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THE TRUTH ABOUT THE CHINA STUDY 
BY CHRIS MASTERJOHN 

 

Denise Minger on “The Curious Case of Campbell’s Rats” by Chris Masterjohn: 
 

“Excuse me while I pick my jaw up off the floor. I think most China Study skeptics 
(myself included) have assumed Campbell’s descriptions of his casein research 
were accurate, focusing instead on the errors of extrapolating it to all forms of 
animal protein. But it looks like *this* is the real smoking gun. “A deficiency of 
dietary protein was shown to increase the toxicity of aflatoxin for rats” — why 
was this not taken into consideration during any of his experiments?! Incredible! 
 
The final graph (from the “Effect of High and Low Dietary Protein…” study) is 
particularly fascinating. Lost in the memory hole indeed! 
 
Stunning job researching this — I think there’s little left of “The China Study” 
at this point besides a few glowing embers and a smattering of ashes. 
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THE TRUTH ABOUT THE CHINA STUDY 
Source: Chris Masterjohn 
Online: http://www.cholesterol-and-health.com/China-Study.html 
 
 
The China Study: Startling Implications for Diet, Weight Loss, and Long-Term Health by T. Colin 
Campbell 

New: Read Dr. Campbell's response to this review and my response to Dr. Campbell. See also Denise 
Minger's excellent critique of The China Study and my my critical review of Dr. Campbell's animal 
research. 

"Eating foods that contain any cholesterol above 0 mg is unhealthy." -- T. Colin 
Campbell, The China Study  

It was growing up on one of the many dairy farms of the rural American landscape, long before the 
China Study had taken place, and yet longer before the book was written, that the young T. Colin 
Campbell formed the views that would shape the early portion of his career.  

Cow's milk, "Nature's most perfect food," was central to the existence of his family and community. 
Most of the food that Campbell's family ate they produced themselves. Campbell milked cows from 
the age of five through his college years. He studied animal nutrition at Cornell, and did his PhD 
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research on ways to make cows and sheep grow faster so the American food supply could be pumped 
up with more and more protein.1  

Fast forward to the present. Campbell is now on the advisory board of the Physician's Committee for 
Responsible Medicine,2 which describes itself as "a nonprofit organization that promotes preventive 
medicine, conducts clinical research, and encourages higher standards for ethics and effectiveness in 
research,"3 but whose opposition to the use of animal foods reflects its ties to People for the Ethical 
Treatment of Animals (PETA) and other animal rights groups.4  

The China Study Hits Shelves 

Campbell's new book The China Study: Startling Implications for Diet, Weight Loss, and Long-Term Health 
hit shelves in January 2005 and details the turning points in his post-graduate research that led him to 
become a famed opponent of animal foods and an advocate of the vegan diet.  

It takes the reader on a tour through Campbell's early animal experiments, which he interpreted to 
implicate animal protein as a primary cause of cancer, through the massive epidemiological study 
after which the book was named.  

Only 39 of 350 pages are actually devoted to the China Study. The bold statement on page 132 that 
"eating foods that contain any cholesterol above 0 mg is unhealthy,"5 is drawn from a broad — and 
highly selective — pool of research. Yet chapter after chapter reveals a heavy bias and selectivity with 
which Campbell conducted, interpreted, and presents his research. 

 

Dietary Protein and Cancer 

The first strike against the pro-protein mantra Campbell had inherited from his nutritional forbears 
came while he was studying the relationship between aflatoxin (AF), a mold-related contaminant 
often found in peanut butter, and cancer in the Philippines.  

Campbell was informed by a colleague that, although the areas with the highest consumption of 
peanut butter had the highest incidence of liver cancer, it was the children of the "best-fed families," 
who consumed the most protein, who were getting liver cancer.  

Whether the best-fed Pilipino families ate the many staples of modern affluent diets like refined 
breads and sugars isn't mentioned.6  

This observation was corroborated by a study published in "an obscure medical journal," that fed AF to 
two groups of rats, one consuming a 5% protein diet, one consuming a 20% protein diet, in which 
every rat in the latter group got liver cancer or its precursor lesions, and none in the former group got 
liver cancer or precursor lesions.7 Campbell went on to investigate the possible relationship between 
nutritional factors, including protein, and cancer, a study that proceeded for 19 years with NIH 
funding.8 His conclusion was revolutionary and provocative: while chemical carcinogens may initiate 
the cancer process, dietary promoters and anti-promoters control the promotion of cancer foci,9 and it 
is nutritional factors, not chemical carcinogens, that are the ultimate deciding factors in the 
development of cancer.10  
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Yet the 19 years of research into this project leave us with more questions than answers, and have left 
T. Colin Campbell with a foundation of unsupported conclusions upon which he has built his tower of 
vegan propaganda.  

Campbell began his studies using AF as an initiator of cancer foci and the milk protein casein as the 
promoter protein of study. His results corroborated the earlier results of other researchers: a dose-
response curve existed for AF and cancer on a 20% casein diet, but disappeared on a 5% casein diet.11  

He found that adjusting the protein intake of the same rats could turn cancer promotion on and off as 
if with a switch,12 and found casein to have the same effect when other cancer initiators, such as the 
hepatitis B virus, were used.13 Rather than throwing a blanket accusation at all protein, Campbell 
acknowledged that the study of other proteins would be required before generalizing, just as the 
study of other cancer initiators would be required before generalizing to them. Wheat and soy protein 
were both studied in lieu of casein, and both were found not to have the cancer-promoting effect of 
casein.14  

Amazingly, Campbell's reluctance to make unwarranted generalizations ends here.  

After briefly describing some research finding a protective effect of carotenoids against cancer, 
Campbell concludes this chapter of The China Study by noting the following overarching pattern: 
"nutrients from animal-based foods increased tumor development while nutrients from plant-based foods 
decreased tumor development."15 (His italics.)  

Campbell Jumps the Gun... 

The generalization from the milk protein casein to all "nutrients from animal-based foods" is clearly 
unwarranted. If Campbell took caution to study the issue further before generalizing from casein to all 
proteins, why didn't he take the same caution before generalizing from casein to all animal proteins or 
all animal nutrients?  

Indeed, in later pages of The China Study, Campbell acknowledges that he is making this 
generalization: ". . . casein, and very likely all animal proteins, may be the most relevant cancer-causing 
substances that we consume."16 Why this generalization is "very likely" to be true is left unexplained.  

Campbell is aware that casein has been uniquely implicated in health problems, and dedicates an 
entire chapter of The China Study to casein's capacity to generate autoimmune diseases.17 Whey 
protein appears to have a protective effect against colon cancer that casein does not have.18 Any effect 
of casein, then, cannot be generalized to other milk proteins, let alone all animal proteins.  

Other questions, such as what effect different types of processing have on casein's capacity to 
promote tumor growth, remain unanswered. Pasteurization, low-temperature dehydration, high-
temperature spray-drying (which creates carcinogens), and fermentation all affect the structure of 
casein differently and thereby would affect its physiological behavior.  

What powdered, isolated casein does to rats tells us little about what traditionally consumed forms of 
milk will do to humans and tells us nothing that we can generalize to all "animal nutrients." 
Furthermore, Campbell fails to address the problems of vitamin A depletion from excess isolated 
protein, unsupported by the nutrient-dense fats which accompany protein foods in nature.  
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Update From September, 2010: Campbell never tells us in The China Study that the same low-casein diet 
that protected the rats against aflatoxin-induced cancer actually dramatically increased the 
vulnerability of these rats to the acute toxicity of aflatoxin, or that the high-casein diets provided tbe 
rats with dramatic protection against cancer when they were fed before or during the aflatoxin dosing 
rather than after. He also never tells us that casein and plant proteins behaved exactly the same when 
the limiting amino acid of the specific plant protein was provided, as would occur on a diet of mixed 
foods. To read more about these and other omissions, you can read my September, 2010 article The 
Curious Case of Campbell's Rats: Does Protein Deficiency Prevent Cancer?  

Lessons from China — The China Project Itself 

In the early 1980s, along with Chen Junshi, Li Junyao, and Richard Peto, T. Colin Campbell presided 
over the mammoth epidemiological study referred to as the China Project, or China Study. The New 
York Times called the China Study "the Grand Prix of epidemiology," and it gathered data on 367 
variables across sixty-five counties and 6,500 adults.  

Amazingly, from the more than 8,000 statistically significant associations found in the China Study, 
Campbell was able to draw a single unifying principle:  

"People who ate the most animal-based foods got the most chronic disease. . . . People who ate the most 
plant-based foods were the healthiest and tended to avoid chronic disease." 19  

The study utilized recall questionnaires, direct observation and measurement of intakes over a three-
day period, and blood samples.20 The blood samples were combined into large pools for each village 
and each sex.21  

This had the drawback of dramatically decreasing the number of data points relative to the enormous 
number of correlations being generated, and the advantage of allowing the blood to be tested for 
many, many more variables than would be testable using individual samples.  

One of the benefits of the China Study's design was that the genetic stock of the study subjects had 
little variation, while there was wide variation among cancer and other disease rates.  

While the dietary surveys were conducted in the autumn of 1983,22 the mortality rates were taken a 
decade earlier in 1973 through 1975. 23 Rural areas were thus deliberately selected to ensure that the 
people in the area had for the most part lived in the area all their lives and had been eating the same 
foods native and traditional to that area, so that the mortality data would reliably match the dietary 
data.  

One of the drawbacks of the China Study was that nutrient intakes were determined from food 
composition tables, rather than measured directly from foods.24 This disallowed any consideration of 
differences in nutrient composition of foods in different areas due to soil quality, which was a primary 
theme of Weston Price's research.  

Another drawback of the China Study was that the questionnaire did not adequately account for the 
diversity of animal foods. Questions about the frequency of consumption of sea food, meat, eggs, and 
milk were included, but questions about organ meats and insects were not included on the 
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questionnaire, nor was fish differentiated from shell fish, despite the very different nutrient profiles of 
these foods.25  

Additionally, the autumn dietary survey could not take into account foods that were not in season at 
the time.  

Does the data match up? 

What is most shocking about the China Study is not what it found, but the contrast between 
Campbell's representation of its findings in The China Study, and the data contained within the original 
monograph.  

Campbell summarizes the 8,000 statistically significant correlations found in the China Study in the 
following statement: "people who ate the most animal-based foods got the most chronic disease."26 
He also claims that, although it is "somewhat difficult" to "show that animal-based food intake relates 
to overall cancer rates," that nevertheless, "animal protein intake was convincingly associated in the 
China Study with the prevalence of cancer in families."27  

 

 

 

============================= 
Figure 1 
Associations of Selected Variables with Mortality for All Cancers in the China 
Study  

Total Protein +12% 
Animal Protein +3% 
Fish Protein +7% 
Plant Protein +12% 
Total Lipids -6% 

Carbohydrates +23% 
Total Calories +16% 
Fat % Calories -17% 
Fiber +21% 
Fat (questionnaire) -29%* 
* statistically significant ** highly significant *** very highly significant 
============================== 
(Data taken from the original monograph of the China Study.)  

But the actual data from the original publication paints a different picture. Figure 1 shows selected 
correlations between macronutrients and cancer mortality. Most of them are not statistically 
significant, which means that the probability the correlation is due to chance is greater than five 
percent.  
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It is interesting to see, however, the general picture that emerges. Sugar, soluble carbohydrates, and 
fiber all have correlations with cancer mortality about seven times the magnitude of that with animal 
protein, and total fat and fat as a percentage of calories were both negatively correlated with cancer 
mortality.  

