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PATRICK J. MICHAELS AND TERENCE KEALEY


INTRODUCTION


Science is the time-honored key to objective knowledge. Some of that knowledge—for example, about nutrition, climate change, hydrology, geology, or ecology—affects what we do every day. Science also informs governments that seek to define risks and mitigate dangers. The popular notion is that science is a force for good, that knowledge, derived from theory and experiment, gives rise to technological advancement, which results in improved lives for all.

We believe that this is not always the case. Science can be a force for good, and it has enhanced our lives in countless ways, but even a cursory look at the 20th century shows that what passes for science can be detrimental. This book documents only some of the more recent abuses of science that informed members of the public should be aware of.

Democratic states can not only adopt scientific error but, with government support, they can also help to embed and proselytize it. The mechanism is simple: peer review. It is on the basis of peer review that research grants are awarded, papers are accepted for publication, and promotions are determined. Once a research elite has adopted a scientific paradigm, that elite can harness peer review to reinforce its paradigm by excluding dissenting voices from federal funding, publication, and promotion.

As detailed in Chapter 1, President Dwight Eisenhower clearly understood the potential for government funding to entangle science and policy, both through funding and through other methods. Government funding sustains failing paradigms, and that artificial sustenance—when coupled with the pressure to publish—degrades science. Today, scientific papers are being withdrawn in increasing numbers because flawed findings passed review, inconvenient data were ignored, and results were fabricated. Positive findings—those that confirm a researcher’s hypothesis—are increasing, something that should be astronomically improbable, but which may be related to the number of withdrawn works. And it is noteworthy that the tested hypotheses found to be supported by the data are usually the same ones that served as the basis for the research proposal that paid for the work. Why? Because reporting results that do not support a funded hypothesis can threaten the recipient’s continued funding.

We also see another tactic being used to leverage more grant money from Congress—namely, the exaggeration of threats. Since the 1960s, environmental scientists have sequentially forecast existential threats from overpopulation, pollution, extinctions, global cooling, acid rain, global warming, stratospheric ozone depletion, low-level ozone increases, and fine-scale particulates. Ocean acidification looms on the horizon as the next threat.

The federal government also wrongly speaks in the name of science to achieve some policy goals. This book extensively details two dietary controversies, over fat and over salt, in which politics clearly trumped science, as well as two resource extraction issues, the Pebble mine in Alaska (Chapter 9) and uranium mining in Virginia (Chapter 8), in which the government—in the form of the Environmental Protection Agency in Alaska, and the National Research Council in Virginia—clearly cherry-picked science to fulfill political ends.

In Chapter 1, we examine the hypothesis that government funding of science stimulates economic growth. There’s not much evidence for this. We are also led to believe that government funding of basic biomedical science promotes health in the United States. That has not happened either: an already long-running decline in death rates did not accelerate after the expansion of the National Institutes of Health in 1948. Advances in medicine, it seems, cannot be forced by funneling research money to pure scientists isolated from the bedside or the market; rather, medical advances emerge from the collaboration of clinicians, foundations, and pharmaceutical companies in the joint exploitation of adventitious observations (Chapter 6).


Nutrition

Legislative meddling, as well as government research funding, precipitated wars on fat and salt; these wars were costly, and they harmed American health (Chapters 2 and 3). The great U.S. postwar health scare was the epidemic of heart attacks, which came seemingly out of nowhere; at its height in 1968, it accounted for over 37 percent of all deaths in the United States. By contrast, all cancers then accounted for only 17 percent of all deaths, and strokes a mere 10 percent. Accidents, at 6 percent, were the fourth most common cause of death. At the time, no one could explain the epidemic of heart attacks, though it was probably—probably, for we still do not know for sure—caused by a combination of cigarette smoking, metabolic syndrome (the co-occurrence of high blood pressure, belly fat, and elevated blood glucose), and perhaps even infection with Helicobacter pylori, now known to be the cause of stomach ulcers. Research on this bacterium’s effects on cardiovascular health continues today.1

Since time immemorial, mysterious epidemics have been falsely “explained” by brahmins with special knowledge, and the coronary epidemic was no exception. Two extremely influential (and therefore well-funded) scientists—Ancel Keys of the University of Minnesota and Lewis Dahl of the Brookhaven National Laboratory—asserted, respectively, that heart disease was caused by fat and salt in the diet.

We now know that these explanations represented unwarranted and even dangerous extrapolations from partial data. Moreover, equally credible and authoritative people at the time showed this to be so. But the prospect of a balanced debate within the scientific community was destroyed in January 1977 when the Senate Select Committee on Nutrition and Human Needs published its Dietary Goals for the United States, which stated that the science was settled: Americans needed to eat less saturated fat, less salt, and more carbohydrates.2

When challenged on the strength of the evidence, the chairman of the committee, Sen. George McGovern (D-SD), said, “Senators do not have the luxury that the research scientist does of waiting until every last shred of evidence is in,” which is the opposite of the truth: research scientists are at leisure—and are perhaps even obligated—to explore every possible hypothesis, but senators should not issue advice until every last shred of evidence is in, because they may otherwise issue misleading or even dangerous advice—as they did, beginning in 1977.

Federal agencies adhere to government policy, and the executive branch (in the shape, jointly, of the U.S. Department of Health and Human Services and the U.S. Department of Agriculture [USDA]) took on the responsibility of publishing the Senate committee’s wrong health advice in “Dietary Guidelines for Americans,” which was updated every five years and popularized by the USDA’s Food Guide Pyramid of 1992, MyPyramid of 2005, and MyPlate of 2011. These reinforced the anti-fat, anti-salt, pro-carbohydrate message.

In 1981, Rep. Albert Gore (D-TN), as chairman of the House Committee on Science Subcommittee on Oversight, became interested in salt. He opened two days of hearings on the topic by saying, “We can begin to see a consensus emerging in the research community about the reduction of salt intake for the average American,” language eerily similar to the rhetoric he would later apply to global warming.3 Joining him in his anti-salt certainty was Rep. Henry Waxman (D-CA). Gore and Waxman ultimately became two of the most prominent political proponents of climate science alarmism as well.

The convergence of politicians and powerful scientists to create the image of “doing something” about a “problem” is repeated throughout this book. It has consequences both for regulatory policy, which affects ordinary Americans, and for science policy, which determines the shape of future funding and research.



Global Warming

Under the influence of a scientific elite, the very same politicians who declared the science in nutrition to be settled would proceed to make the same claim about climate change.

That the world is warming is unquestioned, and that anthropogenic carbon dioxide (CO2) is a cause is also unquestioned, but the damage that anthropogenic CO2 will cause cannot at present be quantified with confidence. Depending on the rate, quantity, and timing of future warming, and accounting for the opportunity costs of action, cost estimates for carbon dioxide emissions can range all the way from expensive to negative (i.e., some have argued that CO2 emissions have benefits).4

In their climate alarmism, many politicians have of course followed the lead of the scientific community that they funded. Literature summaries produced in the United States by the Global Change Research Program and the Environmental Protection Agency (EPA), and internationally by the United Nations’ Intergovernmental Panel on Climate Change, reflect the fruits of that funding. These summaries include predictions based on computer models known as general circulation models (GCMs) (Chapter 10).

In making predictions, the climate science community uses GCMs, in preference to exploiting history. Is all of Greenland’s ice about to melt, causing sea level to rise by 20 feet? Reality argues not. Historical studies, not models, show that roughly 118,000 years ago, and continuing for 6,000 years, increased solar radiation caused high-latitude summer temperatures over the icecap to be 6–8°C (10–14°F) warmer than the 20th-century average, yet Greenland lost only about 30 percent of its ice.5 This is greater integrated heating than humans could exert there, and yet the fear of a Greenland-induced disaster lives on.

In fact, GCMs have a terrible track record. Concerning the three-dimensional warming of the climatically critical tropical latitudes, only one of 32 modeling groups correctly predicted the climatic behavior of the past 35 years. Notably, that model, the Russian INM-CM4, predicts the least global warming of them all. A rational policy community would use the Russian model as the operational forecast model, but instead the EPA and other agencies use the average and the dispersion of all 32 groups when assessing future climate change impacts.

Systematic errors are probably occurring because the models are erroneously “tuned” to simulate the warming from 1910 to 1945. The carbon dioxide concentration in 1910 was far too low to induce the magnitude of warming that followed. Indeed, Frederic Hourdin, the head of the French national modeling team, recently called for systematic documentation and rationales for the “tuning” of the models.6



Pollution and Ionizing Radiation

Chapter 11 details the slipshod science used by the EPA to justify its regulation of fine-scale particulates, which are ubiquitous in the atmosphere. One contributing factor is that the scientists who have received EPA grants are the same people who advise it on policy.

Not everybody loved EPA administrator Scott Pruitt, but on October 31, 2017, soon after his appointment, he revealed that scientists on just three of the EPA’s science advisory boards had, over the previous three years, collectively received research grants from the agency totaling $77 million.7 The scientists were, in short, hardly independent of the EPA; rather, they had a compelling interest in its ongoing campaign of pollution alarmism.

What about the effects of ionizing radiation and carcinogens? We know that the more radiation we are exposed to, the greater the hazards, so it makes sense to regulate to achieve radiation-free lives, right?

Here is a secret that is rarely disinterred from the deepest recesses of the more obscure leaves of the scientific literature: a little radiation, and possibly a small exposure to fine particulates, can be good for you. In a process called hormesis, mild exposure to dangerous agents stimulates repair and antioxidant responses that leave a person stronger than before. In more technical language, dose-response curves are not linear but biphasic (Chapter 7).

Scientists at the regulatory agencies have not yet proclaimed this good news. But in 2018, President Donald Trump’s EPA began to consider the hormesis model in formulating regulations. Previously, government capture of an important branch of science—regulatory science—was based on a failed model that assumed there is no safe threshold—for example, for radiation exposure.



Drugs

The federal government’s casuistry over drugs is revealed by the approach the Drug Enforcement Agency (DEA) takes to research—namely to suppress it. As new recreational drugs emerge, the agency assigns them (sometimes on the basis of very limited knowledge) to Schedules I through V, with Schedule I substances purportedly being highly addictive and with no redeeming value. This categorization renders further federally supported research on Schedule I drugs almost impossible; private research is likewise difficult or impossible because the substances are illegal. Without having to prove its assertions, the agency can declare drugs to be more harmful than the devastation their prohibition wreaks on minority and other vulnerable sectors in the United States.

Which matters. Prohibition between 1920 and 1933 harmed communities of all ethnicities, and those communities needed no research to tell them that Prohibition’s impact was more destructive than alcohol’s; hence the passage of the 21st Amendment. But the War on Drugs disproportionately destroys minority communities. The long-run decline of poverty among African Americans stopped in 1969,8 the year the War on Drugs was declared at the federal level (though some states had opened hostilities sooner); and if the majority is not informed, by research, of the disproportionate damage its legislation wreaks on minorities, then—in all good faith—it will continue to legislate for prohibition.

A cost-benefit analysis can be made only on the basis of firm data, which renders the DEA’s reluctance to facilitate research dismaying. But truth is the first casualty of war, a maxim that applies in this case to the actual prohibition of research on Schedule I drugs (Chapter 5).



Opioids

The damage caused by opioids is largely caused by their prohibition, but since that damage is focused on the victims themselves, the wider community—who are kept in ignorance of the minuscule number of people who graduate from legitimate prescription use to chronic addiction—will continue to press for their prohibition (Chapter 4).



Conclusion

Scientific research is the time-honored key to objective knowledge. In the past it was funded pluralistically, but today certain portions of the market for knowledge are dominated by a single buyer—the government. This is especially true in the research fields that impinge on the regulatory sphere, such as pollution and climate change. As discussed in Chapter 1, science today is in systematic trouble.

Everyone knows about feedback loops, often known informally as “vicious cycles,” but in science we now see the feed-forward loop of bad science creating paradigms and policies that refuse to die. Such loops will be unwound only by attenuating the bond between science and the state. We may not know what research will find when the feed-forward loop is broken, but that’s exactly why it should be broken. Research should surprise us.

Please don’t let us make you into cynical coots, however. Science has done much for us under public funding. Many fundamental questions have indeed been answered, including, particularly in physics, questions that otherwise might not yet have been answered. We look forward to a future of still more vigorous scientific discovery; we ask only that it be structured in a more voluntary and polycentric manner, and we believe that the chapters you are about to read will more than justify this desire.








 

TERENCE KEALEY AND PATRICK J. MICHAELS


1

SCIENCE AND LIBERTY

A Complicated Relationship


Science has traditionally been represented as an agent of liberty, and among the tyrants from which it liberated us were the Church and poverty.


The Church

Science first emerged in classical Greece, and though the Greek city-states were hardly theocracies, nonetheless tensions emerged between the priests, who drew their power from received authority, and the scientists, who drew their insights from reason and observation. And when there were victims, they were not the priests. Thus when, during the 5th century BCE, Anaxagoras claimed the sun might not be a god but rather “a rock bigger even than the whole Peloponnese,” the Athenians would have executed him had his old friend Pericles not engineered his escape to Lampascus.

It was therefore impressive of Hippocrates, known as the father of medicine, to write during the 4th century BCE in On the Sacred Disease:


I am about to describe the disease called “sacred” [epilepsy]. It is not in my opinion any more divine or sacred than other diseases but has a natural cause, and its supposed divine nature is due to men’s inexperience and to their wonder at its peculiar character.



The priests in classical Greece were not, however, as powerful as those who emerged in medieval Europe, which is why the writings of Francis Bacon still have the power to startle. Bacon (1561–1626), an English lawyer and politician, is recognized as the first great philosopher of science, and though he lived in an age of faith, he nonetheless dared to portray science, not religion, as a portal to the sublime, writing in 1607 in Cogitata et Visa de Interpretatione Naturae (“Thoughts and Conclusions on the Interpretation of Nature”),


It is this glory of discovery that is the true ornament of mankind1 … the improvement of man’s mind and the improvement of his lot are one and the same thing.2



It was also Bacon who wrote ipsa scientia potestas est, “knowledge itself is power,” which—in an age when power was the perquisite only of Church and state—was a radical statement. Certainly the Church (or perhaps we should write churches, because the Reformation had inadvertently helped create intellectual space for science) suppressed challenges to its intellectual authority. This is why we still remember that in 1633, Galileo was shown the instruments of torture by Pope Urban VIII, and that he was thereafter sentenced to house imprisonment for believing the earth rotated round the sun.

Although the Reformation had empowered dissent from Catholic doctrine, the reformers could be equally intolerant, and their intolerance extended to science. Thus Martin Luther condemned as a “fool” the astronomer who believed the earth rotated round the sun, saying:


So it goes now. Whoever wants to be clever must agree with nothing that others esteem. He must do something of his own. This is what that fellow does who wishes to turn the whole of astronomy upside down. Even in these things that are thrown into disorder I believe the Holy Scriptures, for Joshua commanded the sun to stand still and not the earth.3



Calvin also denounced believers in heliocentricity as “stark raving mad” and “possessed by the Devil.”4 And he was a man not to be crossed: he did, after all, burn Servetus alive, and Servetus was a great scientist who had discovered pulmonary circulation (though to be accurate, Calvin burned him for religious rather than scientific reasons, because Servetus had questioned the doctrine of the trinity).

Nonetheless, for all its limitations, the Reformation broke the Roman Catholic monopoly on truth, and as medieval thinking yielded to the Age of Reason (or Enlightenment) of the 18th century, so science advanced at the expense of religion. Today, science’s victory over religious intolerance is nearly complete in the West, and although obscurantism still rules in some parts of the world, the advance of scientific reason seems inexorable. Yet even as science has flourished in the modern era, it has lately come to be captured to a great degree by the state.

One illiberal aspect of present-day science is that scientists have long sought state funding and have therefore long aligned themselves with state doctrines. The perennial anxiety of scientists for funding—from any source—was parodied as long as ago as 1726 by Jonathan Swift in his satirical take on the fellows of the Royal Society of London:


The first man I saw was of a meagre aspect, with sooty hands and face, his hair and beard long, ragged, and singed in several places. His clothes, shirt, and skin, were all of the same colour. He had been eight years upon a project for extracting sunbeams out of cucumbers, which were to be put in vials hermetically sealed, and let out to warm the air in raw inclement summers. He told me he did not doubt that in eight years more he should be able to supply the Governor’s garden with sunshine at a reasonable rate; but he complained that his stock was low, and he entreated me to give him something as an encouragement to ingenuity, especially since this had been a very dear season for cucumbers. I made him a small present, for my lord had supplied me with money on purpose, because he knew their practice of begging from all who go to see them.5



The sentiment had been expressed less humorously a century earlier, in 1605, by Francis Bacon himself when he told King James I that “there is not any part of good government more worthy than the further endowment of the world with sound and fruitful knowledge.”6

Bacon was therefore not only a great philosopher of science; he was also the first to argue that science was a public good that required public funding. Science, Bacon wrote, is a “universality” that benefits everyone, not any particular individual: “The benefits inventors confer extend to the whole human race.”7 That is the classic description of a public good. The individual who makes a pen to sell to another individual will receive from the sale of that private good the full profit, but the individual who invents the idea of the pen will not receive the full profit from all the subsequent sales of pens across the globe and across the ages. Therefore, Bacon said, no one will invent a new technology, for which, he said, “there is no ready money.”8

It is a false argument because it ignores the principle of opportunity benefit, which is the converse of opportunity cost. If there is a choice between doing A or B, and if A is chosen over B, the opportunity cost is the forgone benefit from B. Yet if A is more valuable than B, it is rational to choose A for its additional or opportunity benefit. Well, if the individual who invents the pen has, as his forgone opportunity, the benefit of ploughing a field, say, and if the benefit from ploughing the field is $10 in profit, and if the benefit of inventing the pen is $20 in profit, that individual will rationally invent the pen even if the total global profit from the sales of pens is $10 billion. The inventor of the pen may make only $20 in profit from the pens he sells, and this may be only a fraction of the global profits of the whole pen market of $10 billion. But because it’s $10 more than he earns from ploughing a field, the individual will still be motivated to invent the pen.

The man who contested Bacon’s public-goods argument was a Scot. Adam Smith (1723–1790) was eager, 150 years after Bacon had proposed that science was a public good, to test Bacon’s idea against experience. Smith recognized public goods as being “of such a nature that the profit could never repay the expense to any individual or small number of individuals,” but he found that industrial technology did not fit that category and that the profit did repay the expense to individuals.9 So in 1772–1773, in his Lectures on Jurisprudence, he wrote,


If we go into the workplace of any manufacturer and … enquire concerning the machines, they will tell you that such or such a one was invented by common workman.10



In Smith’s footsteps, Marx and Engels also found science to be endogenous to markets, writing in the Communist Party Manifesto of 1848 that,


The bourgeoisie, during its rule of scarce one hundred years, has created more massive and more colossal productive forces than have all the preceding generations together.11



And in 1942, Joseph Schumpeter wrote,


Industrial mutation incessantly revolutionizes the economic structure from within. [Schumpeter’s emphasis]12



The evidence of industrialization, therefore, suggested to empirical observers that governments need not fund science.



The Linear Model

Bacon also suggested that industrial science emerged from academic science, and in The Advancement of Learning he wrote,


If any man think philosophy and universality [science] to be idle studies, he doth not consider that all professions [technology] are from thence served and supplied.13



It was Bacon, therefore, who proposed the so-called linear model, which looks like this:

[image: ]

But Smith dissented, believing that in practice it was advances in industrial technology that stimulated academic research, “The improvements which in modern times have been made in several different parts of philosophy [science] have not, the greater part of them, been made in universities.”14 So Adam Smith’s model was:

[image: ]

Smith did not, of course, rule out the possibility that science could feed into new technology, writing that some “improvements in machinery have been made by those who are called philosophers or men of speculation.” But he reported it was a much less important source of new technology than preexisting technology.15 And modern scholarship confirms Smith’s reports: even modern science is only marginally important to industry. In 1991, Edwin Mansfield of the University of Pennsylvania surveyed 76 major U.S. firms that collectively accounted for one-third of all sales across seven key manufacturing industries, finding that only 10 percent of their innovations emerged from recent academic research—and those innovations were marginal ones, accounting for only 3 percent of sales and 1 percent of the savings or profits to industry resulting from innovation.16



Escape from Poverty: Testing the Models

Thus, the empirical evidence suggests today, as it suggested in the past, that governments need not fund science. Yet as Smith’s friend David Hume once noted, “All human affairs are entirely governed by opinion,”17 and during the 18th and 19th centuries the West engaged in a natural experiment: Britain, in its science policies, subscribed to Adam Smith’s model of scientific laissez faire, while the autocratic governments of France and the German states subscribed to Francis Bacon’s model of scientific dirigisme. And the canonical Industrial Revolution occurred in a country, Britain, whose governments did not generally fund research designed to support the market.

The British government funded mission research, which was research in aid of its geopolitical ambitions. The classic example was the search for an accurate method of determining longitude following the 1707 Scilly Isles Royal Navy disaster. But the British government also did not generally fund research designed to correct perceived market failure.

The French government did, however, and it funded, among other projects, the Jardin du Roi (1626; for medicinal plants, botany, and pharmacy); the Académie des sciences (1666; the Royal Society in London, by contrast, founded in 1660–1662, received no state support); its Journal des sçavans; the Ecole de Rome (1666; painting, architecture, and design); the Académie royale d’architecture (1671); the Ecole des ponts et chaussées (1716; civil engineering); the Ecole royale du génie (1748; military engineering); the Ecole gratuite de dessin (1767; drawing and design); the Ecole des mines (1778); the Ecole polytechnique (1794); and three chemistry research laboratories (in the King’s library, the Louvre, and the Observatoire). The German states, too, supported their universities and technische Hochschulen. Yet the Industrial Revolution was British, not French or German.

Few natural experiments in economics are clean. The French government also eliminated incentives for manufacturing from its tax system. And the British government did fund some basic science. For example, for 10 years between 1803 and 1813, it funded an annual course of lectures in agricultural chemistry delivered by Humphry Davy, though they were discontinued for lack of interest; during the 1820s, it also funded Charles Babbage’s computer experiments, though those failed; and the Scottish government did subsidize its universities, though not comprehensively. Notwithstanding, the contrast between the philosophies of the government in the United Kingdom and the governments of France and the German states is clear: the Continent followed Bacon in supposing markets failed in science, the UK followed Smith in supposing they did not.

The United States was another country whose government, until recently, primarily funded only mission research. It did fund science, temporarily, during wartime. Thus, the Civil War saw the founding of the National Academy of Sciences (NAS) to help design ironclads and other military materiel;18 World War I saw the creation of the National Research Council to advise on the synthesis of poison gases and other weapons; and World War II saw the creation of the Office of Scientific Research and Development (OSRD), which spawned, among other things, the atom bomb. But these were funded only during the actual fighting, and their funding was stopped with the return of peace.

There were only two exceptions to the story of American prewar research laissez faire. One was mission research, which is the kind of research necessary to further specific government actions. Over the decades, the federal government established an increasing number of institutions to further mission research, including the Library of Congress in 1800 and the Coast Survey in 1807, and the execution of their responsibilities required research. The National Institutes of Health (NIH), for example, can trace its origins back to the Marine Hospital of 1798. But these institutions of mission research were not Baconian in intention. They were not funded to correct some supposed systematic “market failure”; they were founded only to support specific government missions.

The second exception was the creation of the land-grant colleges, in 1862, under Abraham Lincoln. Farmers in America had long been poor because growing food was too easy, so they grew too much, driving down prices. As the economic historian Eric Jones wrote:


European farming methods were preternaturally productive in the New World. Time and again European travellers complained that American farmers wasted manure. Their dung heaps rose to tower over the red Palatine barns of the colonies; why were they not spread on the land?19



They were not spread on the land because of the preternatural productivity of the New World. Likewise the land-grant colleges were not only economically irrational; they also crowded out the preexisting colleges. In vetoing an earlier version of the bill in 1859, James Buchanan wrote:


This bill will injuriously interfere with existing colleges … [which] have grown up under the fostering care of the states and the munificence of individuals … what the effect will be on these institutions of creating an indefinite number of rival colleges sustained by the endowment of the federal government is not difficult to determine.20



Terry Reynolds, moreover, has condemned


the traditional view [that] only with the passage of the Morrill Act in 1862 and the creation of the land grant college did engineering find a firm place in academia [because] literally dozens of antebellum colleges in all parts of the nation taught practical subjects including engineering.21



Nonetheless, the political power of the farmers ensured the federal government’s support of their education and research. Yet as late as 1940 the federal and state governments between them funded only 23 percent of U.S. research and development (R&D)—and almost none of its basic science. Federal funding existed primarily for the two missions of defense and agriculture.22 By about 1890, however, the United States had already overtaken Britain in GDP per capita; so the globe’s two leading countries in succession, the 19th-century United Kingdom and the 20th-century United States, achieved their leads largely under research laissez faire.

But while the United States under research laissez faire was the country that overtook the United Kingdom, the French and German states failed during the 19th century even to converge on the UK’s GDP per capita. By 1913, U.S. GDP per capita was 14 percent greater than the United Kingdom’s, while French and German GDP per capita were both 12 percent less,23 which suggests that the government funding of research does not produce an economic benefit.

It is a myth that Germany overtook the United Kingdom economically during the 19th century. That myth’s extraordinary resilience is unfortunately too easy to understand. Yet its discrediting has not been a secret, as Table 1.1 and Paul Bairoch’s GNP per capita data show.





	
TABLE 1.1

GNP per capita (1960 U.S. dollars)
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1913


	



	
	
United Kingdom


	
	
370


	
	
1,070


	



	
	
West Germany


	
	
240


	
	
775


	



	
	
France


	
	
275


	
	
670


	



	
	
United States


	
	
240


	
	
1,350


	



	
Note: Paul Bairoch extrapolated backwards from the geographical expression that was West Germany in 1960.

Source: David S. Landes, The Wealth and Poverty of Nations (New York: Norton, 1998), p. 232.








Bairoch’s data on the different national levels of industrialization are similar. Yet activists have long suggested that the funding of science by German governments allowed Germany to overtake Britain during the 19th century. This is a myth that powered the campaign for the government funding of science.

Moreover, following the postwar inauguration of considerable U.S. federal government funding for research, both pure and applied, there was no increase in the long-run U.S. rate of per capita GDP growth, which has been remarkably steady since 1830.24 In a parallel development, the UK government’s 1913 inauguration of systematic funding of research (its first research council, the Medical Research Council, was founded in 1913) witnessed no increase in the long-run rate of per capita GDP growth either; it too has been remarkably steady since 1830.25

When government-funded research is tested econometrically against contemporary national rates of per capita GDP growth, it fails to demonstrate economic benefit. In 2003, for example, an Organisation for Economic Co-operation and Development (OECD) study of the growth rates of the 21 leading world economies between 1971 and 1998 found “a significant effect of R&D [research and development] activity on the growth process,” but it was only “business-performed R&D that … drives the positive association between total R&D intensity and output growth.”26

The OECD was discomfited by its own findings (“the negative results for public R&D are surprising”), which, however, echoed earlier research by Walter Park of American University. Using published OECD data, Park found that the direct effect of the public funding of R&D on economic growth “is weakly negative, as might be the case if public research spending has crowding-out effects which adversely affect private output growth.”27

Likewise, in 2007 Leo Sveikauskas of the U.S. Bureau of Labor Statistics, reviewed the accumulated, published, empirical econometrics data and concluded that “the overall rate of return to R&D is very large.… However, these returns apply only to privately financed R&D in industry” (Sveikauskas’s emphasis).28

These findings by the OECD, Park, and Sveikauskas speak to another tyrant that research has slain: poverty and its associated distempers of disease and premature death. For millennia, humans lived a Malthusian existence, where any economic advantage achieved by a technical innovation was immediately swallowed by population growth that returned individuals to a condition of existential peril, stalked by starvation, disease, and premature death. The R&D of the Industrial Revolution, however, changed that, creating wealth at such a rate as to exceed and then shrink the birthrate, thus leading to our current historically unimaginable levels of wealth. But it was only privately funded R&D that achieved that near miracle. And government-funded R&D, by crowding out the private element, has endangered continued growth—and may endanger previous gains as well.

A recent natural experiment, moreover, confirms that government R&D crowds out private forms. Over the past 30 years the major countries of the OECD, in response to common budgetary pressures, have cut their funding of R&D (from an average of 0.82 percent of GDP to 0.67 percent), yet the concomitant rise in private R&D funding (from an average of 0.96 percent of GDP to 1.44 percent) has more than compensated for the cuts.29 Crowding out is not the behavior of a public good.



Industrial Research Is Not Built on Free Access to Knowledge

The empirical evidence suggests, therefore, that governments need not fund science, and the reason is that knowledge is not freely available. Mansfield and his colleagues examined 48 products of major industries in New England that had been copied during the 1970s and reported that the costs of copying were on average 65 percent of the costs of innovation.30 This was because the copiers had to rediscover for themselves the tacit knowledge embedded in the original innovation. That rediscovery can be so laborious that copying an innovation sometimes cost the copiers more than it had cost the original innovators. A survey by Richard Levin and colleagues of 650 R&D managers found similar results for the costs of industrial copying.31

Mansfield and colleagues and Levin and colleagues reported only the marginal costs of the actual copying. Nathan Rosenberg, as well as Wesley Cohen and Daniel Levinthal, have shown that, because of the tacitness of knowledge, companies seeking success in the market need first to sustain the fixed costs of a research staff whose activities are directed toward maintaining their own expertise in pure as well as applied science.32 This is why companies cannot neglect even pure science: the Science Policy Research Unit at the University of Sussex in the UK showed that some 7 percent of industrial R&D is spent on pure science, and that some companies publish as much as medium-sized universities.33 Consequently, as Paula Stephan wrote, “The research of some scientists and engineers in companies like IBM, AT&T, and Du Pont is virtually indistinguishable from that of their academic counterparts.”34 And since there is a positive correlation between the amount of pure science that companies publish and their profits, these costs will not be trivial.35 Companies need to bear the costs of information.36 And they also need to bear the costs of failed imitation attempts. We may therefore not know for certain what the average costs of copying in industry are, but they appear to be high enough to show that research, in industrial practice, is excludable in the sense that it is not available to free riders.

The fact that knowledge, including science, is tacit, was recognized from the outset of the modern scientific enterprise. Thus, in De revolutionibus (1543), Nicolaus Copernicus wrote that he was writing only for those qualified to read it: “Mathematics is written for mathematicians.”37 Technological tacitness, too, has been long recognized, and Diderot wrote in the Encyclopédie (1751–1766) that “in all techniques, there are specific circumstances relating to the material, instruments, and their manipulation that only experience teaches.”38 And Michael Polanyi noted in Personal Knowledge that the tacitness of knowledge “restricts the range of diffusion to personal contacts.” It was also Polanyi who wrote that “we can know more than we can tell” and who described “the ultimately tacit nature of all our knowledge.”39

The tacit nature of industrial knowledge has other important effects on the dissemination of innovations. On surveying 650 senior managers from manufacturing firms across more than 100 industries in North America, Levin and colleagues reported that, on average, only three to five firms had the capacity to duplicate a typical innovation; presumably only these firms had the appropriate tacit knowledge at their disposal and were inclined to make use of it.40 In science, too, most important advances are made by only a small proportion of scientists,41 so the number of scientists who possess the relevant tacit knowledge to copy important discoveries in each field is also small. Craig Venter, for example, noted that in 1992, when venture capitalists (led by Rick Bourke of Dooney and Bourke, Inc.) and the public sector (led by James Watson of the Human Genome Project of the National Institutes of Health) were competing to fund the sequencing of the human genome, they had only two labs over which to compete—Venter’s and John Sulston’s.42 These are not the characteristics of a public good.

Copying in academia can be just as expensive. For example, after the transversely excited atmospheric (TEA) pressure CO2 laser emerged from Jacques Beaulieu’s laboratory in 1970 as a significant advance in laser science, other laser research laboratories wanted to build one, but Harry Collins, a sociologist of science, found that no other laboratory had “succeeded in building a TEA laser using written sources.”43 Personal visits to preexisting TEA laboratories were essential.

But not anyone could visit. Collins found that existing laboratories would receive only visitors who had conducted prior research in the field, because it was deemed that others would not benefit. Moreover, “nearly every laboratory expressed a preference for giving information only to those who had something to give in return.”44 Visitors, therefore, had also to be contributors, engaged in a two-way exchange of information.

In showing that publication is not always enough to allow copying in science, Collins recapitulated the experience of Robert Boyle, the commanding spirit of the early Royal Society. Boyle, who is still remembered for his eponymous law (that there is an inverse relationship between the pressure and volume of a gas) focused his gas research on his air pumps, yet however carefully he described the pumps in his publications, the only people who could copy them were those who visited him personally and handled one themselves.45



The Contribution Good

We have shown that science cannot be a public good, yet it is not a private good either, since knowledge spreads—by publication, patents, or reverse engineering—in ways that material private goods do not. But knowledge spreads only between those who have access to it by virtue of their own contributions. Elsewhere, we have therefore modeled science as a contribution good, a good whose benefits are available only to those who have contributed to it.46 Unlike other models, ours accounts for the takeoff of the Industrial Revolution.

The model also accounts for the spread of knowledge in ways that are mutually advantageous. One of the great myths is that today’s companies are secretive, but the contrary is also true. Indeed, commercial success seems to depend on competitors sharing knowledge. An MIT survey of 11 steel companies in the United States found that 10 of them regularly swapped proprietary information,47 and an MIT international survey of 102 firms found that no fewer than 23 percent of their important innovations came from swapping information with their rivals: “Managers approached apparently competing firms in other countries directly and were provided with surprisingly free access to their technology.”48

Those MIT surveys were of mature industries, but among industries whose technology is still nascent, knowledge is not so much shared as jointly researched to mutual advantage.49 Only as products get close to customers do companies turn truly competitive.



The Significance of Science Not Being a Public Good

At least two important lessons emerge from the foregoing. First, the scientific community has for decades promoted an economic model of science that is demonstrably false. As with much else in this book, it is an example of a scientific consensus that cannot be trusted.50

Second, the fact that governments need not fund science is enormously liberating, because it discredits an idea that had legitimized government intrusion into a major area of life—namely economic growth. Growth is of key importance, and it is based on innovation;51 and if innovation needs to be funded by government, then government can legitimately claim to be the source of economic growth. But if governments do not need to fund science to produce innovation, then lovers of freedom can legitimately withhold from government its involvement in that activity.

When Bacon wrote ipsa scientia potestas est, “knowledge itself is power,” the entity he really wanted to empower was the state, not the individual researcher. In his essay “Of the true Greatnesse of Kingdomes and Estates,” Bacon wrote that national greatness emerged from “the command of the Seas.” And who then commanded the seas? The Iberians. In Bacon’s day, the Portuguese and the Spanish dominated the globe. According to Bacon, the Portuguese had reached India, and the Spanish had reached America, thanks to science. In his legendary research institute in Sagres, Henry the Navigator, Bacon claimed, had researched the science that underpinned novel technologies, including the improved compasses, ships, cartography, and tools of navigation. With these the Portuguese had reached Africa and Asia, and the Spanish had reached America. “The West Indies had never been discovered if the use of the mariners’ needle had not been discovered,” Bacon wrote, while technology, he maintained, was the source of political power: “Printing, gunpowder and the magnet had altered the whole face and state of the world.”52

But every “fact” that Bacon claimed about the Portuguese and Spanish, however, was false. The Portuguese and Spanish were not scientists: forged in the brutalities of the Reconquista, they were ruthless, Muslim-hating warriors who, scarred by the failures of the Crusades, sought to outflank their Islamic enemies by striking, via Africa, at their supply chains in Asia. As recent scholarship has confirmed, it was simply a myth—one well propagated by the early Portuguese chroniclers—that Henry the Navigator had founded a research institute in Sagres. The only thing he produced in Sagres was an illegitimate child,53 and the technologies he employed in his so-called voyages of discovery were the conventional technologies of his day.



The Federal Government Starts to Fund Science

War has always justified the government funding of science, and World War II was no exception. Its mobilization of American science started in August 1939, when Albert Einstein signed a letter to President Franklin Roosevelt noting that, thanks to recent research, an “extremely powerful bomb of a new type may … be constructed,” and warning that Germany had, ominously, prohibited all sales of the rare, recently discovered element uranium from the former Czechoslovakia, which only five months earlier it had invaded and occupied.54 Thereafter the Manhattan Project, the U.S. effort to build an atomic bomb, grew into the world’s largest scientific endeavor.55

Toward the end of the war, though, Vannevar Bush feared the apparently inevitable demobilization of the Office of Scientific Research and Development (OSRD), which he directed and which oversaw wartime science, so he solicited a famous letter from Roosevelt, written on November 17, 1944, though it could have been written by the ghost of Francis Bacon:


There is, however, no reason why the lessons found in this experiment [OSRD and the Manhattan Project] cannot profitably be employed in times of peace. The research experience developed by the Office of Strategic Research and Development and by the thousands of scientists … should be used in the days of peace ahead for the improvement of the national health, the creation of new enterprises, and the betterment of the national standard of living.56



Roosevelt asked Bush four questions:


How could we diffuse the scientific knowledge gained in the war effort?

How could the advances in medicine related to the war, such as the widespread use of antibiotics, be continued in peacetime?

What can Government do now and in the future to aid research activities …? [the capitalization of the “G” may be telling]

Can we develop and train new scientists so that the remarkable advances that took place in the war effort can be maintained?57



Roosevelt then closed with a Baconian flourish:


New frontiers of the mind are before us, and if they are pioneered with the same vision, boldness, and drive with which we have waged this war we can create a fuller and more fruitful employment and a fuller and more fruitful life.58



Meanwhile, in July 1945, Bush published Science: The Endless Frontier,59 his blueprint for nationalizing basic science. Although his rationale was that a strong economy was impossible without government funding for pure or basic science, his main thrust was actually that a strong military was impossible without it. Bacon once again.

With the resumption of peace, though, wartime agencies such as the OSRD were, following the familiar playbook, demobilized; but in 1947 Congress—inspired in part by Bush’s book—passed a bill to create a peacetime national science foundation. It was vetoed, though, by President Harry Truman because it “would, in effect, vest the determination of vital national policies, the expenditure of large public funds, and the administration of important governmental functions in a group of individuals who would be essentially private citizens.”60

Congress’s bill had envisaged a national science foundation that—rather like today’s, actually—distributed government money to applicants whose work had been reviewed and deemed worthy by their fellow scientists. Truman, on the other hand, had envisaged an institution along the lines of the OSRD, which in effect was a branch of the federal government. But by 1950 the Cold War was heating up, thus creating a government demand for strategically relevant science.

In his farewell address, George Washington had warned against “permanent alliances” and against “excessive partiality for one foreign nation, and excessive dislike for another”; these statements are often summarized as his warning against “foreign entanglements.” Until 1947—the World Wars excepted—avoiding foreign entanglements had mostly remained U.S. policy (the United States’ refusal to join the League of Nations is an example). But in 1947 the British, nearly bankrupt, suspended Pax Britannica and prepared to abandon Greece and Turkey to Soviet incursions,61 whereupon Truman codified his Doctrine (which was strengthened in 1948 and led to the creation of NATO in 1949), which might be summarized as Pax Americana. Isolationism was done, and America, like Britain before it, was now permanently at war with armed international transgressors: in 1949 the Soviet Union detonated its first fission bomb.

Modern war needs science, and modern war needs scientists. In 1942, 1943, and 1945, the U.S. Senate’s Subcommittee on War Mobilization had held hearings on America’s shortage of wartime scientists (the peacetime complement had been fully adequate for peace, but not for war), and it was that subcommittee’s chairman, Harley M. Kilgore (D-WV) who subsequently led the congressional campaign for a peacetime national science foundation.

In 1950, Truman signed into law a compromise: the newly established National Science Foundation (NSF) would have a director appointed by the president, but would use a peer-review process to approve research money. Truman accepted the compromise because he had been persuaded by Kilgore that the training of scientists was a priority, and that the best institutions to undertake that function—namely the independent universities of the Ivy League—would accept only peer-reviewed grant money. The subsequent expansion of federal funding of science provided another natural experiment.

As noted above, as late as 1940, the federal and state governments between them funded only 23 percent of U.S. R&D, and almost no basic science, yet the federal government was soon funding most U.S. basic science and most R&D as well. The effects on the long-term rates of per capita GDP growth in the United States were zero. Since circa 1830, U.S. per capita GDP had been growing at around 2 percent per year, and after 1940 that rate did not rise. Likewise, after its governments began funding research during the 20th century, there was no upward trend in the long-term rate of per capita GDP growth in the UK.62



The State of Science Today

There can be no doubt that science today is in trouble. Consider the crisis of reproducibility: John Ioannidis at Stanford University has found, in the dramatic words of the title of one his papers, that “most published research findings are false”; Brian Nosek at the University of Virginia has reported that fewer than half of published studies in psychology can be reproduced.63 Though some of the details in the Ioannidis and Nosek papers have been challenged,64 no one disputes that science seems to have stumbled into a crisis of reproducibility. Why?

The answer is, of course, university scientists’ need to publish in order to advance in their careers. Scientists in the public sector have an incentive, in the words of Paul Smaldino and Richard McElreath of the University of California, Merced, and the Max Planck Institute, Leipzig, to select “methods of analysis … to further publication instead of discovery.” They report that entire scientific disciplines—despite isolated protests from whistleblowers—have, for over half a century, selected statistical methods precisely because they will yield publishable, though not necessarily true, results.65

The production of positive results facilitates publication. A 2012 paper by Daniele Fanelli (then at Edinburgh University) summarized its findings in the title: “Negative Results Are Disappearing from Most Disciplines and Countries.” Using a sample of 5,000 published papers, Fanelli showed that there is a large and systematic increase in the percentage of studies reporting positive results in support of the researcher’s original hypothesis.66 Ioannidis moreover confirmed that the demand to publish and get funding is so strong that many studies are designed either to produce positive results or to produce experimental data that support the original research hypothesis, or both.67

The more a country adopts the “American model” for advancement, which is the model that has flourished since the war, with the NSF and the National Institutes of Health funding university science competitively using a peer-review process, the more that positive results are disproportionately published. Together with Ioannidis, Fanelli found that if an international team of scientists invites an American to participate in a study, the probability of a positive result doubles.68 An American academic’s advancement relies on maintaining funding for his research, and he is therefore loath to conclude that his funded hypothesis is not supported by the data. The epidemic of positive results, as Silas Nissen of the University of Copenhagen has noted (as illustrated in Figure 1.1), results in “the canonization of false facts.”69



FIGURE 1.1

U.S. papers reporting support for the stated research hypothesis


[image: ]
Source: D. Fanelli, “Negative Results Are Disappearing from Most Disciplines and Countries,” Scientometrics 90 (2012): 891–904.

Note: (overall effect of interaction) Wald = 2.607, df = 3, P = 0.456.


Negative findings (i.e., those that do not confirm the original research hypothesis) are doubly unwelcome because journals find them unexciting and because funding agencies are reluctant to renew support for results that counter the funded hypothesis. The resulting “file-drawer effect” finds such work filed away until subsequent reanalyses and hypothesis adjustments can produce a “positive” result. This is also called “publication bias,” which was defined (among many other related definitions) by Hans-Hermann Dubben in 2005 as “a well known phenomenon … in which positive results have a better chance of being published, are published earlier, and are published in journals with higher impact factors.”70

The crisis of reproducibility is worse in disciplines that rely on statistics. In the so-called hard sciences of mathematics, physics, astronomy, and chemistry, individual phenomena can be isolated, which is why (to generalize) statistics are less important in the hard sciences than in the so-called soft sciences of psychology, sociology, economics, and other social sciences. In those soft sciences, phenomena can be deeply intertwined, so their effects need to be isolated by means of statistics. But statistics are easily abused, and Fanelli has shown that the rate of positive findings is fivefold greater in soft sciences than in hard ones. In plain language, the studies have been manipulated to appear to find something interesting.

Statistics can be abused in numerous ways. Among them are “p-hacking,” in which datasets or hypotheses are adapted until a result reaches the bound for statistical significance,71 and “data dredging,” where enough variables are tested to ensure that at least one emerges as statistically significant. If, for example, 20 variables are studied—say the effects of calorie intake, blood pressure, blood glucose levels, exercise, and so on, on heart attacks—there is a 50-50 chance that one of the 20 will be significant at the .05 level because, as any statistician can tell you, a .05 probability is just a one in 20 chance. But in a dredged study, only the one significant variable is written up, which thus yields an apparently positive result.72

HARKing—“hypothesizing after the results are known”—can happen when a dredged result generates a so-called prior hypothesis that was never actually considered before the data were examined.73 If, for example, low blood pressure emerged as significantly associated with heart attacks, a paper might begin: “Many metabolites at both high and low concentrations are associated with cardiovascular disease, so we hypothesized a similarly biphasic relationship for blood pressure.” This hypothesis would produce a positive result, with no published mention of the many other potential predictors.

There are other ways to generate a positive result. The earth’s surface temperature varies, and it is easy to pick start and end dates to show warming, cooling, or constancy. It then becomes easy to correlate those dates with a particular human activity and thus report an apparent cause and effect.

The sources of bias in science are myriad.74 In addition to those already noted, they include small-study effects (the greater likelihood that studies with small numbers of observations will demonstrate marked differences relative to control groups); gray literature bias (writing or citing publications that do not appear in the mainstream peer-reviewed literature); the decline effect (when initial published findings are dramatic in their effects but emerge as much less dramatic after the study is reproduced by other researchers); citation bias (when researchers give undue credibility to certain publications by citing them preferentially); industry bias (the tendency of scientific publications to yield results that support the interests of their funders); government bias (the tendency to find results consistent with the politics of the funding source); and the U.S. effect (preferential publication of positive results). Fanelli and colleagues have found that though these problems are rampant, they are not the fundamental cause of science’s distemper. That turns out to be a systematic problem with funding.

It was Daniel Sarewitz of Arizona State University who located the problem in the model of science funding that has dominated in the United States since the creation of the NSF and the expansion of the NIH after World War II. In this peer-review model, scientists are accountable (as Truman had anticipated) only to fellow scientists. Consequently, the biases described here can be harnessed to generate findings that apparently confirm the dominant paradigm rather than reflecting nature: in Sarewitz’s words, it is “technology that keeps science honest,” but the whole point of government funding of science, and of peer review, is to uncouple scientists from the demands of technology.75

These problems were anticipated not only by Truman but also by his successor. In his famous “military-industrial complex” Farewell Address of 1961, President Dwight D. Eisenhower lamented the effects on universities of the flood of federal money Truman had unleashed, and the possibility that scientists would use it to influence national policy:


A steadily increasing share [of research] is conducted for, or at the direction of, the federal government [so] the free university, historically the fountainhead of free ideas and scientific discovery, has experienced a revolution in the conduct of research. Partly because of the huge costs involved, a government contract becomes virtually a substitute for intellectual curiosity.… The prospect of domination of the nation’s scholars by federal employment, project allocations and the power of money is ever present—and is gravely to be regarded. Yet in holding scientific research and discovery in respect, as we should, we must also be alert to the equal and opposite danger that public policy could itself become captive of a scientific-technological elite.76



As late as the 1950s, American universities had supposed their role was to pursue scholarship and educate the young. They had not realized that their role also included rescuing the market from its manifest failure by turning themselves into government-funded scientific research labs that did a bit of teaching on the side and eschewed any of that speaking-truth-to-power stuff, at least if that power distributed research grants. But they were soon put right, and Fred Stone of the NIH, for example, noted that during the 1950s “it wasn’t anything to travel 200,000 miles a year” to coax grant applications from the universities and to disburse research gold if they only filled out the forms correctly (in those days, most grant applications were funded).77 Before long, the universities wouldn’t need the coaxing, and the grant awards would get much more selective.

Today in the United States, the government funds half of all pure science, a quarter is funded by charitable foundations, and the remaining quarter is funded by industry. But much of the charitable foundation and industrial money for pure science is directed to organizations outside the universities, so the source of U.S. university funding is largely the government. And the consequence is that pure science has changed from being something companies and foundations funded in their search for truth, into something that governments fund by peer review within the universities.

The public supposes that peer review provides an imprimatur of credibility to research results, but it is possible for it to do no such thing. Credibility depends on the honesty of the researchers, which can be assessed only after third parties attempt to reproduce their results. Peer review, therefore, can at best only screen for plausibility. At worst, it is a vehicle for imposing groupthink. And groupthink is the curse of public science today, because fashionable groups feed on fashionable funds. This is ultimately why we have seen an increasing number of articles retracted after publication.78

Moreover, because the distribution of scientific ability is skewed according to the power law,79 the more money that is awarded to a finite research community, the worse the quality of the science becomes. This should especially be true in a field such as climate science, which has very few PhD holders but receives a tremendous amount of research money.



The Politicization of Science

In 1605, Francis Bacon described science as a four-stage process of (1) observation, (2) induction, (3) deduction, and (4) experimentation, and Karl Popper, in his 1959 book The Logic of Scientific Discovery, argued that if a theory was not falsifiable then it was not scientific. Most people suppose that that pretty much sums up “science,” but at least three philosophers—Michel Foucault, Paul Feyerabend, and Imre Lakatos—have argued that science in practice is much less rational or objective, and much more biased, than is generally understood. One problem (to encapsulate a complex debate) is that scientists must choose what to observe.

Bacon supposed that scientists simply observed the world, but the world offers such a mass of data that scientists have to select their observations (e.g., does the color of your socks matter when you are sequencing a stretch of DNA?); and in choosing, they may predetermine their findings. As Einstein said, “Your theory determines what you observe.” If, for example, you believe that fat (not sugar) causes heart attacks, then—diets being so various—it is only a matter of time and application before you can find some dietary fat in some population that correlates with heart attacks, thus “proving” your theory.

But is it your theory? Or is it your funders’ theory? Or is it the theory of the editors of the top journals, and of the referees at the granting agencies, and of the members of your promotions and tenure committee? If university science is going to be rewarded by peer review, then inevitably it becomes political, as long as there is a substantial stream of publicly appropriated financial support, and researchers will do well to pick the observations and findings that resonate with those who control their careers and incomes, as Marc Edwards discovered.

Marc Edwards, a professor of civil engineering at Virginia Tech, uncovered the lead contamination in the Flint, Michigan, water supply. In the Chronicle of Higher Education he told a story that closely parallels Ibsen’s 1882 play An Enemy of the People, in which a man who tells an unpopular truth is vilified for it. By challenging the authorities’ reassurances about the quality of the water, Edwards risked alienating potential sources of research funding at his university. For this he was not thanked by his peers and colleagues.80

Edwards condemned the reluctance of scientists to challenge authority for fear of losing funding; in an interview he said that the systems built to support scientists do not reward moral courage, and that the university pipeline contains toxins of its own, which if ignored will corrode public faith in science:


I am very concerned about the culture of academia in this country and the perverse incentives that are given to young faculty. The pressures to get funding are just extraordinary.… This is something that I’m upset about deeply. I’ve kind of dedicated my career to try to raise awareness about this. I’m losing a lot of friends.81



Further,


I know the culture of academia. You are your funding network as a professor. You can destroy that network that took you 25 years to build with one word. I’ve done it. When was the last time you heard anyone in academia publicly criticize a funding agency, no matter how outrageous their behavior? We just don’t do these things.82



Universities worry about contrarian research because they need the overhead money that is included in federal grants. Government agencies not only support the direct costs of a research project but also add a premium of around 50 percent, which contributes to maintaining the infrastructure of the university and renders the whole institution, from the library to the department of romance languages to the president’s office, dependent on government research grants. Thus the entire university has an interest in government funding and in the government’s goals. And the sums of money are considerable.

Most faculty are paid for only nine or ten months a year. When offered a salary of $100,000, that sometimes means $75,000, unless someone else—almost always the federal government—pays. “Summer salary” is a part of most grant proposals.

University faculty spend much time writing funding proposals, and often much of the research is performed by postdoctoral researchers on short-term contracts. Each postdoc will cost about $80,000 per year, while their research assistants, usually graduate students, cost around $30,000 apiece.

Consider a proposal to study the hypothesis that global warming will increase weather-related morbidity and mortality. Table 1.2 shows an estimated budget, with summer salary for one faculty member, two postdoctoral researchers, and three graduate research assistants, if applied for today by the University of Virginia (UVA).





	
TABLE 1.2

Estimated UVA department budget





	
	
Position


	
	
Year 1, inflation-adjusted three-year total (dollars)





	
	
Principal investigator (faculty)


	
	
	
	



	
	
Summer salary


	
	
33,000


	
	
103,942





	
	
Postdoctoral researchers (2)


	
	
160,000


	
	
504,400





	
	
Graduate research assistants (3)


	
	
90,000


	
	
283,725





	
	
Total wages


	
	
	
	
788,125





	
	
Fringe benefits @ 27.7 percent


	
	
	
	
218,311





	
	
Total salary and benefits


	
	
1,006,436


	
	



	
	
Subtotal


	
	
	
	
1,085,247





	
	
UVA indirect costs (overhead) 54.0 percent


	
	
586,033


	
	



	
	
Total


	
	
	
	
1,671,280








The amount of published research necessary for a faculty member to achieve tenure would probably entail about three federal contracts of this magnitude, so, about $5 million in total, with the university banking about $1.8 million in overhead.83 The nonscience departments that cannot recover their expenses in tuition and fees get much of this, and the big research universities are dependencies. Threatening the consensus in science, therefore, if it also threatens the chances of winning grants, will threaten an institution’s financial health, which inevitably arouses concern.84

There is a certain irony in state funding being the corruptor of university integrity. On December 10, 1819, Thomas Jefferson, who that year had founded the University of Virginia, wrote to John Adams describing the benefits of an educated citizenry:


Their minds were to be informed, by education, what is right & what wrong, to be encouraged in habits of virtue, & deterred from those of vice by the dread of punishments, proportioned indeed, but irremissible; in all cases to follow truth as the only safe guide, & to eschew error which bewilder us in one false consequence after another in endless succession. These are the inculcations necessary to render the people a sure basis for the structure of order & good government, but this would have been an operation of a generation or two at least, within which period would have succeeded many Neros and Commoduses, who could have quashed the whole process.85



Jefferson’s motive in creating the university was to create a secular institution free of the religious influence that had so offended him when he was studying at the College of William and Mary. Unfortunately, universities today do not live up to his ideals, and they betray free inquiry and free speech in ways he did not fully anticipate.86

Tenure—which is meant to protect free speech—turns out to be just another facet of the problem. Tenure binds a group of scholars together indefinitely, encouraging them to maximize their adherence to the group. Scientists do not speak out, as Edwards noted, because they fear losing their research funding and their close colleagues.

In this book we have assembled ten examples—ranging from dietary advice and opioids to copper and uranium mining to climate change to the war on drugs to the regulation of carcinogens and other chemicals—of how the modern scientific enterprise can be used, abused, or misused in the service of massive regulation or to deprive people of property rights. Everyone knows that the government has the technology to read our most private communications, which can and will be used to constrain liberty, but few people can see that science, when distorted by the government, will spontaneously generate intellectual and cultural abuses that can undermine our freedom.

In this book we will see how politicized claques can authoritatively prescribe deadly diets with impunity, with separate—but remarkably similar—stories on dietary fat and salt. In both cases, federal guidelines are causing more harm than good. The rest of this book details other disasters, largely unfolding unnoticed by a public that supposes science is a value-free enterprise, that it always tells the truth, and that it deserves public support.

Besides incentive-based bias, there is another way in which government can influence policy or take away property rights, one that might be termed “abuse of scientific authority.” This can occur when a federal agency or federally chartered entity, such as the National Academy of Sciences, decides to speak out on an issue of scientific controversy. Other federal agencies can engage in similar authority badgering.

What do we do about the failings of science? Can we reform science while keeping government funding, or should we revert to the pre-1940 world where it was free of government, where it was kept honest by its link to technology and markets, and where it rode high in public esteem and trust? We address these questions here by looking carefully at the ways in which the federal government has impinged on the scientific process.
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LARDING THE SCIENCE

The Dietary Fat Fiasco


The U.S. federal government’s agencies have been issuing dietary advice for more than a century, but before 1977 they limited themselves largely to addressing malnutrition among the poor. The first two-thirds of the 20th century had witnessed the early triumph of nutrition research when, in a world still concerned with malnourishment, the discipline had helped oversee the discovery of vitamins and the elaboration of the basic principles of metabolic biochemistry. So in 1968, when the Senate established the Select Committee on Nutrition and Human Needs led by Sen. George McGovern (D-SD), it focused initially on the problems of undernutrition. But a decade later, on January 14, 1977, when it published its Dietary Goals for the United States, the committee launched an attack on the apparent problems of overconsumption. In his introduction, McGovern wrote:


This is the first comprehensive statement by any branch of the federal government on risk factors in the American diet.

