in maintaining a healthy brain. We all have the ability to
         create new neurons, and we all have the capacity for brain plasticity at any age.
         This ability, from a neuropathological standpoint, often becomes disrupted in conjunction
         with forms of neurodegenerative disease such as AD or MCI. In fact, research has shown
         that brain plasticity is affected in AD and MCI cases via reductions in proteins such
         as PSD95 and F-actin, both of which play an important role in stimulating neurogenesis.[7]     Thus, slowing or interrupting neurogenesis can create impairments such as MCI,
         which I would suggest could be a result of a neurogenic imbalance (good brain processes
         affected by bad habits within one’s brain)—but only to a certain extent, in that the
         effects of a full disease state are not significantly present. In addition, what might
         be more prominent in these cases is vascular issues (i.e., the blood vessels or blood
         flow affected). Many subtypes of dementia are now being linked to small or large blood
         vessel disruptions. These disruptions can set the stage for the development of MCI
         or a more serious dementia disease.[8]     As researchers and clinicians move forward, this can and should be examined in
         each individual case.
      

      
      Another issue recently examined in individuals with MCI is what’s occurring in the
         receptor areas between neurons that want to talk to each other. Researchers have been
         trying to establish whether the neurons doing the talking (transmission) are having
         problems sending the message or the neurons listening (binding) are having trouble
         getting the message. There are of course many types of receptors and different types
         of chemicals (neurotransmitters) being transmitted between neurons. However, the one
         primarily of interest in both AD and MCI is acetylcholine (pronounced uh-seet-i-koh-leen).
         Acetylcholine tells the other neuron to get moving and send the signal; it needs to
         get the job done quickly because it has a short lifespan and is terminated quickly
         by acetylcholinesterase. In AD this has been studied fairly extensively, and many
         of the current medications used to combat symptoms of dementia are designed to increase
         available acetylcholine, which is an attempt to increase signals between neurons.
         In MCI, however, there has not been a significant amount of work done on these cases.
         Research has shown that if an MCI individual has a deficit in the binding site (message
         receiver site), they are most likely to progress to AD.[9]     Why this is so is currently not known, but if this can be examined more closely
         to determine why it is happening in early-stage MCI, then it may provide some clues
         to how the process could be stopped or possibly reversed.
      

      
      Identifying MCI

      
      One of the major issues with identifying individuals with MCI is that they can often
         evolve into other disease states. This certainly does not mean that MCI is the link
         to other neurological diseases, but in many instances it has been identified as a
         precursor. Be aware that this is not always the case, and some individuals will maintain
         an MCI diagnosis for the duration of their life and thus never transition into a different
         disease state. However, arguments about this process vary widely.
      

      
      Despite the information available, one of the primary questions individuals receiving
         an MCI diagnosis have is, If I have MCI, will I automatically progress to AD? Well,
         the quick answer is that not all MCI individuals will develop a dementia-related illness,
         but they are at an increased risk.[10]     People recognize that cognitive impairment, including its symptoms, can be closely
         related to AD. Thus, there is great fear, and rightly so, among these individuals.
         They need and want to know what this means for them going forward. A clear understanding
         of what having MCI means varies. Below, I specifically outline some of the evidence
         of a connection between MCI and AD.
      

      
      Researchers have shown that a combination of things can indicate if someone will progress
         from MCI to AD. One prominent example is biomarkers (biological evidence obtained,
         for example, through the collection of cerebrospinal fluid [CSF]). Results have shown
         that the risk of progression to AD was substantially increased in patients diagnosed
         with MCI who showed pathological concentrations of T-tau (genetic material that clogs
         the feeding routes of neurons) and Abeta42 (plaques affecting neuron signaling) at
         baseline. A combination of CSF T-tau and Abeta42 at baseline yielded a sensitivity
         of 95 percent and a specificity of 83 percent for the detection of incipient AD. Thus,
         the combination of this material, if observed in MCI, indicates a good chance that
         you will progress to AD.[11]     Researchers determine if one has these specific genetic abnormalities via an
         examination of one’s CSF, a bodily fluid located in the spinal cord and spaces around
         (subarachnoid space) and inside (ventricular system) the brain. This fluid essentially
         acts as protection for the brain. A lumbar puncture is performed to retrieve a sample
         of CSF. The procedure is often performed right in a physician’s office. When you are
         diagnosed with MCI, biomarkers can provide insight into your susceptibility to AD,
         but as a patient you need to be wary of why you are being tested and what is being
         assessed. A lumbar puncture, because it is performed below the spinal cord in the
         L3/L4 area, where only nerve endings are located, has little risk of causing paralysis.
         This danger has been greatly exaggerated based on the location of CSF fluid. However,
         the danger in many clinical settings is very low. General practicing physicians will
         most likely not take a CSF sample, and if they did, they most likely would not have
         a lab that has the expertise to evaluate the sample to determine risk levels and the
         aforementioned genetic markers. It is important, however, to be aware of these biomarkers,
         and that they can help an individual prepare and understand what is to come. Finally,
         I should also note that a lumbar puncture is a very painful procedure and can include
         side effects such as severe headache and stiffness, so understanding all your options
         and your end goal is important before proceeding.
      

      
      There are, of course, other ways researchers try to evaluate the likelihood of an
         individual transitioning from MCI to AD. One of the best noninvasive ways to do this
         is through neuroimaging markers. Researchers measure cortical thickness in certain
         brain locations to determine the likelihood that one will continue to progress to
         full-blown AD. This type of measurement and others are normally used in conjunction
         with behavioral measures in an effort to identify relationships between what can be
         seen in the brain and what this means behaviorally. One study examined MRI imaging
         to determine cortical thickness in patients and then determined how they were performing
         to understand the likelihood that certain individuals would progress to AD. Interestingly,
         they suggest that if there is a reduction in cortical thickness in one’s right inferior
         temporal lobe and a poor behavioral score (less than 15.67) on the Alzheimer’s Disease
         Assessment Scale (ADAS13), then this is a good indication that an individual will
         convert to AD. In fact, they indicated rates on average of 92.7 percent resulting
         in a conversion to AD with this level of behavioral score, and an 88.8 percent rate
         of conversion to AD if one’s cortical thickness was significantly reduced (smaller
         than 2.56 mm3).[12]     As with CSF, evaluating one’s cortical thickness is still a difficult prospect,
         especially if your primary-care physician does not have access to the necessary MRI
         equipment or the expertise to measure cortical thickness properly. As mentioned above,
         a true diagnosis of possible or probable AD will include a neuroimaging examination,
         at which point one could ascertain cortical thickness in certain brain regions. However,
         this type of evaluation is not often undertaken in MCI cases, and with health-care
         resources already at a significant strain, care of this nature may be difficult to
         get or not be very timely if it does occur.
      

      
      MCI and the Everyday

      
      Finally, to conclude this chapter, I would like to address the questions I posed earlier:
         How am I going to function every day? What does the future hold? What can I do? And
         will this be noticeable to everyone around me? These are just some of the questions
         individuals often have when faced with a diagnosis of MCI. Well, first of all, the
         good news about MCI is that it is a mild impairment, and thus there is generally not a significant impact on one’s life, as
         would be the case with a dementia diagnosis. The general complaint individuals have
         about MCI is that they are the ones who are aware that they are not functioning at
         a normal level. Therefore, most likely the individuals around them will not be aware
         of any issues unless the individual points it out. As for functioning every day, because
         MCI individuals are generally aware of their deficits, they can devise strategies
         to compensate when needed. For example, if they were used to remembering implicitly
         when they had an appointment, they could alter this behavior by using an external
         device such as a digital scheduling system to remind them of their appointments. If
         remembering general information such as a friend’s address seems difficult, then they
         might compensate by carrying a standard information sheet for certain important information.
      

      
      As for one’s future, that becomes a difficult question. Could someone continue with
         MCI for a significant amount of time? Certainly. Could he or she transition to a dementia-related
         illness? The answer is also yes. As for what one can do, one can get active, both
         cognitively and physically, as well as watch what one eats and have an understanding
         of the benefits of certain activities and foods. I have within this book provided
         some suggestions around physical and cognitive exercise that are beneficial for everyone
         to engage in, especially as they age, to potentially avoid conditions such as MCI,
         but if you have been given a diagnosis, I would start engaging in all that I have
         suggested as soon as possible, simply because I foresee nothing but great benefits.
         And the sooner one gets going, the better chance the brain will have. Please note
         that although I have highlighted ways to achieving a healthy brain in this book, I
         am simply providing examples of ways to get there, but there is always more than one
         path. If you have a plan and it works well for you, then go with it. Make sure you
         understand the ins and outs of your plan and the schedule you have devised. Remember
         that you are the person who will know best how things are working for you.
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      Chapter 10

      How Do I Know If My Brain Is Aging Normally?

      
         
         
      

      
      After reading this chapter, you should be able to answer the following questions:

      
      
         	
            
            Does my intelligence alter as I age?

         

         
         	
            In which decade of my life might I expect a change in my cognitive ability?

         

         
         	
            Is there an age limit at which having a healthy brain is no longer possible?

         

         
         	
            Will age-related reduction in brain volume result in a cognitive decline?

         

      

      
      Aging Concerns

      
      Aging individuals are often concerned if they are aging at a rate that seems relatively
         comparable to their peers. However, depending on the person and their past experiences,
         the focus of successful aging can, and will be, quite different. For example, individuals
         are interested in understanding various issues, such as: Am I as fast a runner/walker
         as other people my age? Is my golf score the same as others my age? I wonder how my
         Jeopardy performance was this week; am I still quicker and better at answering questions than
         others my age? The point is that individuals use what they know to measure change,
         which for many is based on a personal history of stable performance, providing them
         with a good understanding of what their performance should normally be. A majority
         of us use our normal performance as a benchmark to identify if things are different
         from normal. Of course, this will alter somewhat as we age, but for the most part
         individuals are attuned to how they are likely to perform on any given task. In fact,
         when explaining concerns to anyone, including a family physician, why you believe
         something is substantially different is often accompanied with a report. For example,
         “Well, I used to remember all the names of the seven dwarfs alphabetically, but now
         I have real trouble remembering their names at all.” Changes like this lead people
         to wonder, Am I the same person, or have I lost some ability? Is this normal? This
         in turn results in several other questions: Is this temporary? Will I get worse? How
         concerned should I be? These are important concerns all aging individuals share. The
         real problem for many is distinguishing the normal from the abnormal. I will discuss
         various ways this can be achieved throughout this chapter.
      

      
      To begin, I want to review the concept of variations in cognitive performance and
         what is currently viewed as normal cognitive ability as one ages. Then I will look
         at the general structural changes observed in the brain as one ages, including how
         these structural changes might affect one’s performance, and what we can, and should
         do, to offset this process.
      

      
      Varying Cognitive Ability

      
      Like the majority of things in our world, there is inherent variability in aging,
         meaning in this case that all individuals are not the same. As individuals age, they
         will change at varying rates. This includes, of course, one’s cognitive ability. Therefore,
         it cannot be assumed that if you are old, you have this kind or that kind of cognitive
         deficit by default. Individuals are just that, individual, and strengths and weakness
         you possessed when you were younger are most likely similar to the ones you are more
         aware of as you age. Is it a factor of age that makes these more prevalent, or is
         it a lifetime of experience recognizing what you are good at and what you are not
         good at that makes your deficits more apparent? It may be that many aging individuals
         are quite aware of the deficits they have, and as such they do not even attempt tasks
         they know they are not good at. One might wonder why. Well, it could be that there
         is no joy in doing something you do not want to do, or they have come to terms with
         their poor performance (in whatever task it could be for that person) and they neither
         have the time nor the will to challenge themselves anymore, especially when it can
         be completed by someone else or a machine (e.g., a calculator for simple math). For
         the most part, aging individuals are not in school anymore, and no one is checking
         their homework, so if they are not being challenged, then they will have no reason
         or desire to complete tasks they know are not enjoyable. Could these be reasons that
         individuals exhibit certain deficits? Possibly. But this has not been clearly demonstrated
         to date. Thus, I have included this preamble just as food for thought as I present
         some of the research involved in varying cognitive ability as we age below.
      

      
      Before examining some of the current research being conducted, I would like to point
         out that cognitive ability, or intelligence as used by some researchers, refers to
         different modalities, and these modalities (e.g., perception, memory, judgment, spatial
         manipulation) are often used together either to make composite scores that represent
         one’s ability in a specific cognitive domain (e.g., organization ability) or to provide
         an assessment of overall performance. These types of evaluations are very common and
         provide researchers with the ability to look at distinctions in certain cognitive
         areas or in overall ability. Research has suggested that cognitive performance changes
         as one ages.[1]     Intelligence can be measured through two fundamental processes: fluid and crystallized.
         Fluid intelligence refers to an individual’s ability to solve novel problems, to think
         logically, identifying patterns in mental speed tasks. Crystallized intelligence refers
         to one’s general knowledge store, vocabulary, and word knowledge and is often noted
         to be rooted in one’s educational and vocational experiences. These distinctions are
         important because research has shown that crystallized intelligence remains relatively
         stable throughout the majority of adult life (twenty-five to seventy years old). Fluid
         intelligence results, however, are quite different. For example, in completing a task
         such as coding speed (pattern identification), significant differences can be observed
         between younger and older participants. How much cognitive decline can one expect
         as one ages? Well, these researchers suggest that at an overall group level there
         is a fifteen to thirty IQ point decline, particularly in fluid intelligence, from
         one’s twenties to seventies. After seventy, the decline in fluid abilities is not
         as dramatic and may move on average 7.5 points for each decade.[2]    
      

      
      One of the main difficulties in research of this kind is controlling for environmental
         influences. Though researchers can examine variations within the population and control
         for these factors, one of hardest things to control for is environment; because experiences
         are so varied, it is very difficult to ensure participants share similar environmental
         experiences. With this in mind, further controlled evaluations have been undertaken
         to address these concerns, with the priority of understanding how cognitive changes
         affect individuals in their later years.
      

      
      Controlling for environmental circumstances is clearly difficult; however, a creative
         way this issue has been addressed is by using participants from institutions (e.g.,
         religious organizations). One such study used participants from religious orders.[3]     Researchers examined over a six-year period changes in the cognitive abilities
         of 694 catholic clergy, which included nuns, priests, and brothers. Overall results
         showed a decline in cognitive ability as individuals moved from their sixties to seventies
         (averaging a 0.03 unit of decline) and from their seventies to eighties (averaging
         a 0.011 unit of decline). However, as you can see, the average rate of cognitive decline
         in this study was relativity small. Researchers suggested that this could be due to
         exclusion of individuals experiencing dementia-related disturbance at baseline (the
         start of the study). Individuals who experienced a decline in one cognitive area were
         more likely to experience a decline in another. This result led researchers to conclude
         that cognitive decline is more likely a global factor and not very selective. Interestingly,
         these researchers also noted that individual variability in rates of change included
         improvement, similar performance, and gradual and sharp decline. Thus, basically every
         type of change that could be observed was observed on an individual level. An important
         limitation of this research (as pointed out by the authors) was that these individuals
         were a selective group. Thus, it may prove difficult to generalize the results to
         the population at large. Though this group was highly selective, the findings are
         still very interesting, in that small declines were noted and the majority of individuals
         continued to perform at a fairly decent cognitive level. I think additional evidence
         related to daily activities, including diet, exercise level, and engagement in cognitive
         activities for all involved, would provide greater insight into what influenced performance
         change.
      