The only statistically significant association between intake of a macronutrient and cancer mortality 
was a modest negative correlation with total oil and fat intake as measured on the questionnaire. As an 
interesting aside, there was a highly significant negative correlation between cancer mortality and 
home-made cigarettes!28 Campbell's case for the association between animal foods and cancer within 
the China Study is embedded within an endnote. Campbell states: "Every single animal protein-related 
blood biomarker is significantly associated with the amount of cancer in a family."29  

Following the associated endnote, these biomarkers were "plasma copper, urea nitrogen, estradiol, 
prolactin, testosterone, and, inversely, sex hormone binding globulin, each of which has been known 
to be associated with animal protein intake from previous studies."30 Since Campbell does not cite 
these "previous studies," the reader is left in the dark regarding the reliability of his assumptions. Blood 
biomarkers are generally associated with food intake patterns, rather than specific foods. Since food 
intake patterns differ in different populations, an association found between a biomarker in one 
population cannot necessarily be generalized to another.31  

For example, people who eat more whole grains in a given population might have higher levels of 
vitamin C, even though whole grains do not contain vitamin C. This would be true in one population 
where people who eat whole grains tend to eat more fruits and vegetables, but untrue in another 
population.  

In other words, if the mysterious "previous studies" that Campbell doesn't cite were conducted in 
America, their data would be irrelevant to a study conducted in China, where food intake patterns 
could be very different.  

As we will see below, the China Study's own data indicated that these were not reliable biomarkers. It 
isn't at all clear why this roundabout and extremely unreliable way of measuring animal protein 
consumption is superior to the direct methods of the study, such as the food questionnaire and the 
dietary observations-- especially when they directly contradict each other!  

Of the biomarkers measured, estradiol only had a statistically significant relationship with animal 
protein in women under 45,where the correlation was positive as is true for sex hormone-binding 
globulin, both of which had negative correlations in women aged 55-64.  

There was no statistically significant relationship between animal protein and testosterone in men of 
any age, which were negatively correlated in all age groups, nor in females except those aged 55-64, 
where the correlation was positive. Plasma prolactin was only statistically significantly related to 
animal protein consumption in the oldest group of females (positively) and was negatively correlated 
in other age groups.32  

Only urea nitrogen and copper were consistent and significant indicators of animal protein 
consumption, and of these two only copper was significantly related to cancer mortality. 33 It is difficult to 
see how Campbell can so emphatically draw the conclusion that animal foods are the cause of most 
diseases from this data.  
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Update From September, 2010: Denise Minger has now produced a much more extensive critique of the 
China Study data, thoroughly refuting all of Dr. campbell's claims. I highly recommend reading it here: 
The China Study: Fact or Fallacy?  

China Study Tells Only Half the Story? 

By the title, one would expect The China Study to contain objective and complete information derived 
from the China Study. Page one touts "real science" above "junk science" and "fad diets." Yet Campbell 
consistently presents only half the story -- at best -- through the duration of the book.  

In Part II, Campbell presents evidence incriminating animal products as the cause of nearly every 
disease. He cites several health care practitioners, including Dr. Caldwell Esselstyn Jr. and Dr. Dean 
Ornish, who claim to have been able to reverse heart disease with plant-based diets,34 and cites the 
Papua New Guinea Highlanders as an example of a traditional society without the occurrence of heart 
disease.  

Yet the pages of The China Study make no mention of George Mann's and other researcher's extensive 
study of the heart-healthy Masai or the healthy primitives of Weston Price, who relied extensively on 
fatty animal foods.  

That the programs of Ornish and Esselstyn involved more than abstention from animal foods-- 
especially the program of Ornish, of which diet is only a small part-- is not seen as a confounding factor 
that detracts from our ability to incriminate animal foods in heart disease. Nor does he bother to 
mention the cannibalism or the swollen bellies of children that accompanies the protein-starved diet 
of the New Guinea highlands.35 In The China Study's discussion of diabetes, Dr. Campbell concludes 
that "high-fiber, whole, plant-based foods protect against diabetes, and high-fat, high-protein, animal-
based foods promote diabetes."36 He discusses the possible role of cow's milk (an animal food) in 
causing type one diabetes via an autoimmune reaction,37 but makes no mention that wheat gluten (a 
plant food) has been implicated in Type 1 diabetes by a similar process.38 He similarly fails to mention 
the role of fructose consumption (from plant foods) in causing insulin resistance,39, 40 and the increase 
in high fructose corn syrup consumption that has paralleled the increase in diabetes.  

Campbell discusses the suspected role of animal foods in causing prostate cancer, but makes no 
mention of the potent preventative role current research is attributing to vitamin A, a nutrient found 
in animal foods.42 He devotes 19 pages of The China Study to discussing the role of cow's milk in 
causing autoimmune diseases,43 but zero pages to the role of wheat gluten in causing autoimmune 
diseases.44  

Campbell reiterates the myth that dietary fat and cholesterol contribute to Alzheimer's and discusses 
the potential protective effects of plant foods,45 but makes no mention of the protective effect of DHA, 
an animal-based nutrient, that is currently being investigated and has been known about for years.46  

The China Study frequently ignores the contribution of animal foods to certain classes of nutrients, 
such as B vitamins and carotenes. Both classes of nutrients are assumed to come from plant foods, 
despite egg yolks and milk from pastured animals being a good source of carotenes, and the high B 
vitamin content of liver.  
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The most curious of such statements is one found on page 220, where Campbell declares, "Folic acid is 
a compound derived exclusively from plant-based foods such as green and leafy vegetables."47 (My 
italics.) This is a fascinating statement, considering that chicken liver contains 5.76 mcg/g of folate, 
compared to 1.46 mcg/g for spinach!48 A cursory look through the USDA database reveals that the 
most folate-dense foods are organ meats.  

The China Study contains many excellent points in its criticism of the health care system, the 
overemphasis on reductionism in nutritional research, the influence of industry on research, and the 
necessity of obtaining nutrients from foods. But its bias against animal products and in favor of 
veganism permeates every chapter and every page.  

Less than a page of comments are spent in total discussing the harms of refined carbohydrate 
products. Campbell exercises caution when generalizing from casein to plant proteins, but freely 
generalizes from casein to animal protein. He entirely ignores the role of wheat gluten, a plant 
product, in autoimmune diseases, so he can emphasize the role of milk protein, an animal product. 
The book, while not entirely without value, is not about the China Study, nor is it a comprehensive 
look at the current state of health research. It would be more aptly titled, A Comprehensive Case for the 
Vegan Diet, and the reader should be cautioned that the evidence is selected, presented, and 
interpreted with the goal of making that case in mind. 

 
 

RESPONSE TO T. COLIN CAMPBELL 
Source: Chris Masterjohn, March 4, 2007 
Online: http://www.cholesterol-and-health.com/Campbell-Masterjohn.html  
 

by Chris Masterjohn 

In the spring of 2005, I wrote a review of Dr. T. Colin Campbell's book, The China Study. It appeared in 
the quarterly journal of the Weston A. Price Foundation, Wise Traditions, and is also available here. 
Since my review was highly critical of his conclusion that a vegan diet paves the road to vibrant health, 
the Weston A. Price Foundation and I offered Dr. Campbell the opportunity to publish his response on 
the Foundation's web site.  

Although he initially expressed interest in responding, Campbell later informed me that he lost 
interest after learning that I was not a professional researcher. Nevertheless, we engaged each other 
respectfully in a lengthy email discussion over a period of several weeks. At the time, I asked Campbell 
for permission to publish our correspondence on my web site, but he declined. 

I was therefore rather surprised to recently see Campbell's rebuttal to my review published on 
VegSource.Com. The rebuttal unfortunately targets my age and credentials and questions my 
intellectual independence and the motivations of the publisher of my review rather than making a 
serious, science-based refutation of my arguments. Nevertheless, Campbell does make several 
substantive points to which I would like to respond. Below, I will address these arguments after briefly 
clarifying my credentials and motivations.  
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Posing as a Qualified Scientist? 

Although Dr. Campbell numbers me among those who are "mischievously posing as qualified 
scientists," I have been entirely open about my credentials. Every page on my web site links to my 
disclaimer page, on which it is stated: 

The information contained within this site has been presented with careful research, and some of 
the articles contain many references to peer-reviewed journals. 
 
Please understand that I am not, however, qualified to dispense medical or health advice of any 
kind. Likewise, although the articles reference peer-reviewed publications, these articles are not 
peer-reviewed themselves. 
 
Although I am trained in lab science techniques and journal article writing at the undergraduate 
level and plan to pursue a PhD in Molecular and Cellular Biology, I do not currently possess a 
graduate degree or a medical degree, and I have not published peer-reviewed research. 

The disclaimer is actually outdated. I now have two items accepted for publication in peer-
reviewed journals: the Journal of the American College of Cardiology accepted a letter of mine on 
August 28, 2006, and Medical Hypotheses more recently published a ten-page hypothesis paper 
that I have written on the molecular mechanism of vitamin D toxicity. 

More importantly, the strength of my argument and that of Campbell's depends not on our 
authority nor on our credentials, but on the evidence we use and the logic with which we use it. 

The Alternative Agenda 

Dr. Campbell argues that my writing reflects an "alternative agenda or bias" and even suggests that 
the Weston A. Price Foundation (WAPF) is influenced by the heavy hand of industrial agriculture and 
by factory farm conglomerates. 

I find it puzzling that anyone could peruse even a small sample of the materials on the WAPF web site, 
-- all of which consistently and passionately oppose the practice of factory farming -- and then suggest 
that factory farms would support the Foundation. Instead, most confinement operations that sell 
grain-fed animal products through corporate retailers would probably keep their money as far away as 
possible from an organization that promotes free-range pasture farming and direct farmer-to-
consumer sales. 

That said, it was arguably a cheap shot for me to have noted in my review that Newsweek -- not my 
own investigation, as Campbell wrongly reports -- has linked the Physician's Committee for 
Responsible Medicine (PCRM) to People for the Ethical Treatment of Animals (PETA) and the terrorist 
group Stop Huntingdon Animal Cruelty (judged a terror threat by the Department of Justice, not by 
me). Although this connection actually has documentation to support it, unlike Campbell's incorrect 
speculation, any connection between Campbell and Stop Huntingdon Animal Cruelty is indirect and 
obviously does not bear on the quality of his arguments. I have therefore deleted the reference to this 
connection from both the version of the review on my web site and from the version on the WAPF 
web site. 
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My personal involvement in WAPF began several years ago when a friend introduced me to some of 
its information on raw milk. At the time, I had recently reintroduced animal products into my diet after 
two years of vegetarianism led to anxiety, energy problems and a mouthful of tooth decay. Because 
the additional changes I introduced after familiarizing myself with the WAPF guidelines made 
dramatic improvements to my health, I involved myself more deeply in the organization. 

I was not, as Campbell writes, on the verge of death, nor do I believe that every vegetarian will 
"eventually learn of the error of their ways." I believe, instead, that at least some high-quality animal 
products - not necessarily a diet "high in cholesterol, fat and animal protein" in every case - are 
required for optimal health. Many of us who have particularly high needs for certain animal-based 
nutrients -- whether because of heredity, circumstance, or some combination thereof - may indeed 
need a diet very rich in animal products. 

Naturally, my experience influences the way I read and interpret research. Because there is a great 
degree of ambiguity in science, two reasonable people can sometimes look at the same data and form 
opposite conclusions. Despite having my own experiences, I still struggle to keep an open mind and to 
consider all possible interpretations of the data I encounter, not just those I would like to believe. I 
don't consider having this experience to be an "alternative agenda," and I think most reasonable and 
honest people would admit that their own past experiences exert considerable influence on how they 
interpret their present experiences. If that's an agenda, we all have one.  

