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BACKGROUND
Diet and nutrition have long been recognized to play an important role in human health,
but specific dietary factors in relation to the development of chronic diseases including coronary
heart disease, stroke, diabetes, and various cancers have not been clearly defined. Much
controversy exists about associations between consumption of animal products such as red
meat (beef, pork, lamb), white meat (poultry, fish), eggs, and dairy products (milk, cheese) and
risk of chronic diseases. The controversy, in part, stems from the scarcity of data on the effects
of these foods because, traditionally, nutritional epidemiologic studies have largely focused on
nutrients rather than individual foods. Another reason for the controversy is that the same data,
albeit limited, are given different weight by different scientists. For example, correlational or
ecological analyses, which correlate per capita food consumption data with incidence or
mortality rates of disease among different populations or cultures, are widely considered as a
hypothesis generating process because of uncontrolled confounding by other aspects of diet and
lifestyle.

However, some put substantially more weight on findings from those studies.

Randomized clinical endpoint trials are typically considered as “gold standard” in the evaluation
of diet-disease relationships. However, in most circumstances, dietary trials are infeasible
because of practical issues, including potential lack of compliance in the long run. Case-control
studies, which compare the diets of diseased subjects and those of non-diseased controls, are
able to examine the relation between diet and disease in more detail than correlational studies.
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In such studies, however, the diet is assessed retrospectively and the results are thus susceptible
to recall bias. Prospective cohort studies, in which diet is assessed prior to the occurrence of
disease, are generally considered as the strongest nonrandomized design because they are less
susceptible to bias that arise from the retrospective reporting of diet. For this reason,
prospective studies with refined dietary assessment are usually given more weight in the
assessment of scientific evidence. Over 30 large prospective studies of diet and chronic diseases
have been established and data from some of these studies have become available during the
last several years.1 Nonetheless, no single study or study design can provide absolute proof.
The strongest evidence comes from a combination of different types of epidemiological
investigations, with support from animal studies, metabolic, and mechanistic data.

INTRODUCTION
Red meat from beef and white meat from poultry are a central part in most diets in
developed societies. These products are main sources of saturated fat and cholesterol in the
diet. But they are also main sources of protein and various vitamins and minerals. Poultry fat
contains a lower proportion of saturated fatty acids and a higher proportion of polyunsaturated
fatty acids as compared with red meat. Fish contains much less saturated fat, and oily fish are
rich in omega-3 fatty acids. Eggs are high in cholesterol, but also contain substantial amount of
unsaturated fats, protein, folate, and B vitamins. Milk and dairy products are high in saturated
fat content (unless the fat has been separated), but are also good sources of protein, vitamin D
and calcium.
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Because each product has different nutrient profile, it is conceivable that they may have
different effects on human health. Also, because each food contains many nutrients, which may
have opposite effects on disease risk, it is difficult to predict the effect of each product on
disease risk with certainty based on the nutrient profile. Since no single biochemical or
physiological measurement can simultaneously represent those effects of the various constituent
nutrients, it is important to study the direct relationships between consumption of these products
and actual disease incidence in humans. In this report, we review evidence regarding the
relation of animal products with risk of coronary disease, stroke, diabetes, and various cancers.

CORONARY HEART DISEASE
Consumption of animal products, especially red meat, is widely believed to be
responsible for the development of coronary heart disease (CHD). This belief is largely based
on ecological studies relating dietary intake of saturated fat and cholesterol to rates of CHD in
different countries. In the Seven Country study directed by Dr. Keys,2 intake of saturated fat
as a percentage of calories had strong correlation with coronary death rates across 16 defined
populations in seven countries (r=0.84), whereas the percentage of energy from total fat had
little relationship with CHD incidence or mortality. The effect of saturated fat, however, is
considerably stronger in this and other ecological studies than would be expected by the effect
of saturated fat on serum cholesterol, probably due to confounding effects of other variables
including other aspects of diet, physical activity, smoking, obesity, and economic development.
Indeed, the observed association between saturated fat and risk of CHD in subsequent
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prospective cohort studies was substantially weaker, ranging from null to small (see a review by
Willett). In the Nurses’ Health
Study 3 the largest and most detailed study of diet and CHD, each 5% increase of energy from
saturated fat was associated with 17% increase in CHD (P-value =0.10). In metabolic studies,
replacing carbohydrates with saturated fat increases not only plasma LDL cholesterol, but also
HDL cholesterol.4