      
      Researchers have been interested in understanding dynamitic changes that occur in
         cognitive ability and their subsequent brain functions. One study in particular examined
         changes in cognitive performance and brain function in a participant sample of individuals
         with an average age of sixty-eight. Results showed that over the eight-year period,
         there was no overall change in cognitive ability; however, examination using PET imaging
         showed that when completing recognition memory tasks increases in brain response were
         observable in both the temporal and parietal regions. This was in contrast to the
         parahippocampal, temporal, and frontal regions, where reduced activation was noted.[4]    
      

      
      Other researchers have reported, in a review article on successful aging, that increased
         brain activation is generally linked to better cognitive performance. As well, a positive
         relationship in ability was normally seen in individuals with increased responsiveness
         in the frontal lobe. As for the parietal and temporal areas, research suggests a more
         mixed result, but with several studies indicating the presence of a positive relationship.[5]     One suggestion would be that activation within the frontal cortex increases to
         handle deficits within other brain areas. However, there would have to be a deficit
         occurring in the first place to trigger this increase in activation and the subsequent
         compensatory action. Thus, altered activation might suggest an impending cognitive
         concern. Therefore, a more stable pattern of brain activity with limited fluctuations
         either positive or negative may in fact be a sign of healthy cognitive aging. 
      

      
      The above research provides a good account of the types of cognitive changes healthy
         individuals may face as they advance in age. But one question you might still have
         is, what about the very old, individuals around one hundred years old? (You might
         be there, or want to be there someday.) Though rather rare a few decades back, it
         is becoming relatively more common for individuals to reach this advanced age. One
         important question aging individuals are interested in knowing is, Am I guaranteed
         to have a cognitive deficit when I reach the age of ninety-five or one hundred? This
         question is becoming more and more relevant as the majority of industrialized nations’
         average life expectancy rates continue to rise. Not surprisingly, researchers have
         begun to examine cognitive performance in the very old or, the term I prefer, the
         very mature.
      

      
      As an aging individual, should one expect to automatically have a cognitive impairment
         after reaching the age of one hundred? The good news is no. But if you are not guaranteed
         to have a cognitive deficit at that age, what are the chances that I will have a cognitive
         deficit at one hundred? Numerous researchers in several countries around the world
         have suggested that anywhere between 40 to 62 percent of individuals ninety-five or
         older will demonstrate some form of moderate to severe cognitive impairment.[6]     Though this is not great news for this group, there is some good news: the same
         researchers also showed that between 20 and 25 percent of centenarians experienced
         no cognitive deficits whatsoever. The remaining individuals were said to be at a borderline
         stage. Longitudinal research of centenarians demonstrates that at an eighteen-month
         follow-up, with the exception of a few cases, this group had not experienced any significant
         decline.[7]     These results, the first of their kind, demonstrate that cognitive stability
         could be observed even in this “very mature,” and most notably, about a quarter of
         them were still functioning at a normal cognitive level. Further examination of this
         data noted that at the first testing session, those still living had cognitive scores
         similar to those who died before the next session, indicating that cognitive decline
         is relatively stable in this group and does not provide insight into predicting mortality
         among centenarians. This result is interesting because in younger age groups (e.g.,
         sixty-five to eighty years old) cognitive decline has been associated with impending
         death, to the extent that it has even been suggested that accelerated cognitive decline
         is for this age group an indicator of rapidly approaching death.[8]     Finally, it is important to note that these effects were observed in normally
         aging individuals (healthy adults). Individuals who already had a dementia-related
         illness were not influencing the results. Though this might seem to be a worrisome
         point, I certainly believe that one has the ability to be in that 25 percent of cognitively
         healthy centenarians, and the information provided in this book will point you in
         the right direction.
      

      
      Aging Brain Structure

      
      One of the most difficult tasks for researchers is identifying the link between structural
         brain changes and the resulting effect on an individual’s cognitive performance. As
         previously stated, regional brain areas do not work in isolation from one another
         but operate through a multitude of neural connections. That being said, change often
         occurs or begins in specific brain regions. Because certain regions are highly involved
         in generating specific responses, many researchers examine task-driven brain areas.
         Examining structural changes in the brain related to deterioration (shrinkage) as
         a result of the normal aging process is one way to help understand the performance
         difficulties aging individuals might face.
      

      
      One of the common cognitive complaints reported by researchers is that aging individuals
         often indicate that their memory is “not what it used to be.” The majority of healthy
         aging individuals will follow up this statement with something like, “But, all and
         all, it’s not that bad. I just forget some little things here and there, like remembering
         to pick up milk when I am at the store.” Because memory complaints are more readily
         recognizable and noticeable to aging individuals, they have historically been the
         focus of research and, as such, the focus on structural brain research as it relates
         to cognitive performance.
      

      
      Aging individuals also often report that they perseverate (get caught up) in performing
         certain tasks. Perseveration is often observed to increase with age and has been linked
         to normal age-related structural shrinkage of the prefrontal cortex.[9]     Thus, declining ability to task switch (move from one task to another), based
         on current research, is a factor in general aging and not related to the presence
         or development of a specific disease. It is important to note that the sample group
         in this study had an average age of forty-four (plus or minus sixteen years), as well
         as having an average of sixteen years of education (plus or minus two). This is interesting
         because it suggests that quite earlier on our brains begin to change structurally,
         which can subsequently result in altered cognitive processing. Researchers also demonstrated
         that cortical regions primarily responsible for supporting working memory (specifically,
         the visual cortex and fusiform gyrus, a region spanning both the temporal and occipital
         lobes) are also susceptible to cortical shrinkage as we age.[10]     Working-memory tasks can be verbal or nonverbal; however, the result of cortical
         shrinkage in this study primarily affected nonverbal performance. Nonverbal working-memory
         tasks involve such things as organizing and grouping long lists of items in your mind,
         or tasks such as using object pieces to assemble structures (e.g., puzzles). This
         study also reported as a result of shrinkage of the visual cortex and fusiform gyrus
         additional functionality/cognitive deficits. For example, explicit memory procedures.
         These are tasks such as associating new names to new items (not previously presented,
         these are usually made-up items) or recalling the elements of a short narrative story
         and repeating as many details as possible back to the researcher. Tasks of this nature,
         not surprisingly since these are some of the first kinds of memory complaints reported,
         are thought to be linked to cortical brain shrinkage.[11]     Therefore, subtle decreases in one’s performance might be linked to internal
         physiological aspects of aging. Though this is compelling evidence, it is important
         to note that differences observed may be so subtle that many of us would not be aware
         of them without participating in ongoing testing. Though cortical shrinkage may occur
         for many healthy aging individuals, the process is often limited, and functional disruptions
         can often go unnoticed. This can be for the simple reason that the healthy aging brain
         has efficient neural processing, and many different avenues to send and receive information,
         a factor attributed to healthy brains and often a result of “brain experience.” In
         addition, it should also be pointed out that, as one ages, one’s physical abilities
         can also be affected, including many sensory modalities such as hearing and vision,
         which may also contribute to the reduced performance rates observed in this research.
         Thus, research controlling for these factors and examining specific processes involved
         in cognitive performance as one ages is of great interest. Examining individual variations
         that can occur in healthy individuals as a result of the normal aging process is very
         important to us all, and will be the primary focus for the rest of this chapter.
      

      
      How Do I Stop My Brain from Shrinking?

      
      One very important question to be addressed is, If my brain is shrinking simply because
         I am aging, is there a way to build it back up? Yes! There are ways to maintain your
         brain’s health even as one ages. Physiologists have shown that your body begins to
         break down as you age. One example of what occurs as you age is losing a significant
         amount of muscle mass, which is directly linked to our bodies’ “standard” aging process.
         However, there are ways to offset this breakdown. For instance, how much muscle mass
         you lose can be reduced significantly by regularly engaging in weight training activities.[12]     Though your brain is the most complex organ known to man, if you exercise it,
         like the rest of your muscles, you can offset reductions. Though the exercise process
         is somewhat different, the concept of regular attention is the same. Similar to making
         time to go to the gym, lift weights, and get on the treadmill (see chapter 11 for
         example activities), which helps ensure consistent health, we also need to exercise
         our brain. If there was such a thing as a “Brain Gym,” I would recommend joining it
         as much as, if not more than, a regular gym.
      

      
      You might ask yourself, Can a little training really affect my brain structure and
         cortical composition? First, it is important to state as noted earlier, there is inherent
         variability, and some individuals may require more training than others to reach similar
         levels as their peers. Regardless, current evidence indicates that adults on an individual
         level have the ability to change their cortical structure and generate new brain growth.
         In fact, researchers from the University of Hong Kong demonstrated that having adults
         engage in a simple learning task (similar to one used with children, with one simple
         twist), where a color card is presented and participants are required to state the
         color’s name, resulted in neural growth. Researches altered the task by providing
         made-up names for each of the colors presented and then having participants learn
         these new names to be tested on later. The university student participants were given
         MRI scans before the three days of training, which consisted of five sessions totalling
         only two hours. Remarkably, the MRI scans conducted after training showed that all
         nineteen participants formed new gray matter in their left hemispheres (mainly visual
         cortex) within this very short period.[13]     What is also remarkable about these findings is that the task did not require
         a significant amount of effort or time, suggesting that the important task component
         was the novelty of word names linked to known colors. With the introduction of new
         names for standard colors, new associations were required, which facilitated the need
         to relearn and remap associations, which in turn was thought to stimulate brain growth.
         It is also important to note that these participants were not children, proving that
         real neural growth can still be observed in adult populations.
      

      
      This study provides one example of how structural changes can be positively altered
         with cognitive interventions. How about physical interventions? I do not mean opening
         up the skull and stretching your brain, though that is an interesting thought. Rather,
         does physical exercise actually produce change in the size of certain brain structures?
         As it so happens, researchers have shown that brain structure can be altered through
         such exercise. In this research, 120 adults (with a mean age of sixty-six years old)
         participated in either an aerobic exercise (consisting of walking for forty minutes,
         three days a week) or a stretching program. What they found after following the participants
         for one year was that individuals in the aerobic exercise group had increased the
         structural volume of their hippocampus (the main structure involved in memory) by
         2 percent. Researchers indicated that this should result in offsetting deterioration
         of this region associated with general aging by about one to two years. This result
         was opposed to the stretching group, who had a 1.4 percent decline in the same brain
         region, suggesting that you can turn the clock back and maintain or even regain lost
         brain volume. Consequently, this study also demonstrated improved memory function
         in the aerobic group, suggesting that brain volume may be directly linked to cognitive
         performance.[14]    
      

      
      Animal models provide additional support to the theory that the brain can grow and
         change even in the face of deficits occurring at critical periods. Critical periods
         generally occur during development, when there is extensive neural growth. A basic
         example is individuals with hearing deficits, who in early life can have language
         difficulties (e.g., pronunciation, reading, etc.). These sensory deficits can substantially
         affect cognitive development. Historically, the belief has been that missing critical
         periods can have a lifelong impact. More recently, we have seen that with extensive
         training, many of these deficits can be overcome. For example, researchers have shown
         that rats reared in environments designed to disrupt the animal’s ability to process
         different types of sound, allowing for the development of an abnormal brain structure,
         can overcome this difficulty. Researchers were able to change this developmental deficit
         with extensive training, which successfully restored cortical and behavioral function
         in animals that missed a critical development period. These researchers were also
         able to restore function in both juveniles and adults.[15]     This type of evidence lends further support to the idea that even in the face
         of advancing age or the loss of skill development at critical periods, the capacity
         to alter actual brain structure and grow new neurons in support of strengthening or
         building cortical connections is a reality and not science fiction.
      

      
      If we are all aging, and a reduction in our brain structure or volume is inevitable,
         some people might think they are doomed and that, if they do nothing, their cognitive
         skills will be significantly impacted. This is not exactly true. Many of us know individuals
         who have not lost much cognitive ability at all and others who have lost a lot. People
         often ask, Is bigger better? Is there a direct link to age-related brain volume decline
         and poor cognitive ability? The answer to these questions is that we really do not
         know. Results to date have been conflicting, and researchers have not demonstrated
         consistently that age-related reduction in brain volume will result in cognitive decline.
         What is known is that age-related volume decline will occur but is often confined
         to specific brain regions, leaving the various results open to interpretation.[16]     When positive relationships are observed between increased brain structure/volume
         and increased cognitive ability, the conclusion is bigger is better. However, because
         only certain structures will be bigger, researchers speculate that this one area helps
         compensate for other regions experiencing difficulty.[17]     Conversely, when a negative relationship is observed, in that poor cognitive
         performance is associated with increased brain volume, the conclusion is that poor
         neural pruning has occurred.[18]     But during brain development, many of these neural connections are not being
         used properly. A more plausible reason for an observed negative relationship between
         brain volume and performance ability is that these older, healthy individuals have
         high “cognitive reserves,” which suggests that their brains work more efficiently
         and effectively using only a limited and minimal amount of cortical resources. You
         may wonder why that is, and the simple answer is because they can. If you can do more
         with less, that is a successful strategy in managing resources.[19]     With age comes experience, and your brain becomes quite adept at performing a
         variety of tasks, making some tasks more cognitively taxing than others. Utilizing
         these resources becomes an everyday skill for many individuals and, subsequently,
         for their brains.
      

      
      Many researchers believe that chronological age has its limitations. For instance,
         it might tell us nothing intuitively about an individual’s cognitive or physical ability.
         However, understanding an individual’s biological age can provide a better understanding
         of where an individual exists on life’s continuum.[20]     This is a valuable point for a couple of reasons. First, individuals often report
         feeling healthy and can display good cognitive abilities but might question this ability
         because all their life they have been told, when you reach a certain age, you are
         not going to be able to do this or that. The second point I believe affects a number
         of younger individuals, but in the opposite way. They might believe that because they
         are only a certain age, they should not be experiencing any difficulties and, as such,
         can ignore warning signs telling them their lifestyle is hurting their health. Researchers
         have been trying to examine cognitive age by linking this to an individual’s biological
         age. Key ways this has been achieved is through the examination of health biomarkers
         such as muscle strength (diminished grip), cardiovascular health (increased systolic
         accompanied with lower diastolic pressure), and body composition (declining body mass).
         These measures have been correlated to the presence of a cognitive impairment. Specifically,
         the strongest link was to individuals’ deficits in semantic memory.[21]     Thus, one’s level of health on these domains can be linked to mental ability.
         This type of research is still in its early stages, and the goal moving forward is
         to look specifically at alternations (variants) in genetic makeup to determine how
         the presence of, for example, inflammation, homocysteine concentrations, or increased
         levels of oxidative stress can affect one’s cognitive ability long term.[22]     In time, individuals, as part of their health workup, will have the option to
         have their genome sequenced, which can give individuals insight into illnesses they
         may be susceptible to as they age. In the future, this sequencing might also have
         the ability to test for susceptibility to cognitive impairment. I should note that
         having your whole genome sequence is currently available through private firms, and
         the cost can range from fifteen to forty thousand dollars. The real issue is the interpretation
         of the results, which are generally described to the individual as a predisposition.
         Thus you can have a predisposition or a susceptibility that is higher than average.
         For example, you could be at an increased risk for cardiovascular disease. This does
         not mean you will certainly get this illness, but the hope of researchers is that
         it will provide evidence and a warning sign that, if symptoms appear, you should seek
         treatment as soon as possible. This is certainly the positive side to the process,
         and it will help individuals remain vigilant of an illness that may develop.
      