China Study Redux — The Case of the Uncorrected Correlation 

According to Dr. Campbell, I have demonstrated "a serious lack of understanding not only of the 
fundamentals of scientific research but also of the principles of statistics, epidemiology and nutrition," 
by "superficially citing uncorrected crude correlations" that I have selected "to reflect an alternative 
agenda or bias that has nothing to do with objective science." 

Had he presented corrected correlations in his book, in the original monograph, or elsewhere, I would 
have used them to evaluate his conclusions. Nowhere in these writings or in Campbell's rebuttal, 
however, does he provide a reference to such correlations; his response is therefore vague and 
evasive. [See note 1 on corrected correlations.] 

Let us briefly return to the evidence provided by the China Study,1 and that which Dr. Campbell selects 
to form his argument that animal protein contributes to cancer.2 

The China Study looked at cancer in two ways: official cancer mortality statistics and a questionnaire 
that asked each household whether or not there were cancer patients in the family. 

According to the "uncorrected" data, households from villages that had higher average animal protein 
intakes during the three-day, in-house observation were more likely to have cancer patients within 
their family according to the questionnaire (Figure 1 further below), but villages with higher average 
animal protein intakes did not have higher incidences of cancer mortality according to the 
government statistics (Figure 2 further below). 

Yearly meat intake was negatively correlated with cancer whether measured by the official statistics or 
by the questionnaire, but the association was not statistically significant. [See note 2 on statistical 
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significance.] A much better predictor of cancer by both measures was latitude, which reflects vitamin 
D levels, but that's another story for another day. 

Despite Campbell's criticism of my use of "uncorrected, crude correlations," his own argument 
that animal protein is linked to cancer in the China Study rests squarely on those very 
"uncorrected" correlations. He disregards the official cancer mortality statistics and the 
information about meat intake from the questionnaire, presumably because they do not 
support his argument. Instead, he relies on the association between animal protein intake during the 
three-day, in-house observation and the percentages of households claiming cancer patients in their 
families on the questionnaire; he then supports this flimsy figure with supposed surrogate 
"biomarkers" for animal protein intake. 

On page 89, he writes:  

“Animal protein intake was convincingly associated in the China Study with the prevalence of 
cancer in families. This association is an impressive and significant observation, considering the 
unusually low intake of animal protein. Diet and disease factors such as animal protein 
consumption or breast cancer incidence lead to changes in the concentrations of certain 
chemicals in our blood. These chemicals are called biomarkers. As an example, blood 
cholesterol is a biomarker for heart disease. We measured six blood biomarkers that are 
associated with animal protein intake.39 Do they confirm the finding that animal protein intake 
is associated with cancer in families? Absolutely. Every single animal protein-related blood 
biomarker is significantly associated with the amount of cancer in a family.” 

In order to find out what these biomarkers are, we have to follow reference 39. This takes us to page 
376, where he states: 

39. These biomarkers include: plasma copper, urea nitrogen, estradiol, prolactin, testosterone, and, 
inversely, sex hormone binding globulin, each of which has been known to be associated with animal 
protein intake from previous studies. 

The first observation I made when I read this footnote was that Campbell does not cite any references 
demonstrating that these biomarkers have "been known" to be associated with animal protein intake. 
But let us put this question aside for a moment. 

The data from the China Study do not quite support Campbell's contention that every single one of 
these biomarkers is significantly associated with cancer prevalence in families. The associations are 
shown in Figure 3. Plasma testosterone has no significant association with cancer prevalence in either 
males or females at any age. Plasma prolactin is positively associated in older subjects, but negatively 
(though not significantly) associated in younger ones. The inverse association with sex hormone 
binding globulin (SHBG) holds up, but it is only significant in older subjects. By contrast, the 
association with estradiol only holds up in younger subjects, and is reversed in older ones. The 
association with urea nitrogen is not significant. Only plasma copper has a convincing, highly 
significant association with cancer prevalence. 

Although Campbell disregards the official cancer mortality statistics, I have nevertheless shown their 
associations with these biomarkers in Figure 4. None of the hormones are significantly associated with 
cancer mortality. However, plasma copper again rears its head as a consistent marker for cancer. 
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Now, are these measurements truly "biomarkers" for animal protein intake? Since Campbell does not 
cite any studies supporting this contention, I did a few keyword searches on PubMed to see whether 
there was any data to convincingly support or refute it. 

I did not find any evidence substantiating a link between animal protein intake and plasma urea 
nitrogen. 

I did find several studies showing that SHBG is higher in vegetarians and even higher in vegans,3, 4 but 
it is increased by lean fish protein compared to fatty animal foods,5 and is decreased by dietary 
cholesterol.6 This hardly supports its use as an inverse biomarker for animal protein. 

Contrary to Campbell's contention, one study found that vegetarians have higher testosterone levels 
than meat-eaters and that vegans have even higher levels, though because more of it was bound by 
proteins, the free testosterone available for use by the body was the same in all three groups.3 Lean 
fish compared to fatty animal products does not affect testosterone levels, despite being higher in 
animal protein.5 One study found a mere two percent difference in plasma estradiol between 
vegetarians and non-vegetarians, which the authors attributed to the role of body fat in estrogen 
production,4 and another found no difference in testosterone levels between vegetarian and non-
vegetarian girls.7 

Most of this is beside the point. Since plasma copper is the only one of these biomarkers convincingly 
associated with cancer, what we are most interested in is whether plasma copper can be taken as an 
indicator of animal protein intake. 

According to vegan advocate John Robbins, copper status should not be such a good judge of dietary 
animal protein: 

Vegetarian diets tend to be higher in copper, which overrides any reduced rate of absorption from 
phytates. Vegans, in particular, consume considerably more copper than meat-eaters. 

This is supported by one study of Canadian preschool children showing that they obtained forty 
percent of their copper from grains but only twelve percent of it from animal products.8 Of course, 
even if most vegan diets are higher in copper than most omnivorous diets, it would not necessarily 
mean that the blood levels of vegans are higher in copper than the blood levels of meat eaters. So let 
us take a look at what the research says. 

In very young children, there is no relationship between meat intake and serum copper.9 In Kenyan 
school children consuming only one percent of their diet as milk and only one percent as meat, the 
daily administration of a meat-rich and milk-rich meal over the course of a school year had no effect on 
serum copper levels.10 In Austrian school children of ages four through nineteen, protein itself could 
only explain two percent of plasma copper status, but meat was able to explain fifteen percent. The 
contribution of cereals, vegetables, cereal-based desserts, coffee, tea and other hot beverages to 
plasma copper status was about equal to that of meat.11 

At best, then, meat intake may be able to explain a mere fifteen percent of the variation in plasma 
copper levels. But if plasma copper is associated with cancer in the China Study, does this reflect an 
association between cancer and meat, or an association between cancer and cereals, vegetables, 
desserts, coffee and tea? 
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Thus, having no reliable biomarkers for animal protein intake, we are back full-circle to the original, 
inconsistent data directly ascertaining animal protein and meat intakes, all the while having 
considered only uncorrected correlations, because these are the very correlations that Campbell uses 
to make his argument. As seen here, that argument does not stand up to critical analysis. 

The Scientific Value of the Work of Weston Price 

Dr. Campbell dismisses the work of Weston Price, whom he refers to as a "dental surgeon," as a set of 
"meager observations" that can be reduced to the conclusion that processed and sweetened food 
products contribute to tooth decay. Price did not, according to Campbell, support his "inferences 
about health in general" with any "reliable empirical data." 

Price was not simply a dental surgeon, but a prolific researcher who followed the scientific method 
from beginning to end. He made observations using physical examinations, case histories, X-ray 
examinations, collections of dietary information, archaeological excavations, statistics, and chemical 
analyses of thousands of samples of saliva and tens of thousands of samples of food. From these 
observations, he developed a specific hypothesis - namely, that tooth decay correlates with other 
forms of physical degeneration with which it shares a common nutritional cause. 

From this hypothesis, he formed predictions and tested them. He generated epidemiological and 
experimental data supporting the hypothesis, raising it to the status of a well-supported theory. 
Finally, he applied the theory to his clinical practice, achieving a level of success that made his 
approach internationally known. 

According to the Greater Cleveland Dental Society's History Page, Price developed radiography 
techniques in Paris in 1900 before radium had even been named. He also studied the physical 
characteristics of wax and gold, all before assuming his position as the Director of the Research 
Institute of the American Dental Association in 1916, which was known at that time as the National 
Dental Association. 

Price's twenty-five-year research program at the American Dental Association involved a team of sixty 
researchers and resulted in the publication of a 1,174-page report and twenty-five scientific articles on 
the potential of root canalled teeth to act as sources of focal infection.12 Including these writings, 
Price's bibliography boasts 263 publications. 

Over the course of his studies, Price observed that the vulnerability of a patient to systemic health 
problems originating from root canalled teeth seemed to depend as much on the health of the 
individual as it did on the infection itself. Observation, of course, is the first step in the scientific 
method. Price realized the value of having control groups, however, and set out to design the 
equivalent of the modern case-control study. 

This is a study wherein a group of people in which all individuals have a certain disease is compared to 
a group of people in which none of the individuals have the disease. The disease is called the 
"dependent variable" because it depends on something else - that is, it has a cause. Researchers look 
for differences between the two groups in diet, lifestyle, environment, or some other factor, and call 
these "independent variables." 
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If such a difference exists, the researchers may offer the hypothesis that the variation in the 
independent variable is causing the variation in the dependent variable. For example, if patients with 
tooth decay have lower vitamin A intakes than patients without tooth decay, researchers might 
hypothesize that vitamin A protects against tooth decay. They would then develop logical predictions 
based on this hypothesis and test those predictions to support or refute it. 

Price did not investigate isolated indigenous populations because he regarded them as "the nearest 
link to our own past." The reason he sought out indigenous populations was because the prevalence 
of tooth decay in modern society was so high - approaching one hundred percent - that he could not 
find suitable controls. One cannot make a case-control study with cases alone. 

In his epic work, Nutrition and Physical Degeneration,13 he writes: 

It became very clear that [the individual's immunity] was quite as important a determining 
factor as was the type of infection. This finding led me to broaden the scope of my 
investigations to include a search for control cases that were free from the degenerative 
processes. I was not able to find these controls in the clinical material afforded by our modern 
civilization, and therefore extended the search to isolated primitive racial stocks. 

Because Price was driven to look for controls in other populations, his study design came to resemble 
the modern ecological study in most cases more than it did the modern case-control study. Ecological 
studies look at groups with varying prevalence of a disease rather than groups made entirely of 
individuals with or without the disease. However, since many of the groups had tooth decay rates 
lower than five percent and some approached zero percent, while many other groups had tooth decay 
rates that exceeded ninety percent, this distinction is rather equivocal. 

Price consistently noted that the diets of groups in which tooth decay was prevalent shared certain 
characteristics - namely, the prominence of refined foods as staples. The diets of groups in which 
tooth decay was absent or nearly absent varied widely but were all characterized by the 
absence of refined foods. Not all native diets were equal, however: those in which animal foods 
were virtually absent, for example, produced much lower rates of tooth decay than found on 
modern, refined diets, but much higher rates of tooth decay than found on diets containing a 
significant amount of animal foods. 

