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BACKGROUND

Diet and nutrition have long been recognized to play an important role in human hedth,
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 anima products such as red
mest (beef, pork, lamb), white mesat (poultry, fish), eggs, and dairy products (milk, cheese) and
risk of chronic diseases. The controversy, in part, sems from the scarcity of data on the effects
of these foods because, traditiondly, nutritiona epidemiologic sudies have largely focused on
nutrients rather than individua foods. Another reason for the controversy is that the same data,
abat limited, are given different weight by different scientists. For example, correaiona or
ecological andlyses, which correlate per capita food consumption data with incidence or
mortality rates of disease among different populations or cultures, are widely considered as a
hypothes's generating process because of uncontrolled confounding by other aspects of diet and
lifestyle.  However, some put substantidly more weight on findings from those sudies.
Randomized clinica endpoint trids are typicaly consdered as “gold sandard” in the evaluation
of die-disease relationships. However, in most circumstances, dietary trids are infeasble
because of practicd issues, including potentid 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 rdation between diet and disease in more detall than corrdationd studies.



In such studies, however, the diet is assessed retrospectively and the results are thus susceptible
to recdl bias. Progpective cohort studies, in which diet is assessed prior to the occurrence of
disease, are generdly 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 sudies with refined dietary assessment are usudly 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 severd years® Nonethdless, no single study or study design can provide absolute proof.
The srongest evidence comes from a combination of different types of epidemiologica

investigations, with support from animal studies, metabolic, and mechanigtic deta

INTRODUCTION

Red mesat from beef and white mesat from poultry are a centrd part in most diets in
developed societies. These products are main sources of saturated fat and cholesteral in the
diet. But they are dso main sources of protein and various vitamins and minerds. Poultry fat
contains a lower proportion of saturated fatty acids and a higher proportion of polyunsaturated
fatty acids as compared with red mest. Fish contains much less saturated fat, and oily fish are
rich in omega-3 fatty acids. Eggs are high in cholesterol, but dso contain substantid 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 aso good sources of protein, vitamin D

and cdcium.



Because each product has different nutrient profile, it is concelvable that they may have
different effects on human hedlth. 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 biochemica or
physiologica measurement can Smultaneoudy represent those effects of the various condtituent
nutrients, it is important to study the direct relationships between consumption of these products
and actud disease incidence in humans. In this report, we review evidence regarding the

relation of anima products with risk of coronary disease, stroke, diabetes, and various cancers.

CORONARY HEART DISEASE

Consumption of anima products, especidly red medt, is widdy beieved to be
responsible for the development of coronary heart disease (CHD). This belief is largely based
on ecologica sudies relating dietary intake of saturated fat and cholesteral to rates of CHD in
different countries. In the Seven Country study directed by Dr. Keys? intake of saturated fat
as a percentage of calories had strong correlation with coronary desth rates across 16 defined
populations in seven countries (r=0.84), whereas the percentage of energy from total fat had
little rdlationship with CHD incidence or mortality. The effect of saturated fat, however, is
consderably stronger in this and other ecologica 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, physicd activity, smoking, obesty, and economic development.

Indeed, the observed association between saturated fat and risk of CHD in subsequent



prospective cohort studies was subgtantialy weaker, ranging from null to smal (see areview by
Willett). Inthe Nurses Hedlth

Study * 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 aso
HDL cholesterol.  The obsarved smdl 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
Sudies, 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 epidmeologic study or
randomized trid. 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 ds0 congderably smdler than suggested by ecological dudies. A dgnificant pogdtive
association for dietary cholesterol was observed in some studies™® but not in others™ Ina
pooled andlysis of four studies™®***? 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.® In the Nurses Hedth Study?, an increase of 200 mg dietary cholesterol per 1000
Kcd was associated with only 12% increase in CHD risk. The rdlatively smdll risk associated

with a large increase in digtary cholesterol intake is not unexpected; metabolic studies have



shown that the effect of dietary cholesterol on serum cholesterol and LDL-cholesteral levelsin
humansis rdatively wesk.*

The postive relationships between intakes of saturated fat and cholesterol and CHD,
abeit 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 aso contain many other nutrients besides saturated fat and
cholesteral. In the Nurses Hedth Study?, tota 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 smilar
amounts in most anima fats. Few studies have examined the direct relationship between red
mest consumption and risk of CHD. In astudy of California Seventh-Day Adventists™ , higher
beef consumption was significantly associated with increased risk of fatd ischemic heart disease
in men, but not in women. In a case-control study conducted in Italy™® , meat and butter
consumption was associated with increased risk of myocardid infarction in women.