      
      I have provided a number of examples throughout of how one’s brain may be affected
         by age. These are by no means hard-and-fast rules. Everyone starts from a different
         base, and when judging performance, there is a need to be reflective on how you have
         performed historically. One example in this chapter was aging individuals who observed
         difficulty in maintaining their nonverbal ability. It was noted that these types of
         procedures are observed to be deficient in individuals of advanced age. But the nonverbal
         ability of, for example, using object pieces for the purpose of putting something
         back together is a reoccurring and ongoing deficit someone might possess. An individual,
         therefore, might never perform well on such tasks, and to use this as a measure of
         how successfully he or she is aging would not be sufficient or appropriate. Assessing
         one’s ability in relation to age-related peers can be difficult, and sometimes the
         best marker is your own performance. Keep in mind that age and education benchmarks
         can be most useful in providing a holistic understanding of your abilities and provide
         insight as you age.
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      Chapter 11

      Exercise and Diet

      
         
         
      

      
      After reading this chapter, you should be able to answer the following questions:

      
      
         	
            
            Is there really such a thing as brain food?

         

         
         	
            Do vitamins C, A, D, and E actually contain antiaging properties?

         

         
         	
            Can vitamins C, A, D, and E alter the course of cognitive impairments?

         

         
         	
            Can resveratrol promote brain health and affect the process of certain neurodegenerative
               diseases?
            

         

         
         	
            Is a calorie-restrictive diet one way to ensure a healthy brain?

         

         
         	
            Is exercise an effective way to fight and prevent cognitive impairments, and, if so,
               how much is enough?
            

         

      

       

      The overall message the general public receives is that if one eats well and exercises,
         one should be able to maintain good physical health, good mobility, and intact mental
         faculties. In this chapter, I will discuss specific neuroprotective effects in relation
         to diet and exercise and try to unravel why we need to be wary of what we ingest,
         why we need to get up and get moving, and why we need to watch what we eat.
      

      
      Vitamins

      
      Every so often, journalists will discover a medical study that can be transformed
         into a nightly news report or feature article. The focus of these reports is usually
         on some new type of therapy, a new “miracle drug,” or how what we eat and certain
         vitamins we consume can affect our overall health. Globally, the human population
         is aging, to the extent that people over sixty-five will outnumber children under
         five most likely for the rest of human history.[1]     As such, one of the areas of focus when it comes to aging well is identifying
         supplements that can positively affect the aging process, especially cell oxidation.
         Oxidation is a term often used when we talk about rust on a car; however, humans essentially
         also experience this process, though somewhat differently of course. Finding ways
         to fight this aging process is of great personal and commercial interest to the global
         community.
      

      
      Oxidation occurs on a cellular level and is caused by a chemical reaction that stimulates
         the production of free radicals (unpaired electrons that can cause cellular damage).
         Free radicals within a cell basically cause damage or cell death. Thus, much research
         has examined how to stop this chemical reaction through the recruitment of antioxidants.
         Antioxidants do as they describe: they stop oxidation. Thus, foods rich in certain
         antioxidants are marketed as a way to maintain health and fight the aging process—hence
         so-called antiaging foods and vitamins. Historically, foods rich in vitamins C and
         E (noted to stimulate antioxidant enzymes) are often promoted as excellent and safe
         ways to reduce oxidative stress and increase cell health, thereby affecting one’s
         overall health in a positive way.
      

      
      Researchers have therefore been very interested in understanding the role of vitamins
         C, A, D, and particularly vitamin E in effecting change in “at risk populations,”
         such as individuals with a neurodegenerative condition like Alzheimer’s disease (AD)
         or mild cognitive impairment (MCI).
      

      
      One might say that vitamin C was partly responsible for building the British Empire.
         This is because the British, among other nations, were exploring the world by sea,
         and one of the greatest obstacles they faced was maintaining the health of their sailors.
         The British discovered that eating fresh citrus fruit would help their sailors avoid
         scurvy, and with this discovery came the first controlled experiment of vitamin C.
         A Royal Navy surgeon, James Lind, confirmed that sailors given daily fresh citrus
         fruit remained healthy compared to another group of sailors who received their usual
         diet.[2]     Since that time, it has become common knowledge that individuals should consume
         fresh fruit to ensure intake of vitamin C. Vitamin C (aka L-ascorbic acid) is a water-soluble
         vitamin important in healthy metabolic functioning. Because of its prominence, it
         is often consumed in large amounts, particularly in Western societies. A Canadian
         study showed that on average males ingest 133 mg per day and females 120 mg per day.[3]     The recommended daily dose of vitamin C varies, but amounts close to 90 mg a
         day for males and 75 mg for females, give or take 10 mg, will be effective; for the
         elderly, it is recommend they maintain levels at the high end of this scale.[4]     To ensure good levels, one should know that three-quarters of a cup of orange
         juice contains about 60 mg of vitamin C, so it is not difficult to maintain proper
         levels.
      

      
      Vitamin C has also gained notoriety in positively affecting heart health (it helps
         produce collagen needed in the vascular system) and is also used by individuals with
         a family history of cancer, though definite links to effectiveness are still difficult
         to ascertain.[5]     Clinical researchers have shown that vitamin C can contribute to a decreased
         risk of cardiovascular disease and stroke by reducing systolic blood pressure.[6]     As I will discuss later, though we know that our vascular system is essential
         in brain health, what we really want to know here is if vitamin C can help your brain.
         It is difficult to know for sure because, of all the organs in the body, the brain
         is the least likely to lose vitamin C derivatives (e.g., ascorbate). What this indicates
         is that vitamin C is essential in brain functioning. In addition, ascorbate is thought
         to be a neuromodulator for glutamatergic, dopaminergic, cholinergic, and GABAergic
         transmissions.[7]     Finally, it is important to point out that neurodegenerative diseases often involve
         high levels of oxidative stress, and ascorbate is thought to help reduce free radicals
         and thus may be helpful in combating aging in general.[8]    
      

      
      Vitamin A affects a variety of functions throughout the body (e.g., vision, immune
         function, skin and cellular health, and antioxidant activity). Vitamin A deficiency
         affects vision development to the extent that approximately 250,000 to 500,000 children
         in regions such as southeast Asia and Africa become blind as a result.[9]     Secondary problems associated with vitamin A deficiencies are linked to a reduction
         in one’s immune system. In fact, studies in developing countries have shown that vitamin
         A deficiencies can be linked to significant increases in mortality rates for individuals
         afflicted with malaria.[10]     Thus, its connection to health is well established.
      

      
      Vitamin A is a fat-soluble vitamin. Therefore, removing extraneous amounts is more
         difficult than with vitamins C and B, which are water soluble. This means that individuals
         need to be wary of high doses that can create toxic levels. Currently, it is believed
         that doses exceeding 3,000 μg per day are not recommended for either sex. Suggested
         intake for females is 700 μg per day, and for males 900 μg per day.[11]     It has also been suggested that individuals in developed nations may be ingesting
         more than the recommend daily amounts. Ingesting beyond the recommended amount has
         been linked to hip fractures and osteoporosis.[12]     
      

      
      So, can it help the brain? The general consensus to this answer is that there is no
         answer. Vitamin A’s effectiveness in altering the course of cognitive impairment is
         not well defined, and as such no conclusions can be drawn.[13]     So what we know about this vitamin in regard to maintenance of brain health is
         rather little. I believe that in the course of understanding the entire process of
         this vitamin, further insights will be explored and more answers will come.
      

      
      Another vitamin that has been receiving a lot of attention as of late is D. Vitamin
         D has been noted to have a beneficial role in muscle function, cardiovascular health,
         diabetes, and cancer prevention.[14]     Again, the links are not 100 percent. Additional evidence has suggested that
         vitamin D can be effective in cases where vascular factors (such as partially blocked
         arteries) are causing a cognitive impairment,[15]     or as a protective agent against risk factors associated with cognitive dysfunction.[16]     However, as has been the case with the other vitamins, a definite conclusion
         has not been reached. A systematic review of several studies evaluating the effectiveness
         of vitamin D, including its ability to maintain a therapeutic and consistent presence
         in the body, showed mixed results. For example, three studies displayed positive benefits,
         while eleven other studies showed nonsignificant relationships.[17]     Though the verdict on vitamin D is still out, one should remain vigilant of new
         research outlining proper doses to consume and the achievable benefits to be gained
         through the use of this vitamin. It is my belief that it may have a number of benefits
         not fully understood to date.
      

      
      Vitamin E is a fat-soluble antioxidant. Functions have been observed in relation to
         the regulation of enzyme activities involved with smooth muscle growth, gene expression,
         and connective tissue growth (meaning it is good for repairing wounds and tissue).[18]     Most prominently, vitamin E is noted as an antioxidant for neural tissue. Research
         has shown that when one-year-old rats are stressed (injected with oxygen-derived free
         radicals), the organ affected first is the brain.[19]     Thus, insufficient amounts of vitamin E can affect neuron growth, membrane formation,
         and cellular trafficking.[20]     With this and other evidence in mind, researchers logically assume large amounts
         of vitamin E may be beneficial to the brain, especially for individuals in an at-risk
         group, such as those experiencing a cognitive impairment.
      

      
      Thus, in the last decade or so, vitamin E has been described as an agent of change,
         and for several years it was, and often still is, prescribed as a way to augment medicative
         therapy for individuals experiencing a cognitive impairment. Vitamin E therefore became
         the standard recommended vitamin for many individuals receiving a diagnosis of cognitive
         impairment, particularly those with dementia. But what does the research tell us about
         vitamin E? The role of vitamin E as an effective antioxidant and in maintaining a
         healthy brain has not been substantiated to date. Vitamin E and vitamin C, as noted
         above, have important antioxidant properties, but their ability to produce effective
         change in individuals with dementia or as a neuroprotective strategy for those experiencing
         mild cognitive impairment has not been conclusively demonstrated.[21]     A three-year follow-up study examining the effects of vitamin E on the onset
         of AD in subjects who already had a mild cognitive impairment showed no significant
         effects.[22]     As well, long-term high doses of vitamin E (400 IU per day) increased mortality
         compared to low-dose trials.[23]     Thus, as a standard of care for the treatment of AD, vitamin E is not as widely
         prescribed as it once was. In addition, greater care is now taken before recommending
         high doses of any vitamins, but especially vitamin E.
      

      
      Finally, caution and common sense should be used when engaging in significantly high
         doses of specific vitamins. Their effects can be variable, and in some cases quite
         powerful, and therefore need to be approached with a certain amount of skepticism,
         especially given the research on vitamin E. People are often looking for an answer
         or a course of action, particularly when it comes to ingesting the appropriate type
         of vitamins, including knowing the proper dosages, proper combinations, and the best
         times of day to take them. As I have shown, there are no hard-and-fast answers, but
         that certainly does not mean that one should neglect vitamins either. To gain the
         full benefit of taking vitamins, you should ingest them before meals and not after,
         as it helps increase the absorption levels of other nutrients in your food. Vitamins
         have their role and can be effective for certain individuals more than others. For
         example, those who already eat a vitamin-rich diet may not benefit from extensive
         vitamin use; however, individuals with a diet that is vitamin deficient could experience
         good results. Finally, individuals who consume vitamins often engage in healthy behaviors
         to begin with, and thus at a population level it is difficult to understand their
         rate of effectiveness. What can be drawn from this is that healthy behaviors (e.g.,
         regular exercise) and the use of vitamins (consumed through vitamin-rich foods) provide
         the advantage of a healthy life.
      

      
      Resveratrol

      
      Resveratrol is another common subject of antiaging conversations. Resveratrol is a
         polyphenolic phytocompound of the stilbene family. So, basically, this is a chemical
         compound found in certain plants, and its role is to fight bacteria. However, when
         foods rich in resveratrol are consumed by humans, it has antioxidant benefits. Study
         of resveratrol came about when it was noticed that the French, whose diet is higher
         in fat (e.g., cheeses, pastries) than many other countries, still experienced a relatively
         low rate of cardiovascular disease.[24] This of course upset a number of other nations because it did not seem fair that
         the French were living with consequence-free diets, and in the interest of science,
         others were curious about what was happening. Researchers noticed that the French
         consumed a significant amount of wine, more than any other nation in fact, and especially
         red wine, and an initial link was established. Upon further investigation, it was
         found that red wine possessed an anticoagulate property, known as resveratrol. Therefore,
         although the French diet was terribly high in fat, it was being offset by the consumption
         of red wine.[25] Since this initial discovery, a number of additional foods have been identified as
         being high in resveratrol content, including red grapes, blueberries, cranberries,
         peanuts, Japanese knotweed, and dark chocolate (cocoa), just to name a few.[26] In addition, researchers have discovered that not only can one reap anticoagulate
         effects from resveratrol, but this compound may have neuroprotective properties.
      

      
      Now before you grab your car keys and head to the store for some red wine and dark
         chocolate, you need to know a few things about resveratrol. One is that resveratrol
         metabolizes particularly fast, so fast that in a 25 mg oral dose less than 5 ng/ml
         (nanograms per milliliter) is measurable in your blood. What this means is that you
         would have to consume over four liters of red wine to reach a therapeutic level in
         a single dose.[27]     However, resveratrol levels can have neuroprotective effects in derived concentrations
         ranging from 10 to 100 µM (100 µM is .00394 inches).[28]     Researchers are still working on increasing its bioavailability (level it gets
         to in your body) to ensure that beneficial effects can be reached each time you take
         a dose.
      