Price did not hypothesize that the foods determined the vulnerability to tooth decay. Instead, he 
hypothesized that the nutrients within the foods, regardless of their specific source, determined the 
vulnerability to tooth decay. To test this hypothesis, he performed chemical analyses of the foods that 
the groups he studied were consuming. He found that the unrefined foods eaten by groups with 
immunity to tooth decay were often several times higher in nutrients than the same unrefined foods 
that were consumed in modernized groups who were not immune to tooth decay. 

Price further tested the hypothesis using controlled experiments in laboratory animals and using 
intervention trials with his patients. Since his patients during the Great Depression often suffered from 
many other complications of physical degeneration beyond tooth decay and were in great need of 
immediate help, Price did not use control groups during the human trials. He nevertheless observed 
dramatic changes in the chemical behavior of the saliva and observed the complete reversal of tooth 
decay - often accompanied by the reversal of other health problems - using his experimental diet of 
nutrient-rich whole foods. 
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Other groups instituted bits and pieces of Price's protocol in controlled studies: for example, a New 
Zealand study found a forty-two percent increase in resistance to dental caries in a group receiving a 
daily dose of cod liver oil and malt relative to the control group. 

While Price's proof would have been more rigorous if he had used control groups in his human 
intervention trials, his data are nevertheless astounding. He provides X-ray photographs within his 
book documenting the ability of his experimental diet to completely inactivate active cavities without 
the need for oral surgery by inducing the remineralization of dentin and the sealing of the carious 
tooth with a glassy finish. 

Price provided a considerable amount of empirical data supporting the second part of his hypothesis - 
that tooth decay is but one manifestation of a general process of physical degeneration with which it 
shares a common nutritional cause. 

The connection he demonstrated most convincingly was that between tooth decay and tuberculosis. 
Price consistently found that tuberculosis was ravaging groups who were susceptible to tooth decay 
while completely passing over groups who were immune to tooth decay, even when these groups 
lived close by and were cared for by the same doctors. His consistent observation of this phenomenon 
in many regions of many continents constitutes a large-scale, ecological study that compellingly 
demonstrates the association between tuberculosis and tooth decay. 

Since many individuals with tuberculosis were cared for in infirmaries, he also had the opportunity to 
examine the facial structure and tooth decay rates of groups entirely composed of tuberculosis 
patients. Because he was examining groups of individuals with and without tuberculosis, these 
observations are equivalent to modern case-control studies. Whereas the prevalence of deformities of 
the dental arch approached or reached zero percent among individuals immune to tuberculosis, it 
approached or reached one hundred percent among individuals within tuberculosis infirmaries. 
Figures for tooth decay were similar. Price observed this phenomenon consistently, whether in Alaska, 
Africa, or New Zealand. 

I read case-control studies frequently, and I never find connections anywhere near as compelling as 
those that Price provides between tuberculosis, facial structure and tooth decay. 

Price also believed that the same nutritional causes that underlie dental disease and tuberculosis 
underlie heart disease and pneumonia as well. He tested more than 20,000 samples of dairy products 
sent to him at intervals of two to four weeks over the course of several years from the United States, 
Canada, Australia, Brazil and New Zealand. Price divided the total area into several dozen districts, 
each composed of several thousand square miles. Since the vitamin content of the butterfat varied 
widely according to season, rainfall, and the nutrition of the animal, Price was able to develop separate 
charts of this fluctuation for each district. 

He then obtained government mortality statistics in each of these districts for pneumonia and heart 
disease. In every case, the seasonal fluctuation in pneumonia and heart disease mortality within the 
district was inversely related to the seasonal fluctuation in the vitamin content of butterfat. Again, this 
is a remarkable set of empirical data supporting Price's hypothesis. 

Although Price was only able to stay a short time with the indigenous groups he examined, he was 
sometimes able to obtain important statistics from physicians who practiced among these groups. In 
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this way, he obtained limited data suggesting that nutrition influenced cancer and the ease of 
childbirth in the same way it influenced tooth decay, tuberculosis, pneumonia and heart disease. 

For example, Price visited a group of over four thousand natives eating their native diet and about 
three hundred whites eating a modern diet, residing together on one of the Torres Strait islands north 
of Australia. The government physician in charge of supervising this group reported that in thirteen 
years he had suspected only one case of cancer among the natives and operated on none, whereas he 
had operated on several dozen cases of cancer in the much smaller white population. Granted, he 
could not rule out a difference in the genetic propensity of these groups to develop cancer. 

In Alaska, however, Price obtained data concerning the effect of diet on the ease of childbirth that was 
not subject to the confounding effect of genetics. The superintendent of the government hospital in 
Anchorage reported that in his thirty-six years of experience, the native women gave birth with such 
ease that he was rarely able to reach them in time to witness a birth. In the most recent generation of 
young women who had grown up during the shift to a modernized diet, however, the women 
frequently required the assistance of the hospital after spending days in labor. 

Price's research clearly has both strengths and weaknesses. He did not have access in the 1930s and 
1940s to the type of laboratory methods we have today. He could not measure plasma urea nitrogen 
or plasma testosterone or most of the other dozens of measurements recorded in the China Study. 

On the other hand, the questionnaire of the China Study did not ask questions about the consumption 
of organ meats, bone and bone marrow, or insects, nor did it differentiate shellfish from scaled fish. It 
assumed nutrient intakes based on centralized food composition databases and could not account for 
the potential wide variation in nutrient contents of foods grown in different soils or by different 
methods. The fact that Price took care to note the many idiosyncrasies of indigenous diets and 
measured the nutrient contents of foods directly constitutes a major strength of his work. 

Clearly, Price's observations are not "meager" and he did, in fact, publish reliable empirical data 
supporting his views. 

Putting It All in Context — Laboratory Evidence and Clinical Experience 

Dr. Campbell rightly points out that only a portion of his book concerns the findings of the China 
Study. He lists two other lines of evidence that influenced his conclusions: his own laboratory evidence 
and that of others, and the clinical experiences of physicians using vegetarian or nearly vegetarian 
diets as treatments or prophylaxis in their practices. 

In my review, I chose to approach these forms of evidence simply by pointing out the great selectivity 
with which Campbell presents the possible interpretations of his laboratory evidence and the range of 
scientific evidence gathered by others. He concludes that "animal-based nutrients" cause cancer 
because isolated casein causes cancer, where he should simply have concluded that isolated casein 
causes cancer. He does not discuss George Mann's post-mortem analyses of hearts and aortas taken 
from deceased Masai -- cattle herders who subsist primarily on milk, blood and meat -- showing that, 
with a limit of detection of two percent, the Masai were free of heart disease. Nor does he discuss the 
clinical experience of many medical practitioners who have worked with indigenous groups 
consuming diets rich in animal products yet enjoying freedom from cancer, as conveyed by such 
writers as Weston Price and Vilhjalmur Stefansson. 
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Campbell carries this selectivity so far as to make the absurd claim that folate is found exclusively in 
green leafy vegetables when the best source is actually chicken liver. Even in his rebuttal, Campbell 
ignores most of these points and still has not admitted that folate is present in animal foods. 

Nevertheless, since Campbell cites the clinical experiences of several physicians - John McDougall, 
Caldwell Esselstyn, Jr., Terry Shintani, Joel Fuhrman and Alan Goldhamer - as the "most important 
evidence of all," these experiences are worthy of comment. 

Some of these physicians claim a very high standard of clinical success. In his recent book, Eat to Live,14 
for example, Dr. Fuhrman claims that he has treated thousands of patients successfully with a diet that 
limits animal products to ten percent of calories and requires the consumption of at least two pounds 
of green leafy vegetables per day. Of several hundred heart disease patients, Fuhrman claims that only 
one has had to undergo repeat surgery and none have died of a heart attack. 

The only two of these practitioners who to my knowledge have published experimental results with 
vegan diets are Dr. McDougall and Dr. Esselstyn. 

McDougall published the results of a small, uncontrolled intervention trial in which twenty-four 
rheumatoid arthritis patients consumed a low-fat, vegan diet for four weeks.15 Although there was no 
control group, measures of arthritis improved in the subjects over the course of the study. The 
experimental diet was twenty-two percent lower in calories than the basal diet and the subjects lost 
an average of seven pounds. McDougall therefore had no way to distinguish between the effect of 
weight loss and the effect of the exclusion of animal products. 

Dr. Esselstyn published the results of a five-year intervention with a low-fat vegetarian diet combined 
with the individualized use of cholesterol-lowering drugs to bring cholesterol down to 150 mg/dL.16 
Since Esselstyn considered it unethical to allow patients under his supervision to eat a standard diet, 
there was no control group. Twenty-two percent of those who began the intervention dropped out of 
the study within the first two years; thirty-five percent of those who completed it did not submit to the 
follow-up analysis of their cardiovascular health; of the twenty-two patients who began the trial, only 
eleven remained in the final analysis. Of these eleven, occlusion of the blood vessels became better in 
five, stayed the same in one, and became worse in four. 

Despite the inconsistent results, the average change in the width of the blood vessels was an increase 
in 0.08 millimeters. This represents a reversal of atherosclerosis - on average. Likewise, on average, the 
degree to which blood vessels were constricted decreased by seven percentage points. Six of the 
eleven dropped out of the study after the first five years; in the following five years, there were ten 
heart attacks among the six that dropped out while there were none among the five who remained on 
the program. 

Since there was no control group and there was such a high drop-out rate, it is difficult to make much 
sense of the study. Did the people drop out because their health was not important to them? Or did 
they drop out because the vegetarian diet made them feel fatigued, unsatisfied, and even less healthy 
than their original diet full of meat and junk food? Were the people who completed the study but did 
not submit to the final measurements of their blood vessels reluctant for no reason, or were they 
reluctant because they were afraid of the results they would obtain based on how the diet made them 
feel? 

http://www.juicefeasting.com/


Printed: August 6, 2012   www.JuiceFeasting.com   China Study – Curious Case of Campbell’s Rats 19 

Despite the lack of high-quality evidence, I have little doubt that many people would improve their 
health on Esselstyn's plan, and especially on Fuhrman's plan, which emphasizes nutrient density to a 
greater degree than does Esselstyn's. To the extent that the oxidation of lipoproteins such as LDL 
within the blood would accelerate the accumulation of atherosclerotic plaque, I would expect these 
plans to be beneficial in two respects: they are so low in added fats and oils that the subjects eat very 
little polyunsaturated fat, and the small amount of polyunsaturated fat that the patients do obtain 
from whole foods are accompanied by a rich array of antioxidants that protect them from oxidation. 

Since the plans are so low in fat, the body will produce its own fat from carbohydrates. The primary 
product of this biochemical pathway is palmitate, which is a saturated fatty acid. Because it is 
saturated, it is not vulnerable to oxidation. Ironically, one of the benefits of eating a diet so low in fat is 
that a much greater portion of the total fat obtained is saturated. 

The question is whether we can eat a diet that protects our blood vessels from the ravages of oxidized 
lipoproteins while also eating enough fat and protein to maintain robust physical and mental 
efficiency and ensuring adequate intakes of nutrients like zinc, vitamin B12, vitamin B6, vitamin D, DHA, 
taurine, and others that are primarily found in animal products. 

Evidence indicates that there is indeed a way to accomplish this. 

In 2004, researchers from Tufts University, Harvard School of Public Health and several other 
institutions published a report in the American Journal of Clinical Nutrition that the editors of the 
journal called "The American Paradox." 17 The study measured the change in atherosclerosis over the 
course of three years among postmenopausal women who participated in the Estrogen Replacement 
and Atherosclerosis trial. Like Esselstyn, the authors measured atherosclerosis directly by coronary 
angiography. 