The observed small effect in prospective studies is consistent with the

possibility that the proportional increase in plasma HDL concentration produced by saturated
fatty acids somewhat compensates for its adverse effect on LDL level. Notably, the amount of
saturated fat in two glasses of whole milk per day would be predicted, on the basis of metabolic
studies, to increase serum total cholesterol sufficiently to raise CHD risk by at most about 4%.
Such an increase is far below what could be detected by any epidmeiologic study or
randomized trial. Thus, a small adverse effect on CHD risk may be considered possible or
probable on the basis of indirect evidence.
The association of dietary cholesterol with risk of CHD observed in prospective studies
is also considerably smaller than suggested by ecological studies.

A significant positive

association for dietary cholesterol was observed in some studies5,6 but not in others.7-10 In a
pooled analysis of four studies5,6,11,12 an increase of 200 mg dietary cholesterol per 1000 Kcal
(about 2 eggs per day for an average person) was associated with a 30% increase in risk of
CHD. 13

In the Nurses’ Health Study3, an increase of 200 mg dietary cholesterol per 1000

Kcal was associated with only 12% increase in CHD risk. The relatively small risk associated
with a large increase in dietary cholesterol intake is not unexpected; metabolic studies have
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shown that the effect of dietary cholesterol on serum cholesterol and LDL-cholesterol levels in
humans is relatively weak.14
The positive relationships between intakes of saturated fat and cholesterol and CHD,
albeit weak, suggest that consumption of foods high in saturated fat and/or cholesterol such as
red meat and eggs may increase risk of CHD. However, this cannot be concluded with
certainty because red meat and eggs also contain many other nutrients besides saturated fat and
cholesterol. In the Nurses’ Health Study3, total animal fat, compared with the same energy
intake from carbohydrate, was not significantly associated with CHD, probably due to the
opposing effects of saturated and unsaturated fats, which are contained in approximately similar
amounts in most animal fats. Few studies have examined the direct relationship between red
meat consumption and risk of CHD. In a study of California Seventh-Day Adventists15 , higher
beef consumption was significantly associated with increased risk of fatal ischemic heart disease
in men, but not in women. In a case-control study conducted in Italy16 , meat and butter
consumption was associated with increased risk of myocardial infarction in women.
Because of their high cholesterol content, eggs are widely considered as an unhealthy
food. Surprisingly, there is little direct evidence linking higher egg consumption and increased
risk of coronary disease.

In the Framingham study, Dawber and colleagues17 found no

association between egg consumption and incidence of CHD. In an earlier analysis of Seventhday Adventists study,18 higher egg consumption appeared to be ssociated with increased risk of
fatal CHD, but this association was not present in a more recent analysis.15 In a case-control
study conducted in Italy,16 egg consumption was not significantly associated with risk of CHD in
women. The null association between egg consumption and risk of CHD is not surprising,
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because one egg contains about 200 mg cholesterol, but also substantial amount of protein,
unsaturated fats, folate, B vitamins, and minerals. It is conceivable that the small adverse effect
caused by cholesterol is counterbalanced by potential beneficial effects of other nutrients.
White meat from chicken and fish contains substantially less saturated fat and
cholesterol than red meat. In the California Seventh-day Adventist study, higher consumption of
poultry was not associated with risk of CHD. 15 Studies on fish consumption in relation to risk
of CHD, although not entirely consistent, have generally suggested that moderate fish intake may
protect against coronary death.

Kromhount and co-workers19

found that Dutch men

consuming more than 30 g of fish per day had only about half the risk of fatal CHD compared
with men who consumed none. In a recent study of 20,551 US male physicians, Albert et al. 20
found that consuming fish at least once per week reduced risk of sudden death by half. The
protective effect of fish consumption against CHD may be due to the antiarrhythmic effect of
omega-3 fatty acids.