Because of their high cholesterol content, eggs are widdly consdered as an unhedthy
food. Surprigngly, there is little direct evidence linking higher egg consumption and increased
risk of coronary disease. In the Framingham study, Dawber and colleagues’” found no
association between egg consumption and incidence of CHD. In an earlier andyss of Seventhr
day Adventists study,™® higher egg consumption appeared to be ssociated with increased risk of
fatal CHD, but this association was not present in a more recent anadysis™ In a case-control
study conducted in Italy,™ 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,



because one egg contains about 200 mg cholesterol, but aso substantia amount of protein,
unsaturated fats, folate, B vitamins, and minerds. It is concelvable that the small adverse effect
caused by cholesterol is counterbalanced by potential beneficid effects of other nutrients.

White meet from chicken and fish contains substantidly less saturated fat and
cholesterol than red mesgt. In the Cdifornia Seventh-day Adventist study, higher consumption of
poultry was not associated with risk of CHD.™  Studies on fish consumption in relation to risk
of CHD, dthough not entirely consastent, have generally suggested that moderate fish intake may
protect against coronary desth. Kromhount and co-workers® found that Dutch men
consuming more than 30 g of fish per day had only about hdf the risk of fatd CHD compared
with men who consumed none. In arecent study of 20,551 US mae physicians, Albert et a.
found that consuming fish at least once per week reduced risk of sudden degth by haf. The

protective effect of fish consumption againsgt 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 Adan diet, such as very low animal fat
and protein and reatively high sdt, may be responsible for high rates of stroke, especidly
hemorrhagic stroke, in some Asian countries®  In the past decades, incidence of stroke has
declined subgtantidly in Japan, which has been attributed to increased consumption of animal

products, including mests, eggs, and dairy products® A similar decreasing trend in stroke rate,



accompanied by increased consumption of animal products, has aso been observed in China.®
In a prospective study of Japanese men living in Hawaii,** usual Western diet opposed to
Oriental diet was associated with increased risk of CHD (reative risk = 1.2) and severe
atherosclerosis at autopsy (relative risk = 1.6), but reduced risk of cerebral hemorrhage
(relative risk = 0.7). Recently, Gillman e d.” reported that low total and saturated fat
consumption was associated with increased risk of ischemic stroke in the Framingham study. In
alarge study of U.S. men, low serum cholesterol level was associated with increased risk of
hemorrhagic stroke?® Laboratory studies have suggested that very low serum cholesterol levels
increese fragility of endothelium cell membranes of intracerebral arteries, which can result in
hemorrhage, especidly in the presence of hypertenson.”” Also, in a study of three Chinese
population samples, Zhou et d.?® 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
droke). These data suggest that very low intake of animd fat and protein and high intake of
carbohydrate, as consumed by large populations in Asa, may not be optimd in regard to the

risk of hemorrhagic stroke.

DIABETES
Non-insulin-dependent diabetes mdlitus (NIDDM) has become a highly prevaent disease in
industriglized countries. The incidence of NIDDM has aso increased substantialy in developing
countries induding China?® Genetic factors, as well as age, obesity, diet and sedentary lifestyle

arethe mgor determinants of NIDDM. Dietary factors have been hypothesized to influence the



development of NIDDM through effects on insulin resstant or insulin demands. However, few
data are available on the direct relationship between animal product consumption and risk of
NIDDM. In the Nurses Hedth study, neither anima fat nor saturated fat consumption were
associated with increased risk of diabetes® In contrast, diets with low cereal fiber content and
high contents of refined carbohydrates were associated with sgnificantly increased risk of
diabetes. Similar results were observed among 42,759 men in the Hedlth Professionals Follow-
up Study.®  Feskens and Kromhout® 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 Cdifornia Seventh-Day Adventist study, Snowden and Philips* found thet
after controlling for age and percent desirable body weight, frequency of mesat consumption was
related to incressed risk of NIDDM in men, but not in women. In a prospective study of 1462
Swedish women, Lundgren e d.>* found that women who developed NIDDM consumed less

milk and lessfruit, but the differences were not datisticaly different.