The results are shown in Figure 5. The higher the saturated fat intake, the slower the progression of 
atherosclerosis. In the highest quartile of saturated fat intake, atherosclerosis was reversed. 

The association is most convincing because it is continuous and monotonic. In other words, the 
benefit increases consistently from the lowest to the highest quartile. 

In this study, the group with the highest intake of saturated fat only achieved a 0.01-millimeter 
increase in mean coronary artery diameter. Esselstyn's results were eight times more impressive. 

Nevertheless, when saturated fat intake was analyzed as a continuous variable, each five percent of 
calories from saturated fat produced a 0.16-millimeter lessening of atherosclerotic progression. The 
effect changed from a slowing of progression to a reversal at about thirteen percent of calories from 
saturated fat. If we extrapolate from these figures, a further increase to eighteen percent of calories 
from saturated fat would have produced a reversal of atherosclerosis of twice the magnitude 
produced in Esselstyn's study. 

Additionally, every five percent increase in the percentage of calories from polyunsaturated fat was 
associated with a 0.17-millimeter worsening of atherosclerotic progression. Although extrapolation is 
by its nature somewhat speculative and inherently inconclusive, the same can be said of intervention 
trials with no control groups. These results strongly suggest that the restriction of polyunsaturated fat 
may be the active component in the programs of Esselstyn and Fuhrman, and that by eliminating 
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vegetable oils or replacing them with saturated fats like butter and coconut oil we may be able to 
achieve similar protection from atherosclerosis without the drawbacks of restricting nutrient-dense 
animal foods. 

One of the most potent inhibitors of the accumulation of cholesterol in atherosclerotic plaque may 
turn out to be carnosine. Carnosine is a dipeptide - a combination of two amino acids, namely 
histidine and beta-alanine - found exclusively in animal products. 

In the blood, chemicals called aldehydes form when glucose, amino acids or polyunsaturated fatty 
acids oxidize. These aldehydes damage low-density lipoproteins (LDL) by a process called glycation, 
which makes them more than twice as likely to accumulate in white blood cells and form the "foam 
cells" that populate atherosclerotic plaques. Carnosine is able to completely reverse the ability of 
aldehydes to stimulate LDL accumulation in foam cells.18 

<="" a=""> Unfortunately, high heat destroys carnosine and converts it into a potent carcinogen and 
neurotoxin called acrylamide. We have been led to believe that acrylamide is mostly found in potatoes 
subjected to high heat, but new research suggests that this is only because acrylamide reacts with the 
creatine in meat, which converts it to compounds such as N-methyl-acrylamide that do not show up 
on acrylamide tests but are nevertheless just as toxic.19 

The exclusion of overcooked and charred meat in a vegetarian program would no doubt improve the 
health of most people on it. On the other hand, the presence of meat that is not overcooked in an 
omnivorous diet may constitute a potent weapon against atherosclerosis. 

The "most important evidence of all" that Campbell cites, then, hardly constitutes a comprehensive 
argument for a vegan diet. Rather, the balance of the evidence suggests that there are ways to protect 
ourselves from atherosclerosis - like restricting polyunsaturated fats and eating minimally cooked 
meat - that allows us at the same time to reap the many nutritional benefits of animal products. 

Animal Products — It's Not All or Nothing 

The most egregious error in Dr. Campbell's argument is his false equation of diets that are low in 
animal products with diets that are completely devoid of them. On the dubious grounds that people 
in rural China who consume only two percent of calories from animal products are purportedly 
healthier than those who consume any more than this, Campbell argues that we ought not bother 
eating any animal products at all. 

In reality, the difference between a diet that is one hundred percent animal products and one that is 
two percent animal products is merely one of quantity, while the difference between a diet that is two 
percent animal products and one that is zero percent animal products is one of quality. A diet low in 
animal products and a diet devoid of animal products are simply two fundamentally different things. 

Not all animal products are equal. Putting aside all differences in quality such as soil composition, 
pasture feeding and so on, there are certain animal products that are by their nature vastly richer than 
most others in important animal-based nutrients. 

This is particularly true of shellfish. It would take just over a quarter pound of beef per day to fulfill the 
minimum requirement for zinc, yet a single serving of oysters per week fulfills the same requirement. 
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One would have to eat two servings of salmon per week to meet the minimum requirement for 
vitamin B12, but would only have to eat clams once per month to meet the same requirement. 

When Weston Price traveled to the Pacific island of Viti Levu, he encountered groups in the interior 
mountains of the island who subsisted largely on plant foods. He was disappointed to find that they 
considered it necessary to obtain animal foods from the sea at least once every three months: 

This was a matter of keen interest, and at the same time disappointment since one of the purposes of 
the expedition to the South Seas was to find, if possible, plants or fruits which together, without the 
use of animal products, were capable of providing all of the requirements of the body for growth and 
for maintenance of good health and a high state of physical efficiency. 

The natives of this island had such a deep respect for the health-promoting value of shellfish that even 
during times of bitter warfare between those dwelling on the coast and those dwelling on the interior, 
the latter would bring plant foods down in the middle of the night and store them in caches bordering 
the zone of warfare, and would return the following day to collect shellfish that the coast dwellers had 
deposited for them. 

The China Study's questionnaire had no questions specific to the consumption of shellfish (Figure 6). 
How, then, could anyone possibly draw a conclusion from it about what the optimal amount of animal 
products are, if the amount needed is so different when the nutrition is supplied by shellfish than 
when it is supplied by meat? 

I do not believe that everyone has the same nutritional needs. I personally do best when I eat a diet 
rich in animal products. The body, however, has no respect for government guidelines or any person's 
theory of nutritional superiority; instead, its appetite for nutrition is determined by its molecular and 
physiological needs at any given moment, on any given day, according to the many factors of the 
environment, circumstance, and the many biochemical idiosyncrasies of the individual that it must 
face. 

Yet I do not see any evidence that any group has maintained superb health - freedom from tooth 
decay and from the specific degenerative diseases associated with nutritional causes, perfectly 
developed dental arches that accommodate all teeth, broad nostrils that preclude the need to breathe 
through the mouth, and broad hips in women allowing smooth passage of the young through the 
birth canal - through complete abstinence from all animal products. Those groups that have eaten 
fewer animal products have sought out those animal products with the highest nutrient profiles, like 
shellfish, fish heads, or whole insects and frogs. 

The best theory of nutrition is the one that is able to accommodate all observations, even those that 
appear on the surface to conflict with one another. The challenge before us is to reconcile these 
seemingly disparate pieces of evidence, not to ignore the ones we do not like. The theory that optimal 
health requires abstinence from animal products cannot even approach the ability to make this 
reconciliation. Any good theory of nutrition must accommodate the observation that every civilization 
maintaining superb health has used at least some quantity of animal products, and that many have 
used animal products in copious amounts. Only with a good theory of nutrition can we provide the 
type of health to our future generations that is their birthright. 
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Notes 

Note 1: Corrected Correlations 

Correlations are associations between one variable and another. For example, if people who do not 
smoke or who smoke fewer cigarettes are less likely to get lung cancer than those who smoke heavily, 
we would say that smoking is correlated with lung cancer. 

Since lung cancer risk goes up as more cigarettes are smoked (in our hypothetical example), one 
variable increases as the other increases, and we say that the two variables are positively correlated. 
Now let's say that people who eat more green vegetables are less likely to get lung cancer. Since one 
variable goes up as the other goes down, we would say that lung cancer is negatively or inversely 
correlated with green vegetable consumption. 

Correlation never proves causation. However, when we accumulate other forms of evidence, we can 
begin to determine which correlations are causative and which are not. 

Sometimes we have a better idea about whether one correlation reflects causation than we do about 
another. Let's suppose that we have a very good understanding of how smoking causes lung cancer 
but we are not yet sure whether green vegetables prevent lung cancer. In this case, we might correct 
or adjust the correlation between green vegetables and lung cancer for smoking in case smoking is a 
confounding variable. 

In other words, if people who eat more green vegetables are less likely to smoke, they might be less 
likely to get lung cancer for that reason alone. So if we correct the correlation for smoking, we are able 
to see whether green vegetable consumption is still correlated with lung cancer after adjustment. 

If it is not, we might conclude that green vegetables probably do not prevent lung cancer. If it is, we 
might investigate further the possibility that green vegetables protect against lung cancer. 

Adjusting correlations is tricky business. Sometimes we do not know what is causing what, and 
adjusting the correlation might make it less accurate rather than more accurate. For example, if eating 
pizza, being obese, and dying of heart disease were all correlated with one another, should we adjust 
the correlation betwen obesity and heart disease for pizza consumption, or should we adjust the 
correlation between pizza consumption and heart disease for obesity? Adjusting the pizza correlation 
might make it more accurate if obesity is the primary, direct contributor to heart disease, but might 
make it less accurate if saturated fat or refined carbohydrates are making a more important direct 
contribution to heart disease than obesity. 

Since it is not always clear whether adjusting a correlation is making it more or less accurate, 
researchers often present both adjusted and unadjusted figures in their reports. 
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Note 2: Statistical Significance 

Statistical significance is a way of quantifying the likelihood that a correlation is due to chance. This 
likelihood is usually expressed as the p value. 

A p value of 0.01 means that if the study were repeated 100 times, we would expect to find a 
correlation of equal or greater magnitude once, even if the correlation is due entirely to chance. A p 
value of 0.05 means that if the study were repeated 100 times, we would expect to see a correlation of 
equal or greater magnitude five times, even if the correlation is due entirely to chance. 

Most often, a correlation is called statistically significant when p < 0.05. Statistical significance should 
not be taken as an absolute indicator of theoretical signifcance, however. If the p value is 0.06, it is 
hardly more likely to be due to chance than a p value of 0.04, so the distinction is somewhat arbitrary. 

Even the significance level of p < 0.05 is not very rigorous. If the China Study generated 100,000 
correlations, we would expect it to generate about 5,000 statistically significant correlations that are 
nothing more than false correlations due to chance. Using the significance level of p < 0.001, however, 
we would only expect about 100 false correlations to be generated. 

On the other hand, some of the correlations that are not statistically significant may reflect real 
relationships if the statistical power of the study, due to its design or size, is not great enough to 
detect the correlation. 

As a general rule, then, we should place much more confidence in correlations that achieve a 
significance level of p < 0.001 than in other findings, a substantial amount of confidence in 
correlations that achieve a significance level of p < 0.01, and should place our confidence rather 
reluctantly in correlations that achieve a significance level of p < 0.05. 

We should not, however, completely disregard findings that are not statistically significant or that 
border on statistical significance. Instead, we should consider the possiblity that these correlations are 
real but that we will need to evaluate them further with larger or differently designed, more 
statistically powerful studies. 

We must always keep in mind that even if a correlation between two variables is real -- that is, it is not 
due to chance -- it does not necessarily mean that one variable causes the other. For example, 
countries with higher rates of heart disease may have higher rates of television ownership, but we 
would not necessarily conclude that owning a television causes heart disease, or that having heart 
disease causes one to buy television sets. 