CEREBROVASCULAR DISEASE
The mortality rates of cerebrovascular disease (stroke) are much higher in some Asian
countries including Japan and China, as compared with North American and European
countries. It has been speculated that some aspects of Asian diet, such as very low animal fat
and protein and relatively high salt, may be responsible for high rates of stroke, especially
hemorrhagic stroke, in some Asian countries.21 In the past decades, incidence of stroke has
declined substantially in Japan, which has been attributed to increased consumption of animal
products, including meats, eggs, and dairy products.22 A similar decreasing trend in stroke rate,
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accompanied by increased consumption of animal products, has also been observed in China.23
In a prospective study of Japanese men living in Hawaii,24 usual Western diet opposed to
Oriental diet was associated with increased risk of CHD (relative risk = 1.2) and severe
atherosclerosis at autopsy (relative risk = 1.6), but reduced risk of cerebral hemorrhage
(relative risk = 0.7). Recently, Gillman et al.25 reported that low total and saturated fat
consumption was associated with increased risk of ischemic stroke in the Framingham study. In
a large study of U.S. men, low serum cholesterol level was associated with increased risk of
hemorrhagic stroke.26 Laboratory studies have suggested that very low serum cholesterol levels
increase fragility of endothelium cell membranes of intracerebral arteries, which can result in
hemorrhage, especially in the presence of hypertension.27 Also, in a study of three Chinese
population samples, Zhou et al.28 found that lower intake of animal protein, and lower levels of
urinary sulphate and certain serum and urinary amino acids from metabolized

protein

metabolism were associated with high blood pressure (one of the most important risk factors for
stroke). These data suggest that very low intake of animal fat and protein and high intake of
carbohydrate, as consumed by large populations in Asia, may not be optimal in regard to the
risk of hemorrhagic stroke.

DIABETES
Non-insulin-dependent diabetes mellitus (NIDDM) has become a highly prevalent disease in
industrialized countries. The incidence of NIDDM has also increased substantially in developing
countries including China.29 Genetic factors, as well as age, obesity, diet and sedentary lifestyle
are the major determinants of NIDDM. Dietary factors have been hypothesized to influence the
8

development of NIDDM through effects on insulin resistant or insulin demands. However, few
data are available on the direct relationship between animal product consumption and risk of
NIDDM. In the Nurses’ Health study, neither animal fat nor saturated fat consumption were
associated with increased risk of diabetes.30 In contrast, diets with low cereal fiber content and
high contents of refined carbohydrates were associated with significantly increased risk of
diabetes. Similar results were observed among 42,759 men in the Health Professionals Followup Study.31

Feskens and Kromhout 32 found no significant associations between intakes of

foods and risk of diabetes in a follow-up study of 814 men, which included only 58 new cases
of NIDDM. In the California Seventh-Day Adventist study, Snowden and Philips33 found that
after controlling for age and percent desirable body weight, frequency of meat consumption was
related to increased risk of NIDDM in men, but not in women. In a prospective study of 1462
Swedish women, Lundgren et al.34 found that women who developed NIDDM consumed less
milk and less fruit, but the differences were not statistically different.

BREAST CANCER
The principal dietary hypothesis in relation to breast cancer has been that higher dietary
fat intake increases risk of breast cancer. This hypothesis was generated by striking correlations
(r=0.7 to 0.9) among countries between national per capita fat consumption and both incidence
and mortality of breast cancer.35 Such a strong association is unlikely to be causal because of
intractable confounding by other risk factors of breast cancer such as reproductive factors,
obesity, and sedentary life style, and by other many correlates of economic development.36
Indeed, the association between total fat intake and breast cancer was substantially weaker
9