Too much fat … [is] … linked directly to heart disease, cancer, obesity and stroke.

… Six out of the ten leading causes of death in the United States [heart disease, cancer, vascular disease, diabetes, arteriosclerosis and cirrhosis of the liver] have been linked to our diet.1



The committee reported unanimously, and in his foreword Sen. Charles Percy (R-IL) wrote, “Without government … commitment to good nutrition, the American people will continue to eat themselves to poor health.”2 Consequently, the committee explained, “We as a government … have an obligation to provide practical guides to the individual consumer as well as to set national dietary goals for the country.” Accordingly, Americans were urged to:


	Increase carbohydrate consumption to account for 55 to 60 percent of energy (caloric) intake.

	Reduce overall fat consumption from approximately 40 to 30 percent of energy intake.

	Reduce saturated fat consumption to account for about 10 percent of total energy intake.

	Reduce cholesterol consumption to about 300 mg a day.3



The committee had, in short, officially launched the anti-fat, pro-carbohydrate campaign that was to dominate the world of nutrition until recently and which still reigns in official circles.


Why Did the Senate Select Committee Launch an Attack on Fats?

The problem was heart attacks. The heart attack epidemic had seemingly come out of nowhere and by 1968, at its height, accounted for more than one-third (37 percent) of all deaths in the United States. By contrast, all cancers accounted for only one-sixth (17 percent) of all deaths, and strokes only one-tenth (10 percent). Accidents, at 6 percent, were the fourth most common cause of death.4 The sudden epidemic of heart attacks was profoundly alarming, especially as it seemed to target otherwise healthy people at the peak of their performance.

Some physicians argued that the epidemic was illusory, the result of better diagnosis and an aging population; yet that argument, though not trivial, was to be disproved. In 1966, for example, Leon Michaels, a Canadian physician, showed that the lack of evidence of heart attacks before the 20th century was indeed evidence of their absence: on comparing the characteristic chest pain of heart attacks with the characteristic pain and symptoms of migraine and gout, he showed that, whereas frequent descriptions of migraine and gout can be found in medical texts from all eras, stretching back to Greek and Roman times, angina and heart attacks started to be described with any frequency only in the 20th century.5 He thus concluded that the death rates from those diseases had increased up to two hundredfold between 1901 and 1962, and although the rate of increase cannot be known with certainty, it is now accepted that the rise in the incidence of heart attacks during the 20th century was real (see Figure 2.1).

Faced with such an epidemic, some commentators argued that it was surely reasonable for the U.S. government to address it. In 1974, for example, Marc LaLonde, Canada’s minister of national health and welfare, had published a report intended to prescribe the diet of the Canadian people, in which he suggested that Canadians should eat less fat—in particular less saturated fat and less cholesterol—and more carbohydrates.6 Some commentators argued it was surely not unreasonable for the U.S. Senate Select Committee on Nutrition and Human Needs also to take a position.

It might indeed not have been unreasonable—had the committee’s position been a wise one. Yet the federal government may be institutionally incapable of providing wise dietary advice.


Why the Demonization of Fat?

The senators on the Select Committee were not, of course, nutritionists, so they took their lead from the scientists, and from one scientist in particular, Ancel Keys (1904–2004). Keys, who was the professor of physiology at the University of Minnesota, launched the modern dietary era in 1953 with the publication of “Atherosclerosis: A Problem in Newer Public Health.”7

By 1953, the Food and Agriculture Organization of the United Nations (FAO) had collected dietary information on 22 countries. Keys selected data from six countries (Australia, Canada, England and Wales, Italy, Japan, and the United States) to generate a graph in which he showed that as the percentage of fat in the diet rose, so the death rates from heart disease of males aged 55–59 years rose accordingly: from 0.5 per thousand in Japan (where the typical diet included 7 percent fat) to just under 7 per thousand in the United States (with a diet of 40 percent fat).



FIGURE 2.1

Death rates per 100,000 people from atherosclerotic heart disease and stroke


[image: ]
Sources: D. T. Lackland et al., “Factors Influencing the Decline in Stroke Mortality: A Statement from the American Heart Association/American Stroke Association,” Stroke 45 (December 5, 2013): 315–353, doi:10.1161/01.str.0000437068.30550; Leon Michaels, “Aetiology of Coronary Heart Disease: An Historical Approach,” Heart 28 (March 1966): 258–264, doi:10.1136/hrt.28.2.258.

Note: The data in solid lines come from the joint 2013 statement of the American Heart and Stroke Associations. Data on atherosclerotic heart disease were not collected before 1950, so the dotted lines are extrapolated from the estimates in the Michaels article.

In 1953, as today, heart disease was understood essentially as the consequence of atherosclerosis. But whereas today we understand atherosclerosis to be an inflammation of the arteries, in 1953 it was seen more as a hardening (technically an arteriosclerosis) caused by the deposition of cholesterol within the arterial walls. Keys proposed that as people ate too much fat (in particular too much cholesterol), so the blood vessels silted up with cholesterol, leading the heart to become diseased as its narrowed arteries failed to provide enough oxygen or nourishment. That process in turn would lead to a heart attack or myocardial infarction as the blood clotted over the cholesterol-filled artery and thus killed the patient. Here was Keys’s model:
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Initial Criticism of Keys’s Model

It is often forgotten that, from the beginning, Keys’s model was heavily criticized. In 1955, for example, the World Health Organization (WHO) convened a small seminar of international experts who proceeded comprehensively to demolish it. (One of his colleagues remembered the WHO meeting as “the pivotal moment in Keys’s life. He got up from being knocked around and said, ‘I’ll show these guys.’ ”8) Among the critics were Jacob Yerushalmy and Herman Hilleboe, from the University of California, Berkeley, and the New York State Commission of Health, respectively, who attacked the model both at the seminar and shortly afterward in a paper.9

At the 1955 seminar Keys had claimed, “There is a remarkable relationship between the death rate from degenerative heart disease and the proportion of fat calories in the national diet,” which was supportable. But then he claimed, “No other variable … shows anything like such a consistent relationship,” which was not supportable.10 When Yerushalmy and Hilleboe reexamined the Food and Agriculture Organization data, they found the association between animal protein and heart disease to be stronger than between fat and heart disease. And the association between the total consumption of calories and heart disease was stronger yet. In addition, the strongest determinant of calorie and meat intake seemed to be GDP per capita.

On the other hand, consumption of vegetables seemed to protect against heart disease, even though vegetables contain fat, protein, and carbohydrates. To further complicate matters, it appeared that the greater the consumption of animal fat and protein, the lower the death rates from every condition except heart disease. So, the model that best accounted for the empirical facts was:
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As Yerushalmy and Hilleboe pointed out at the 1955 WHO seminar, and as they expanded in their 1957 paper, the data thus suggested that the citizens of poor countries (who ate primarily vegetables, including starchy vegetables such as maize or corn, rice, and potatoes) did not often die of heart disease (but were vulnerable to other diseases); the citizens of rich countries (who ate a lot of meat, which includes much fat) died largely of heart disease (but were protected from other causes of death).

And to confirm that GDP per capita seemed central to the development of heart attacks, Yerushalmy and Hilleboe noted that atherosclerosis remitted when people reverted to a pre-Western lifestyle: during World War II and its aftermath, many parts of Europe had been reduced to meager diets, and those parts of Europe saw their rates of heart disease fall; but when normal food supplies were restored, heart disease returned. Heart disease, in short, seemed to be a consequence of a Western diet (which was in turn a consequence of Western wealth), but no single element of that diet could be identified as especially responsible.

The discussions at the 1955 WHO seminar were prescient, because the delegates saw ischemic heart disease not as the consequence of a single cause (cholesterol) but as the consequence of many, complex, still-to-be-elucidated causes. More of those possible causes were soon identified, and when in 1957 professor of physiology John Yudkin of the University of London reexamined the FAO data, he found “a moderate but by no means excellent relationship between fat consumption and coronary mortality.… A better relationship turned out to exist between sugar consumption and coronary mortality in a variety of countries.”11

Yudkin therefore proposed that sugar, not fat, was bad for the heart, and he wrote of “good nutritious foods like meat and cheese and milk.”12 Also in 1957, Edward Ahrens (1915–2000) of the Rockefeller Institute of Medical Research—the doyen of fat biochemistry—who had long recognized carbohydrates as cardiac killers, protested that “unproved hypotheses are enthusiastically proclaimed as facts.”13 (Ahrens later greeted the Senate Select Committee on Nutrition and Human Needs’ recommendations as treating people as if they were “a homogenous group of Sprague-Dawley rats.”)14 George V. Mann, a Vanderbilt University biochemist, was yet another researcher who had shown that Keys’s demonization of animal fats did not fit the cardiac facts.15



FIGURE 2.2

Male peptic ulcer death rates and per capita cigarette consumption
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Source: Alexander Mercer, Infections, Chronic Disease, and the Epidemiological Transition: A New Perspective (Rochester, NY: University of Rochester Press, 2014), p. 184. The data on cigarette consumption come from Centers for Disease Control and Prevention, Achievements in Public Health, 1900–1999: Tobacco Use, United States, 1900–1999, Morbidity and Mortality Weekly Report 48 (Washington: CDC, 1999): 986–993.

Meanwhile, in 1970, Richard Doll, the epidemiologist who had earlier reported that cigarettes caused lung cancer, found: “It is cigarette smoking … which is implicated in the aetiology and manifestation of myocardial infarction.”16 Figure 2.2 illustrates that one nondietary phenomenon that tracks the incidence of atherosclerotic heart deaths is cigarette smoking.



FIGURE 2.3

Proposed causes of atherosclerosis, 1970s
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Source: These data were extracted by the author from the contemporary literature.

The list of possible causes did stop there; additional causes, including a lack of exercise and excessive stress, were soon identified. By the 1970s, therefore, the criticisms of the 1955 WHO seminarians had been vindicated, and the only sure model compatible with the data was that found in Figure 2.3, but which of the many possible factors was primarily responsible for the epidemic of heart attacks could not be isolated.

So why in 1977 did the Senate committee back Keys’s dietary fat hypothesis over all the other possible causes of atherosclerosis? Well, Keys had generated a model: whereas no one could easily suggest how calories, protein, cigarettes, sugar, a lack of exercise, or a lack of vegetables could provoke atherosclerosis, Keys could suggest how fat could do it.



Keys’s First Model for Atherosclerosis

Keys first noted that heart attacks were caused by atherosclerosis, that atherosclerotic plaques were full of cholesterol, that patients who suffered heart attacks had elevated blood levels of cholesterol, and that rabbits that were fed high levels of cholesterol develop atherosclerosis.17 He thus proposed:
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By 1955, though, Keys had realized that dietary cholesterol is not a human danger: our livers synthesize most of our cholesterol, and when we ingest it in our food, our livers simply reduce their creation of cholesterol.18 This is not true of all animals, particularly not of herbivores such as rabbits, which—because plants are low in cholesterol—do not normally handle significant amounts of it. So herbivores, when fed high cholesterol in the laboratory, respond with raised cholesterol in the blood: their livers don’t know any better. But we are omnivores, our livers are not naive, and when fed high cholesterol we do not respond with raised levels of blood cholesterol. For us:
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Asymmetrical Science

In 1955, within two years of proposing the dietary cholesterol hypothesis, Keys had abandoned it. But for another 60 years the U.S. federal government continued to warn against consuming cholesterol-rich foods. It was only in 2015 that its Dietary Guidelines Advisory Committee classified high-cholesterol foods such as eggs, shrimp, and lobster as safe to eat: “cholesterol is not a nutrient of concern for overconsumption.”19

This 60-year delay shows how asymmetrical the official science of nutrition can be: a federal agency can label a foodstuff dangerous based on a suggestion, yet demand the most rigorous proof before reversing its advice. Harvard professor of epidemiology and nutrition Walter Willett, commenting on the asymmetry in a related area of government nutrition advice, described it as “Scandalous. They say ‘You really need a high level of proof to change the recommendations,’ which is ironic, because they never had a high level of proof to set them.”20

And it was Keys himself who championed asymmetry in dietary advice when he wrote in 1957 that nobody had “adequate evidence to state that there is not a causal relationship between dietary fat and the tendency to develop atherosclerosis in man” (i.e., he could condemn fat on the basis of a hypothesis only, yet it could only be classified as safe after exhaustive study).21 So Keys not only launched the cholesterol/fat paradigm on inadequate evidence, he also biased the debate in its favor.

Further, it may seem safer to advise abstention from a particular food than to declare one to be safe. Yet abstention may itself be dangerous, because abstention can have unintended consequences: other foodstuffs must be consumed instead. The Select Committee’s major scientific adviser was Mark Hegsted of Harvard, who wrote in his foreword to the Dietary Goals of 1977:


The question to be asked, therefore, is not why we should change our diet but why not? What are the risks associated with eating less meat, less fat, less saturated fat, less cholesterol, less sugar, less salts, and more fruits, vegetables, unsaturated fat and cereal products—especially whole grain cereals?22



The answer to this question—namely, that it would lead to the eating of more carbohydrates and more trans fats, both of which really are dangerous—would soon emerge. (Trans fats are chemically synthesized unsaturated fatty acids associated with increased risk of coronary heart disease.)

Meanwhile, the 60 years of official misinformation has taken its toll: a 2015 survey by Credit Suisse Research Institute (a social research charity) found that 54 percent of doctors falsely believed eating cholesterol-rich food raises blood levels of cholesterol and damages the heart. In the words of the survey, “This is a clear example of the level of misinformation that exists among doctors.”23



Keys’s Second Model

Keys always saw dietary cholesterol as only one of two problematic factors, and by 1955 he was presenting his second set of facts. He noted that eating fat, especially saturated or animal fat, raised the blood levels of cholesterol, from which he generated his second model:
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This, of course, was the model the Select Committee was to eventually endorse in 1977. But as we have seen, on its being presented to the WHO delegates back in 1955, they had immediately been skeptical,


The evidence is circumstantial … no conclusions of etiological [causative] relationships should be attempted unless the factor is found to be related to the disease by evidence from entirely different types of investigations.24



To counter this skepticism, Keys had launched his famous Seven Countries, published in 1970, in which he personally examined what people were eating in Finland, Greece, Italy, Japan, the Netherlands, the United States, and Yugoslavia. He refined his surveys to look at saturated (i.e., animal) fats rather than total fats in the diet, and yet again he found a strong association between (saturated) fat ingestion and deaths from heart disease.25

But Keys’s Seven Countries wasn’t the “entirely different type of investigation” for which the WHO experts had called, since it still generated data that they considered “circumstantial.”26 Indeed, when one of Keys’s colleagues, Alessandro Menotti, recharacterized the foodstuffs in Seven Countries, he found “sweets” (sugar-rich products, cakes, and other confectioneries) in the diet correlated more strongly with coronary mortality than did “animal food” (butter, meat, eggs, margarine, lard, milk, and cheese). Even Keys’s own program of work, therefore, suggested it might be carbohydrates, not fats, that killed people.27



Bad Science

The Select Committee’s gravest offense was not merely going beyond the verifiable science, but flouting it. There is in epidemiology a “hierarchy of evidence”: some data are recognized to be more credible than others, and in particular randomized controlled trials (i.e., experiments) are recognized to produce harder data than observations (which may report only associations, and which may, in turn, mislead). By 1977, when the Select Committee published its report, no fewer than six randomized trials had been performed on a total of 2,467 males (of whom 423 died from heart problems during the trials) in which their total and saturated fat intake was reduced by placing them on low-fat diets. As predicted by Keys’s hypothesis, for the subjects on reduced dietary fat, the circulating blood levels of cholesterol declined. But contrary to the hypothesis, their mortality rates did not fall. In their devastating review of the six trials, Zoë Harcombe and her colleagues in Wales and Kansas City concluded, “Dietary recommendations were introduced for 220 million U.S. citizens … in the absence of supporting evidence from randomized controlled trials.”28

That lack of hard evidence was recognized at the time, and in 1977 the American Medical Association responded to Dietary Goals with the statement:


The evidence for assuming that benefits [are] to be derived from the adoption of such universal dietary goals … is not conclusive, and there is potential for harmful effects.29



Though the committee had acknowledged the incomplete state of the science of the day, it had also written with approval:


Marc LaLonde, Canada’s Minister of National Health and Welfare, said: “Even such a simple question as whether one should severely limit his consumption of butter and eggs can be a matter of endless scientific debate … [so] it would be easy for health educators and promoters to sit on their hands.… But many of Canada’s health problems are sufficiently pressing that action has to be taken even if all the scientific evidence is not in.”30



When challenged on the incompleteness of the science, Senator McGovern said, “Senators do not have the luxury that the research scientist does of waiting until every last shred of evidence is in,” which is the opposite of the truth: research scientists are at leisure—and are perhaps even obligated—to explore every possible hypothesis, but senators should not issue advice until every last shred of evidence is in, because they may otherwise issue misleading or even dangerous advice.31 As they did in 1977.

We see here a second reason why official dietary advice may be institutionally biased. Officialdom may be under pressure to issue it prematurely, sometimes even by decades. Moreover, this advice may be based on models rather than on hard facts.



Why Did the Randomized Controlled Clinical Trials Not Confirm the Dietary Saturated Fat Model?

The Keys model was two-staged:
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Confusingly, both stages of the model were true. Mark Hegsted, the head of the Department of Nutrition at Harvard and the Select Committee’s major adviser, had shown that when humans ate saturated fat, their circulating blood levels of cholesterol did indeed rise. Equally, two future Nobel laureates from Texas, Michael Brown and Joseph Goldstein, showed that—in certain inherited diseases of metabolism—high blood levels of cholesterol can indeed cause heart attacks. So, the committee put two and two together and supposed:
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thus reminding us of H. L. Mencken’s aphorism that for every complex problem there is a solution that is clear, simple, and wrong. As we saw above, when no fewer than six randomized controlled clinical trials had tested the complete model by withdrawing saturated fat from the diet of vulnerable men, their blood levels of cholesterol fell but their heart death rates did not. Why not?

There are at least three different types of circulating blood cholesterol. One type, so-called HDL (high-density lipoprotein) is positively healthful, as it draws cholesterol out of the arteries. Another type, lLDL (large low-density lipoprotein) is largely neutral. A third type, sLDL (small low-density lipoprotein) is the one that kills, as it (and its oxidized forms) tend to lodge in the arteries and precipitate the inflammation we know as atherosclerosis. Moreover, saturated fat in the diet tends to raise the circulating levels of the essentially neutral lLDLs, while carbohydrate in the diet tends to raise the circulating levels of the dangerous sLDLs. Therefore, it is carbohydrate, not fat, in the diet that raises the dangerous type of cholesterol, although the mechanisms remain to be fully elucidated.

So it is no surprise that the six randomized controlled clinical trials failed to find a decline in the rate of heart death rates following the reduction of saturated fat in the diet of vulnerable men. This is because the compensatory rise in carbohydrate intake was dangerous. To Mark Hegsted’s question in the foreword to Dietary Goals, “What are the risks associated with eating less meat, less fat, less saturated fat, less cholesterol?,” we can now reply that if, instead, people were to follow his advice and eat more carbohydrates and more trans fats in compensation, they would risk precipitating early death from atherosclerosis. Irony of ironies.



The American People Were Dutiful

Nonetheless the American people did as they were advised—not just by the government, but also by the mass media, which reinforced the government’s message.32 In a 1986 survey conducted jointly by the National Heart, Lung, and Blood Institute and the Food and Drug Administration, 72 percent of adult respondents “believed that reducing high blood levels of cholesterol would have a large effect on heart disease.”33 Between 1960 and 2000, their per capita consumption of saturated fatty acids fell from 55 to 46 grams per day, and their per capita consumption of cholesterol fell from 465 to 410 milligrams per day. Meanwhile, their per capita consumption of carbohydrates rose from 380 to 510 grams per day, and consumption of fiber rose from 18 to 26 grams per day (Figure 2.4).34

Americans also increased their intake of unsaturated vegetable-derived fats chemically modified as trans fats (for example, replacing butter with margarine) because it was believed that saturated fat was more dangerous than unsaturated fat. So whereas in 1911 per capita consumption was 19 pounds of butter a year and 1 pound of margarine, by 1976 butter consumption had fallen to 4 pounds a year and margarine’s had risen to 12.35 Yet we now know that trans fats lower healthful HDLs, raise the dangerous sLDLs, and are inflammatory. Consequently, in the words of a recent authoritative review, they “contribute significantly to increased risk of coronary heart disease events.”36



FIGURE 2.4

Obesity and the consumption of different foods in America, 1960–2000
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Source: The data come from Shi-Sheng Zhou et al., “B-Vitamin Consumption and the Prevalence of Diabetes and Obesity among U.S. Adults: Population Based Ecological Study,” BMC Public Health 10 (2010): 746, https://doi.org/10.1186/1471-2458-10-746.

The Select Committee’s demonization of saturated animal fat—which led the American people to increase their consumption of trans fats—can only have damaged the health of those who followed its advice.



Keys and the Select Committee Vindicated?

Nonetheless, in following the Select Committee’s advice, an odd thing happened to the American people: their rates of heart disease and stroke fell, really quite dramatically (see Figure 2.1).

Before invoking Figure 2.1 as vindication of the Select Committee’s advice, consider Figure 2.2, which illustrates the course of another 20th-century epidemic, that of peptic ulcers. It is often forgotten, but the 20th century witnessed an epidemic of peptic ulcers that mirrored that of heart attacks. Since no one has suggested that saturated fat causes peptic ulcers, we should be careful not to confuse correlation with causation: a disease may reflect the incidence of heart attacks without that incidence proving that saturated fat is responsible.

Moreover, the stroke data in Figure 2.1 are incompatible with the Keys hypothesis. Strokes are caused by the same atherosclerotic process as heart attacks, yet their epidemiology looks different: namely, they peak before the 20th century, and during the first half of the 20th century they appear to have declined even in the face of the high-fat Western diet. During the second half of the 20th century they continued to decline, even as the Western diet became lower in fat and higher in carbohydrates. Figure 2.1, indeed, shows that variations in dietary composition cannot explain the epidemiology of strokes. (The data in Figure 2.1 relate to deaths, not to disease incidence; and although it is possible that changes in therapies influenced the long-term trends, those changes would not have been sufficient to generate such different trend lines.)



Strokes and the Metabolic Syndrome

So, how can we explain the epidemiology of strokes? The World Health Organization reports that in 2015, the latest year for which we have data, the two most common causes of death among low-income economies were chest infections and diarrhea (i.e., bacterial and viral infections of the lungs and guts). Stroke was third.37

Strokes are a disease of poverty, a connection that British epidemiologist David Barker explained when he showed, unexpectedly, a correlation between maternal mortality rates and strokes.38 In his words:


If you want to know how much … stroke there is in any city, any town, any rural village, do not count the hamburger outlets, the tobacconists, the playgrounds. Ask instead how many mothers died in childbirth several years ago.39



Maternal mortality rates are highest where mothers are poor and ill-fed, and where in consequence their fetuses are malnourished. A malnourished fetus is a fetus under metabolic pressure, so it must make a choice: which organs will it protect? Will it allow all its organs to be malnourished equally, or will it protect some organs at the expense of others? It appears that a malnourished fetus chooses to protect its brain (these responses are little different from an adult’s: when adult mammals are starved, most of their organs shrink, the exceptions being the brain and, in the case of male mice, the testicles).40

So, when starved, the fetus will deprive its other organs of nourishment, and as a result grow into a short adult; and to help achieve that smallness, it will induce its muscles and other major organs to become resistant to insulin. The role of insulin is to direct the glucose we absorb from our food into our muscles and other major organs, so when we become insulin-resistant, their glucose uptake is suppressed, thus sparing it for the brain.41 And, unexpectedly perhaps, insulin resistance contributes to atherosclerosis.

Malnourished, poor mothers, therefore, produce children who are prone to developing strokes. But well-nourished, rich mothers do not. Hence the slope of the line in Figure 2.1: as mothers in the West have grown increasingly well-nourished, so their babies have become less prone to developing strokes.



The Incidence of Heart Attacks in the 20th Century: What We Know

From the divergence between the two lines in Figure 2.1, we can see that the causes of strokes and heart attacks must be different. Although both are caused by atherosclerosis, this condition must affect the arteries of the brain and heart in subtly different ways. Therefore, all we can currently state with certainty is that atherosclerosis is an inflammation of the arteries, of which there are many possible causes, including the insulin resistance of the metabolic syndrome and raised levels of sLDL, but also including smoking, stress, hypertension, diabetes, and aging, as well as a range of inflammatory diseases including arthritis, lupus, chronic infections, and inflammations of unknown cause. Another inflammatory disease that can apparently cause heart attacks is peptic ulceration, which is caused primarily by infection with Helicobacter pylori, because there is an association between H. pylori infection and atherosclerosis.42 Importantly, therefore, we still cannot know with certainty what accounted for the epidemiology of heart deaths in the 20th century.


Shattering the Cholesterol Story

Fifty years after Keys captured the Senate Select Committee’s imagination, the failings of the cholesterol hypothesis had become so obvious that in 2007 Gary Taubes, a science journalist, could publish a book Good Calories, Bad Calories, which became a bestseller. In the book he claimed that carbohydrates in general, and sugar in particular, are dietary hazards and that natural fats are healthful.43

There was already a long scientific tradition led by such professors as Yudkin, Mann, and Ahrens arguing that carbohydrates and sugar, not fats, are the cardiac killers. In addition, Taubes had a populist predecessor, Robert Atkins (1930–2003), who in 1972 had published Dr. Atkins’ Diet Revolution. Atkins was a New York cardiologist who found that, for weight loss, a diet low in carbohydrates and high in fat and protein worked.44

While Yudkin, Mann, and Ahrens had focused on sugar and carbohydrates as the cause of heart attacks, Atkins had focused on sugar and carbohydrates as the cause of obesity. And Taubes continued in Atkins’s wake, noting that the epidemic of obesity (and type 2 diabetes) accelerated when fat in food was being replaced by carbohydrate (see Figure 2.4). Thus, between 1960 and 2000, the incidence of obesity more than doubled, from 13.4 percent of the population to 30.9 percent, while the incidence of type 2 diabetes rose even more markedly, from 2.6 percent to 6 percent of the population. Since 2000 it has continued to rise to nearly 10 percent today.45

Yet we should eschew easy myth-making. Jennie Brand-Miller at the University of Sydney, Australia, has shown that in Australia and the United Kingdom sugar consumption fell between 1980 and 2003 even as obesity rose, which suggests that obesity cannot be attributed to any single nutrient.46 A recent massive survey of the literature, moreover (with data on 68.5 million people) found that while overweight (body mass index [BMI] over 25) and obesity (BMI over 30) are—as is widely known—associated with cardiovascular and other diseases, the impact may be less important than is widely feared, and the authors of the study noted, “the rate of this increase has been attenuated owing to decreases in underlying rates of death from cardiovascular disease.”47 Indeed, life expectancies in the United States have continued to rise (as they have continued to rise in industrialized countries since 1840) by three months for every year lived, or six hours for every day lived, which is truly extraordinary.48 Moreover, the so-called obesity paradox reveals that, under some circumstances, being overweight can apparently be healthful, and we should remember that as early as 1955 the WHO symposium noted that the Western diet had the dual effect of both stimulating and damaging our health.49 We are still trying to understand these effects, and it is premature to confidently dictate our diet.

There is nonetheless currently a scientific consensus on health and diet, which has been summarized by the American Heart Association:


	Dietary saturated fat does increase the rate of cardiovascular disease significantly, (Keys got that right), but

	replacing it with refined carbohydrates and sugars does not reduce the rate of cardiovascular disease (Keys got that wrong, whereas his critics, including Yudkin, Mann, and Ahrens, got that right), but

	replacing saturated (animal) fat with unsaturated (vegetable) fat does reduce the rate of cardiovascular disease significantly (as effectively as treatment with statins) as long as those unsaturated fats are not trans fats.50



But this consensus has not yet deeply penetrated the public debate, and while most popular commentators now follow the Taubes anti-carbohydrate/anti-sugar story, the federal government and leading medical authorities still follow the traditional anti-fat story.51 This divergence of opinion is both unnecessary and unhelpful.




A Nutritional Note

Reducing food to its constituent chemicals such as carbohydrate or fat is now increasingly criticized as “nutritionism,” because doing so may mislead by ignoring the complex and generally unknown interactions between the different chemicals in food.52 So, for example, the data may mean that meat is dangerous not because of its fat content but because of its protein or haem content (haem being the iron-containing chemical in meat that gives it a red color).53 Equally, a Harvard group has identified that plant-based diets that are rich in sugars, starch, or refined carbohydrates may be unhealthful.54

The current American Heart Association’s advice, therefore, seeks to avoid the nutritionist error by recommending a “Mediterranean” diet (rich in olive oil, vegetables, fruit, nuts, and legumes such as peas, beans, lentils, and chickpeas; moderate in fish, poultry, alcohol, and whole-grain cereals; and low in red meat, processed meat, and sweet foods such as cakes and jams). The similar DASH (Dietary Approaches to Stop Hypertension) diet is also recommended by the association.55



A Biochemical Note

Taubes suggested that, calorie for calorie, carbohydrates in the diet may promote obesity more than fat does because they stimulate the secretion of insulin, which in turn stimulates adipocytes (fat cells) to store fat: just as a girl entering puberty puts on weight around her hips and at her breasts because of the local actions on fat cells by certain female hormones (not because she has suddenly started to overeat), so someone who swaps fats for carbohydrates may start to put on weight because of the generalized effect on fat cells of insulin. Further, insulin drives down blood sugar levels, which in turn promotes the secretion of hunger hormones such as ghrelin, which therefore stimulates further eating.56



Conclusion

The central question remains: Why, in 1977, did the Senate Select Committee on Nutrition and Human Needs publish Dietary Goals for the United States when so many credible authorities, including Yudkin, Atkins, Ahrens, Mann, and the American Medical Association, had anticipated, at least in part, today’s understanding of carbohydrates and other saturated fat substitutes as dangerous?

As Chapter 1 discussed, and as John Ioannidis, Brian Nosek, Paul Smaldino, and Richard McElreath have shown, one problem is that scientists are much less scientific than is popularly supposed. Aggravating the problem of poor science is that research operates a version of public-choice theory: in his 1965 The Logic of Collective Action, Mancur Olsen described how small interest groups can capture public policy, and publicly funded science is no exception.57 Once armed with power over government-funded research grants, access to peer-reviewed journals, and appointments to university positions, Keys and his fellow elite researchers could enforce their paradigm on the whole field. Which was why the successful paradigm-shifter emerged not as a mainstream scientist but as a journalist, Taubes, who was spared the pressure to conform. And this public-choice aspect of science was aggravated by the Senate Select Committee’s endorsement of the fat paradigm, which fueled it, literally, with public money.

The federal government’s failings were further aggravated by lobbying. When McGovern’s committee reported, the reaction from the meat, egg, and other food lobbyists was so vitriolic that the committee was forced to hold additional public hearings. Following those, a second edition of Dietary Goals for the United States was hurriedly released in late 1977, retracting some of its strongest earlier claims. For example, the committee added this sentence: “science [cannot] at this time ensure that an altered diet [will] provide improved protection from killer diseases such as heart disease.”58 As it happened, the meat and egg lobbyists were not wrong in all their objections, but they influenced the committee not because of their superior science, but because of their electoral power.

Because of the controversy, the reputation of the Select Committee suffered, and its mandate was allowed to lapse. The issuance of further federal dietary advice was then charged to the U.S. Department of Health and Human Services (HHS) and the U.S. Department of Agriculture (USDA), which have since jointly published, every five years, their Dietary Guidelines for Americans (the most recent was in 2015); these guidelines have, however, only reinforced the anti-fat, pro-carbohydrate message of the original 1977 Dietary Goals. This message was to be popularized in the USDA’s Food Guide Pyramid (1992), MyPyramid (2005), and MyPlate (2011).

The USDA was so empowered specifically to help protect agricultural interests, which inevitably has distorted its advice. Marion Nestle, for example, professor of nutrition at New York University, reports that when she was hired to edit the 1988 Surgeon General’s Report on Nutrition and Health: “My first day on the job, I was given the rules: no matter what the research indicated, the report could not recommend ‘eat less meat’ as a way to reduce the intake of saturated fat, nor could it suggest restrictions on intake of any other category of food.”59

Indeed, Marion Nestle’s book Food Politics: How the Food Industry Influences Nutrition and Health, was first published in 2002; it is now in its third edition, and it has been cited no fewer than 2,250 times, yet the food industry still influences the federal government’s advice. Thus the New York Times reported on January 18, 2016, that the early drafts of the 2015–2020 Guidelines confirmed that red and processed meats increase the risks of developing bowel and other cancers, but—following the lobbying of Congress by the National Cattlemen’s Beef Association—the reference was removed from the final version.60

The problem of poor science is aggravated in food because of the vast weight of articles (containing highly selective information and highly selective statistics) that are published in distinguished journals by food companies themselves. A recent survey showed, for example, that reviews of the literature written by scientists with financial links to the sugar industry were five times less likely to conclude that sugar aggravated obesity or weight gain than did reviews by independent scientists.61 Where a field of research such as food science can be dominated by producers’ research, therefore, it can be doubly difficult to determine the various sources of bias. And the bias can be secret: we now know, for example, that Mark Hegsted, the Senate Select Committee’s chief scientific adviser, was being secretly paid by the sugar producers to condemn fat and exonerate sugar and carbohydrates.62

Governments may be institutionally incapable of providing disinterested advice for at least four reasons. First, the scientists themselves may be divided, and by choosing one argument over another, the government may be making a mistake. Second, by abusing the precautionary principle, the government may be biasing its advice away from objectivity to risk-avoidance long before all the actual risks have been calculated. Third, because of public pressure, it may offer premature advice. And fourth, its advice will be distorted by lobbying.

Congress has lost patience with official dietary advice, so it commissioned the National Academy of Medicine to review “the entire process used” to generate the official guidelines, though unfortunately the review was limited only to methodology and did not include results.63 But why should the federal government issue health advice at all? The general public, sadly, will give greater credence to federal government pronouncements than the science can bear, and it would surely be healthier to promote a free market in research ideas. There are a large number of scientific institutions qualified to give advice on food, and it would surely be healthier for the public to be exposed directly to their disagreements than for the federal government to proselytize an apparent consensus that is partial and selective.

The tragedy is that food science is, because of the power and money of its commercial sponsors, deeply flawed, yet government—by inserting its own biases—has only amplified that science’s faults. Society does need a truly independent, truly high-powered entity to interrogate food science’s output, but that will have to be sought among the ranks of people like Gary Taubes, who have made a career of probing the biases of science.

There is a tradition of politicians involving themselves in science. From William Jennings Bryan’s attack on evolutionary theory in the Scopes Trial, to Al Gore and Donald Trump distorting modern climate science, politicians inevitably politicize science and almost always get it wrong. Senator McGovern’s actions were only one of many examples that have damaged the credibility of both science and politics. It is an example of lessons we need to heed.
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HEADS IN THE SAND

How Politics Created the Salt-Hypertension Myth


In Chapter 2 we saw how science is often abused by powerful people with what they believe are good intentions. George McGovern, a heroic B-24 pilot in the European theater during World War II, no doubt had the best of intentions when his Senate committee provided harmful dietary advice about fat and carbohydrates. But he also had no problem cherry-picking incomplete science on salt and hypertension. Scientists who supported his position were called to testify in disproportionate numbers. In the House of Representatives, a young Rep. Albert Gore (D-TN) also condemned salt, also cherry-picking incomplete science to use against those who disagreed with him on global warming. As he did later with climate change, he claimed a scientific “consensus” that did not exist, except on his imbalanced witness panels.

In this book, most of the areas that we examine share many traits. One side will claim the moral high ground and will signal virtue while accusing its opponents of self-interest and corruption. “Settled science” is often invoked for some type of regulation, even if competing scientific research militates against action. And the incentive structure of modern science encourages a biased scientific canon in support of hypotheses that are in political favor. The corruption of modern science and its misuse by those in power extracts real costs, both personal and monetary.


Salt: The Spice of Life

We learned as schoolchildren that a person can live for weeks without food, but only a few days without water. This technically accurate trivia is also incomplete. Water is the most pressing of all humans’ nutritive needs, but it is practically useless to us without the presence of another life-giving ingredient: salt.

Comprising two elements, sodium and chloride, humble table salt (NaCl) is required for a host of vital bodily functions, including tissue growth, bone formation, neural and nerve impulse transmission, muscle contraction, and reproduction. It also serves a more immediate physiological purpose. Salt, particularly its sodium ion, is the primary tool through which the body maintains fluid homeostasis. This balancing of our internal fluids depends on adequate supplies of both water and sodium.

Without sodium, the body cannot retain water and, as a result, cannot preserve the delicate balance of water and electrolytes in and around our cells. Nor can it maintain a high enough blood pressure for our kidneys to filter and supply clean blood to our vital organs. In other words, without enough sodium, everyday challenges like dehydration, fluctuating temperatures, and minor illness or injury suddenly become life-threatening events.

Because of salt’s centrality to our survival, we have evolved a preference for salty-tasting foods. This penchant is known as “salt appetite,” and it shifts as our internal levels of sodium rise and fall. Yet the amount of salt consumed by our species appears to remain relatively stable within a surprisingly narrow range. Despite differences in language, diet, culture, and socioeconomic status, the sodium intake of 95 percent of the world’s human population is between 2,620 and 4,830 milligrams (mg) per day on average.1 The average American falls almost exactly in the middle, eating about 3,400 mg of sodium per day.

While a difference of 2,200 mg might seem like a lot, it represents the equivalent of less than a teaspoon of salt. A majority of the population, 65 percent, consumes an even narrower range of 3,100 to 3,900 mg of sodium per day. Considering the ubiquity and cheapness of salt in most of the world, the narrowness of this range is impressive and coincides with the ranges observed in other mammals, such as omnivorous rats and herbivorous sheep (after accounting for animal size and metabolism).2

Not only is the worldwide sodium intake similar among humans, it also appears unchanged over time; Americans consume virtually the same amount of sodium today as in the 1950s (when salt consumption first began to be tracked).3 This fact is notable because our intake of processed foods and calories increased during that time, along with the saltiness of processed foods, yet our sodium intake did not increase significantly. This consistency indicates that the amount of salt in our diets is not determined by food companies, as some argue. Rather, it appears that the level of salt we seek in our diets is set and tightly controlled by unconscious physiological mechanisms.

These mechanisms, though not thoroughly understood, have been observed in clinical settings. For example, in one double-blind clinical trial, patients on salt-restricted diets were given either a placebo or a salt tablet containing 2,300 mg of sodium. Clinicians noted that changes in dietary patterns, either avoiding additional salt or adding salt to foods, resulted in both groups’ diets having virtually the same total sodium content by the end of the experiment.4

If salt is vital for our survival and the amount we crave is physiologically determined, how did salt come to be seen as a threat to health and the culprit behind all manner of maladies, including hypertension, heart disease, stroke, and obesity? The answer is that, while for most of our species’ history salt was revered as a gift from the gods, 50 years of government-led anti-salt advocacy has poisoned not only our relationship with salt, but also the science of nutrition.5

Since before the U.S. government released its first Dietary Guidelines for Americans in 1980 and began telling Americans their intake of salt was high, a handful of strong-willed and well-connected experts had been waging a campaign to convince the world that salt causes hypertension and that salt restriction will save lives (the salt-hypertension hypothesis). This idea, while likely well-intentioned, stems from logical leaps made in the earliest days of research that were later proved incorrect. The idea that universal salt reduction leads to better health persists because of perverse incentives created by government interference in science and because many ignore or obscure the evidence that reducing salt is useless for most people and likely harmful to many.

This chapter details how these experts influenced government policy and how, through government involvement in the science of salt, they created the perverse incentives that led the research community to elevate an untested hypothesis to the level of dogmatic truth. The chapter is separated into four sections. The first section covers the early period of research and the origins of the salt-hypertension hypothesis. The second section details how experts forced this tenuous evidence into public policy and how they fueled the propaganda that led to the widespread belief in the salt-hypertension hypothesis. The third section describes the ongoing campaign to preserve “consensus,” which modern research increasingly threatens. The fourth section discusses the effects the war on salt has had on public health and what should be done to fix it.



Origins of the Salt-Hypertension Hypothesis

The human body needs sodium in order to elevate blood pressure. Thus, to a certain extent, the theory that too much sodium leads to blood pressure that is too high makes logical sense. But the sophisticated processes underlying this mechanism also explain why the theory is largely incorrect.

Most of us are well aware of the long-term risks posed by very high blood pressure, but the much more immediate threat to our survival is blood pressure that drops too low. When the body suffers a significant loss of blood pressure, the kidneys cannot clean waste from the blood fast enough to supply our vital organs with fresh, oxygenated blood to keep them, and us, alive. And because the bulk of our blood is composed of water, the greatest threat to blood pressure stability is dehydration.

To understand what happens inside the body during periods of dehydration, imagine that your blood vessels are like a garden hose and your blood like the water flowing through it. Because our blood is made up largely of water, dehydration causes blood volume to decrease. As slowly turning a spigot off causes a hose to slacken and the water flowing through it to come out more slowly, a decrease in blood volume reduces the rate or pressure of our blood flow. When the body senses such a drop, it triggers two main responses. First, it releases hormones that make our blood vessels constrict or tighten. Just as putting a thumb over a hose opening causes water to flow out more quickly, vessel constriction reduces the space through which blood can flow, causing its pressure and speed to increase. However, this mechanism will not save us for long if the body continues to lose water and blood volume. So, in order to preserve the volume it has, the body also triggers water retention. And the first way the body retains water is by holding on to its sodium.

The need to conserve sodium in order to preserve water stems from the physiological axiom that water follows salt. By signaling the kidneys to reabsorb sodium, instead of releasing it into urine, it allows the kidneys to also reabsorb water rather than excrete it. By retaining water, the body can prevent further decreases in blood volume, and thus blood pressure. This process also triggers the sensation of thirst, prompting us to replenish lost water and restore blood volume to its normal level. Like opening the spigot on a faucet, in the human body, increased water intake combined with water retention increases the pressure and speed of blood flow.

It is this mechanism for preserving fluid homeostasis—the retention of sodium and water to elevate decreased blood pressure—that led some early researchers to the salt-hypertension hypothesis: the idea that excessive dietary salt causes chronically elevated blood pressure. But the purpose of this system is not simply to increase blood pressure; it is to preserve balance. Not until later in the history of scientific inquiry would researchers discover that, as with sudden drops in pressure, sudden increases in pressure trigger a counter-response and the release of hormones that allow blood vessels to relax; increases in pressure also stimulate the kidneys to excrete sodium and water in order to lower blood pressure and achieve the body’s primary goal: homeostasis.6

Unfortunately, an understanding of the body’s counter-responses to high blood pressure and sodium levels didn’t come until the 1980s. And it wasn’t until later that scientists began investigating what the “optimal” level of salt intake in humans might be and whether sodium deficiency might be worse than salt “excesses.” By then, too many careers and egos were invested in the salt-hypertension hypothesis to admit that salt restriction has no benefit for most people and has the potential for significant harm for many.

So we have, in the salt debacle, public health held hostage by the incentive structure for modern science. Researchers have no incentive to disprove the hypotheses that have served as the basis for enough research funding to gain tenure. Doing so would obviously impair their future advancement.


Salt and Disease

For at least 2,000 years, physicians suspected that salt played some role in health. But it wasn’t until the 20th century that clinical researchers began to investigate a possible connection between salt and blood pressure. They began, where most medicine does, with the ill.

In the early 1900s, after observing that many patients with heart and kidney ailments also often experienced edema (swelling of body parts due to water retention), French physicians Ambard and Beaujard conducted one of the earliest experiments in salt restriction. By putting their hypertensive patients on low-salt diets, the pair found that this not only reduced some of the swelling, but also seemed to decrease blood pressure. Though admittedly “not striking” nor consistent, their results piqued the first wave of interest in studying the salt-hypertension connection.7

In a pattern that will be repeated throughout the history of salt research, those who sought to replicate the work of Ambard and Beaujard obtained mixed results, and many of them concluded that the treatment was beneficial to only a minority of hypertensives.

The hypothesis then largely fell out of favor until the 1920s, when Frederick Allen, “one of the most outspoken advocates of salt restriction,” began testing his hypothesis that hypertension was caused by a defect in the kidneys that inhibited their ability to clear salt from the body. Along with his colleagues at the Psychiatric Institute of Morristown, New Jersey, Allen put a number of his hypertensive patients on a salt-restricted diet, and he reported that about 60 percent had apparent benefits from the regimen.8 But attempts to replicate Allen’s results were mixed. Some argued that any benefits observed by Allen were possibly due to other variables not accounted for, such as bed rest or a lack of appetite for the unpalatable diet, or simply to the effect of being under a physician’s observation.9

These failures to adequately explain or even repeat the blood-pressure-lowering effect of salt restriction in patients with hypertension once again resulted in the theory fading from scientific inquiry. It wasn’t until 1944 when Walter Kempner began promoting his hypertension-curing diet that the salt-hypertension hypothesis rose to prominence.



The Kempner Diet

In the early 1940s, Duke University research physician Walter Kempner believed, as many did at the time, that hypertension was caused by a problem with the kidneys. His theory rested on the idea that dietary excesses, particularly excessive protein consumption, put stress on the kidneys and elevated blood pressure.

By putting patients on a severely limited diet, Kempner believed he could alleviate this kidney stress and cure hypertension. His Rice-Fruit Diet (later known as the Kempner Diet) consisted mostly of plain rice, fruit juice, sugar or syrup, less than half of the average daily protein intake (15–25 grams), no fat, no cholesterol, about 2,000 calories, less than 500 mg of sodium, and limited fluid intake.10 After little more than a month on this spartan diet, Kempner reported that more than half his hypertensive patients had “a more or less striking” decline in blood pressure.11

But based on the actual numbers, Kempner’s results were really no more impressive than those reported by Ambard and Beaujard before him. Nearly 40 percent of his patients had no benefit from the diet at all, and 11 apparently died during the experiment (though it isn’t clear whether the diet played any role in their demise). And again, attempts to replicate Kempner’s results failed to show a consistent benefit for hypertensives.

Yet Kempner’s effusive pronouncements about his diet’s success, and the news media’s coverage of it, once again ignited the scientific community’s interest in how salt restriction might be used to treat hypertension.12

It is worth pointing out that, in a normal person, the kidneys filter an average of three pounds of salt (more than 350,000 mg of sodium) every day just to maintain sodium balance.13 The idea that modifying intake up or down by even a few thousand milligrams adds or relieves kidney stress is thus questionable.

Again, attempts to replicate Kempner’s results failed to demonstrate consistent benefits for hypertensives. This was particularly true when researchers focused on the diet’s low salt content. At best, these replication attempts found that about one-third of hypertensive patients might benefit from salt restriction. Some researchers, such as Henry Schroeder of the National Institutes of Health (NIH), noted that when other factors were taken into account, such as the patients’ weight and the beneficial effects of hospitalization, Kempner’s diet failed to reduce blood pressure in most.14

Furthermore, it was during these replication experiments that researchers began reporting on the potential dangers of salt restriction. For example, in his experiment with the Kempner Diet, Carleton Chapman of the University of Minnesota reported that one participant died as a result of salt restriction. Noting that “sodium and chloride being virtually the cornerstones on which the mammalian biochemical structure is built,” Chapman and Gibbons wrote that “it is hardly surprising that exclusion of these items from the diet ultimately results in undesirable, or even catastrophic, consequences,” and echoed fellow sodium expert John P. Peters who warned that salt restriction should not be casually recommended as a matter of routine, but should rather be an approach “that requires the most critical consideration in each individual case.”15

Similarly, Herbert Chasis and his colleagues at the New York University College of Medicine tested salt and protein restriction in 1950 on a group of 12 hypertensives. While a third of their patients did experience lower blood pressure, the researchers could not determine what aspect of the treatment was responsible. More important, Chasis and his colleagues reported that all of the participants, apart from one, experienced significant declines in kidney health—which reversed once sodium was added back into the diet. Far from reducing stress on kidneys as Kempner believed, Chasis found that salt restriction appeared to put greater stress on the organs.16

This cycle of assertion and refutation is not uncommon in science. In fact, it is a sign of a properly functioning scientific process. Although researchers were not able to confirm the benefits of salt restriction as reported by Ambard, Beaujard, Allen, and Kempner, these replication experiments led to important scientific discoveries and a greater understanding of physiological processes. One major discovery was that salt restriction could benefit a minority of hypertensive patients, but for others—no matter how extreme the restriction—it appeared to have no effect on blood pressure at all. This finding helped researchers understand that responses to salt are not homogeneous and that, even among hypertensives, there is more to blood pressure regulation than salt. Furthermore, it was during this time that scientists realized that when there was a blood pressure response to salt, it was sodium—not chloride as many originally believed—that drove the change.

These failures to replicate salt restriction’s blood pressure-lowering effect convinced most researchers to refocus their efforts on treatments with more promise, such as pharmaceuticals. But because they had demonstrated some benefit from salt restriction for a portion of hypertensives (and since it was the only nonsurgical treatment at the time), physicians continued to recommend a low-salt diet to their hypertensive patients. Most of the research community moved on to more promising treatments, but the idea that salt played some role in hypertension stuck in the minds of many. It would take ten more years, and the efforts of Lewis K. Dahl, to bring the hypothesis back to the fore, once and for all. Dahl, more than any other individual, can claim responsibility for the now widely held belief that salt not only plays a role in treating hypertension, but is the cause of the disease.



Lewis Dahl: Father of the Anti-Salt Movement, Godfather of Science Activism

In 1944, Lewis Kitchener Dahl was barely 30 years old, serving with the U.S. Army Medical Corps in Australia. Presumably, he knew of Kempner’s diet and of its claimed ability to lower blood pressure in hypertensives, and it was during this time Dahl may have first made his observation that “primitive” peoples, who had virtually no salt in their diets, appeared to have almost no hypertension.17 By the time he returned to the United States to pursue his research career, Dahl was convinced that Kempner was right. He also began to wonder, if low-salt diets reduced blood pressure in individuals with hypertension, could high salt intake be involved in the onset of hypertension? It was to this question that Dahl would dedicate nearly the entirety of his career and on which he would spend the rest of his life convincing the world to act.18


SALT AND HYPERTENSION AMONG GROUPS

In 1954, Dahl and his colleague Robert Love of the Brookhaven National Laboratory in New York began collecting data on the consumption habits and blood pressure of various populations. In their landmark five-population study, Dahl and his colleague, with aid from researcher friends around the world, gathered data from northern and southern Japanese, Alaska Natives, natives of the Marshall Islands, and their coworkers at their laboratory. By comparing the reported salt intakes of these various populations with their blood pressure, Dahl and Love hoped to demonstrate a connection between the two.

In 1960, Dahl and Love published an analysis of the data they collected in the International Journal of Epidemiology. They reported that cultures with the lowest levels of salt in their diet also appeared to have the lowest incidence of hypertension, and that those with the greatest level of salt had the highest rates of hypertension. At the low end, the 20 Alaskan natives ate an average of 4 grams of salt (1,552 mg of sodium) a day. At the high end, the more than 5,000 northern Japanese had an average daily salt intake of 26 grams (10,000 mg of sodium). The Alaska Natives had zero incidence of hypertension, and the northern Japanese had the highest rate of hypertension among the five populations studied.



FIGURE 3.1

Correlation of average daily salt (NaCI) intakes with prevalence of hypertension in different geographic areas and among different races
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Source: L. K. Dahl, “Possible Role of Salt Intake in the Development of Essential Hypertension,” International Journal of Epidemiology 34, no. 5 (October 2005): 971, fig. 1.

When they graphed the data for their five populations, it produced a striking linear trend: blood pressure rose in line with salt intake. This led the authors to conclude that “with higher average salt consumption there is higher prevalence of hypertension.”19 The picture they painted practically begged readers to jump to the conclusion that salt caused hypertension, but what it actually showed was merely that the two variables correlated with each other.20

As Dahl himself noted, just because two variables appear to rise or fall in line with each other (in this instance, salt and hypertension), does not necessarily mean that one causes the other. Put more succinctly, this can be phrased as the statistical maxim: correlation does not prove causation.

A correlation, like the one observed by Dahl and Love, may indicate some relationship between the two variables; it does not prove it. Often such relationships represent something known as a spurious correlation—in which the link between the two is entirely coincidental. For example, one could rightly say that the divorce rate in Maine correlates almost one-to-one with the per capita consumption of margarine in the United States. That is, plotted on a graph the rate of divorce in Maine would rise or fall proportionally to the level of margarine consumed. This correlation, while accurate, does not mean that Americans who eat more margarine cause more Maine couples to divorce. Nor does it mean that a sudden rise in divorces in Maine causes Americans to eat more margarine. It is possible these two variables are related, but merely demonstrating a correlation does not show how or if they influence each other, only that they changed at the same time.21

Because it is unlikely that Maine divorces have anything to do with the nation’s margarine consumption, this correlation is obviously spurious. It is more likely that other factors, not considered, are what influence rises and falls in margarine consumption or divorce, or both. These other factors are known as “confounders” or confounding factors. One way epidemiologists attempt to more accurately determine correlations that are not spurious, and that demonstrate some sort of causative relationship, is by accounting for and factoring out potential confounders. Doing this in health research is particularly difficult because the factors that influence both health and dietary intake are virtually unlimited and are often overlapping. For example, having a lower income makes one both more likely to eat a poor diet and less likely to have access to healthcare. Thus, even if diet is unrelated to health, those in lower socioeconomic strata may have worse health outcomes. Even if diet is independent of these health outcomes (though it likely isn’t entirely so), failing to account for the confounder of access to healthcare may bias the correlation.

When it comes to hypertension, a major confounding factor is age. The disease usually does not develop until middle age or later, so a group of 50-year-olds in Finland will show higher rates of hypertension than a group of 20-year-olds in Sweden, regardless of salt intake. When comparing primitive cultures to westernized cultures, as Dahl did, age is a confounder because industrialized populations tend both to consume more food and salt and to live longer. Thus industrialized populations will necessarily appear to have a higher incidence of hypertension and salt intake, even if these factors are independent of each other.

Another well-documented contributing factor in the development of hypertension is body weight. Dahl himself noted in 1954 that hypertensives were twice as likely to be overweight as their nonhypertensive (normotensive) counterparts.22 Furthermore, since overweight individuals tend to eat more food overall, they are also likely to consume more salt than those on lower-calorie diets. Thus, if the primitive populations Dahl studied were of lower weight—a likely condition considering the scarcity tribal societies often endure—the industrialized populations would necessarily have both higher blood pressure and higher salt intake.

In order to confidently assert that two variables that correlate are likely related, researchers need to account for and eliminate these other potential confounding factors. Unfortunately, although Dahl and Love did report the average age of their populations, it appears they did not control for age and took no other possible confounders into account. This lack of detail, though regrettable, was not uncommon for the era and remains a problem for researchers working with limited resources. Furthermore, many of the other risk factors for hypertension we know about now were unknown or unproven at the time.

Apart from lifestyle and dietary influences on hypertension, another factor that might explain variation in blood pressure among the groups is genetics. Some cultures might have an inherited predisposition to developing the disease, no matter how much or how little salt they eat. Dahl acknowledged this as a possible factor, writing in 1960 that “there is considerable evidence which suggests that hereditary factors operate in human hypertension.”23

Excited by what Dahl had found, other researchers sought to validate his results and account for the many possible confounding factors not included in Dahl’s study. While science on genetics was limited at the time, there was a method to somewhat limit the chances that confounding factors might bias the results: by studying blood pressure and salt intake within a given population. If salt truly were driving the blood pressure rates, then one would expect to find the same correlation among people living in a given area (known as “intrapopulation” studies). Since the sample populations in these intrapopulation studies would share a similar distribution of culture and genetics, if higher salt intake here still correlated with higher blood pressure, one could say with more certainty that salt was indeed a driving factor behind hypertension. This, however, is not what researchers found when they conducted these intrapopulation studies.