Figures 

Figure 1: Associations Between Selected Variables and the Percentages of Families with Cancer 
Patients in the China Study 
  
Values are presented from both the three-day in-house observation and the questionnaire about yearly 
habits. Data are called significant if p < 0.05, highly significant if p < 0.01, and very highly significant if p < 
0.001. 
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Variable Correlation Statistical Significance 
Total Protein (observed) +44% Highly Significant 
Animal Protein (observed) +42% Highly Significant 
Fish Protein (observed) -15% Not Significant 
Plant Protein (observed) +7% Not Significant 
Fat (observed) +29% Significant 
Carbohydrate (observed) +12% Not Significant 
Fat (questionnaire) -14% Not Significant 
Green Vegetables 
(questionnaire) 

-30% Significant 

Rice (questionnaire) -31% Significant 
Meat (questionnaire) -15% Not Significant 
Increasingly Hot Climate -42% Very Highly Significant 
Increasing Latitude 42% Very Highly Significant 
  
Figure 2. Associations Between Selected Variables and Cancer Mortality in the China Study. 
Figures are presented from both the three-day in-house observation and the questionairre about yearly 
habits. Data are called significant if p < 0.05, highly significant if p < 0.01, and very highly significant if p < 
0.001. 
Variable Correlation Statistical Significance 
Total Protein (observed) +12% Not Significant 
Animal Protein (observed) +3% Not Significant 
Fish Protein (observed) +7% Not Significant 
Plant Protein (observed) +12% Not Significant 
Fat (observed) -17% Not Significant 
Carbohydrate (observed) +23% Not Significant 
Fat (questionnaire) -29% Significant  
Green Vegetables 
(questionnaire) 

-28% Significant  

Rice (questionnaire) -26% Significant  
Meat (questionnaire) -20% Not Significant 
Increasingly Hot Climate -36% Highly Significant 
Increasing Latitude +30% Significant  
  
  
Figure 3. Associations Between Plasma Biomarkers and Percentages of Families with Cancer 
Patients in the China Study. 
  
Data are called significant if p < 0.05, highly significant if , p < 0.01, and very highly significant if p < 0.001. 
  
Biomarker Correlation Statistical Significance 
Plasma Copper +48% Highly Significant 
Plasma Urea Nitrogen +18% Not Significant 
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Plasma Urea Nitrogen 
Adjusted for Creatinine 

+20% Not Significant 

Plasma Estradiol, Ages 35-
44 

+27% Significant 

Plasma Estradiol, Ages 45-
54 

+17% Not Significant 

Plasma Estradiol, Ages 55-
64 

-10% Not Significant 

Plasma Sex Hormone 
Binding Globulin, All Ages 

-17% Not Significant 

Plasma Sex Hormone 
Binding Globulin, Ages 55-
64 

-26% Significant 

Plasma Prolactin, Ages 35-
44 

-16% Not Significant 

Plasma Prolactin, Ages 45-
54 

+2% Not Significant 

Plasma Prolactin, Ages 55-
64 

+33% Highly Significant 

Plasma Testosterone in 
Males 

-3% Not Significant 

Plasma Testosterone in 
Females 

+6% Not Significant 

  
Figure 4. Associations Between Plasma Biomarkers and Cancer Mortality Rates in the China 
Study. 
  
Data are called significant if p < 0.05, highly significant if p < 0.01, and very highly significant if p < 0.001. 
  
Biomarker Correlation Statistical Significance 
Plasma Copper +36% Highly Significant  
Plasma Urea Nitrogen +17% Not Significant 
Plasma Urea Nitrogen Adjusted for 
Creatinine 

+28% Highly Significant  

Plasma Estradiol, Ages 35-54 -7% Not Significant. 
Plasma Estradiol, Ages 55-64 +6% Not Significant 
Plasma Sex Hormone Binding Globulin -17% Not Significant 
Plasma Prolactin -1% Not Significant 
Plasma Testosterone in Males +9% Not Significant 
Plasma Testosterone in Females +2% Not Significant 
  
Figure 5. Change in Mean Coronary Artery Diameter According to Saturated Fat Intake in the 
Estrogen Replacement and Atherosclerosis Trial 
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A negative change represents a worsening of atherosclerosis, whereas a positive change represents a 
reversal of atherosclerosis. Data are called significant if p < 0.05, highly significant if p < 0.01 and very 
highly significant if p < 0.001. 
  
Percentage of Calories as 
Saturated Fat 

Change in Mean 
Coronary Artery 
Diameter 

Statistical Significance of 
Difference from Bottom 
Quartile 

3.5-7.0% -0.22 mm Not Applicable 
7.1-8.6%  -0.10 mm Highly Significant 
8.7-10.5% -0.07 mm Very Highly Significant 
10.6-16.0% +0.01 mm Very Highly Significant 
  
Figure 6.  The Entire Animal Food Section of the China Study Questionnaire 
The questionnaire does not differentiate between fish and shellfish, nor does it ask about the consumption 
of insects, bones, skin, organ meats, or other foods common in pre-modern diets.   
Animal Food Consumption 
How often do you usually have fish or sea food in one month?                         ____ times. 
How often do you usually have meat in one month?                                          ____ times. 
How often do you usually have eggs in one month?                                           ____ times. 
How often do you usually have milk in one month?                                           ____ times. 
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THE CURIOUS CASE OF CAMPBELL’S RATS – DOES PROTEIN 
DEFICIENCY CAUSE CANCER? 
Source: Chris Masterjohn, September 22, 2010 
Online: http://www.westonaprice.org/blogs/2010/09/22/the-curious-case-of-campbells-rats-does-
protein-deficiency-prevent-cancer/  
 
 

By now, we’ve all heard of The China Study.  First T. Colin Campbell, a lifetime expert researcher and 
policy maker at the highest levels, made it a best seller.  Vegetarians the world over and many others 
hailed the book as proof that animal foods are harmful and that purging them from our diets and 
replacing them with whole plant foods is the key to vibrant, lasting health.  There were a few 
dissenting critical reviews, including Anthony Colpo’s and my own, which for years were the go-to 
articles for anyone looking for an alternative view of the China Study.  

Then, like earth-shattering thunder falling from the sky, just a couple months 
ago Denise Minger produced a massive critique of the China Study that turned 
many of its claims upside down, sending a shock wave through entire 
blogosphere and drawing the attention even of Dr. Campbell himself.   

Minger’s analysis tore apart many of the most important statistical claims of the China Study using 
data from the original monograph of Campbell’s massive epidemiological study bearing that name, 
and brought to light a critical piece of information refuting once and for all Campbell’s claims that 
plant proteins act differently than animal proteins. 

Now that the blogosphere is abuzz with China Study debate more than ever, it’s time to revisit the 
curious case of Campbell’s rats.  Does animal protein cause cancer?  Dr. Campbell conducted two 
decades of rigorous animal research addressing this question, funded by the National Institutes of 
Health, one of the most reputable sources of public funding in the land.  He would have us believe 
that it does.  

Herein, however, we will take a wild ride through these decades of animal studies, discovering many 
glaring omissions and arriving at many new, unanswered questions.  Campbell’s animal research has, 
in fact, raised critically important questions about the ability of dietary protein to promote the growth 
of cancers once they are formed.  His failure to tell us that high levels of dietary protein offer 
equally dramatic protection against the initiation of cancer and that rats fed low levels of 
protein have many health problems of their own, however, unfortunately obscures the true 
importance of his work.  

Buckle up everyone!  The wild ride is about to begin… 

In This Blog Post 
 

• An Obscure Study From India — Low-Protein Diets Save Rats From Cancer But Kill Them 
Instead  

• Campbell’s Protein-Deficient Rats  
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• Protein Deficiency Disappears Down the Memory Hole  
• The China Study’s Best-Kept Secret — Protein Protects Against Cancer Initiation 
• Plant Vs. Animal Protein — Campbell Proved There’s No Difference 
• It’s All About the Mechanism 

 
An Obscure Study From India — Low-Protein Diets Save Rats From Cancer But Kill 
Them Instead 

Campbell tells the story like this.  In 1965, he took a faculty position at Virginia Tech, then still an 
advocate of animal protein as good, nourishing American fare.  In 1967, he accepted an invitation from 
a department head at that university to travel to the Phillipines with the task of alleviating childhood 
malnutrition and making sure peanuts could provide good protein without the potential harms of 
aflatoxin, a carcinogenic mold toxin with which peanuts are often contaminated.  

A shocking revelation then came in two-fold form: first an epidemiological study suggested that liver 
cancer was rampant among Filipino children and that the “best-fed” rather than the malnourished 
children were the ones most ravaged by the disease; then, in 1968, ”a research paper from India 
surfaced in an obscure medical journal” showing that aflatoxin only produced liver cancer in rats when 
they were fed high levels of casein, a milk protein.  Campbell was surprised and skeptical, but he 
attempted to replicate these findings, and thus was born his two-decade research program showing 
that animal protein, but not plant protein, was the single most important trigger that turns cancer 
“on” like a light switch. 

Campbell never tells us, however, that these Indian researchers actually published this 
paper as part of a two-paper set, one showing that low-casein diets make aflatoxin 
much more acutely toxic to rats (1), and the other showing that these same diets 
make aflatoxin much less carcinogenic (2). 

In the very paper (2) that Campbell cites as “a revelation to die for,” showing that a high-
protein diet turns the cancer switch to the “on” position, the low-protein diet proved lethal to the 
animals.  The investigators gave rats a small dose of aflatoxin every day for six months and fed them 
either a 5 percent casein or 20 percent casein diet.  The experiment carried on for two years, in fact, 
but they stopped adminstering aflatoxin at six months for the simple reason that half the 
animals on the low-protein diet had died.  They had typical symptoms of aflatoxin toxicity including 
liver necrosis (cell death), proliferation of bile duct tissue, and fatty liver.  

All the animals receiving 20 percent casein, on the other hand, were still alive at that point.  For the 
remainder of the two years, the rats receiving 20 percent casein continued to live longer, but many of 
them developed liver cancer or pre-cancerous changes, while none of the rats fed 5 percent casein 
developed liver cancer. 

What a trade-off!  Somehow, I doubt many people would read this study and shout “sign me up!” for a 
low-protein, plant-based diet if it is going to save them from cancer at the expense of killing them in 
their youth.  
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Campbell’s Protein-Deficient Rats 

Campbell writes on page 51 of The China Study that he first investigated the effect of dietary casein on 
drug-metabolizing enzymes in order to test the hypothesis that low-protein diets might protect 
against cancer: 

How does protein intake affect cancer initiation? Our first test was to see whether protein intake 
affected the enzyme principally responsible for aflatoxin metabolism, the mixed function oxidase 
(MFO). . . . At the time we started our research, we hypothesized that the protein we consume alters 
tumor growth by changing how aflatoxin is detoxified by the enzymes present in the liver. . . . 
Decreasing protein intake like that done in the original research in India (20% to 5%) not only greatly 
decreased enzyme activity but did so very quickly. What does this mean? Decreasing enzyme activity 
via low-protein diets implied that less aflatoxin was being transformed into the dangerous aflatoxin 
metabolite that had the potential to bind and to mutate the DNA. 

Strangely, however, Campbell’s first paper on this topic, published in 1972 (3), doesn’t even contain 
the word “cancer.”  Instead, it starts off by discussing aflatoxin toxicity.  Here is the first sentence: 

A deficiency of dietary protein was shown to increase the toxicity of aflatoxin for rats (1,2). 

Campbell and his graduate student referred to their model as ”protein deficiency” throughout the 
paper.  As another example, this is the first sentence of their abstract: 

The effect of protein deficiency in male weanling rats on the activity of the hepatic microsomal 
enzyme system was studied. 

Perhaps Campbell continued to refer to his model as ”protein deficiency” during the 1970s because he 
was trying to slip the provocative nature of his research under the radars of reviewers who would 
otherwise consider him a “heretic,” a concern he describes repeatedly in his book.  Or perhaps as a 
skeptical scientist he was still yet to be convinced of the virtues of a low-protein diet.  As we will see 
below, however, this study actually confirmed the then-conventional view that 5% casein diets were 
deficient in protein. 