      
      However, what I am sure you really want to know is if resveratrol can help your brain.
         Well, the short answer is, yes, it appears that it can. Research has shown that resveratrol
         contains neuroprotective properties and is linked to longevity. One of the most interesting
         factors of resveratrol is that it has been shown to alter the course of AD. One of
         the primary genetic factors in AD is the production of beta-amyloid, which is the
         precursor to developing plaques and tangles in your brain (see chapter 6). Recent
         evidence has shown that beta-amyloid production is reduced when resveratrol is present.[29]     The hope is that the progression of AD could be slowed significantly or stopped
         by refining the interactive process of certain chemical compounds (e.g., sirtuins)
         involved in promoting healthy cells. Currently, resveratrol is linked to the promotion
         of these healthy chemical compounds and continues to be examined, particularly in
         relation to neurodegenerative diseases. In fact, researchers have shown that production
         of healthy chemical compounds stemming from ingestion of resveratrol affects disease
         progression in other neurodegenerative conditions such as Parkinson’s and Huntington’s
         disease.[30]     Resveratrol assists in creating a situation where good chemical processes flourish,
         while at the same time bad processes are limited. However, this only occurs to a certain
         extent, and the effects are not lasting. Thus, there are still a lot of unknowns in
         this process. In addition, though certain chemical reactions can be kept in check
         as a result of this positive reaction, there are often a multitude of bad things that
         happen on a cellular level that contribute to neurodegenerative progression. This
         research is another piece of the puzzle, and it will contribute to unraveling these
         diseases. Knowing that positive benefits have been observed in these neurodegenerative
         conditions with the presence of resveratrol in and of itself may provide good clues
         to researchers as they move forward.
      

      
      As stated earlier, we know that a good diet is important for maintaining one’s health,
         but almost as important is a well-controlled diet. Many individuals believe that if
         they eat their daily requirements of fruits and vegetables, this should be sufficient
         in providing good overall health. However, though they might meet their daily fruit
         and vegetable requirements, they may also indulge in high-caloric behavior, which
         can be detrimental to your brain. Researchers have shown that placing rats and mice
         on a 30 percent less caloric diet extended the lifespan of the rats and mice by 30
         to 40 percent. In addition, in comparison to rats and mice who were permitted to eat
         at will, those on calorie restrictions demonstrated greater ability to suppress the
         effects of oxidative stress.[31]     Caloric restriction is the only technique that has consistently been shown to
         slow the aging process and maintain health and vitality. A large-scale study conducted
         by the National Institute of Aging using primates (rhesus and squirrel monkeys) has
         shown a number of positive benefits. For example, separate projects showed reductions
         in fat mass, body weight, cholesterol, triglyceride levels, as well as arterial stiffness.
         This research noted that over time it is expected that these animals are less likely
         to experience cardiovascular disease, cancer, diabetes, and other aging pathologies.[32]     However, the drawback of this research lies in the ability of individuals to
         reduce their caloric intake by 30 percent. To reap these benefits, individuals would
         need to substantially alter their eating behaviors.
      

      
      Population studies have provided us with some perhaps overreaching conclusions but
         nevertheless are very interesting. An example of this is the comparison of societies
         as wholes. For instance, individuals in China and Japan on average take in 1,600 to
         2,000 calories a day (a diet based on fish and rice). This is compared to the United
         States and Western Europe, where the average calorie intake is 2,500 to 3,000 a day.
         AD is also greater in the United States and Western Europe. Though this is just a
         casual link, it is one that continues to receive much attention.[33]     It is also important to note that AD is just one of a number of neurological
         diseases that is reduced with reduced caloric intake.
      

      
      Exercise

      
      Staying physically active can maintain and enhance cognition and brain function. The
         following section will outline the importance of exercise and how it promotes positive
         brain functioning.
      

      
      A fundamental question is this: is exercise an essential factor in maintaining a healthy
         brain as well as a healthy body? Couch potatoes, brace yourselves! Because here comes
         the message one more time, one we have all heard our whole lives. Yes, exercise is
         an essential factor in maintaining a healthy brain and body. However, this does not
         mean you need to train for a marathon. In fact, results from several studies suggest
         that even a moderate amount of activity can be beneficial to your body and your brain.
         The next section provides some examples of activities one should engage in and the
         improvements that result.
      

      
      Some of the important questions asked about cognitive decline as individuals age are
         these: Are there things I can do to prevent this from happening to me? If it does
         happen to me, are there things I can and should do to slow the process? For example,
         if I am diagnosed with a neurodegenerative condition such as AD, is there any point
         to starting an exercise program? This information is much sought after because individuals
         and families want to know what they should do in advance of such an illness, and they
         also want to know what they should do in the wake of a condition becoming a reality.
         Let’s look at some of the research.
      

      
      In response to the first question, the answer is yes. There are a number of studies
         showing that, in fact, we all have the ability, through exercise, to reduce cognitive
         deficits. One such study showed significant improvements in communication skills when
         individuals engaged in a walking program of as little as thirty minutes a day, three
         times a week, for ten weeks (controlling for cardiovascular risk factors).[34]     Improvements were also observed in areas such as executive functioning (planning
         and reasoning activities) and general cognitive functioning with a program that again
         required thirty minutes a day of walking or just completing modified hand or face
         exercises (used for individuals with limited mobility) three times a week for six
         weeks. Results for these programs showed significant improvements could be had compared
         to a control group that solely engaged in conversation activities.[35]     Additional studies have shown significant general cognitive improvements when
         subjects engaged in activities such as bingo (daily for twenty minutes)[36]     or walking and riding exercise bikes.[37]     Both walking speed and distance can be associated with a reduced likelihood of
         experiencing AD symptoms.[38]     The beneficial effects of regular physical activity as a “protective” element
         against the onset of dementia have been noted in fairly large research studies. In
         one study, 158 of 1,740 participants over the age of sixty-five developed AD. However,
         when adjusted for age, sex, and medical condition, individuals engaging in exercise
         three or more times a week were 34 percent less likely to be diagnosed with dementia.[39]     Further evidence indicates that increased cerebral blood volume, which mirrors
         increases in cognitive performance, can be linked to increases in physical activity.[40]     Once again, not only is physical activity linked to increases in behavioral measures
         (better test scores), but brain changes are readily visible (increased blood flow
         throughout the brain). Thus, even moderate rates of activity can be important for
         preventing cognitive decline as we age. As well, the amount of activity is shown to
         influence protective elements of good brain health, with subsequent benefits to overall
         health. Therefore, the results clearly indicate that as we age, sustained and regular
         exercise is an excellent way to prevent cognitive decline.
      

      
      The other question put forth was whether one can disrupt the progress of cognitive
         decline once it has started. Again, the good news here is yes!
      

      
      One of the best ways to test the effects of cognitive improvement in the face of AD
         has been through the use of mice models. Mice models are effective in that researchers
         have the ability to create animals that show consistency in AD pathology in addition
         to consistent ways to measure memory improvements using standardized testing environments.
         What the researchers found was that cognitive improvements could be seen in animals
         with AD pathology and that exercise was beneficial to improved thought processing
         even when it was started after the onset of AD.[41]     The group that seemed to benefit the most, in fact, was animals that were not
         very active to begin with, suggesting that it is even more important for individuals
         with limited exposure to exercise to begin a program after a dementia diagnosis in
         an effort to combat the disease. Research with humans has displayed similar results.
         A review of numerous studies conducted between 1970 and 2003 displayed that physical
         training (exercise) was effective in improving not only cognitive function in individuals
         with dementia but also physical fitness, functional activities (e.g., preparing a
         meal for oneself), and behavioral measures (e.g., mood). So, to sum up, one can see
         that exercise has benefits at any stage of aging, including before dementia and while
         experiencing a dementia-related disturbance.
      

      
      After reading these research results, it seems inevitable that if you want to avoid
         AD, you need to start being active. And quite possibly many of you have put this book
         down and headed out the door for a walk before getting to this section! Though I fully
         support the role of an active lifestyle to reduce one’s susceptibility to AD, the
         additional benefits of reductions in stress, cardiovascular fitness, disease prevention
         (heart disease, stroke), increased nerve growth, weight control, sleep benefits, increased
         energy levels, mood improvements—the list goes on and on—deserve close attention too.
         However, this research needs to be tempered by the fact that engaging in a regular
         exercise program does not guarantee you will be spared from any major illness. Other
         studies fail to show that being physically active necessarily means one is less susceptible
         to cognitive decline.[42]     But overall, there is very convincing evidence that engaging in some level of
         physical activity can reduce one’s chances of cognitive decline. In addition to all
         the other benefits associated with a regular fitness program (any type of activity
         that challenges your current level of activity), doing nothing results in nothing
         being done. It is like the saying “you can’t win if you don’t play,” except the game
         you are playing in this case is fairly important—your health and perhaps your life.
      

      
      Now hold on before you head for the door again. Make sure your fitness level is assessed
         by a health-care professional, particularly before you start any regular program or
         you have not been active for a while. Keep in mind that consistency is very important.
         Set goals and a schedule that is obtainable to start off with, and then increase your
         goals from there if you deem it is necessary. If you require extra motivation, it
         is always good to get a partner, friend, neighbor, or anyone else to come with you.
         This can provide you with support and motivation to stay on track, especially on days
         when you lack that get-up-and-go. I realize the simplicity in this advice, but it
         really is as simple as that: increase physical activity, and you can create a number
         of benefits for your health. This does not mean that you need to spend a significant
         amount of time training; anything is better than nothing. Be aware that as you age,
         physical exercise is an important part of having a healthy brain. In addition, starting
         a regular program (whether you are fifty or ninety) can be habit forming even in your
         latter years, even if this has not been a focus for you to date. Remember, it is never
         too late to start, and you can reap the benefits within a few weeks.
      

      
      Exercise Advice and Activities for Better Health

      
      Beginner

      
      Endurance training (three times a week)

      
      
         	
            
            5–20 minutes of walking

         

         
         	
            5–15 minutes of biking (stationary is acceptable)

         

         
         	
            5–20 minutes of arm exercises (sitting is acceptable, standing preferred)

         

         
         	
            5–20 minutes of game play (e.g., lawn bowling, horseshoes, shuffleboard, bull riding
               [but be extra careful with this last one—maybe just watch it!])
            

         

      

      
      Resistance/balance training (twice a week)

      
      
         	
            
            Lift weights (use a lighter weight to begin with the first few weeks, before moving
               up—e.g., bicep curls, arm lifts, triceps extension)
            

         

         
         	
            Leg exercises (e.g., knee flexion, hip extension, side leg raise, plantar flexion)

         

      

      
      Stretching exercises (twice a week)

      
      
         	
            
            Include your shoulders, upper arms, chest, back (lower and upper), neck, legs (back
               and front), thigh, hip, calf, ankle, and hamstring
            

         

         
         	
            Gentle yoga

         

      

      
      Intermediate

      
      Endurance training (three times a week)

      
      
         	
            
            20–40 minutes of walking

         

         
         	
            15–35 minutes of biking (stationary is acceptable)

         

         
         	
            10–40 minutes of arm exercises (sitting is acceptable, standing preferred)

         

         
         	
            15–45 minutes of game play (e.g., tennis, golf, catch)

         

      

      
      Resistance/balance training (three times a week)

      
      
         	
            
            Lift weights (e.g., bicep curls, arm lifts, triceps extension, shoulder extension)

         

         
         	
            Leg exercises (e.g., knee flexion, hip extension, side leg raise, plantar flexion)

         

      

      
      Stretching exercises (twice a week)

      
      
         	
            
            Include your shoulders, upper arms, chest, back (lower and upper), neck, legs (back
               and front), thigh, hip, calf, ankle, and hamstring
            

         

         
         	
            Yoga

         

      

      
       Sample Two-Week Programs

      
      
         
         
         Beginner
         
         
         
         
            
         
         
            
         
         
            
         
         
            
         
         
            
         
         
            
         
         
            
         
         
            
         
         
            
            
               	
                  
                  Week

               
               
               	
                  Sunday

               
               
               	
                  Monday

               
               
               	
                  Tuesday

               
               
               	
                  Wednesday

               
               
               	
                  Thursday

               
               
               	
                  Friday

               
               
               	
                  Saturday

               
            

            
            
               	
                  
                  1

               
               
               	
                  5-10 minute walk + stretching

               
               
               	
                  Lifting weights + leg training (balance focus)

               
               
               	
                  Break

               
               
               	
                  5-10 minutes biking + arm exercises

               
               
               	
                  Stretching or gentle yoga + weight lifting

               
               
               	
                  Break

               
               
               	
                  Game play

               
            

            
            
               	
                  
                  2

               
               
               	
                  5-10 minute walk + stretching

               
               
               	
                  Break

               
               
               	
                  Weight lifting + leg training (resistance focus)

               
               
               	
                  Stretching + minimum 5-10 minute walk

               
               
               	
                  Break

               
               
               	
                  Game play + weight lifting

               
               
               	
                  Stretching or gentle yoga + leg training (balance focus)

               
            

         
      

      

      
      
         
         
          Intermediate
         
         
         
         
            
         
         
            
         
         
            
         
         
            
         
         
            
         
         
            
         
         
            
         
         
            
         
         
            
            
               	
                  
                  Week

               
               
               	
                  Sunday

               
               
               	
                  Monday

               
               
               	
                  Tuesday

               
               
               	
                  Wednesday

               
               
               	
                  Thursday

               
               
               	
                  Friday

               
               
               	
                  Saturday

               
            

            
            
               	
                  
                  1

               
               
               	
                  20-40 minute walk + stretching or 40 minutes of yoga

               
               
               	
                  Lifting weights + leg training (balance focus)

               
               
               	
                  Break

               
               
               	
                  15-35 minutes biking + arm exercises

               
               
               	
                  Stretching + weight lifting + 25 minute walk

               
               
               	
                  Break

               
               
               	
                  Game play

               
            

            
            
               	
                  
                  2

               
               
               	
                  5-10 minute walk + 20 minute bike and stretching

               
               
               	
                  Break

               
               
               	
                  Weight lifting + leg training (resistance & balance focus)

               
               
               	
                  Stretching + minimum 40 minute walk + 20 arm exercises

               
               
               	
                  20 minutes of biking + weight lifting

               
               
               	
                  Game play or Break

               
               
               	
                  Stretching + leg or 30 minutes of yoga training (balance focus)+ 30 minute walk
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      Chapter 12

      Head and Heart, the Connection We Should Never Forget!

      
         
         
      

      
      After reading this chapter, you should be able to answer the following questions:

      
      
         	
            
            Does my chance of experiencing a dementia-related disturbance increase after having
               a full-blown stroke or minor stroke event?
            

         

         
         	
            As I age, is it normal to expect vascular issues within my brain?

         

         
         	
            Does my physical health really impact my brain health?

         

         
         	
            Is there any chance of regaining my previous level of cognitive ability after having
               a stroke?
            

         

      

       

      If you asked experts in the field of aging what the best interventions are to stave
         off the effects of the aging brain, or in some cases a dementia-related illness, they
         would likely answer exercise, exercise, and more exercise. Exercise is the primary
         and by far most accessible way we can effect a change in our health. A healthy cardiovascular
         system is an excellent way to maintain health, not only because of the obvious benefits
         to our overall fitness and well-being, but also because it is an excellent way to
         maintain a healthy brain. In general, when we decide to go for a run, walk, or swim,
         we note how well we will feel afterward. And if we are consistent, our fitness level
         will improve and our bodies will be in better shape. However, as the last chapter
         clearly showed, our brain will actually benefit from these types of activities as
         well. In this chapter I will examine the current evidence for this heart and head
         connection and highlight why it is important to stay fit and active not just for our
         bodies but for our brains as well.
      