SALT AND HYPERTENSION WITHIN GROUPS

In the decades following Dahl’s five-population study, there were dozens of attempts to replicate his findings within a given population, but none found a clear link between salt and blood pressure.24

Beginning in 1937, studies that examined the diets of normotensive individuals found no significant difference between the amount of salt they ate and the amount consumed by those with hypertension. This includes a study Dahl himself conducted, in which he looked at diet and blood pressure for workers at his laboratory.25

One of the longest running of these intrapopulation assessments is the so-called Framingham Study. Started in 1948, it has continuously tracked the behaviors and health of thousands of participants living in Framingham, Massachusetts, with the goal of identifying potential causes of chronic illnesses like heart disease. In its 1967 report, the study concluded that there was no appreciable connection between blood pressure and 24-hour urine sodium excretion, a method of estimating sodium intake.26 That lack of connection was confirmed again in 2017 when the Framingham Study—now on its third generation of subjects—found that of the more than 2,500 individuals followed over 16 years, lower sodium intake was not associated with lower blood pressure. In fact, they found the opposite: those who consumed lower levels of sodium, less than 2,500 mg a day, tended to have higher blood pressure.27

Wisely, as the body of evidence continuously failed to show a direct link between blood pressure and salt, Dahl updated his hypothesis. Even while most individuals on a high-salt diet will never become hypertensive, it doesn’t prove salt isn’t involved in the disease, he reasoned, “rather that not only is salt involved.” This, he asserted, is similar to the ill-effects observed from tobacco use: most smokers will not develop lung cancer, but it is known that for those who do, it is the tobacco use that caused it.28

By the 1960s, he was convinced that the average level of salt consumed by people in industrialized nations, while not hypertension-inducing in most, was a necessary precondition for hypertension in those predisposed to the disease. For these individuals, referred to as “salt-sensitive,” Dahl hypothesized that there was an upper limit of salt intake that, once crossed, would practically guarantee their development of hypertension.29

To determine where this upper limit might be (what he referred to as a “lethal dose”), Dahl set out to conduct salt-loading trials in predisposed subjects.30 This presented something of a challenge since it would have been unethical to willfully induce hypertension in humans and because there was no known way at the time to identify salt sensitivity in people. Instead, Dahl cleverly designed a trial in which he could conduct salt-loading in rats that he knew were salt-sensitive and would develop hypertension on high-salt diets. By finding the “lethal dose” of salt in rats, Dahl hoped he could extrapolate the threshold of salt intake that might prompt salt-sensitive humans to develop hypertension. The results he reported would become one of the strongest pieces of evidence in the campaign for population-wide salt reduction.



DAHL’S RATS

Throughout research history, scientists observed that in both man and animal there is a heterogeneous blood pressure response to salt. In any random group, there is a small minority whose blood pressure will rise as salt in the diet increases (these people and animals are salt-sensitive). More recently, researchers have also observed that a small minority appear to have an inverse reaction—their blood pressure rises when salt in the diet is reduced (they are inverse salt-sensitive). But for the vast majority of any population, about two-thirds, blood pressure remains stable with even massive changes in dietary salt (they are salt-resistant).

Dahl was interested in identifying the threshold of salt intake in sensitive individuals. To study this, he first needed to create test subjects he knew were salt-sensitive. Dahl and his colleagues fed normal lab rats high-salt diets and identified those with the largest blood pressure changes. They then inbred these “sensitive” rats together until they had created an entirely new strain that they knew was highly likely to develop hypertension in response to salt.31

With his genetically hypertension-prone rats in hand, Dahl began his salt-loading experiments, feeding the animals diets with varying levels of salt. At the low end, the salt content of their diet was 0.4 percent. For a human weighing about 154 pounds, this would roughly equal about 28 grams of salt or 11,000 mg of sodium. At the high end, the rats were fed diets consisting of 8 percent salt, a level in humans that would equate to about 560 grams of salt or 200,000 mg of sodium a day! Such extraordinary levels of salt—even at the low end—are many times greater than what humans eat. The average American diet consists of fewer than 10 grams of salt (3,900 mg of sodium) a day. Even in groups with the highest levels of intake ever reported among the northern Japanese Dahl studied, the intake never reached more than 55 grams of salt a day (21,300 mg sodium).32

Predictably, at such high levels of salt, most of the sensitive rats developed high blood pressure, became ill, and were more likely to die. Notably, however, Dahl and his colleagues reported that the rats eating the highest amounts of salt did not become significantly more hypertensive than those consuming the lowest. Furthermore, the study found another unexpected outcome. As the rats were moved up through the levels of salt intake, their blood pressure did not rise linearly. While rats on a 1 percent salt diet had higher blood pressure than those on the 0.4 percent diet, the rats on a 2 percent diet did not have higher blood pressures than those on the 1 percent diet. It wasn’t until they were given a diet consisting of 4 percent salt (about 100,000 mg sodium for a human) that blood pressure seemed to rise linearly with salt increases.33

Even with the unexpected results, Dahl’s study was viewed as supporting both his theory and calls for the entire human population to lower salt intake to reduce the risk in those unknown individuals who might—like his rats—have a sensitivity to the seasoning. But many researchers took a more skeptical stance. For example, Olaf Simpson, a hugely influential clinician at the Wellcome Medical Research Institute in New Zealand, noted that the amounts of salt Dahl fed his rats were “colossal” and thus “probably outside the area of relevance” for human beings.34 John D. Swales, founder of the Journal of Hypertension and a leading expert on the topic, urged caution in drawing conclusions about human physiology from any animal studies. All Dahl had proved was “that hypertension may respond to salt restriction in some situations and not in others.” But, he wrote, that an animal experiment “provides no guidance about dietary salt intake in man.”35 But using his study to make recommendations to the human population is exactly what Dahl and the U.S. government would go on to do.





Political Science

By the 1970s, Dahl was convinced that the science on salt was settled, and he turned toward translating his research into government policy. His advocacy campaign occurred just as the public health community began its transition away from programs based in the hard sciences aimed at preventing communicable diseases, toward those designed to address social welfare. Dahl was both part of this transition and one of its stewards. His approach to fighting his war on salt would provide future social engineers with many of the strategies they still use today.

Public health as a profession came to prominence in the late 19th century as researchers attempted to coordinate their efforts to combat the spread of deadly diseases like cholera, malaria, smallpox, and measles. Staffed primarily by physicians and medical researchers, these organizations provided the world a public good that no commercial enterprise would offer. Their research into the causes of disease, their educational campaigns, and their efforts to influence government policy secured unparalleled improvements in standards of living and resulted in sharp declines in mortality from infection, environmental hazards, and dietary deficiencies. However, by the late 1950s, many of the diseases the profession set out to tackle had been largely addressed, and public health as an endeavor faced its own sort of extinction.

The March of Dimes provides an instructive case study. Established in 1938 by President Franklin Roosevelt, the initial mission of the March of Dimes was to fight polio, a challenge it largely accomplished, with only 121 cases reported in the United States by 1964. Rather than calling it a day, firing its employees, and returning grant money and donations, the March of Dimes instead shifted its focus. Since polio had largely been eradicated, it turned to the issue of birth defects generally.

This mission refocusing occurred throughout the public health community in the 1960s. Like any good businesses, the organizations and agencies dedicated to improving public health needed to perpetuate their existence by offering services for which there was demand. Since infectious disease was in less demand by the 1960s, and many organizations fretted over their financial futures, an opportunity presented itself in President Lyndon Johnson’s Great Society initiative.

In its first year, Johnson’s initiative appropriated $1 billion to establish programs throughout the states to reduce racial inequality and poverty. Understandably, public health organizations, hoping to receive some of that money, shifted away from hiring employees with practical science backgrounds to those with lobbying and public relations experience. The demarcation point came in 1968, when Congress issued its guidelines for addressing racial inequality, including improving housing, increasing employment opportunity, and reducing unequal representation of blacks in the media.

This plan was enthusiastically endorsed by the American Public Health Association (APHA) as one of “the most rational proposals for social health yet devised.” A leading trade organization for public health professionals, APHA was founded in 1872 to function not only as a professional association, but also as a sort of repository for the existing medical knowledge related to disease. In its early period the organization dedicated itself to the hard science of disease, such as understanding germ theory and how hygiene affects contagion. Its embrace of Johnson’s plan marked a shift, both for APHA and public health as a profession, with its purview of “health” broadening to include issues as wide ranging as racism, housing policy, and poverty.36

At the same time that public health refocused on social policies, the nascent consumer advocacy movement was beginning to take root in American politics. Groups such as the Center for Science in the Public Interest (CSPI) and Ralph Nader’s Public Citizen began forcefully lobbying government to institute programs and policies aimed at protecting consumers from corporate interests. It was within this milieu that Dahl began promoting the idea that the high salt content of commercially prepared foods was a cause of hypertension. His campaign began, as most modern public health campaigns do, with children.


Dahl’s Rhetoric

While Dahl’s experiments did not conclusively show a link between salt and hypertension, they did provide him with one significant finding: the younger the rats were when he initiated salt-loading, the more likely it seemed the animals’ blood pressure would rise. Even if rats were later put on a normal salt diet, Dahl found that weanlings fed high-salt diets were more likely to develop hypertension. This was the basis for Dahl’s argument that the “high” salt content of commercially prepared baby foods was not only unnecessary, but potentially deadly.37

Human breast milk, Dahl argued, is a naturally low-sodium food, and infants fed breast-milk-only diets were perfectly healthy without any signs of sodium deficiency. Thus, he reasoned, there was no need to add salt to commercial baby foods. Although he conceded that most children likely would not be harmed by the salt in baby foods, he argued that for salt-sensitive babies, like his rats, the added salt might put them at risk for hypertension later in life, and therefore it should be eliminated from all processed baby foods.

In what would become a permanent feature of the anti-salt movement, Dahl argued that reducing salt intake in entire populations would not only benefit the small portion of those at risk for hypertension, but would also not harm the rest. “One might say that is only the hypertension-prone child that we need worry about,” he wrote in 1968, but there is no way to tell which children might be salt-sensitive, “therefore, salt should be decreased for all.”38

But not all in the research community agreed with this assumption or the tactics Dahl employed to push his message to the public. In one study, Dahl and his colleagues reported that they were able to induce hypertension in some of their salt-sensitive rats merely by feeding them commercially available baby foods. Human infants, of course, are much larger than rats and therefore can handle much higher sodium levels.

Forced to address the public fear stoked by Dahl’s study, Charles U. Lowe, chairman of the Committee on Nutrition at the Academy of Pediatrics, wrote that it “smacks of the scare techniques which might be used in advertising.”39 Dr. Henry Schroeder, professor of physiology at Dartmouth Medical School, noted that even with Dahl’s work there was “no evidence one way or the other” about the potential harm of salt in baby foods, or for the benefits of salt restriction for hypertension. Schroeder also raised the point that removing salt from baby foods, far from being harmless, might actually put children at greater risk under certain conditions. The ultra-cautious doctor might advise low-sodium diets for children with a family history of hypertension, Schroeder wrote, but “the average pediatrician might be grateful for the extra margin of safety against dehydration should his patient contract severe diarrhea.”40

These concerns, however, were largely ignored when Congress waded into the issue in 1969. In fact, Dahl was invited to testify when the Senate Select Committee on Nutrition and Human Needs held hearings on the issue; this is the same committee, chaired by the same senator, George McGovern that would be responsible for the misleading dietary guidelines on fat and carbohydrates. Dahl warned the committee members that their failure to act on salt could cost lives. “It took many years and numerous tragedies to develop an awareness of the baneful effects … from exposure to apparently benign environmental influences,” like pesticides, cigarettes, and smog, Dahl testified. He claimed that the results of his and other studies showed ample evidence of a connection between salt and hypertension and that “this is a time for caution rather than plowing ahead blindly as we have been doing for a quarter of a century.”

In another tactic that would become a favorite of public health advocates, Dahl insinuated throughout his testimony that large corporations were harming public health in service of profits and that it was government’s job to intervene. Parents, he noted, often taste-test their children’s foods, and they would reject unsalted foods as unpalatable. “The salt added by food processes apparently is added primarily to enhance sales appeal to mothers and is not based on estimates of infants’ needs,” Dahl testified. This specter of corporate greed would prove highly effective and popular, not only for those advocating government action on salt, but also as a means of discrediting any research that questioned the wisdom of universal salt reduction.41

Whether intentionally or not, by targeting children, Dahl had incited widespread concern over the level of salt in the American diet. While some researchers publicly denounced Dahl’s claims, they could do little to temper the public fear stoked by the government inquiry. As a result, the issue of salt and health would be put through a battery of investigations by both government agencies and nongovernmental health organizations. And these inquiries, though they produced mixed results, only served to further increase public skepticism about the healthfulness of commercial foods and increase the pressure for regulatory action.



Salt Debate Enters the Government Arena

Throughout the 1960s, the evidence and views of the research community remained stubbornly inconclusive on the issue of salt. Yet many key figures had been swayed by Dahl’s research. One of these was Dr. Jean Mayer, scientific adviser to President Richard Nixon. In 1969, Nixon chose Mayer to lead the White House White House Conference on Food, Nutrition and Health, a symposium of the nation’s top nutrition experts convened to review the existing evidence and reach a consensus about the top health questions of the day.42 Dahl was among those invited by Mayer to participate in the symposium, as was anti-fat proponent Ancel Keys (a key influence on dietary guidelines, as discussed in Chapter 2). Though the conference’s focus was on hunger and malnutrition, it frequently turned to the problem of “over-nutrition.” It also served as an arena in which the increasingly acrimonious salt debate would play out in full view of the public.

Two panels considered the issue of dietary salt. One, on which Dahl served as a member, concluded that reducing the salt content of infant foods was “desirable.” The other, chaired by Lowe, determined that there was “no scientific basis” for that recommendation. Breast-milk-only diets did provide children with adequate nutrition, Lowe’s panel noted. However, added salt may serve “a major physiological need” as children transition from breast milk to solid food diets. This is because breast milk, while low in sodium, is also low in potassium. Infant foods, on the other hand, which often consist of fruits and vegetables, are high in potassium. This is important because sodium is necessary to clear potassium from the body. Lowe’s panel worried that eliminating salt could lead to a dangerous buildup of potassium in children. “This and other potential hazards from low sodium and high potassium diets must be weighted against the possibility of predisposing the infant to hypertension in later life,” Lowe’s panel wrote, and concluded that they had found “no data indicating that the current intake of sodium by the human infant has a hypertensive effect.”43

But Dahl did not recognize the potential benefit of consuming anything but the absolute minimum of salt needed for survival, writing that “there is no evidence—physical, physiological, biochemical, or psychological—to support such a theory.”44 However, previous salt-restriction experiments had provided ample evidence that consuming such a low-salt diet in fact had numerous potential health hazards.

As previously discussed, Herbert Chasis in 1950 had found that nearly all the healthy people he put on low-salt diets experienced significant declines in kidney function. Even as far back as 1935, researcher Robert McCance of King’s College London, who had put himself and several research assistants on a low-salt diet, reported concerning side effects that included severe cramps, lethargy, anorexia, and a buildup of urea in their blood.45

Dahl’s willingness to disregard any evidence indicating that salt restriction was neither wholly beneficial nor entirely harmless would become the modus operandi for the anti-salt movement. In fact, by the 1970s those experts already committed to the salt-hypertension hypothesis would not only ignore, but systematically work to discredit any study that indicated reducing salt in the general population could increase health risks. Unfortunately, government relied almost exclusively on these researchers as policymakers debated what dietary recommendations to provide to the entire nation.



Government Enters the Salt Debate

In the years after the White House conference, the debate on salt had developed into an unending volleyball match between the opposing sides. Interest in the topic had never been higher, triggering a landslide of studies seeking to determine whether salt caused hypertension and whether salt reduction benefited certain individuals. Yet for every study published that touted evidence of salt restriction’s benefits, there was another that refuted the idea. Rather than illuminating the role of salt in health, each passing year seemed to make the issue even murkier. This back-and-forth, while common in scientific debates, began around this time to take on a few distinctive features that would later lead journalist Gary Taubes to describe it as “one of the longest running, most vitriolic, and surreal disputes in all of medicine.”46

For one, the tenor of the discussion became decidedly biased. Instead of considering the merits of the growing body of research, individuals in the opposing and increasingly calcified camps began simply to ignore or dismiss evidence unsupportive of their side. Worse, some participants engaged in ad hominem attacks, openly criticizing the character and motives of researchers on the opposing side. This was particularly true of those in the anti-salt camp, who defended universal salt reduction with an almost religious fervor.47

In 1979, Simpson commented on these disturbing undertones in the salt debate, writing, “We seem … to have got into a situation where the most slender piece of evidence in favour of [the salt-hypertension hypothesis] is welcomed as further proof of the link, while failure to find such evidence is explained away by one means or another.”48 Seeming to illustrate his point, that year cardiologist Jeremiah Stamler and his colleagues at Northwestern University Medical School began publishing the results of their trials examining salt intake and blood pressure in Chicago-area schoolchildren. While the first of these tests found a “clear-cut” link, two follow-up attempts failed to reproduce these results. Despite their inability to reproduce their initial results, the team described their trials as “not wholly negative,” and provided numerous explanations for why they were unable to reproduce their initial results, including that the length of the study was too short, genetic factors might have obscured the link, or their instruments might not have been sufficiently sensitive to detect differences.49

But Stamler’s trial was just another in a long line of intrapopulation studies that had failed to show a link between salt and blood pressure within populations, a trend that would continue. In 1981, for example, a study of 120 randomly selected 49-year-old men in Gothenburg, Sweden, showed no connection between sodium intake and blood pressure, leading the authors to conclude that it did “not lend support to the hypothesis that habitual salt intake might be of major importance for the blood pressure level in mild to moderate essential hypertension.”50

Those in the anti-salt camp dismissed these results. “This finding is not unexpected since the range of intra-individual salt intake in most Western countries is small,” Graham MacGregor, a researcher at Charing Cross Hospital in London and a leader of the salt restriction movement, wrote in 1985. A single 24-hour sample of urine is not adequate to estimate a person’s long-term habitual salt intake, he argued, since it may it may vary from day to day. He also asserted that even collecting a week’s worth of urine, as Stamler’s study had, would not reflect lifetime intake habits, so that, as Dahl argued, a child who consumed a very high-salt diet might go on to consume less and still develop hypertension as an adult. These failures, he asserted, do not refute the preponderance of evidence, which suggests that low-salt diets can reduce blood pressure.51 This logic was emblematic of what Simpson called the “resilience and virtual indestructibility of the salt-hypertension hypothesis.” Negative results, he noted “can always be explained away.”52

In an award-winning 1998 article for Science, Gary Taubes theorized that the reason the salt debate had become “one of the longest running, most vitriolic, and surreal disputes in all of medicine,” stemmed from the fact that epidemiological tools used to gauge salt’s influence on health were “incapable of distinguishing a small benefit from no benefit or even from a small adverse effect.”53 In other words, while many studies could find a statistically significant connection between salt and blood pressure, they could not find a clinically meaningful relationship. That is, even if studies found blood pressure rises of one or two points as salt is increased by 1,000 or 2,000 mg a day, they did not provide clear evidence of what this means for health, leaving researchers free to claim a given study did or did not support their side of the debate. As Yale University School of Medicine epidemiologist Alvan R. Feinstein wrote in 1985, the war was being fought over “distinctions that seem basically insignificant.” The link between salt and blood pressure that researchers were sometimes able to find was “too small to receive serious consideration as issues of scientific importance.” They only became significant, Feinstein argued, because clinicians “engaged in a type of intellectual lobotomy that equates statistical significance with biological, physiological, or quantitative importance.”54

As the literature on salt continued to pile up, both sides of the debate had claim to what Stamler referred to as a “totality of data”—a body of research so large that it seems to show unambiguous proof for one’s position. Those in the anti-salt camp could point to hundreds of studies that seemed to indicate high salt intake caused hypertension. But the “totality” of evidence supporting universal salt reduction existed only for those ignorant of the equally large body of data contradicting it. Unfortunately, the members of government who set out to answer the salt debate once and for all fell into this category. And it was this government interference that would skew research on salt from then on.

In the scientific process, the proper referee for competing hypotheses is time. Decades of research evaluated by members of the scientific community will eventually lean toward one explanation or another. As this happens, researchers shift energy and financial resources toward investigating those hypotheses with the most promise. However, when government, which is the primary funder of science, and often the final word, acts as a sort of referee, it creates a host of perverse incentives that can influence which hypotheses researchers choose to favor.



Government as Science Referee

Unlike researchers, politicians and bureaucrats are usually uninterested in hearing about the limitations of the existing evidence. “They don’t want the answer after we finish a study in five years. They want it now. No equivocation,” Bill Harlan, director of the Office of Disease Prevention at the NIH, commented in 1998.55 Thus, as Congress and government health agencies set out to create nationwide recommendations on salt, the experts they chose to listen to were those willing to unambiguously declare that drastic reductions in salt would improve Americans’ health, no matter how shaky the evidence underlying their assertions.

The attention and conflicting conclusions that resulted from the White House conference in 1969 compelled many health organizations to weigh in on the issue. In 1971, the Food and Drug Administration (FDA) asked the Food and Nutrition Board (FNB) of the National Academy of Sciences to investigate the existing science and make a recommendation about salt in infant foods. While the FNB found “no valid scientific evidence available in support of the contention that addition of salt to infant foods contributes to development of hypertension or other disease states in adult life,” the organization felt comfortable enough to recommend a modest 25 percent reduction, since the amount of salt in commercial foods was significantly greater than the estimated minimum daily requirements.56

This report, and growing public concern, spurred the FDA to call a meeting with the three largest producers of baby foods to convince them to voluntarily reduce sodium in their products. Aware of the public attention and looming threat of mandatory regulations, Gerber, Heinz, and Beech-Nut Nutrition Company quickly acquiesced to the government’s request and quietly reformulated their infant foods to include less salt. Then in 1977, Beech-Nut, the smallest of the big three, began promoting its low-salt and no-salt-added foods as a means of bolstering faltering sales. The advertising war this triggered, far from convincing consumers of the safety of infant foods, instead had the opposite effect.

According to industry analysts, mothers’ concerns over salt in baby food reached their apex in the late 1970s as the companies advertised their low and no-salt-added foods.57 Their efforts to allay consumers’ fears, which included funding investigations into Dahl’s hypothesis, merely nurtured greater skepticism about the food industry and the healthfulness of the nation’s food supply. It also reinforced the case made by public interest groups like CSPI, which had begun calling on government to restrict salt in the food supply.

The Senate Select Committee on Nutrition and Human Needs, chaired by George McGovern (D-SD) held hearings on the health of the American people in the 1960s. Initially focused on hunger and malnutrition, by the 1970s it had turned its attention to the role the “rich” American diet played in the development of chronic diseases.

McGovern took a particular interest in the causes of heart disease after receiving disturbingly high cholesterol readings from his doctor. By 1972, he had fallen under the influence of diet guru Nathan Pritikin, whose austere diet—low in fat and free of sugar, meat, added salt, or processed foods—promised to save clients from the ravages of age-related ailments. By following Pritikin’s diet and exercise regimen (which included running three miles a day), McGovern was able to reduce his cholesterol impressively, from 350 to 170 milligrams per deciliter. He became a lifelong adherent of Pritikin’s diet and a fervent believer that the Western diet was deadly.58 It also made him a receptive audience for Dahl, who testified before McGovern’s committee that the nation’s high rates of hypertension were a result of an “unrestrained addition of salt.” Though Dahl admitted to the committee that evidence proving a connection between salt and hypertension was “not unequivocal,” he argued there was enough, including his studies on rats, to put “the burden of proof [on] the industry to prove it is not harmful.”59

Fat was by far the more contentious nutrient considered by McGovern’s committee, but the three days of testimony served to highlight the division within the scientific community on the evidence implicating salt in the development of hypertension and the benefits of salt restriction for the general population.

Some witnesses, like E. Cowles Andrus, a cardiologist at Johns Hopkins Hospital and former president of the American Heart Association, told the committee that researchers were “a long way from understanding” hypertension and that it was “not alone due to salt,” but Congress was far more interested in the clear-cut pronouncements provided by the testimony of Dahl, Pritikin, Stamler, and others who told them reducing salt in the American diet would save lives.60

The McGovern Committee’s report, “Dietary Goals for the United States” (the same report discussed in Chapter 2 that recommended the low-fat, high-carbohydrate diet), advised adults, among other things, to limit salt intake to under less than three grams per day (1,164 mg of sodium)—a 50–85 percent reduction based on estimates of average intake at the time.61 It sparked an immediate and fierce backlash.

Predictably, food companies viewed the government’s recommendation to cut fat, cholesterol, and salt from the diet as a threat to their businesses. But they were not alone; the report enraged many in the research and medical communities. “All hell broke loose.… Practically nobody was in favor of [McGovern’s recommendations],” noted Mark Hegsted, head of the U.S. Department of Agriculture (USDA) Center for Human Nutrition and main adviser for the McGovern Committee Report.62 Those experts who had previously declined to enter the political arena began voicing their opinion on what they saw as improper government interference in health issues. Many of the harshest criticisms centered on the evidence, or lack thereof, underlying the recommendations.

In a scathing analysis of the dietary goals, University of Wisconsin biochemist Alfred Harper wrote that they “appeal to those who accepted pseudoscientific reasoning.”63 The American Medical Association (AMA) concluded they were based on evidence that was “not conclusive” and had “potential for harmful effects.”64 And Philip Handler, president of the National Academy of Sciences, summed up the recommendations simply as “nonsense.”65

Harper’s 1978 analysis, published in the American Journal of Clinical Nutrition, condemned the goals for being scientifically unsound and noted that “it is a political and moralistic document” where the conclusions were “preconceived and then evidence was marshalled to support them.” Harper was concerned about the potential harm the recommendations might have on public health; he also feared that they could undermine faith in nutritional advice altogether. Like the “food faddists and … necromancers of old,” the goals, Harper wrote, seemed to promise a panacea for the disease of old age, providing no information about the likelihood of their success or potential risks. He feared that recommendations like these, based on pseudoscience, would jeopardize the public’s trust in both government and health authorities and might hamper future education efforts on nutritional issues.66

Although critics of the goals pointed specifically to the lack of evidence on fat, many noted that the science underlying salt restriction was similarly unsound. Of great concern to many was the fact that the committee had relied primarily on trials conducted on individuals with hypertension and other adverse health conditions. This, some argued, provided no evidence of how the substantial salt reductions recommended by the goals might affect the general public. The benefits for the normotensive population appeared minimal at best, and the risks were completely unknown. Even those who testified in support of salt reduction recognized this danger.

Robert N. Butler, the director of the National Institute on Aging at the NIH, testified before the committee that salt restriction might help prevent the development of hypertension, but that “evidence is not available” for its benefit in the general population.67 In a more colorful description, Harper compared advice to the public to consume salt levels shown to benefit hypertensives as akin to “recommending that protein intake of the U.S. population should be only 35 grams a day,” a level that “is recommended for patients with renal failure.”68

Among those who supported salt reduction, some, such as the Food and Nutrition Board of the National Academy of Sciences, took issue with the extraordinarily low level selected by the committee. While the FNB had felt comfortable recommending a 25 percent reduction in salt in baby foods, its chairman, Gilbert A. Leveille, later noted that the three gram limit was not supported by the evidence. The idea that this enormous reduction in salt would reduce the nation’s blood pressure was based on “a modicum of tenuous information,” Leveille testified. He also noted that “virtually all professionals examining the dietary goals of the Select Committee are in agreement that the recommended level of salt intake of three grams per day is excessively low.”69

“I think [nutritionists] felt that a Senate committee had no business getting involved in recommendations that ought to be made by the scientific community,” Hegsted said, but insisted that there were “no identifiable nutritional risks associated with shifting our diet,” as recommended by the goals.70

The intensity of the outrage ultimately compelled Congress to hold a series of follow-up hearings. But instead of generating consensus on government nutritional guidelines as the committee had hoped, the additional testimony only served to highlight how deeply divided the scientific community was on the issue of salt.



Three Camps Emerge

The original witnesses called by McGovern’s committee were almost exclusively in favor of the government’s recommendations, creating an apparent “consensus.” But the response the dietary goals generated made it clear that the scientific community was in agreement on almost none of the issues considered by the committee. It appeared scientists were divided into three distinct camps:


	those who thought sweeping dietary changes would be beneficial;

	those who believed such changes were unnecessary or harmful; and

	those who simply believed it would be unwise to offer dietary prescriptions based on the existing scientific data.71



Those taking a more moderate position on the goals were, necessarily, far less vocal than those in support and thus less convincing to the members of the Senate committee as it held follow-up hearings. Robert Olson, chairman of the Biochemistry Department and professor of medicine at St. Louis University School of Medicine, begged the members to wait for better evidence. Like Harper, Olson feared that offering advice to the American public that was later deemed incorrect would be “worse than none at all.” But his pleas fell on deaf ears. McGovern responded to Olson by declaring that “senators don’t have the luxury that a research scientist does of waiting until every last shred of evidence is in. When we get the kind of overwhelming consensus that has developed before this committee … we have an obligation to share that with the American people.”72

But as George M. Briggs, a University of California, Berkeley, nutritionist, pointed out, there was no consensus. The illusion of agreement arose from the committee having selected a list of witnesses who were overwhelmingly in favor of their recommendations. The goals, he argued, were based on “very limited formation from the testimony of a rather small number of selected persons, not all of whom are trained or experienced in giving dietary advice to the American public.”73 And even if consensus did exist, Dr. Edward Ahrens from the Rockefeller Institute of Medical Research argued that was not reason enough to make sweeping pronouncements on the American diet. The issue should be based on evidence and not “settled by anything that smacks of a Gallup poll,” he testified.74

Rather than heeding the warnings of these cooler heads, the McGovern committee was charmed by those experts telling them that it was both their right and their responsibility to make population-wide recommendations. Stamler told the committee members that while there was no “precise” evidence that Americans were eating more salt, there was “an impression of rising intake.” Furthermore, he noted that even if salt was not the sole cause of hypertension there was mounting evidence that high intake “helps set the stage” for individuals predisposed to the disease. Like Dahl before him, Stamler dismissed the argument that salt restriction ought to be a recommendation that only doctors make to their patients with hypertension. The disease, he argued, should be viewed as an infectious disease, like cholera. In such a scenario, treatment cannot be left to the “individual doctor-patient relationship,” Stamler warned.75

The second edition of the McGovern Committee Report, released in December 1977, made only modest changes to the original recommendations. Among these, it raised the daily salt limit from three to five grams a day (1,164 mg to 1,940 mg of sodium). In a letter to the industry, McGovern also clarified that this limit was not meant for total salt intake, but rather for salt added to raw and commercially prepared foods.76 If that is what the committee truly intended, then the total salt limit it actually recommended (accounting for the salt naturally present in raw foods) was nearer to eight grams a day, or 3,100 mg of sodium. This would not have been far from what most Americans ate, which estimates at the time put at between 10 and 12 grams (3,880–4,650 mg of sodium).77 Whatever the committee’s intent, however, the rest of the public health community took the new goals to mean that limiting total salt to under five grams a day would reduce hypertension risk and set about the task of enshrining the theory as dogmatic truth in the public’s mind.



Consensus- and Career-Building

Following the publication of the second edition of the McGovern Committee Report, health organizations began releasing their own versions of nutritional guidelines. Although Robert Levy, as director of the National Heart, Lung, and Blood Institute (NHLBI), had testified in 1977 that more research was needed to demonstrate “the efficacy of salt lowering in the American free-living population,” NHLBI in 1979 officially backed McGovern’s five-gram limit.78

Similarly, while Harper, chairman of the Food and Nutrition Board at the National Academy of Sciences, had condemned the dietary goals as “pseudoscience,” in 1978, only two years later, the FNB issued a report echoing McGovern’s recommendations and advising adults to limit salt intake to no more than three to eight grams a day.79 Likewise, though the Surgeon General’s Office noted in 1979 that salt’s role in hypertension was “not yet completely understood,” a year later it felt comfortable enough to endorse the five-gram limit.80

It was not that the science had suddenly become clearer in the two years following McGovern’s hearings. Rather, it was the mere fact that the government had made definitive pronouncements on diet and health that compelled health organizations to follow suit. They viewed health advice as their purview, and their failure to provide the American public with quantitative guidelines as McGovern had done would be seen as an abdication of their authority. They had to take a stance on something and, as one participant in these deliberations later commented, “salt seemed to be the easier target.”81 Thus, when these health organizations felt the need to reassert their authority on nutrition, salt recommendations were where many started. Their backing gave the impression that a consensus on salt had finally been reached. And though it was the result of a glorified turf war, it lent support to those advocates pushing government to regulate salt in food.



Al Gore and Sodium Labeling Hearings

Over the years, the FDA had debated the idea of requiring food manufacturers to list sodium content on labels—a suggestion Dahl’s committee made in 1969. It wasn’t until the dietary goals were established and the subsequent consensus of health organizations that the agency decided to put its plan into action. Although the election of Ronald Reagan in 1981 and his commitment to “regulatory voluntarism” seemed to pose a hurdle to such a new mandate, it actually provided an incentive for Democratic lawmakers to take up the issue. Indeed, championing the cause of sodium labeling would turn out to be a golden opportunity for Reagan opponents to demonstrate that, unlike the administration, they cared enough about public health to stand up to industry.

One such lawmaker was Rep. Al Gore, who at the time served as chairman of the House Science Subcommittee on Oversight and had a longstanding interest in nutrition. His committee had no legislative authority, but it served as a platform from which members could promote pet issues—and their own careers. As it happened, the issue of salt in the diet was also a topic of great interest to the man in charge of setting the committee’s agenda: Thomas Grumbly, staff director of Gore’s committee.

Previously, Grumbly had worked on nutrition issues at both the USDA and the FDA. At the FDA, Grumbly worked with CSPI when the group petitioned the agency for sodium labeling. It is possible that this relationship convinced Grumbly of the need to bring sodium labeling before Gore’s committee in 1981. The two days of hearings that followed, while meant to focus on labeling, also served to bolster both Gore’s image as a government watchdog and the idea that the science on salt was settled.82

Gore declared in the hearings’ opening statement: “Unlike most areas concerning the relationship of diet to health, I believe that we can begin to see a consensus emerging in the research community about the reduction of salt intake for the average American.”83 To maintain this veneer of consensus, all but one of the witnesses invited to testify at the hearings were committed to the salt-hypertension hypothesis. Despite that, the testimony would reveal the flimsiness of the evidence underlying that hypothesis and just how little consensus existed among researchers.

For the appearance of balance, the committee invited a sole skeptic of the salt-hypertension hypothesis, John D. Laragh, director of the Cardiovascular Center at New York Presbyterian Hospital. After hearing testimony from the author of a low-salt cookbook, Robert Levy of NHLBI, and from Ray W. Gifford of the American Medical Association, Laragh made his best attempt to redeem salt’s reputation. “There is an old saying originating in the Bible that salt is the essence of life,” he testified, explaining that adequate and even surplus amounts of sodium are beneficial for survival. The idea that salt reduction would improve public welfare “arose largely from the premature and perhaps mistaken view that this would have an important bearing on high blood pressure problems,” Laragh told the committee. Furthermore, he noted that because research had never considered the benefits or harms salt restriction might have in healthy individuals, it should not be recommended to the general public.84

Laragh also raised concerns that research, which he conceded showed a possible link between sodium intake and blood pressure, had not answered the more important question about whether lower-salt diets actually improved health outcomes. He pointed to Dahl’s five-country study, which seemed to show that populations with greater salt in their diets had higher blood pressure, but these high-salt populations also tended to have better overall health. The northern Japanese, he noted “have many less heart attacks and are apparently experiencing a longer and happier life than [Americans] despite their higher sodium chloride intake.” On the other hand, the tribal groups referenced throughout the committee hearings with low salt and low blood pressures had significantly reduced lifespans, which Laragh supposed was, at least in part, because of their low-salt diets.85

Displeased with Laragh’s testimony, Gore noted that “one of the hazards of seeking out a balanced panel … is that one might inadvertently give the impression that one out of seven does view the evidence in the way Dr. Laragh views it,” and accused the researcher of being in the minority within the medical community.86 Laragh refuted that accusation and also warned that many recommendations on health for which there appeared to be consensus had later been proven erroneous. “I suggest you all look back at the fairly recent national recommendations or those of the American Heart Association which have been made, most of which have been abandoned. Thus, cholesterol or fat in the diet … anticoagulation for coronary disease. I can’t think of any of these national advices that have survived. I wish this one better luck.”87

The committee served not only as a platform from which to promote the idea of salt as a dangerous additive, but also as a vehicle for promoting government funding of the issue.88 When asked if NHLBI had received adequate support to answer many of the questions posed by Laragh, Dr. Levy diplomatically noted that “the funds that we will have will allow us to acquire more knowledge. Obviously, we could learn more rapidly with more effort.” Michael Jacobson, executive director of the Center for Science in the Public Interest, testified that not only should government enforce mandatory sodium labeling and restrict the level of salt in commercial foods, it should also increase its funding for public education campaigns.89

Gore told the committee in his closing statements: “It seems curious to me that an administration willing to spend essentially unlimited amounts of money to save a downed aviator would be willing to essentially abandon some 35 to 45 million Americans who are in a sea of salt and processed foods that pervades their diet.” He further noted that “there is now a consensus in the scientific community about the relationship between sodium [and blood pressure?].” While the Gore committee could not institute binding regulations, it did provide a path forward for those both in and outside of government who wanted government to take action on salt. Its five-point plan essentially granted government approval for the subsequent anti-salt crusade on which the FDA would soon embark.90



Anti-Salt Propaganda

After hearing testimony, Gore’s committee released a five-point plan of action on salt. This included:


	working with industry to achieve voluntary sodium reduction in foods;

	rules requiring sodium content declarations;

	possible legislative options for sodium labeling;

	public education to raise awareness of the effects of sodium on health; and

	programs to monitor the nation’s sodium consumption.



The plan was sold to Secretary of Health and Human Services (HHS) Richard Schweiker as a cost-effective way to prevent disease while avoiding burdensome mandatory regulations. It was also viewed as a means of answering CSPI’s petition on salt. But it would become an excuse for the newly minted FDA commissioner to undertake what can only be described as a campaign of propaganda against salt.

Arthur Hull Hayes began his tenure as FDA commissioner on the first day of the Gore committee hearings in 1981. A pharmacologist and the former director of the hypertension clinic at the Hershey Medical Center, Hayes was already a proponent of the salt-hypertension hypothesis before taking office, and reducing American’s sodium intake became a centerpiece of his tenure.

In the year following the Gore committee hearings, Hayes and Schweiker held a series of meetings with industry to discuss voluntary salt reduction in food. While Schweiker told attendees he was committed to voluntary action, Hayes warned that these discussions were not open-ended and reserved the right to impose mandatory requirements if industry failed to act to his satisfaction. Those threats were backed up when Gore, Rep. Henry Waxman (D-CA), and Rep. Neal Edward Smith (D-IA) introduced a bill that would make sodium labeling mandatory.91

Under Hayes’s direction, the FDA undertook a publicity campaign that stoked public fears over salt. He gave speeches, sent articles to newspapers, and even produced television and radio commercials advertising the importance of salt restriction. Hayes even went so far as to send letters to every physician in the United States to “raise awareness” of the role of sodium in hypertension. His behavior led at least one senior HHS official to accuse Hayes of “overstepping the bounds of scientific as well as political propriety.”92 Health organizations, including the American Medical Association, also expressed concern about the FDA’s myopic new focus on salt, describing Hayes’s efforts as “reminiscent of the immoderate … scare tactics” of the McGovern report.93

Still, in 1982 the American Heart Association (AHA) followed Hayes’s lead, publishing a statement on diet and heart disease that included a recommendation to reduce sodium intake. Notably, the AHA’s guidelines did not provide an explicit limit and conceded that “the question of whether an effort should be made to reduce the intake of sodium for the general public is an unsettled matter.” Sodium restriction might benefit susceptible individuals, they wrote, but “obviously, the relatively high consumption of salt by the U.S. public does not cause hypertension in the majority of people.”94

Hoping to forestall mandatory action and quell rising public fears about dietary salt stoked by Hayes’s campaign, the industry in 1983 began promoting an array of no- and low-salt products. Companies marketed these new products as healthier and reminded the public that “the Surgeon General says Americans eat too much salt.”95

But like the baby-food marketing war years earlier, the food producers’ efforts did little to ease consumer fear and instead served only to fuel the growing aversion to salt as an unhealthful additive. Yet, even as the salt-hypertension hypothesis was being cemented in laypersons’ minds, the debate within the scientific community about its validity intensified and began spilling out into popular media.



The Politics of Public Science

Laragh may have been the most outspoken of the critics of population-wide salt reduction, but he was far from alone. The FDA propaganda campaign and advocacy efforts by groups such as CSPI sparked both greater skepticism and interest in the salt-hypertension hypothesis. However, those advocating for universal salt reduction had learned over the previous decade that they need not prove their case in the court of science. Rather, they only needed to convince key government officials and the public. Thus, many in the research community focused their attention on maintaining the veneer of consensus as evidence mounted that cast doubt on the wisdom of salt restriction.

In a 1980 edition of The Lancet, John Swales published his review of the evidence on salt, concluding that the “radical” advice that everyone limit intake was based on “tenuous” data from trials of patients with hypertension. He vehemently rejected claims that even if salt restriction didn’t benefit the bulk of the population it couldn’t hurt, noting that “if a drug was being advocated for the treatment of hypertension its toxic effects would have to be studied in much more detail than that which has been afforded … dietary salt restriction.”96

Three years later, Laragh produced his own summary of the evidence surrounding the salt “myth” in the Annals of Internal Medicine. Like Swales, Laragh voiced his concern about the assumption that population-wide salt reduction would have no adverse effects. “This type of speculative reasoning, however appealing, should not be the basis for a major change in public health policy.… Public health policy should be dictated by facts, and not by hopes or opinions,” he wrote, and detailed the many documented harms of low-salt diets.97

In the following year, Jehoiada J. Brown and his colleagues at the internationally renowned Medical Research Council (MRC) Blood Pressure Unit in Glasgow published a review of the evidence. The authors concluded that the evidence was “insufficient for a recommendation one way or the other” when it came to salt restriction.98 The response from the anti-salt camp, as Brown later put it, was not “properly dispassionate.”99 It could, more appropriately, be described as Simpson had observed: those committed to the salt-hypertension hypothesis defended it “like a religion” from any apostate.100

H. E. de Wardener, a pioneering kidney specialist at Charing Cross Hospital and prominent anti-salt advocate, wrote that the MRC’s assertion that the evidence was not sufficient to promote salt restriction was not only unjustified, but also irresponsible. “Such accusations might more properly be levelled at those who [question salt reduction]” he wrote, calling it “perverse and mischievous to suggest that a modest reduction in sodium intake might occasionally be harmful.” De Wardener’s colleague, Graham MacGregor, refuted Brown’s assessment, claiming that “there is overwhelming evidence that restriction of sodium … does cause substantial falls in blood pressure.”101

Of particular concern to the anti-salt camp was that these transgressive views had captured the attention of popular media, potentially hampering efforts by those like MacGregor and de Wardener to convince the public of the need to reduce salt. “Would [they] prefer that views which are controversial should be purveyed uncritically to the public as proven facts?” Brown asked of his critics.102 As the following years of debate would show, the answer to that question appeared to be a resounding yes.

Anti-salt advocate de Wardener called it “mischievous” of Brown and his colleagues to raise concerns about the possible risks salt restriction might pose and accused skeptics of failing to consider the totality of evidence for salt restriction’s benefits, saying they themselves were guilty of systematically ignoring the mounting evidence of salt restriction’s harms.103 Between 1972 and 1980, numerous studies indicated that even moderate salt restriction had the ability to increase blood pressure in more than one-third of individuals, cause drops in extracellular fluid (signaling dehydration), and trigger the release of vessel-constricting hormones that, independent of their effect on blood pressure, are linked with an increased risk for stroke and death.104

While Brown and many others implored those in the anti-salt camp to test “the benefits and disadvantages of [salt] reduction … impartially,” too many careers and egos had been invested in the sodium restriction policy by the time researchers began conducting the large-scale controlled trials that might shed light on these questions.105 Government organizations from the FDA to NHLBI and the Office of the Surgeon General warned the public to reduce sodium intake, while health and research bodies like the American Heart Association and the National Academy of Sciences lent those recommendations authority. Politicians like Al Gore and advocacy groups like CSPI had also made their names fighting against the “deadly white powder.”106 As evidence began hinting that the skeptics’ concerns might have merit, it was too late for some to turn back on previous pronouncements. Unable to prove their hypothesis with conclusive evidence, the anti-salt camp turned instead to a war of rhetoric.



License to Shill and the “Devil Shift”

The “devil shift” in political theory describes the process of perceiving and portraying one’s adversaries in intractable debates as operating from evil motives. At first, one can excuse an opponent’s failure to agree as stemming from a misunderstanding of the facts, but prolonged resistance—especially when the facts are viewed as salient and obvious—causes growing suspicion about adversaries’ motives.107

By the 1980s, the debate had attracted powerful participants, including commercial enterprises, government agencies, and health experts. Because salt-restriction opponents were viewed as a powerful force, those in favor of salt reduction had to convey their position with certitude and tactfully avoid conversations about the limitations of the evidence. Furthermore, since they maintained that the evidence was incontrovertibly in support of salt reduction, they began to characterize the persistence of the naysayers as stemming from improper motivations. The most common explanation offered was the perverse influence of industry.

In their book Salt, Diet and Health, MacGregor and de Wardener dedicated an entire chapter to the “industrial conspiracy,” which they viewed as manufacturing the current debate about salt. Those researchers, like Brown, who remained skeptical of salt reduction were considered part of the “the pro-salt lobby,” products of a “surreptitious and covert public relations campaign” funded and fomented by commercial interests.108

MacGregor and de Wardener targeted John Swales, the founder of the journal Hypertension. Though not funded by industry, Swales was criticized for participating in industry-sponsored events and for presenting his skeptical views on salt reduction at a press conference organized by the Salt Manufacturers Association, a lobbying organization for the industry. In his defense, Swales pointed out that many researchers, including MacGregor and de Wardener, participated in industry events and accepted paid consulting positions to advise these commercial interests. Such relationships, he wrote, are valid criticisms only “if there is a claim that a scientific view is being influenced by payment.”109 That was MacGregor and de Wardener’s implication, though they avoided explicit accusations that would require them to provide evidence they did not have.

Anti-salt advocates made similar implications of impropriety against David A. McCarron, head of the Hypertension Program at the Oregon Health Sciences University, in 1984 after the publication of a study he conducted that showed diets deficient in certain nutrients were linked to hypertension. McCarron and his colleagues analyzed the diets and health of more than 10,000 Americans from data collected by the National Center for Health Statistics. Analysis of the data found that higher blood pressure was associated with lower levels of calcium, potassium, and certain vitamins. Furthermore, they found that individuals with higher intakes of calcium, potassium, and salt tended to have lower blood pressure.110 The results incensed anti-salt advocates like CSPI, which publicly alleged McCarron’s work could not be trusted because he had previous funding from the dairy industry—although the study in question received no industry funding.111

Government experts, both at the National Center for Health Statistics and the FDA, also defended the salt hypothesis with the “totality of evidence” argument. Even if industry funding had not influenced studies, they asserted that the study was misleading because it failed to put the results in the context of the “abundance of … data suggesting that dietary sodium indeed plays an important role in hypertension.”112 NHLBI also responded to the study, arguing that the notion that high blood pressure might be caused by dietary deficiencies rather than excesses “flies in the face of tons of information that says the reverse.”113

It is likely that NHLBI felt compelled to defend the salt-hypertension hypothesis, as the FDA was on the verge of funding one of the largest observational studies conducted at the time, hoping to show a conclusive link between salt intake and blood pressure.114

The strategy of implied corruption would become increasingly popular among the anti-salt camp. For example, in his book The Politics of Food, self-described “food campaigner” Geoffrey Cannon admitted that it would be wrong to malign a researcher’s objectivity simply because he or she worked for the industry. Yet that seemed to be the purpose of Cannon’s detailing the case of Dr. Ian Robertson, one of Brown’s MRC colleagues and coauthor of the skeptical paper. Robertson had been forced to resign his post at MRC for failing to disclose paid consulting work he had done on behalf of the pharmaceutical industry. Cannon did not provide evidence that Robertson’s connection to the pharmaceutical industry influenced his work, but he pointed to the skeptical salt paper as the reason the Royal College of Physicians shelved plans to recommend salt reduction to the UK public. Though there was no evidence that Robertson’s views were influenced by his connection to the industry (as opposed to the reverse), Cannon wrote that this would have “delighted” the pharmaceutical industry, which had a “vested interest in high blood pressure; the more people with high blood pressure, the more customers to carry on with [anti-hypertensive drugs.]”115

It was against this devil shift that journalist Gary Taubes published his provocative and award-winning article on the debate for the journal Science. After interviewing some 80 researchers, clinicians, and administrators involved in salt policy, Taubes concluded that its fever emanated from the fact that the evidence for salt reduction was so tenuous; it generated the perceived need for consensus among those researchers who advocated it. Furthermore, protecting the appearance of consensus demanded that controversy be either dismissed or explained away as the product of a profit-motivated lobby.

Taubes was warned by many interviewees that even publishing his article would play into the salt lobby’s hands. Edward Roccella, director of the National Heart, Lung, and Blood Institute’s High Blood Pressure Education Program (NHBPE), warned Taubes that writing about the scientific controversy served “only to undermine the public health of the nation” while Jeff Cutler, director of the Division of Clinical Applications and Interventions at NIH, commented that “as long as there are things in the media that say the salt controversy continues … [the salt lobby] wins.”116

Other prominent researchers shared the opinion that the salt controversy had been manufactured by the industry through an “expensive and largely successful public relations campaign,” which had convinced governments not to take action on salt.117

To counter this industry influence, they formed their own public relations and lobbying group. Led by MacGregor and de Wardener, Consensus Action on Salt and Hypertension (CASH) was established in the UK in 1996. In 2005, Roccella, Cutler, Stamler, and others founded a sister organization, World Action on Salt and Health (WASH). Both CASH and WASH seek to develop “consensus” and convince the industry and governments of the need to take action on salt. Their funding came primarily from the food industry—even as its members attacked their adversaries for industry ties—and, at least for CASH, from the British government. The Food Standards Agency, which CASH regularly lobbies for stricter salt regulations, reportedly provided about 12 percent of the organization’s funding. In other words, the UK government is spending taxpayer money to lobby itself.118

None of the researchers at these organizations receive personal income from the government. However, many of those involved hold employment positions within the organizations that not only decide on national and international health policy, but also fund all of the relevant research. For example, a founding member of CASH, Francesco Cappuccio, served as director of the Collaborating Centre for Nutrition at the World Health Organization (WHO). Another WASH affiliate, Caitlin Boon, is a food and nutrition board program officer at the Institute of Medicine (IOM). Numerous affiliates of NHLBI have participated in CASH or WASH, including NHLBI director Claude Lenfant, program director Winnie Barouch, and outspoken salt reduction advocate Paul K. Whelton.

Whelton, who conducted landmark hypertension trials, served as co-chair of NHLBI’s advisory panel on hypertension prevention, part of NHLBI’s National High Blood Pressure Education Program. Half the members of this panel, along with Whelton, were WASH affiliates, including one of its most influential members, Lawrence J. Appel, who chaired the IOM’s Dietary Reference Intakes for electrolytes and water when the institute first made its recommendation that adults limit sodium intake to 2,300 mg, and also served on two Dietary Guidelines Advisory Committees.119

With the considerable influence these consensus builders wielded, it should not be surprising that even as the evidence began indicating that salt did not have a primary role in the development of hypertension, and that salt reduction could cause severe harm to public health, government agencies have only increased their efforts to spread the salt dogma.




Modern Research and the Undoing of the Salt Myth

While the consensus builders insisted that the science on salt was settled, both supporters and critics of this supposed consensus recognized that the existing evidence was rather weak. Since the basis for the salt-hypertension hypothesis arose mainly from poorly controlled observational studies and a few clinical trials of the ill, by the 1990s researchers endeavored to conduct the large and better-constructed studies they hoped would finally prove that dietary salt affected the blood pressure of the general population and which would thus quiet the naysayers.

A Scottish heart health study published in 1988 was, at the time, the largest population study investigating salt in the diet. After collecting data from 7,300 Scottish adults on 27 different lifestyle factors, Hugh Tunstall-Pedoe and his colleagues at the Ninewells Hospital concluded that while higher potassium intake seemed related to lower pressure, the association with salt was “weak and does not have any real independent role in explaining blood pressure.”120

These results, in a way, affirmed what McCarron had found years earlier. Yet the Scottish Heart study received little attention. Critics dismissed it for its “methodological problems” and instead turned their focus toward a different study: the NHLBI-funded Intersalt, which was published in the same issue of the British Medical Journal. Led by Jeremiah Stamler, Intersalt was the largest study of its kind at the time, and while some hailed it as the nail-in-the-coffin of the salt-hypertension hypothesis skeptics, it soon proved as divisive and polarizing as those that had come before it. Both sides of the salt war interpreted the study as supporting their case, and the subsequent battle over whose interpretation was correct would serve to highlight the fundamental errors underlying the entire salt debate.


Intersalt I

The Intersalt Cooperative Research Group, a consortium of nearly 150 researchers around the world, gathered data from more than 10,000 adults, randomly selected from 52 sites. When the researchers analyzed the data, accounting for confounding factors like alcohol intake and weight, the team found a positive, but weak, connection between salt intake (estimated by 24-hour urine samples) and blood pressure that seemed to show that for every 2,300 mg reduction in daily sodium intake there was a corresponding reduction in blood pressure of about 2.2 points systolic and one point diastolic.

The results seemed to confirm a link between salt intake and blood pressure, but the differences were “so low even the smallest harmful effect could negate or reverse the advantage of such a reduction in blood pressure,” Swales wrote in his accompanying editorial.121

Furthermore, of the 52 data collection sites, four were set among tribal societies—the Yanomamo and Xingu tribes in Brazil, natives of Papua New Guinea, and tribal Kenyans. These isolated populations had extraordinarily little sodium in their daily diet, some less than 100 mg a day. While they did have low blood pressure, their diets and lifestyles also differed from those in industrialized populations in just about every other conceivable way. Once the data were analyzed excluding these four outlier populations, the weak relationship the authors found between salt and blood pressure disappeared.

The most impressive result obtained by Intersalt was the connection it seemed to show between salt and blood pressure increases with age. The study’s authors asserted that reducing sodium intake by about 2,300 mg a day would cause blood pressure rises between age 25 and 55 to be reduced by about 9 points systolic and 4.5 points diastolic.122

Intersalt’s lead authors promoted their findings as “abundant, rich, and precise confirmation” of the benefits of, and need for, salt restriction in the general population.123 Some in the media carried that message, but most in the scientific community viewed Intersalt as evidence against the salt-hypertension hypothesis. As William Bennett, editor of the Harvard Medical School Health Letter, lamented, the study had provided the best data researchers could hope for in the next century, and what it showed was that “for all practical purposes, salt is a minor factor in the development of hypertension, once consumption exceeds a very low level.”124

Intersalt’s findings were so lackluster that even some supporters of the salt-hypertension hypothesis began backing away. A November 1990 Associated Press story headlined “For 90 Percent of Americans, Salt Doesn’t Matter Much” quoted various health experts disappointed by Intersalt. John Vanderveen, director of nutrition at the FDA, admitted that there was “no conclusive evidence that salt consumption causes hypertension. It’s only a hypothesis.” John C. LaRosa, chairman of the AHA’s Nutrition Committee, commented, “You make these recommendations and the science changes and you have to be able to back away from them.… You’ve got to do that in such a way that you don’t destroy your credibility.”125

Even a few of Intersalt’s researchers, such as Lennart Hansson of the University of Uppsala, viewed their study as failing to confirm salt’s link to blood pressure. “It did not show blood pressure increases if you eat a lot of salt,” Hansson—a pioneer in research on anti-hypertensive therapies—later told reporters. As Swales put it, Intersalt’s findings “hardly seem likely to take nutritionists to the barricades except perhaps the ones already there.” Yet many of those already on the barricades held influential positions in the government agencies that controlled not only the narrative on salt, but also the purse strings for scientific research.126



Government Support for Government Advice

The National Heart, Lung, and Blood Institute, which funded Intersalt (and funds most hypertension research in the United States), echoed the interpretation of lead author Jeremiah Stamler, calling the study, in a 1993 report, confirmation of a “strong positive relationship” between dietary salt and blood pressure. Unsurprisingly, the chairman and half the members of the working group that developed this report were researchers affiliated with WASH.127

NHLBI, which had spent more than $1 million funding Intersalt, continued to support Stamler’s work in the following years, allowing the authors to go back to their data and reanalyze their original findings using different methodologies. “Intersalt Revisited,” published in 1996, no longer found a “weak” connection between salt and blood pressure, but a strong and clear link—a threefold increase in the blood pressure benefits of reducing sodium intake.128



Intersalt Reengineered

Intersalt Revisited eliminated correction for body mass and added a controversial correction for something known as regression dilution bias. In short, regression dilution bias refers to the tendency for small errors in measurement (e.g., estimates of sodium intake) to weaken the strength of a relationship between variables (e.g., between sodium and blood pressure). The authors assumed that by basing sodium intake on 24-hour urine samples, which do not necessarily reflect an individual’s overall intake because intake varies from day to day, their estimates would be slightly inaccurate. In guessing by how much their estimates would be off and accounting for that, the authors hoped to eliminate the presumed dilution bias and strengthen the assumed association between salt and blood pressure. Of course, adjusting data based on assumptions in this way can have the effect of magnifying a relationship that isn’t there to begin with.129 Still, once its authors adjusted their data in this manner, Intersalt Revisited was able to report a strong and positive connection between sodium and blood pressure.130

The anti-salt camp ran with the new results. Researchers like Malcolm Law of the Medical College of St. Bartholomew’s Hospital in London and a founding member of CASH, heralded Intersalt Revisited as incontrovertible confirmation of “salt as an important determinant of blood pressure.”131 Others, however, viewed the reworked study with skepticism. George Davey Smith, a clinical epidemiologist at the University of Bristol, called the correction for regression dilution bias “misleading,” and Nicholas E. Day, director of the MRC Biostatistics Unit at the Institute of Public Health in Cambridge, declared that “statistical complexity should not be used to conceal inadequacies of the data.” James Le Fanu of the Mawbey Brough Health Centre in London simply questioned “why the combined intellects of so many distinguished epidemiologists should maintain that the evidence incriminating salt in hypertension is so convincing when clearly it adds up to very little.”132

But the most damning criticism of Intersalt, and of the entire scientific discussion around salt, was the fact that none of these studies—even if they showed a small connection between blood pressure and sodium—answered the more important question: Does it matter for health?