(r=0.35) in the China-Oxford-Cornell study conducted in 65 counties in rural China,37 in which
breast cancer rates were ascertained at the population level, but dietary data were collected at
an individual level.
The associations of dietary fat with breast cancer observed in case-control and cohort
studies, if exists at all, has been much weaker than suggested by the correlational studies. In the
past decades, more than 20 case-control and 10 prospective studies have examined the
relationship of fat consumption with risk of breast cancer. Howe et al.38 conducted a metaanalysis of 12 case-controls of breast cancer, including 4,312 cases and 5,978 controls. They
found a significant increase in risk for higher fat intake (odds ratio = 1.35 for a 100 g increase in
daily fat intake). Clearly, this is an unrealistic estimate because a 100-g change in total fat intake
per day is implausible in a free-living population. The largest prospective cohort study, the
Nurses’ Health Study, involved 1,439 incident cases of breast cancer.39 The relative risks
comparing extreme deciles of total fat intake were 1.0 for premenopausal breast cancer and
0.90 for postmenopausal breast cancer. No significant association was observed for either
saturated fat or dietary cholesterol intake. However, there was a suggestion of inverse
association between monounsaturated fat and risk of breast cancer. Hunter40 conducted a
pooled analysis of seven prospective studies, including 4,980 cases from 337,819 women. This
is the most powerful analysis so far on this topic because of its large number of cases and the
wide range of fat intake (as low as <20% total energy intake). The results from this analysis
indicated no increased risk of breast cancer with higher intake of total fat or saturated fat.
Based on these data, it can be reasonably concluded that fat intake during adult life is not an
important cause of breast cancer.
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Few data are available on the direct relationship between animal product consumption
and breast cancer risk. Toniolo et al. 41 reported a significantly increased risk of breast cancer
with higher consumption of red meat (relative risk for extreme quintile comparison = 1.9),
although total fat or saturated fat intake was not significantly related to breast cancer. However,
in the much larger Nurses’ Health Study, red meat consumption was not significantly associated
with risk of breast cancer.1 The relative risk comparing women who consumed beef, pork, or
lamb as a main dish daily or more with who consumed < 1/week was 1.05. The corresponding
relative risk for beef, pork, or lamb as sandwich or mixed dish was 1.00. A case-control in
China reported a statistically significant increased risk with meat intake over 80 grams per day,
but the association became weaker and statistically nonsignificant after adjustment for energy
intake.42

A meta-analysis of seven case-control and cohort studies reported a significant

increased risk for high meat intake (summary relative risk = 1.54).43 In contrast, in the same
meta-analysis, poultry intake was unrelated to breast cancer risk, with a summary relative risk of
0.94.43

More recent cohort studies also found no material association between poultry

consumption and risk of breast cancer41,44. Two prospective studies reported no association
between fish consumption and risk of breast cancer39,41 and one reported a weaker protective
effect.45 Most studies found no substantial association between consumption of milk and dairy
products and risk of breast cancer45-47

COLON CANCER
As with breast cancer, rates of colon cancer are strongly correlated with national per
capita disappearance of animal fat and meat (r=0.8-0.9) across countries.35 A recent meta11

analysis of 13 case-control studies found a significant positive association between total energy
intake and colon cancer, but saturated, monounsaturated and polyunsaturated fats were not
associated with the risk independently of total energy.48
Earlier prospective cohort studies on diet and colon cancer have been inconsistent,
probably due to small number of cases and crude diet assessment. Recent cohort studies have
provided more consistent picture. In the Nurses’ Health Study, 49 women in the highest quintile
of animal fat intake had nearly twofold increase in risk of colon cancer compared with those in
the lowest quintile. The relative risk of colon cancer in women who ate beef, pork, or lamb as
main dish every day was 2.5, as compared with those reporting consumption less than once a
month. Processed meats and liver were also significantly associated with increased risk,
whereas fish and chicken were related to decreased risk. Interestingly, in a multivariate analysis
of these data, which include red meat and animal fat intakes in the same model, red meat intake
remained significantly predictive of colon cancer risk, whereas the association with animal fat
was eliminated. In the Health Professionals Follow-up Study,50 a cohort study of men, a direct
association between red meat consumption and risk of colon cancer was also observed, but no
association was seen for other sources of fat. In particular, no significant association existed
between total or saturated fat despite a wide range of total fat (24-41% of energy from lowest
to highest quintile) and saturated fat (7-14% energy). These data suggest that consumption of
red meat, but not other sources of fat, is associated with increased risk of colon cancer. Nonlipid components of red meat, including carcinogens formed when red meat is cooked, may be
responsible for the increased risk.
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Several prospective studies have observed an inverse association between non-red
meat protein sources and risk of colon cancer and colorectal adenoma (see a review by
Giovannucci and Willett51). In the Nurses’ Health Study, 49 the ratio of the intake of red meat to
the intake of chicken and fish was particularly strongly associated with an increased risk of
colon cancer, suggesting a potential protective effect against colon cancer if red meat is replaced
by white meat in the diet.
The evidence on the association of egg consumption with risk of colon cancer is
inconsistent. Some but not all case-control studies reported a positive association (see a review
by Steinmetz and Potter52 ). In a case-control study conducted in China, reduced consumption
of animal products including eggs and meat was actually associated increased risk of rectal
cancer (but not colon cancer).53 Only a few prospective studies have reported the relation of
egg consumption to risk of colon cancer. In the California Seventh-day Adventist’s study,
higher egg consumption appeared to be associated with increased mortality from colon cancer,
but not rectal cancer.54