      
      Blood Flow and the Brain

      
      When we think about cognitive impairment, we immediately wonder what is happening
         in the brain, and why and how impairments happen. Investigations focusing on these
         issues bring up all types of interesting questions. For example, is cognitive impairment
         a memory- or planning-based problem? If so, can we identify the specific area within
         the brain that is affected? Also, we might wonder how large or small of an area seems
         to be affected, and what regions are spared. For clinicians, it is important to examine
         directly what is occurring and understand where exactly something has gone wrong.
         These are, of course, all very logical questions to ask, and as a neuroscientist and
         clinical researcher I can tell you these are the focus of many studies. Possibly the
         bigger question to ask is, what occurred prior to something going wrong? In other
         words, what preexisting condition might have contributed to this current state? In
         recent years, there has been a greater focus on the brain’s support system, including
         the vascular structure and why and how it may contribute to cognitive difficulties
         or disease. One example of how this issue has come to the forefront is through stroke
         research. In the case of a stroke, either the brain is deprived of proper blood flow
         to a certain area, or there has been a rupture resulting in bleeding in the brain.
         From this basic understanding, we know that disruption in blood flow creates a situation
         where the brain is in trouble, and in some cases it can be fatal. Therefore, we know
         from stroke examples that good blood flow equals a healthy brain, and problems with
         blood flow equal an unhealthy brain. In addition to this physiological evidence from
         stroke research, dementia researchers now know that vascular issues within the brain
         can contribute to or cause cognitive impairments.[1]     In fact, over the past decade, the second most common type of dementia after
         Alzheimer’s disease is Vascular Dementia. Recently, however, this term has evolved
         to encompass all related vascular and cognitive issues and is now referred to as Vascular
         Cognitive Impairment (VCI).[2]     VCI is getting greater attention, resulting in further investigation into how
         this disease, and blood flow to the brain, affects cognitive ability.
      

      
      Vascular Cognitive Impairment

      
      The clinical community appears to use the term VCI in favor of vascular dementia because it is more inclusive to various types of cognitive disruptions and impairments
         that occur as the result of difficulties within the vascular system. This includes
         attacks on the brain as a result of ministrokes (transient ischemic attacks [TIAs]),[3]     full-blown strokes, or something called leukoaraiosis (white-matter hyperintensities),
         which is commonly defined as a vascular attack on the brain via a series of microbleeds.[4]     These microbleeds are often not visible on  regular CT scans and normally require
         a magnetic resonance imaging (MRI) evaluation to see the full extent of the damage.
         In fact, an MRI should be used when possible because it has better resolution on structures
         of the brain and can provide greater insight into the overall deficits one might be
         facing. Using a CT scan alone can miss areas of damage. Upon further examination,
         areas of concern in the brain can then be linked to cognitive deficits that have developed
         or may develop in the future.
      

      
      I think it is important here to note that changes can occur over time and be subtle,
         or there might be one significant event that causes changes in an individual’s cognitive
         performance. The problem with a subtle buildup is that cognitive change over time
         is not as readily recognizable to families, who often dismiss these concerns as a
         normal part of aging. The reason why this occurs is that family members are trying
         to find a way to psychologically protect themselves and their loved one from an illness
         that could significantly change the status quo. If there are no issues and this is
         normal aging, then there is no reason to be concerned and no reason to get checked
         out. Please keep in mind, however, that getting checked out is very important if cognition
         problems are impacting your daily life.
      

      
      If you have a general cognitive concern and it is identified as VCI, then you have
         a syndrome occurring as a result of a vascular injury to the brain. As described above,
         this may have occurred as a result of many factors, one of which might have been a
         stroke, and can result in a significant change in one’s cognitive ability or dementia-type
         impairments.[5]    
      

      
      VCI covers all concerns related to cognitive deficits that have developed from a vascular
         basis, including dementia and mild cognitive impairments that have come about as result
         of areas of deterioration (gaps in the brain) because of blood flow issues. When diagnosing
         dementia as a result of vascular concerns, there must be a deficit in performance
         in a minimum of two cognitive domains (such as executive/attention, memory, visuospatial
         ability, or language) as measured via cognitive testing. This requires prior testing,
         with new testing showing significant decline in at least two of the domains, and also
         proof that the issues are interfering with one’s daily activities (imaging evidence
         is used when possible). Probable vascular disease is normally diagnosed when there
         is brain imaging evidence linked to an event (e.g., stroke) that resulted in cognitive
         issues, or when brain imaging shows cerebrovascular disease in an area linked to cognitive
         problems an individual is experiencing. This must have occurred in isolation of any
         history of cognitive decline.[6]    
      

      
      Possible vascular disease is diagnosed when one has cognitive impairment and there
         is evidence from brain imaging suggesting cerebrovascular disease. However, a diagnosis
         of possible vascular disease is used if a link between a vascular event and one’s
         newfound cognitive impairment cannot be pinpointed; if there is not sufficient imaging
         evidence, despite clinical evidence, indicating a vascular issue; or if a proper cognitive
         assessment cannot be completed. Other issues resulting in this diagnosis are difficulty
         distinguishing symptoms of another neurological issue (e.g., Parkinson’s or Alzheimer’s
         disease) from those of the vascular concern, or if the individual has a history of
         metabolic or psychiatric disorders that have the potential to affect cognitive performance,
         or if cancer is involved.[7]     Thus, with a diagnosis of probable or possible vascular dementia, it is important,
         though at times difficult, to sort out what other factors might be causing cognitive
         difficulties.
      

      
      Vascular concerns can also mildly affect cognitive performance. Researchers have suggested
         a designation for such circumstances: vascular mild cognitive impairment (VaMCI).
         VaMCI includes amnestic (memory impairment) and nonamnestic (memory not affected)
         subtypes. Thus, if VaMCI includes concerns with memory, then you have the amnestic
         subtype; if not, then the nonamnestic subtype. However, both can include other cognitive
         domains or just one. Like vascular dementia, there must be evidence of a decline in
         cognitive ability as shown through cognitive testing. However, everyday performance
         of activities may or may not be affected.[8]    
      

      
      In the case of probable VaMCI, like vascular dementia this diagnosis will include
         cognitive impairment with accompanying imaging evidence of cerebrovascular disease.
         To receive this diagnosis, a patient will not have had a history of decline prior
         to some cerebrovascular event that resulted in a newfound deficit. As well, if there
         is clear imaging evidence in relation to a region in the brain appearing to be affected,
         and cognitive evidence linked to this regional deficit, you may also receive this
         diagnosis. Similar to vascular diagnosis, for a possible diagnosis for VaMCI, there
         should be no clear relationship between a cerebrovascular event and the start of a
         cognitive impairment, not enough or no imaging information available despite clinical
         symptoms suggesting VaMCI, and/or an inability to perform a proper cognitive assessment,
         or difficulty separating symptoms from another neurological issue. Also, if the individual
         has a history of metabolic or psychiatric disorders that have the potential to affect
         cognitive performance, then a diagnosis is difficult to make. Finally, if the individual
         has had or is dealing with a form of cancer, then diagnosis becomes an issue. Thus,
         similar to full-out vascular dementia, separating other disease states from mild vascular
         issues can be quite difficult and almost impossible to get a good handle on without
         a couple of rounds of solid neuropsychological testing and imaging evidence via an
         MRI.[9]    
      

      
      The extent of vascular involvement in the earlier stages of diseases such as Alzheimer’s
         (or dementia) remains a key issue for researchers. Though a link between them has
         been known for many years, understanding how the relationship works will be of significant
         importance in the years to come.[10]    
      

      
      VCI provides researchers the ability to categorize the types of cognitive deficits
         being observed in the face of vascular disruptions. Individuals who have received
         this designation or have experienced a stroke or TIA often want to know what this
         means for them. They might wonder: What are the implications for my brain health as
         I get older? What if I have experienced a significant cerebrovascular event? What
         if my “brain scan” displays significant vascular issues? The following section will
         examine the issue related to these questions to provide a full understanding of what
         one could expect and what one might do in the face of these potential cognitive issues.
      

      
      What Is the Risk of Dementia after a Cerebrovascular Event?

      
      Before describing what one might typically expect in regard to vascular issues within
         the brain, I think it is important to review what the risk is of moving to a dementia
         diagnosis after experiencing a cerebrovascular event (e.g., TIA or stroke). Being
         diagnosed with dementia is, of course, of great concern to individuals and family
         members, but what, for example, is the link between stroke and dementia? In general,
         the risk of a dementia-related illness after having a stroke is substantially increased.[11]     Of course, reports vary, but I will review some this research to provide a good
         understanding of what can be expected.
      

      
      Researchers and clinicians who regularly deal with individuals with Alzheimer’s disease
         examine these individuals for related vascular issues and inquire about clinical history,
         such as any stroke-related events. Clinicians want to understand the underlying issues
         and be thorough with their assessments. With imaging (e.g., MRI), they have a greater
         ability to locate vascular concerns such as white-matter disease and large or small
         silent (having occurred without the individual noticing) infarcts (strokes). Finding
         these issues together is becoming more and more common, and not because these events
         are increasing (however, there is an argument to be made that, in our growing fast
         food world, these issues are increasing significantly as a result of our diets), but
         rather the ability to detect this relationship has become much more effective in recent
         years.
      

      
      However, getting a true understanding of the rate of this relationship is difficult
         in that each study carried out on this topic is quite different in how it includes
         individuals, the types of vascular issue (full-out stroke or TIA) being reported,
         or which individuals have been included for follow-up. One common theme in this research
         is that if one had dementia prior to a stroke, or if dementia was noted after a stroke
         had occurred, in both cases it resulted in an increased rate of mortality or of the
         individual entering a long-term care unit.[12]    
      

      
      Researchers have also had a great interest in understanding the timing between stroke
         and dementia and have examined the relative rates. Reports indicate rates of developing
         dementia within three months after a stroke episode ranging from 13.6 to 32 percent.[13]     These percentages fluctuate depending on how the stroke episode is reported,
         inclusion or exclusion of certain criteria in the research (e.g., if individuals already
         had a cognitive impairment, there is another neurological concern, or communication
         was an issue for the patient, which in some studies excludes them from the research),
         type of stroke being examined, or other vascular factors like hypertension or arterial
         fibrillation (irregular heartbeat). Also, cognitive impairment as a result of a stroke
         can be influenced by factors such as one’s level of education and age. Research has
         shown that younger individuals are less likely to have a significant cognitive deficit
         after a stroke. As well, individuals who had obtained a higher level of education
         were less likely to have a significant cognitive issue after a stroke, and those who
         are young and have higher levels of education show less long-term damage to the left
         side of their brain.[14]     This is important because areas on the left side of the brain are primarly involved
         in speech and language, and damage to these areas cause significant cognitive impairment
         because communication is affected. As to why age and education are factors in cognitive
         performance, I believe this may happen for a number of reasons. As noted in a previous
         chapter, higher education is associated with the ability to create new pathways in
         the brain. These new pathways can compensate for damage within the brain and sustain
         neural transmission (brain messaging), meaning that your brain can still send and
         receive messages in spite of damage, often through the use of alternative routes.
         In regard to age, our brains and our bodies are designed to recover from injury regardless
         of any age. However, when we are younger, our brains and bodies, for numerous reasons,
         have the ability to heal faster. Thus, over a three-month period, we would expect
         younger individuals to have better scores, and they do. This does not mean that recovery
         to the same extent is impossible in older individuals. In fact, I believe it just
         takes more time, and these individuals just need to work a little harder to achieve
         gains and to have the same level of recovery.
      

      
      Though research has focused on short periods when determining a timeline for dementia-related
         impairments as a result of a stroke, this research does not end at three months or
         six months and has followed individuals for much longer durations. A population-based
         study carried out over 7.3 years in the Netherlands on 6,724 individuals showed that
         those who experienced a stroke were twice as likely to acquire a dementia-related
         disease. This rate of dementia is remarkable because it occurred even when researchers
         removed prestroke cognitive function and decline from their analysis.[15]     This means that individuals who appeared to be declining prior to having a stroke
         were removed from the calculation, and even when these individuals were removed the
         results indicated double the chance of having a dementia-related illness after a stroke
         event. These results are significant because they suggest that vascular issues are
         tied directly to one’s brain health and increase the odds of being affected by a debilitating
         cognitive impairment. Conversely, it has also been shown that approximately 16 to
         18 percent of individuals who have had a stroke already had a dementia-related illness.[16]     This evidence clearly shows a relationship between vascular health and brain
         health at a very basic level.
      

      
      Transient Ischemic Attack and Dementia

      
      Transient Ischemic Attack (TIA) is a difficult event to track since individuals may
         not always report to a health-care setting after experiencing symptoms (which are
         the same as in a stroke but last only a few minutes or hours). Since symptoms do not
         last, individuals often dismiss reporting to a hospital or their general practitioner.
         Thus, getting a true understanding of the long-term consequences of this type of event
         can be difficult to track. In addition, because a TIA is focused primarily on physical
         aspects, limited research has been conducted in relation to the effects TIAs have
         on the brain’s cognitive ability, specifically as it relates to dementia. In fact,
         I located only one study that has tracked both acute and long-term effects related
         to TIA and cognitive ability over time.[17]     Keep in mind that a TIA is a passing issue related to an underlying vascular
         problem and can result, for example, in lost or blurred vision, slurred speech, and
         coordination issues. These physical concerns can be quite scary, but when they resolve
         themselves quickly, individuals are relieved and return to normal activities. As such,
         people often put the incident behind them, and getting checked out may still not be
         a priority. In health-care settings, the focus is on the physical concerns related
         to this event, which are of great importance if, for example, you experience problems
         with your vision. However, after issues resolve, one might wonder what the lasting
         effects are on the brain. What can one expect concerning their cognitive ability in
         the days and years to come? Research on this topic has shown that individuals who
         experience a TIA or minor stroke show reduced cognitive ability even after physical
         abilities had returned, both in the short term (seven days after the event) and long
         term (on average, around four years later).[18]     In fact, it was shown that patients with cognitive concerns seven days after
         a TIA or minor stroke had a five times greater chance of experiencing severe dementia
         than individuals who at initial assessment did not have the same level of cognitive
         impairment. However, at thirty days, both groups (those with and without noted cognitive
         issues) had similar cognitive scores, suggesting recovery to a certain extent occurred
         for the group that had noted cognitive deficits. Despite this recovery, as shown at
         the four-year follow-up, some individuals still had a significant risk of developing
         severe dementia. The authors of this study suggest that these results point to a subgroup
         of individuals who are predisposed to cognitive issues after experiencing a TIA or
         minor stroke, and that this group should be followed by cognitive testing to help
         identify ongoing concerns. Finally, this research also noted that patients presenting
         with initial cognitive impairments were relatively less educated and more likely to
         be confused during assessment.[19]     These results, I believe, are quite telling, in that they directly link even
         minor vascular concerns with dementia. Having a five times greater risk of progressing
         to severe dementia in just a few years should be of significant concern to individuals
         who become members of this population.
      