Salt, Blood Pressure, and Mortality

Hypertension is not, in and of itself, a negative health outcome. That is, nobody dies from high blood pressure alone, but rather from the diseases and conditions closely linked to high blood pressure, like cardiovascular disease and strokes. Furthermore, merely reducing blood pressure, as studies of hypertensive drugs have found, is not necessarily enough to reduce the risk of death.133 But all of the evidence on which the sodium reduction hypothesis was based investigated only sodium’s effect on blood pressure.

Although proving the existence of a link between salt intake and a health marker like blood pressure is important for future research, it does not provide insight into how alterations of behaviors and markers affect health outcomes. Populations with high-salt diets, even when they have higher average blood pressure, do not necessarily have worse health. Take, for example, the Japanese, which as Dahl found in his population studies had some of the highest salt levels of any group recorded. The Japanese, however, have fewer heart attacks and live longer than people in cultures with lower-salt diets and lower blood pressure.

This lack of outcome evidence had long disturbed many researchers engaged in the salt debate. One of them was Bjorn Folkow of Gothenburg University in Sweden, a universally respected leader in hypertension research. Until Intersalt, Folkow had remained tactfully neutral, noting that both sides had merit, though both seemed to make their points by “overemphasizing their favourite angle of an indeed complex problem.”134 After Intersalt, however, Folkow began raising the alarm that the research community was ignoring fundamentally important questions.

In a 1998 paper, Folkow and a colleague, Daniel Ely of the Department of Experimental Biology at the University of Akron, argued that blood pressure, on which much of the debate had focused, was not actually the best measurement of heart health.135 Research into heart health had, they asserted, repeatedly confirmed that heart rate, preferably heart rate combined with systolic or mean blood pressure, was a far more accurate indicator of cardiovascular stress and thus a better predictor of negative cardiovascular outcomes. As Folkow and Ely note, clinical research in both animals and humans had shown that, as salt is increased in the diet (within the normal range), heart rate actually decreases. Furthermore, when salt is restricted, heart rate goes up and rises much more than systolic blood pressure declines. That is, rather than benefiting the general public, salt restriction actually seemed to increase cardiovascular stress.

Despite knowledge of this information, research continued to focus only on blood pressure. Folkow hinted that the reason was that those conducting the research knew that publishing data on the effects of salt restriction on heart rate would harm their efforts to change public policy. He pointed specifically to the Intersalt study, which, according to one of its authors, Paul Elliot (a founding member of CASH), had collected data on heart rate, but had never included it in any of its analyses or made it public. The authors claim the reason they declined to release their underlying data was to maintain the investigation’s “independence.”136 That might be the case, but as Folkow and Ely pointed out, it’s also likely they found that lower salt diets are associated with higher heart rates—a result that would have led to questions about the overall benefits of sodium reduction.137

The connection between salt reduction and elevated heart rate, as well as between heart rate and mortality, has been repeatedly confirmed by clinical data.138 These warning signs did little to slow the anti-salt camp’s efforts, but they did pique the research community’s interest. By the 2000s, the question of how salt reduction affects health became a focus of scientific investigation. In addition to escalating the skeptics’ concerns, this modern era of research increasingly indicated that other dietary and lifestyle factors might be more important for blood pressure and health than salt.



The Era of Meta-Analysis

There are many theories as to why 95 percent of the world’s population consumes more than the recommended level of sodium; researchers simply don’t have an answer. Without understanding what drives individuals to consume a particular level of sodium and what benefits that level might confer, it is impossible to know what harm might be done by forcing them to lower their intake below that level.139 Some, like Pavel Goldstein and Micah Leshem of the University of Haifa, have theorized that higher salt levels may be important for periods of growth (e.g., adolescence and pregnancy) and that increasing salt may somehow counteract the effects of stress. For example, in a study they found that dietary sodium was inversely associated with depression in women.140

While world governments forged ahead with programs to reduce salt intake, spurred on by anti-salt activists telling them it would save lives, it wasn’t until the 2000s that researchers really began investigating the effect salt restriction might have on health and risk of death. What many found was that, far from seemingly reducing risks, low-sodium diets actually appeared to increase risk of death in the general public. But as is typical for the salt debate, others came to opposite conclusions—some even when looking at the same data.

For example, in 2008 a team let by Hillel Cohen of the Albert Einstein College of Medicine examined data from the third National Health and Nutrition Examination Survey, which, based on a single 24-hour dietary recall (in which participants recall all they ate in the previous day) contained estimated sodium, potassium, and calorie intake for nearly 9,000 people recruited between 1988 and 1994. After adjusting for known cardiovascular disease risks (e.g., weight, smoking, serum cholesterol) and confounding dietary factors like potassium intake, the researchers found that people consuming the least sodium (under 2,060 mg a day) were more likely to die from cardiovascular disease than those with a daily sodium intake between 4,000 and 10,000 mg.141 In response, researchers at the U.S. Centers for Disease Control and Prevention (CDC) quickly reanalyzed the data and concluded just the opposite, finding that increased sodium intake was linearly associated with all-cause mortality.142

As Cohen and his coauthors later charged, the reason CDC was able to find a result contrary to their own was because the CDC researchers—unlike Cohen’s team—did not adjust their data for potassium intake. Instead, the CDC researchers adjusted the data for the sodium-to-potassium ratio (the difference between intake of the two nutrients). Unlike for salt, the data on potassium are unequivocal: it has long been known that higher intakes of potassium are strongly associated with both lower blood pressure and reduced mortality. Thus, by using a ratio of sodium to potassium, rather than potassium alone, CDC allowed lower potassium intakes to potentially drive the relationship they found between higher sodium and mortality.143

In 2011, Katarzyna Stolarz-Skrzypek and her colleagues at the University of Leuven in Belgium conducted one of the first prospective observational studies to look at health outcomes and salt intake. After estimating sodium intake for 3,600 individuals, via single 24-hour urine samples, the team tracked the group’s health for an average of eight years. They found that, although greater sodium intake was associated with higher blood pressure, “this association did not translate into a higher risk of hypertension or [cardiovascular disease complications].” In fact, they found that those with lower sodium intake had a higher risk of cardiovascular death.144

It was perhaps a shock for the anti-salt camp that Stolarz-Skrzypek, a member of WASH, had published a study so damaging to their campaign, and it provoked an onslaught of criticism. Predictably, the always-vocal CASH members, including MacGregor and de Wardener, spoke out against the validity of Stolarz-Skrzypek’s study’s methodology. For example, they argued that the method of urine collection had biased the results—even though the methodology was virtually identical to Intersalt’s—and thus her study “cannot be used to refute the strong evidence that a modest reduction in population salt intake is extremely beneficial to health and could prevent millions of deaths.”145 Remarkably, The Lancet published an unsigned editorial about the Journal of the American Medical Association study, calling it “disappointingly weak … [and] likely to confuse public perceptions of the importance of salt as a risk factor for high blood pressure, heart disease, and stroke.”146 However, subsequent research investigating the relationship between dietary salt and death confirmed Stolarz-Skrzypek and her colleagues’ findings.

In the same year, Martin O’Donnell of the Population Health Research Institute at McMaster University and his colleagues analyzed data for nearly 29,000 people participating in heart disease drug trials. They found that, within this high-risk population, cardiovascular death was highest among those with the highest and lowest salt intake. This U-shaped curve showed that subjects consuming an average sodium intake of between 3,000 mg and 7,000 mg appeared to be at the lowest risk for death.147 They found similar results in the general population three years later, when, as part of the Prospective Urban Rural Epidemiology (PURE) study, O’Donnell and colleagues analyzed data for more than 100,000 healthy adults in 17 different countries. They found that those consuming a diet of more than 7,000 mg of sodium a day (estimated via single 24-hour urine samples) appeared to have a 15 percent higher risk of death. But they also found that those with diets containing less than 3,000 mg of sodium a day had a 27 percent higher risk of death.148

About a month later, Graudal and his colleagues confirmed this higher risk of death from low salt in their 2014 meta-analysis, which pooled data from 27 different studies. The data, pulled from cohort and randomized controlled trials, indicated that risk of death was lowest among those consuming between 2,645 mg and 4,945 mg of sodium a day.149 CASH members MacGregor and Feng J. He, a senior research fellow at Queen Mary University of London’s Wolfson Institute of Preventive Medicine, argued that the study had methodological flaws, pointed to the “totality” of evidence against salt, and again raised the specter of industry influence by accusing Graudal’s coauthor, Michael Alderman, of having a conflict of interest because he had previously worked as a paid industry consultant.150

Two years later, in the 2016 follow-up to the PURE study, O’Donnell and his team again found that among the 130,000 individuals studied—half with hypertension, half without—sodium intake below 3,000 mg a day was associated with increased mortality risk in normotensive people.151

Before his death, Robert P. Heaney, an endocrinologist at Creighton University, noted that these studies confirmed what researchers should have been able to guess based on their understanding of all other essential dietary elements. It is “reassuring, to note that sodium is thus like most other nutrients in that there is potential harm at both extremes of intake,” he wrote, commenting also that attempts to lower population salt intake from the average “cannot be defended by available evidence.”152

The anti-salt camp responded with increasing hostility to each new study showing potential harm from universal salt restriction, at times even attacking publications for accepting such studies. The Lancet, for example, was lambasted for publishing O’Donnell’s 2016 PURE results. Francesco Cappuccio, a CASH member and head of the World Health Organization’s Collaborating Centre for Nutrition, wrote of his “disbelief” that the journal would give a platform to such “bad science.”153

As Graudal later pointed out, there had not been a single randomized controlled study to examine how reducing sodium to the government’s recommended limit of 2,300 mg per day might affect the health of the general population.154 Despite this, some health agencies, including the WHO, which shared members with CASH and WASH, decided to continue to make salt reduction a priority. As MacGregor put it in 2014, they did so because salt reduction is “cost-effective to implement and so easy to do.”155 That assertion is highly debatable, given the experience most nations have had with salt-reduction attempts.



Salt Reduction “Successes”

The United Kingdom is often cited for its success with salt. Beginning around 2003, the Food Standards Agency, along with CASH and members of the food industry, began a comprehensive program to lower salt intake. This included both educating the public about the harms of too much salt and convincing food manufacturers to lower the overall sodium content of commercial foods. By 2009, MacGregor and He reported success from the program, noting a 20–30 percent reduction in salt in foods and a corresponding drop in salt intake of about 15 percent. According to government data (based on 24-hour urine sampling), by 2008 the average salt intake of UK residents had dropped from 9.5 grams per day to about 8.6 grams, blood pressure fell by an average of three points systolic and 1.5 points diastolic, and death from stroke and ischemic heart disease had declined by 42 and 40 percent, respectively. While MacGregor and He admitted that many other factors likely contributed to the lower death rate (e.g., less smoking), they concluded that the observed reduction in salt intake “would have contributed substantially to the decrease in stroke and IHD mortality.”156

The actual amount of salt reduction has been disputed, but it is certainly possible that salt consumption in the United Kingdom declined by the modest 10 percent (about 400 mg sodium a day) reported by MacGregor and He.157 At the start of the program, sodium intake was an average of 3,700 mg per day and declined to 3,300 mg per day by the end. The “low” level achieved by the UK puts it not only on par with average U.S. intake, but also well within the normal range observed around the world. Setting aside the question of whether governments should try to lower UK salt intake, it is questionable—based on the experience of other nations—whether they could lower intake.

Finland has arguably had the greatest success of any nation with salt reduction. Beginning in the 1970s, the Finnish government initiated an ambitious program aimed at reducing heart-related diseases by lowering intake of salt and alcohol, reducing smoking and weight, and increasing exercise. Over the course of 40 years, the nation managed to bring its average salt intake down from a high of 14 grams (5,400 mg sodium) to around 8 grams (3,100 mg sodium) a day in 2012. Although this decline is impressive, it too is within the normal human range. Furthermore, the drops, which were rapid at first, slowed as intake approached the lower end of this normal range, and in some areas of the nation salt intake has slightly ticked upward.158 It is also worth noting that while anti-salt activists point to Finland’s sodium reduction as the cause of the nation’s increased life expectancy and improved health, the United States has had even more significant reductions in cardiovascular death during this time period despite no change in salt intake.159

Finland’s experience indicates that salt reduction programs might be able to modify average intake, but only within the relatively narrow range identified by McCarron, Graudal, and others (between 3,000 and 6,000 mg of sodium per day).160 Getting people to go above or below this range—toward the target of six grams of salt (2,300 mg sodium)—might be far more difficult. This is something researchers have frequently reported in sodium restriction trials, noting the difficulty of getting participants’ intake lower than the average. For example, the second phase of the Trials of Hypertension Prevention, known as TOHP-II, set a goal of less than 1,840 mg sodium for participants. Even with intensive counseling, the average intake managed only to reach between 2,390 mg and 2,852 mg per day. Furthermore, this average crept back up to 3,200 mg a day by the 36th month of the trial.161 In the Trial of Nonpharmacologic Interventions in the Elderly that examined weight loss and sodium reduction in elderly hypertensives, the researchers set a target goal of less than 1,800 mg sodium a day, but mean intake fell only to an average of 2,400 mg per day. In the follow-up, patients in the sodium reduction arm of the study had far more adverse cardiovascular events than those in the weight reduction or even weight- and sodium-reduction groups (and only slightly fewer events than the control group).162

Recent research provides insight into why we are compelled to maintain a certain “high” level of sodium intake. As salt in the diet is decreased, it triggers powerful compensatory mechanisms, designed to reestablish homeostasis—to keep body fluids and salts stable. In particular, low sodium or low fluid volume triggers something known as the renin-angiotensin-aldosterone system (RAAS), which stimulates thirst, sodium and water retention, and vessel constriction to elevate blood pressure. For example, very low salt cultures, like the Yonomamo Indians, compensate for their lack of sodium with the extreme production of sodium-retention hormones renin and aldosterone.163 However, elevated levels of the RAAS hormones are also associated with cardiovascular death, independent of their effect on blood pressure.164 These compensatory mechanisms may explain, in part, why low-sodium groups like the Yonomamo have a shorter life expectancy (in their case, a mean survival age of 40 years) and why people around the world find reducing sodium intake below 3,000 mg per day so difficult.165

In 2011, the year before Dr. Folkow died at age 91, he warned his fellow researchers of the danger of attempting to “overrule” the body’s desired level of sodium by political decree. He argued that those continuing to promote universal sodium reduction, without taking into account the evidence of potential harm he and others had noted, violated the fundamental tenets of science. As an example, Folkow pointed to a report from the Institute of Medicine as the epitome of the scientific bias he had observed throughout the salt debate.

Issued in 2011, the IOM report identified hypertension as one of its top health priorities and identified sodium reduction as a primary recommended approach. Among the references cited in support of IOM’s conclusions, Folkow noted “a striking lack of mention of some … really important data studies or reviews, which do not consider [current average salt intakes] as any real health threat.… It is instead concluded that daily [salt] intakes in adults should be lowered to 6 g—according to some in the panel to 3–4 g. But little mention about how this could be achieved, and whether it in the end would have much effect.”166

Folkow did not point out that the lead reviewer of this IOM report was none other than Lawrence J. Appel, a professor of medicine at the Johns Hopkins University’s School of Public Health, who had long involved himself in the salt-hypertension issue, serving on numerous government advisory panels and sitting on the board of WASH. Appel chaired IOM’s panel on Dietary Reference Intakes for electrolytes and water when the institute first recommended that adults limit sodium intake to 2,300 mg per day. He also served as a member of the Dietary Guidelines Advisory Committee, which in 1980 had noted that salt restriction was advisable for those with high blood pressure and that “not everyone is equally susceptible.” But the 2005 guidelines—with Appel’s input—contained none of these caveats. Instead, they followed IOM’s lead, recommending that most Americans limit intake of sodium to no more than 2,300 mg a day and the rest (African Americans and those over 51 years old) limit intake to even less, 1,500 mg per day.167

The quantitative sodium limit settled on by the government, and ultimately all health agencies, was based on estimates of average daily sodium loss. The limit does not account either for people living in hotter or more humid climates or for greater losses that might occur with greater levels of physical activity. Since Folkow’s death, government bodies have continued to recommend this limit, almost universally failing to warn people that evidence has shown that, under nonaverage conditions, it is too low and can cause acute harm.168

In addition, they continue to ignore evidence that, for the average person, this limit is not only unhelpful but also makes it impossible to get adequate amounts of other vital nutrients like potassium.169 Instead, they continue to reject any data linking their recommended sodium limit with greater risk of death and worsening health markers such as the increases in plasma renin, aldosterone, noradrenaline, adrenaline, cholesterol and triglycerides, observed when people shift to low-salt diets.170 They argue that there is a totality of evidence, as well as a consensus on the benefits of universal salt reduction, and that the debate is (or ought to be) over.171

In other words, while scientific understanding of sodium processing, blood pressure and fluid regulation, and the impacts of the central and sympathetic nervous system on these factors had advanced enormously in the preceding decades, the behavior and message of anti-salt advocates remained remarkably constant. In fact, as evidence in favor of universal sodium reduction weakened, anti-salt advocates somehow became more certain and intense in their efforts.

In 2016, Ludovic Trinquart of Columbia University and his colleagues studied the 36-year debate and found roughly equal evidence on both sides of the debate. “The divide between the uncertainty in the scientific literature about the potential benefits of salt reduction in populations and the certitude expressed by decision makers involved in developing public health policies in this arena is jarring,” the authors observed.172 While much attention is given to financial conflicts of interest, their findings indicated that the scientific debate over salt might be more biased by sheer commitment to the status quo.

The need to defend the prevailing wisdom is reinforced not only by individual psychology (e.g., confirmation bias) but also through social pressure (e.g., the efforts of CASH/WASH) and perverse incentive structures created by government involvement in science, where challenging the status quo may present risks to an individual’s career. As psychologist Michael E. Oakes wrote, the manner in which the salt debate has progressed is “a testimony to the lack of objectivity of science in practice.… When all else fails some salt scientists call the perceived rival a shameless carpetbagger and resort to the use of complex and controversial statistical procedures … to conceal and confuse and interpretations of results are made cockeyed so that they are in harmony with a longstanding agenda.”173

We may never know exactly how efforts to reduce our salt intake have harmed our health, but one opportunity cost is clear. When health authorities chose salt as the main modifiable risk for hypertension, they directed attention and resources away from other approaches. Such a decision influences not only how consumers tailor their diets, what products industry sells us, and what programs government funds, but also what questions researchers choose to investigate. In other words, it influences the progression of the science of nutrition itself. Pressure to continue the campaign to reduce sodium intake has thus overshadowed other strategies that might be safer and more effective at promoting health.174




Can Cooler Heads Prevail?

The history of dietary advice in America is largely a history of repeated failure. Many still remember the Time magazine cover from 1984 featuring two fried eggs and a strip of bacon on a plate in the shape of a frowning face. The accompanying headline, “Hold the Eggs and Butter; Cholesterol Is Proved Deadly,” helped spread the dogma that diets high in fat and cholesterol almost invariably lead to heart disease.175 Yet, after 15 years of bland breakfasts, Time featured a nearly identical cover, but with a slice of melon in place of the bacon and the face now smiling. Cholesterol, the magazine reported, is no longer something to worry about.176 The reversal on cholesterol came as a result of emerging research that the original warnings were not—and had never been—supported by science. But it would take the U.S. government an additional 16 years to update its own guidelines, finally forced to admit in 2015 that cholesterol was no longer a nutrient of concern.

Similar to cholesterol and salt, dietary fat came to its place of villainy thanks to outspoken experts willing to make logical leaps based on early studies. Like Dahl, these early studies seemed to show that populations with more fat in their diet had higher rates of heart disease. Like the recommendations to reduce salt, universal fat-reduction recommendations in the initial dietary guidelines were based on the unjustified assumption that lowering its intake would improve public health. Instead, as Americans ditched full-fat foods for low- and no-fat alternatives, we traded fats for carbohydrates and, perhaps not coincidentally, experienced a massive surge in rates of diabetes and obesity. And like the salt debate, the debate around fat was fierce from the beginning, and the case against fat became flimsier over time, as research indicated that full-fat foods, rather than causing chronic disease, might actually offer protection against disease like diabetes and obesity.177 But it would take the U.S. government decades to reverse itself, only admitting in 2015 that the focus should be on “optimizing types of dietary fat and not reducing total fat.”178

Saturated fat, once labeled a “poison” by groups like CSPI, which urged consumers to replace foods such as butter with “healthier” trans-fat-laden foods like margarine, now seemed poised for a similar reversal.179 Government advice continues to warn that saturated fat ought to be limited, and preferably replaced with polyunsaturated fats. But in recent years, saturated fats have been found to convey different risks and benefits, depending on their type. For example, full-fat yogurt, a single serving of which might contain up to 20 percent of the daily recommended limit of saturated fat, has been shown not to be associated with higher rates of heart disease or diabetes and is actually associated with lower risk of obesity.180 Yet, while the 2015 Dietary Guidelines did not do away entirely with the recommendation to limit saturated fat, it did admit, “Cutting back on saturated fat will likely have no benefit.”

Health authorities deserve credit for recognizing the errors of their predecessors and trying to bring dietary recommendations more in accord with the actual science. But they appear not to have learned from these previous mistakes. One-size-fits-all guidelines for the American public ought to be made with extreme caution and ought to be based on exceedingly strong scientific evidence, rather than on the exaggerated pronouncements of strong-willed “experts.” Furthermore, such recommendations should admit to the limitations of the underlying science and be accompanied by appropriate caveats about potential risks. The continuing failure to adhere to these standards threatens to erode public trust in government dietary guidelines and health advice entirely. As Laragh and many others warned in the 1970s, this erosion of trust not only harms efforts to educate the public about nutrition, but may also influence other public health initiatives, such as the management of contagious diseases through vaccination.

Rather than sticking stubbornly to the increasingly uncertain dogma of salt reduction, health authorities should pivot toward hypertension prevention strategies that are supported by better evidence, while some measure of public trust in health advice remains intact. Unlike the research on salt, the evidence supporting weight loss, increased potassium intake, and increased consumption of fruits and vegetables truly is unequivocal. But the fixation on salt reduction has left too many people unaware that these other strategies, in addition to improving other aspects of health, may be more effective for lowering blood pressure, preventing hypertension, and improving heart health.


Potassium

As the wisdom of universal salt reduction has grown increasingly questionable, evidence for the ability of increased potassium to lower blood pressure has only grown stronger. Though anti-salt activists railed against McCarron for his 1984 study suggesting that deficiencies in certain nutrients like potassium might be more to blame for high blood pressure than sodium excesses, there is now practically universal accord among researchers, even those who disagree on salt, that higher potassium consumption is associated with lower blood pressure.181

Unlike Dahl’s attempt to find a difference in sodium intake between normotensive and hypertensive populations, studies have consistently shown that hypertensive individuals have lower potassium intake than their normotensive counterparts.182 Although the Scottish Heart Health Study and Intersalt came to opposite conclusions on salt, both reported a significant inverse association between potassium and blood pressure.

The association between potassium and health outcomes is similarly consistent. A 2009 meta-analysis of 13 studies by Pasquale Strazzullo and colleagues at the University of Naples Medical School reported “unequivocally that higher salt intake is associated with a greater incidence of strokes and total cardiovascular events.”183 The study has been criticized for excluding data from the analysis that was unsupportive of the authors’ preferred conclusion, but it remains a regularly cited piece of evidence in support of sodium reduction.184 However, Strazzullo and others continue to ignore that of the five studies included that looked at potassium intake, all found that higher potassium intake was strongly and inversely associated with negative health outcomes, in some cases more strongly than sodium intake.185

Similarly, while O’Donnell’s PURE study from 2014 found a nonlinear relationship between sodium and health (a U-shaped curve with greatest risk at the highest and lowest ends of intake), it also found an inverse association between higher potassium and mortality.186 Nancy Cook and her colleagues at the Harvard Medical School contested O’Donnell’s findings and conducted their own study, which found a “non-significant” linear association with higher sodium (not the U-shaped curve O’Donnell reported). Yet Cook and colleagues confirmed O’Donnell’s potassium finding, noting that the sodium-to-potassium ratio was an even stronger predictor of health outcomes than either sodium or potassium alone. Cook’s 2016 follow-up found no significant difference in mortality rates between groups on various levels of sodium intake, but it did find a significant relationship between mortality and the sodium-to-potassium ratio.187

The connection between potassium and blood pressure has been observed in every subgroup of the population, including the elderly, African Americans, and even normotensive individuals.188 A reasonable criticism of this theory is that individuals with higher potassium intake may also have healthier diets and lifestyles in general, since fruits and vegetables are the foods most likely to be potassium-rich. In other words, the correlation between higher potassium and lower blood pressure may be spurious. However, clinical trials modifying only potassium intake have confirmed the connection.

A recent meta-analysis of randomized controlled trials found that potassium supplementation was able to produce modest but significant declines in blood pressure of 4 to 6 points systolic and 2.5 to 4 points diastolic among patients with essential hypertension (high blood pressure that doesn’t have a known cause, also known as primary hypertension).189 Such reductions are virtually identical to those reported by sodium restriction trials, as a 2003 meta-analysis found. When comparing randomized controlled trials involving either salt restriction or potassium supplementation, Johanna Geleijnse and her colleagues at Wageningen University in the Netherlands found that increasing potassium intake by about 1,700 mg per day was virtually as effective in reducing blood pressure as cutting salt intake by 1,700 mg per day.190 Increasing potassium by this amount, the equivalent of three to four bananas, may be easier for many people than severely reducing sodium intake.

They estimated that around 98 percent of the U.S. population fails to consume the recommended level of potassium.191 Low potassium levels may play a role in the development of hypertension and also be related to other diseases, such as diabetes and metabolic syndrome.192 And, unlike restricting sodium, research indicates that raising the level of potassium in the diet does not adversely affect renal function or blood lipid profiles.193

While the dietary guidelines advise increasing the consumption of potassium-rich foods like fruits and vegetables, they ignore the fact that it is practically impossible to get the recommended minimum of potassium and stay under the sodium maximum.194 As a result, the public is unaware that they are being asked to make a choice between a diet low in salt and a diet high in potassium. With salt receiving the lion’s share of attention over the past 40 years, people may be unaware that increasing their consumption of potassium instead of reducing sodium in their diet might actually be a more effective means of reducing their risk of developing hypertension.



Weight Loss and Exercise

Potassium is not the only approach to hypertension reduction that has largely been ignored by the anti-salt campaigners. Researchers since Dahl have known that body mass is a major predictor of the disease.195 Numerous trials have found that modest weight loss in overweight people produces blood pressure reductions in hypertensives—larger decreases, in fact, than sodium restriction (though the effects are magnified when they are combined).196 Weight seems to be a particularly important risk factor for people of African heritage, who are more likely to be obese and/or have higher blood pressure than non-Hispanic whites.197

Even small increases in physical activity, without weight loss, have been shown to produce significant decreases in blood pressure in both normotensive and hypertensive individuals. For example, one small trial in 1990 found that hypertensives who engaged in three 40-minute sessions of exercise a week were able to reduce mean arterial pressure as much as they would have on anti-hypertensive drugs and 10 times more than with sodium restriction alone.198

Although few of the nation’s health organizations have given much attention to these other approaches to hypertension reduction, the general population appears to be growing more skeptical of the sodium reduction guidelines. And predictably, the advocacy organizations that initially went after salt have turned their ire on a new target: sugar.199 This time around those in charge of providing dietary recommendations will do well to recognize that sugar, like any single nutrient, is just one part of the diet and one factor among many that influence health and that no one factor is the cause of or the solution to health problems for all.




Conclusion

There is little doubt that medical professionals who advocate universal salt reduction are motivated by their desire to improve public health. But their efforts to preserve the demonstrably erroneous salt-hypertension hypothesis violate a core tenet of medical ethics: first, do no harm. The existing evidence indicates that the only group that might benefit from salt restriction are salt-sensitive hypertensives. For the rest, however, reducing sodium appears to be difficult (if not impossible), has no health benefits, and poses significant health risks. As such, it is long past time for health authorities to reconsider their approach to hypertension risk reduction and end the campaign against salt.

The truth is that the science on salt is still in the early phase and that our understanding of its effect on health is limited. What is becoming clear, however, is that the effect of salt intake on health, as with most nutrients, depends on individuals and their context. Some groups, like salt-sensitive hypertensives, might benefit from lowering salt intake, but for most the harms associated with salt reduction outweigh its potential benefits. This emerging evidence is neither perfect nor definitive, but it should give health authorities pause about making blanket recommendations on salt or hypertension-risk reduction.

The best strategy to prevent or treat hypertension, and most other health risks, is one that is individualized and holistic; it must account for individual risk factors, family history, and personal preferences. For some, this approach might very well include salt restriction in addition to other dietary modifications. But the continued messaging from health authorities that salt restriction is the only approach has done a great disservice to the public by obscuring other strategies shown to be more beneficial for health. With our currently limited understanding of what drives our salt intake, the benefits high-sodium diets may have, and what effects low-salt diets might have on individual and population health, our current policy of pushing sodium reduction to the entire population is ineffective.

Given the evidence that does exist, government agencies and health organizations—if they are going to do anything—should refocus attention away from a salt-only approach and instead emphasize dietary strategies that promise to result in net benefits for a larger portion of the population and are unlikely to cause negative unintended consequences. Advising people to consume much more of their daily calories from fruits and vegetables, which would increase potassium and other nutrient intakes, based on current research, would likely result in lower blood pressure for a larger portion of individuals without having negative unintended consequences. An approach focused on increasing water and potassium intake by eating more fruits and vegetables may be easier for consumers to follow than significantly reducing sodium and promises to have health benefits beyond and in addition to blood pressure reduction.200

How did we get here? The hallmarks of the salt-hypertension issue are familiar. Well-meaning people in public health convince themselves that their position is a moral one. They and their colleagues participate in mutual virtue-signaling, which leads to denigration and ad hominem attacks on those who disagree. Powerful politicians advocate the “virtuous” course and likewise subject skeptics to ad hominem attacks, which further discourages public skepticism. The same politicians dangle the prospect of research funding in front of those who anticipate significant professional advancement if such funding is forthcoming. As a result, published science that increasingly supports previously stated (and funded) hypotheses becomes biased in the direction of funding. A “consensus” is announced by science campaigners like Al Gore and Henry Waxman, and anyone who departs from it is suspected of doing so for nefarious reasons. This, unfortunately, is the cosmos of so much of modern science when regulations, politics, and public funds are involved.
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DEATH

The Unintended Consequence of the War on Opioids


The United States and much of the developed West is beset by an “opioid crisis.” Thousands of people each year are victims of opioid overdoses, almost always the result of nonmedical use. Despite concerted international, national, and local efforts to curtail the availability and consumption of opioids, the underground market in opioids continues to thrive, and overdose deaths continue to mount. Societal attitudes toward opium and its derivatives drive opioid policy. These attitudes have fluctuated over the millennia, but in most of the modern era they have been marked by a lack of understanding about the true nature of these drugs, resulting in public policy driven by fear.

For public policy to succeed, it must be evidence-based, unshackled from moral and historical prejudice. Pharmacological, psychological, and medical considerations are crucial. Historical aspects are equally important—for history provides context.


Papaver somniferum

Opium has been used and abused since antiquity. Homer described its preparation in his writings, and its name is believed to derive from the Greek word for “juice,” opos, referring to the liquid extracted from the unripe seed capsule of the opium poppy. Most historians and archeologists agree that the Sumerians, in what is modern-day Iraq, were the first to cultivate the poppies (Papaver somniferum) and isolate opium from their seed capsules, around the end of the third millennium BC. The Sumerians called the poppy hul gil, meaning “plant of joy.” Originally used to induce euphoria in religious rituals, its medicinal uses, primarily to relieve pain and induce sleep (narcosis), were described as far back as 1500 BC. In the eighth century AD, Arab traders brought the plant to India and China, and by the 13th century AD, it had made its way through Asia Minor to all parts of Europe. Most often the drug was smoked. With the drug came the problem of addiction. Manuscripts have been found from Turkey, Germany, England, and Egypt, dating as far back as the 16th century, that describe the use and abuse of the drug.1

In 1806, the German pharmacist Friedrich Serturner isolated the active ingredient in opium and named it morphine, after the Greek god of dreams Morpheus. Codeine was isolated from the plant a few years later. After the invention of the hypodermic syringe and hollow bore needle in the 1850s, morphine began to be used intravenously for the treatment of pre- and postoperative pain as well as an anesthetic adjunct.

Diacetylmorphine, or diamorphine, was first synthesized in the laboratory by the English chemist C. R. Alder Wright in 1874. It became popular only after it was independently resynthesized by the chemist Felix Hoffmann, working for the Bayer pharmaceutical company in Germany in 1895. Bayer originally marketed it over the counter as what was thought to be a nonaddictive substitute for morphine, primarily for use as a cough suppressant. Its potency is two and a half times that of morphine. For this reason Bayer gave it the brand name Heroin, from the German word heroisch, meaning “strong, heroic.”

Of the opioids commonly in use today, methadone (Dolophine) also has two and a half times the potency of morphine. Hydromorphone (Dilaudid) is twice as potent as heroin and 6.6 times as potent as morphine. Fentanyl (Sublimaze, Duragesic) has 50 times the potency of morphine. Among the commonly prescribed oral opioids, hydrocodone (Vicodin) is roughly equivalent in potency to oral morphine, and oxycodone is roughly twice as potent. Oral codeine has about one-sixth the potency of oral morphine.2

The term “opiate” is used to describe alkaloids derived directly from the opium plant, such as morphine. Opioid refers to semisynthetic and synthetic opiates, such as oxycodone (invented in Germany in 1917), hydrocodone (invented in Germany in 1920), and fentanyl (invented in Belgium in the 1960s), as well as antagonist drugs such as naloxone, and endogenous compounds such as endorphins.

Opioids bind with opioid receptor sites in the central nervous system to produce the effects of euphoria, analgesia, narcosis, and respiratory depression.3 Seventeen known receptors have been reported, but the principal ones are the mu, kappa, and delta receptors. Research on these principal receptors has revealed them to have subtypes. There are three subtypes of the mu receptor: mu1, mu2, and mu3. Subtypes 1 and 3 produce analgesia, euphoria, vasodilation, and physical dependence. Subtype 2 produces respiratory depression and physical dependence, but no analgesia. The mu2 receptor is the only receptor that produces respiratory depression. All of the known receptors produce physical dependence—that is, chronic use requires larger doses to produce the desired effect, and abrupt withdrawal causes unpleasant symptoms. Opioid tolerance is associated with decreases in receptor sensitivity. The mu1 receptor develops tolerance more rapidly than the mu2 receptor. This likely explains why some physically dependent opioid users resort to higher and higher doses to achieve the desired effect and gradually succumb to asphyxiation from respiratory depression.4



Safety

Despite the risks of physical dependency and respiratory depression, opioids are remarkably safe. The median lethal oral dose (LD50) of hydrocodone, for example, is 375 milligrams per kilogram (mg/kg) in a rat (30,000 mg for an 80 kg adult, or 4,000 7.5 mg pills).5 The LD50 for oxycodone is 100 mg/kg in a rat (8,000 mg for an 80 kg adult, or 800 10 mg pills).6 Unlike for many alternative pain medicines, the long-term use of opioids has not been associated with any significant organic damage.7 There has been no conclusive evidence that chronic opioid use can cause dementia or cognitive decline.8 Although long-term use can cause constipation and has been shown to reduce testosterone levels,9 these conditions are treatable. Thus, many patients are on methadone maintenance indefinitely, even for life, and function productively.

Many healthcare practitioners begin the treatment of pain with nonopioids, such as acetaminophen, COX-2 inhibitors, and other nonsteroidal anti-inflammatory agents (NSAIDs). However, experience has shown that these drugs are less effective for severe and chronic pain. They are also not without risks themselves.10 Acetaminophen can cause hepatotoxicity and cirrhosis. Chronic use of NSAIDs can damage the gastrointestinal tract and cause gastrointestinal bleeding and ulcers, nephrotoxicity and kidney failure, hypertension, and increased risk for heart attack and stroke.11

In 2014, the Centers for Disease Control and Prevention (CDC) reported 9.5 deaths per 100,000 population from essential hypertension and hypertensive renal disease, which are just two potential consequences of chronic NSAID use.12 In that same year, the CDC reported the number of deaths from opioid overdose at 7.9 per 100,000 population.13

NSAIDs are not the only known cause of hypertension and its sequelae. Acute and chronic pain, if untreated, cause hypertension and predispose a patient to cardiovascular disease, among other serious problems.14 Pain affects the blood pressure and pulse, mediated through the sympathetic nervous system, as well as through a neurohumoral pathway, wherein the pituitary and hypothalamus release adrenocorticotropic hormone (ACTH), which in turn stimulates the adrenal glands to release epinephrine and cortisol, both of which increase blood pressure and pulse.15

Inadequately treated pain,16 along with NSAIDs used to treat pain, thus pose greater threats to public health than do properly used opioids.

The LD50 of the common NSAID ibuprofen is 636 mg/kg in the rat.17 The LD50 for naproxen is 248 mg/kg in the rat.18 Acute NSAID overdose may feature convulsions, metabolic acidosis, apnea, coma, and acute renal failure.19

Overdoses from opioids are almost always associated with the simultaneous ingestion of potentiating drugs, such as alcohol, hypnotics, benzodiazepines, or other opioids such as fentanyl.20 Data from the New York City Department of Health show that in 2016, 97 percent of opioid-overdose deaths resulted from mixing opioids with other drugs.21 The Centers for Disease Control and Prevention cite a study of noncancer chronic pain patients between the ages of 15 and 64 who were maintained on opioids and followed for up to 13 years. One of 550 patients died of an opioid overdose during that period, an overdose rate of less than 0.2 percent.22 A 2011 review of 154,000 Veterans Health Administration patients who received opioids for pain from 2004 to 2008 found an overdose rate of 0.04 percent.23 A prospective cohort study of 2.2 million patients throughout the state of North Carolina who were prescribed opioids for pain in 2010 revealed an overdose rate of 0.022 percent, with 61 percent of those overdoses involving the mixing of opioids with other drugs.24

It is important to distinguish between physical dependence, which can be overcome with detoxification, and addiction, which is a behavioral disorder that has a biological basis.25 Investigators as well as policymakers have a tendency to mistakenly use the two terms interchangeably.26 Perhaps as a result, the risk of addiction to opioids has been greatly exaggerated. In 2012, the National Survey on Drug Use and Health reported one case of abuse or dependence for every 130 opioid prescriptions.27 A 2016 study from Castlight Health, using a liberal definition of “abuse,” estimated a 4.5 percent abuse rate among recipients of opioid prescriptions.28 A 2010 Cochrane review of noncancer patients on long-term opioids for chronic pain found an addiction rate of less than 1 percent.29 And a 2013 Cochrane review conducted by researchers in Rome, Italy, also found the risk of addiction below 1 percent and concluded, “The available evidence suggests that opioid analgesics for chronic pain conditions are not associated with a major risk for developing dependence.”30 In contrast, a less rigorous study in 2015 from the University of New Mexico places the rate between 8 and 12 percent.31 A January 2018 study from researchers at Harvard and Johns Hopkins Universities reviewed over 568,000 patients in the Aetna Health Insurance database who received prescription opioids for acute postoperative pain between 2008 and 2016 and noted a total misuse rate (using the range of misuse diagnostic codes) of 0.6 percent.32

Despite the hyperbolic press coverage surrounding the rising national opioid overdose rate, the evidence shows that opioids are a safe and effective choice for severe and chronic pain, carrying little risk of physical harm, and a low risk for abuse, dependence, and overdose.



The Vicissitudes of Physicians’ Prescribing Attitudes

In 1973, Richard M. Marks and Edward J. Sachar wrote in the Annals of Internal Medicine that physicians’ misconceptions about the effective dose range and the risks of addiction “probably lead to undertreatment with narcotic analgesics, causing much needless suffering in medical inpatients.”33 The authors estimated less than 1 percent of patients treated for pain with narcotics became addicts. They concluded, “For many physicians these drugs may have a special emotional significance that interferes with their rational use.”

Today’s policymakers often argue that the call, in the 1990s, for a more liberal use of opioids to treat pain was based on nothing more than a 1980 letter to the editor of the New England Journal of Medicine by Jane Porter and Hershel Jick,34 which emphasized the low risk for addiction attending opioid use in hospitalized patients. But the letter cited comprehensive drug surveillance performed by their collaborative program at Boston University.35 These findings were supported by subsequent studies, published by various researchers in the 1980s, that found the risk of addiction of hospitalized patients as well as chronic pain patients treated with narcotics was negligible.36 (As previously mentioned, numerous contemporary studies, including 2010 and 2013 Cochrane analyses, continue to yield these findings.)37 Nevertheless, doctors persisted in their fear of prescribing opioids to treat their patients in pain.

In a 1987 article in the New York Times headlined “Physicians Said to Persist in Undertreating Pain and Ignoring the Evidence,” Dr. Russell Portnoy, director of analgesic studies in the Pain Center at Sloan-Kettering Memorial Hospital, said, “The undertreatment of pain in hospitals is absolutely medieval.”38 The War on Drugs subjected medical students and physicians to the same opiophobia it subjected the general public to. In the Times article, Portnoy stated, “The problem persists because physicians share the same widespread social attitudes that these drugs are unacceptable.”

In 1989, the National Institute on Drug Abuse (NIDA) acknowledged this problem. NIDA director Charles Schuster stated, “We have endowed these drugs with a mysterious power to enslave that is overrated.” A 1993 NIDA newsletter stated, “These drugs are rarely abused for medical purposes,” and, “thousands of patients suffer needlessly.”39 In 1992 and 1994, the U.S. Department of Health and Human Services issued guidelines encouraging the more aggressive management of patients in pain.

By the mid-1990s, the American Pain Society exhorted healthcare providers to consider pain as the “fifth vital sign,” after the first four of body temperature, pulse rate, respiration rate, and blood pressure.40 Soon thereafter, the Joint Commission on Accreditation of Healthcare Organizations adopted the same policy and promoted continuing education seminars on the subject. A book published by the Joint Commission in 2000 stated, “There is no evidence that addiction is a significant issue when persons are given opioids for pain control.”41

Healthcare practitioners were not the only obstacle to a more rational approach to pain control. Patients also suffered from opiophobia. Many feared that even a small amount of narcotic for their pain would lead to instant addiction. Over time, as healthcare personnel began treating pain as the fifth vital sign, patient attitudes toward opioids changed.

The CDC reports that opioid prescriptions tripled from 1999 to 2015.42 Opioid overdose deaths quadrupled during the same timeframe.43 A recent review of data from the National Survey on Drug Use and Health and the CDC show that no correlation exists between the number of opioid prescriptions and in the incidence of “past month nonmedical use of pain relievers” in adults and “pain reliever use disorder in the past year” among adults.44

An increase in the supply of opioids would be expected to lead to an increase in opioids available for diversion to nonmedical users. But the forces behind nonmedical use are multiple, and involve socioeconomic and psychosocial, as well as sociocultural factors.45 A November 2017 study by T. J. Cicero and colleagues found that 33 percent of heroin users who started treatment in 2015 commenced opioid abuse with heroin (as opposed to 8.7 percent who commenced with heroin in 2005), demonstrating that an increasing number of addicts do not get their start with prescription pills.46 A 2018 study from the University of Pittsburgh Medical Center reviewed overdose deaths from nonmedical use of illicit drugs using data from the CDC dating back to the 1970s. The researchers concluded, “The U.S. drug overdose epidemic has been inexorably tracking along an exponential growth curve since at least 1979.… This historical pattern of predictable growth for at least 38 years suggests that the current opioid epidemic may be a more recent manifestation of an ongoing longer-term process.”47 An NBC News report summarized the study findings this way: “Substance abuse stared before the availability of synthetic opioids and may have only a little to do with prescribing habits of doctors or the pushy habits of drug makers.”48

However, many policymakers have now concluded, despite years of research on the subject, that the direct cause of the opioid overdose rate is the liberalized prescription of opioids by healthcare providers. This is a return to the pre-1990s belief, concretized in the Eugene O’Neill play A Long Day’s Journey into Night, that doctors prescribe opioids to their patients in pain who, in turn, fall prey to the addictive powers of the drug and descend into the dark world of drug abuse. Yet, in the European Union, where the prescription of opioids for pain has historically been more restrictive than in the United States, opioid overdoses continue to rise as well.49



Recrudescent Opiophobia

By 2010, state and local public health efforts were instituted to restrict the prescription and distribution of opioids. These efforts were further stimulated by media reports of arrests of doctors operating “pill mills.”50 A “pill mill” is an operation in which a healthcare provider, clinic, or pharmacy prescribes and/or dispenses narcotics without a legitimate medical purpose.51 In effect, these operators are using their healthcare licenses as a cover to sell opioids for nonmedical use. The existence of these “bad apples” fueled the narrative that healthcare practitioners were the cause of rising overdoses.

Starting in the early part of this century, states instituted prescription drug monitoring programs to maintain surveillance on narcotics prescriptions as well as on those patients receiving them.52 By 2017, all 50 states plus the District of Columbia had these programs. (Missouri, the last of the 50 states to establish a program, did so only after its governor issued an executive order in the summer of 2017.) Early research indicates that they have had a chilling effect on prescribers’ activities, but have done nothing to reduce the overdose rate, and may have driven desperate pain patients to the illicit drug market in search of relief.53

The CDC has actively undertaken efforts to curtail opioid prescriptions and continues to update guidelines for prescribers.54 The prescription drug rate has decreased every year since it peaked in 2010, and prescriptions for higher and more dangerous doses have dropped 41 percent since 2010.55 The Drug Enforcement Administration ordered a 25 percent reduction in the manufacture of opioids in 2016, and recommended another 20 percent reduction in 2017.56

The Food and Drug Administration has encouraged the development of abuse-deterrent formulations of prescription opioids that are unsuitable for snorting or injecting.57 In 2010, the makers of OxyContin made the abuse-deterrent formulation the only one available on the market. This opportunity for pharmaceutical manufacturers to “evergreen” their patents has encouraged other manufacturers to develop their own abuse-deterrent formulations of other opioids. “Evergreening” is the practice of using existing legal means to extend the life of patents about to expire, in order to retain the royalties and/or market dominance they provide. Reformulating a drug to modify its properties is an approach to “evergreening” in common use. Meanwhile, numerous studies suggest the abuse-deterrent formulations only foster the migration of nonmedical users to heroin.58 A June 2017 working paper by economists at Notre Dame University and Boston University found a “one-to-one substitution of heroin deaths for opioid deaths” for OxyContin since its replacement with its abuse-deterrent formulation.59

Meanwhile, heroin and fentanyl, smuggled in from other countries, have flooded the market and are usually cheaper and more readily available than diverted prescription opioids.60 In 2015, CDC director Thomas Frieden estimated that heroin sold for one-fifth the street price of prescription opioids.61 Some dealers on the black market sell counterfeit prescription opioid capsules filled with fentanyl.62 Heroin is increasingly being laced with fentanyl to enhance its potency, a practice that also increases the risk of overdose.63



Unintended Consequences of the New Opiophobia

According to the National Survey on Drug Use and Health (NSDUH), nonmedical use of prescription opioids peaked in 2012 and is now below the rate in 2002, and total opioid use, including heroin, was even lower in 2014 than in 2012. The NSDUH also reported in 2014 that only 25 percent of nonmedical opioid users got them by obtaining a doctor’s prescription.64 The overwhelming majority of overdose patients presenting to emergency rooms are not patients receiving prescription opioids for pain.65 Despite these data, the annual overdose death rate continues to climb. In 2015, the number of deaths climbed to approximately 33,000, but for the first time since the CDC began collecting this data, the majority of these deaths were due to heroin and fentanyl, while the overdose rate from prescription opioids was found to have nearly stabilized.66 The CDC overdose report for 2016 was released in December 2017.67 Preliminary data pointed to a further increase in overdose mortality, with an even larger heroin and fentanyl component,68 and this was borne out in the final report. Fentanyl is now emerging as the primary cause of opioid overdose deaths, with heroin close behind in second place.69

Restrictive new policies toward opioid prescription, production, and distribution took effect in 2010. According to data provided by the CDC,70 the five-year trend line from 2006 to 2010 predicted an overdose rate from prescription opioids of 5.75 per 100,000 and an overdose rate from heroin and fentanyl of 2.62 per 100,000 in 2015. The actual overdose rate for prescription opioids was 4.84 per 100,000, and the actual overdose rate for heroin and fentanyl was 6.30 per 100,000. The data suggest that one fewer person per 100,000 is dying from prescription opioid overdose after five years of restrictive policies in exchange for nearly four more people per 100,000 dying from heroin and fentanyl (see Figure 4.1).



FIGURE 4.1

Overdose deaths involving opioids, by type of opioid, United States, 1999–2016


[image: ]
Source: Centers for Disease Control and Prevention, CDC Wonder, “Current Multiple Cause of Death Data,” https://wonder.cdc.gov/mcd.html.

CDC data on the opioid prescription rate goes only as far back as 2006. The overdose death rate as a proportion of opioid prescriptions from 2006 to 2010 remained stable at roughly one overdose per 13,000 prescriptions. After 2010, there is an inverse relationship between the number of prescriptions written and the overdose rate (see Figure 4.2).



FIGURE 4.2

Overdose deaths involving opioids, by type of opioid, compared to opioid prescription rate, United States, 1999–2015


[image: ]
Source: Centers for Disease Control and Prevention, CDC Wonder, “Current Multiple Cause of Death Data,” https://wonder.cdc.gov/mcd.html.

The data suggest that the resumption of opiophobia and its resultant focus on the availability of prescription of opioids to treat pain not only fails to reduce overdose deaths, but makes matters worse. Tightening the supply of prescription opioids available to the illicit market for nonmedical users, in an environment where cheaper and more dangerous heroin and fentanyl are readily available, only drives nonmedical users to those more dangerous alternatives. In the meantime, the curtailment of prescriptions is reigniting the rise in the number of patients who are undertreated for their pain. Some, in desperation, seek relief in the black market, where they are exposed to dangerous, adulterated drugs.71



Conclusion: Opiophobia, Rinse, and Repeat

Since antiquity, the opium poppy and its derivatives have been valued for their ability to induce euphoria and narcosis and to relieve pain. Numerous studies, dating back more than 50 years, demonstrate the safety and efficacy of opioids, their low addictive potential in the medical setting, the negligible deleterious organic effects of long-term use, and their low potential for overdose when not used in conjunction with other potentiating drugs.

The propaganda surrounding drug prohibition led to an irrational fear of opioids on the part of healthcare practitioners and patients until the late 1980s. This resulted in an unfortunate undertreatment of patients in pain. As this became more evident to public health officials, providers, and patients, a corrective process led to an increase in the prescription and use of opioids, as well as a more compassionate focus on the treatment of pain. It also led to an improvement in the drugs’ reputation among the general public.

Unfortunately, the economic incentives that drug prohibition provides to drug dealers meant that the increase in the production, prescription, and availability of these opioids offered an easy target for those seeking to divert the drugs to the illicit market for recreational use. Furthermore, unscrupulous members of the healthcare professions and allied fields took advantage of the enlightened attitude toward opioids and pain management and gamed the system for personal profit, feeding a growing market of nonmedical users. Meanwhile, a complex mix of socioeconomic, psychosocial, and sociocultural changes affected the nonmedical use of opioids and other narcotics.

During the first decade of the 21st century a dramatic increase in opioid addiction and overdose deaths seized the national spotlight. Failing to recognize that the deaths were primarily a result of drug prohibition—where the dose and purity of any substance obtained is always suspect—and that the causes of abuse and addiction were multifactorial, public health officials and policymakers on the state and national level resumed the opiophobic biases and proclivities of earlier years. Restrictions were reinstituted on the production, distribution, and prescription of opioids for pain. Many patients in pain retrieved their discarded fear of becoming easily addicted to opioids and needlessly deny themselves pain medication. Still, other patients in chronic pain find themselves desperately cut off from the source of their relief.

The unintended consequences of opiophobia in the latter part of the 20th century led to the undertreatment of pain and the avoidable anguish of countless patients. The unintended consequences of opiophobia in the 21st century are even worse. Opiophobia is now not only responsible for needless pain; it is also responsible for needless deaths.


Summary

It is widely believed that these events launched the opioid epidemic:


	Doctors prescribed opioids legitimately for pain relief.

	Patients then became dependent on or addicted to opioids.

	Patients created a black market for opioids long after their pain had resolved.

	That black market has led to over 49,000 deaths a year in the United States.72

	Medically prescribed opioids are therefore the “gateway” to the opioid epidemic.



That narrative is false. Actually,


	Medically prescribed opioids are surprisingly safe, in that deaths from overdose are rare. Moreover, medically prescribed opioids precipitate remarkably little dependence or addiction.

	Rather, people who are drug abusers independently of medical prescription abuse opioids by virtue of their availability.

	We should therefore continue to encourage physicians to prescribe opioids to patients whose pain would otherwise go undertreated.
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DRUGS

The Systematic Prohibition of U.S. Drug Science


The drug war is not and has never been based in science. Early drug warriors did not commission scientific studies to rank the most medically and socially harmful substances and then prohibit them accordingly. Science rarely played a part in deciding which drugs would be prohibited; in fact, where there was scientific research, drug warriors often denied and opposed it.

It is crucial to remember this fact when examining how governments have influenced scientific research into drugs. Unlike the subjects of other chapters in this volume, restrictions on drug research are the primary method by which the government has tilted drug science. Although those who study diet, energy, and climate science have encountered problems with funding and biased government agencies, they rarely have to deal with the outright prohibition of the objects of their research.

Drug prohibition has developed primarily from a confluence of three factors: (1) the popular perception of the race or class of the drug user, (2) the popular perception of the drug’s effects, and (3) the dehumanization of the perceived drug user. Drugs have often been prohibited before any scientist had a real chance to study the effects and before most politicians and voters had interacted with the drug in their daily lives. Rumor, myth, and prejudice explain drug prohibition, not science.

The process that leads to prohibition plays out with an almost eerie regularity—a scripted public-policy play performed in legislatures around the world and throughout the 20th and 21st centuries. First, reports begin to circulate about a disturbing new drug with a strange name like “demon weed,” “ecstasy,” “acid,” or “bath salts.” Law enforcement officials often give the first accounts of the drug’s dangerous effects, which biases the story because law enforcement officers are not usually dealing with people at their best moments (imagine if the public perception of alcohol were informed only by stories of police interacting with drunks). “It’s like nothing we’ve seen before,” police say; “the people on this drug are not only maniacs, but they are also nearly unkillable.” Tales of Hulk-like strength seem to follow every drug.