In the Iowa’s women study, no significant association between

frequency of egg consumption and the risk of either colon or rectal cancer was observed.55
The data on the association between milk and dairy product consumption are limited.
Two prospective cohort studies50,56 reported no association between any dairy foods and risk
of colorectal cancer. One prospective study suggested an inverse association between dairy
products and risk of colon cancer.57 The findings from case-control studies are also inconsistent
(see a review by Giovannucci and Willett51 ).

PROSTATE CANCER
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International comparisons also suggest a strong correlation between per capita fat
consumption and mortality rate of prostate cancer.35

Within regions in Italy, positive

correlations were found between prostate cancer mortality and milk consumption (r=0.75) and
cheese consumption (r=0.69).58

Case-control studies have generally supported a positive

association between saturated fat or major sources of animal fat, meats, and dairy products and
prostate cancer risk (see review by Giovannucci
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). A recent case-control study found

positive associations between saturated fat and prostate cancer risk separately among blacks,
whites, Chinese-Americans and Japanese-Americans.60 The source of animal fat most strongly
associated with high risk in case-control studies was from dairy products. Recent prospective
cohort studies have provided stronger evidence for the positive association between animal fat
intake and risk of prostate cancer. In the Health Professionals Follow-up study of 51,529 men
in the U.S.,61

animal fat consumption was significantly associated with increased risk of

advanced prostate cancer (relative risk comparing extreme quintiles of intake was 1.6). Fat
from red meat consumption was particularly strongly associated with advanced prostate cancer
(relative risk = 2.6). However, fat from poultry, dairy, and fish was not significantly associated
with risk of prostate cancer. In the Physician’s Health Study, 62 men who consumed red meat
at least five times per week had 2.5 times higher risk in prostate cancer, as compared with men
who ate red meat less than once a week. In the California Seventh-day Adventist study,63
consumption of meat, poultry, and fish was associated with risk of prostate cancer, but the
study did not distinguish red meat from white meat. No material relationship was observed
between egg consumption and risk of prostate cancer in prospective cohort studies, with
relative risks ranging from 0.80-1.0.63-65
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Several case-control studies have suggested that dairy products are associated with
increased risk of prostate cancer66,67. But this positive association was not confirmed in
prospective cohort studies61,63,64. In a more recent analysis of the Health Professionals Followup Study,68 higher intake of calcium from both supplements and foods (mainly dairy) was
associated with increased risk of prostate cancer.

OTHER CANCERS
Cured and smoked meats have been consistently related to stomach cancer,69 but
consumption of fresh meat does not appear to increase the risk. Several other cancers, including
esophageal cancer, oral and pharyngeal cancer have been also associated with cured and
smoked foods.36 Meat consumption has been associated with risk of pancreatic cancer in
several studies,70 but the data are not entirely consistent.71

SUMMARY
The effects of animal products on risk of chronic diseases are an area of considerable
controversy.

Ecological studies tend to suggest positive associations between higher

consumption of animal products and risk of heart disease and various cancers across different
countries.

However, international correlations between per capita food consumption and

disease rates are seriously confounded by other lifestyle factors associated with economic
affluence. Also, food disappearance data used in most of the calculations may be more
indicative of food wastage within a country than actual consumption. Correlational studies
conducted within a country can usually provide more credible data than international
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comparisons because of relatively homogenous populations and the possibility of collecting data
on potential confounding variables at individual level.