      
      In addition, researchers have also shown that the risk of dementia is increased by
         33.1 percent for individuals who have a TIA within four weeks of a stroke and by 26.8
         percent for individuals having a TIA more than four weeks prior to a stroke.[20]     Thus, in either case, having a TIA significantly increases one’s risk for developing
         dementia. Primary health-care institutions need to ensure that this message is being
         passed on to these individuals, and prevention opportunities to avoid further complications
         could and should be presented at that time.
      

      
      How Common and at What Age Might I Have a Cerebral Infarction?

      
      First off, I will note that finding a cerebral infarct (an area of tissue loss) within
         in the brain of an older individual is common. Having a chronic infarct has been reported
         to occur in one-third to one-half of older individuals.[21]     An infarct in one’s brain often can be an unnoticed event. Many people have what
         are called silent infarcts, meaning that tissue loss has occurred in your brain but
         you are unaware that this has happened, simply because there were no behavioral signs
         to alert you. There are several physiological activities routinely carried out within
         the brain that we have no sense or knowledge of—for example, removing dead or dying
         tissue. An event such as this will go unnoticed because there are no behavioral symptoms,
         and thus one’s performance is not affected. One of the primary questions aging individuals
         might have is, how common is this type of event as I age, especially if I am healthy?
         As I have already noted, many researchers suggest that infarcts are not all that uncommon.
         Healthy elderly individuals can expect to see tissue loss (lesions, infarcts) greater
         than the general population at a rate of 5 percent at age sixty and of 35 percent
         at age 90.[22]     Thus, one of the mechanisms contributing to reduction in one’s brain tissue is
         simply age.
      

      
      At first glance, one might think that this is a significant concern, and that if you
         are in one of these age brackets you are doomed. But it is important to keep the right
         perspective. Though actual brain loss is certainly a great concern as one ages, the
         rates I have provided above are based on an average rate for a given population. They
         do not necessarily account for individuals who have taken great strides to protect
         their brain by actively engaging in weekly brain exercises (hint, hint). As has been
         shown, even individuals with Alzheimer’s disease have the ability to alter their brain
         performance. It is also important to point out that the brain does not operate in
         isolation. If one pathway poses a problem, the brain, for example, can use twenty
         other pathways to transfer the same message (hence the cognitive reserve theory).
         The number of routes or pathways within one’s brain to handle issues such as vascular
         disruption may depend on several factors. One factor of current interest is an individual’s
         overall physical health. Understanding this relationship may shed some light on this
         connection, which I will discuss below.
      

      
      Cerebral infarcts increase as one ages, but another question you might have is this:
         if I have one infarct, am I likely to have more? Researchers in one study tracked
         individuals with an average age of seventy-one (1,077 total patients, which is a good-sized
         sample for this type of research) over an average of 3.4 years and showed that the
         rate of new infarcts (silent or symptomatic) was about 14 percent, the majority of
         these (12 percent) being silent ones.[23]     A factor affecting this increase was age. During the 3.4 years, individuals in
         the sixty to sixty-nine age group had an 8 percent infarct rate, whereas those eighty
         to ninety had a 22 percent rate. Women had a higher incident rate than men, but it
         was only slightly higher and was not significantly different. Thus, women can be assured
         that they did not outperform men, which in this case at least is a really good thing.
         Interestingly, the researchers also noted that those who had experienced a previous
         cerebral infarct had a 2.9 times increased chance of experiencing another. This was
         maintained at a rate of 2.6 when controlled for other health factors, such as hypertension,
         diabetes, and arterial fibrillation. This means that though one may have an additional
         health concern, having an initial cerebral vascular issue seems to be the best predictor
         that you will experience another. However, most cardiovascular risk factors for stroke
         in general (e.g., hypertension, smoking, diabetes) also increase the initial risk
         of any type of cerebral infarct.[24]    
      

      
      What might be important to note here is that many vascular issues that occurred in
         the brain in this representative population were the result of silent infarcts. This
         means that unless you were being tracked and given a routine MRI, you could experience
         many silent brain infarcts and be totally unaware of it. This suggests the importance
         of engaging in good habits regardless of any physical signs you may or may not receive
         from your body, particularly as you age.
      

      
      However, if you become aware of issues or if you have experienced an overt event like
         a stroke, your might wonder, can I regain my same level of cognitive ability? First
         and foremost, this is a difficult question to answer directly since no two strokes
         are alike. Two common types of stroke that affect the brain in different ways include
         ischemic and hemorrhagic. One of these restricts blood flow (ischemic) and the other
         is the result of bleeding into the brain (hemorrhagic). Both are quite harmful to
         your brain’s health, but the extent of damage can differ quite a bit depending on
         the type of stroke that has occurred and where and how much of the brain has been
         affected. All of these factors influence recovery outcomes. With this information
         in mind, I can safely answer the question above as both yes and no (I understand that
         this is not very decisive). Because there are so many variables involved in stroke
         recovery, including the type, size, and area of the stroke; the individual; the time
         it takes to get care; and so on, one cannot possibly offer a specific answer to what
         will happen to one’s cognitive abilities as a result of a stroke. However, what I
         can tell you is that after having a stroke, you can expect a cognitive impairment
         to persist past the episode. Some researchers suggest that this occurs at a rate of
         about 35 percent.[25]     A number of individuals will spontaneously regain cognitive ability after their
         stroke episode. Again, the type of ongoing disruptions can vary, and one may have
         anywhere from very small to significant cognitive deficits. Though researchers suggest
         that there are currently no great advances in cognitive training programs for stroke
         victims,[26]     I would suggest this will change in the years to come. I believe research is
         making great strides in identifying the type of tasks and programs that can be cognitively
         helpful for individuals in the acute poststroke stages. However, as noted above, there
         can be a number of lingering concerns, and individuals should be aware of these and
         take all measures possible to beat the odds.
      

      
      Healthy Body, Healthy Brain?

      
      As I stated in the introduction to this chapter, most people understand that if we
         exercise and work out, we can expect overall health benefits to our body. But a benefit
         to our brain, specifically, is not in the forefront of many people’s thoughts as they
         engage in such pursuits, though it should be. Evidence has shown that individuals
         who engage in regular physical activity can expect to see cognitive benefits. Much
         of the early evidence on this subject suggested that the effects were tied to an increase
         in one’s general state of arousal.[27]     This means that individuals were better at certain tasks simply because they
         were in a heightened state of awareness as a result of some form of physical activity.
         An examination of several research studies indicates that cognitive performance could
         be improved directly after a steady-state exercise program. However, this research
         also showed that cognitive performance could be negatively affected during the first
         twenty minutes of exercise, especially if the exercise is treadmill running versus
         a task such as using a stationary bike. This is understandable since brain resources
         would be in greater use to keep one centered on a treadmill and balanced, unlike on
         a stationary bike. Overall, this research, which examined fifty studies, suggested
         that the greatest benefit to cognitive ability could be seen twenty minutes after
         exercise had concluded, compared to cognitive measurements taken prior to or during
         an exercise program.[28]     Most notably, the greatest improvement in cognitive ability after an exercise
         program was observed on processing speed tasks (including reaction-time procedures)
         and in memory procedures. It is important to keep in mind that these results fluctuate
         depending on the type of exercise one is performing and the type of cognitive task
         being administered. Not all exercise is sufficient, and not all cognitive tasks have
         been shown to improve performance. I have simply highlighted here the ones that have
         shown the greatest benefit.
      

      
      Though benefits can be observed, one might wonder, what’s going on in the brain? If
         we know that certain sustained exercise programs can positively alter our cognitive
         performance, the question remains: how is our brain affected in a way that improves
         cognitive performance? First of all, our bodies view exercise as a stressor, so our
         brain chemistry will alter appropriately to handle the onset of this stress. However,
         this stressor is not the same as others (hopefully) and exercise is seen as a welcome
         activity by your body, and thus the concentrations of neurotransmitters that respond
         to stress become altered. Particularly in exercise, neurotransmitters such as noradrenaline,
         dopamine, 5-hydroxytryptamine (5-HT), and cortisol change concentration levels in
         the brain in unique ways.[29]     For instance, noradrenaline and dopamine are chemicals that improve transmission
         of signals within the brain, and an increase in the amount of these chemicals recruited
         from your peripheral systems as the result of ongoing exercise can help increase the
         brain’s signaling and subsequently improve cognitive performance. The reason other
         chemicals from your peripheral system do not impact your brain as well is that the
         blood-brain barrier (which protects our brain from harmful toxins and an overabundance
         of harmful chemicals) has an affinity only to certain chemicals, and these two can
         cross more readily than others.[30]     Thus, stimulating the body’s circulatory systems is one theory for why these
         chemicals are present in the brain and why cognition improves. In addition, these
         specific neurotransmitters act on regions of the brain that are important for information
         processing and storage. This is just one theory for why exercise may alter cognitive
         performance, though. The process is very complex, with many factors involved, and
         I have provided only a very brief and limited explanation for how our brain chemistry
         can be altered. Nevertheless, I believe this explanation is one of the most viable
         ones in that it helps explain why duration of exercise is important to changing cognitive
         ability, being that it takes twenty minutes or so to have chemicals move from your
         peripheral areas to your brain in significant quantity and to specific areas.
      

      
      Finally, I would like to examine exercise research as it relates to cognitive ability
         in aging individuals, being that some of the earlier information I provided in this
         chapter focused on individuals between the ages of eighteen and thirty. A recent review
         article looked at eleven separate studies examining exercise programs and the resulting
         cognitive outcomes in healthy individuals fifty-five and older.[31]     These studies varied in type of exercise, and so the reviewers examined aerobic
         exercise versus other types (e.g., flexibility or balance programs and strength training
         programs). Overall results across all studies demonstrated that aerobic exercise versus
         other exercise programs had a greater ability to alter cognitive performance. Specifically,
         aerobic programs showed a greater change in tasks such as cognitive speed, delayed
         memory, and visual attention. In addition, when compared to older individuals engaging
         in no exercise, further gains were also seen in auditory attention and motor function
         procedures. Interestingly, individuals who were able to increase their cardiorespiratory
         fitness demonstrated at the same time improvements in cognition. On the one hand,
         this review suggests that there were a number of cognitive functions not affected
         by exercise interventions, and therefore the results should be tempered. On the other
         hand, it also suggested that a physically active lifestyle for aging individuals can
         improve fitness, which in turn could positively affect cognitive abilities.
      

      
      Conclusion

      
      In time, as evidence grows, it will become more apparent that cardiovascular concerns
         are linked to numerous cognitive and brain health issues, including diseases. In some
         cases, I believe the link between cardiovascular issues and vascular brain health
         will be significant. In addition, important factors for general cardiovascular well-being
         might be the same as those that ensure good vascular brain health. Thus, it may be
         difficult to get a clear sense of vascular health concerns since they relate to both
         brain and body. But this might be a good thing since researchers, clinicians, and
         the public in general will develop a greater appreciation for how our vascular structure
         is so tightly linked to brain health and that what affects the body in general may
         also have a significant effect on the brain. Thus, moving forward as an aging individual,
         good cerebrovascular health will be essential to ensuring good brain health. There
         is, of course, as with all examples, exceptions to this theory, but I think in general,
         as more evidence is presented, a clear link will become apparent. So if you wonder
         what you should be doing to help your brain, might I recommend exercise, exercise,
         and more exercise.
      

       

      Below I have provided a list of common signs and symptoms for a stroke-related event.
         The best advice I can give if you or someone you know is experiencing any of these
         symptoms is to get to a health-care center as soon as possible.
      

      
      The five signs of a stroke:[32]    
      

      
      
         	
            
            Weakness—losing strength in either the arms or legs and possible numbness in the face

         

         
         	
            Trouble speaking—problems understanding speech or speaking and sudden confusion

         

         
         	
            Vision problems—trouble seeing properly

         

         
         	
            Headache—severe and unusual

         

         
         	
            Dizziness—losing balance in conjunction with these other symptoms

         

      

      
      Keep in mind, as noted above, that these could be short in duration. However, it is
         still important to get checked out quickly—time is very important in these cases.
      

      
      Remembering the FAST acronym when it comes to identifying stroke symptoms can also
         be very helpful.[33]    
      

      
      F = Face

      
      
         	
            
            Uneven smile

         

         
         	
            Facial droop/numbness

         

         
         	
            Vision disturbance

         

      

      
      A = Arms and Legs

      
      
         	
            
            Weakness

         

         
         	
            Numbness

         

         
         	
            Difficulty walking

         

      

      
      S = Speech

      
      
         	
            
            Slurred

         

         
         	
            Inappropriate words

         

         
         	
            Mute

         

      

      
      T = Time

      
      
         	
            
            Time is critical

         

         
         	
            Call 911
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      Section IV

      The Futuristic Brain

      
         
         
      

      
      
      
      Chapter 13

      Neuroplasticity and Cognitive Plasticity

      
         
         
         What We Should Demand from Our Brain

         
      

      
      After reading this chapter, you should be able to answer the following questions:

      
      
         	
            
            What is the difference between cognitive plasticity and neuroplasticity?

         

         
         	
            What can you expect about the size of your brain as you age?

         

         
         	
            How can one communicate and move about with just a brain signal?

         

         
         	
            How to grow a bigger brain?

         

         
         	
            What are the possibilities for an artificial brain?

         

      

      
      Brain Plasticity

      
      Cognitive plasticity and neuroplasticity are essential elements in ensuring brain
         health, growth, and performance as we age. Thus, the future of your brain is linked
         to your ability to increase plasticity (neuro- and cognitive), through both natural
         and in some cases artificial processes.
      

      
      Neuroplasticity is a term generally reserved for two neural processes. One of these is neurogenesis,
         the brain’s ability to generate new neurons. The second is called synaptogenesis,
         the formation of new synapses (junctions between two neurons that act as their neural
         messaging link), which typically happen when your brain is developing but can occur
         throughout your lifespan. Both of these changes are referred to as cortical reorganization;
         they are typically a result of brain changes occurring through stimulation and can
         be brought on through new experiences or novel learning.
      

      
      Cognitive plasticity, on the other hand, refers to an increased dependence on brain reserves (previously
         successful brain processes) and how they are used in cases of adaptive changes in
         brain activity for successful task completion. The basic idea behind this process
         is that the brain tries to use what is working (neural connections and areas of the
         brain still processing information effectively) to get around what is not working.
         For example, you might think of this process as similar to driving home from work
         and noticing that due to road construction your normal route is blocked; there is
         a detour you can use, which may make your drive a little longer, but you will still
         get home. This is not unlike what your brain does in the face of regions or neurons
         that have become compromised. Instead of using the normal route, the brain becomes
         adaptive and will work via an alternative route or process to get you what you need.
      

      
      The main distinction between these processes is that neuroplasticity refers to the
         ability of the brain to grow and create new neurons when needed to adapt to task demands
         (of course, this rate varies based on the type of brain, e.g., damaged or nondamaged),
         and cognitive plasticity refers to the brain’s ability to use alternative routes and
         rely on existing brain activity and patterns to meet its needs. Both of these processes
         are well documented and have received a significant amount of attention, but this
         is usually in regard to brain development, injury, or subsequent recovery, with limited
         research examining these processes as they relate to normal aging and age-related
         diseases. However, because of the increasing longevity of the population as a whole,
         there is a considerable interest in understanding how the brain can adapt to age-related
         decline and disease states.
      