BREAST CANCER

The principd dietary hypothesis in relation to breast cancer has been that higher digtary
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.®*® Such a strong association is unlikely to be causa 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.®

Indeed, the association between tota fat intake and breast cancer was substantially weaker



(r=0.35) in the China-Oxford-Cornell study conducted in 65 counties in rura Ching*’ inwhich
breast cancer rates were ascertained at the population level, but dietary data were collected at
anindividud leve.

The associations of dietary fat with breast cancer observed in case-control and cohort
dudies, if exists a dl, has been much weeker than suggested by the correlationa studies. In the
past decades, more than 20 case-control and 10 prospective studies have examined the
rdlationship of fat consumption with risk of breast cancer. Howe et d.*® conducted a meta-
andyss of 12 case-controls of breast cancer, including 4,312 cases and 5,978 controls. They
found a sgnificant incresse in risk for higher fat intake (odds ratio = 1.35 for a 100 g increasein
daly fat intake). Clearly, thisisan unredistic estimate because a 100-g change in totd fat intake
per day is implausble in a free-living population. The largest prospective cohort study, the
Nurses Hedth Study, involved 1,439 incident cases of breast cancer.®* The rdative risks
comparing extreme deciles of tota fat intake were 1.0 for premenopausal breast cancer and
0.90 for postmenopausa breast cancer. No sgnificant association was observed for either
saturated fat or dietary cholesterol inteke. However, there was a suggestion of inverse
association between monounsaturated fat and risk of breast cancer. Hunter® conducted a
pooled analysis of seven prospective studies, including 4,980 cases from 337,819 women. This
is the most powerful andysis so far on this topic because of its large number of cases and the
wide range of fat intake (as low as <20% totd energy inteke). The results from this analyss
indicated no increased risk of breast cancer with higher inteke of tota 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 cance.
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Few data are available on the direct relationship between anima product consumption
and breast cancer risk. Toniolo et d.** reported a significantly increased risk of breast cancer
with higher consumption of red meet (rdative risk for extreme quintile comparison = 1.9),
athough totd fat or saturated fat intake was not sgnificantly related to breast cancer. However,
in the much larger Nurses Hedlth Study, red meat consumption was not significantly associated
with risk of breast cancer.’ The relative risk comparing women who consumed beef, pork, or
lamb as amain 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 sgnificant increased risk with meet intake over 80 grams per day,
but the association became wesker and datigticaly nonsgnificant after adjustment for energy
inteke* A meta-andysis of seven case-control and cohort studies reported a significant
increased risk for high mest intake (summary relaive risk = 1.54).* In contrast, in the same
meta-anays's, poultry intake was unrelated to breast cancer risk, with asummary relative risk of
0.94.% More recent cohort studies aso found no materia association between poultry
consumption and risk of breast cancer***, Two prospective studies reported no association

between fish consumption and risk of breast cancer®**

and one reported a weaker protective
effect.*® Most studies found no substantial association between consumption of milk and dairy

products and risk of breast cancer™*’

COLON CANCER
As with breast cancer, rates of colon cancer are strongly correlated with nationa per

capita disappearance of anima fat and meat (r=0.8-0.9) across countries®™ A recent meta-
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anadyss 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.*®

Earlier prospective cohort studies on diet and colon cancer have been inconsstent,
probably due to small number of cases and crude diet assessment. Recent cohort studies have
provided more consistent picture. In the Nurses Headlth Study,*® women in the highest quintile
of animd 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 dso sgnificantly associated with increased risk,
wheress fish and chicken were related to decreased risk. Interestingly, in amultivariate andysis
of these data, which include red mest and animd fat intakes in the same modd, red mest intake
remaned sgnificantly predictive of colon cancer risk, wheress the association with animdl fat
was diminated. In the Hedlth Professionals Follow-up Study,* a cohort study of men, adirect
association between red meat consumption and risk of colon cancer was aso 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 mest, but not other sources of fat, is associated with increased risk of colon cancer. Nor+
lipid components of red mest, including carcinogens formed when red mest is cooked, may be

responsible for the increased risk.
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Severd prospective studies have observed an inverse association between non-red
meet protein sources and risk of colon cancer and colorecta adenoma (see a review by
Giovannucd and Willett™). In the Nurses' Hedlth Study, the ratio of the intake of red mest 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 mest is replaced
by white mest in the diet.