One of the most comprehensive

correlational studies conducted within a country is the China-Oxford-Cornell study,72 a detailed
study of geographic correlations between disease rates and numerous dietary and non-dietary
factors across 65 counties in rural China. These correlations, although informative and valuable
in many ways, cannot be used to establish causal relationships between dietary factors and
disease risk. The limitations of geographical correlations were precisely stated by Drs Doll and
Peto73 :
Trustworthy epidemiological evidence, it should be noted, always requires
demonstration that a relationship holds for individuals (or perhaps small groups) within a
large population as well as between large population groups. Correlation between the
incidence of cancer in whole towns or whole countries and, for example, the consumption
of particular items of food can, at most, provide hypotheses for investigation by other
means. Attempts to separate the roles of causative and of confounding factors by
statistical techniques of multiple regression analysis have been made often, but evidence
obtained in this way is, at best, of only marginal value.
Indeed, some of the correlations produced from the China-Oxford-Cornell study are
peculiar and probably incorrect. For example, esophageal cancer had no clear association with
smoking, and had a negative correlation with daily alcohol intake. These results are clearly
contradictory to the well-established findings from studies of individuals that both smoking and
alcohol use are strong risk factors for esophageal cancer. In addition, the study did not find a
clear association between meat consumption and risk of heart disease or major cancers.72
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Prospective cohort studies of individuals, in which diet is assessed prior to the
occurrence of disease, are typically considered as the strongest nonrandomized design. Since
most of prospective studies of diet and chronic diseases are conducted in developed countries,
mostly in the U.S., this raises the question of generalizability of the findings to developing
countries. Because there is no reason to believe that the basic human biology is different among
various populations, it is not unreasonable that the associations of diet with disease risk
observed in one population can be extrapolated to another. This is particularly true because
large parts of the developing world are now urban, with more sedentary lifestyle. It is possible
that the differences in social, cultural, and economical factors between developed and
developing countries may exacerbate or mitigate the effects of animal product consumption, but
there are no data to support this speculation. Thus, data from developing countries themselves
would be highly desirable and establishing reliable prospective sources of information should be
a priority.
The health effects of consuming a major source of food energy depend on the
component of diet that they displace. But data on food substitutions are limited. We have
generally assumed that animal products primarily displace carbohydrate source (especially
starch, the main source of food energy in almost all diets), although in many studies the
comparison is not clear. Since vegetables and fruits contain relatively small amount of energy, in
most circumstances, it is unlikely that vegetables and fruits are replaced by animal products. In
some situations, it is possible that nuts, soy products, and legumes (which may have positive
benefits for cardiovascular disease) are partially replaced by animal products. This kind of
substitution, especially by red meat, may be detrimental to health.
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The following table summaries our assessment of the literature reviewed above. Higher
red meat consumption probably increases risk of CHD, colon cancer, and prostate cancer, and
possibly breast cancer. However, very low red meat consumption may increase risk of
hemorrhagic stroke. Poultry consumption does not appear to be a risk factor for CHD or any
forms of cancer. Substitution of poultry for red meat may lower risk of CHD and colon cancer.
Fish consumption probably reduces risk of fatal CHD and sudden cardiac death. Substitution
of fish for red meat may also lower risk of colon cancer. There is little evidence that egg
consumption in the range of U.S. population (up to 1 egg/day) increases risk of CHD.
However, it is not clear whether high egg consumption has adverse effect on cardiovascular
disease in populations with very low background cholesterol intake (say, rural China). Several
case-controlled studies have suggested that egg consumption may increase risk of colon cancer,
but has not been confirmed in prospective cohort studies. Existing literature does not directly
indicate a material association between dairy product consumption and risk of CHD, but higher
consumption of dairy fat is likely to increase CHD rates mostly due to increase in blood
cholesterol levels. On the other hand, there is some evidence that moderate dairy product
consumption may reduce risk of hypertension and hemorrhagic stroke in places where these are
important causes of death and overall consumption of animal products is low. Milk and dairy
products possibly increase risk of prostate cancer, but the data are limited. The data on the
relation of animal product consumption with diabetes are too scarce to draw any conclusions at
this time, but the lack of association between saturated fat intake and risk of diabetes in large
prospective studies suggest that there is not a strong association.
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We do not address issues of specific deficiencies of micronutrients, such as iron or zinc
deficiency, which may be common in parts of the developing world. Although red meat
contains substantial amount of micronutrients, we do not regard it as a strong justification for
increasing consumption of red meat in those countries because there are other cost-effective
ways to improve iron or zinc status. We further recognize that effects on risk of chronic
diseases are only part of decisions regarding the production of animal products.
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A qualitative assessment of associations of animal product consumption
with risk of chronic diseases
Red meat
(Beef, pork,
lamb)
Probably ↑