The drug is soon associated with a certain race, class, or nationality—perhaps African Americans, Chinese, Mexicans, or even hippies—and parents are warned that their children may already be taking it. Talking heads with dubious scientific credentials take to print and the airwaves to say that the drug is the most addictive drug they’ve seen and that even a single use could create a lifelong addict. Soon anyone who uses the drug, and especially those who manufacture and sell it, are dehumanized as subhuman scum, “drug fiends,” and “merchants of misery” who must be stopped no matter the cost.

After a drug is restricted or outright prohibited, any scientist who wants to study it must contend with new layers of control and bureaucracy. Those extra restrictions are significant barriers to scientific research—particularly if that research will inquire into the possibility that an illegal drug has beneficial uses. Funding also becomes relatively difficult to obtain, especially from the government. By prohibiting or increasing regulation, governments around the world bias the scientific study of drugs.

Moreover, for many scientists, even to propose studying a prohibited drug in a clinical, scientific manner could be dangerous to their career and professional standing. One politician, when asked how his views on marijuana prohibition might change if scientists came out favorably for marijuana wondered, “Why should we use it when it has no redeeming value? The desire of someone to get out of this world by puffing on marihuana [sic] has no redeeming value.”1 President Richard Nixon, when asked how he would react to the report of a commission that was studying marijuana, was even more direct: “As you know, there is a Commission that is supposed to make recommendations to me about this subject, and in this instance, however, I have such strong views that I will express them. I am against legalizing marijuana. Even if the Commission does recommend that it be legalized, I will not follow that recommendation.”2

Faced with headwinds like these, it’s no wonder that scientists often don’t bother researching controlled substances. Results that find beneficial uses of drugs or call into question a drug’s dangerousness can be criticized by politicians who are either dogmatic drug warriors or who do not see a political benefit to sticking their necks out to advocate for real change.

That gun-shy behavior of political actors was demonstrated in 2012 during an almost comical congressional committee hearing on Drug Enforcement Administration (DEA) oversight. Michele Leonhart, administrator of the agency, was asked by Rep. Jared Polis (D-CO) about the relative dangers of different drugs:


POLIS: Is crack worse for a person than marijuana?

LEONHART: I believe all the illegal drug —

POLIS: Is methamphetamine worse for somebody’s health than marijuana?

LEONHART: I don’t think any illegal drug —

POLIS: Is heroin worse for someone’s health than marijuana?

LEONHART: Again, all the drugs —

POLIS: I mean, either yes, no, or I don’t know. I mean, if you don’t know, you can look this up. You should know this as the chief administrator for the Drug Enforcement Agency. I’m asking you a very straightforward question. Is heroin worse for someone’s health than marijuana?

LEONHART: All the illegal drugs are bad.

POLIS: Does this mean you don’t know?

LEONHART: Heroin causes an addiction that causes many problems that’s very hard to kick.

POLIS: Does that mean that the health impact is worse than marijuana, is that what you’re telling me?

LEONHART: I think that you are asking a subjective question.

POLIS: No. It is objective. Just looking at the science. This is your expertise. I am a lay person, but I have read some of the studies and [am] aware of it. I am just asking you as an expert in the subject area, is heroin worse for someone’s health than marijuana?

LEONHART: I am answering as a police officer and as a DEA agent that these drugs are illegal, because they are dangerous, because they are addictive, because they do hurt a person’s health.

…

MR. POLIS: Well, again, this is a health-based question, and I know you obviously have a law enforcement background, but I am sure you are also familiar, given your position with the science of the matter, and I am asking, you know, again, clearly, your agency has established abuse of prescription drugs as the top priority. Is that, therefore, an indication that prescription drugs are more addictive than marijuana?

LEONHART: All illegal drugs are addictive.3



Despite serving under President Obama, Leonhart was a holdover from the George W. Bush administration, and she had become a DEA agent in late 1980, just before President Ronald Reagan ramped up the drug war.4 (Leonhart also reportedly once said that the day a hemp U.S. flag flew over the Capitol building was the worst day of her life.)5 It is perhaps understandable that Leonhart would hold unnuanced views on the relative dangers of the drugs she has dedicated her life to fighting.

But the political position of the DEA administrator demands unnuanced views on drugs. The DEA is tasked with eliminating drugs, not promoting them. It has been the policy of the U.S. government since the early 1970s that marijuana is as dangerous as heroin, LSD, MDMA (ecstasy), and bath salts. Those drugs are placed in Schedule I of the Controlled Substances Act (CSA), meaning that, according to the government, they have a high potential for abuse, there are no currently accepted medical uses, and there is a lack of “accepted safety” standards for use of the drugs.6 While there are good reasons to believe that many scheduled drugs are misclassified (there are five schedules, with I deemed the most dangerous), Schedule I is truly the Hotel California of government classifications—you can check out any time you like, but you can never leave. In over 40 years, the DEA has only rescheduled a Schedule I drug seven times: five times a Schedule I drug has been moved to Schedule II, and only twice has a Schedule I drug been descheduled entirely.7

This chapter discusses how the government has distorted scientific research on two Schedule I drugs, marijuana and MDMA, also known as ecstasy. Although a whole book could be written about how the government has affected drug research for a variety of illicit drugs, I focus on marijuana and MDMA for two reasons. First, government restrictions have had a unique and unmistakable effect on biasing the scientific study of these two drugs, and second, because there is mounting evidence that these drugs are both not particularly dangerous and can provide significant benefits to users suffering from a variety of ailments.


Marijuana

In August 2016, despite recreational marijuana being legal and commercially available in four states, and despite 25 states and the District of Columbia allowing at least medicinal marijuana, the DEA reviewed its scheduling of marijuana and decided that it would remain a Schedule I drug.8 It was the fourth time since 1972 that the DEA had denied a petition calling for the rescheduling of marijuana. The fate of those four petitions encapsulates the government’s institutional recalcitrance on neutral drug research and the difficulties faced by anyone who wants to change our outdated laws.

The CSA, signed into law by President Nixon in 1970, was supposed to make reconsideration of drug scheduling relatively straightforward, at least as straightforward as dealing with the government can be. The law initially listed 81 substances to be placed on Schedule I, including marijuana. But in a concession to some concerned lawmakers, it also created a commission to study marijuana use.9 Drug classifications under the CSA can be reviewed at the behest of the attorney general, the secretary of health and human services, or an interested third party.10

Scientific and medical evidence were to be the basis for CSA classification. In fact, during the drafting of the act, an amendment was proposed that would have expressly required scientific evidence to form the basis for scheduling. But the amendment was defeated as being redundant. In the words of Bureau of Narcotics and Dangerous Drugs (the precursor to the DEA) director John Ingersoll:


The bill allows the Attorney General upon his own motion or on the petition of an interested person to bring a drug under control. However, he is authorized to do so only after requesting the advice in writing of the Secretary of Health, Education, and Welfare and the advice in writing of the Scientific Advisory Committee.… The intent of the amendment was to insure that the scientific and medical information necessary for a determination of whether a substance should be brought under control was available. But the legislation already insured that there would be sufficient medical and scientific input into any control decision.11



The first third-party petition for marijuana rescheduling was filed in 1972 by the National Organization for the Reform of Marijuana Laws (NORML). The DEA was created the following year, and it promptly refused to consider NORML’s petition. NORML went to court, and in 1974 the United States Court of Appeals for the District of Columbia Circuit ordered the DEA to comply with the statute and review the petition.12

In response to the court order, the DEA held a three-day hearing before an administrative law judge. The judge agreed with NORML on many counts, yet the DEA administrator entered a final order denying the petition.13 NORML went back to court and won again, with the court ordering the DEA to submit the petition to the secretary of health, education, and welfare (HEW).14 The HEW secretary recommended that marijuana remain on Schedule I, and the DEA ratified that determination without further hearings. The DEA’s cursory actions led NORML to bring yet another challenge to the courts. Again the court not only agreed with NORML, but found it necessary to chide the government for continually ignoring its orders: “[We] regrettably find it necessary to remind respondents [DEA and HEW] of an agency’s obligation on remand not to ‘do anything which is contrary to either the letter or spirit of the mandate construed in the light of the opinion of [the] court deciding the case.’ ”15

It wasn’t until 1986, 14 years after the original petition, that the DEA agreed to hold substantive hearings on rescheduling that complied with the requirements of the CSA. From October 1987 until June 1988, administrative law judge Francis L. Young heard evidence on whether marijuana’s medical applications were sufficient to demand a “demotion” to Schedule II. In his ruling, Judge Young found that marijuana should be rescheduled:


Based upon the foregoing facts and reasoning, the administrative law judge concludes that the provisions of the Act permit and require the transfer of marijuana from Schedule I to Schedule II. The Judge realizes that strong emotions are aroused on both sides of any discussion concerning the use of marijuana. Nonetheless it is essential for this Agency, and its Administrator, calmly and dispassionately to review the evidence of record, correctly apply the law, and act accordingly.

Marijuana can be harmful. Marijuana is abused. But the same is true of dozens of drugs or substances which are listed in Schedule II so that they can be employed in treatment by physicians in proper cases, despite their abuse potential.16



Amazingly, the DEA still refused to follow Judge Young’s recommendation. In December 1989, DEA administrator John Lawn overruled Young and in 1994, 22 years after NORML first filed the petition, the DC Circuit upheld Lawn’s decision.

NORML’s ridiculous journey through the red tape of the DEA underscores the political and legal headwinds that have restricted and are restricting the implementation of a drug policy based in neutral scientific and medical research. Behind the DEA’s determined foot-dragging is the dogged resistance that arises when an organization tasked with eradicating drugs is asked to make one of those drugs more accessible. This attitude toward drugs—that elimination through prohibition is the only viable solution—permeates many of the organizations that oversee both funding research and allowing researchers to access controlled substances.

What’s more, NORML’s petition was not the last time the DEA denied petitions to review the scheduling of marijuana. Three other times the DEA has refused to accept that marijuana has enough medical uses to be considered at most a Schedule II drug.

Unsurprisingly, the deck is stacked against marijuana when it comes to petitioning for rescheduling. Because of its Schedule I status, it is difficult for researchers to study marijuana to produce the kind of clinical evidence that could help marijuana be rescheduled. Thus, while the DEA requires “proof” of marijuana’s medical effectiveness, government policies are preventing such studies from being done.

During one chapter in NORML’s 22-year fight with the DEA, the DC Circuit highlighted this unfairness. When the DEA overruled Judge Young’s findings, it did so partially on the grounds that marijuana had failed to meet three criteria: (1) the general availability of the substance and information regarding the substance and its use; (2) recognition of its clinical use in generally accepted pharmacopeia, medical references, journals, or textbooks; (3) recognition and use of the substance by a substantial segment of the medical practitioners in the United States.17 NORML argued, and the court agreed, that it was impossible for any drug classified as Schedule I to meet these criteria. As the court wrote:


One of the very purposes in placing a drug in Schedule I is to raise significant barriers to prevent doctors from obtaining the drugs too easily. DEA regulations require doctors who wish to use such drugs to submit a scientific research protocol to the FDA for approval and permit use only in accordance with the protocol. And the FDA insists that a developed scientific study program be presented in order to gain approval of the protocol. The DEA regulations further impose mandatory registration with the DEA and mandatory record-keeping and safe-keeping requirements, presenting additional barriers to widespread use. We are therefore hard-pressed to understand how one could show that any Schedule I drug was in general use or generally available. We are also concerned that the fifth factor “recognition of [a drug’s] clinical use in generally accepted pharmacopeia, medical references, journals, or textbooks” might be subject to the same objection. Petitioners assert that if a drug is not widely prescribed—regardless of its safety or use—it will not appear in a pharmaceutical listing of medically useful drugs.18



The DEA eventually figured out a way around this legal snafu by subtly changing the criteria used. Yet that did not resolve the fundamental issue of government interference with marijuana research, a problem that has bedeviled marijuana researchers for decades.

Although the barriers to scientifically studying marijuana have improved in modern times, there are still significant problems. In the United States, as well as around the world, various United Nations treaties restrict drug research, including the 1961 Single Convention on Narcotic Drugs, the 1971 Convention on Psychotropic Substances, and the 1988 Convention against Illicit Traffic in Narcotic Drugs and Psychotropic Substances. The 1971 treaty requires parties to “prohibit all use except for scientific and very limited medical purposes by duly authorized persons, in medical or scientific establishments which are directly under the control of their Governments or specifically approved by them.”19

The United States takes its obligations under these treaties very seriously, especially when it comes to studying marijuana. In fact, despite the fact that marijuana is by far the most commonly used illicit substance in the world and its medical applications are now recognized by 32 states and the District of Columbia, the federal government makes studying marijuana more difficult than studying other Schedule I drugs. While it is comparatively easy for researchers to get permission from the DEA to produce and study Schedule I compounds like LSD and MDMA (although it is still very difficult), marijuana researchers must go through three different government bureaucracies. First, a license must be granted by the DEA. Second, to do clinical research, further approval by the Food Drug Administration (FDA) is required. Finally, to actually obtain marijuana, researchers must go through the National Institute on Drug Abuse (NIDA).20

Yet even reviewing the steps in that cumbersome process does not adequately convey the barriers to scientifically neutral cannabis research. NIDA, after all, is an organization focused on drug abuse, not medicinal, therapeutic, or other positive uses. According to Dr. Steven Gust, former special assistant to the director of NIDA, NIDA’s mission is to “support research on the causes, consequences, prevention, and treatment of drug abuse and addiction.”21 It is not NIDA’s mission, according to Dr. Gust, “to study medicinal uses of marijuana or to advocate for such research.”22

NIDA controls the only source through which researchers can legally acquire marijuana. That source is the University of Mississippi, which for nearly 50 years has had a monopoly on sanctioned marijuana production. Nothing in U.S. law mandates only a single source of marijuana production, and in fact the Controlled Substances Act requires an “adequate and uninterrupted supply of these substances under adequately competitive conditions for legitimate medical, scientific, research, and industrial purposes.”23 Nevertheless, although many research organizations have applied for permission to also grow marijuana, all have been denied.

The DEA has said that “for most of the nearly 50 years that this single marijuana grower arrangement has been in existence, the demand for research-grade marijuana in the United States was relatively limited—and the single grower was able to meet such limited demand.”24 Yet in 2007, the DEA’s own administrative judge found that “NIDA’s system for evaluating requests for marijuana research has resulted in some researchers who hold DEA registrations and the requisite approval from the Department of Health and Human Services being unable to conduct their research because NIDA has refused to provide them with marijuana.”25 For example, in 2011 the Multidisciplinary Association for Psychedelic Studies (MAPS) sought cannabis for an FDA-approved study of post-traumatic stress disorder (PTSD), but NIDA denied access because approval had not been given by the Public Health Service (this requirement was eliminated in 2015). After receiving Public Health Service approval, MAPS was told that NIDA did not have the cannabis required for the study. It wasn’t until April 2016 that the study finally moved forward.26 These types of delays, if not outright obstruction, have been quite common, which may explain why the DEA perceived its supply as adequate to meet “such limited demand”—researchers simply didn’t bother wading into the DEA’s bureaucratic morass and chose other things to research instead.

MAPS has been continually stymied by the lack of an adequate supply of NIDA-produced marijuana. Although NIDA eventually provided marijuana for MAPS to study the treatment of PTSD in veterans (as of March 2017, this study had moved into phase 2 of clinical trials),27 the government has simply blocked other attempts to study marijuana. Since June 2003, for example, NIDA has blocked research into whether vaporizing marijuana can effectively mitigate some of the harms cause by smoking the drug through combustion. According to MAPS:


In a prolonged triumph of drug-war politics over science, our vaporizer research has been blocked since June 2003 by the National Institute on Drug Abuse (NIDA), which has a monopoly on the supply of marijuana that can be used in research. Since 2003, NIDA has rejected and/or ignored our repeated requests (including one lawsuit for “unreasonable delay”) seeking to purchase 10 grams of marijuana to continue our studies. NIDA uses its monopoly to obstruct studies into both the beneficial medical uses of marijuana as well as into drug delivery devices that might increase the chances of FDA approval of marijuana as a prescription medicine, and might decrease the harms associated with the non-medical uses of marijuana.28



In August 2016, under the Obama administration, the DEA switched course and announced it would take applications to authorize other sources of research marijuana. Yet the effects of 50 years of government stifling marijuana research will be tough to overcome. Requirements for new applicants are stiff, and it is still easy for the DEA to simply claim that no applicant meets the requirements. Or the DEA can simply ignore the applications, which seems to be exactly what happened under the Trump administration and former attorney general Jeff Sessions, a committed drug warrior who even asked Congress for the ability to prosecute medical marijuana distributors.29

In August 2017, the Washington Post reported that “Attorney General Jeff Sessions has effectively blocked the Drug Enforcement Administration from taking action on more than two dozen requests to grow marijuana to use in research.”30 In the year after the Obama administration began accepting applications, 25 proposals were submitted. According to one law enforcement official, “They’re sitting on it. They just will not act on these things.” “[T]he Justice Department has effectively shut down this program to increase research registrations,” said a DEA official.31 Sens. Kamala Harris (D-CA) and Orrin Hatch (R-UT) twice sent letters to Attorney General Sessions, in April and August of 2018, arguing that it is “imperative that our nation’s brightest scientists have access to diverse types of federally-approved, research-grade marijuana to research both its adverse and therapeutic effects” and asking him to at least “put a date on when the DEA will take action on the more than two dozen pending applications.”32 As of May 2019, no applications had been approved.33

The ease with which policies can shift between administrations underscores the need for a more permanent legislative fix. Senator Hatch and Sen. Brian Schatz (D-HI) introduced the MEDS Act in September 2017, which would “remove the administrative barriers preventing legitimate research into medical marijuana” by, among other things, making marijuana more available for legitimate research.34 That is a heartening development, but the bill’s future is uncertain. And in September 2018, the House Judiciary Committee approved the Medical Cannabis Research Act, which would require the attorney general to approve at least two qualified suppliers of research-grade marijuana within a year after the act is passed, and at least three qualified suppliers every year after that.35 As of this writing, the bill will be introduced in the House of Representative, but its future is also uncertain.

If either the MEDS Act or the Medical Cannabis Research Act fails to pass, and even if William Barr, Sessions’s replacement as attorney general, allows the application process to move forward, the DEA may have placed a poison pill in the requirements for applicants to grow marijuana for research. Many applicants may not qualify because one “factor” the DEA will consider is “whether the applicant has previous experience handling controlled substances in a lawful manner and whether the applicant has engaged in illegal activity involving controlled substances.”36 This means that experienced growers who have been supplying the state-legal markets in Colorado, Washington, and elsewhere will have a difficult time being approved because “illegal activity includes any activity in violation of the CSA (regardless of whether such activity is permissible under State law).”37 This bizarre requirement may stifle new applicants altogether. Owing to the costs of complying with the DEA’s other requirements, such as controls to prevent diversion of the crop into the general marketplace, few funders may want to take risks on producers with no previous experience growing marijuana. “Why would anyone take a gamble in trying to meet all of these requirements had they not had prior experience with growing!?,” asked Dr. Sue Sisley, who conducted a DEA-approved study on treating PTSD with cannabis.38

The single-source system is and has been a severe constraint on scientifically neutral research into marijuana, but Dr. Sisley’s comment points to another: funding. In fact, in the DEA’s comments pertaining to new applications for official marijuana sources, the agency acknowledged in a footnote that funding is often more important than sourcing marijuana. That footnote is worth quoting in full:


Funding may actually be the most important factor in whether research with marijuana (or any other experimental drug) takes place. What appears to have been the greatest spike in marijuana research in the United States occurred shortly after the State of California enacted legislation in 1999 to fund such research. Specifically, in 1999, California enacted a law that established the “California Marijuana Research Program” to develop and conduct studies on the potential medical utility of marijuana. The state legislature appropriated a total of $9 million for the marijuana research studies. Over the next five years, DEA received applications for registration in connection with at least 17 State-sponsored pre-clinical or clinical studies of marijuana (all of which DEA granted). However, it appears that once the State stopped funding the research, the studies ended.39



Ironically, those 17 approved California state-funded studies were cited in a 2004 order that denied a MAPS petition to qualify as an official marijuana producer.40 The fact that NIDA’s marijuana was sufficient to supply those studies was cited as evidence that NIDA’s supply was adequate and thus no further producers needed to be authorized.

Funding for neutral marijuana research has been difficult to come by, particularly if that funding is sought from the federal government. Some marijuana-friendly states have funded studies, such as the 17 funded by California and Dr. Sisley’s PTSD study, which was funded by a $2 million grant from the state of Colorado. Yet researchers who seek funding from a federally controlled entity are likely to come up wanting. According to one study, “$1.1 billion of the $1.4 billion that the National Institutes of Health spent on marijuana research from 2008 to 2014 went to study abuse and addiction,” leaving only $297 million to spend on studies looking into “effects on the brain and potential medical benefits for those suffering from conditions like chronic pain.”41 A search of medical studies in 2013 found that only 6 percent were investigating the potential benefits of cannabis rather than its harms.42

These statistics confirm the observations of David Nutt, a neuropharmacologist in the United Kingdom. As he wrote on his blog:


Scientists examining the health and social impacts of drugs are usually funded by government agencies, and they often highlight the negative effects of drugs to justify their own source of funding. If a scientist can show that a drug is harmful, then they can show that it’s important to do more research on the topic to protect society. The more harmful the drug appears to be, the more critical it is to fund research on it, so their funding is perpetuated. By contrast, if use of a drug appears to have only benign effects, then why would the government bother spending more research money on it? This cycle has perpetuated a scientific industry intent on demonstrating the harmful effects of drugs like cannabis, precisely because doing so allows the industry to justify its own existence. Of course, one of the major consequences of this cycle is that research on the potential benefits of drugs gets sidelined, for example with not nearly enough government funding for studies on cannabis’ health benefits.43



It is clear that marijuana’s status as a Schedule I drug is a severe hindrance to good scientific research. Our policy choices of the 1960s and 1970s are not serving us well in a modern world that is slowly, but inexorably, coming to terms with the benefits of cannabis, both recreationally and medically.



MDMA

First synthesized in 1912 and patented by Merck in 1914, 3,4-Methylenedioxymethamphetamine, better known as MDMA or ecstasy, was a relatively obscure drug for much of its history.44 In the 1950s, the CIA dabbled in researching the drug for possible chemical warfare purposes.45 It wasn’t until the 1970s, however, when a group of psychiatrists began to use the drug to facilitate psychotherapy, that recreational use began to grow. Eventually, the drug showed up on the streets. Frightened of a new, unknown street drug with the sexualized name of “ecstasy” that could be used by children, the DEA issued a notice of proposed rulemaking in July 1984, announcing the intent to classify MDMA as a Schedule I controlled substance.46

In response to the DEA’s proposal, a group of physicians, researchers, and therapists hired DC attorney Richard Cotton to draft a letter to the DEA administrator requesting a hearing on whether and how MDMA should be scheduled.47 This letter seems to have surprised the DEA, which, according to one DEA pharmacologist, “had no idea that psychiatrists were using it.”48 In fact, MDMA, initially called “Adam” within the therapeutic community (possibly either as a reference to Adam and Eve or as a pseudo-anagram of the letters MDMA), had flown under the radar of the DEA for years. Given that use was usually therapeutic, and that MDMA rarely causes an adverse reaction requiring either medical treatment or law enforcement assistance, it seemed that MDMA could have flown under the radar for years more had it not hit the streets, been renamed ecstasy, and landed in the hands of teenagers. One distributor reveled in the DEA’s ignorance:


One of the wonderful things is MDMA has been known as Adam and used therapeutically in thousands, tens of thousands of sessions for 10 years, since the early, early 70s, when the DEA moved to make it illegal, they had never even heard the name Adam. It wasn’t listed at all. It was people who had learned of it from a therapeutic community, some of [whom] had gone on to mass market it under the name of Ecstasy.49



An initial hearing occurred on February 1, 1985, in front of DEA administrative law judge Francis L. Young, the same judge who would later rule that marijuana should be rescheduled, only to be overruled by the DEA administrator. Young ordered that three hearings on MDMA be held, one in Washington, DC, one in Los Angeles, and one in Kansas City.

The three hearings produced ten volumes of testimony. Since the DEA was pushing to quickly ban a drug on which there had been little research done, opponents of the ban trumpeted MDMA’s benefits as well as the problems that would result from hastily classifying a possibly beneficial drug as “having no recognized medical uses” under the CSA. The DEA, however, was on the warpath, with the assistant administrator, Gene Haslip, telling the San Francisco Examiner during the hearings, “We are going to ban Ecstasy within the next several months,” because “it’s extremely dangerous.”50

Ron Siegel, a star witness for the DEA, continually mischaracterized MDMA as a “hallucinogen,” and told his favorite drug mania stories, including one about a psychologist who decided to direct traffic on a busy street after taking MDMA.51 The DEA also cited a University of Chicago study showing that MDA, not MDMA, caused brain damage in rats. Although MDA and MDMA are very similar, they are chemically distinct in important ways. Opposing witnesses testified that the two drugs act on the brain in different ways, and that the MDA-damaged rats were administered the drug in highly unusual circumstances. The rats were given extremely high doses of the drug (three to five times a comparable human dose) intravenously rather than orally every 12 hours for two days.52

Opponents of the ban presented evidence that MDMA is not addictive, that it rarely results in harmful side effects, and that it had helped thousands of people suffering from various psychological ailments. As such, they argued, the drug should be on Schedule III, not Schedule I. Putting it on Schedule III would allow the DEA to regulate and prohibit recreational use, but it would not keep physicians from prescribing it or hinder scientists from studying it. Schedule III would mean that a possibly truly beneficial drug that had been administered approximately 500,000 times before the DEA had even heard of it could be further studied for methods of safe and beneficial use. Schedule I would essentially be a death sentence for any further scientific research. “I would regard the scheduling of this drug as a scientific calamity,” wrote psychotherapist Nathaniel Branden in a letter to the agency. He implored the agency to “leave the door open to further research, exploration, and study in this area.”53

The DEA, fully ensconced in the drug-warrior mentality of the 1980s, didn’t seem to care. In fact, the agency didn’t care that it couldn’t offer much evidence that MDMA was harmful or that it was being abused. Instead, the agency argued that actual harm need not be shown, just the potential for harm.

Even though board-certified psychiatrists explained that MDMA had an “accepted medical use” in their practices, the DEA insisted that the FDA should decide what belongs in that category. They argued that the agency “need only ask the FDA whether the drug or substance in question has received FDA approval under the FDCA [Food, Drug, and Cosmetic Act of 1938] in order to ascertain the existence, vel non, of ‘accepted medical use.’ ”54

In a carefully reasoned 90-page opinion, Judge Young concluded that MDMA should be placed on Schedule III, not Schedule I. Young disposed of the DEA’s argument that “accepted medical use” was synonymous with FDA approval. “Congress could easily have linked the phrase ‘accepted medical use in treatment’ in the CSA to some provision of the FDCA, and FDA’s authority thereunder, had it desired to do so. It did not do so.” Rather than being determined by the FDA, accepted medical use is determined “by what is actually going on within the health-care community.”55

Young reviewed “testimony in this record from reputable physicians, i.e., responsible medical authorities who constitute a respectable minority, that the use of MDMA is acceptable in the treatment of certain kinds of patients.”56 Furthermore, the drug, although it can be abused, does not have a high potential for abuse. Finally, reasoned Young, there are accepted safety standards for use under medical supervision, therefore, MDMA should be a Schedule III drug.

Just as he would do with marijuana three years later, DEA administrator John Lawn overruled Judge Young’s determination. The action was immediately challenged in the United States Circuit Court of Appeals for the First Circuit, which overturned the DEA’s decision on the grounds that the agency’s interpretation of “accepted medical use,” namely that FDA approval was the sole consideration, was not based in a proper reading of the CSA. “The opportunity for a meaningful hearing would be lost,” the court wrote, if the question “turned solely on the existence of FDA approval for interstate marketing.” Because the CSA requires an opportunity for a hearing, such a hearing would be “reduced to an empty formality and, for participants like Dr. Grinspoon [who brought the challenge], would amount to an exercise in futility.”57

Again, in a telling portent of what would transpire with marijuana, the DEA “reconsidered” the question and again decided that MDMA should be a Schedule I drug. In a rule published in February 1988, the DEA gave lip service to the First Circuit’s ruling by stating that the “lack of FDA approval” was “not conclusive” in determining whether a drug has accepted medical uses and accepted safety standards.58 Then, rather than relying on the FDA’s determination, the agency merely applied the FDA’s standards itself.

The DEA’s order perfectly encapsulates the catch-22 situation of trying to prove to the government that a drug meets scientific testing hurdles. This is especially true for drugs such as MDMA, which, because it was discovered in 1912 and is in the public domain, has long since lost any ability to be patented. Pharmaceutical companies, therefore, have little interest in pursuing clinical trials. The DEA nevertheless relied on the lack of clinical trials in determining that safety standards had not been established for MDMA, writing that “very little of this information has been generated for MDMA.” The psychiatrists who claimed safe use were using “anecdotal observations” that cannot “substitute for controlled studies in animals and humans.” The DEA then obliquely references the rat study, claiming that “there have been studies in animals to show that MDMA produces long term serotonergic nerve terminal degeneration.” Because “further testing is necessary prior to human use,” MDMA would be placed on Schedule I.59

The irony, of course, is that placing a drug on Schedule I is perhaps the best way to shut down scientific research into the drug. The immediate effect of placing MDMA on Schedule I was the “curtailment of scientific research and experimentation with a drug that held therapeutic potential.” The FDA and DEA claimed to limit testing and experimentation based on concerns about the health of volunteers, meanwhile recreational use and therapeutic treatment has seen millions of MDMA doses to be taken without the literature showing “even one case of an individual suffering neurological symptoms linked to MDMA-related brain damage.”60

Five applications were submitted to the FDA to research MDMA between 1986 and 1989, and all were denied. According to MAPS, “the FDA based its rationale for rejecting all protocols and single case studies on the hypothetical risk of functional consequences of potential neurotoxicity from MDMA.” Things began to improve when, in 1992, the FDA approved a phase 1 study on MDMA use in alleviating pain, anxiety, and depression in cancer patients. That study showed that MDMA posed no unusual risks and could be safely administered. Soon after, though, the FDA put “MDMA psychotherapy research on a slow track to nowhere.”61

Funding is another issue. Government funding for research into psychedelics is almost nonexistent. As Tom Insel, the director of the National Institute of Mental Health (NIMH) told journalist Michael Pollan, “The NIMH is not opposed to work with psychedelics, but I doubt we would make a major investment.”62 Funding for research has most often come from private donors like the Beckley Foundation in the UK, the Heffter Research Institute, and MAPS.

In the limited research that has been done, however, MDMA has continually surprised researchers with its efficacy in treating certain psychological problems, particularly PTSD. In one small study of those with treatment-resistant PTSD, 80 percent of MDMA-treated patients reported benefits from the treatment; only 20 percent of the placebo group did so.63 Even one year later, the majority of those treated with MDMA reported continued beneficial effects, whereas none in the placebo group did. In another small study of those suffering chronic PTSD, 10 out of 12 subjects were determined to be cured after two MDMA-assisted psychotherapy sessions.64

David Nutt, the aforementioned British pharmacologist, was dismissed from the British government’s Advisory Council for the Misuse of Drugs when he publicly suggested that horseback riding is more dangerous than ecstasy (it is). In his book Drugs without the Hot Air, Nutt put the psychotherapeutic allure of MDMA in stark terms:


If we wanted to invent a drug especially designed to help enhance trauma-focused therapies, it would have the following qualities:




	Be short-acting enough for a single session of therapy.

	Have no significant dependency issues.

	Be non-toxic at therapeutic doses.

	Reduce feelings of depression that accompany PTSD.

	Increase feelings of closeness between the patient and therapist.

	Raise arousal to enhance motivation for therapy.

	Paradoxically, increase relaxation and reduce hyper-vigilance.

	Stimulate new ways of thinking to explore entrenched problems.



Ecstasy has all these qualities when used in a clinical setting, and it is extremely effective.65

Since then, research into psychedelics, particularly MDMA, seems to have turned a corner. In November of 2016, the FDA approved a large-scale phase 3 clinical trial of MDMA-assisted psychotherapy,66 and, in August 2017, two more phase 3 clinical trials were approved.67 What’s more, the FDA designated MDMA-assisted psychotherapy as a “breakthrough therapy” and thus will work to complete the final phase quickly. This is primarily due to the astounding effectiveness of the phase 2 trials, like previous research:


In MAPS’ completed Phase 2 trials with 107 participants, 61 percent no longer qualified for PTSD after three sessions of MDMA-assisted psychotherapy two months following treatment. At the 12-month follow-up, 68 percent no longer had PTSD. All Phase 2 participants had chronic, treatment-resistant PTSD, and had suffered from PTSD for an average of 17.8 years.68



Providing the funding for the studies is MAPS, which is “currently the only organization in the world funding clinical trials of MDMA-assisted psychotherapy.”69 Through the effort of MAPS and other organizations, we are on the cusp of seeing the approval of a bona-fide breakthrough drug for PTSD treatment. But if 40 years ago the DEA had listened to the psychologists who touted the benefits of MDMA, untold numbers of PTSD sufferers could have been helped.

The growing acceptance of research into MDMA has also helped resuscitate research into other psychedelics that were hastily banned and given a bad reputation before any meaningful scientific research could be done, particularly LSD and psilocybin. Psilocybin has been used to combat smoking addiction in small, FDA-approved studies with shocking results. In a study with 15 participants, “twelve subjects, all of whom had tried to quit multiple times, using various methods, were verified as abstinent six months after treatment, a success rate of 80 percent.” Before it was stamped with the label “hippie drug” and associated with anecdotal stories of “bad trips,” LSD was used to successfully treat alcoholics.70 But getting into the story behind psilocybin and LSD is beyond the scope of this essay. Suffice it to say that the story is largely the same as for MDMA: a fearful government, goaded on by hyperbolic media reports and frightened parents, banned something before we knew much about it. As a result, science was retarded, and those who could have benefited were forced to languish with their possibly curable disorders.



Conclusion

Drugs, especially “new” drugs, scare people. This is understandable. But that fear should not be allowed to divert public policy from its proper moorings in good science. Prohibition is sometimes thought of as the ultimate form of regulation. But this notion is mistaken. Prohibition is the absence of regulation, either for street use or for scientific studies. Prohibition means anarchy.

Placing a drug on Schedule I virtually guarantees that our knowledge about the drug’s effects and possible beneficial uses will be hampered. In the process, the true victims will be those who could have benefited from using the drug, but instead must live in a world created by the fears and trepidations of past generations. We seem to be turning a corner on marijuana and MDMA, and it can be hoped that we’ve learned some lessons about the costs of knee-jerk reactions to “drug scares.”








 

THOMAS P. STOSSEL


6

MEDICAL INNOVATION AND THE GOVERNMENT-ACADEMIC-BIOMEDICAL COMPLEX


The incentive structure for advancement in the biomedical sciences differs very little from that in other fields. Success or failure is judged through the prism of academic publications generated by outside financial support—in this case, both public and private. Here we discuss the concept of innovation in medicine and its relationship to the reward structure. We will find that the two are almost completely independent of each other. In other words, federal funding for research is not very related to progress in patient care, in the same way that public funding and private funding produce roughly the same amount of innovation in basic and applied research.

“Medical science,” a widely used term, is misleading. Without question, the study of the natural sciences has contributed to the fact we lead longer and healthier lives than previous generations. But it is technology—the availability of practically useful drugs, diagnostics, and medical devices—that deserves most of the credit for these improvements. The failure to recognize that distinction is the basis of a common misconception that free-ranging research by academic scientists—funded predominantly over the past half-century by the federal government—is the main basis of medical advances. This chapter reviews the historical reasons why this idea is false.


The First Era of Medical Innovation

Substantive medical progress emerged in an innovation era that began in the middle of the 19th century. Fueled by the capital of the Industrial Revolution, medical research proliferated. Discoveries by Louis Pasteur, Robert Koch, Ignaz Semmelweis, John Snow, Joseph Goldberger, Walter Reed, and many others gradually ushered in a range of technologies, including vaccination against infectious diseases, antisepsis, anesthesia, sanitation, treatment of vitamin deficiencies, and elimination of insect disease vectors, all of which contributed to the prolongation of life.

In the early years of the first innovation era, these discoveries often emanated from state-funded European universities and research institutes. Subsequently, a few private institutions in North America such as Johns Hopkins Medical School and the Rockefeller Institute engaged in medical research supported by private philanthropy. Their work was later supplemented by associations dedicated to specific maladies such as heart disease, rheumatism, and cancer. Medical innovation also arose from drug discovery generated by partnerships between academic physicians and the German dyestuffs industry. These led to aspirin to treat pain and fever, and to antimicrobial therapies such as arsenicals (for syphilis and parasitic disease), sulfonamides, penicillin, and streptomycin.1

In America, until early in the 20th century, proprietary apprenticeships competed with and overshadowed the European tradition of university-based education of physicians. The 1910 Flexner Report, however, enabled organized medicine, eager to restrict professional access and reduce competition, to collude with universities to have states only license physicians who had graduated from accredited academic medical schools.2 An important criterion for academic advancement in these institutions was the performance and publication of research. This resulted in election of medical researchers to elite professional societies such as the Association of American Physicians, the American Society for Clinical Investigation, the Interurban Clinical Club, and the Clinical and Climatological Society that convened gatherings to share research results. Sinclair Lewis’s Pulitzer Prize–winning novel Arrowsmith, published in 1925, along with other contemporary accounts, describes how doing research in medical schools conferred prestige on its practitioners and the tension between research and nonresearch physicians who felt demeaned by them.3

Although the number of American medical researchers was relatively small during the first innovation era, they made important advances, such as treatments for pernicious anemia, hormone replacement therapies, and surgical treatments for heart valve disorders or to remove blood clots from occluded vessels.4 During World War II, academic medical researchers’ contributions to the war effort resulted in the development of anti-malarials, mass production of antibiotics, and blood transfusion therapy.5



The Second Era of Medical Innovation

The role of technological superiority as a decisive factor in the Allied victory was a transformative element that ushered in the current era of medical innovation. The principal architect of that transformation was Vannevar Bush (1890–1974). An engineer, entrepreneur, and academic administrator, Bush came to head the entire research-and-development organization of the American war effort, culminating in the Manhattan Project and the atomic age.6

At the behest of Franklin Roosevelt, Bush wrote a treatise—Science: The Endless Frontier—making the case for lavish government funding for research.7 A central element of Bush’s plan was the idea that basic research, or research for research’s sake—“the free play of free intellects”—was the best path toward progress. The emerging Cold War, with its mandate for achieving nuclear superiority, was a prime mover in ensuring a political embrace of Bush’s vision. But on the medical front, influential university officials and researchers invoked the recent success of a vaccine to combat frightening polio epidemics and other achievements to argue for applying Bush’s ideas to medical innovation. Congress enthusiastically complied with a massive buildup of the National Institutes of Health (NIH).

The NIH’s predecessors originated in 1798 with the Marine Hospital Service to care for merchant seamen (the NIH logo still features an anchor!). It evolved into a public health organization, the Hygienic Laboratory, to address infectious diseases and in 1930 acquired the title of NIH (Institute in the singular), which expanded to include multiple institutes during World War II.8

As an ultimate result of Bush’s proposal, through postwar congressional initiatives, the NIH began receiving much larger appropriations.9 It constructed a laboratory research facility and a hospital dedicated entirely to research on a spacious tract of land in the Washington, DC, suburb of Bethesda, Maryland. Most of the NIH’s funds, however, began to flow “extramurally” to universities and independent research institutes. Thus began the second era of medical innovation, giving birth to what is best called the government-academic-biomedical complex (GABC), which remains the dominant bankroller of medical research in American academic medicine.



The Growth of Academic Medical Research

The premium on research as the route to advancement in academic medicine conspired with the availability of money to recruit more and more faculty members to that endeavor. Medical schools not previously counted among the elite achieved sudden prominence. The University of Texas-Southwestern in Dallas evolved in the late 1940s from a collection of former military barracks into a major academic powerhouse, culminating in the 1985 Nobel Prize in Physiology or Medicine awarded to Michael Brown and Joseph Goldstein for their work on cholesterol metabolism.10

The Korean and Vietnam Wars’ drafting of physicians in postgraduate training into the military additionally contributed to the medical research workforce.11 Those with academic ambitions could fulfill their military obligation in the Public Health Service and obtain positions at the NIH (or at the newly founded Centers for Disease Control) facilities to receive research training. Competition for these slots—facetiously named “the yellow berets”—was stiff and resulted in the rapid population of the NIH “intramural” Bethesda facility with young trainees, many of whom became career medical investigators.12 The emphasis on research led medical specialties’ accreditation boards to stipulate research training as a requirement for specialist certification. Physicians training to be specialists had to spend time in research programs whether or not they wanted to. The NIH provided stipends for such training both to academic departments and to individual trainees, who were cheap labor for university research programs. NIH funds were also made available to universities to encourage undergraduates to obtain research experience and to subsidize graduate training programs.

Money went begging in the startup phase of GABC-fueled extramural granting. NIH officials solicited universities for research grant applications. But this vacuum filled rapidly. Medical school departments, such as surgery, that had traditionally done little research, soon initiated laboratory-based research programs. Since surgeons spend so much time in the operating theater, they hired basic scientists with PhD degrees to work in their laboratories. The emerging research programs needed expensive equipment, glassware, chemicals, and experimental animal facilities. Most heads of research laboratories spent their time reading research papers and designing experiments, leaving the execution of those experiments to researchers in training (graduate students, interns, residents, and technical assistants). Grant applications and research papers—all typewritten in those days—required secretarial support. The NIH underwrote it all. In the late 1940s, the American Cancer Society was the largest funder of medical research. By the mid-1950s, its contributions lagged far behind the government’s.

An especially attractive feature of NIH funding for universities and research institutes was that it provided much more generous indirect (overhead) support than private philanthropists, who preferred to see their donations underwrite research and researchers rather than institutional infrastructure such as building construction and maintenance and administrative costs.

This bounteous federal research funding party lasted only about a decade and a half, up to the late 1970s. Congressional NIH appropriations did not decrease thereafter but rather, as discretionary budget items, could not rise in proportion to the demands by academic centers for more and more externally funded research. Despite general congressional enthusiasm for the NIH mission, the Johnson administration’s Great Society programs and Vietnam War spending precluded further expansion of the NIH. Congress and the NIH’s management began to impose restrictions on the use of NIH funds, such as disallowing payments for secretarial services and requiring training grant recipients to spend post-training time in bona-fide academic research programs or else pay back the funds they had received.

Financial constraints increasingly became a serious problem within the GABC. But even beginning with the first signs of fiscal distress, the GABC’s beneficiaries—universities and their guilds, research institutes, professional societies, patient advocacy groups, and voluntary health agencies—lobbied Congress strenuously for more NIH funding. Unsurprisingly, their efforts at persuasion centered on the premise that such subsidy is essential for medical innovation.

This plausible hypothesis is wrong. Whereas others have provided cogent critiques of the role of government in science and of Vannevar Bush’s enthusiastic promotion of basic research, this analysis drills down more specifically on the problem of medical innovation, which has—I believe—unique features that differentiate it from other research-based endeavors.13



Medical Innovation versus Basic Research in the GABC

Assessing contributions to “medical innovation” demands a precise definition of that term. Unfortunately, innovation gets muddled with novelty. Clearly, novelty has its benefits—most palpable in the arenas of fashion and entertainment. What matters in healthcare, however, is what improves longevity and life quality by promoting health and combating disease. The definition of medical innovation should be restricted to the technologies that accomplish those ends. Innovation requires the intermediary step of having a research result suggest a practical possibility, an outcome I define as “invention.” When an invention comes to practical use, innovation occurs.

Attesting eloquently to the divide between GABC-based research and innovation is an examination of 25,000-plus publications in prestigious biomedical research journals. Only 100 even mentioned invention, a practical implication of the reported findings.14 Also telling was the passage in 1980 of the Bayh-Dole Act to encourage universities to license technologies to companies for practical development, prompted by the observation that discoveries were either not being patented or patents were not resulting in licensing.15

Almost three decades after Bayh-Dole was enacted, university income from all licensed inventions—not just medical innovations—remains a minor sum in comparison with the totality of healthcare revenues—or for that matter university revenues, being less than three billion dollars a year.16 In fact most universities lose money on innovation efforts because their revenues do not even cover the administrative costs of licensing.17 Clearly government funded basic research is not generating a significant number of useful medical innovations.

Unquestionably, medical innovation proceeded apace during the early GABC era, but not at any increasing rate, though funding for basic research did grow substantially. A benchmark for innovation is the regulatory approval of drugs and medical devices. The average number of such approvals has been constant for the past half-century despite the introduction and continuous operation of the GABC over that interval.18 Moreover, independent analyses have concluded that over 80 percent of the drug approvals arose solely from research and development in private industry.19



The Revealing Case of Heart Disease

In addition, an examination of some particular innovations during the GABC era raises questions regarding the GABC’s specific contributions. Over the first half of the 20th century, deaths from heart attacks and strokes had risen steadily, reaching their highest peak at the GABC’s onset in the 1950s.20 Today, six decades later, cardiovascular mortality has fallen by over 60 percent.21

Many factors account for this improvement. Risk factors for vascular disease, such as smoking, high blood pressure, abnormal blood cholesterol levels, and genetic predisposition were unknown in the middle of the 20th century; research identified them and led to efforts to mitigate them. But does the GABC deserve most of the credit for this accomplishment?

A principal source of cardiovascular disease risk identification was the NIH-sponsored Framingham Study that correlated the existence of heart disease with the presence of such factors in the population of the Massachusetts city for which the epidemiologic project was named.22 Although the Framingham Study began before the extensive expansion of the GABC, it clearly deserves recognition for its contributions.

How this knowledge translated into innovation is complex. When the Framingham parameters associated with heart disease emerged, whether they were causal or merely correlative was unclear. In fact, other NIH-funded epidemiologic studies that purported to link dietary fat intake to heart disease were ultimately deemed flawed and uninformative.23

Medications—produced by companies—to treat high blood pressure existed before recognition of its association with heart disease. Their principal use was to combat “malignant hypertension,” extremely high pressures that acutely damage the heart, brain, and kidneys, because these drugs were too toxic to apply to milder cases of hypertension. Once companies developed more tolerable blood-pressure-reducing agents, large population studies demonstrated that lowering blood pressure diminished the incidence of heart attacks.24

Similarly, whether elevated blood cholesterol levels truly caused heart attacks and strokes was also a topic of debate. Only the development of cholesterol-lowering “statin” drugs—an effort solely driven by industry research—established that high blood cholesterol is a bona-fide heart disease risk factor and that reducing it has preventive value.25

Another key contribution to the reduction of heart disease mortality has been the introduction of imaging techniques to diagnose narrowing and closure of arteries that feed blood to the heart and of devices and drugs to restore blood flow. With the exception of the clinical trials that have established the effectiveness and safety of these interventions, the preponderance of effort underlying these innovations took place in private industry with the important input of entrepreneurial physicians. A similar argument applies to the development of joint replacements, which have markedly mitigated the pain and immobilization inflicted by arthritic conditions.



The Case of the Genetic Revolution

Space limitations preclude examining the universe of innovation that has appeared during the GABC era. But worth mentioning is the highly touted genetic revolution. This effort spawned the biotechnology industry that accomplished the discovery and application of potent “biological” therapies. It also generated the “genome project” that elucidated the sequences of the human genes and those of other species. One oft-cited example of seemingly impractical “basic” research that strongly abetted this genetic technology was the discovery of “restriction enzymes,” compounds produced by bacteria that cut up DNA in specific ways that enable researchers to define and manipulate genes.

Though unequivocally useful, work on restriction enzymes and other discoveries leading to elucidating the structure of DNA was subsidized by sources such as the American Cancer Society rather than the government long before the buildup of the GABC.26 And by credible accounts, although the GABC initiated the genome sequencing project, without its rescue by what started as competition from the private sector, its completion would have been markedly delayed.27

These examples—especially the decoding of the human genome—contradict the passionate advocacy for the GABC’s essential role in medical innovation by its academic beneficiaries. The naiveté of the facile assumption that basic research is the progenitor of innovation is also discussed in Chapter 1 by Kealey and Michaels.



Subjective Attempts to Defend Academic Medical Research

As concerns began to arise in academic institutions regarding the sustainability of government funding for basic research, two physician-researchers, Julius Comroe and James Dripps, attempted to counter an inconvenient finding that emerged in the 1960s. A study dubbed Project Hindsight had examined weapons technology innovation and posited that the vast predominance of progress in weaponry was the result of work directly related to the subject at hand, not basic research.28 In an influential paper published in the journal Science, Comroe and Dripps came to the opposite conclusion: that advances in the treatment of cardiovascular disease management—their area of clinical specialization—originated from research findings with no direct connections to the ultimate technological achievements.29

But rather than meticulously documenting the steps involved in the evolution of specific military technologies as was done by Project Hindsight, Comroe and Dripps relied on the indirect approach of having “experts” opine about the provenance of medical innovations, an exercise fraught with subjectivity and potential inaccuracy.30

Innovation is inherently nonlinear and routinely depends on adaptation and serendipity to exploit findings applicable to practical problem solving. Although some such results arise from undirected basic research, this fact does not in and of itself justify a massive investment in research for research’s sake. The Comroe-Dripps compilation also failed to quantify the large denominator of research results that contributed nothing to innovation, an important element of any cost-benefit analysis.

A more recent attempt to give the credit for drug discovery to university research also recruited “experts” to opine on what they considered to be the “most transformative” drugs developed between 1984 and 2009.31 The authors concluded that the most impactful drugs arose from academic research.

It is logical that communities that have benefited so much from the GABC will fiercely proclaim its virtues, even resorting to substantial rhetorical and logical leaps. Like the Comroe study, the more recent experts’ drug selections also involve subjective opinions, and the focus on “transformative” drugs reflects the academic obsession with what is novel and impressive. In the real world, any given patient wants a drug that works. A medication that relieves a headache effectively is “transformative” for that individual. Also, most of the drug approvals cited in that study took place early in the study interval, too soon for the GABC to have had a major influence.

Finally, and most important, the study’s authors’ casual anecdotal descriptions of drug development were skewed—often inaccurately or inappropriately—to overemphasize the importance of academic contributions. For example, the narrative implies that a highly effective anti-leukemia drug, inatimib, was discovered by an academic physician grounded in basic science principles.

The truth is that a company discovered the drug looking to treat diseases other than leukemia, and while the academic researcher’s contribution was material, the drug never would have helped patients in the absence of industry efforts.32 The article reporting the study neglected to cite most of the previous research that more meticulously analyzed the development histories of important drugs. Most telling, a separate and far greater in-depth analysis of the provenance of the same “transformational” drugs covered in the study ascribed the dominant influence to the private sector.



The Flawed GABC Incentives

If the march of medical innovation has not benefited from the GABC as much as advertised, what could be the explanation? The principal answer is misaligned incentives. If history teaches anything, it is that incentives and rewards work far better than good intentions, especially those dictated by authorities. The GABC’s incentive misalignment relates to the definitions discussed above: the GABC rewards “research” more than it does “innovation.”

Producers of goods and services dependent on revenues must innovate in order to survive. Because sales monopolies enjoyed by manufacturers of brand pharmaceuticals and medical devices are temporary, a thriving enterprise producing follow-on generic products mandates that the innovative brand industry maintain a pipeline that addresses previously unmet medical needs or provides better management than what is currently on the market.

Researchers outside of industry have been happy to advertise that they have high-minded intentions—improving mankind’s lot by increasing knowledge and providing practical innovation. This propaganda impulse is understandable in view of the fact that such researchers depend heavily on public philanthropy for their livelihoods. To unlock that purse, researchers have created the impression that they promote material progress by operating in a universe of higher—“objective”—reality than purveyors of mere business. The opacity of science to most nonscientists plays into that message.

But historians of science have documented that researchers work predominantly for recognition of their accomplishments by influential peers, and that they fight tooth and nail for that attention.33 Nothing attests more powerfully to this conclusion than the profound importance the establishment of scientific journals in the 17th century had on the advance of science.34 By providing an institutional repository for scientists to claim credit for discoveries, journals overcame scientists’ reluctance to publicize their work for fear of intellectual pilferage.35 In addition, scholars have challenged the conceit that science reveals absolute, “objective” “truths.” Rather, it is a very social activity that depends on a very mutable interpersonal consensus influenced by personal preferences, career ambitions, and political power.36

A prime example of the different incentives for “medical innovation” and academic “medical research” is that the former receives its rewards for achieving regulatory approval of new products for clinical use. The latter seeks recognition through publication of research papers, awarding of research grants, academic promotion, admission into scientific elite organizations, and receipt of prizes. If these academic rewards accrued to researchers because they promoted innovation, the GABC’s incentives could be appropriate. Instead, historians and sociologists of science have concluded that academics value and reward elegant solutions for complex scientific puzzles more than they do innovation that saves or enhances life.37



Interesting versus Useful

One articulation of what constitutes value in science lists “accuracy, intrinsic interest and general relevance.”38 Ironically, whereas the criterion of “accuracy”—also definable as reproducibility—would seem to go without saying as an essential criterion of value, the bar set for academic research is that observations need only achieve minimal statistical validity without independent corroboration to justify publication. It is the norm that companies attempting to exploit academic findings as possible product candidates are often unable to replicate the academic results.

The criteria of “intrinsic interest and general relevance” raise the question: of interest and relevance to whom? Experience reviewing research papers submitted to journals for publication and grant applications reveals that new (“novel”) and unexpected findings elicit maximal interest. General relevance, such as laws that predict the behavior of moving objects, commands the highest adulation. But notably, practical utility is not on the list. In the case of biomedical science at the outset of the GABC era, Vannevar Bush’s lionization of basic research played seamlessly into this value system.



The Case of Reductionism versus Innovation

Even as medical innovation accelerated in the first, pre-GABC, innovation era, medical practitioners had little or no idea how most of their beneficial tools worked. Trial and error identified malfunction of the pancreas as a cause of diabetes and subsequently the existence of insulin, the hormone it produced, and the deficiency of which resulted in the disease. Even then, in keeping with the fact that only industry had the wherewithal to exploit such information for innovation, the University of Toronto researchers who discovered insulin tried and failed to do more than demonstrate its clinical efficacy to treat diabetes in a few patients. Insulin therapy did not have a major clinical impact until the Eli Lilly Company took over the problem and mass-produced the hormone.39

But as the GABC expanded and new technologies for analyzing the structure and function of body components and subcomponents at ever more fundamental (molecular) levels came on line, the plausible but empirically largely unsupported idea that more detailed knowledge concerning how derangements of these processes cause disease and how addressing them produces cures held sway. The reductionist science that had so profoundly advanced physics and chemistry had great appeal for the biologists previously mired in empiricism—and more and more physicists and chemists seduced by GABC resources moved into basic biological science.

The reductionist paradigm, warmly embraced by the GABC, creates endless research questions, few of which, as recognized by others, lead to medical innovation and progress.40 One aspect of the primacy of reductionism is an obsession with “molecular mechanisms.” The fact, for example, that aspirin reduces fever became less compelling than the “molecular basis” of how it happens.



Bush Was Right: Research Becomes Endless

Perversely, the expansion of the menu of “intrinsically interesting” phenomena unearthed by basic research over time presents far more opportunities for researchers to follow up with adequate depth or breadth. Instead of the finite endpoint of approval of a practical innovation by regulators persuaded that something works with acceptable risks, the basic research system accommodates open-ended wheel spinning. Editorial commentary concerning research published in journals inevitably concludes that “more studies are necessary,” as if a bottomless supply of researchers exists to advance the knowledge frontier closer to a never-receding illusory goal. This attitude brings to mind the scenario described by Herman Hesse in his 1943 novel The Glass Bead Game, in which abstract cerebral virtuosity divorced from any real-world activity has become the ultimate end of intellectual activity.41

For all its pretensions to research that abets innovation, the GABC ignores and dismisses a vast repertoire of essential but academically unsung skill sets required to achieve innovation. One of hundreds of these tasks is “formulation.” A drug candidate may work spectacularly in a test tube to, say, kill cancer cells, but if it cannot be prepared in a form amenable to absorption by the body following oral or parenteral administration that persists long enough to get to the body sites where its action is desired and do what it is supposed to do, its test tube performance has no practical utility.