Let’s first consider these rats’ complete and total failure to grow.  The rats on the 5% casein diet ate 
much less food than the rats on the 20% casein diet.  Expecting this, Campbell and his student 
divided the rats into three groups rather than two.  They fed the third  group 20% casein but restricted 
their total food intake to the measly amount of food the 5% casein group was eating spontaneously.  
Here is a graph of their food intake: 
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Campbell’s Sprague-Dawley rats, having just been weaned, were three weeks old at the beginning of 
the study.  Rats only live about two years if they are lucky, but even for rats three weeks is still just a 
baby.  Here is a graph produced by Harlan, a company that sells Sprague Dawley rats, showing their 
expected growth during the first thirteen weeks of their lives: 
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According to this graph, rats fed an amount of protein that Harlan and the scientific community in 
general consider adequate (18%) grow from 50 grams to over 100 grams during the course of time 
corresponding to the duration of Campbell’s study, indicated by the large red bracket.  Among 
Campbell’s rats, however, only the rats eating the 20% casein diet achieved this body weight: 

http://www.juicefeasting.com/


Printed: August 6, 2012   www.JuiceFeasting.com   China Study – Curious Case of Campbell’s Rats 33 

 
The 5% rats achieved only half the body weight expected for their age.  They gained much less weight 
than the pair-fed high-protein group, even though the two groups were eating the same amount of 
calories.  The differences are even more dramatic if we consider the growth of these rats once 
beginning the low-protein diet at three weeks of age: 
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The 5% rats hardly grew at all!  Certainly, Dr. Campbell makes an important point repeatedly 
throughout The China Study: the amount of protein that maximizes growth may not be the amount of 
protein that maximizes health.  How many of us, however, would deliberately feed a two-year old a 
diet that would cause them to stop growing altogether? 

The signs of deficiency didn’t stop at failure to grow.  The animals also developed fatty livers.  Even the 
decrease in the level of drug-detoxifying enzymes could be seen as a symptom of deficiency.  Indeed, 
Campbell suggested it was due either to a disruption of cell proliferation that stunted the growth of 
the liver or to a disruption of protein synthesis.  Here is a quote from the discussion where Campbell 
describes the fatty liver and likens the decrease in cell proliferation to the retardation of brain growth 
that occurs in malnourished animals: 

First, the reduced DNA content could be indicative of a lower cell number per gram of liver and would 
accordingly imply larger cells in the protein-deprived group. These cells could be larger in response to 
lipid infiltration since the livers of the low protein group were observed to be very fatty. Consequently, 
the normal rate of cell proliferation would have been decreased during protein deprivation, which is 
similar to the retardation of brain cell growth of young malnourished animals described by Winick and 
Rosso (18). 

In another study published eight years later in 1980 (4), Campbell replicated the 
initial Indian report that had showed low-protein diets to dramatically increase the acute toxicity of 
aflatoxin.  Campbell and K. D. Mainigi fed rats high- and low-protein diets with or without aflatoxin.  
They spiked the 20% casein diet with five parts per million (5 ppm) aflatoxin, but spiked the 5% casein 
diet with only 2.5 ppm aflatoxin because “5 ppm was found to be lethal for this dietary group.” 
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Deficiency?  Certainly sounds like it. 

But the increased susceptibility of rats fed low-protein diets to environmental toxins doesn’t stop at 
aflatoxin.  In the introduction to a 1978 paper further investigating the effects of low-protein diets on 
detoxification enzymes (5), Campbell and his colleagues described susceptibility to other 
environmental toxins on low-protein diets as well: 

The toxicities of several pesticides have been shown to be markedly increased (2), such as that of 
captan which is increased 2,100 times by protein deficiency (3). 

Campbell co-authored a review in 1978 entitled “The Effect of Quantity and Quality of Dietary Protein 
on Drug Metabolism” that described conflicting effects of low-protein diets on the suceptibility to 
different pesticides and other environmental toxins (6).  The authors compiled a table summarizing 
these findings.  The column showing compounds whose toxicity decreased on low-protein diets 
contained only three toxins.  The column showing compounds whose toxicity increased on low-
protein diets, by contrast, contained a whopping, six-fold greater eighteen toxins.   

Which would you place your odds with?  

The increase in aflatoxin toxicity seen on the low-protein diets wasn’t just a matter of drug-
metabolizing enzymes, however.  If only it were so simple.  Rather, the ways in which these low-
protein diets compromise health are myriad.  Dr. Campbell and one of his undergraduate students co-
authored a paper in 1989 in which all the rats were dosed with aflatoxin early on and were all fed 20% 
casein diets while aflatoxin was still in their systems (7).  Then, Campbell and company switched half of 
them to 5% casein diets.  The rats fed 5% casein once the aflatoxin was gone from their systems 
still showed greater symptoms of toxicity!   

Campbell and his co-authors concluded in their final sentence: 

This observation suggests that the low protein intake was not sufficient to allow for tissue recovery 
from the acute toxic effects. 

Alas, we find that these low-protein diets made the rats eat less food, fail to grow, and unable to 
efficiently detoxify aflatoxin and a multitude of other toxins.  They destroyed their ability to repair 
damaged tissue, gave them fatty liver, stopped their internal organs from developing, and if the rats 
encountered toxic substances, the diets dug them an early grave.   

Certainly, Campbell and his colleauges were justified in the 1970s in calling their 5% casein model 
“protein deficiency.”  

Protein Deficiency Disappears Down the Memory Hole 

While Campbell’s earlier scientific papers present a clear picture of protein deficiency in rats fed 5% 
casein, we get no sense from reading The China Study that these rats had anything other than perfect 
health.  This is how Campbell describes the health of animals on the low-protein diets in the appendix 
on page 352: 
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Many researchers have long assumed that animals fed diets this low in protein would not be healthy. 
However, the low-protein animals were healthier by every indication. They lived longer, were more 
physically active, were slimmer and had healthy hair coats at 100 weeks while the high-protein 
counterpart rats were all dead. Also, animals consuming less dietary casein not only ate more calories, 
but they also burned off more calories. Low-protein animals consumed more oxygen, which is 
required for the burning of these calories, and had higher levels of a special tissue called brown 
adipose tissue (5,6), which is especially effective in burning off calories. This occurs through a process 
of “thermogenesis,” i.e., the expenditure of calories as body heat. This phenomenon had already been 
demonstrated many years before (7-11). Low-protein diets enhance the burning off of calories, thus 
leaving less calories for body weight gain and perhaps also less for tumor growth as well. 

The claim that rats on the low-protein diets ate more but weighed less, based on papers published in 
the 1990s, conflicts with Campbell’s earlier studies showing that rats actually ate less food on low-
protein diets.  In 1980, three years before the launch of the massive epidemiological study in China 
bearing the same name as Campbell’s book, Campbell’s research group switched from using Sprague 
Dawley rats to Fisher 344 rats (4).  Unlike the Sprague Dawley rats used in the group’s earlier 
experiments, the Fisher 344 rats did not develop fatty liver when fed the 5% casein diets (8).  Campbell 
and his colleagues did not report food intakes in most of the papers they published between 1980 and 
1989 using these rats (4, 7, 8, 9, 11, 12, 13), but they reported in one of them that the level of dietary 
protein had no effect on food intake (10) and reported the same thing in a single 1985 study using 
Wistar rats (15). 

In 1991, however, Campbell’s group published a study using Fisher 344 rats showing that rats fed 4% 
casein ate more and weighed less than rats fed greater amounts of casein ranging from 8% to 20% 
(16).  There were no differences between rats fed 8%, 12%, 16%, or 20% casein.  Consider this graph of 
food efficiency, which is the ratio of body weight gain to food intake: 
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Casein is only 87% protein, so the rats fed 4% casein were actually only consuming 3.5% protein.  This 
extremely low level of protein seemed to turn on “thermogenesis” like a light switch.  Since many fruits 
and most vegetables have more protein than this, it is difficult to see how anyone could possibly eat 
such a small amount of protein on a diet containing anything resembling food. 

The “light switch” effect at such a low level of protein rather conspicuously suggests an effect of 
deficiency rather than some kind of benefit resulting from curbing an excess, as if 7% protein (8% 
casein) could truly be “excessive.”  One of the classical symptoms of essential fatty acid deficiency, for 
example, is that animals consume a massive amount of food but fail to gain weight (17).  Much more 
modest levels of protein restriction decrease all of the enzymes involved in producing arachidonic acid 
and DHA, the two physiologically essential fatty acids, from their dietary precursors (18).  One certainly 
has to wonder whether Campbell’s 4% casein rats were suffering from a mild essential fatty acid 
deficiency. 

Apart from the virtual impossibility of consuming a food-containing diet with less less than 4% 
protein, except perhaps a well-crafted feast of fruitarian fare, it is difficult to see how we can 
extrapolate a ”thermogenic” effect from rats to humans when we cannot even extrapolate the effect 
from one strain of rat to another. 

But back to how “protein deficiency” disappeared down the memory hole. 

While Fisher 344 rats failed to develop fatty liver on Campbell’s 5% low-protein diets, this seems to 
reflect a general immunity of this strain to fatty liver.  One recent study showed that Fisher 344 rats are 
also immune to fatty liver when fed 37% of their calories as alcohol (19).  The study showed that 
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ethanol-fed Fisher rats had similar levels of liver fat as control rats of all strains, whereas Sprague 
Dawley rats and Long Evans rats quickly developed a liver stuffed with more fat than an Eskimo’s 
yummy dinner plate. 

Campbell’s Fisher 344 rats still showed much greater vulnerability to aflatoxin toxicity on a low-protein 
diet.  Aflatoxin proved lethal to Fisher 344 rats fed low-protein diets when rats fed high-protein diets 
were immune to the same doses (4).  Low-protein diets prevented tissue repair in Fisher 344 rats (7).  
Fisher 344 rats fed 5% casein developed the following symptoms when dosed with aflatoxin (11): 

Some degree of bile duct proliferation was observed in all animals dosed with AFB1. However, the 
groups fed the 5% casein diet during the dosing period had relatively severe bile duct proliferation 
and cholangiofibrosis [fibrosis of the bile duct]. In these groups, the architecture of the liver was often 
distorted by fibrous septa. Groups fed the 20% casein diet during the dosing period had mild bile duct 
proliferation and no cholangiofibrosis. 

Nevertheless, by 1991 Campbell was claiming in such prestigious journals as The Journal of Nutrition 
that the health of 5% casein rats was in every way superior to the health of rats fed higher levels of 
protein (20): 

Although a 5% casein diet is not generally considered nutritionally adequate (i.e., it does not support 
maximal growth), for every health index we have thus far measured, the 5% casein diet supports 
better health in rats than does the 20% casein diet. 

And thus disappeared all the protein deficiency symptoms Campbell had uncovered during his career, 
down the memory hole and locked away for decades.  By the time The China Study hit shelves, these 
findings had so many years of practice making the perfect disappearing act that they spent 417 whole 
pages disappearing into the oblivion of the forgotten past with exquisite mastery. 

If protein had such a profound ability to protect against the toxic effect of aflatoxin, however, is it 
possible that it could also protect against its carcinogenesis?  This brings us to what is perhaps Dr. 
Campbell’s most glaring omission: that while high-protein diets promoted the growth of pre-
cancerous lesions once they were formed, they protected against the initation of those lesions with 
just as much power. 