The evidence on the asociation of egg consumption with risk of colon cancer is
inconsgtent. Some but not al case-control studies reported a positive association (see areview
by Steinmetz and Potter® ). In a case-control study conducted in China, reduced consumption
of anima products including eggs and meeat was actualy associated increased risk of rectd
cancer (but not colon cancer).>®* Only afew prospective studies have reported the relation of
egg consumption to risk of colon cancer. In the Cdifornia Seventh-day Adventist’s study,
higher egg consumption appeared to be associated with increased mortality from colon cancer,
but not rectal cancer.> In the lowa's women study, no significant association between
frequency of egg consumption and the risk of either colon or rectal cancer was observed.™

The data on the association between milk and dairy product consumption are limited.
Two prospective cohort studies™>® reported no association between any dairy foods and risk
of colorectd cancer. One prospective study suggested an inverse association between dairy
products and risk of colon cancer.>” The findings from case-control studies are also inconsistent

(see areview by Giovannucci and Willett™ ).

PROSTATE CANCER
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International comparisons aso suggest a strong correation between per cepita fat
consumption and mortdity rate of prostate cancer.®®  Within regions in Itdy, postive
correlations were found between prostate cancer mortality and milk consumption (r=0.75) and
cheese consumption (r=0.69).® Case-control studies have generaly supported a positive
association between saturated fat or mgjor sources of anima fat, meats, and dairy products and
prostate cancer risk (see review by Giovannucci > ). A recent case-control study found
positive associations between saturated fat and prostate cancer risk separately among blacks,
whites, Chinese-Americans and Japanese-Americans® The source of animdl 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 progtate cancer. In the Health Professionds Follow-up study of 51,529 men
in the U.S,** animd fat consumption was significantly associated with increased risk of
advanced progtate cancer (relative risk comparing extreme quintiles of intake was 1.6). Fat
from red meat consumption was particularly strongly associated with advanced prostate cancer
(rdlative risk = 2.6). However, fat from poultry, dairy, and fish was not significantly associated
with risk of progtate cancer. In the Physician's Hedlth Study,® men who consumed red mest
at least five times per week had 2.5 times higher risk in prostate cancer, as compared with men
who ate red mest less than once a week. In the Cdifornia Seventh-day Adventist study,®
consumption of mest, poultry, and fish was associated with risk of prostate cancer, but the
Sudy did not distinguish red mesat from white mest. No materid relationship was observed
between egg consumption and risk of prostate cancer in prospective cohort studies, with

relative risks ranging from 0.80-1.0.%%
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Severa case-control studies have suggested that dairy products are associated with
increased risk of prostate cancer®®®’. But this positive association was not confirmed in
prospective cohort studies”™®*. In a more recent analysis of the Hedlth Professionals Follow-
up Study,® higher intake of cacium from both supplements and foods (mainly dairy) was

associated with increased risk of prostate cancey.

OTHER CANCERS

Cured and smoked mests have been consistently related to stomach cancer,” but
consumption of fresh meat does not appear to increase the risk. Severd other cancers, induding
esophaged cancer, ord and pharynged cancer have been dso associated with cured and
smoked foods.® Mest consumption has been associated with risk of pancreatic cancer in

severa studies,™ but the data are not entirely consistent.”

SUMMARY

The effects of animal products on risk of chronic diseases are an area of considerable
controversy.  Ecologicd sudies tend to suggest postive associations between higher
consumption of animal products and risk of heart disease and various cancers across different
countries. However, internationd correlations between per capita food consumption and
disease rates are serioudy confounded by other lifestyle factors associated with economic
affluence. Also, food disgppearance data used in mogt of the caculations may be more
indicative of food wastage within a country than actual consumption. Correlational studies

conducted within a country can usudly provide more credible data than internationa
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comparisons because of relatively homogenous populations and the possibility of collecting data
on potentid confounding varigbles at individud level. One of the most comprehensve
correlationa studies conducted within a country is the China-Oxford-Corndl study,”” a detailed
study of geographic correlations between disease rates and numerous dietary and non-dietary
factors across 65 counties in rurd China. These corrdations, dthough informative and vauable
in many ways, cannot be used to establish causal relationships between dietary factors and
disease risk. The limitations of geographical correlations were precisdly stated by Drs Doll and
Peto” :

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 thisway is, at best, of only marginal value.