Economic Impacts

Separate from whatever damage the GABC’s emphasis on basic research has inflicted on medical innovation, its economic impact has arguably compromised it. Although compelling arguments—usually citing national defense—justified the postwar infusion of government support’s transformation of universities from bucolic bastions of predominantly ivory tower contemplation into more diverse institutions contributing practical inventions as well as abstract knowledge and educated citizens to society,42 the financial dependence on government support that accompanied this transformation inflicted deleterious consequences customarily associated with addiction.

One way to track whether the GABC kept pace with innovation opportunity is to compare its investment with the accrual of individuals living beyond 65 years of age, a figure easily obtained from census data.43 The comparison reveals that both figures rose proportionately, and exponentially, until the late 1970s when, as NIH appropriations remained essentially flat, the longevity curve diverged steadily upward away from it.44

This discrepancy raised two issues, one stridently engaged by the academic community, and the other ignored by it. The one that received attention was the fact that the NIH appropriations were rising more slowly than in the past, predictably lowering the success rate of grant applications. Academic officials raised alarms about the effect this austerity was having on the recruitment of physicians into medical research, thus encouraging a diaspora of physician-researchers from research activities into clinical or administrative efforts.45 The ignored issue was to ask why population survival rose unabated despite the constrained GABC investment. The obvious answer was that private investment continued to increase and, in fact, has grown precisely in parallel to the data on aging.46

In response to slowing growth of NIH funding appropriations during the 1980s and early 1990s, academic distress escalated. Biomedical research societies and voluntary health organizations exhorted their adherents to lobby Congress for greater generosity. The arcane nature of research, the ineptness of the biomedical community in explaining it, and the competing political agendas of welfare, other entitlements, and defense made for a difficult challenge. Except for a brief five-year period in the mid-1990s during which Congress doubled the NIH budget appropriation, the gap between public and private investment in biomedical research has continued to widen.

The financial hardship in universities dependent on external research subsidies and other developments altered the demographics of the academic medical workforce. The earlier lamented decline in the number of physicians involved in research accelerated markedly.47 For the most part, the only physicians seeking research careers had also obtained PhD degrees during an overly long training sojourn—often doing so to take advantage of tuition subsidies rather than a deep commitment to research, as evidenced by a high post-training dropout rate.48 Hence, individuals with PhDs but no medical training came to dominate the research effort.

The researchers who had obtained faculty positions and research support defining them as “principal investigators” depended heavily on NIH salary support, because many academic institutions had recruited such individuals without setting aside funds to pay their salaries. In an effort to counter this trend and to increase the efficiency of research grants by having them cover research, equipment, supplies, and technical assistants rather than subsidizing principal investigators, the NIH capped salary budgets. One result of these developments has been that academic tenure, at one time a sinecure, has become relatively meaningless in research-intensive universities. Principal investigators unable to obtain NIH grants leave research for medical administration, clinical practice, or industry.

The average age of researchers able to obtain grants has increased markedly because only applicants with established track records and in possession of an entourage of trainees and younger colleagues can generate enough new data that may rise to the level of intrinsic interest for sufficiently favorable review opinions to surmount the high funding priority bar.49

Paradoxically, the GABC’s straitened financial circumstances have undermined the cliché that undirected basic research addresses wide-ranging long-term scientific goals in contrast to commercial research and development allegedly committed to immediate problem solving and fast profits. Faced with ever-shortened NIH funding intervals (now three to four years), GABC supplicants must operate with narrowly focused efforts tightly linked to previous accomplishments in hopes of surmounting the aforementioned bar.

The prospects for the successful principal investigators’ entourage rising to the status of their superiors are vanishingly slim; they may orbit from one postdoctoral fellowship to another until they give up and leave academe for research jobs in industry—which are finite—or teaching positions or some other endeavor.

One might imagine that the leaders of academic institutions would be in the forefront of advocacy for more government research funding. Although these managers articulate such sentiments, their major concerns, reflected by the principal lobbying emphasis of the Association of American Medical Colleges that represents them, is the continuation and, if possible, expansion of government subsidies for clinical training of interns, residents, and fellows who, as a result of this welfare, represent cheap labor for providing medical services.

Left to fill the vacuum of special pleading for the GABC is advocacy entrepreneurship engaged by an organization called Research!America. Funded to some extent by universities but principally by the pharmaceutical industry, Research!America relentlessly exhorts biomedical researchers to plead with their legislators for more NIH funding. But what it does best is collect celebrities for gala events, conferring awards on them and on high-paid biomedical bureaucrats. Although absent this group’s efforts things might have been worse in theory, NIH funding adjusted for inflation has declined since its founding in the 1980s.



Dysfunctional Pharmaphobia

Of all of its counter-innovative elements, the GABC’s worst is arrogance. The principal manifestation of this hubris is that GABC has inverted the reality that it is private enterprise: it is the pharmaceutical and medical device industry, not the GABC, that has been accountable for most medical innovation over the past half-century.

The principal instigators of this misconception are entrepreneurial academics who have built careers not only by exploiting public ignorance of the facts by overstating the contributions of NIH-sponsored research but also by engaging in a wholesale demonization of the industry as corrupt. I refer to this activity as “pharmaphobia”;50 a signature characteristic of its acolytes is that none have made substantive contributions to medical innovation. Their critical narrative plays into the hands of sensation-seeking media, populist politicians, and predatory litigators who profit from charging real or imagined corruption.

The idea of bias induced by commercially driven funding has become a separate area of research in the GABC world. Commercial funding is viewed with suspicion, as somehow intrinsically evil, despite the fact that this is where medical innovation comes from. That government funding might be even more pernicious is not ever considered. This discriminatory research supports pharmaphobia, creating a guilt-by-association barrier to making academic research useful. So does the extensive use of so-called conflict of interest disclosure requirements. Here the implication is that any funding from a commercial firm somehow taints the research. This makes it very hard for GABC researchers to work on innovation.

Medical journal managers have enthusiastically joined the pharmaphobia bandwagon because it allows them to sell the false idea that their periodical products embody the most reliable information, which they improperly contrast with pharmaceutical marketing. In fact, as the poor reproducibility of published results attests, the vetting of industry’s research and development work by professional regulators is far more rigorous than the relatively casual oversight of research published in journals, and companies can only publicize what the regulators have approved. The overwhelming majority of published journal articles retracted because of fraud are of academic origin and have no industry association.51

In addition to discounting the value contributions of industry, the pharmaphobia narrative denies the difficulty and expense of innovation that has increased 80-fold since the onset of the GABC.52 The origin of this rise is tightened regulatory requirements engrafted on the fundamental unpredictability of biology. On the positive side, biological irregularity is what has enabled us to survive against trillions of rapidly evolving microorganisms that utilize our body components to sicken us. The downside of this adaptation is that more than nine out of ten drugs that seem promising in laboratory experiments or inbred animals fail in clinical trials, and therefore the one success must pay for the nine losers.53

This grim economic reality mandates that the industry must achieve sufficient profitability to sustain innovation. The pharmaphobia narrative’s misguided denial of this fact underlies calls by poorly informed activists to confer price controls on American drug manufacturers.54 American consumers, who live in the only country lacking such controls, subsidize the entire world’s medical innovation.55

The pharmaphobia narrative detracts from medical innovation in many ways. Regulations it has spawned in academic health centers and in state and federal governments, designed to root out speculative corruption, at worst complicate, delay, or outright prevent relationships between academic researchers and industry that historically have promoted innovation. At a minimum, they divert scarce resources from actual innovation to bureaucratic management.

The most extreme example of this dysfunctional regulation is “sunshine legislation” embedded in the 2010 Affordable Care Act, which mandates that companies report to the government payments (“exchanges of value”) of cash or in kind exceeding ten dollars to licensed healthcare practitioners for public dissemination. The reporting (at a cost of hundreds of millions of dollars) has predictably had no impact on patient care or patients’ trust in their healthcare providers, but its potential for shaming has steadily increased, to 36 percent, the proportion of clinical practices that refuse to give company representatives access to their practitioners, thereby depriving physicians of reliable medical information. What is particularly unfortunate about the pharmaphobia narrative is that it stands in the way of reconfiguring the GABC to make it more compatible with medical innovation.



Reforming the GABC

According to Socrates, “admitting ignorance is the beginning of wisdom.” The GABC equivalent of this insight is to jettison the “bench-to-bedside” legend that academics promote, claiming that basic research reliably generates discoveries that seamlessly flow down the development pipeline into inventions that become innovations. For the most part, GABC behavior remains at the bench, piling up often nonreproducible and nontranslatable reductionist findings. Here, briefly, are some reform options:

1.	Supplant the legend with the reality of how innovation actually occurs. The truth is that, almost invariably, innovations come to pass in fits and starts, overcoming myriad obstacles and succeeding only if moved forward by committed champions.56

2.	Exploit the competitive advantage conferred by the fact that many healthcare workers are more interested in care than in research. The fact is that most healthcare providers will never be excellent researchers or innovators because the work does not interest them. Recognition of this fact could stop the venerable but increasingly anachronistic tradition of force-feeding healthcare trainees with “scientific” information that has little relevance to everyday practice and could shorten healthcare professional training and reduce the medical school science faculty population and the financial burden it creates.

Such an attitude change could also nudge the emphasis in medical schools toward practical problem solving, especially if promotion and recognition rewarded it rather than the publication of arcane papers in prestigious journals and acquisition of basic research grants as the vehicle for advancement. Since problem solving is the major goal of the medical products industry, such an attitude change could set the stage for industry to shore up the declining financial contributions to research by the GABC.

3.	Understand that industry should not and will not simply supplant the GABC model of subsidizing research for research’s sake. Basic research has value and will persist in academia, though, as Terence Kealey explains in Chapter 2 in this volume, it does not require massive public funding. In addition, downsizing the basic research enterprise to a level that academic institutions can responsibly and sustainably support would make a far more persuasive case for some public supplementation than arguing that government should be almost wholly responsible for academic biomedical research as an entitlement.

4.	Accept that the cultural elements that reward the pursuit of intrinsic interest and general relevance in scientific endeavor seem to be hard-wired and will no doubt persist among basic researchers. However, academic officials can help to level the playing field by promoting and honoring individuals who engage in the efforts required for innovation. Successful prosecution of intellectual property and licensing of technologies to industry should have as much cachet as publication in high-profile journals and awarding of grants.

The NIH currently supports such activities through its Small Business Innovation Research (SBIR) program. A problem with this system is that (predictably) the NIH tends to convene review panels that emphasize basic science expertise rather than the technological competence required to promote innovation proposed by the projects. The result is that these grants receive low ratings and are funded only because the number of applications is far lower than the number of standard research grant requests.

These changes would ameliorate the pharmaphobic attitude and perhaps raise the possibility that private industry will take a serious interest in partnering with academia to promote innovation. This might actually make the GABC an engine of innovation.



Medical Innovation and the Cost of Health

In a slim volume published in 1952 entitled The Cost of Health, Ffrangcon Roberts, a British physician, documented an exponential rise in health spending in the United Kingdom (since 1900) and correctly ascribed it to the fact that instead of dying prematurely of previously unmanageable diseases, many people were benefiting from what he eloquently characterized as “medicated survival.”57 Although the expense figures Roberts compiled were a mere blip on the ascending cost curve that followed, its upward trajectory has not changed since.

Roberts concluded that the only possible remedies for the Malthusian expansion of medical costs were to ration healthcare or for a nation’s economic productivity to grow sufficiently to accommodate the costs. Over the past decade, relatively slow economic growth has rendered this second alternative extremely challenging.

The implication of Roberts’s analysis was that medicated survival axiomatically increases healthcare costs. If these costs exceed society’s ability to sustain them, is investment in medical innovation ultimately, as some aver, detrimental to society?58 A difference between Roberts’s 1950s perspective and today’s is that medicated survival is now far more compatible with economic productivity. Arthritis, for example, owing to diverse etiologies, in Roberts’s time often precluded gainful employment and limited consumption of other than medical goods and services. Thanks to medical innovation, joint disease is far more manageable and consistent with an active lifestyle conducive to material production and consumption.

Many other examples exist, documenting a positive impact of medical innovation on formerly chronic debilitating diseases. This fact, plus the declining birthrate in developed countries, implies that on balance medical innovation, and its effect on longevity, is economically beneficial. Breakthroughs in the management of unmet medical needs, such as dementia, will confer even greater value.59



Conclusion

If, as argued here, the government-academic-biomedical complex is a relatively poor system for medical innovation, why has it lasted so long and received so little critical scrutiny? The retrospective analysis provided in this chapter provides unpredictable—and predictable—reasons.

Unpredictable, in part, was how the system changed. At the GABC’s onset, medical research took place in a few institutions such as New York’s Rockefeller Institute or in not-for-profit hospitals affiliated with universities. The hospitals were nonprofit because little profit was possible. The relatively limited availability of medical technology relegated clinical care predominantly to observing hospitalized patients whose illnesses did or did not resolve spontaneously or responded to limited available treatments. Therefore the physicians staffing these hospitals had abundant free time to pursue research in their laboratories, often making measurements on blood or other body fluids taken from patients. Thanks to this leisure and the prestige associated with research, clinician-researchers were willing to sacrifice some income for providing clinical services. The lack of reimbursement restraints at that time still enabled these individuals to sustain comfortable incomes. The bounty of insights yielded by the first medical innovation era meant that researchers working under these relatively leisurely circumstances could only perceive an influx of federal research funding as a great opportunity to amplify their efforts and increase their chances of making discoveries that would advance their careers. The incipient GABC amply supported that perception.

But the system changed. The very success of medical innovation transformed university hospitals into intensive service providers, drove up costs, and accrued an expensive bureaucratic apparatus to manage the service business. Hospital survival, dependent on financial success in providing services, put research on the back burner. One aspect of the bureaucracy—warmly embraced by the GABC—was ever-increasing regulatory oversight, such as over the ethics of experimentation with humans and animals, over the performance of laboratory tests, and over researchers’ interactions with industry. These regulations addressed some real but often theoretical concerns and have impeded research.

Predictable, on the other hand, has been the institutional response to these systemic changes based on the fundamentals of human nature and on a consequence of the history of medicine itself.

The human element is that the bureaucracy created by the massive corporate expansion of the biomedical enterprise has created a managerial class with few incentives to challenge the system—and strong incentives to suppress dissent, because disruptions threaten managerial security. Most researchers have no financial or political wherewithal to express dissent. Unlike most business leaders, medical managers have relatively little accountability because the metrics of success in healthcare are so vague and unpredictable. The few investigators who have played the GABC successfully determine what research topics are fashionable and thereby exert regulatory capture of the granting and publication system based on peer review.

Even the leadership of the medical products industry has little motivation to challenge the GABC. It may not enjoy the rhetorical attacks of pharmaphobia, but absent price controls—something its lobbyists have managed to prevent so far—they represent no serious challenge to the industry’s profitability. The industry’s investors don’t care where the science resulting in profitable products originates.

The esoteric nature of science in general and medical innovation in particular has helped to accommodate the widely held conceit that government-supported academic research is the source of most medical innovation. Enactment of the reform recommendations summarized here will require public education concerning the fallacy of that view. Arguably, those who ought to be most motivated to promote those reforms are individuals who personally suffer from diseases that are currently poorly managed by available medical technologies or who have friends or relatives in that circumstance.
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REGULATION OF CARCINOGENS AND CHEMICALS

What Went Wrong


As a professor of toxicology in the School of Public Health and Health Sciences at the University of Massachusetts, I teach a course called Environmental Risk Assessment. Among the topics covered are the history of environmental legislation, how such legislation created the legal framework to establish environmental exposure standards, and the scientific basis for regulation of chemical carcinogens and ionizing radiation. In the course we also place these types of regulation in their social, political, economic, and international contexts.

Current regulations are based on a deliberate misrepresentation of the scientific basis for the dose response for ionizing radiation-induced mutations by the former leaders of the radiation genetics community. In 1956, these actions culminated in a successful attempt by the prestigious U.S. National Academy of Sciences (NAS) Biological Effects of Atomic Radiation Committee (BEAR I)-Genetics Panel to manipulate the world’s scientific community and the general public when it recommended that the dose response for radiation-induced mutation be changed from a threshold to a linear dose response.



FIGURE 7.1

Comparison of the three leading toxicologically based dose-response models (threshold, linear, and hormetic) used in risk assessment
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This seemingly minor technical matter can best be shown with a simple illustration (see Figure 7.1). This model, called the linear no-threshold (LNT), searches for the lowest exposure to a carcinogen or ionizing radiation that is associated either with substantial mutations or with cancer itself. That should be the starting point for any dose-response model, but it is not. Instead, a line is drawn backward from the detection threshold data point to the origin on the graph. The implication is obvious. By forcing the response through the origin, any exposure—including the most minuscule—is claimed to be dangerous.

The National Academy’s recommendation to switch to a linear dose response misled the world’s regulatory community, affecting carcinogen standards for chemicals and ionizing radiation to the present day. A small group of ideologically oriented and prestigious scientists took advantage of their status and opportunities to institutionalize a demonstrably wrong paradigm concerning carcinogen regulation. While they no doubt thought their actions virtuous, they were also willing to blatantly disregard scientific norms in support of the paradigm. Their revolution has been successful for more than half a century—that is, through more than two generations of scientists and the entire modern regulatory history, predating the Environmental Protection Agency (EPA), Occupational Safety and Health Administration (OSHA), National Institute for Occupational Safety and Health (NIOSH), Agency for Toxic Substances and Disease Registry (ATSDR), and influential professional societies, including the Society of Toxicology (SOT), the Society for Risk Analysis (SRA), and many others. The science behind this revolution was known to be false at the time it was undertaken. The LNT model became accepted as truth and was uncritically incorporated into environmental toxicology and risk assessment history, becoming unquestioned dogma and a core scientific belief. It is passed on to new generations of toxicologists, regulators, policymakers, and the general public as part of our scientific and regulatory culture.

Although the situation described above is bad enough for the LNT, the regulatory community also adopted the threshold dose-response model for noncarcinogens, assuming that it would make accurate predictions of responses in the low-dose zone. However, no person or group within the entire regulatory edifice of multiple federal and state agencies in any country ever validated the capacity of this model to make accurate predictions in the low-dose zone. Regulatory actions would be highly dependent on this model to protect the public health. Some 70 years later, when vetting of the regulatory dose-response models finally took place, the threshold dose-response model (as well as the linearity dose-response model) was found to be an abject failure.1 The next section of this chapter supplies the supporting facts.

A further issue is that global regulatory agencies, as well as many in the scientific community, are not aware that the risk-assessment regulatory framework is built on a series of misrepresentations, unexamined assumptions, and erroneous beliefs that were later seen as complex social constructs, including an intriguing combination of self-interest and transgenerational inheritance of unquestioned concepts. Regulatory scientists and administrators benefited from the existing LNT paradigm—so much so that they didn’t do the simple falsification and validation experiments that are at the core of science.

In the first decade of the 21st century, I became interested in determining how the scientific and regulatory communities had validated the threshold dose-response model. After several months of actively searching for articles and any related material concerning the validation of the threshold dose-response model, I began to wonder if it had ever been done. I then called a number of senior toxicologists both in and outside of government asking if they could direct me toward the validation studies. None could. I then renewed my efforts, trying new search strategies to uncover any validation studies, yet none were successful. I then decided to include mention of these failed attempts in seminars and other presentations, hoping to inspire someone in these scientific audiences to come forward with information on such validation. No one ever did. At some point, approaching two years into my search, I came to the conclusion that the threshold dose-response model had probably never been validated during the entire 20th century. This led me to conclude further that entire national standard-setting programs were built on an assumption rather than a reality. It was a paradigm of scientific correctness that had been passed down from one generation of scientists and regulators to another, codified into textbooks, legislation, and hazard assessment protocols for all chemicals and drugs. It is truly mind-boggling that no one ever challenged it.

Having never discovered any prior effort to validate the threshold dose-response model, my colleagues and I set out to do so with multiple independent data sets. Our broader intention was to test the capacity of the threshold, linear, and biphasic models to make accurate predictions in the low-dose area.2 These efforts, which resulted in the publication of several papers in leading toxicology journals, revealed that both the threshold and linear dose-response models consistently and uniformly poorly predicted responses in the low-dose zone.3 In fact, their respective performances were far below any fair-minded acceptable level. The only dose-response model that performed consistently very well in each of the evaluations was the biphasic one. This is not surprising since it forms the basis for modern pharmacotherapeutics.

The findings revealed that the threshold dose response, which became the only model of choice by the medical, scientific, and regulatory communities starting in the late 1920s for chemicals and radiation exposures, was shown to have very significant limitations. In addition, my concurrent research on the biphasic dose response had already revealed many thousands of cases in which the threshold dose-response model also failed to predict responses in the low-dose zone.4 We found that the entire regulatory edifice for chemicals and radiation had been built on a failure of the scientific, medical, and regulatory communities to ever take the time to vet the model on which they were betting the health of the human population.

The similarity between the fiascos of government dietary advice and of regulatory science is painfully obvious. One caused an epidemic of obesity and type 2 diabetes, and the other caused countless morbidity by “outlawing” things that would be beneficial in small doses. This is diametrically opposed to the therapeutic model and the hormetic response, and it shows the lengths scientists will go to in order to protect an established, but failing, paradigm.

Assuming that one intellectual generation lasts about 20 years, then we have now passed through four to five generations of physicians and scientists who accept the threshold model on faith. A serious problem with this situation is that the scientific, medical, and regulatory communities had every professional incentive to protect the existing paradigm. They marginalized the biphasic dose response by continuing to associate it with the high-dilutionist wing of the homeopathy party, an easily ridiculed group. The strategy worked, even if it was based on a falsehood.5 However, oft-repeated falsehoods become truths. Biphasic dose responses were not seen often, and when they were seen they were trivialized and discounted. We are still in the early stages of Thomas Kuhn’s model for paradigmatic change:


In science … novelty emerges only with difficulty, manifested by resistance, against a background provided by expectations. Initially, only the anticipated and usual are experienced even under circumstances where the anomaly is later to be observed.6



We are now at the stage where only a very few are “observing the anomaly,” in no small part because there is very little incentive and a lot of professional downside in doing so. When this lasts for multiple scientific generations, an alternative, more explanatory paradigm is systematically suppressed.


Linear No-Threshold: Origin and Implications

Ultimately the threshold model for ionizing radiation would morph into the LNT. This development was an outgrowth of the 1927 research findings of Hermann J. Muller that very high doses of x-rays could cause gene mutations in the mature spermatozoa of the male fruit fly, a discovery that took nearly two decades of intense focus and much competition.7

The first challenge to the threshold concept by the mainstream scientific community was offered by two physical chemists from the University of California, Berkeley, one of whom was the internationally famous Gilbert Lewis, who would be nominated for the Nobel Prize some 42 times before dying in 1946 from cyanide poisoning in his laboratory. They were seeking a mechanistic understanding of the process of evolution, one of the most significant questions of that time period.8

Following the discoveries of Charles Darwin and Gregor Mendel, there was great interest in trying to discover the mechanism by which evolution occurred. It was believed that evolutionary change must be mediated through gene mutation. The problem was that, since about 1910 and for the next 17 years, no one had been successful in inducing mutations using a whole host of toxic agents and different types of radiation. With Muller’s breakthrough, Lewis proposed that the mechanism of evolution was gene mutation caused by cosmic rays and background terrestrial radiation. Because the dose is so small, he assumed that the dose response would have to be linear at a low dose. As a result, Lewis’s hypothesis was only able to account for about 1,300th of the background mutation rate, based on Muller’s fruit fly data and assuming a linear dose-response relationship.9 Muller retained his commitment to understanding the causes of evolution, but it seemed pretty clear that the mechanism would not be found in Gilbert’s background radiation hypothesis.

Although Muller did not support Lewis’s arguments that cosmic and terrestrial radiation were the driving force for evolution, he soon directed several students to assess the dose-response features of the x-ray treatment. Muller ultimately won a Nobel Prize for this, but his research in fact did not yield a linear dose response. Of his three experiments, the third lacked a control group, thereby preventing a firm assessment; the second gave the suggestion that the responses varied nonlinearly with dose but with the square root of the dose, while the initial experiment yielded data consistent with a threshold dose response.10

His students’ research continued to employ what amounted to very high doses. Nonetheless, these researchers reported linear dose responses. Based on these findings, Muller developed a strong belief that the dose response was linear and that linearity would extend down to a single photon.11 The lowest doses tested in their linearity-supporting articles were about 300,000-fold greater than background. Furthermore, Muller was selective in choosing which data to focus on, as there were other contemporary credible findings displaying a threshold perspective.12 In fact, on balance there was more support for a threshold dose-response model interpretation than for a linear perspective. Yet Muller would give the impression that he passionately and firmly believed that the dose response for gene mutation was linear in the low-dose zone. It is difficult to understand how Muller would make a “commitment” to a dose-response model for low-dose predictions when there was no testing in the low-dose zone!

Despite the use of extremely high doses and other data that challenged a linear perspective, Muller would nonetheless introduce the term “proportionality rule” in 1930 to define the nature of the dose response for ionizing radiation-induced gene mutation in the low-dose zone.13 He was claiming that ionizing radiation and gene mutation were different from other agents and endpoints, respectively. He claimed that radiation-induced gene mutations do not show a threshold but act in a linear fashion. Soon thereafter, the proportionality rule gained traction within the radiation geneticist community, in large part because Muller had become famous as the first to induce changes in heritable material.

With the discoveries of Muller, the American X-ray and Radium Protection Committee concluded that there was enough evidence for them to be concerned about genetic injuries.14 Nonetheless, such discussions did not result in policy changes and the threshold model retained its dominance. Based on the recommendations of Stanford’s Robert Reid Newell, the 1940 committee did adopt a 50 percent reduction of the radiation exposure standard, down to 0.05 r/day.



The Manhattan Project and the LNT

The Roosevelt administration created the Manhattan Project in response to Albert Einstein’s 1939 letter to President Roosevelt about the likelihood of a German effort to build an atomic bomb (see also Chapter 1). As part of this effort, research was undertaken to better assess the nature of the dose response to ionizing radiation. The key research on mutation was to take place at the University of Rochester under the direction of Dr. Donald Charles for mouse studies and Dr. Curt Stern for fruit fly investigations.

In the case of the mouse work, no detailed papers were ever published. Only two brief summaries appeared, one in 1950 and the other in 1961. It is not clear why the mouse work did not yield the type of productivity and insights expected, despite the use of nearly 400,000 animals. Regrettably, life did not end well for Charles; he left his position at Rochester and, in 1955, committed suicide in a Manhattan hotel, leaving a despondent letter reflecting both job and marriage failings.

Stern’s research, however, would revolutionize the field of cancer risk assessment and eventually lead to the institutionalization of the LNT. Stern was a towering giant in genetics, having discovered a component of chromosomal crossing-over, a mechanism that is a key foundation of modern genetics. Soon after joining the Manhattan Project he appointed Muller as a formal consultant. Muller and Stern firmly believed that the experiments with the fruit fly would provide strong support for the LNT model, confirming their long-held views. Their efforts were the most extensive to date.

Furthermore, they would be working with highly experienced individuals. In their first major experiment under the direction of Warren Spencer, an Ohio State University PhD graduate and a fruit fly expert on leave from the College of Wooster in Ohio, they found that acute doses of x-rays (i.e., total dose given over 2–40 minutes) appeared to cause a linear dose-response relationship for germ cell mutations. This research, which became highly acclaimed, had many important methodological limitations, especially affecting the validity of low-dose responses. Yet these limitations were either ignored or missed by experts in the field. A detailed internal letter by Muller in 1945 assessing the Spencer research also failed to identify any of the many now-recognized weaknesses of this research.15

A follow-up study by Ernst Caspari was designed to assess the effects of gamma rays that were administered throughout the entire life of the fruit fly, providing chronic exposure. The comparative dose rate in the Caspari experiment was about 1/13,000th of the lowest-dose rate given by Spencer. Even though both studies administered the same total dose, Spencer delivered it in a few minutes, while it took three weeks in the Caspari study. According to the LNT model, both studies should have resulted in the same amount of damage since ionizing radiation was assumed to cause damage that was cumulative and irreversible.16

It did not. To the surprise of Caspari, the mutational data were not cumulative, revealing an apparent threshold response. In effect, Caspari’s data challenged the assumption that mutation damage was best predicted by total dose—a key feature of the LNT model—rather than by dose rate. Stern initially did not accept these findings, claiming that the data were most likely an artifact of the experiment, with the control group displaying a much higher than normal response, thereby leading to the threshold, rather than the linear dose response. Caspari dug in, searched the literature, and found a number of papers that supported his position that the control group had responded normally, forcing Stern to back down, at least temporarily.

While Stern was forced to retreat on the issue of the control group, he intervened with a more powerful strategy that had the same effect, which was to not accept the threshold dose response. He forced the discussion of the Caspari paper to conclude that it was not possible to accept the threshold interpretation until it was determined why this study obtained different results than the earlier Spencer work. Stern knew that the two studies had at least 25 significant methodological differences, making them virtually impossible to properly compare. For example, the studies differed in the type of radiation used, the diets the flies were reared on, which sex was exposed to the radiation, the temperature of the study, and many other factors. To figure out exactly why the two studies obtained different results would be a major undertaking by itself, a task that was never attempted by any of the original researchers, any of Stern’s or Muller’s subsequent students, or anyone else since.17

Stern sent this draft manuscript to Muller for review just before traveling to Stockholm to receive the Nobel Prize in December 1946. On November 12, 1946, Muller wrote to Stern telling him that he was shocked by the findings, that the data offered a strong challenge to the LNT concept, and that the studies needed to be replicated as soon as possible. Yet he could not criticize Caspari, for he was a competent investigator.

Muller traveled to Sweden and received his honor. Despite just having read Stern’s paper, in his Nobel Prize lecture he stated that it was no longer possible to even consider the possibility of a threshold dose response for ionizing radiation. The risk assessment field had to switch from using the threshold dose-response model to the LNT model. He made these comments after having just seen the most extensive set of data on the topic, from a research team that was considered very experienced, where Muller himself provided his own Muller-5 fruit fly strain and was a very involved consultant. Detailed letters between Muller and the Rochester team document the extensive role that Muller had in helping to shape their research strategies, study design, and research methods.18

Within several weeks of delivering the Nobel Prize lecture, Muller would restate the need to replicate the troubling threshold-supporting study, that he had no technical criticisms of Caspari’s research, and that his paper could be published given all the caveats he insisted upon. As a result, Caspari’s result should not have been considered valid until it was determined why his findings differed from those of the Spencer experiment.19

Muller’s Nobel lecture was historic and its worldwide influence profound. Proclaimed in the shadow of Hiroshima and Nagasaki, Muller’s concerns about the effects of radiation on the human genome were a major jolt. The problem was that Muller knew better. He knew that the strongest and most relevant study to date (i.e., the Caspari chronic study) actually supported the threshold model. The story gets even more interesting after that.



Muller and Stern: How Their Omissions Shaped Cancer Risk Assessment

Back in Rochester, Stern sought to replicate the research of Caspari. With the end of the war, Caspari moved on to Wesleyan University in Connecticut and Spencer returned to the College of Wooster.

Stern had a new graduate student named Delta Uphoff. In her first major experiment she and Stern found a serious problem. Her control group mutation rate was about 40 percent lower than what had been reported in the published literature and the Caspari study. In their formal manuscript submitted to the new Atomic Energy Commission (AEC) they dismissed their data as uninterpretable, blaming the results on investigator bias. This was an extraordinary statement that was not discussed further, beyond acknowledging the classified paper. Was the bias that of Uphoff or Stern or both?

These results were very troubling to Stern, who then engaged Muller in a series of letters to resolve the control group issue. This discussion took place over a six- or seven-month period in the first half of 1947. He had already “lost” this debate with Caspari when the published literature was considered. However, Stern knew that Muller was sitting on top of a very large database of control group findings. In these letter exchanges Stern received information that the control group data of Muller were strongly supportive of the Caspari research. Furthermore, Muller had tested control group aging mutational responses in a variety of fruit fly strains, and the data were very consistent.

For unknown reasons, Uphoff’s findings were far off the mark, making them appear unreliable. Muller continued to study this critical issue after he arrived at the University of Indiana, publishing multiple papers with a series of students and all with similar data. Without question, the findings of Caspari were strengthened while those of Uphoff remained in the uninterpretable zone, or so it was thought.

Uphoff’s next experiment also uncovered an anomalously low control group mutation rate. A third and final experiment led to yet a new and troubling irregularity—that of a treatment effect severalfold greater than an estimated linear response.

What to make of these data was the challenge to Stern. In the end, it appeared that his research would suffer the same fate as Charles’s mouse research. After all the effort, the findings were not yielding the expected support for the linear dose-response model. Furthermore, the data from Uphoff’s three experiments were unreliable.

As the pressure mounted on Stern, he opted for a new strategy that would change the face of environmental risk assessment for the next half-century and beyond. He decided to revert to his original position and discount the findings of Caspari. It was Stern and Muller’s best hope to save the linear single-hit dose response. However, he also added a few more academic wrinkles. He then also reversed his position on the findings of Uphoff, claiming that what were “uninterpretable” less than a year earlier were now fully valid and acceptable. These judgments were without any apparent scientific basis, with no explanation provided.

In fact, Stern did not inform the scientific community that he had changed his position from his earlier critique of the Uphoff data. Stern’s reinterpretation was hidden in a highly classified manuscript sent to the AEC that he knew would be seen by only a very few. In the paper’s acknowledgments, Stern and Uphoff stated that Muller had approved their use of his data, which supported the validity of the Caspari control, and that the control group results of the Uphoff study were aberrantly low. This acknowledgment is of historical importance because it connects Muller to the Stern and Uphoff manuscript and his support to the Caspari control group. In fact, letters exchanged between Stern and Muller do this as well. Muller knew that Caspari’s control group mutation rate was normal and that his data were used to support this determination. This point will become important later when Muller bizarrely, publicly, and repeatedly claimed that the control group mutation rate in the Caspari experiment was aberrantly high. Stern also failed to acknowledge the numerous methodological limitations of the Spencer paper, such as irregular control of temperature, the inappropriate combining of various treatment groups especially in the critical low-dose zone, and the inconsistent standardizing of the x-ray equipment, among others.20

When Stern did publish his findings, all five experiments (i.e., the Spencer, Caspari, and Uphoff research) were summarized in a table in a one-page technical note in the journal Science.21 Since many data were missing and no methods were presented, he stated that a follow-up detailed paper would be published with all the methods and data. However, in a significant failing, Stern never published the promised follow-up paper.

It is more than curious that Science would have published such a note without any supportive material, suggesting that Stern may have used a personal contact at Science to get his paper published. Several months before Uphoff and Stern submitted their manuscript, Bentley Glass, Muller’s first PhD student at the University of Texas, who had received a Fulbright Fellowship to work with Stern, became an editor at Science. Given the expertise of Glass in fruit fly mutation, it is hard to imagine that he was not involved in some oversight of the Uphoff and Stern manuscript.22

This was not the first time that Science would give research related to Muller a strong push forward. For example, when Muller published his Nobel Prize–securing paper in Science, it also did not contain any data. All his paper provided was a detailed discussion of the findings. How was this possible? It seems that Muller knew he was in a race to be the first to show that mutations could be artificially induced. The only way he could win the race was to put the cart before the horse and present only the discussion. Without such deferential treatment from Science, he might have come in second, since others such as Lewis Stadler at the University of Missouri were not far behind.

In the years after Science published Uphoff and Stern’s technical note, the issue of a Caspari and Stern study indicating chronic low-level radiation effects surfaced repeatedly.23 However, Muller was quick to assert that the findings were problematic since the control group mutation rate was uncharacteristically high and this was the principal reason why the Caspari and Stern data showed a threshold.24 While Muller offered such comments in the published literature, his own data and various documents discussing his data confirmed that he repeatedly and strikingly contradicted himself.25 This behavior was quite risky since the contradictions would have been easy to show if one were willing to confront this scientific icon and his group of loyal radiation geneticists. His contradictions were necessary to support the LNT model, and they were also needed to support his remarks in the Nobel Prize lecture. However, no one stepped forward to confront Muller or Caspari.

By the early 1950s the radiation genetics community had been won over: it accepted the LNT model and rejected the threshold model for mutation. This talented group had never investigated in adequate detail the Spencer, Caspari, and Uphoff papers that were coauthored with Stern. The numerous critical limitations of the Spencer paper never surfaced. Likewise, the “uninterpretable” findings conclusion concerning the Uphoff data remained unknown. The only critical focus was directed toward the Caspari study, and this was due to the false charge of a high control group mutation rate as perpetuated by Muller and Stern.

With the acceptance of the LNT model, the regulatory agencies uniformly appealed to the authority of Muller and Stern, the leading radiation geneticists, accepting their “uniquely informed insights” on the most influential studies. Confirmation bias is common in science and in life, but in this field it provided a type of preconditioning for the perfect risk assessment storm.

At a critical time in environmental public health history, the National Academy of Sciences convened a major assessment of the public health implications of low doses of radiation, including their mutational effects. Concerns about public exposure to ionizing radiation rose during the early 1950s, when the United States and the Soviet Union were in an arms race and were actively conducting above-ground testing of their atomic weapons. Despite their highly attenuated concentrations, radionuclides quickly achieved worldwide distribution, finding their way into foods and drinking water. Exposure to ionizing radiation was being rapidly expanded from patients and medical personnel to the general public.

Until this time, Muller and his group of radiation geneticists had always been outvoted or outmaneuvered on the issue of the nature of the dose response—that is, the threshold versus linearity debate. Now the genetics panel of the NAS committee had the votes to switch the risk assessment paradigm. Finally, they had their chance to protect the human genome from radiation-induced mutation and the occurrence of heritable diseases as well as cancers. In fact, the radiation geneticist community of that era deeply believed that it was their responsibility to save future generations from genetic harm. No other discipline had their knowledge, experience, and unique insights. This was not only their time, but also their opportunity to change risk assessment policy in the United States and worldwide.

For two decades the radiation genetics community had fought to change the risk assessment paradigm for ionizing radiation. They wanted it based on heritable changes, and they wanted the dominating threshold model that had pervaded the medical community replaced with the LNT model, which was born from Muller’s research with mature fruit fly spermatozoa and transformed into a regulatory mechanism based on the assumption that a single hit could induce a mutation, which could possibly lead to birth defects or cancer in humans.



The National Academy of Sciences BEAR I Genetics Panel: How It Misled the World on Risk Assessment

One might have thought that the historic convening of the NAS Genetics Panel in 1955–1956 would produce a major debate over whether the LNT model should replace the threshold dose response for assessing the risk of mutation and cancer. It would be a test of the wills, the historically powerful medical community versus the upstart radiation geneticists led by their Nobel Prize winner, Hermann Muller. At least that is how I expected to find that the series of meetings of these two groups of scientific and medical leaders would go. I obtained the transcripts of their meetings, eager to read the debate and to learn what arguments had been the most persuasive and who had led the way.

To my surprise, there was no debate at all. In fact, it became quite clear that a decision had been made before the convening of the Genetics Panel that LNT was in and threshold was out, an observation later confirmed in the historical writings of the unusually named scientist Dr. Jim Crow, the last member of the Genetics Panel to die.26 All that was needed was to stack the panel with the correct people and the votes would be there.27 The Genetics Panel was highly leveraged to support the Muller perspective. It wasted no time debating the merits of LNT and threshold. The group simply adopted an LNT perspective and then moved on to other issues.

During their assessment, the BEAR I Genetics Panel falsified and fabricated the research record concerning the estimate of radiation-induced genomic risk, as I have documented in detail.28 It made a decision not to share the profound degree of uncertainty among the panel members, but rather to misrepresent it by removing and changing data concerning estimates of genetic mutations in the U.S. population at a certain level of radiation exposure.

The panel members were worried that the scientific community, government officials, and general public would not accept their radiation health/risk policy recommendations, including the adoption of LNT for risk assessment, if they were honest and shared the sizable uncertainties. They deliberately misrepresented the research record in their formal panel publication in the journal Science. When a group of prominent biologists requested that the panel provide the documentation for their policy recommendations, they voted not to, a vote that was shared with the president of the NAS, Detlev Bronk, thus linking the deceptive practice right to the top. All these actions of the panel are documented in the historical record (see endnote 24).

This set of coordinated deceptions was used to persuade other scientific bodies and the international community to follow their leadership and direction. Yet this course of action was surprisingly easy. It started with the activism and leadership of the Rockefeller Foundation, which provided the funding for the panel in the first place, printing many thousands of copies of the deceptive report and distributing it widely, including to all public libraries in the country. It was also soon arranged to have the journal Science lend its immense credibility to the dose-response switch by permitting the panel to publish a substantial paper on their conclusions.29 Congressional hearings were also convened, and members of the panel testified, advocating the use of the LNT and basing it largely on the publications of Stern and his colleagues, Spencer, and Uphoff. Science would play a further role in the process by publishing a profoundly influential paper by the future Nobel Prize winner Edward B. Lewis on cancer and radiation exposure, a paper that was heavily dependent on the Uphoff and Stern technical note.30 This article obtained a further boost from Science once again, receiving a ringing endorsement in an accompanying statement by the journal’s editor-in-chief.31

As noted in an oral history, Lauriston Taylor, chairman of the National Committee for the Radiation Protection and Measurement (NCRPM), stated that other national and international radiation committees, including his NCRPM, were quietly waiting for the proclamations of the NAS panel, as it carried substantial authority. Once the NAS report was made public, these committees soon recommended the switch to the LNT and its generalization to somatic cells so that the LNT could be applied not only to mutational events, but also to cancer risk assessment. Further speeding up the process was the fact that some members of the NAS Genetics Panel served on several of those other panels, thus extending their impact and influence. In effect, these radiation scientists got to vote two or three times, further stacking the deck and getting multiple bites at the apple.

Within a very short time, the radiation geneticists had led a profound environmental and medical policy revolution. They got the U.S. government and the world regulatory community to adopt a new risk assessment paradigm, even if it was a little short on real data.

There was now a global consensus that there was no safe exposure to ionizing radiation, that the dose response was linear. Even if one could not measure the impact scientifically, it was assumed that even a single ionization would cause permanent damage and increase the risk of genetic damage and cancer.

From 1955 to the end of the decade, the most significant changes in environmental policy occurred. Not long after the publicity associated with the linearity recommendation of the BEAR I Genetics Panel, its impact began to be seen in the scientific literature: R. R. Newell applied LNT to population-based mutation frequency; and C. Buck, A. Grendon, and others applied the LNT concept to cancer risk assessment.32 This panel’s actions also profoundly ramped up fear of the continuing arms race and probably influenced the United States and the Soviet Union to end above-ground testing. The adoption of the LNT was also at the heart of the creation of something called the “precautionary principle,” a highly conservative way of thinking about risks from emerging technologies, chemicals, and radiation.

There was a major problem with all the success of the BEAR I committee, and that of the radiation geneticists. The science on which they based their good intentions was known by the leadership to be in error. In retrospect, the Genetics Panel of the BEAR I Committee failed to vet the principal research findings on which their recommendation to switch from a threshold dose-response model to the LNT was based. The committee had simply come under the leadership spell of Muller and his longtime and unrelenting advocacy of the LNT. For Muller, his 25-year crusade was finally realized. From the time he first introduced the proportionality rule into the literature in 1930 until it was realized in the recommendations of the BEAR I Committee Genetics Panel, he had been the champion of the LNT movement. Muller would do what he believed needed to be done to achieve this goal.

Muller would also do his best to prevent the publication of papers that might erode belief in the LNT, as he attempted to do in the case of MIT professor Robley Evans (1949), who rejected the LNT.33

Throughout it all, there is very little evidence that Muller’s peers confronted him on any of these key issues. However, there was an instance when Muller was so upset that a paper in Advances in Genetics had been published without his having first reviewed it that he threatened to resign from the editorial board, berating the author and the judgments of the reviewers and the editor. So offensive were the written comments of Muller that Milislav Demerec, the journal editor, did stand up to Muller; he defended the journal and the review process and told Muller that he was dangerously close to imposing his version of censorship on the journal.34 With the line drawn in the sand by the feisty Demerec, the powerful Nobel Prize winner struck back by resigning from the journal, a move that insulted Demerec, who had a long record of helping to ensure that Muller’s research would be funded.

Despite his willingness to stand up to Muller, Demerec was just as committed to the LNT as Muller, Stern, and the others. In fact, when Caspari shared his threshold-supporting findings with Demerec in the fall of 1946, a disturbed Demerec challenged Caspari with the same question that was also being considered by Stern and Muller: “What can we do to save the hit model?” It was not about following the data, but rather about preserving a dogma and a paradigm cloaked in virtue and virtue-signaling—that is, protecting the public from certain harm.

While it may be possible to see this group of radiation geneticists as misguided in their romantic heroism to save the world from genetic harm caused by nuclear testing and the excessive use of medical x-rays, information is also available in the preserved private correspondence of some of the members of the BEAR I Genetics Panel to suggest that professional self-interest was a commingled prime motivator in their fight to “ban the bomb.” The majority of the Genetics Panel were active researchers in university settings. Just like today, there was a publish-or-perish mentality. Research dollars were critical, and such resources were provided by governmental organizations and foundations for these investigators. Almost all of the academic members of the Genetics Panel were externally funded. While competition for funding was therefore central to the process, letters indicated that some members of the BEAR I Genetics Panel also deliberately overstated the nature of the radiation dangers to the public health and used highly inflammatory language to make their research seem more frightening and important—that is, more fundable. By advocating strongly for the LNT, the members of the Genetics Panel would make their area of paramount importance, enhance their professional opportunities to advise the government, receive research funding, and engage in consulting activities.



Academics and Self-Interest Science

In his 2007 dissertation, Michael Seltzer provided evidence that members of the Genetics Panel clearly saw their role in the NAS committee as a vehicle to advocate and lobby for funding for radiation genetics. Moreover, it was hoped that the committee, which continued to exist for many years, would influence the direction and priorities for future research funding.35

Such hoped-for funding possibilities for radiation geneticists can be seen in correspondence between Chicago’s George Beadle (also a Nobel laureate), Columbia’s Theodosius Dobzhansky, Muller, and Demerec. For example, Demerec, the head of genetics research at Cold Spring Harbor Laboratory, offered a possible funding plan that


could be accomplished by setting aside a fund, (let us say, one hundred million dollars) to be administered by some competent organization (such as the National Academy of Sciences) and used during a period of twenty or twenty-five years to fund already functioning research centers so as to attract and train first rate scientists.



Dobzhansky reacted to Demerec’s proposal by indicating that he would,


needless to say, be all in favor (of) $100,000,000 for research in general genetics.… But I would find it hard to keep a straight face arguing that they [general genetics] must be studied to evaluate the genetic effects of radiations on human populations.36



Demerec responded:


I, myself, have a hard time keeping a straight face when there is talk about genetic deaths and the tremendous dangers of irradiation. I know that a number of very prominent geneticists, and people whose opinions you value highly, agree with me.37



Dobzhansky responded:


Let us be honest with ourselves—we are both interested in genetics research, and for the sake of it, we are willing to stretch a point when necessary. But let us not stretch it to the breaking point! Overstatements are sometimes dangerous since they result in their opposites when they approach the levels of absurdity. Now, the business of genetic effects of atomic energy has produced a public scare, and a consequent interest in and recognition of (the) importance of genetics. This is to the good, since it will make some people read up on genetics who not have done so otherwise, and it may lead to the powers-that-be giving money for genetic research which they would not have given otherwise.



Seltzer concluded that these letter exchanges demonstrated that the geneticists were very concerned about the viability of their profession and that they clearly recognized their “moment” in the government and public spotlight. They definitely wanted to find a way to manipulate the current situation to improve their opportunities for increased funding.

In their letters, the geneticists revealed that their scientific and social goals were also entangled with their need to advance their research area and career success. It is striking to read phrases like “finding it hard to keep a straight face” and a willingness to “stretch a point” all in the name of self-interest. Both phrases indicate a capacity and willingness to distort the truth in the name of self-interest. Self-interest may have played a role in their failure to vet Stern’s research findings and in their failure to demand that Stern provide a detailed paper after publishing the note in Science. These types of biases are critical, for they can affect the outcome of a committee’s recommendations. The situation with the BEAR I Committee Genetics Panel was clearly problematic on multiple levels.



Muller, BEAR I, and the EPA Cancer Risk Assessment: The Connection

The recommendations of the BEAR I Genetics Panel proved to be of profound significance for the cancer risk assessment of ionizing radiation.38 The recommendation of the panel had a long reach, across decades, agencies, and agents. Although intended for ionizing radiation, the LNT concept could be generalized, and once it could be reliably shown that chemical carcinogens were often mutagens it would not take too long for the newly emerging EPA to make the BEAR I dose-response recommendation its own.

In his history of carcinogen assessment, Roy Albert, the chairman of the EPA Cancer Assessment Group (CAG), wrote that during the 1970s the EPA adopted the LNT of the Atomic Energy Commission that had been applied to exposures from atomic weapon test fallout. He noted that the LNT model was simple and that its simplicity made it attractive to the EPA. In fact, to determine the potential incidence of cancer, all that was needed was to identify the lowest dose of an agent that induced a statistically significant response and draw a straight line to the origin of the graph. The biological plausibility was based on the linearity of the mutation dose response as set within the framework of target theory. Importantly, Albert noted that “any difference between chemical carcinogens and ionizing radiation could be ignored as they both caused genetic damage.”39

The actions of the EPA to adopt the recommendations of the BEAR I Genetics Panel for its cancer risk assessment activities reveals that the foundation of modern cancer risk assessment in the United States and in most countries was based on incorrect findings.

Of considerable importance is that both Muller’s research and that of Stern during the Manhattan Project period were performed with mature spermatozoa. Muller, Stern, the Drosophila-dominated radiation genetics community, and advisory committees around the world extrapolated findings from mature spermatozoa to somatic cells, not realizing that mature spermatozoa lacked the capacity to repair damaged DNA. It was this inability to repair DNA within the mature spermatozoa that led to its heightened mutational susceptibility and its capacity to grossly overestimate mutational risks in other reproductive and somatic cells.

This was especially true at low dose rates, and created a belief among the radiation geneticists in the correctness of the LNT model. This belief, which was initiated by the BEAR I Committee Genetics Panel and soon generalized to cancer risk assessment by other advisory groups, was a flaw of major proportions. This action was something like using mutating bacteria lacking DNA repair to estimate genetic risks in humans. Not only did this group of radiation geneticists ignore evidence that conflicted with their policy desires; they also got the science wrong.

The concept of dose rate in radiation would be unequivocally reported as early as 1958 by William Russell and his colleagues.40 DNA repair would be discovered by Tomas Lindahl in the early 1970s; a given cell repairs itself 200 times a day.41 Together, these two findings should have been fatal to the LNT and the massive regulatory artifice that it spawned. The massive global community will take a long time to change, especially since it has largely adopted the precautionary principle, making it more difficult to self-correct as new scientific understanding emerges.



Final Thoughts

The paradigm guiding risk assessment for carcinogens and noncarcinogens is based on a demonstrable falsehood. The Environmental Protection Agency uncritically accepted the LNT for the assessment of risks from carcinogens like ionizing radiation and certain chemicals, as well as for toxic chemicals. The agency built its entire regulatory edifice on models that have been shown to exaggerate the risks of substances in the low-dose zone, the location where we spend the vast majority of our time.

It is hard to imagine that the regulatory agencies and all the regulated industries and their subsidiary consultants never thought to examine the foundations on which all the regulations that they debate, fight, and litigate are based. The failure of the scientific community and the regulatory agencies to uncover the unscientific origins of the LNT and how it came to influence the risk assessment process is important because it profoundly affected the development of environmental legislation, health standards in air, water, food, soil, and the health of the population. This failure devolves to the economy, the proper use of natural resources, and the course of environmental and public health history. Correcting this gargantuan error remains a fundamental challenge to, and a necessity for, the regulatory community.
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RADIATION POISONING


Americans are one of the few peoples in the world who, as landowners, own both the land and what is beneath the surface. If there happens to be a rich vein of gold beneath your feet, it’s yours to have, hoard, or sell.

Consider the case of Walter Coles Sr. Under his property, at Coles Hill, Virginia, in poverty-throttled Pittsylvania County hard up against the North Carolina border, around 200 miles inland from the Atlantic Ocean, is the largest known uranium deposit in the United States, and the seventh largest on earth.1 The value has been estimated at around $7 billion.2

In late March 1979, a geologist for Marline Uranium was driving a Hertz rental car in which he had placed a scintillometer on the dashboard. Much like a Geiger counter, the device detects radioactive decay as it happens. Most of the time, such a machine produces sporadic chirps. But near Coles Hill the counter went off the chart. The next day, Henry Singletary, another employee of Marline, verified that the company had found a humungous uranium deposit—one that would be remarkably easy to mine because the deposits were both on and not far below the surface.3

In a remarkable coincidence, that very day, March 28, 1979, a cooling malfunction caused a partial meltdown of a nuclear reactor at Pennsylvania’s Three Mile Island power plant. It did not matter to public opinion that the average amount of radiation exposure to the 2 million people who live in the vicinity of the plant was a mere 1/100th of the annual exposure from natural background radiation. What did matter is that a physically impossible accident in a U.S. commercial power reactor was concurrently on the silver screen, acted in and promoted by activist Jane Fonda. The China Syndrome, released on March 16, a mere 12 days before the Three Mile Island incident, was a great success even if it was as fictional as a science fiction movie could be. In the movie scenario, a reactor melts down, the container ruptures, and intensely hot uranium or plutonium burns its way down, ostensibly “digging a hole to China.”

Three Mile Island and The China Syndrome empowered anti-nuclear environmentalists, and the Virginia legislature responded to their concerns by declaring a moratorium on uranium mining, which can only be lifted by another act of the same legislature. It was signed into law by Governor Charles Robb.

In the first decade of the 21st century, because of the upcoming 2013 expiration of a program in which Soviet nuclear bombs were turned into reactor fuel, the price of uranium soared. Instead of selling mining rights and reaping an instant profit, Walter Coles tapped his son, Walter Jr., an energy analyst for a Wall Street hedge fund, to raise enough money to start a new company, Virginia Uranium, which later traded on the Toronto Stock Exchange. Coles soon had raised $22 million to capitalize the new company.4

In 2013, the political climate in Virginia was challenging. While the Republican Party held a supermajority in the House of Delegates, and would likely vote to lift the moratorium on uranium mining, the Senate was exactly split, with 20 Republicans and 20 Democrats. Well-funded environmental activists, such as the Southern Environmental Law Center in Charlottesville, and the Piedmont Environmental Council in Warrenton, Virginia, were passionately opposed to uranium mining, and the politics were close and bitter.

As shown in the Introduction, it is easy to understand how the incentive structure of science creates systematic biases in various disciplines. When an extant literature is summarized, the resulting compendium will reflect similar biases. But there is a further distortion that crops up occasionally, which might be called “bias by authority.” We will see this again in Chapter 9 of this volume, on Alaska’s Pebble mine. This bias occurs when governmental or quasi-governmental entities selectively gather scientific experts in pursuit of a foregone conclusion, and it is the sad story of Virginia Uranium, Inc., which now trades for $0.08 per share as Virginia Energy Resources.

In 1863, President Abraham Lincoln requested and signed legislation creating the National Academy of Sciences to “investigate, examine, experiment, and report upon any subject of science.” Of course, what he was really interested in at the time were new technologies and ideas to successfully prosecute the Civil War. Another believer in expansive government, and again in wartime, President Woodrow Wilson created the National Research Council (initially called the National Research Foundation), as the research arm of the National Academy of Sciences.

Congress, the president, or maybe even you—if you have enough money—can ask the Academy to research a topical question and provide scientific advice. The Academy then asks its Research Council to assemble a committee (usually not composed of National Academy members, though some may be included). One way or another, Academy members are almost always a successful product of the Big Science incentive and bias system described in the Introduction and Chapter 2.

Committee members tasked to study a given topic are vetted and well known by the Academy. In controversial areas, there is a majority view balanced by one or a few dissenters. By selecting the participants, the Academy knows the result it will get.

Walter Coles Jr. wanted to play it straight. He proposed that the National Academy commission a report on the state of environmental science and technology with regard to mining his deposit. Surely the Academy would be fair and impartial, he thought.5 And so, the Academy informed Coles that indeed the National Research Council would select a committee to do a report, a report, he was informed, that he had to pay for, via a grant administered by Virginia Tech in Blacksburg that was subcontracted to the National Research Council. Committee members do not travel cheaply, and the administrative support, overhead, and production costs added up to the tidy sum that Coles contributed.