      
      The Aging Brain

      
      Research tells us that, on average, starting at thirty until the age of ninety, the
         adult brain will lose 14 percent of its gray matter volume and experience a 26 percent
         loss in white matter.[1]     You do not need to be a neuroscientist to know that this is not good. However,
         this is an average evaluation, formed by examining the brains of several individuals
         of varying ages, and no single study has followed one specific individual, or sets
         of individuals, in this age group (thirty to ninety) to understand what these changes
         might mean on a personal level. In some cases, certain individuals might have put
         in place strategies to ensure better aging, while others of a similar age have done
         nothing. The loss of white matter can affect one’s cognitive ability. For example,
         demyelination (loss of the sticky stuff that coats the outside of your neurons) deep
         within in the brain is related to reduced memory ability in older humans.[2]     In addition, studies have shown that individuals with cardiovascular disease
         who have experienced problems with memory and planning have a reduced amount of white
         matter.[3]     What we know is that as we age, on average, humans experience cortical loss that
         can affect cognitive performance beginning primarily around the age of forty.[4]     However, as I have stated, this may not be the end of the story. It has been
         emphasized throughout this book that putting some important strategies in place can
         affect the brain’s aging process and keep you from losing significant cognitive ability.
      

      
      Cognitive Plasticity

      
      One of the primary ways researchers have tried to evaluate age-related decline is
         by linking regional cortical shrinkage to behavioral deficits. To date, this has not
         proved to be useful. The difficulty is that some healthy individuals with no behavioral
         changes can have significant cortical shrinkage in a number of areas and perform normally,
         and sometimes even better, on certain behavioral measures.[5]     For example, a shrunken entorhinal cortex (an important memory center in the
         temporal lobe) does not always result in observable memory loss; this is remarkable
         because of the essential role this area plays in memory ability, reported many times
         over.[6]     For aging individuals, this is actually very good to know. If you remember, earlier
         I stated that brain shrinkage was an inevitable factor of aging. But even in the face
         of cortical shrinkage, and factors such as white-matter hyperintensities (vascular
         damage), one’s brain can adapt and compensate to operate normally and efficiently.[7]     The primary question is, how do these older individuals, particularly those “under
         attack” from cortical shrinkage or disease, adapt to ensure successful performance?
         The current theory offered by many researchers involved in imaging is that these individuals
         enact several pathways within their brain, often called overactivation, to deal with
         this problem.[8]     These individuals automatically (keep in mind that this is an unconscious process)
         call on several brain resources to ensure the job gets done and may use different
         strategies (a conscious process) when trying to remember something of importance,
         such as their first kiss. It might be that they used to remember it because of where
         the kiss took place, and now they remember it because of whom they kissed. The point
         is that they still remember the kiss, but they access the information in a different
         way.
      

      
      Overactivation of the brain is a common process observed in studies examining successful
         retrieval of information by aging individuals affected by a disease state. This pattern
         of activation is very typical of those who have demonstrated, for the most part, consistently
         high cognitive ability throughout their life. These individuals presumably have a
         superior capability to shift resources in order to complete activities than aging
         individuals who have consistently had less cognitive ability. Research has shown that
         individuals scoring low on memory tests continue to try to activate previously successful
         networks, in spite of issues they may have in proper retrieval of the information.
         Thus, these individuals consequently are shown to be less successful in memory performance
         than high cognitively functioning adults, who will not only try activating previous
         regions but new brain regions as well. In particular, the high functioning adults
         activate areas on both sides of the brain (bilaterally), which is in contrast to less
         successful adults faced with a similar task and with the newfound burden of a disease.[9]     The belief is that high cognitive functioning adults have primed their brains
         to work on problems through numerous paths or “networks,” and thus they can adapt
         more readily to cognitively taxing situations. Though this may be viewed as a good
         strategy, it is merely a way to compensate for deficits.
      

      
      Optimal performance, however, is viewed as an individual who completes tasks using
         the fewest cognitive resources possible while achieving a high level of performance.
         This is typically the type of brain activation one sees in younger individuals with
         no deficits.[10]     Additional research has also shown that, in older adults, increased activation
         is observed in the brain’s frontal regions when dealing with the management of numerous
         types of tasks, such as visual perception, as well as various types of memory tasks,
         including retrieval and recall. This research suggests that many individuals rely
         on the compensatory mechanisms (cognitive plasticity) of the frontal lobe to complete
         various tasks, especially in the face of advancing age. Interestingly, this change
         appears to occur very early in the aging process, with observable changes visible,
         on average, before the age of fifty.[11]    
      

      
      The primary message that can be taken from this cognitive plasticity is that if you
         work to maintain cognitive ability, and engage yourself in novel learning and challenging
         mental activities, the greater the chance that cognitive plasticity will work to your
         benefit. Any impeding disruptions in your mental ability will be put off significantly
         longer than individuals who have not engaged in such activities or pursuits.
      

      
      Neuroplasticity

      
      From a neuroscience point of view, all humans are born prematurely. What I mean by
         this is that the brain still requires a significant amount of time to develop and
         grow. When we are born, our brain only weighs about 350 grams. Though neuronal growth
         is somewhat limited after this time, the main objective of the brain is to establish
         connections between neurons and other regions, on its way to reaching a weight of
         1,400 grams, which occurs in late adolescence.[12]     It is quite phenomenal that we experience almost twenty years of growth, with
         the frontal lobe benefiting the most in the final stages of development.[13]     This may explain why so many adolescents have trouble making good decisions,
         being that the frontal region is significantly involved in our decision-making processes
         and, consequently, their brains are still maturing.
      

      
      Putting the growth in size issue aside, one of the primary questions researchers have
         been trying to understand is this: Can aging brains grow new neurons? And if so, how
         effective are they at this process? The quick answer is, yes, older brains can and
         do experience the growth of new neurons (neurogenesis). How effective this growth
         is appears to depend on a number of factors, which I will discuss next.
      

      
      Understanding how neurogenesis happens and the biological process that occurs as a
         result is very exciting. However, rather than filling up a number of pages with a
         substantial amount of biological detail, I will simply tell you that adult neurogenesis
         occurs through the production of specific cell types shown to have an affinity for
         a specific area of the brain in the hippocampal region. This region is involved in
         memory processes, and these new cells need to grow and mature to become effective
         in aiding neurogenesis. Until recently, in the last two decades or so, the general
         consensus was that we do not produce new cells as adults; instead it was thought that
         after growth was completed (in our twenties) all the neurons we were ever going to
         have were presented, and afterward we were faced with an inevitable, steady decline.
         However, we now know that the adult brain is capable of neurogenesis and that the
         growth of connection areas on and to other neurons occurs through small, branchlike
         structures called dendritic spines.[14]     With this change in thinking, new initiatives have been undertaken to study how
         this growth is achieved in the face of advancing age.
      

      
      Researchers suggest that these newborn cells can aid in learning and memory. As well,
         animal studies have shown that when mice are exposed to “enriched environments” (e.g.,
         challenging and stimulating tasks), they demonstrate better ability in completing
         various tasks later in life, but in particular those related to environments they
         were exposed to in their early stages of neural growth.[15]     This is interesting because it suggests that one can recover functions much better
         having been previously exposed to them during the growth stage. Providing enriched
         environments as one grows could be significantly important in the production of neurons
         in adulthood.[16]     For example, many people who are exposed to a specific type of task during childhood
         are surprised to find they can still perform this type of task years later, even if
         they have not attempted it since childhood. Not only are enriched environments important
         as one matures, but research with mice indicates they play a role in promoting the
         survival of new neurons in older animals.[17]     Thus, one should strive to ensure that environments are rich with activities
         that continually challenge and inspire the brain. As well, engaging in these behaviors
         in the later stages of your life will help ensure the survival of newly generated
         neurons and help you develop to your fullest potential.
      

      
      Though preferential treatment can occur for neurons that have had an “enriched” development
         phase, engaging in novel tasks is also beneficial for the expression of these cells.[18]     Theoretical models suggest that new neurons need time to grow and create effective
         connections with other neurons. The phrase “practice makes perfect” comes to mind,
         because, on a cellular level, this could actually be the case in the development of
         new neurons. Think about a person trying to make a sports team. The “new guy” is trying
         to fit in and find a place on the team where he works best. If there is not a good
         fit, the process goes on without him. However, if there is a good fit, then the team
         gets that much better.
      

      
      It is also important to note that neurogenesis could be viewed as a process whereby
         these new neurons are used to compensate for neurons that are dysfunctional. Thus,
         a replacement process is essential for continued performance.[19]     One interesting finding is that neurogenesis occurs in brain structures (e.g.,
         the substantia nigra) noted to be affected, for example, by Parkinson’s disease. Reports
         suggest that neurons in this area are being replaced, although this replacement is
         at a rate slower than the progression of the disease. The brain is working remarkably
         hard in attempting to defend itself and ensure successful functioning, even in the
         face of a neurodegenerative condition such as Parkinson’s.[20]    
      

      
      Though research has shown that adult neurogenesis does occur, and that behavioral
         changes in memory and learning are possible, none of the research is entirely conclusive,
         and some of what is presented is based on theoretical models only. However, this simply
         tells us that more research needs to be conducted in order to understand how to create
         effective neurogenesis and fight disease in aging individuals.
      

      
      Brain Maintenance

      
      Maintaining brain health is of the upmost importance. As noted thus far, there are
         several ways one can improve the chances of successful cognitive aging. Scaffolding
         theory has been suggested to explain how certain aging individuals are able to maintain
         a higher level of functioning despite changes in the brain. Scaffolding theory suggests
         that healthy adaptations of brain functioning occurs not just because the brain develops
         and creates ways to handle new challenges, but because individuals who have consistently
         challenged themselves throughout their lives can be very adaptive in handling changes
         that occur on an anatomical level at a later stage of life.[21]     Individuals who continuously engage in novel activities may create a scaffold
         (or platform) of primed neurons, and possibly a primed neural network as well, ready
         to address cognitively challenging situations as they age. Secondary networks of neurons
         called into action with particularly challenging tasks might be used later to handle
         situations where the primary pathway is not functioning at an optimal level.[22]     For example, neurobiological challenges (e.g., attack from diseases causing a
         loss of neurons) could result in limited behavioral disruption in task performance
         when a “scaffold” is in place; one could recruit previously established resources
         to ensure normal brain functioning and normal behavioral responses. It is important
         to note that this theory is not yet biologically established but is suggested to address
         why certain individuals at postmortem examination have substantial neural loss but
         still presented as cognitively normal to the end (a good goal for many to achieve).
      

      
      As we age, there is a common tendency for the brain outside of the frontal lobe to
         be underactivated and the frontal area to become overactive, influencing how one adapts
         to cognitive challenges.[23]     Interestingly, brains in younger individuals working on a complex problem resemble
         those of older individuals working on a simple problem.[24]     Though plasticity is a possibility throughout our lives, age-related decline
         is a challenge and an area of concern; thus increasing our plasticity as a protective
         mechanism against neurological diseases could be very important for ensuring normal
         functioning. However, there may be a limit to the “scaffolding” system; at a certain
         point, compensation is not viable anymore, and this is when cognitive decline may
         become very apparent.[25]     Many families report that their loved one seemed fine and was coping well, and
         then there seemed to be a sudden decline in cognitive ability, a process I postulate
         might be more common in individuals with a good scaffold. 
      

      
      Communication and the Brain

      
      What does the future of the brain hold for communications? Will we eventually have
         these wonderful superpowers, like the supreme beings we see in movies who communicate
         telepathically with one another? Though this seems very far-fetched, in reality communication
         simply requires the ability to transfer signals or information from one area to another.
         Thus, with the help of technology, it may be possible to transfer neural correlates
         of language into a system that produces an output, or response, for another individual.
         This means that if a person cannot speak, there could be a way to communicate through
         technology of some kind. Though this is not telepathy in the purest sense, it is certainly
         a remarkable advancement. Though you may think this is a newfound scientific achievement,
         people have been successfully using this type of technology for some time. Perhaps
         you have heard of the remarkable Professor Stephen Hawking (director of research at
         the Centre for Theoretical Cosmology at Cambridge). Professor Hawking uses tiny muscle
         movements to talk, write, and stay mobile.[26]     He retains the ability to use muscle movements, which actually exceeds what many
         others experience, for example, muscle movements are not available in locked-in syndrome.
      

      
      Locked-in syndrome, in a majority of cases, results from a brain-stem stroke (vascular)
         and creates a situation where an individual is almost completely paralyzed. For many
         years, health professionals wondered if this was a vegetative state or if this individual
         could still comprehend what was going on around them. The question is, how can these
         individuals possibly communicate? One way that has been successful is through the
         simple efforts of blinking their eyes; and, in fact, Jean-Dominique Bauby published
         an entire book, The Diving  Bell and the Butterfly, by blinking the alphabet with his left eye.[27]     Discovering that these individuals are cognitively intact, and not in a vegetative
         state, has helped increase the research being conducted in this area. Because muscle
         responses cannot be used or accessed for these individuals, researchers went directly
         to the source: the brain. In a study at Cambridge, an individual diagnosed as being
         in a vegetative state (temporarily) was examined using brain imaging (fMRI), allowing
         the individual the opportunity to respond to questions.[28]     The researchers had the individual think of two specific types of activities
         and equate one of them with a yes response and the other with a no. When the individual
         wanted to say yes, he or she would think of this identified “yes activity,” and when
         it was “no,” of the other activity. They found that the individual was able to communicate
         via this thought process and identify, for example, the names of his or her family
         members; these specific responses showed researchers that communication using just
         one’s thoughts is possible. In a follow-up to this experiment, Dr. Owen, the lead
         researcher in this study, suggested that it may also be possible to use brain signals
         to communicate yes and no output such as seen in the scanner. However, generating
         a brain signal and having it identify a specific activity takes a bit of time, making
         a real-time conversation as it stands now difficult.[29]     Despite the drawback of a lag in conversation time, it is certainly remarkable
         to think that we can use our brain responses as a way of communication, with no speech
         or muscle movement required. How this can help individuals with various diseases affecting
         communication will be watched closely for future developments.
      

      
      Brain, Movement, and Biofeedback

      
      In the above discussion, I described how technology has evolved to address communication
         issues related to a breakdown in our bodies’ abilities to communicate. As shown, remarkable
         advances have been made in this field of research. But how about our ability to move
         objects with our minds (telekinesis)? Could this be possible as well? This is, again,
         an example of extraordinary superpowers noted in popular literature and glorified
         in movies that could really happen in the future. Since this has not occurred yet,
         scientists have been developing ways that computers can interact to meet the needs
         of individuals who could benefit from telekinetic-like superpowers.
      