The China Study’s Best-Kept Secret — Protein Protects Against Cancer Initiation 

Dr. Campbell’s research on protein and cancer is fascinating.  He deserves extraordinary credit for his 
rigorous experiments and his provocative, even revolutionary findings.  Campbell’s research showed 
that nutritional factors such as protein intake exert dramatic effects on the initiation and growth of 
cancer, showing that genes and exposure to environmental toxins are only two small parts of the 
cancer story.  Nevertheless, Campbell seems to have become so enamored with the cancer-promoting 
effect of protein  and the dichotomy between plant and animal foods that his research left many 
questions unanswered and his claims that animal protein is the root of all disease jumped the 
proverbial gun in the extreme. 

Campbell mostly studied the development of pre-cancerous lesions in the liver.  He also studied the 
development of true liver cancers over the course of 100 weeks, however, which is roughly the full 
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lifetime of a rat (21).  This tremendous study suggested that pre-cancerous lesions can be used to 
predict the development of true tumors with 90-98% accuracy.  

Campbell first showed that high-protein diets promote the the development of cancer in rats dosed 
with aflatoxin in 1982 (8).  Rats fed 20% casein developed four times as much pre-cancerous tissue as 
rats fed 5% casein.  A more extensive dosing study showed that changes in casein intake below 10% or 
above 20% had negligible effects on the development of these lesions, but as casein increased from 
10% to 20% the cancer-promoting effect increased continuously (13). 

Despite Campbell’s repeated suggestions throughout The China Study that nutritional effects are 
much more powerful than exposure to carcinogens, he published one study suggesting that the two 
factors were equally powerful (12).  When rats were all fed 20% casein, the dose that provided the 
maximal cancer-promoting effect, those dosed with 0.4 milligrams per kilogram body weight (0.4 
mg/kg) or 1.0 mg/kg of aflatoxin failed to develop any pre-cancerous lesions at all.  Those given 1.5 
mg/kg developed “only a barely detectable, but significant, response.” 

This is rather ironic considering 1.5 mg/kg is 30 percent of the dose required to kill 50 percent of the 
animals even on the protective, high-casein diet.  On page 45 of  The China Study, Campbell mocks the 
high doses of carcinogens used in animal studies to show that carcinogen exposure, rather than 
nutritional factors such as protein intake, produce cancer: 

Let’s look at one nitrosamine, NSAR. . . . How much NSAR did the rats get? Both groups of rats were 
given an incredible amount. Let me translate the “low” dose by giving you a little scenario. Let’s say 
you go over to your friend’s house to eat every meal. This friend is sick of you and wants to give you 
throat cancer by exposing you to NSAR. So he gives you the equivalent of the “low” level given to the 
rats. You go to his house, and your friend offers you a bologna sandwich that has a whole pound of 
bologna on it! You eat it. He offers you another, and another, and another . . . . You’ll have to eat 
270,000 bologna sandwiches before your friend lets you leave. You better like bologna, because your 
friend is going to have to feed you this way every day for over thirty years! If he does this, you will have 
had about as much exposure to NSAR (per body weight) as the rats in the “low” dose group. 

Campbell’s experiments are, of course, much more realistic than this scenario.  If your friend offered 
you peanut butter sandwiches with 100 grams worth of peanut butter contaminated with the 
maximum amount of aflatoxin allowed by the FDA, you’d only have to eat 270,000 peanut butter 
sandwiches for four days to obtain the dose of aflatoxin that produced a “barely detectable response” 
in Campbell’s study.  Still, 1,125,000 peanut butter sandwiches is an awful lot of peanut butter 
sandwiches and you’d better have one heck of a toothbrush.  Clearly, exposure to carcinogens is 
important. 

In the first paper that Campbell published on the protein-cancer connection (8), he suggested in the 
introduction that high protein diets should promote the initiation of pre-cancerous lesions as well as 
their promotion of larger lesions and transformation into true cancers.  This suggestion, however, was 
highly speculative: 

Dietary protein has been shown to modify the enzymatic activation of aflatoxin B1 (AFB1) in the 
formation of DNA adducts in rat liver [6]. Protein status should, therefore, influence at least the 
initiation of AFB1-induced hepatocarcinogenesis, if the extent of adduct formation is related to 
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initiation. On the other hand, the effects of dietary protein in the promotional phase have not been 
very well characterized. 

Campbell had conducted research showing that low-protein diets suppress the enzymatic 
detoxification of aflatoxin.  In doing so, they suppress the formation of an unstable intermediate that is 
capable of binding to DNA.  I added the bold and italics above to emphasize the point that this does 
not in and of itself show that low-protein diets protect against the initiation of pre-cancerous lesions.  
In fact, Campbell later conducted a study to test this hypothesis, and its results promptly disappeared 
down the memory hole, just like so many other critical findings. 

In this amazing experiment (11), Campbell’s group fed rats either 5% or 20% casein during the 
aflatoxin dosing period, when pre-cancerous lesions should be initiated, and either 5% or 20% casein 
during the 12 weeks after, when pre-cancerous lesions already formed should be promoted.  There 
were thus four groups of rats: one fed 20% the whole time, one fed 5% the whole time, one fed 5% 
during the initiation period and 20% during the promotion period, and one fed 20% during the 
initation period and 5% during the promotion period.  This was the first study where Campbell 
provided the low-protein diet rather than the high-protein “control” diet during the dosing period.  
Let’s take a look at the results: 

 
The rats fed 20% casein through the entire experimental period had somewhat more pre-cancerous 
lesions than the rats fed 5% during the whole period, but the difference is not very dramatic.  The 
dramatic difference we can see from this graph is between the second and third groups.  These results 
clearly show that while 20% casein provided during the promotion period promoted the growth of 
pre-cancerous lesions, 20% casein provided during the initiation period proved dramatically and 
powerfully protective. 
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In Campbell’s first protein-aflatoxin-cancer study published in 1982 (8) and in virtually every such 
study thereafter (10, 12, 13, 16, 20, 21, 22, 23, 24), Campbell and his research group used 20 percent 
casein for several weeks during the initation period for all the animals.  The fact that the dramatic 
reduction of pre-cancerous lesions in the rats fed 5% casein owed in part to the high-protein diet they 
were fed during the initation period was forever lost into the memory hole.   

These findings should provoke a number of important questions.  Is there a level of dietary protein 
somewhere between 5% and 20% that provides maximal protection during both the initiation and 
promotion periods?  Is the effect of the high-protein diet during the promotion period a result of the 
protein itself, or is the protein raising the need for other nutrients needed to protect against cancer?  If 
so, can protein and those other nutrients be provided together to provide maximal protection during 
all phases of cancer development? 

Rather than investigating these questions, Campbell seized on the adverse effect of protein when 
fed during the promotion period, and these questions persist unanswered. 

 

Plant Vs. Animal Protein — Campbell Proved There’s No Difference 

Campbell tells us on page 59 of The China Study that plant proteins act fundamentally differently than 
animal proteins.  Gluten, the protein of wheat, did not promote cancer, while casein, the protein of 
milk, promoted it powerfully.  This study (7), however, showed that gluten was just as powerful as 
casein when lysine, its limiting amino acid, was provided.  Campbell never tells us this in The China 
Study.  Nor does he tell us that casein is just as much an incomplete protein as gluten and that the 
reason it proved so effective in promoting cancer in his models was because he supplemented all of 
the diets with methionine.  Casein’s limiting amino acids are methionine and cysteine, which can be 
converted into one another.  Thus methionine or cysteine make casein complete in the same way that 
lysine makes wheat protein complete. 

In this paper, Campbell acknowledged that this was a general effect of protein, not something specific 
to specific proteins or to animal proteins: 

[I]n 1945 Larsen and Heston found that the incidence of spontaneous pulmonary tumors was doubled 
in strain A mice fed low-casein diets supplemented with cystine (the most limiting amino acid).  
Silverstone and Tannenbaum (14) showed that the development of spontaneous hepatomas was 
enhanced in C3H mice fed a gelatin-containing diet when methionine and cystine were added.  A 
review of the somewhat limited data from these and earlier studies (1) indicated that inhibition of 
tumor development as a result of marginal intakes of various proteins could be abolished by 
supplementation with the respective limiting amino acid for each protein. . . . [O]ur results suggest 
that the enhancement of focus development by lysine supplementation of gluten is due to a general 
improvement in dietary protein quality and not to any particular metabolic effect peculiar to lysine. 
This conclusion is supported by previous work (1, 12-14) showing that various low-quality proteins are 
better able to enhance tumor development when they are supplemented with the amino acid in 
greatest deficit. 

Clearly the effect of protein in Campbell’s experiments had nothing to do with plant protein versus 
animal protein and was simply a general effect of complete protein, as he acknowledged in his own 
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papers, at least during the 1980s.  In two papers published in 1997, by contrast, Campbell and 
colleauges cited the gluten-casein study as showing that plant proteins protect against cancer while 
animal proteins promote cancer (25, 26).  Thus by the time The China Study was published the fact that 
complete protein, and not animal protein specifically, promoted cancer in certain contexts was 
likewise lost down the memory hole. 

It’s All About the Mechanism 

Before we can make any dietary conclusions from these studies, we need to understand the 
mechanism.  Is the effect of protein the intrinsic property of any complete protein, or does it depend 
on other nutrients?  None of us consume 20 percent of our diet as casein, wheat gluten, freeze-dried 
cod protein, or any of the other proteins Campbell tested.  Many of us drink milk, or eat meat, fish, 
bread, legumes, fruits, vegetables, and other whole foods.  What are the effects of these whole foods 
on cancer?  This is a question that cannot be answered from Campbell’s rat studies.  Understanding 
how protein exerts its effects, however, would help us form a reasonable hypothesis. 

The protective effect of protein during the initiation period is easy to explain, though experimental 
evidence would be needed to support this explanation.  As I pointed out in my recent blog post, “The 
Biochemical Magic of Raw Milk and Other Raw Foods: Glutathione,” adequate protein is necessary to 
synthesize glutathione, the master antioxidant and detoxifier of the cell.  In humans, the requirement 
appears to be about one gram of protein per kilogram of body weight, which is about 70 grams per 
day for someone who weighs 150 pounds.  In rats, the level of dietary protein that maximizes 
glutathione and its related antioxidant and detoxifying enzymes is somewhere between 7.5% and 
15% methionine-supplemented casein.  According to a chapter (27) of the recent textbook Adverse 
Drug Reactions, published earlier this year as part of the Handbook of Experimental Pharmacology 
series, aflatoxin is primarily detoxified by glutathione.  

The most obvious reason that protein might promote the growth of cancer in certain contexts is by 
providing sufficient amino acids to synthesize new proteins needed by rapidly dividing cells.  
However, protein is also known to interact with a number of other dietary factors, and the most 
obvious explanation may not be the correct one.  High protein intakes mobilize vitamin A from the 
liver and increase its utilization and excretion (28).  Some evidence also suggests that high-protein 
diets increase the requirement for vitamin B6 (29).  When dietary protein comes from meat, especially 
from liver, it provides these and many other nutrients.  Do these whole foods, providing protein 
together with its associated nutrients, promote cancer or protect against cancer? 

Campbell’s research is in fact fascinating, but without answering these deeper questions, it is difficult 
to interpret.  One thing is certain: low-protein diets depressed normal growth, increased the 
suceptibility to many toxins, killed toxin-exposed animals earlier, induced fatty liver, and increased the 
development of pre-cancerous lesions when fed during the initiation period of chemical 
carcinogenesis.  The loss of these facts down the memory hole may make Dr. Campbell’s arguments 
much simpler, but it does nothing to promote truth or help us understand the true significance of his 
work, which, once expanded on with further research, may prove incredibly profound. 
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