Of the fourteen committee members, four were likely to support exploitation because they had either consulted in defense of the industry on environmental matters or been involved in mining themselves. The views of an ecosystem hydrologist and a uranium geochemist on the committee were harder to predict, though the hydrologist was a board member of a local environmental activist organization near his home institution, Frostburg State University in the rugged Maryland panhandle.

The other eight gave clear indications that they were predisposed against exploitation. Many were strict believers in the linear no-threshold (LNT) model, discussed at length by Edward Calabrese in Chapter 7 of this volume. These panelists were clearly strongly risk-averse, and their views were dominant and reflected in the subsequent report, Uranium Mining in Virginia (hereafter UMV), released on December 19, 2011. The centerpiece of the report concluded:


If the Commonwealth of Virginia rescinds the existing moratorium on uranium mining, there are steep hurdles to be surmounted before mining and/or processing could be established within a regulatory environment that is appropriately protective of the health and safety of workers, the public, and the environment. There is only limited experience with modern underground and open pit uranium mining and processing practices in the wider United States, and no such experience in Virginia.6



The arguments against mining Coles’s deposit were largely geophysical: primarily climatic, with an additional tectonic component. The body of the text refers 26 times to “extreme” climate-related events, and this notion of “extremes” captured the public discourse as a reason to keep the moratorium in place. In town hall meetings, newspaper editorials, and news stories, the specter of contamination of the water supply of Virginia Beach (175 air miles distant from the nearest economically viable uranium deposit) by a flood-induced impoundment failure of modestly radioactive mine tailings was raised repeatedly. Uranium tailings are the leftovers after mining, and they need to be held in place for centuries.

In UMV, the National Research Council made little attempt to compare its geophysical observations to conditions in other areas of the country, or to the parts of the world where uranium mining or processing has taken place or is being done successfully. Further, the report makes no attempt to differentiate the localized Coles Hill climate and seismic risk from those of a general survey of the state. While the National Research Council largely confined its climatic analyses to Virginia, virtually every location in the United States can claim some history of extreme rainfall, wind, snowfall, or drought. In reality, the climate extremes expected at Coles Hill are much less than those experienced elsewhere where uranium is mined.7

Chapter 2 of UMV is “Virginia Physical and Social Context,” and it contains many references to floods and tropical cyclones. According to the report:


Virginia is subject to extreme weather events—hurricanes and tropical storms, thunderstorms, and heavy rainfall and snowfall. In the period from 1933 to 1996, 27 hurricanes and/or tropical storms made landfall in Virginia, bringing with them the threats of flooding, high winds, and tornadoes.8



The relevant citation is an obscure publication from the National Weather Service Wakefield, Virginia, office, titled “Historical Hurricane Tracks, 1933–1998, Virginia and the Carolinas” [emphasis added],9 yet a direct examination of the historical tropical cyclone tracks from the National Hurricane Center reveals that only eight tropical storms (and no hurricanes) made landfall in Virginia (as opposed to the “27 hurricanes or tropical storms” UMV claimed) from 1933 through 1998. Nineteen were in North and South Carolina.10 UMV is clearly misleading in its documentation of Virginia’s tropical cyclone history, an inaccuracy that leads to the assessment of a greater risk than is actually present in the state’s existing climate.

It was also inappropriate to consider the entire state as a whole. Instead, Figure 8.1 shows tropical cyclone tracks within 160 kilometers (100 miles) of Coles Hill for 1930 through 2011. There was one category 3 hurricane (1954’s Hurricane Hazel) and two category 1 hurricanes; all of the other passages were either tropical storms or tropical depressions. The intensity of tropical cyclone passages within 160 kilometers of the Coles Hill site is considerably lower than that of tropical cyclones making landfall along the Virginia coast.

In the subsequent history of extreme Virginia floods, UMV repeatedly refers to 1969’s Hurricane Camille, which, though not a hurricane in Virginia, produced one of the most intense rainfalls ever measured in the coterminous United States. Camille came ashore around midnight on August 16–17 near Pass Christian, on the western Gulf Coast of Mississippi as only the second category 5 hurricane of the 20th century. Camille moved north across the state and maintained hurricane strength for an unusually long time. After 14 hours it weakened to a tropical storm and, as it tracked east across Kentucky, it was a tropical depression.

By then, Camille was producing unremarkable rain totals of one to three inches as it moved eastward. But that all changed on the evening of August 19, when it collided with some of the highest-relief mountains in the Appalachians. Camille’s moisture was forced skyward as a cold front from the northwest intersected it over the mountains, providing additional lifting.

According to UMV, it “produced heavy rainfall of up to 790 mm (31.1 in) as it crossed the state.” The definitive study of the Camille rainfall states:


The greatest amount, 27 in., was measured near Massies Mill, Va. The Weather Bureau received a report of 31 in. of rain in 5 hr measured at the junction of the Tye and Piney Rivers. Since the timing of rain did not agree with other nearby reports and the catch, if verified, might be a world record, the site was visited by a Weather Bureau representative to more fully document the event. Neither the person who made the observation nor the container that was used could be identified. Therefore, the 31 in. was not used. However, a reliable measurement of 23 in. was obtained for the same general vicinity, indicating that the rainfall was extreme, and that 31 in. may have fallen.11



FIGURE 8.1

Tropical cyclone tracks within 100 miles of Kingsville Dome (top) and Coles Hill (bottom), 1930–2011

[image: ]
Source: National Oceanic and Atmospheric Administration, “Historical Hurricane Tracks,” 2013, http://www.csc.noaa.gov/hurricanes/#.

Note: There were 27 tracks around Kingsville Dome and 26 at Coles Hill, but the storms were much stronger in Texas.

Subsequently, it was calculated that the return interval of a flood of the magnitude initiated by Camille in the Blue Ridge and Appalachian Mountains in Virginia is 2,000 to 4,000 years.12

UMV also focuses on what is known colloquially as the 1995 Madison County flood, a terrain-focused regenerating thunderstorm complex that produced 600 millimeters (23.6 inches) of rain in six hours, and was accompanied by “more than 500 separate landslides, debris flows, and debris avalanches.”

Conflating these two events with possible flooding and slope failure at Coles Hill ignores the fact that both of these events were topographically dependent, that the rolling, low-elevation terrain around Coles Hill is simply incapable of significantly boosting rainfall, and that the local terrain does not have high enough relief to produce substantial debris flows. This is obvious from Figure 8.2, which depicts the relative topography of both of these flood sites, along with the region around Coles Hill.

UMV then notes that 1996 Hurricane Fran (which was Tropical Storm Fran in Virginia) brought 400 millimeters (15.6 inches) of rain, without mentioning that the nearest weather station to Coles Hill, in Chatham, Virginia, received only 124 millimeters (4.88 inches). Hurricane Irene in 2011, also noted in UMV, never made landfall in Virginia and was of no consequence in the Coles Hill region. It would seem impossible to claim these events were significant to Coles Hill after checking the (readily available) observed data.

A more accurate and specific analysis indicates that an extreme flood-producing rainfall event is considerably less likely for the Coles Hill location than for other specific locations across the Commonwealth of Virginia. Tropical cyclones are much stronger closer to the Atlantic coast, and terrain-induced floods are more severe farther to the west (see Figure 8.1).

UMV’s perseveration on tropical cyclones in Virginia means that their effects must be among the “steep hurdles to be surmounted prior” to the exploitation of the Coles Hill site. What UMV conspicuously fails to mention is that uranium has been successfully mined and processed in other places with much more severe tropical cyclone climatologies. These include south Texas, where the Kingsville Dome uranium operation is located only 40 kilometers (24.9 miles) from the Gulf of Mexico, two sites in the former French colony of Madagascar (Tranomaro and Folakara) from which uranium was exported in large quantities, and the Ranger Uranium Mine site in Australia’s Northern Territory, one of the largest uranium mines (in volume) on earth.



FIGURE 8.2

Google Maps topography showing that the relief for the region of the Madison County flood (left) and Hurricane Camille (center) was dramatically different from the relief around Coles Hill (right)
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More frequent and stronger tropical cyclones during the period from 1930 through 2011 passed within 100 miles of the active and large Ranger mine in Australia (63 total storms) and over the previously mined region around Folakara, Madagascar (68 total storms).13 Ranger is an open-pit design that is shut down when tropical cyclones threaten or deliver very heavy rainfall.

As another “steep hurdle,” UMV provides a lengthy list of Virginia floods (none of which affected Coles Hill), but it neglects to place them in a climatological perspective. Figure 8.3 shows the probable maximum precipitation (PMP) distributions around the coterminous U.S. east of longitude 105°W for 24-hour rainfall over 100 square miles. Again, the climatic environment is much more extreme in south Texas, where the PMP is near the highest in the coterminous 48 states.



FIGURE 8.3

Probable maximum precipitation for 24 hours at the 100-square-mile level


[image: ]
Source: National Oceanic and Atmospheric Administration, “Probable Maximum Precipitation Estimates, United States East of the 105th Meridian,” Hydrometeorological Report HMR-51 (Washington: Department of Commerce, 1978).

Note: It is obvious that the flood potential at the Texas site is much greater than that at Coles Hill (the two blue stars are the Kingsville and Coles Hill sites).

Given the probable size and design of a Virginia mine, one can calculate how much rain would have to fall to generate a flood that would affect the tailings. That amount is approximately twice the PMP at Coles Hill today, or approximately 76 inches. For perspective, the 24-hour rainfall required to flood a prospective tailings deposit is slightly more than the world record 24-hour rainfall of 71.8 inches measured at Reunion Island on January 8, 1966. Reunion is approximately 800 miles east of the Folakara uranium mining district in Madagascar, and mining operations began around the time of the record rainfall. Yet Folakara is not mentioned once in UMV.14


Misleading Tectonic Arguments

The geophysical sleight of hand in UMV was not limited to selective and misleading climatological analyses. After the alarming rhetoric about rainfall and flooding, it switched to geology—specifically earthquakes—emphasizing potential seismic hazards in Virginia.

There are two active seismic zones in Virginia where small to moderate earthquakes occur with some frequency. As shown in Figure 8.4, Coles Hill is in neither. Within the Central Virginia Seismic Zone (CVSZ), a 5.8 magnitude earthquake occurred in August 2011. Shaking as a result of this earthquake was felt across the eastern United States, most strongly near the earthquake’s epicenter near Mineral, Virginia. This was the strongest recorded earthquake in the CVSZ, exceeding by 10 times the strength of the previously recorded strongest quake—a 4.8 magnitude earthquake there in 1875. The strongest earthquake ever recorded in Virginia was a 5.9 magnitude earthquake in May 1897 in the Giles County Seismic Zone located in southwestern Virginia, hundreds of miles away from Coles Hill.

Earthquake maps prepared by the United States Geologic Survey (USGS) show that the earthquake risk in Virginia is relatively low in comparison with that in other areas of the United States; and at a more local level, the potential activity at the Coles Hill location is lower than in other portions of the state. Based on models from the USGS-National Seismic Hazard Mapping Project, the probability of an earthquake of the magnitude that occurred in the CVSZ in August 2011 occurring within 50 kilometers (31 miles) of Coles Hill is less than 0.5 percent per century (a less than 1 in 20 chance per 1,000 years).15

Coles Hill is geophysically unremarkable in comparison with other regions where uranium has been successfully mined or processed. Moreover, UMV should have noted that the seismic “natural hazard” in Virginia is insignificant in the region surrounding Coles Hill.



FIGURE 8.4

Virginia regional seismic potential


[image: ]
Source: United States Geological Survey, “USGS National Seismic Hazard Maps, Data, and Documentation,” 2008, http://earthquake.usgs.gov/hazards/products/graphic2pct50.jpg.

Note: Medium to deep blue indicates a very low potential.



Conclusion

The root cause of the biases in UMV lies in the power of the government-created National Academy of Sciences to continue to do what it was chartered to by President Lincoln: provide support for government policies, be they winning a civil war or a war on uranium-powered nuclear energy. The panel that produced UMV knew full well the level of commitment of the Obama administration to so-called renewable power sources. New nuclear capacity, while not as cost-efficient as natural gas for electrical generation, is dramatically more dependable and rich in power than the administration’s choices, and would consign renewables to marginal power production with geographically limited application.

The rhetorical and logical excesses of UMV are remarkably easy to spot, and were just as easy for anti-nuclear activists to exploit. It is doubtless that the UMV committee knew precisely what would happen, and that their misleading geophysical arguments would result in the Virginia legislature turning down any attempt to rescind the existing moratorium on uranium mining in the state.

While activists gained, the losers were the Coles family, the stockholders of Virginia Energy Resources (the latest iteration of Virginia Uranium), the economically depressed area surrounding Coles Hill (Pittsylvania County per capita income in 2010 was $20,468), and the credibility of National Research Council. It selected a committee that, based on professional history, would likely make it virtually impossible to surmount the political hurdles standing in the way of the exploitation of the largest U.S. deposit of a very clean and efficient fuel. This was frank and politically correct confiscation, based on a systematically misleading analysis of irrelevant geophysics. The Virginia Uranium fiasco shows what can happen when the weight of science becomes the abuse of authority. In this case, $7 billion was confiscated from the Coles family.



Epilogue

On May 21, 2018, the Supreme Court granted a writ of certiorari in the case Virginia Uranium v. Warren, in which Virginia Uranium argued that the Virginia moratorium on uranium mining preempts what is rightfully the purview of the federal Atomic Energy Act. The federal district court held that the Atomic Energy Act applies only to uranium on public lands, and the Fourth Circuit court of appeals upheld the district court’s dismissal of Virginia Uranium’s petition. The Supreme Court heard public arguments on the case on November 5, 2018. On June 17, 2019, the Supreme Court ruled 6-3 against Virginia Uranium, with the majority holding that there was no specific pre-emption of state uranium mining regulation (including a moratorium). In a subsequent public comment, Virginia Uranium said:


We continue to think that Virginia’s uranium mining ban is both unlawful and unwise, and we are reviewing other options for challenging the Commonwealth’s confiscation of Virginia Uranium’s mineral estate.



It would appear that Virginia Uranium’s next move will be to claim a massive regulatory taking of several billion dollars. If they valued it at its original $7 billion, depending upon the settlement, this could turn out to be the largest civil taking in U.S. history.
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CAN POLITICS TURN GOLD INTO DROSS?

The Story of Alaska’s Pebble Mine


Here is another example of the abuse of power in the name of “science,” with an important twist. A federal regulatory agency, the Environmental Protection Agency (EPA), works hand-in-hand with those opposed to development of what is currently thought to be the largest known copper, gold, and molybdenum deposit on earth. It is on state land zoned by the state of Alaska for mining. The deposit is beneath land that is drained by a small creek that empties into pristine Lake Iliamna. That lake ultimately drains into Bristol Bay—almost 100 miles away—and home to the world’s largest wild sockeye salmon fishery. The Pebble story brings politics, environmental policy, and economic development into close proximity, and is (to date) a cautionary tale on how a powerful regulatory agency can go rogue.

As the chapters in this book have described, there are several ways in which science can be corrupted. The incentive structure certainly results in a canon of knowledge that is massively littered with false-positive results. But another problem might be termed “corruption by authority.” In this book we describe how the National Academy of Sciences, through its National Research Council, can assemble apparently impartial and unbiased expert panels to study a subject, but in fact the results of the study are largely known beforehand because of the track records of the chosen participants. In this manner, it’s easy to suppress dissenting views even when their proponents are on the panel. That is clearly what happened with Walter Coles Jr. and Virginia Uranium, Inc. (as described in Chapter 8).

With Pebble, the EPA colluded with environmental organizations to create what could only be termed a science fiction to prevent the exploitation of a world-class copper and gold deposit. The deposit was discovered in 1987 by Cominco, a Canadian mining company headquartered in Vancouver, British Columbia. The “Pebble project” is located in southwestern Alaska, on state lands that were accepted by Alaska as part of a land swap with the federal government, specifically with the land’s mineral and mining potential in mind. In addition, the site has been designated through two public land-use planning processes for mineral exploration and development.1

But this story is not about what will happen at the Pebble mine site, if it is ever approved. This is about regulatory agency policies and actions that have affected the Pebble proposal. It is a remarkable tale of agency overreach, unethical behavior, intrigue, and what can only be called “fake science.” The Pebble story is yet another example of empowered agencies and entities bending (and sometimes creating) science with the sole purpose of executing a policy. In this case, as with Virginia Uranium, it also entailed a mine.

With Pebble, the EPA, environmental nongovernmental organizations (NGOs), and Alaska’s powerful environmental lobby managed to circumvent landmark legislation, the 1970 National Environmental Policy Act (NEPA), that empowered President Nixon to create the EPA itself. NEPA is the government’s main decision “tool” for determining the disposition of all proposed projects that could have a significant environmental impact on air, land, water, and human health and welfare. The relevant question for Pebble is: Why did the EPA circumvent NEPA, whose process is quite clear and explicit, rooted in the law itself, from which equal justice is supposed to emanate?

The Council on Environmental Quality (CEQ) or the EPA determines what activities require a formal environmental impact statement (EIS). Clearly, a substantial mine in sparsely populated country near federal wilderness areas, such as Pebble, would (and should) be required to be reviewed under a formal EIS. Small streams that drain the Pebble property eventually flow into Lake Iliamna, by volume the seventh largest U.S. lake. The lake ultimately drains into Bristol Bay, home to the world’s largest sockeye salmon fishery. But the creeks that flow through the Pebble site contribute a very small increment of water in comparison with all the other drainages into the massive bay, which is approximately 100 miles away.

Instead of having Pebble proceed with its own EIS, the EPA substituted its own assessment of the impact of the Pebble project on the Bristol Bay Watershed (BBWA) for the formal and comprehensive NEPA EIS decision process.

The BBWA appeared in the form of a report. In May 2012, the EPA issued a review draft titled “An Assessment of the Potential Mining Impacts on Salmon Ecosystems of Bristol Bay, Alaska.” On April 20, a share of Northern Dynasty Minerals (NYSE: NAK) traded at $5.80, and the stock was considered a fairly conservative investment, and certainly a staple in many Canadian retirement accounts. After discovering the massive deposit, NAK acquired major financial backing from one of the world’s largest mining concerns, Anglo-American, which invested over $500 million into startup expenses for NAK. By May 25, a NAK share sold for $2.48. The draft EPA report had stripped nearly 60 percent of the stock’s value in a month.

According to the EPA, it became involved in the permitting of the project because of petitions against the mine from Native Alaskan tribes in 2010. But oral statements from EPA employees and official agency documents reveal the existence of an internal EPA “option paper” that make clear the agency opposed the mine on ideological grounds and had already decided to veto the proposal in the spring of 2010. The draft Bristol Bay report was not released until two years later.

Much of this information was found through legal discovery in a case that Pebble brought against the EPA, alleging that the agency had violated the Federal Advisory Committee Act (FACA) by colluding with anti-Pebble activists to preemptively prevent Pebble from even applying for a permit to mine, which is an integral part of the NEPA process. That discovery indicates beyond doubt that the Pebble project was being denied access to the well-established and accepted NEPA process.


The Importance of Pebble

The Pebble project has the potential to supply as much as one-quarter of the United States’ copper needs over more than a century of production, in addition to large quantities of gold, silver, molybdenum, and other minerals.2

There are several important stakeholders; environmentalists, sportsmen, and the fishing industry are concerned that mining the deposit will despoil Bristol Bay, home of the world’s largest sockeye salmon fishery. Investors in the Pebble Partnership obviously want the site developed, which has been zoned for mineral development by the state of Alaska. In addition, there are local economic issues to consider. Substantial unemployment in south coastal Alaska is endemic, and, according to Pebble, the original and related construction and support activity would provide around 15,000 jobs and contribute more than $2.5 billion to the country’s GDP each year. A 2017 revised proposal is for a somewhat smaller enterprise, with the jobs and GDP numbers varying accordingly.

Opposition to the Pebble mine is part of a larger “leave it in the ground” movement, and Pebble has become a proxy for undesired mining projects. For example, in 2014, the EPA was under pressure from a Native American tribe to veto an iron ore mine in Iron County, Wisconsin. Similarly, an environmental group in Minnesota lobbied against a nickel-platinum-palladium mine in the northeastern part of the state. The EPA is also being urged to veto a planned nickel mine in Oregon near a tributary of the Smith River.3

However, the details of these four mining projects, including Pebble, are still on the drawing board, and they have not gone through the normal NEPA environmental impact analysis. Writing in the Wall Street Journal, mineral resource expert Daniel McGroarty noted:


What the Wisconsin, Minnesota, and Oregon mine projects have in common is that none has put forward an actual mine plan. Neither has Pebble. Submitting a mine plan would trigger a thorough mine plan review as required under NEPA (the National Environmental Policy Act enacted by Congress in 1970). For more than 40 years NEPA has defined the process by which a mine or any other resource project is evaluated. Under the law, every one of the concerns raised by the opponents to the Wisconsin, Minnesota, and Oregon mines would be aired as public comments, and examined by scientists and technical experts, before approval is granted or denied. Using the Pebble mine as precedent, anti-mining activists are urging the EPA to ignore NEPA and bar mining projects with no review necessary.

…

Current law requires an environmental impact statement which is an extensive assessment of the mine’s potential impact weighed against mitigating safeguards. But anti-mining activists are pushing for a switch to “cumulative effects assessments,” which would take into account past, present and future actions in the project vicinity. Under such an approach, a mine could be vetoed because other proposed mines in the region could at some point in the future collectively contribute to deleterious environmental effects. Even the most meticulously engineered mine plan can be undone by a parade of hypothetical horribles.4



Indeed, the EPA designed a fictional Pebble mine in its 2014 Bristol Bay Watershed Assessment, which it then used to preempt the real Pebble proposal under the Clean Water Act.



Clean Water Act Invoked to Halt Pebble

The Clean Water Act (CWA) was passed by Congress in 1972. It establishes the basic structure for regulating pollutant discharges into the waters of the United States, giving the EPA the authority to implement pollution control programs such as setting wastewater standards for industry. In 2010, before Pebble even submitted an application for a mining permit, the EPA used a specific provision of the Clean Water Act known as Section 404(c), to preempt the mine permit application. According to the act, the Pebble Partnership is entitled to apply for a permit and the U.S. Army Corps of Engineers has the responsibility to approve or disapprove the application. However, in a clearly unintended consequence, the EPA veto called into question the legality of preempting the issuance of a permit before the permit application had been submitted for review, as required under the act, because it was based on a fictional, worst-case mine design that originated within the agency itself.5

How was Section 404(c) used to halt the Pebble project? According to the EPA, the act authorizes the Army Corps of Engineers through Section 404(a), or an approved state through Section 404(h), to issue permits for discharges of dredged or fill material at specified sites in waters of the United States. Section 404(c), however, authorizes the EPA to restrict, prohibit, deny, or withdraw the use of an area as a disposal site for dredged or fill material if the discharge will have unacceptable adverse effects on municipal water supplies, shellfish beds and fishery areas, wildlife, or recreational areas. The EPA believes it has “veto authority” under Section 404(c), and may initiate a public process to prohibit or restrict the specification by the Corps of Engineers or by a state, for the discharge of dredged or fill material at a particular site.6

According to the Clean Water Act, Section 404(c) authority may be exercised before a permit is applied for, while an application is pending, or after a permit has been issued. Because most Section 404(c) actions have been taken in response to unresolved Corps of Engineers permit applications, this type of action is frequently referred to as “an EPA veto of a Corps permit.” Although the Corps of Engineers authorizes approximately 68,000 permit activities in U.S. waters each year, the EPA has used its Section 404(c) authority very sparingly, exercising it thirteen times in the forty-plus-year history of the act, with only two determinations being made in the past twenty years. There are eleven instances in which Section 404(c) denials were issued from 1980 to 1991, then none for almost two decades, until Pebble.7

Although used sparingly, the EPA’s authority under Section 404(c) is well tested in the courts. District courts have overturned (reversed) such determinations on a variety of project-specific grounds; however, those reversals of the EPA’s determinations did not survive the appeal process. Legal opinions vary, but most agree that “avoiding a withdrawal of the waters at issue under 404(c) may be the best plan that the Pebble Partnership has in keeping its project alive. It has been easier for Pebble to defend such a decision in court rather than challenge an adverse decision made by EPA.”8



Bristol Bay Assessment Crafted to Kill Pebble

The EPA claims that its 2014 veto of Pebble under Section 404(c) was based on “scientific evidence” presented in the BBWA, commissioned by the EPA in February 2011. After producing two draft versions (in 2012 and 2013), the final BBWA was published in 2014, supposedly to present the science behind the potential impacts of Pebble on Bristol Bay.9

However, because there was never any mining permit application, and therefore no submission of a mine plan design, the EPA charged a senior biological scientist named Philip North to design a worst-case scenario, an open-pit “hypothetical mine” that would have no chance of being approved in a review by a professional mining engineer. In fact, Pebble’s real intentions for mining the deposit and its mine plan design have never been completely disclosed, although in late 2017 Northern Dynasty announced that only a portion of the deposit would be exploited.10 Nevertheless, the EPA continued to rely on North’s hypothetical mine design and its fictional impacts.11

The Pebble Partnership knew it would be required to file a detailed application for a permit, and that an EIS for the entire proposed mining operation would need to be produced by the lead federal agency. Consequently, it spent approximately $150 million and nearly ten years compiling a massive database of the geology, biology, ecology, and dynamics of the Bristol Bay watershed. The EPA and North simply ignored this comprehensive repository of information.12 Both North and other EPA officials have admitted under oath that during the entire time that the BBWA was being written (2011–2014), they never really intended to provide a scientific foundation for regulatory decisionmaking.13 One is tempted to ask the question: Then why did the EPA design a fictional mine?

There is more to the story. While creating a fictional open-pit mine, the EPA’s North also coached anti-Pebble activists on how to petition the agency to stop any mine permit application. In fact, it appears he wrote the petitions. When these actions surfaced in early 2013, the U.S. House of Representatives Oversight Committee asked to speak with North about his role at the EPA in the Pebble application. His response was to flee the country, after which a federal judge issued a subpoena in August 2015 directing North to appear before the House committee. He was finally served subpoena papers in Australia in January 2016 and was deposed in April 2016 by attorneys for the Pebble Partnership and staff attorneys from the House Committee on Science, Space, and Technology.14

There are nearly ten years of emails and internal memos that indicate collusion between EPA officials and environmental activists opposed to Pebble—much of which was produced from Freedom of Information Act (FOIA) requests from Northern Dynasty. The EPA’s Region 10 administrator for Alaska, Dennis McLerren, was deposed by the House committee in 2016 because he was thought to have played some role in Pebble’s application denial. Much has been learned through discovery pertaining to subsequent Northern Dynasty FOIA inquiries to the EPA about how individuals within the agency handled the Pebble project.15

The weight of evidence mounting from depositions and FOIA requests about the absence of impartiality in the EPA’s adjudication of the Pebble proposal over many years finally reached a critical stage. In 2015, attorneys representing Northern Dynasty petitioned the EPA Office of the Inspector General (OIG) to conduct an investigation concerning the BBWA. Northern Dynasty’s petition made several powerful evidence-based points that had been uncovered by FOIA requests and in House committee proceedings:

1. The EPA’s seeking to veto Pebble did not originate from complaints of federally recognized tribes in Alaska, but came from within the agency itself:

This evidence, obtained from the EPA under FOIA, suggests that EPA officials in Alaska began musing about the potential for a preemptive 404(c) veto of the project, and lining up other federal agencies to support this plan, some two years before the first petition was received from federally recognized tribes.

2. The EPA’s BBWA was designed to support a veto, rather than being an objective inquiry:

The Assessment evaluated a mine scenario coauthored by Mr. North (the EPA’s principal early advocate for a veto of the Pebble project) who publicly admitted that he did not include state-of-the-art technology because he assumed that mining companies would not use what is available. This critical flaw was recognized by numerous independent peer reviewers (selected by the EPA), who said precisely the opposite—that the permitting process would require much more and better technology than what the EPA used for its Assessment. The BBWA uses a mine scenario that fails to meet legal requirements to protect against harm to salmon, by assuming a fictional mine that does not meet modern standards for environmental protection.

3. The EPA biased the peer-review process:

The EPA manipulated the peer review of the BBWA itself in a way designed to minimize criticism. The EPA violated its own standards when, during the first peer review, it unduly restricted the schedule, shielded the peer reviewers from public comments, and then held a closed-door meeting with the peer review panel. During the second peer review, the EPA shut out the public entirely, completely violating its own standards for transparency.16

In summary, Section 404(c) of the Clean Water Act was used to halt the Pebble project from moving forward, but the BBWA was used to attempt to kill the project outright because, according to the EPA, it is based on “science.” The mine plan fabrication is an egregious example of federal agency deception and distortion of science reported in a “scientific assessment.” The application of this process to deny a person or a corporation of its property rights is hardly unique, as shown in the Virginia Uranium story (Chapter 8).



Circumventing the NEPA Process—The EPA’s Most Troubling Action

The House Oversight Committee, in a November 4, 2015, letter to the EPA administrator, characterized the agency’s actions regarding Pebble’s rights under NEPA as “highly questionable and lacking legal basis,” and urged the administrator to “allow the project proposals to go forward under the Clean Water Act and National Environmental Policy Act (NEPA).” The EPA’s preemptive veto of the Pebble project has a deeper meaning that should disturb environmentalists much more than the proposed mine: the veto preempted the NEPA process—the Magna Carta of environmental laws—from being triggered to study the mining proposal in detail, as thousands of proposals have been studied over the past 45 years. The EPA appears to have issued its veto to avoid the “risk” of a possible NEPA-approved mining operation that it did not want, and the discovery process has clearly borne that out. The EPA set a very negative precedent by circumventing NEPA, which is responsible for its very existence.17

Officially, NEPA applies whenever a proposed activity or action


	is proposed on federal lands,

	requires passage across federal lands,

	will be funded in part or in whole by federal money, or

	will affect the air or water quality that is regulated by federal law.18



Concerns about the EPA side-stepping the NEPA process for the Pebble proposal were expressed by other stakeholder federal agencies, such as the U.S. Geological Survey (USGS). One of the USGS’s scientist contributors to the BBWA stated the following:


The thing that has always bothered me about the assessment [BBWA] is that there is a mechanism in place to review mine permit applications [the NEPA process]. The process was created by EPA, yet the decision was made by EPA to short-circuit their own process and explore a 404(c) veto action.…

From my perspective, Northern Dynasty and the Pebble Limited Partnership acted in good faith and went well beyond what would be considered standard practice for a mine permitting exercise anywhere in the United States or in the world. I took their extraordinary effort to reflect their appreciation of the sensitivity of the environment where they are working.

…

The NEPA process seemed to be working perfectly fine at Pebble and I see no reason why the NEPA process should not be allowed to render a final verdict rather than having this other path bar it.19



Because of the irregularities noted above, a district court judge in May 2014 issued a preliminary injunction against any further efforts by the EPA to deny Pebble its due process rights to develop and submit a permit application.

Based on congressional inquiries and political pressure, the EPA decided to conduct an internal review regarding its conduct during the BBWA process. The EPA leadership charged the agency with determining whether it had conducted the BBWA in a biased manner and predetermined the outcome, or followed policies and proper procedures for ecological risk assessment, peer review, and information quality. Based on available information, the EPA Office of Inspector General claimed to have found no evidence of bias in how the agency conducted its assessment, or that the BBWA team members, or agency leadership, predetermined the assessment outcome.

On January 13, 2016, the EPA published the OIG’s findings on how it conducted the assessment in the three primary phases discussed in the agency’s ecological risk assessment guidelines. The review indicated that the EPA’s work on the assessment met requirements for peer review, provided for public involvement throughout the peer review process, and followed procedures for reviewing and verifying the quality of information in the assessment before releasing it to the public.20



The EPA Stands by Its Bristol Bay Study

The EPA’s OIG review was prompted by a request from the Pebble Partnership, the state of Alaska, and other parties to investigate allegations of bias, predetermination of outcomes, inappropriate collusion with special interest groups and other process abuses with respect to the EPA’s BBWA, and subsequent regulatory action to preemptively veto the Pebble project under Section 404(c) of the Clean Water Act. While acknowledging significant “scope limitations” in its (EPA) review and subsequent report, the OIG concluded: “We found no evidence of bias in how the EPA conducted its assessment of the Bristol Bay watershed, or that the EPA pre-determined the assessment outcome,” but that an EPA Region 10 employee may have been guilty of “a possible misuse of position.”21 This, of course, was the infamous Philip North.

Several previous investigations of EPA conduct toward Pebble contradict the OIG report. The House Committee on Oversight and Government Reform found “that EPA employees had inappropriate contact with outside groups and failed to conduct an impartial, fact-based review of the proposed Pebble mine.” Former U.S. senator and secretary of defense William Cohen, who produced his own analysis as a consultant to Northern Dynasty, said his investigation “raise[s] serious concerns as to whether EPA orchestrated the process to reach a pre-determined outcome; had inappropriately close relationships with anti-mine advocates, and was candid about its decision-making process.”22

After the EPA published its internal review of the BBWA process, the Pebble Partnership countered with a response to the EPA’s OIG report in January 2016. It is the Pebble Partnership’s view that the OIG investigation into EPA misconduct was so narrow as to materially distort the reality of the agency’s actions. Further, it is Pebble’s view that the “possible misuse of position” cited by the OIG with respect to an EPA employee in Alaska underestimates the seriousness of agency misconduct and diminishes accountability for the misconduct to a single individual despite evidence that senior EPA staff at Region 10 (Seattle) and at headquarters in Washington, DC, were aware of and complicit in inappropriate activities.23

A cursory review of the scope of the OIG investigation demonstrates why it was unable to expose EPA misconduct with respect to the BBWA and subsequent efforts to veto the Pebble project. Despite more than 100 EPA employees playing a role in the agency’s efforts to preemptively veto Pebble, the OIG reviewed the emails of only three EPA officials. And despite the close collaboration of dozens of anti-mine activists in the EPA’s actions regarding Pebble, the OIG reviewed the emails of only one anti-mine activist.

The EPA’s BBWA study process was initiated in February 2011 and concluded in January 2014, and the agency’s Section 404(c) veto was initiated in February 2014 and suspended in November 2014 following a preliminary injunction issued by a federal court judge; however, the OIG reviewed EPA emails only through May 2012. During the two and a half years of activity unexamined by the OIG, the EPA issued two more versions of the BBWA, including its final report, conducted multiple disputed peer review processes, and initiated its preemptive 404(c) veto.24

Philip North was found to have no emails available for a 25-month period of time within the OIG’s already limited 52-month window of investigation. The OIG did not seek to recover any emails from three key EPA officials. Indeed, their emails may have been deleted before the onset of its investigation. Rather than review all retrieved emails, the OIG used undisclosed search terms to further narrow its review. Finally, the OIG did not seek records from the private email accounts of EPA officials, despite evidence that officials used private email accounts to conduct government business, against all federal employee protocols.25

Despite its wide-ranging investigative authority, the OIG issued just one subpoena with respect to its Pebble review. That subpoena, issued in August 2015 by a federal judge to counsel for a former EPA official (Philip North), was summarily ignored.26 To force investigation of EPA actions by the OIG, Pebble Partnership reviewed more than 50,000 documents received via FOIA requests and submitted a total of 19 letters spanning 214 pages and appending nearly 600 exhibits.

The FOIA requests to the EPA addressed a wide range of concerns about the agency’s actions, presented corresponding evidence, and called on the OIG to use its subpoena powers and other authority to more fully investigate EPA actions involving Pebble. While the OIG report finds no evidence of bias or predetermination of outcomes with respect to the BBWA, it provides no findings at all on a large number of other important matters, such as the collusion between North and the Native tribes with regard to a preemptive veto. Nor does the OIG report comment on the evidence provided by Pebble Partnership in raising its concerns.

When the OIG charged North with the vague “possible misuse of position,” there was no mention of his use of a private email account in 2011 to coordinate with an anti-mine activist in the preparation of a tribal petition that the EPA cited as the sole catalyst for its BBWA study and preemptive 404(c) regulatory action.27

The OIG report found that North acted alone in this collusion, and that the “employee’s supervisor told us that he was not aware that the employee had taken such an action.” However, the OIG fails to note the many other substantive interactions North had with anti-mine activists or the extent to which this collusion was known throughout the agency. Evidence uncovered by the Pebble partnership shows that at least six EPA employees knew about the improper collusion between North and anti-mine activists. As early as 2010, at least two EPA employees alerted senior EPA staff and an EPA attorney about these inappropriate contacts, but no corrective action was taken.28

Congress has authority to provide oversight for inspectors general where an inspector general fails to uncover or report clear misconduct on the part of an agency, and it should be doing so now.



Final Chapter of the Pebble Story—For Now

This history of Pebble begins in 2005, before both the Trump and Obama administrations. In 2016, market perception was that the incoming Trump administration intended to reverse some of the previous administration’s opposition to the mine. Northern Dynasty stock doubled in price between the November 2016 election and the turn of the year.

But it was Congress that intervened first. On February 22, 2017, Rep. Lamar Smith (R-TX), chair of the Science, Space and Technology Committee, wrote to the EPA administrator, Scott Pruitt, urging the agency to normalize the permitting process for Pebble:


The Committee recommends that the incoming administration rescind the EPA’s proposed determination to use Section 404(c) in a preemptive fashion for the Pebble mine in Bristol Bay, Alaska. This simple action will allow a return to the long-established Clean Water Act permitting process—along with NEPA—and stop attempts by the EPA to improperly expand its authority. Moreover, it will create regulatory certainty for future development projects that will create jobs and contribute to the American economy.29



President Trump signed an Executive Order on February 28, 2017, directing the Environmental Protection Agency to revise its expansive interpretation of the “waters of the United States” definition, in which ditches and drainages would often be treated as “navigable.”30 On March 28, 2017, he signed an Executive Order lifting a ban on new coal mining leases on federal land.

Then, on May 11, 2017, the EPA entered into an agreement with Pebble Limited Partnership that ended ongoing litigation and put Pebble squarely on the path to the standard NEPA permitting process described below. According to the EPA, the out-of-court settlement with Pebble would be “to resolve litigation from 2014 relating to EPA’s prior work in the Bristol Bay watershed in Alaska.” The EPA stated that the “settlement provides Pebble an opportunity to apply for a Clean Water Act (CWA) permit from the U.S. Army Corps of Engineers before EPA may move forward with its CWA process.” Finally, the agency affirmed, “The agreement will not guarantee or prejudge a particular outcome, but will provide Pebble a fair process for their permit application and help steer EPA away from costly and time-consuming litigation.”31

On January 26, 2018, Pruitt issued a surprise statement concerning Pebble:


It is my judgment at this time that any mining projects in the region likely pose a risk to the abundant natural resources that exist there.



In an accompanying press release, the EPA said:


This decision neither deters nor derails the application process of Pebble Limited Partnership’s proposed project. The project proponents continue to enjoy the protection of due process and the right to proceed. However, their permit application must clear a high bar, because EPA believes the risk to Bristol Bay may be unacceptable.



One can only take the EPA at face value here. It allows Pebble to complete its application with the Corps of Engineers, but it appears to be saying that it retains the right to veto any application under 404(c) after all. While all of this may appear clear as mud to us mortals, the investing public saw a grim portent. By March 8, 2018, NAK had lost 40 percent of its January 26 valuation.

Looking back over the saga of Pebble, it is clear that the EPA had behaved badly during the previous administration. And, given that the Pebble mine remains a political hot potato, what it will do in the future is not at all clear. What is clear, though, is that rumors that the Trump administration would rubber stamp the Pebble mine permit were premature.

Even with its future path uncertain, however, the EPA’s creation of a fictional mine to drive the BBWA report is testimony to the ability of the federal government to manipulate science for political ends.



Postscript: On November 6, 2018, Alaska voters in a statewide election elected a new governor, Republican Mike Dunleavy. According to Reuters on November 7, Governor-elect Dunleavy, a former state senator, is a strong proponent of encouraging investment and responsible development of the state’s natural resources to address the significant fiscal and economic challenges facing Alaska. In electing Dunleavy, Alaska voters rejected the candidacy of a Democratic challenger who opposed development of the Pebble project. Dunleavy has stated that permitting decisions about resource development proposals in Alaska, including the Pebble project, should be based on objective science and comprehensive reviews led by expert state and federal regulatory agencies.

Therefore, the final chapter of the Pebble project is yet to be written.
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ENDANGERED SCIENCE AND THE EPA’S FINDING OF ENDANGERMENT FROM CARBON DIOXIDE


The matrix of professional incentives that distort science exists in many fields, but climate science has been especially politicized. There is essentially only one provider of climate research funding, and that is the federal government. A 2013 Office of Management and Budget report lists total “Federal Climate Change Expenditures” (including research and development) of $22.6 billion.1 The incentive would seem strong for one important policy-related recipient of this largesse, the Environmental Protection Agency (EPA), to maintain that carbon dioxide–induced climate change is exceedingly dangerous to human health and welfare.

This was certainly a reasonable working hypothesis until the 2016 presidential election. This essay gives the scientific rationale for an EPA about-face on global warming.


History of the Endangerment Finding

In 2006, the Supreme Court granted a writ of certiorari to Massachusetts v. EPA, a case in which Massachusetts (along with 11 other states, the District of Columbia, and a plethora of environmental advocacy organizations) claimed that the Clean Air Act Amendments of 1992 contained language requiring the EPA to limit emissions of carbon dioxide from cars, because it was a “pollutant,” something that endangered human health and welfare. The EPA, during the George W. Bush administration, held that this was not the case because of scientific uncertainty concerning the amount of climate change actually caused by it. In 2005, the appellate court upheld by a 2-1 vote the EPA’s original decision that it did not have such authority, although the 38-page dissenting opinion by Judge David S. Tatel was impressive in its scope, legal and scientific comprehension, and length.2

There were serious questions, acknowledged by the Supreme Court in its majority decision to grant “cert,” that the petitioners (Massachusetts and other states) might have lacked sufficient legal standing to bring the case forward, but Justice John Paul Stevens, writing for the majority, concluded that the substance of the issue trumped the legal standing of the petitioners. He wrote, “The unusual importance of the underlying issue persuaded us to grant the writ [of certiorari].” Subsequently, in June 2007, in a 5-4 decision, the Supreme Court held that if the EPA deemed carbon dioxide to be a pollutant that harms health and welfare, then it indeed could regulate it under the Clean Air Act. This being late in the George W. Bush administration, the EPA took a pass on regulation until after the 2008 election.

That changed about three minutes into the first Obama administration, when global warming was the second action item in his first inaugural address (after healthcare). A mere 90 days later, the EPA came out with a “Preliminary Finding of Endangerment,” foreshadowing its final finding eight months later. The December 7, 2009, release date was timed to provide a U.S. climate policy bona fide for the just-started 15th Conference of the Parties to the UN’s Framework Convention on Climate Change in Copenhagen. This was where the world’s nations would meet to finally and definitively hammer out a new agreement to replace the failed 1997 Kyoto Protocol to reduce emissions.

The endangerment finding had to be based on some assumptions about future climate as modified by increasing atmospheric carbon dioxide, and there are really only limited tools to make this important forecast. It is not simply a matter of going back in geological time to see when atmospheric concentrations of carbon dioxide were what they might be in 2100, and then looking for proxy indicators of global temperature. By 2100, concentrations will be beyond what they were before the major glaciations that began roughly 2.6 million years ago.

The presence or absence of large areas of ice is critical to the earth’s climate. Our planet in its current state, with its vast fields of polar ice, absorbs much less solar radiation than it would in their absence. There is an easy demonstration of this. On a sunny, calm day, don some light khaki trousers and sit by the pool. You’ll be quite comfortable. Your outer layer has roughly the whiteness of ice. Now switch to a pair of black pants of the same material and you will get plenty hot, plenty fast. Consequently, studies that extrapolate from the past need to discount for the warming effect of ice-free surfaces that we do not enjoy now, despite the high concentration of atmospheric carbon dioxide.

One might infer cause-and-effect and say that the Greenland ice cap, as well as a substantial portion of Antarctic ice, will be lost. Maybe—but the effects are largely determined by how quickly the ice degrades. If it takes only one or two hundred years, that’s catastrophic. If it takes thousands, the resultant sea-level rise will be gradual enough for easy adaptation. It is noteworthy that around 118,000 years ago, for reasons having more to do with the sun than with the atmospheric composition, Greenland’s summer high-latitude temperatures averaged 6°–8°C (11°–14°F) warmer than the 20th-century average for approximately six thousand years, and it still only lost about 30 percent of its ice.3

This history portends a fairly resilient earth. One can extrapolate from the known changes in the radiation balance from atmospheric carbon dioxide associated with the recent glacial cycles. Even though the changes in its concentration were much smaller than what we anticipate in the future, the warming effects of carbon dioxide are known to be greatest at its lowest concentrations, so there is some legitimacy to this approach. This method tends to reduce the expected warming from prospective computer models for doubled carbon dioxide by about one-third.4

The scientific bases for the endangerment finding are in an accompanying Technical Support Document, which ignores such historical studies and instead relies solely on the projections of what are called general circulation models (GCMs).5 These are complicated computer simulations of the earth’s atmosphere altered by human emissions of carbon dioxide. If these can be invalidated, then so can the Technical Support Document and therefore the endangerment finding itself. By far the most cited document in the Technical Support Document is the second “National Assessment” of climate change impacts in the United States, also published in 2009. As we will see, this document and other two in its series are so flawed that they cannot seriously be considered the basis for any substantive policy.

The importance of the current endangerment finding is that it will serve as the touchstone for continual litigation of any attempt to weaken, roll back, or eliminate greenhouse gas regulations by an administration that opposes them.

The rationale for invalidation would obviously be a demonstration that the GCMs are systematically failing in their forecasts of warming. The evidence for this is in two illustrations from Dr. John Christy at the University of Alabama-Huntsville.6 The first shows predicted and observed tropical (20°N–20°S) temperatures in the middle of the earth’s active weather zone—technically the mid-troposphere, roughly from 5,000 to 30,000 feet in elevation. The predicted values are from the 102 climate model realizations from 32 different base-model groups and are given as the thin lines in Figure 10.1. These are from the most recent science compendium of the UN’s Intergovernmental Panel on Climate Change (IPCC).7 These tropics cover roughly 37.5 percent of the earth’s surface.

The observations are running means of the three different histories of lower atmospheric temperatures. One such history is determined from satellite-sensed changes in the microwave emissions of oxygen, which vary with temperature. Another is the average of the four commonly used compilations of sensed temperatures from weather balloons. These should be very reliable since the instrument package is calibrated before each launch. The third is an increasingly popular “reanalysis” set of lower atmospheric temperatures derived from the initialization temperature fields from three different daily weather forecasting models. Instead of data gaps, such as occur over the Arctic Ocean, just being infilled with extrapolation, an actual model of the physical surface is employed.



FIGURE 10.1

Tropical mid-tropospheric temperature variations, models vs. observations


[image: ]
Source: J. R. Christy, Testimony before the House Committee on Science, Space and Technology, 2017, March 29, 2017, available at https://object.cato.org/sites/cato.org/files/testimony/michaels-kealey-house-testimony-march-29-2017.pdf.

Note: 5-year averages, 1979–2016. The trend line crosses zero at 1979 for all times series.

The differences between the predicted and observed changes are striking, with only one model, the Russian INM-CM4, appearing realistic. In its latest iteration, its climate sensitivity (the net warming calculated for a doubling of the atmosphere’s carbon dioxide concentration) is 2.1°C (3.8°F); in comparison, the average in the family of models used in the IPCC science compendium is 3.5°C (6.3°F).8

Next is a somewhat more complicated illustration. It shows vertical temperatures in the tropics (see Figure 10.2). The y-axis is height, and the x-axis is temperature change since 1979, in °C/decade, predicted by the average of the models (red) and observed from weather balloons (green). The altitude is given as the atmospheric pressure in hectopascals (hPa).9 In reality, the altitude of different pressure surfaces varies slightly with the average temperature of the layer through which the balloon has ascended.



FIGURE 10.2

Tropical temperature trends, 1979–2016
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Source: J. R. Christy, Testimony before the House Committee on Science, Space and Technology, March 29, 2017, available at https://object.cato.org/sites/cato.org/files/testimony/michaels-kealey-house-testimony-march-29-2017.pdf.

Note: For 20⁰–20⁰N. Predicted (red) and observed (green) temperature trends (⁰C/decade) versus pressure height.

It is obvious that there has been a massive systematic problem with the climate models over the vast tropics since 1979. They clearly forecast a “tropical hot spot” centered from a pressure of 500 hPa (approximately 18,000 feet in altitude) to the top of the earth’s active weather zone, around 150 hPa, known as the tropopause (literally, “motion stops”); in comparison, predicted warming near the surface (around 1000 hPa) is almost twice the observed value, and at the level of around 40,000 feet, the predicted rate is around seven times what is being observed.

The consequences of this systematic error are enormous. The vertical distribution of temperature in the tropics is central to the formation of precipitation. When the difference between the surface and the upper layers is large, surface air is more buoyant, billowing upward as the cumulonimbus cloud of a heavy thunderstorm. When the difference is less, storm activity is suppressed. According to the chart, the difference has been forecast to become much smaller than it has in reality.

Missing the tropical hot spot triggers an additional cascade of errors as a result of bad specification of precipitation. When the sun shines over a wet surface, the vast majority of its incoming energy is shunted toward the evaporation of water rather than direct heating of the surface. This is why in the hottest month of the year in Manaus, Brazil, in the middle of the tropical rainforest and only three degrees from the equator, high temperatures average only 91°F, not very different from Washington, DC’s 88°F. To appreciate the effect of water on surface heating of land areas, high temperatures in July in bone-dry Death Valley average 117°F.

Getting the vertical temperature wrong will have additional consequences for precipitation. If the tropical hot spot were there, the resultant decline in precipitation, combined with very hot temperatures, could force the vegetation to change from tropical rainforest to a semi-desert.

Every person actively involved in running climate models knows all about these systematic errors (and probably many more). They know that much of the downstream “weather” resulting from an inaccurate hot spot over the entire tropics will simply be wrong, or if it is right, only fortuitously so.

We can sum up the implications of Figures 10.1 and 10.2:

ENDANGERMENT FINDING FLAW #1: The climate models are making multiple systematic errors with regard to three-dimensional atmospheric temperatures that will dramatically affect important characteristics of climate.


GLOBAL GREENING

We now have enough satellite data to examine vegetation trends around the planet for the past two-plus decades. A recent comprehensive analysis was published by Zaichun Zhu and colleagues of Peking University in 2016. It contains a map of something called the “leaf area index” (LAI), which is a measure of the density and cover of vegetation. The map shows changes between 1982, when satellites first begin transmitting data, and 2009 (see Figure 10.3).



FIGURE 10.3

Trends in observed leaf area index, 1982–2009
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Source: Z. Zhu et al., “Greening of the Earth and Its Drivers,” Nature Climate Change 6 (2016): 791–795.

Note: In general, the earth is getting greener. In particular, the greening of the tropical rainforest areas of South America, Africa, Asia, and the large tropical islands of the western Pacific has been stunning (see the pink and magenta colors on the map).


Zhu and colleagues note that 70 percent of the planetary greening is due to the direct fertilization effect of carbon dioxide on vegetation,10 and that CO2 fertilization effects explain most of the greening trends in the tropics, whereas climate change resulted in greening of the high latitudes and the Tibetan Plateau.



Yes, it is true: both carbon dioxide, which is the meta-respiration of civilization, and climate change, a byproduct of increasing atmospheric concentrations, are working together to make the planet a greener, more productive place.

A more recent paper by Simon Munier, of France’s Centre National de Recherches Météorologiques, and several coauthors, segregates satellite-sensed LAI data collected over the period 1999–2015 into six different vegetation types. The most common vegetation type on earth is grassland, and these researchers found a remarkable increase in LAI of 5 percent per year. This translates to an 85 percent increase over the 17-year model study period.11



Model Tuning

Left to their own devices, climate models run with increasing atmospheric carbon dioxide have long been known to produce too much warming. The tendency for carbon dioxide–driven models to overheat was explicitly recognized by the UN’s Intergovernmental Panel on Climate Change (IPCC) in its 1995 “Second Assessment Report,” when it stated that “most GCMs [climate models] produce a greater warming than has been observed, unless a lower climate sensitivity is used,” and it claimed “growing evidence that increases in sulfate aerosols are partially counteracting the [warming].12

This latter hypothesis has always troubled those critical of the models because the huge uncertainty previously associated with the sulfate cooling can easily be used to “tune” the models to reproduce the climate of the 20th century. Until recently, modelers tended to elide tuning, but the magnitude of it became public in a news article in Science by Paul Voosen: “For years, climate scientists had been mum in public about their ‘secret sauce’: what happened in the models stayed in the models. The taboo reflected fears that climate contrarians would use the practice of tuning to seed doubt about [the] models.”13

Voosen’s story begins in 2010, when 32 modeling complexes were required to submit “frozen code” output to the U.S. Department of Energy so that standardized models could be compared for the upcoming 2013 IPCC scientific summary, in the fifth Climate Model Intercomparison Project, or CMIP5. Voosen described the process for the Max Planck Institut (MPI) Model. The lead researcher, Erich Roeckner, was unavailable. So it devolved to underlings to get the model in shape to be shipped—which they could not do with ease. It appears that Roeckner alone had the expertise to tune a model’s parameters in order for it to produce something that looked like a realistic climate.

They finally produced a proper model, but it projected over 7°C of warming as a result of doubled atmospheric carbon dioxide.14 This projection would make their model by far the hottest of any that would appear in the subsequent IPCC compendium. Despite having told Science that “it was a damn good model,” they tuned that large warming away by adjusting other parameters, such as the dispersal of heat through the ocean. Finally, after many months, MPI had a product for the CMIP.

However, for the first time in recent memory, Roeckner’s group decided to document what they had done. Thorsten Mauritsen, another of MPI’s senior scientists, published the 2012 paper in the Journal of Advances in Modeling Earth Systems, noting that it was hardly the definitive encyclopedia of tuning, because it is apparently impossible to know what was done to the models over their historical development. In Mauritsen’s words, “Model development happens over generations, and it is difficult to describe comprehensively.”15

That’s because so many of the people who work on these models are temporary or ephemeral, like graduate students and postdoctoral fellows, and they don’t always leave notes about what kinds of tuning they did. In fact, they usually don’t. Significant portions of climate models are therefore black boxes with varying degrees of subjectivity. It is the subjective modeler and not the objective model that determines future climate.

Indeed, in the article by Mauritsen and colleagues we find a tremendous number of tuned parameters. It seems telling that although almost all models are tuned to replicate known global temperatures of the 20th century, the range of model sensitivity is on the order of several degrees Celsius. Voosen described the process for the Max Planck Institute Model: “MPIM hadn’t tuned for sensitivity before—it was a point of pride—but they had to get that number down.”

The news hook for Voosen’s article was a landmark paper by Frederic Hourdin, (the head of the French modeling effort), Mauritsen, and 13 other coauthors from different modeling groups that had been accepted for publication in the Bulletin of the American Meteorological Society. The paper had the cheeky title, “The Art and Science of Model Tuning.” Hourdin and his colleagues described the process of tuning:


One can imagine changing a parameter which is known to affect the sensitivity, keeping both this parameter and the ECS [equilibrium climate sensitivity] in the anticipated acceptable range [emphasis added].16



Voosen went on to note that all climate models are tuned to simulate the climate history of the 20th century.17 In a remarkable passage, Hourdin and his coauthors wrote:


In fact, the tuning strategy was not even part of the required documentation in the CMIP5 simulations.… Why such a lack of transparency? Maybe because tuning is often seen as an unavoidable but dirty part of climate modeling. Some may be concerned that explaining that models are tuned could strengthen the arguments of those who question the validity of climate change projections.18



On her popular blog, Climate Etc. (www.judithcurry.com), Judith Curry, a now-retired Georgia Tech climate scientist, wrote about the paper by Hourdin and others: “If ever in your life you are to read one paper on climate modeling, this is the paper that you should read.”19

The problem with model tuning is that code is changed in ways that may not be physically realistic if the objective is for a match with the 20th-century global temperature history. As a result, these same alterations, which now exist in “frozen code” for the IPCC climate compendium, make their 21st-century predictions with parameters that in some cases are simply not correct. This is a very plausible explanation for their massive departures from the reality of both horizontal and vertical temperatures (see Figures 10.1 and 10.2).