      
      Current technology has shown that we have the ability to design a number of highly
         advanced systems that work through a process called biofeedback. Biofeedback is a
         process whereby an individual uses internal signals (e.g., brain or muscle activity
         patterns) to control external objects or improve internal functioning. The goal of
         biofeedback is to give the user the ability to understand, control, or modify internal
         responses for internal improvement or external gain. Modifying internal processes
         can be seen, for example, when individuals can visibly track biological processes
         such as their pulse or blood pressure. When given the opportunity to monitor their
         blood pressure or pulse, individuals demonstrate a good ability to alter and manipulate
         it, indicating that the brain plays a definitive role in the process.[30]    
      

      
      Research on this topic is exciting because it demonstrates that one can change existing
         internal states, but how about controlling external “things” in our world? One of
         the most compelling ways biofeedback has been used is to control external objects
         using internal thoughts or biological signals. A recent way this has been achieved
         is through a process called brain computer interface (BCI). BCI works by transmitting
         neurological signals to a computer, which then translates these signals to control
         some form of external device. These neurological signals can be captured via electrical
         brain signals or through brain blood flow; either of these types of measurements indicates
         activity within a certain region of the brain. Thus, in order for individuals to create
         an external movement, such as moving a wheelchair left or right, researchers program
         the computer to turn left when a particular area of the brain becomes active or turn
         right when a different area becomes active. Though this may sound simple, individuals
         trying to use this technology are required to practice activating regions for control
         of the device, which can be time consuming.[31]     The individual thinks normally about something specific and nothing else; with
         this equipment, they are using their thoughts to control devices in the world around
         them. With these types of systems, individuals can control many items around them,
         such as the temperature of the room or whether the blinds are opened or closed.[32]     In other examples, individuals control prosthetic devices.[33]     Providing individuals that have lost an appendage with a device to allow them
         to grasp and move objects with a thought is of significant benefit and now possible
         with these recent advancements.
      

      
      So how far can these types of devices go? It is difficult to say, but the future seems
         bright. One example comes from a company called Emotiv that has developed a system
         to control one’s computer through thoughts. In fact, there are many demonstrations
         of this technology on the web, showing individuals controlling items on a computer
         screen. The company markets a headset device that requires no significant setup. Individuals
         simply place this device over their head, connect sensors on certain parts of the
         head (over specific regions of the brain), and then begin to calibrate the system.
         As the company demonstrates, individuals need to think, for example, of moving an
         object during the calibration phase, which allows the computer to measure signal strength
         and activation. The individual can then try this task with a virtual object on a screen
         to see if movement can be achieved. The company currently provides a number of games
         individuals can play through this type of thought-controlled device.[34]     This is certainly a remarkable advancement that could fit nicely with a smart
         home system. Individuals with significant restrictions could, through a system like
         this one, control many of the devices in their home with just a thought. Or, as mentioned
         above, a person who has lost control of a limb could experience movement once again.
         These systems will work well if your brain is working well, but what about the brain
         itself? Is there a way to effect positive change or to artificially protect our brains
         as we age? The following section will examine some ways we might cheat the process
         of an aging brain.
      

      
      Can Our Brain Live at Its Peak Performance for the Duration of Our Life?

      
      The majority of this book has been spent explaining ways to protect your brain because,
         as noted, it is susceptible to so many things. Therefore, I thought it only fair to
         examine some ways we might cheat some of the processes affecting the aging brain.
         We know that as we age our brain shrinks as a result of dying tissue and neuronal
         loss. This is a significant concern even for healthy individuals. But is there a way
         to alter this process? I will review this “brain shrinkage” problem and provide some
         plausible suggestions.
      

      
      The Shrinking Brain

      
      Is it possible to artificially stop our brains from shrinking? One of the key components
         involved in the shrinkage of our brain is the reduction of the ability to produce
         new neurons (neurogenesis).[35]     This results in ongoing loss of the formation of new brain connections and maintenance
         of current brain structures (e.g., in the hippocampus), causing actual physical shrinkage
         in your cortical brain matter. New neurons are formed with the assistance of neural
         stem cells. Currently, animal research has shown that we can produce neural stem cells
         that can flourish and grow when implanted into the brain, and this can occur even
         in areas with significant damage. These cells have the ability to stimulate growth
         in tissue that has died or experienced trauma.[36]     This is very exciting news, and one might hope that issues related to disease
         or damage can be solved as a result of this scientific advancement. However, there
         is an important issue with these new cells. Because they are entering the brain without
         experience, they are able to create new growth and connections among each other, but
         they have difficulty generating connections with the existing brain structure, and
         thus in many cases they do not become useful. In addition, in the case of neurodegenerative
         diseases (e.g., Alzheimer’s and Parkinson’s diseases), these new neurons are still
         susceptible to the same disease process that has been occurring in the individual’s
         brain for a number of years. Thus, replacing dead and dying neurons could be a never-ending
         process. But what if this could be changed? What if neural stem cells could undergo
         a maturation process before being implanted into one’s brain?
      

      
      The above ideas are certainly plausible; finding a way to make them work is the next
         step. Before understanding how to engineer new cells, it must first be determined
         if increased neuron density can be achieved at all, assuming that greater neuron density
         will ensure maintenance of brain size.
      

      
      Increasing Our Brains

      
      Researchers have indeed shown in animal models that it is possible to significantly
         increase neuron density, and they have successfully done so in the brains of animals
         that have experienced damage. It has also been shown that these new neurons could
         survive and mature, replicating the performance of the pervious neurons in this area,
         including behavioral performance on motor tasks.[37]     This current research is remarkable; if it can be extended to human brain conditions,
         there could be a whole new approach to recovery. However, stem cells involved in this
         process develop into neurons that also age. Thus, if we are going to cheat the aging
         brain process, we need to find a way to keep these neurons young.
      

      
      As we age, our stem cells mature and develop into a “required cell.” These cells are
         provided at specific times and places. This process occurs from birth, and each successive
         new generation of cells, especially in the early stages, alters and changes to meet
         the needs of our environment and ensure growth. The goal, of course, is continued
         renewal of these cells, to ensure stability in health and in the genome (genetics).[38]     However, the majority of the human brain does not produce or renew cells. Even
         though you might modify stem cells to interact with tissues to create a more youthful
         cell, it might not be helpful to our aging brains. Studies do, however, suggest that,
         on a basic level, cells from the skin, muscle, and bone marrow of a young animal can
         be introduced into an aging animal’s genetic makeup, creating a hybrid of both, suggesting
         improvement for the aging animal on a cellular level.[39]     If this process could be modified to meet the needs of the brain, we might reduce
         the number of aging brain cells and stave off cell death.
      

      
      Another suggestion to fight loss of neuron density and create, in a sense, a neuroprotective
         effect has been examined in cases of brain trauma and stroke. Researchers have shown
         that, after damaging the parietal lobe of a mouse’s brain, they can successfully increase
         neurogenic growth during recovery, as well as protect other areas of the brain around
         the damage site using erythropoietin (EPO). These animals were shown to regain cognitive
         abilities that had been impaired by brain damage. Researchers also made a very interesting
         observation; they suggested that discrete damage to only the parietal lobe in animals
         during the development stage is linked to global neurodegeneration, and can be linked
         to premature aging and genetic events such as Alzheimer’s disease and schizophrenia.
         They suggest that with the treatment of EPO, these events could be avoided.[40]     EPO is helpful because it protects tissue, particularly in low oxygen states.
         It is primarily described as a hormone for the production of red blood cells. Thus,
         EPO could be helpful in maintaining and regaining structural brain stability. To my
         knowledge, there have been no experiments examining this potential in human patients,
         but it may prove useful in the years to come.
      

      
      An additional observation made by these same researchers was that the parietal lobe
         appears to be relatively important in achieving an overall healthy brain state. Thus,
         increasing neuron density in the parietal lobe might be very useful. Targeting specific
         brain regions might be achieved through substances like epidermal growth factor (EGF).
         To a certain extent, this process has been successful in increasing the number of
         new cells. Maintaining this growth and ensuring its success will be the obstacle to
         overcome.
      

      
      Targeting the parietal lobe for growth could be important because, as already noted,
         it is responsible for combining information and transmitting messages to several other
         brain regions. It also maintains significant connections to all other brain regions
         via a set of fiber tracts. An interesting anecdote about the parietal lobe is that
         on postmortem examination, Albert Einstein was reported to have had an enlarged parietal
         lobe. Whether this was the mechanism responsible for his great mind no one can say
         for certain, but greater density certainly wasn’t a drawback in his case, and might
         indicate better brain health, especially as we age.
      

      
      Electrical Cells

      
      Thus far in this chapter, a number of theories have been proposed suggesting that
         there is a possibility for humans to ensure better brain health, and health in general,
         as we age. Many of the processes described here are on the cusp of great breakthroughs.
         Ensuring longevity requires work on a cellular level, but if a key to cell renewal
         cannot be provided at this point in time, then perhaps the key is in ensuring proper
         maintenance or, more appropriately, enhancement of cells. One of the major desires
         expressed by aging individuals is to have the same cognitive capacity they once did,
         and even perhaps the same memory ability. Could there be a way to artificially enhance
         neurons, and subsequently the brain structures, to get them to respond as they once
         did or perform even better? Recent research suggests that this is certainly a possibility
         and proposes a “neural prosthesis.” For example, researchers conducted a study where
         they recorded the electrical signals within the hippocampal region of rats performing
         a task that required them to press the correct level to get water. Researchers successfully
         recorded the pattern of electrical signals that were active in forming the memory
         of the correct level at both the input stage (recognizing the task) and the output
         stage (performing correct motor movement and choice). A drug was then administered
         to erase the rats’ memory of this activity, and researchers applied the same pattern
         of electrical signals to the same brain structures observed in the recording stage.
         They were successful in having a rat who did not remember this training act as a trained
         rat.[41]     Thus, they showed that we have the ability to record input patterns within a
         brain, predict what the output pattern should be, and do this successfully to generate
         an appropriate behavioral response.
      

      
      This research is remarkable and could be invaluable for humans. Areas affected by
         disease or trauma might benefit greatly from this form of artificial stimulation,
         providing one with the ability to complete a desired behavioral response with the
         use of an artificially implanted electric signaling device. As well, a reduction in
         cognitive performance as we age might not need to take place, and where identified
         structural reductions occur, electrical stimulation could fill this void.
      

      
      Enhancing Our Brains

      
      Neural implants are a current reality, and, as was highlighted earlier, brain computer
         interfaces demonstrate that biology and computers can already interact at a high level.
         This leads to the question, could more be achieved?
      

      
      One of the plausible ways to enhance our brain capacity is through the development
         of an artificial brain. As recently as 2000, this was an arguable concept; researchers
         wondered whether a supercomputer could even meet the capacity (e.g., speed) of the
         human brain. At that time, computers were operating at rate of one hundred trillion
         (1014) calculations per second (CPS); the goal for scientists in 2000 was to reach a rate
         of 1016 CPS by 2020, which was thought to be similar to the ability of the human brain.[42]     However, this ability has progressed far beyond this initial projection, and
         supercomputers are measured to operate in quadrillions of CPS, with the newest models
         able to conduct ten quadrillion CPS (1016). Furthermore, speeds are currently projected to be in the quintillion range by 2019.[43]    
      

      
      Since the required computing needs have been achieved, one could argue that the hardware
         issue is solved; what remains unsolved, however, is how to program human intelligence.
         As Kurzweil states, we need to “reverse-engineer the human brain.”[44]     This will require intimate detail of all the human brain structures and their
         connections. Fortunately, we have also significantly increased our ability to image
         the human brain, with greater spatial and temporal resolution available each passing
         year. In fact, research can actually image the firing of individual neurons and track
         interneuron connections related to specific tasks.[45]     We know so much more about brain structures, and the various connections within
         the brain, than we did just a few years ago. In addition to this, computational models
         of several brain regions have been developed, including an understanding of abundant
         secondary neural connections. These models can simulate both electrical and chemical
         processes, similar to how neurons fire and how the brain operates.[46]     With all this information, now is the time to try building biologically accurate
         artificial brain models, which would undoubtedly be useful in examining many conditions
         related to brain function and dysfunction.[47]    
      

      
      One of the great advances in building a replica of the human brain has come from a
         program called the blue brain project in the United Kingdom. This project has strived
         to build anatomically correct brain models down to the neuron level. The researchers
         have reported the ability to stimulate ten thousand neurons and ten million synapses
         using a supercomputer. The key, they believe, is in understanding the biological rules
         of the brain and using this as a model to develop neurons and neural connections that
         will respond in “natural” ways. If this brain is constructed correctly, the researchers
         believe then that some “brain” process will eventually happen without programming
         requirements. This is very exciting and will have a significant impact on our ability
         to reduce the two trillion dollars’ worth (in Western countries alone) of health-care
         problems associated with brain functioning. However, despite these current advances,
         these researchers believe they are still ten years away from developing a whole model
         of the human brain, and that these years will only begin when the proper level of
         funding for the project is reached. The current goal is to have a workable human brain
         model by 2023 or 2024.[48]    
      

      
      If you can imagine for a moment that these needs are met (and many more not described
         in creating a true model), and a “human artificial brain” is developed, what might
         the possibilities be? Some individuals already have computer chips directly implanted
         into their brains; these chips interact on a neuronal level. These individuals also
         have the ability to download upgrades right into these chips, and thus right into
         their brain. These interactions occur in a computer-to-biology-based system in which
         the brain, a biological organism, is able to communicate with the computer, a nonbiological
         system. With this information, if we accept that we can develop an implicit understanding
         of all human brain structures, we should then be able to interact with each brain
         structure individually. For example, if our hippocampus (the memory center of the
         brain) becomes faulty, perhaps we could hook up an external hippocampus. This system
         could be highly interactive, and if there was a breakdown in the biological hippocampus,
         we would be able to back it up with an artificial one. We could also add information
         directly into this external memory for use in our biological brain, or download a
         set of encyclopedias directly into your brain. These are just some examples of the
         possibilities, and wrapping your mind around this concept is almost too much to comprehend,
         but imagining is often the first step.
      

      
      What if we also had the ability to “download” our own information and experiences
         into a computerized system? This could essentially provide people with the ability
         to transmit the essence of who we are into a set of files. This computerized system
         could hold all our experiences and innermost thoughts, which would provide it with
         a framework to continuously respond to new situations based on our past performance.
         Therefore, this system would become an extension of “us” and, by default, a backup
         version of “you.” To take this even one step further, if you could transmit this knowledge
         and experience into a cyber organism, then theoretically you could generate a computerized
         copy of yourself, which you might call your “cyber buddy.” This cyber buddy would
         have the ability to respond to requests or questions in a manner similar to you because
         it would contain your thoughts and your experiences. This concept is certainly “out
         there,” but the technology exists, as well as the possibility to put all of these
         elements together.
      

      
      However, if there is no interest in living on as a “cyber buddy,” and there is a desire
         to be “you” as long as you can be, remember to find the path that works best for you.
         Develop a plan, seek out the right information, and have a goal to ensure great performance
         and good ability as you age. Finally, remember that it took time to be who you are
         now, so enjoy it!
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