Indeed, some of the correlations produced from the China-Oxford-Cornell sudy are
peculiar and probably incorrect. For example, esophageal cancer had no clear association with
smoking, and had a negative corrdation with dally alcohol intake. These results are dearly
contradictory to the well-established findings from studies of individuds that both smoking and
acohol 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 mgjor cancers.”
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Progpective cohort studies of individuds, in which diet is assessed prior to the
occurrence of disease, are typicaly consdered as the strongest nonrandomized design. Since
most of prospective studies of diet and chronic diseases are conducted in developed countries,
modly in the U.S, this raises the question of generdizability 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 ispossble
that the differences in socid, cultura, and economica factors between developed and
developing countries may exacerbate or mitigate the effects of anima product consumption, but
there are no data to support this speculation. Thus, data from developing countries themselves
would be highly desrable and establishing reliable prospective sources of information should be
apriority.

The hedth effects of consuming a mgor source of food energy depend on the
component of diet that they displace. But data on food subdtitutions are limited. We have
generdly assumed that animd products primarily displace carbohydrate source (especidly
darch, the main source of food energy in dmog dl diets), dthough in many dudies the
comparison is not clear. Since vegetables and fruits contain rdaively small amount of energy, in
most circumstances, it is unlikely that vegetables and fruits are replaced by anima products. In
some Stuations, it is possible that nuts, soy products, and legumes (which may have postive
benefits for cardiovascular disease) are partidly replaced by animd products. This kind of

subdtitution, especidly by red mest, may be detrimenta to hedth.
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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
possbly breast cancer. However, very low red meat consumption may increase risk of
hemorrhagic stroke. Poultry consumption does not appear to be arisk factor for CHD or any
forms of cancer. Subgtitution 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 dso 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 cholesteral intake (say, rurd Chinag). Severd
case-controlled studies have suggested that egg consumption may increase risk of colon cance,
but has not been confirmed in prospective cohort studies. Exigting literature does not directly
indicate a materia association between dairy product consumption and risk of CHD, but higher
consumption of dairy fat is likey to incresse CHD rates mosily due to increase in blood
cholesteral levels. On the other hand, there is some evidence that moderate dairy product
consumption may reduce risk of hypertenson and hemorrhagic stroke in places where these are
important causes of death and overdl 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
relaion of anima 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 asiron or zinc
deficiency, which may be common in parts of the developing world.  Although red mest
contains substantial amount of micronutrients, we do not regard it as a strong judtification for
increasng consumption of red mest in those countries because there are other cost-effective
ways to improve iron or zinc satus. We further recognize that effects on risk of dronic

diseases are only part of decisions regarding the production of anima products.
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A qualitative assessment of associations of animal product consumption
with risk of chronic diseases

Red meat Poultry Fish Egg* Dairy
(Besf, pork, Products
lamb)
Coronary heart Possibly — Probably ¥ Probably no Probably
diseases increasein amal N**
risk
Hemorrhagic Possibly — Uncertain § Probably no Possibly —
Stroket increasein
risk
Breast cancer Probably no Probably no Probably no Probably
relation relation relation no relation
Colon cancer Possibly Possibly Probably no  Probably no
increasein increasein
risk risk
Prostate cancer Probably no Probabaly no Probably no  Probably - +
relaion relation relation

increaseinrisk; - decreasein risk
* Upto1egg per day

** |t ispossible 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 thisis largely irrelevant for population
disease rates because the dairy fat produced is almost inevitably consumed.

T The associations between animal products and risk of ischemic stroke, which is more commoninthe U.S.,
are probably similar to those for CHD.

T Itisunclear whether it isdueto fat or calcium.
8 Dataarelimited. Itispossiblethat higher intake increases risk.