The core claim that will be used against the endangerment finding, which is solely based on these models for future climate, is this: rather than the physics of the model predicting future warming, it is the modeler who will ultimately choose what warming is scientifically acceptable. Tuning the climate model matters because there are so many tunable parameters, and the range of possible parameter values can be so large as to allow any result.

ENDANGERMENT FINDING FLAW #2: Climate models are “tuned” to produce what is a subjectively determined “acceptable” amount of climate change. They are simply not mature enough to be used as the basis for expansive policies.


DID THE 2016 ELECTION TRUMP THE HOURDIN PAPER?

It is fair to ask what prompted the publication of Hourdin and his colleagues’ candid manuscript on model tuning. According to the Bulletin of the American Meteorological Society, it was received in final form on July 9, 2016, and published online on March 17, 2017. Clearly the manuscript must have been in preparation for much of 2015. If submitted around January 2016, the date of the final manuscript suggests it was probably subject to two revisions at the suggestion of reviewers.

Copies (including mine) were circulating everywhere before official publication. Judith Curry’s oft-cited blog post was published on August 1, 2016, and Voosen’s widely read Science revelation appeared on October 28, 2016. He interviewed the authors of the paper but never mentioned the manuscript itself, obviously to keep Science in the good graces of the American Meteorological Society by not scooping it.

As noted by Voosen, modelers worried that revealing the extent and the subjectivity of the tuning process could jeopardize climate policy. But that concern would be valid only if there were also a president (Trump) who wanted to change policy, which would have seemed a very long shot when the paper was submitted. So, under all but the most improbable eventuality, it was a very strategic move to open up about tuning and its associated problems, with the hope of securing more research funding from an incoming Clinton administration.





Systematic Flaws in U.S. National Climate Assessments

As already noted, the Technical Support Document relies heavily on the second of three serial documents put out by the U.S. Global Change Research Program (USGCRP). The Global Change Research Act of 1990 created the USGCRP and mandates that it produce periodic assessments of the effects of global climate change on the United States. These are the “National Assessments,” the first of which appeared in November 2000, after Election Day (but not after the election was settled) and before the inauguration of George W. Bush.

The National Assessments are compendia of the putative effects of domestic climate change that form the basis for U.S. policy. But all of the assessments have been seriously flawed and appear more as polemic than as objective and dispassionate analyses. They base their prospective climate impacts solely on the climate models.

The first assessment used the temperature and precipitation output of two climate models to drive “effects” models on various sectors, such as agriculture, forestry, and human health. The USGCRP Synthesis Team, headed by Tom Karl, then director of the National Climatic Data Center in Asheville, North Carolina, had nine such models to choose from, and the two it chose were from the Canadian Climate Centre and Britain’s Hadley Center, a component of the United Kingdom Meteorological Office that specializes in climate modeling.

The Canadian model produced the largest 21st-century temperature changes of any of the nine models, and the Hadley version produced the largest precipitation changes. When I asked the director of the USGCRP, Mike MacCracken, about this, he replied that they “wanted to look at the most extreme possibilities.”


“NEGATIVE KNOWLEDGE”

Every scientific “model” is actually a hypothesis about the way a system behaves, and hypotheses need to be tested with real-world data to see if they can continue to be entertained, or if they need to be modified.

In the case of a climate model, the hypothesis is that the model is accurately simulating temperature changes in the real atmosphere as carbon dioxide rises. If all models are tuned to be able to mimic the global temperature history of the 20th century, this should seem like a cinch, right?

Except, as noted above, the global models used in the (first) 2000 National Assessment were chosen because they simulated the largest changes in temperature (the Canadian model) and precipitation (the Hadley model) of the nine considered models. Could that mean that they might be exaggerating observed climate change in the United States?

In an attempt to answer this, Paul C. Knappenberger and I examined the predicted and observed 10-year running means of U.S. temperatures—that is, 1901–1910, 1902–1911, etc. We first looked at the period-to-period variability of the raw data. If a model is working and we apply it to those data, what’s left over (that is, what is not explained by the model) will have a variability that is significantly less than the raw data. In other words, the model will “explain” a portion of the variability of the raw data. If, however, somehow the model-minus-observed data variability is greater than that of the raw data, the model has failed so badly that it has actually added negative knowledge.

This is no different than a student scoring less than 25 percent on a four-option multiple-choice exam. It means that his or her synthesis of the subject matter is somehow worse than it was before taking the course. That is precisely the behavior of the two climate models that underpinned the first National Assessment. Both the Canadian and Hadley models added variability to the raw data when they were applied.20



Now that you’ve read the sidebar “Negative Knowledge,” you know how well the first National Assessment models worked. They didn’t.



FIGURE 10.4

Observed and modeled 20th-century temperature changes
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Source: Original data supplied in personal communication from Tom Karl, 2000.

Note: blue = raw U.S. temperature data variability; green = variability after the Hadley model was applied; gray = variability after the Canadian model was applied. For both models, and at all time intervals, the models increased the variability of the data after they were applied.

So, after completing my peer review, I reported my findings to Karl. I explained to him that using these models to predict the effects of climate change on the United States is analogous to a physician prescribing a medication to a patient that will have the opposite of the desired effect. It would be like prescribing adrenaline for high blood pressure, and that would be called malpractice.

Impressively, Karl emailed back. His team had applied not only my ten-year test to the models, but also to one, five, twenty, and twenty-five year running means. At all time frames the models added variability to the raw data instead of reducing it. The relevant illustration is in Figure 10.4.

The second National Assessment came out soon after the end of the George W. Bush administration, in June 2009. It was obviously produced almost exclusively during his administration, as such reports take years to develop. Our review, dated August 2008, began with this paragraph:


Of all of the “consensus” government or intergovernmental documents of this genre that [we] have reviewed in [our] 30+ years in this profession, there is no doubt that this is the absolute worst of all. Virtually every sentence can be contested or does not represent a complete survey of a relevant literature.



To prove our point, I assembled a six-person team to produce a palimpsest called Addendum: Global Climate Impacts in the United States. It was entirely analogous to the 2009 federal report. For example, under “Key Findings,” the government version says:

7.  Risks to human health will increase. Harmful health impacts are related to increasing heat stress, waterborne diseases, poor air quality, extreme weather events, and diseases transmitted by insects and rodents. Reduced cold stress provides some benefits. Robust public health infrastructure can reduce the potential for negative impacts. (p. 89)21

Our palimpsest says:

7. Life expectancy and wealth are likely to continue to increase. There is little relationship between climate and life expectancy and wealth. Even under the most dire climate scenarios, people will be much healthier and wealthier in the year 2100 than they are today.22

The Addendum was especially richly referenced in the sections on agriculture and ecosystems, two fields that have a much more balanced literature than, say, climate science. The reasons for this are documented in the 2016 book Lukewarming.23 In part because of that substantial literature, Addendum had nearly twice as many scientific citations as the second National Assessment. Karl was also the lead author of the second assessment.24

The second assessment was the critical component of the Technical Support Document for the EPA’s 2009 endangerment finding.25 Its prospective forecasts on all of the impact areas (agriculture, human health, etc.) and regions of the United States are all based on models that have massive systematic errors. These include an incorrect simulation of the evolution of tropical lower atmospheric temperatures since 1979 that erroneously projects an upper-atmospheric “hot spot” over the entire tropics.

Further, the 2009 National Assessment necessarily summarized a literature heavily biased by the incentive structure in modern science, as detailed in this volume’s introductory chapters.

ENDANGERMENT FINDING FLAW #3: The Technical Support Document for the endangerment finding is largely based on the 2009 National Assessment, which is itself based on models with large systematic errors and a literature demonstrably biased toward dire climate findings.

Five years later, the third National Assessment was published. This one was blatantly couched in the context of the Obama administration’s activism on climate change. In fact, in the May 6, 2014, introduction, the National Oceanic and Atmospheric Administration wrote:


The report, a key deliverable of President Obama’s Climate Action Plan, is the most comprehensive and authoritative scientific report ever generated about climate changes that are happening now in the United States and further changes that we can expect to see throughout this century. [emphasis added]26



All three National Assessments are deeply flawed. The first broke the normative rule that models should be used for policy only if they have explanatory capability. The second was so incomplete that it could be fodder for an entire palimpsest with nearly twice as many refereed citations, and the third was specifically designed as a part of the Obama administration’s policy thrusts on climate change.27

In summary, the endangerment finding is extremely vulnerable. It is based on models that dramatically misrepresent the tropical lower atmosphere’s evolution over the past 38 years (that is, since the beginning of the satellite-sensed temperature record). It is based on models that are subjectively tuned to an “anticipated acceptable range” of output while simulating the 20th century’s climate. And it is largely based on systematically flawed National Assessments of climate change impacts on the United States.

The endangerment finding can and should be vacated because it is based on models that simply do not work.








 

JASON S. JOHNSTON


11

THE EPA’S CONFLICTED “SCIENCE” ON FINE PARTICULATE MORTALITY


In this book are several examples of “science by authority” in service of increasing regulation or putting up regulatory roadblocks. Panels of accomplished scientists are asked by government agencies to summarize the state of science on some important or politically hot topic. The people who sit on such panels have often received massive public funding to study what they are empaneled to summarize. One prominent example is found in panels appointed by the U.S. Environmental Protection Agency’s (EPA) Clean Air Scientific Advisory Committee (CASAC). Appointed to review the scientific basis for EPA regulations, the members of such panels typically review their own EPA-funded work.

On October 31, 2017, EPA administrator Scott Pruitt announced that members of the agency’s multiple science advisory boards and related administrative structures would no longer be eligible to receive research funding from his agency. “It is very, very important to ensure independence, to ensure that we’re getting advice and counsel independent of the EPA,” he noted. As an example, Pruitt said that scientists on only three such boards had received $77 million in the previous three years.

Seemingly turning logic on its head, Andrew Rosenberg of the Union of Concerned Scientists told the Washington Post’s Juliet Eilperin that, on the contrary, “The consequences of [the new EPA rule] aren’t just bad for a few scientists. This could mean that there’s no independent voice ensuring that the EPA follows the science on everything from drinking water pollution to atmospheric chemical exposure.1 Rosenberg’s concept of independence is examined closely in this chapter. In reality, Pruitt had identified a major problem at the EPA. In many cases, the agency (and many others like it) relied on the scientists that it funded for advice and policy prescriptions related to its funded scientists’ research.

This chapter takes a deep dive into how this can create a massive regulatory undertaking based on questionable or omitted science. Here we look at the regulatory process that set the limits for particulate matter of less than 2.5 micrometers in diameter, known as PM2.5, or fine PM. Fine PM is ubiquitous in the air we breathe and is generated by a myriad of human activities, including such primary industries as agriculture and mining (see Figure 11.1) and also everyday actions such as driving a diesel car.

In 2015, the Obama administration’s Office of Management and Budget (OMB) claimed that the major air pollution regulations in the previous decade generated between $158 and $778 billion in benefits at a cost of only $37 to $44 billion.2 This is 99 percent of the total benefits from all EPA regulations and an astounding 60–80 percent of the benefits of all federal regulations issued between 2004 and 2014.

But most of these massive benefits accrue from only one regulatory target: fine PM.

As can be seen from Figure 11.2, which is based on a 2013 OMB report, the argument that total federal regulations over the past fifteen years are cost-benefit justified largely depends on whether or not the benefits of lowering levels of fine PM are as big as the EPA says.3

The EPA derives the benefits from lowering (toughening) the fine PM standard by multiplying its estimate of the lives saved by a dollar value of statistical life saved. Economists supply the value of a statistical life, but it is the EPA’s assessment of the underlying “science” that provides the number of statistical lives.



FIGURE 11.1

An Australian open-pit mine
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Source: Quentin Jones, Sydney Morning Herald, Fairfax Syndication.

Note: Fine and coarse particulates are everywhere. A large tilling or harvesting rig in modern agriculture generates a similar cloud.

Some hypothetical (but reasonable) numbers will clarify how the EPA does this. Suppose the agency concludes that there will be a 1 percent decrease in annual mortality in a given population if the fine particulate standard is reduced to, say, 10 µg/m3 (this is the standard unit of micrograms per cubic meter). If there are 100,000 people in the population exposed to fine particulates, then the EPA would conclude that there are 1,000 statistical lives saved per year by reducing the fine PM standard to 10. Economists have come up with estimates of the dollar value of a statistical life of around $6 million. Multiplying $6 million by the 1,000 statistical lives saved annually, the EPA would find the benefit of the regulation to be $6 billion.

What is the “science” behind this determination, and how was it assessed and reviewed by the EPA? That is what I examine in this chapter, by taking a critical look at the statistical work that the EPA claims shows that decreasing fine PM levels led to discrete reductions in mortality. The agency’s 2009 scientific assessment of fine PM supported its tightening of the fine PM annual average standard to 12 µg/m3 (from 15 µg/m3) in 2012.4 In making the ultimate regulatory recommendation, the EPA completely ignored not only obvious problems with studies that it claimed to show causation, but also an extensive literature that explored methodological failures of those studies and that investigated alternative mortality influences.



FIGURE 11.2

Benefits from fine PM reduction make up most of the OMB’s monetized regulatory benefits
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Source: Reprinted from Susan E. Dudley, “OMB’s Reported Benefits of Regulation: Too Good to Be True?” Regulation 36 (2013): Figure 1.

The fine PM science was a product of the CASAC empaneled to advise on fine PM. According to the Clean Air Act of 1970 (as amended in 1977), the CASAC is supposed to provide an “independent” scientific review of the agency’s scientific assessments. However, this panel consisted entirely of researchers working at EPA-funded academic centers producing research showing that fine PM causes increases in mortality. The “independent” review panel thus consisted of scientists who were heavily dependent on EPA funding. This panel makeup is flatly inconsistent with Congress’s intent in establishing such scientific review boards.

The EPA’s fine particulate review panels are like a group of students grading their own papers. By putting the producers of the research in charge of reviewing it, the EPA guaranteed that its fine PM assessment will never by objectively critiqued. Here, the EPA became a vertical conglomerate, dominating the research, assessments, assessment reviews, and regulatory outcome.


How the EPA Sets Air Quality Standards

Under Section 108 of the Clean Air Act (CAA) of 1970, the EPA is to set “primary” or health-based, national ambient air quality standards (often abbreviated NAAQS) at levels that are “requisite to protect the public health … allowing for an adequate margin of safety,”5 based on “air quality criteria [that] shall accurately reflect the latest scientific knowledge useful in indicating the kind and extent of all identifiable effects on public health or welfare which may be expected from the presence of such pollutant in the ambient air, in varying quantities.”6 The 1977 amendments to the CAA7 required that, at least every five years, the EPA “shall complete a thorough review of the criteria … and the national ambient air quality standards promulgated under this section and shall make such revisions in such criteria and standards and promulgate such new standards as may be appropriate.”8


Setting Science-Based National Standards

The key step in the EPA’s five-year reviews of the national air quality standards is called an Integrated Science Assessment (ISA). In the ISA, EPA staffers review what may be thousands of published studies “to draw conclusions regarding the causal relationships between exposure to each criteria pollutant and human health and welfare effects.”9 Criteria pollutants are the conventional air pollutants specifically covered by the Clean Air Act, such as carbon monoxide. As the decision facing the EPA is typically whether to retain or instead raise (tighten) a standard for allowable concentration of a criteria air pollutant, what the ISA says about the causal effect on human health of reducing concentration levels at the level of the current standard carries “substantial weight in the Administrator’s judgments.”10

The EPA states that in producing an ISA, “all relevant controlled human exposure, epidemiology and toxicology studies are considered.”11 Moreover, for the EPA to conclude that the evidence is “inadequate to infer a causal relationship,” there must not even be a single study finding such a relationship. Indeed, if there is a “single high-equality epidemiologic study [that] shows an association with a given health outcome but the results of other studies are inconsistent,” then the EPA may conclude that the existing literature is “suggestive of a causal relationship.” If the “pollutant has been shown to result in health effects in studies in which chance, bias, and confounding could be ruled out with reasonable confidence,” then the EPA may reach its strongest causal determination, that there is a causal relationship between exposure at the current standard and adverse human health effects.12

As noted by Julie E. Goodman and coauthors, there are several problems with the EPA’s framework for determining the causal effect of further reductions in air pollution:


There is no explicit guidance for evaluating the strengths and weaknesses of studies and no information on how to use study quality criteria to assign a quality weight to individual studies … there is no indication of what constitutes a strong association.… There is also no clear guidance on how to evaluate alternative hypotheses that are supported by the data (e.g. a given substance is not a causal factor for a health effect and apparent associations are explicable by other factors) or what criteria should be used to determine which hypothesis is most supported by the data.13



This lack of guidance will lead to the ad hoc science that I describe below.

After the production of the ISA, EPA staff use the findings of the ISA to produce a shorter document, a risk exposure assessment (REA). In the REA, the staff interprets the ISA to “generate a single concentration-response model to predict health effects at different levels of exposure.”14 After the REA is completed, EPA staff prepare a Policy Assessment in which they attempt to connect the “scientific assessments in the ISA and REA and judgments required by the EPA Administrator” regarding any potential revision of a NAAQS.15 Throughout this process, EPA staff is advised by the Clean Air Act Science Advisory Committee. Under the 1977 amendments to the CAA, Congress required that CASAC be an “independent scientific review committee.”16 CASAC review occurs at virtually every stage of the process by which EPA staff develop proposals for new NAAQS: when staff formulate policy issues and scientific questions, in the development of both the ISA and the risk exposure assessment, and before the presentation of the final policy assessment to the EPA administrator.



Setting the December 2012 New Fine PM Standard

In December 2012, the EPA promulgated its new fine particulate standard, lowering the allowable annual average ambient level from 15 µg/m3 to 12 µg/m3. The process leading to that new standard began in 2007, when EPA staff began combing the literature for studies published since its previous ISA on fine particulate matter in 2002. As EPA staff explain in the final product of this review, the December 2009 ISA, “much of the newly available health information evaluated in this ISA comes from epidemiologic studies that report a statistical association between ambient exposure and health outcomes.”17 Of those health outcomes, by far the most important in the EPA’s cost-benefit analysis of the regulation was a reduction in mortality.18

Strikingly, the resultant Regulatory Impact Analysis (RIA) cited only two studies in its estimates of the monetized benefits of reduced premature mortality.19 The EPA’s cost-benefit analysis takes those studies as estimating that between 460 and 1,000 premature deaths per year, valued at between $4 billion and $9 billion, will be saved by the new fine PM standard. But those studies in fact support a further reduction in the fine PM standard, for they show that between 1,500 and 3,300 premature deaths, valued at between $13 and $29 billion, would be avoided every year by lowering the fine PM standard all the way to 11 µg/m3.

According to the RIA, the change in annual benefits (marginal benefit) that would be achieved by dropping the standard from 13 to 12 is between $2.7 and $6.1 billion. But the marginal benefit in going even further, from 12 to 11, would be between $9 and $20 billion. The EPA estimates that the marginal cost of moving to 12 would be at most $350 million, and that of moving to 11 would be at most $1.7 billion. On these numbers, moving to 11 would generate net benefits of at least $7.3 billion. On basic cost-benefit principles, the EPA’s 2012 RIA for the fine PM standard makes the case for going at least to 11 a no-brainer. The fact that this stricter standard was not adopted suggests that even the EPA does not believe its own numbers; they would appear to have been generated only in order to reach a predetermined result.

Given that the benefits from EPA’s 2012 reduction in the fine PM standard are the vast majority of all quantified benefits of EPA regulations since 2004, and given that those benefits flow almost entirely from the supposed reduction in premature mortality caused by the reduction in fine PM, it is important to take a closer look at the epidemiological studies in the EPA’s ISA that establish what the EPA’s own CASAC PM review panel says show a “causal” or “likely causal” relationship between reductions in fine PM below 15 µg/m3 and reductions in mortality.




The EPA’s Evidence for the 2012 Fine PM Standard

The primary basis for the EPA’s estimation of the health benefits from reducing the standard from 15 to 12 µg/m3 are epidemiological studies of different populations of people exposed to different levels of fine PM.

Also called observational studies, they are to be distinguished from toxicological studies in which rats or mice are exposed to unrealistically high levels of a pollutant, and also from the randomized clinical trials used in drug research. Of these three, observational studies are the least rigorous, and the greater prevalence of confounding factors in observational studies than in clinical trials is obvious, in both short-term and especially long-term studies.


Short-Term Observational Studies

In a short-term study, the investigator gathers data on mortality and fine PM levels for a given set of localities (often a single city or county) and then asks whether fine PM levels on a given day are statistically related to mortality rates within a window of some number of subsequent days. If the finding is that there is a statistically significant positive relationship, meaning that days with higher measured levels of fine PM are followed by a day or days with higher mortality rates, then this is taken as evidence that increases in fine PM cause increases in mortality.

In its fine PM science assessment, the EPA stressed short-term mortality studies that pool many cities together. According to the EPA, the estimated increase in mortality risk due to fine PM exposure from such studies ranges from .29 to 1.21 percent.20


THE EPA’S SUMMARY VERSUS WHAT SHORT-TERM TIME SERIES ACTUALLY FIND

To better understand not only what these numbers mean, but also what they conceal, consider in a bit more detail the study with the highest estimated impact of fine PM exposure on mortality.21 In that study, Meredith Franklin and coauthors investigated whether the difference in deaths between any day in a month and deaths on the third day of the month was statistically related to the difference in fine PM levels between the two days.22 They considered 27 cities that had at least two years of data on fine PM levels over the period from January 1, 1997, to December 31, 2002, and found that mortality from all causes increased by 1.21 percent for every 10 µg/m3 increase in fine PM.

To put this in concrete numbers, consider one of the 27 cities studied, Milwaukee. According to Franklin and coauthors, there were 36,637 deaths in Milwaukee over the four years studied, 1997–2000.23 Neglecting seasonal variation just for purposes of this example, this works out to an average of 25 deaths per day. An increase of 1.2 percent from this base of 25 is equal to 0.3 additional deaths per day on average. Therefore, if Milwaukee had experienced the average impact (over all 27 cities) from an increase of 10 µg/m3 in fine PM, then there would have been an additional nine deaths per month, or about 110 deaths per year in that city due to fine PM exposure.

This seems like a very high number, but the actual relationship between fine PM exposure and mortality estimated for Milwaukee by Franklin and coauthors is even bigger. Indeed, in Milwaukee fine PM had a greater impact on increasing mortality than any city they studied. This should have been a big red flag to regulators. In five cities (Birmingham, Dallas, Houston, Riverside, and Las Vegas [marginally]) the error bars for a negative relationship did not overlap with zero, so increases in fine PM exposure actually decreased mortality. The EPA’s assessment acknowledges this very surprising finding of a negative relationship, but downplays it, dismissing it with the assertion that although “it is unclear why these cities exhibit negative (and significant) risk estimates rather than null effects,” “most” of the cities with a negative relationship between fine PM levels and mortality have a “high prevalence of central air conditioning.”24

In this comment, the EPA’s assessment conveys a misleading picture of what Franklin and coauthors actually found. They did not find a negative relationship between fine PM exposure and mortality just in cities with a high proportion of homes with air conditioning. Indeed, 17 of the 27 cities had error bars that included a negative relationship (see Figure 11.3).

From Figure 11.3, one can see that Milwaukee and Phoenix are outliers, the only cities where an increase of up to 10 percent in mortality cannot be ruled out using standard assumptions about the statistical distribution of observations. The closeness of the “summary” data to the zero line indicates that if Milwaukee and Phoenix were removed from the study, the relationship between fine PM and mortality would probably be statistically indistinguishable from no relationship at all. From these data alone, one would infer that fine PM is probably relatively unimportant in determining daily mortality spikes within a metropolitan region.25



FIGURE 11.3

Percentage change in all-cause mortality associated with a 10 µg/m3 increase in the previous day’s fine PM concentration
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Source: Meredith Franklin, Ariana Zeka, and Joel Schwartz, “Association between PM2.5 and All-Cause and Specific-Cause Mortality in 27 U.S. Communities,” Journal of Exposure Science and Environmental Epidemiology 17 (2007): 283.

Note: Increases are relative to the control measure date of the third day of the month. The shaded lines give the 95 percent confidence bounds.

There is another important feature of the results found by Franklin and coauthors that is entirely neglected in the EPA’s fine PM assessment. The statistical significance accrued only for people aged 75 or older, a population with an 11-year life expectancy; in comparison, a 30-year-old has 48 expected additional years of life.26 Whatever the real value of a life may be, the cost of increases in mortality estimated to flow from increases in fine PM—in terms of lost expected life years—is much lower for a 75-year-old than for a 30-year-old. The EPA failed to take account of this important feature of mortality costs when calculating the benefits from reducing fine PM.



SHORT-TERM TIME-SERIES STUDIES ALWAYS FIND THAT INCREASES IN FINE PM DECREASE MORTALITY IN MANY CITIES

The findings by Franklin and coauthors of some significant negative relationships are well known among environmental epidemiologists. In another short-term study relied on by the EPA in its 2009 fine PM assessment, Bart Ostro and coauthors found that for six of the nine California counties examined, there was at least one negative relationship between increases in fine PM and cause-specific mortality. For Kern, Los Angeles, Riverside, and Santa Clara counties (almost half of those studied), Ostro and coauthors found that mortality among people over 65 years of age decreased as PM2.5 increased.27

In 2017, a group of EPA researchers themselves called the “inability to explain” the substantial variation in the relationship between fine PM exposure and mortality observed across different cities a “key uncertainty.”28 Figure 11.4, taken from that publication, clearly depicts the problem. This study found that in only four of the 77 cities studied—Fresno, Greenville, Oklahoma City, and Raleigh—could one statistically rule out a negative relationship between increases in fine PM and mortality (at the standard 95 percent confidence level).




Long-Term Cohort Studies

The EPA also relied on long-term studies of large cohorts of individuals. At enrollment, subjects were asked about personal risk factors, smoking, occupation, and age; then mortality and pollution levels were tracked over the following years. Data were also gathered on characteristics of the subjects’ communities, such as average income and poverty rate. With fine PM measured at varying intervals over the study period, using varying statistical models, researchers estimate the relationship between fine PM levels and mortality rates.



FIGURE 11.4

Variation across cities in impact of PM2.5 on mortality
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Source: Lisa K. Baxter et al., “Influence of Exposure Differences on City-to-City Heterogeneity in PM2.5-Mortality Associations in U.S. Cities,” Environmental Health 16 (2017): 1–8.

Note: Percent increase in non-accidental mortality with a 10 µg/m3 increase in PM2.5 concentrations using a moving average of the previous 2-days (lag 0–1) (circles = estimate; whiskers = 95% confidence interval).

Only one study, by Daniel Krewski and coauthors, was available for the 2009 assessment; it is often called the American Cancer Society (ACS) study.29 For the subsequent RIA, another study, by Johanna Lepuele and coauthors, was available as well, reporting results on what is known as the Harvard Six Cities study.30

Lepuele and coauthors gathered data on a random sample of 8,111 white people from six disparate cities who ranged in age from 25 through 74 at enrollment. The data included background personal information and medical history. In their 2009 study, Krewski and coauthors investigated the prospective mortality of 1.2 million adults over age 30 (and members of households with at least one person older than 45) residing in 151 continental U.S. cities, with air pollution, lifestyle, and medical history data included, as well as zip-code-socioeconomic data. They found that a 10 µg/m3 increase in fine PM leads to an expected total (or all-cause) mortality increase in the range of 3–4 percent. They also presented a finer-grained analysis of both Los Angeles and New York. Those analyses suggest that the national analysis means much less than the EPA says.

Krewski and coauthors estimated the fine PM concentration at the zip code level for both New York and Los Angeles. In New York, they found that for the mortality risks one expects to be most affected by pollution—all-cause, cardiopulmonary, and lung cancer deaths—the data were extremely noisy, with the aggregate error bars occupying more space on the negative (mortality falling) side of the ledger, as fine PM concentration increases.

These results are displayed in Figure 11.5. It shows the relative risk (the hazard ratio) of various types of mortality associated with an increase of 1.5 µg/m3 exposure to PM2.5.31 Note that a hazard ratio below 1.0 means that exposure was associated with a lower mortality level. As the bars give the 95 percent confidence intervals, it can be seen from Figure 11.4 that the only New York mortality risk for which a zero or negative relationship to PM2.5 could be statistically ruled out was ischemic heart disease (IHD) mortality in the winter.32

In Los Angeles, Krewski and coauthors did consistently find that a 10 µg/m3 increase in estimated zip code level fine PM was associated with an increase in all-cause mortality and a slightly larger increase in IHD-related mortality. On the other hand, even for the mortality causes with statistically significant risk increases (all-cause, IHD, and cardiopulmonary death), only for all-cause and IHD mortality did the 95 percent confidence interval rule out an actual decrease in risk.



FIGURE 11.5

Mortality and fine PM exposure relationship for the New York City area, 2000–2002
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Source: Louis Anthony Cox and Douglas A. Popken, “Has Reducing Fine Particulate Matter and Ozone Reduced Mortality Rates in the United States?” Annals of Epidemiology 25 (2015): 53.

What is one to make of the starkly different associations between fine PM and mortality risk—with a generally negative relationship in New York, but a positive relationship in Los Angeles? Many Los Angeles zip codes are socioeconomically heterogeneous.33 Consequently, for Los Angeles, the zip-code-socioeconomic variable used by Krewski and coauthors was an extremely noisy and error-prone measure of socioeconomic variables at the level that matters, the neighborhood. Similarly, the linear regression model that they used to estimate zip code level PM2.5 was wildly inaccurate for Los Angeles, vastly overpredicting fine PM concentrations at monitors located near intersections of major freeways, with some overpredictions exceeding 126 and many exceeding 50 µg/m3.34

In the language of statistics, both of these explanatory variables suffer from measurement error. Under measurement error, the estimated relationships between mortality and fine PM and mortality and neighborhood socioeconomic status (SES) are biased.

In the New York area, by contrast, the actual three-year average fine PM (between 10 and 20 µg/m3) was in the same range as predicted by Krewski and coauthors’ linear land use regression model. Moreover, the relationship between zip codes and neighborhoods in New York City is the opposite of that in Los Angeles: no zip code in New York City overlaps neighborhoods; rather, a single neighborhood may have several zip codes.35 One would consequently expect the SES to influence their estimated impact of fine PM, which is what Krewski and coauthors found.36 Indeed, for New York, controlling for SES measures made the association of fine PM with mortality more negative for every cause except ischemic heart disease.




The EPA Assessment Finds That Fine PM Increases Mortality Despite Evidence to the Contrary

With studies finding such noisy relationships between fine PM and mortality for so many cities, one may well wonder how the EPA’s assessment of those studies could conclude that increases in fine PM actually increase mortality. Instead of going back to more carefully measure neighborhood characteristics and the response to fine PM, the EPA-funded researchers instead rely on bigger and bigger statistical samples and particular statistical models. With a big enough sample and the “right” statistical model, studies are able to report a positive and statistically significant relationship between fine PM and mortality.37


The Cost of Statistical Precision

The EPA clearly believes that the strongest evidence for the causal effect of exposure to fine PM comes from very large population studies, especially the 2009 study by Krewski and coauthors, with over 1 million participants. There is a simple reason for this. As the size of the sample in a statistical study increases, almost any estimated effect, however small, becomes statistically significant.38 The very large studies to which the EPA attaches determinative weight in its fine PM assessment do find many statistically significant effects of fine PM. But just as consistent is the finding of statistically significant but negative effects of fine PM exposure on mortality.

The persistence of this problem, what Ostro and coauthors call “heterogeneity in the findings,”39 is the cost of devoting resources to more and more analyses of large studies rather than to the construction of new and better data sets that might reveal what is actually going on. Both the short- and long-term studies that the EPA’s fine PM risk assessment sets out as establishing the case for the adverse impact of increases in fine PM suffer from a basic problem: they look at such large geographic areas that they are unable to track the actual exposure of people to fine PM (using instead highly error-prone and sometimes biased estimates of actual exposure levels in the geographic unit studied); even worse, they are unable to control for the large number of neighborhood-level and individual features that are known to be primary determinants of disease and mortality.40 These problems have beset virtually all the studies on the supposed causal link between fine PM exposure and various mortality measures.

Similar but even worse problems are present in the long-term cohort studies. Krewski and coauthors say the spatial relationship between their socioeconomic variables (what they call ecological covariates) and exposure to fine PM is “complex,” but as noted above, a more pointed description might be that their measures are likely highly error prone and random.41

The study by Krewski and coauthors that the EPA assessment report relied on itself shows the importance of precisely measuring and properly controlling for lifestyle and socioeconomic factors. After all, they found that in New York, “pollution appeared worst where people seemed to be healthier and wealthier … pollution is less likely to have a major impact on health because it must compete with many positive health attributes in the individuals such as good nutrition, clean employment, and access to medical care.” For New York, Krewski and coauthors had something closer to a real neighborhood measure of socioeconomic factors (because in New York the geographic unit used, the zip code, is smaller than a neighborhood). What they are saying in the quotation above is that higher levels of PM2.5 had little if any statistically significant health impact in zip codes where people were healthier and wealthier. This suggests that socioeconomic factors, not the level of fine PM2.5, actually explain mortality.

Recent work shows, contrary to the implicit assumption of virtually all of the work relied upon by the EPA in its 2009 fine particulate risk assessment, that neighborhoods within a city or county are exposed to very different types of fine particulates and at very different concentration levels. A 2016 study, for example, finds up to a 20-fold variation within New York City in exposure to fine PM emissions from vehicular traffic (the major source of fine PM in the city). High-poverty neighborhoods experienced the highest levels of exposure.42



Model Selection Bias

Another equally important problem with the studies that the EPA relies on is model selection bias. This bias arises when the size and statistical significance of the estimated impact of the explanatory variable of key interest (such as fine PM) on the dependent variable (such as the daily mortality rate) depends entirely on the particular specification of the model.

For example, Joel Schwartz reported a statistically significant association between the level of coarse particulate concentration the day before death (a one-day lag) and mortality rates in Birmingham, Alabama, in statistical models where the explanatory variables included only this measure of coarse particulates and temperature.43 Looking at updated Birmingham data, Richard L. Smith and coauthors replicated this result, but found that when they included measures of coarse particulates for the day of exposure plus the four previous days, coarse particulate exposure did not have a statistically significant effect on mortality.44 Moreover, when they included a variable for humidity in the Schwartz model, the estimated effect of coarse particulate exposure was much smaller than when only temperature was included as an explanatory environmental variable.

The model selection bias is ubiquitous in all studies of the health effects of air pollution, regardless of the pollutant under consideration. This bias is related to the p-hacking problem discussed earlier. S. Stanley Young recently summarized the shaky statistical basis of such studies:


Environmental epidemiology typically has few, if any, analysis requirements. In an environmental observational (EO) study, the researcher can modify the analysis as the data is examined. Multiple outcomes can be examined, multiple variables (air components) can be used as predictors. The analysis can be adjusted by putting multiple covariates into and out of the model. It is thought that effects can be due to events on prior days so different lags can be examined. PM2.5 yesterday or the day before can cause deaths today. Seldom, if ever, is there a written, statistical protocol prior to examination of the data. With these factors (outcomes, predictors, covariates, lags), there is no standard analysis strategy. The strategy can be try-this-and-try-that.45



Two other studies vividly illustrate how model specification bias persists in some of the key studies underlying the EPA’s 2009 fine PM assessment.46 Over the past two decades, at a national level in the United States, both fine PM levels and cardiovascular mortality rates among people 65 years of age and older have fallen (see Figure 11.6).47

Tony Cox and Douglas Popken found that changes in county population, age, and external-cause mortality all were statistically significant in explaining changes in both all-cause and cardiovascular mortality, but when these variables were included, adding changes in fine PM did not add to the model’s explanatory power. In contrast, when the dependent variable was raw mortality data, and year (time) and fine PM the predictors, fine PM had a small but statistically significant role. If the confounding effects of the demographic variables are so strong as to destroy this relationship, any such model for fine PM effects has little utility.



FIGURE 11.6

Trends in PM2.5 and mortality rates
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Source: Louis Anthony Cox and Douglas A. Popken, “Has Reducing Fine Particulate Matter and Ozone Reduced Mortality Rates in the United States?” Annals of Epidemiology 25 (2015): 166.

Note: CV is death due to heart/circulatory disease; AC is all-cause mortality; Ext is death due to external causes such as accidents. Average ambient Ozone (O3) is also included.

Another illustration of model selection bias is depicted in Figure 11.7. The data are obviously so noisy as to be useless. In the far lower-left corner of the graph, one can see that city number 46, Topeka, is a clear outlier. Removal of that single outlier data point destroys the statistical significance of the purported linear relationship.48

It is not possible for “national” studies to be truly nationwide. Examining a subset of the data used by Pope and coauthors, S. Stanley Young and Jessie Q. Xia found that the data showed an increase in life expectancy with a decrease in fine PM only in the eastern United States, not in the western United States.49 They also found that in both the eastern and western United States, an increase in income over the study period was the most important variable for predicting decreased mortality, not fine PM. If regulators wish to reduce the mortality rate, then at the current margin they might do well to act in ways that increase Americans’ incomes.



FIGURE 11.7

Estimated increase in life expectancy from a reduction in PM2.5 of 10 µg/m3 for 51 U.S. metropolitan areas
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Source: C. A. Pope III, M. Ezzati, and D. W. Dockery, “Fine-Particulate Air Pollution and Life Expectancy in the United States,” New England Journal of Medicine 360 (2009): 376–386.

Note: There were 51 measuring stations, which Pope et al. replicated as necessary and then assigned to 211 metropolitan areas.

In another testament to the weakness of any relationship between fine PM and mortality (if there even is one), Young and coauthors subjected the Pope data to a cluster analysis to isolate common responses. Of the ten resultant clusters, only one displayed a significant relationship between fine PM and mortality.50

Finally, Cox and coauthors asked whether fine PM has any power to help explain or predict mortality rates after the analysis takes into account all the other variables that do predict mortality. Of the 101 cities they studied, after conditioning on month of the year—the strongest predictor of mortality rates—in only six cities was fine PM a significant predictor of mortality. As they summarize this, “It does not appear that current or lagged PM2.5 values have statistically significant positive associations with all-cause or cause-specific mortality rates, after conditioning on month and temperature-related variables” (emphasis in original).51

It is patently obvious that the fine PM mortality studies do not make a case for nationwide regulation.




The Neglected Possibility That Fine PM Exposure Could Decrease Risk

In a large number of instances the error bars are so wide that many cities can display a negative mortality effect (see Figures 11.3 and 11.4). The discussion here strongly suggests that when the full set of variables explaining variation in mortality are included—in particular the season of the year, correctly measured temperature, individual lifestyle, and neighborhood socioeconomic variables—then fine PM may have no independent power in explaining mortality.

The researchers whose work the EPA relies on clearly believe that any estimated negative relationship between fine PM levels and mortality must be spurious. As Borek Puza and coauthors put it, “A problem of interpretation can arise if a CI [confidence interval] containing negative values leads people to believe that air pollution might be beneficial to health.”52

However, as noted in Chapter 7 by Edward Calabrese in this volume,53 a large number of studies have found that for ionizing radiation,54 chemicals, and pollutants, very low levels of exposure can indeed reduce risk. Those studies find that the expected positive relationship—increases in concentration of the chemical or pollutant that raise the probability of an adverse health outcome—only arises for higher levels of concentration. This U-shaped relationship is called hormesis.



FIGURE 11.8

Annual mortality rates from cardiovascular disease (A) and pneumonia/influenza (B) and fine PM levels in 10 U.S. cities
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Source: Reproduced from Louis Anthony Cox Jr., “Hormesis for Fine Particulate Matter (PM 2.5),” Dose Response 10 (2012): Figure 1.

Hormesis may describe the relationship between fine PM and mortality. This might seem counterintuitive, for as EPA researchers continually emphasize, fine PM particles are able to penetrate into the lungs. However, as Cox notes, very low levels of fine PM exposure are associated with an increased production of antioxidants. Only at higher concentration levels may the balance tip in favor of harmful oxidants that increase the risk of a variety of lung diseases.55

When Cox looked at data on daily mortality and fine PM concentration levels in the ten largest U.S. metropolitan areas over the period 1987–2000, he found a relationship that is not inconsistent with hormesis for cardiovascular death and death from pneumonia/influenza.56 These relationships are depicted in Figure 11.8.

Much more work needs to be done to investigate the possibility of a hormetic relationship between fine PM concentration levels and mortality from various causes. A simple test could involve agriculture, where soils release large amounts of both fine and coarse particulate matter when disturbed and deflated.57 Farmers are exposed to enormous concentrations of fine PM when tilling dry soil, especially when it is windy. A study of farmers, a human population that is routinely exposed to high and varying levels of both coarse and fine particulates, would surely yield valuable information. The EPA has yet to fund any such research.



The EPA-Funded Risk Production Complex

In light of the foregoing discussion, it may seem surprising, and perhaps even shocking, that since 1997 the EPA has continued to assert in its scientific assessment that fine PM exposure causes increased mortality risk. Indeed, in its 2009 fine PM assessment, the EPA mentions none of the studies that had been published before 2009 and which therefore could well have been discussed in the 2009 assessment. In addition, Suresh Moolgavkar published a comprehensive critique of the work the EPA had relied on until 2005; this is also not mentioned in the EPA’s 2009 assessment.58


Advocacy, Not Assessment

This is not because the EPA was unaware of the critical work. As Moolgavkar explains, a meta-analysis by Gary Koop and Lise Tole clearly called into question the fine PM–mortality relationship,59 and this “was brought to the attention of the Agency during the last review … in early 2004, both by me and, more importantly, by a member of the CASAC [Clean Air Science Advisory Committee]. However, the current version … continues to ignore the paper.”60

According to Moolgavkar, a 2004 article by Koop and Tole, as well as other published articles using methodologies to test whether statistical results depend on a particular, arbitrary model specifications (in particular Bayesian Model Averaging) were brought to the EPA’s attention as early as 2004. However, these were only “perfunctorily discussed by the EPA in its 2004 draft of the Criteria Document.” He went on:


In my opinion, [Bayesian Model Averaging] deserves a lot more attention because of its implications for the conclusions drawn from epidemiological data, particularly when estimated risks are very small as is the case for air pollution.61



The 2004 Koop and Tole paper was challenged thoroughly and systematically by Duncan C. Thomas and coauthors, who were a “veritable Who’s Who of air pollution epidemiologists and statisticians.” Their paper was circulated to the EPA, long before its publication in the refereed literature in 2004, and before the agency’s 2005 fine PM assessment was produced.62

Thomas and coauthors found unconvincing Koop and Tole’s failure to find that PM2.5 had a statistically significant positive effect on mortality. In particular, they stressed that Koop and Tole might have found that PM2.5 had no statistically significant impact because people stay indoors and so suffer fewer adverse health effects from heavy air pollution. If this were true, then it would be true of all epidemiological studies of fine PM, not just those that attempt to evaluate multiple models rather than only one or two. Thomas and coauthors also noted that choosing a particular statistical model requires substantive knowledge about how the environment affects human health. However, in the opinion of one very experienced epidemiologist, “I wish we had ‘substantive knowledge about environmental health processes.’ The fact is we do not. There is no biological basis for choice of lag structure, nor for appropriate models for control of weather and temporal trends.”63

In the end, Thomas and coauthors stuck with the view that increases in PM2.5 increase mortality for the simple reason that the “majority of the evidence” from multicity studies shows that “exposure to ambient air pollution” is associated with significant elevations in mortality. As Pope and coauthors put this justification more recently, “Associations between long-term exposure to fine particulate air pollution and mortality have been observed … more recently, in cohort-based studies … [and] all support the view that relatively prompt and sustained health benefits are derived from improved air quality.”64

In other words, according to these researchers, because they had published so many papers showing a statistically significant positive relationship between fine PM and mortality, that relationship cannot be disconfirmed by any subsequent evidence, even when obvious systematic and statistical flaws are brought to light. This is not the way the scientific method works, and its proclamation is stark testament to the current sickness of modern regulatory science.

The CASAC is supposed to ensure that the EPA Assessment Reports reflect what is learned from the scientific method. Under the CAA, the CASAC is to be an “independent scientific review committee.” By 2017, the CASAC had long been the opposite of an independent review group. The dozens of studies reporting a positive association between fine PM and mortality have been funded by the EPA and reviewed by an EPA CASAC, whose members are precisely the same researchers whom the EPA has funded. Far from being independent, the majority of CASAC members are heavily dependent on EPA funding. To expect the EPA or its CASAC to objectively and critically assess studies that their members have produced is to expect a superhuman degree of detachment.

In the case of fine PM, the research that they produced is the primary basis for finding a causal relationship in the fine PM Assessment. The EPA pays these scientists both to produce research and then to review their own research. Such review is taken as providing support for regulatory action in setting revised air quality standards.

As this inherently conflicted structure seems to have gone relatively unnoticed, it is worthwhile to review its history and organization. In 1998, the National Research Council (NRC) convened a Committee on Research Priorities for Airborne Particulate Matter. That same year, the committee issued the first of what became five reports. That initial report, “Immediate Priorities and a Long-Range Research Portfolio,” recommended that the EPA create five “airborne particulate matter research centers” (“PM Centers”) to “address research needs in the areas of exposure, dosimetry and extrapolation modeling, toxicology, and epidemiology.”65

The EPA followed the recommendations of this report, creating five fine particulate centers in 1998: the Northwest Research Center for Particulate Air Pollution and Health at the University of Washington, which received an EPA grant of $8,288,977;66 the EPA NYU PM Center: Health Risks of PM Components, which received an EPA grant of $8,076,438;67 the Rochester PM Center at the University of Rochester, which received an EPA grant of $8,302,447;68 the Southern California Particle Center and Supersite at UCLA, which received a grant of $8,715,583;69 and the Harvard Center for Ambient Particle Effects at Harvard University, which received a grant of $7,747,040.70 The research grants received by these centers were extended to 2006. Thus, over the period 1999–2006, the EPA invested about $40 million in five centers to investigate the health effects of fine PM. Perhaps not coincidentally, all of these (except apparently the UCLA center) were located at the institutional homes of members of the 1998 NRC Committee.71

When the original particle center grants from the EPA officially terminated in 2005, the agency funded the continuation of three of the particle centers, at Harvard (for $7,999,609),72 Rochester (for $8,000,000),73 and UCLA (for $7,999,994)74 for the period 2005–2010. All three grants were extended to 2012. In addition, two new centers were established for the period 2005–2010: the Johns Hopkins Particulate Matter Research Center received $7,993,275;75 and the San Joaquin Valley Aerosol Health Effects Research Center (SAHERC) at the University of California, Davis, received $7,999,767.76 Total center funding was around $80 million.

These grants were only part of the EPA’s investment in research into the health effects of fine PM. In addition to funding these academic centers, the EPA has consistently and massively funded the Health Effects Institute (HEI). Billed as a public-private partnership, the HEI funded many of the fine PM–mortality studies that the EPA relies on for causation. Over the period from 2000 to 2019, the HEI has received at least $87 million in grants from the EPA.77

Between the fine PM centers and the Health Effects Institute, the EPA has invested almost $180 million in research exploring the health effects of fine PM. Even this is an understatement, however, for it also invested about $30 million in a 2004–2014 multi-university, multi-ethnic study of atherosclerosis, cardiovascular disease, and long-term PM exposure called the MESA Air Study.78 Including this study, the EPA has provided over $210 million since 1999 to fund research investigating the health effects of exposure to PM.

By performing the research, summarizing what they deem relevant, and then recommending expensive policies, these centers are judge, jury, and executioner in one person.

To see how the centers are producing the research that supports the EPA’s finding of a causal connection between fine PM and mortality, consider the key short- and long-term studies that the EPA relied on in its 2009 fine PM ISA. It gives enormous weight to national, short-term, multi-city studies by Franklin and coauthors, and by Antonella Zanobetti and Joel Schwartz.79 All of these studies were funded by the EPA; two were funded by the Harvard Particulate Center, and one by the National Institute of Environmental Health Sciences plus an EPA Star Grant. As for the authors, since 1999, Schwartz has been a principal of the Harvard PM center and its follow-up centers; Schwartz and Zanobetti (who is also a researcher at the Harvard center) are authors of numerous articles supported by that EPA-funded center. All other coauthors were graduate students or researchers at the Harvard PM center.

As for the long-term studies the EPA relies on, by far the most important are various analytical permutations (analyses, reanalyses, re-reanalyses) of the long-term American Cancer Society cohort and the Harvard Six Cities study. All of these studies were funded by the agency.80 The massive 2009 study by Krewski and coauthors, a reanalysis and extended follow-up of the ACS cohort, was funded by the HEI, which, as noted, has itself received close to $100 million in funding from the EPA since 2000. As for the authors, although principal investigator Pope’s home is Brigham Young University, from 2000 to 2004 he was chair of the scientific advisory committee of Harvard’s PM center and a member of New York University’s PM center scientific advisory committee, while continuing to serve on the scientific advisory committees of Harvard and NYU and on the same committee at Johns Hopkins for the period 2006–2010; for the entire period 2003–2011 he was on HEI’s international scientific advisory committee.

Table 11.1 in the Appendix names the members of the 2005 CASAC fine PM review panels along with their institutional affiliations and lower bounds on EPA funding for their affiliated institutions. It begins with fine PM review panel members who were also members of CASAC. Table 11.2, also in the Appendix, provides the same information for the EPA’s 2010 fine PM review panel. Note that in both tables the funding amounts include both the institutional funding and any individual grants I have been able to identify.

This massive integrated inbreeding is a recent development. If we look first at the 2005 CASAC fine PM review committee, we see that of the nine academic members who were not members of CASAC itself but on CASAC’s fine PM review committee because of their expertise in fine PM research, almost all—eight out of nine—were affiliated with the EPA-created fine PM centers, and every EPA fine PM center director was on the panel. On the other hand, the EPA’s 2005 fine PM panel did include seven nonacademics, at least five of whom had no history of receiving EPA funding.

This relative balance on the 2005 fine PM review panel still produced a biased and incomplete result. That panel documented the new studies (done after the EPA’s assessment report) brought to the panel’s attention by members. The new studies brought to the attention of the full panel by EPA-funded members all cut in only one direction—that the causal connection between fine PM and mortality was even stronger than previous work suggested.81 Conversely, panel members without an EPA affiliation, such as George Wolff of General Motors, suggested that the EPA’s scientific assessment should include new studies questioning the fine PM–mortality causal link. Wolff brought Moolgavkar’s 2005 article to the committee’s attention, aptly summarizing that paper as concluding that “a particle mass standard is not defensible on the basis of a causal connection between ambient particle mass and adverse effects on human health.”82

As can be seen by comparing Tables 11.1 and 11.2, the changes between 2005 and 2010 essentially eliminated from EPA’s fine PM review panel any scientist who was not EPA-funded and/or affiliated with an EPA center. The mission statements of all of these centers make it abundantly clear that their objective was not to investigate whether fine PM had health effects, but to produce studies documenting the size and nature of those effects.83

By the time of the 2010 fine PM review, the EPA’s CASAC fine PM review panel included only EPA-funded academics and contained precisely zero members, regardless of affiliation, who had either the knowledge or the interest to question underlying EPA-funded research supposedly under review. Instead, the panel was dominated by academic researchers whose EPA-funded work was precisely the work being reviewed. It is hard to see how such a review panel could be described as independent. The EPA funds the production of centers that produce studies showing causation and then places the academic creators of such research on the review boards that are supposed to objectively critique the studies.

This is a situation remarkably similar to the relationship between the U.S. Global Change Research Program (USGCRP) and the mandated quadrennial National Assessments of the effects of climate change on the United States. The USGCRP is composed precisely of the agencies and entities that are funded to study climate change, and the agencies surely know if they find or state that the effects are less than catastrophic, the funding will vanish. Similar results accrue if the truth is told about fine PM—that the data are far too noisy and the analyses far too flawed to support strict reductions. But given the incentives of the academy, monopolistic government funding for certain fields of science fraught with regulatory implications turns science on its head. Rather than ensuring that regulation is based on science produced by the scientific process, such funding generates “scientific” studies that establish a persistent justification for regulation regardless of whether their conclusions would survive further scientific scrutiny.
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TABLE 11.1

2005 EPA fine PM review panel membership and institutional affiliations





	
Name


	
	
Institutional affiliations


	
	
EPA funding relationships





	
CASAC members


	
	
	
	



	
Rogene Henderson (Chair of CASAC and Chair of fine review panel)


	
	
Lovelace Respiratory Institute

Health Effects Institute (HEI) (Chair of HEI research committee, 1998–2005)


	
	
Lovelace $4 million

HEI $18.75 million grant





	
	
	



	
Ellis Cowling


	
	
North Carolina State University


	
	
Developed EPA funded National Atmospheric Deposition Program for acid rain monitoring





	
James Crapo


	
	
University of Colorado, Denver Medical Center


	
	



	
Frank Speizer


	
	
Harvard PM Center


	
	
$16 million





	
Fine PM panel members appointed due to expertise in fine PM epidemiology or toxicology


	
	
	
	



	
Philip Hopke


	
	
Clarkson University, Rochester University/EPA PM Center


	
	
Clarkson $844,000

Rochester PM Center $16 million





	
	
	



	
Jane Koenig


	
	
University of Washington/EPA Center for Particulate Air Pollution and Health (Director) and HEI


	
	
$27 million





	
Petros Koutrakis


	
	
Harvard PM Center


	
	
$24 million





	
Morton Lippman


	
	
NYU EPA PM Center (Director)


	
	
$28 million





	
Gunter Obersdorster


	
	
Rochester EPA PM Center (Director)


	
	
$18 million





	
Jonathan Samet


	
	
Johns Hopkins PM Research Center (Director) and HEI


	
	
$27 million





	
Sverre Vidal


	
	
University of Washington/EPA Center for Clean Air Research (Director)


	
	
$8 million





	
Ron White


	
	
Johns Hopkins PM Research Center


	
	



	
Warren White


	
	
UC Davis Crocker National Laboratory


	
	
Since 1985, Crocker Laboratory partnered with the EPA to develop nationwide Class I air quality monitoring network





	
Nonacademic fine PM review panel members


	
	
	
	



	
Allan Legge


	
	
Biosphere Solutions, Inc.


	
	



	
Joe Mauderly


	
	
National Respiratory Center


	
	
EPA funded center





	
Roger McClellan


	
	
Consultant


	
	



	
Frederick Miller


	
	
Consultant


	
	



	
Robert Rowe


	
	
Stratus Consulting


	
	
Long history of EPA consulting contracts





	
George Wolff


	
	
Chief Scientist, General Motors Corp.


	
	



	
Barbara Zielinska


	
	
Desert Research Institute


	
	










	
TABLE 11.2

2010 EPA fine PM review panel membership and institutional affiliations





	
Name


	
	
Institutional affiliations


	
	
Lower bound on EPA funding relationships





	
CASAC members


	
	
	
	



	
Armistead Russell (CASAC Chair)


	
	
Georgia Tech, Georgia Tech/Emory “Southeastern Center for Air Pollution and Epidemiology”


	
	
$11 million





	
Christopher Frey


	
	
North Carolina State


	
	
$3 million





	
Richard Poirot


	
	
Vermont Department of Environmental Conservation


	
	



	
Kathleen Weathers


	
	
Cary Institute for Ecosystem Research


	
	
$3 million





	
Fine PM panel members appointed due to expertise in fine PM epidemiology or toxicology


	
	
	
	



	
Lowell Ashbaugh


	
	
UC Davis Crocker National Laboratory


	
	
See Table 11.1





	
Ed Avol


	
	
USC, Southern California Particle Center and Supersite


	
	
$44 million





	
Joe Brain


	
	
Harvard PM Center


	
	
$24 million





	
Rogene Henderson


	
	
See Table 11.1


	
	
See Table 11.1





	
Philip Hopke


	
	
See Table 11.1


	
	
See Table 11.1





	
Morton Lippman


	
	
See Table 11.1


	
	
See Table 11.1





	
Robert Phalen


	
	
UC Irvine, Southern California Particle Center and Supersite


	
	
$8 million





	
Kent Pinkerton


	
	
UC Davis, San Joaquin PM Center


	
	
$10 million





	
Frank Speizer


	
	
See Table 11.1


	
	
See Table 11.1





	
Helen Suh


	
	
Harvard PM Center


	
	
$24 million





	
Sverre Vidal


	
	
See Table 11.1


	
	
See Table 11.1
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