Poultry

Fish

Egg*

Dairy
Products

Possibly ↓

Probably â

Probably no
increase in
risk

Probably
small á**

Hemorrhagic
Stroke†

Possibly ↓

Possibly ↓

Uncertain §

Probably no
increase in
risk

Possibly ↓

Breast cancer

Possibly ↑

Probably no
relation

Probably no
relation

Probably no
relation

Probably
no relation

Colon cancer

Probably ↑

Possibly ↓

Possibly ↓

Probably no
increase in
risk

Probably no
increase in
risk

Prostate cancer

Probably ↑

Probably no
relation

Probabaly no
relation

Probably no
relation

Probably ↑‡

Coronary heart
diseases

↓ increase in risk; ↑ decrease in risk
* Up to 1 egg per day
** It is possible that substitution of low-fat dairy (e.g., skim milk) for high-fat dairy products (e.g., whole
milk) decreases risk of cardiovascular disease for individuals, but this is largely irrelevant for population
disease rates because the dairy fat produced is almost inevitably consumed.
† The associations between animal products and risk of ischemic stroke, which is more common in the U.S.,
are probably similar to those for CHD.

‡

It is unclear whether it is due to fat or calcium.

§ Data are limited. It is possible that higher intake increases risk.

CONCLUSIONS and IMPLICATIONS
The evidence reviewed in this report does not lead to an overall conclusion about the health
effects of livestock products (beef, pork, and poultry), because different products can have
different effects on the same disease, and the same product can have different effects on
different diseases. The health effects of white meat from poultry and fish in epidemiologic
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studies clearly differ from those of red meat from beef and pork. Diets containing substantial
amount of red meat and products made from these meats probably increase risk of coronary
disease and some forms of cancer. Substitution of red meat by white meat can have clear health
benefits. In addition, consumption of animal products may have opposing effects on CHD and
hemorrhagic stroke.
Based on the above review, and recognizing that data on diet and chronic disease are
far from complete, we recommend that the following issues should be considered in making
policies regarding investments in livestock production in developing countries:
1. Distinguish poultry and fish from beef and pork. As discussed above, white meat and
red meat can have opposite health effects.
2. Distinguish eggs and dairy products from meats. As discussed above, there is little
evidence that consumption of eggs has material adverse effects on chronic diseases, and
moderate consumption of dairy products may have complex effects, including benefits and risks.
3. It is inappropriate to equate the health effects of livestock products to those of
tobacco products. Tobacco use is an established cause of many chronic diseases and it has no
counterbalancing beneficial effects. But animal products can provide many beneficial nutrients
when consumed in small to moderate quantity.
4. In countries where hemorrhagic stroke rates are substantially elevated, very low
consumption of animal products may not be optimal.
5. In many situations, the partial displacement of the carbohydrate staple source of
energy with animal products may have neutral or beneficial health effect. However, the use of
plant source of protein and fat, such as soy products, nuts, and vegetable oils, may provide even
21

greater health benefits and should therefore be considered simultaneously when considering
investments in development.
6. Long term prospective studies of diet and health should be established in Asia, Latin
America, and Africa to monitor the impact of policy and personal decisions regarding food
choices on health and disease.
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APPENDIX (Annotation of terminology)

Types of studies (Source: Willett 1998 Nutritional Epidemiology, 2nd edition):
Ecological or correlational studies: Comparison of disease rates in populations having different
diets by assessing average intake of specific nutrients and determining disease incidence or
mortality rates. The major limitation is that diet is only one of many variables that distinguish
different populations. In addition, gathering even crude data on average nutrient intake across
populations is difficult. This type of study is probably best used to generate hypotheses.

Case-control studies: Comparison of earlier diets reported by patients having a particular
disease with diets reported by controls without the disease. The major limitations are selection
and recall biases.

Selection bias can occur if controls do not accurately represent the

population from which cases arise; recall bias results when patients systematically differ from
controls in ability to recall diets. In studies of rapidly fatal diseases, researchers must often rely
on recall of proxy respondents such as spouses.

Prospective Cohort Studies: Comparison of disease rates in people whose diets and other
potentially relevant traits are determined before follow-up begins. Selection and recall biases
should not occur, but cohort studies must enroll thousands or even tens of thousands of people
and monitor their health for many years to ascertain adequate number of cases for study.
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Controlled Clinical Trials. Comparison of incidence of disease in two groups randomized to
specific diet interventions or sometimes to no interventions. In this type of studies, compliance
with substantial dietary change is difficult for many people; subjects cannot be easily blinded to
their intervention status. Optimal dosages (e.g., of supplemental nutrients) and dose-response
relationships can be difficult to ascertain; duration of intervention required is generally unknown
but may be decades.

Types of fatty acids (Source: American Heart Association):
Saturated fatty acids have all the hydrogen the carbon atoms can hold. Saturated fats are usually
solid at room temperature, and they are more stable -- that is, they do not combine readily with
oxygen. The main sources of saturated fatty acids in the typical American diet are foods from
animal products, but palm and coconut oils are large sources in some populations. Foods from
animals that have high amounts of saturated fatty acids include beef, beef fat, veal, lamb, pork,
lard, poultry fat, butter, cream, milk, cheeses, and other dairy products made from whole milk.
These foods also contain dietary cholesterol. Most saturated fatty acids raise blood cholesterol
levels.

Polyunsaturated and monounsaturated fatty acids make up the total of unsaturated fatty acids.
Unsaturated fatty acids have at least one unsaturated bond -- that is, at least one place that
hydrogen can be added to the molecule. They are often found in liquid oils of vegetable origin.
Polyunsaturated oils are liquid at room temperature and in the refrigerator. Common sources of
polyunsaturated fatty acids are safflower, sesame and sunflower seeds, corn and soybeans,
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many nuts and seeds, and their oils. Monounsaturated oils are liquid at room temperature but
start to solidify at refrigerator temperatures. Canola, olive and peanut oils and avocados are
mainly comprised of monounsaturated fatty acids, but almost half the fat from meat and dairy
sources is also monounsaturated. Both types of unsaturated fatty acids lower blood cholesterol
level when used in place of saturated fatty acids in the diet.
Trans fatty acids: Naturally occuring liquid vegetable oils are mainly comprised of unsaturated
fatty acids that have a bent shape. Around the turn of this century a process called partial
hydrogenation was developed that adds hydrogen to these molecules and changes their shape
from bent to straight. These new fats are called trans unsaturated fatty acids. The major
sources of trans fatty acids in the U.S. diet include margarine (hard margarine in particularly),
vegetable shortening, commercially baked products, and commercial deep fried foods.
Metabolic studies have conclusively shown that trans fatty acids increase LDL (the bad
cholesterol) and decrease HDL (the good cholesterol), and raise triglyceride levels in the blood.

Blood Cholesterol Fractions (Source: American Heart Association):
LDL (low density lipoprotein) is the major cholesterol carrier in the blood. When a person has
too much LDL cholesterol circulating in the blood, it can slowly build up within the walls of the
arteries feeding the heart and brain. Together with other substances it can form plaque, a thick,
hard deposit that can clog those arteries. This condition is known as atherosclerosis. A high
level of LDL cholesterol reflects an increased risk of heart disease. That is why LDL cholesterol
is often called "bad" cholesterol.
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HDL (High Density Lipoprotein) is known as "good" cholesterol because a high level of HDL
protects against heart attack. About one-third to one-fourth of blood cholesterol is carried by
high density lipoprotein or HDL. HDL tends to carry cholesterol away from the arteries and
back to the liver, where it’s passed from the body.
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