CONCLUSIONS and IMPLICATIONS

The evidence reviewed in this report does not lead to an overal conclusion about the hedlth
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 hedth effects of white meet from poultry and fish in epidemiologic
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dudies clearly differ from those of red meet from beef and pork. Diets containing substantial
amount of red meat and products made from these mests probably increase risk of coronary
disease and some forms of cancer. Subgtitution of red mest by white meet can have clear hedth
benefits. In addition, consumption of anima 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 consdered in making
policies regarding invesments in livestock production in developing countries:

1. Digtinguish poultry and fish from beef and pork. As discussed above, white megat and
red mest can have opposite hedth effects.

2. Digtinguish eggs and dairy products from mesats. As discussed above, there is little
evidence that consumption of eggs has materid 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 hedth effects of livestock products to those of
tobacco products. Tobacco use is an established cause of many chronic diseases and it has no
counterbalancing beneficid effects. But anima products can provide many beneficid nutrients
when consumed in small to moderate quantity.

4. In countries where hemorrhagic stroke rates are substantialy elevated, very low
consumption of anima products may not be optima.

5. In many Stuations, the partial displacement of the carbohydrate staple source of
energy with anima products may have neutra or beneficiad hedth effect. However, the use of

plant source of protein and fat, such as soy products, nuts, and vegetable oils, may provide even

21



greater hedth benefits and should therefore be consdered smultaneousy when considering
investments in development.

6. Long term prospective studies of diet and health should be established in Ada, Latin
America, and Africa to monitor the impact of policy and persond decisions regarding food

choices on hedth and disease.
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APPENDIX (Annotation of terminology)

Types of studies (Source: Willett 1998 Nutritional Epidemiology, 2nd edition):

Ecologicd or corrdaiond studies Comparison of disease rates in populations having different

diets by assessing average intake of specific nutrients and determining disease incidence or
mortdity rates. The mgor 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

populationsis difficult. Thistype of study is probably best used to generate hypotheses.

Case-control dudies: Comparison of earlier diets reported by patients having a particular

disease with diets reported by controls without the disease. The mgor limitations are selection
and recdl biases. Sdection bias can occur if controls do not accurately represent the
population from which cases arise; recdl bias results when patients sysemdticdly differ from
controls in ability to recdl diets. In studies of rapidly fatal diseases, researchers mugt often rely

on recal of proxy respondents such as Spouses.

Prospective Cohort Studies; Comparison of disease rates in people whose diets and other

potentidly relevant traits are determined before follow-up begins. Selection and recal biases
should not occur, but cohort studies must enroll thousands or even tens of thousands of people

and monitor their hedth for many years to ascertain adequate number of cases for study.
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Controlled Clinicd Trids. 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 substantid dietary change is difficult for many people; subjects cannot be easily blinded to
ther intervention status. Optimal dosages (e.g., of supplemental nutrients) and dose-response
relationships can be difficult to ascertain; duration of intervention required is generdly unknown

but may be decades.

Types of fatty acids (Source: American Heart Association):

Saturated fatty acids have al the hydrogen the carbon atoms can hold. Saturated fats are usualy

solid at room temperature, and they are more stable -- that is, they do not combine readily with
oxygen. The main sources of saturated faity acids in the typical American diet are foods from
animd products, but palm and coconut ails are large sourcesin some populations. Foods from
animds that have high amounts of saturated fatty acids include beef, beef fat, ved, lamb, pork,
lard, poultry fat, butter, cream, milk, cheeses, and other dairy products made from whole milk.
These foods aso contain dietary cholesterol. Mogt saturated fatty acids raise blood cholesterol

levds.

Polyunsaturated and monounsaiurated faity 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 ails of vegetable origin.

Polyunsaturated oils are liquid a 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

dart to solidify at refrigerator temperatures. Canola, olive and peanut oils and avocados are
mainly comprised of monounsaiurated fatty acids, but dmost haf the fat from mest and dairy
sources is also monounsaturated. Both types of unsaturated fatty acids lower blood cholesterol
level when used in place of saturated faity acidsin the diet.

Trans faity acids Naturdly occuring liquid vegetable oils are mainly comprised of unsaturated

fatty acids that have a bent shgpe. Around the turn of this century a process cdled partiad
hydrogenation was developed that adds hydrogen to these molecules and changes their shape
from bent to sraight. These new fats are cdled trans unsaturated faity acids. The maor
sources of trans faity acids in the U.S. diet include margarine (hard margarine in particularly),
vegetable shortening, commercidly baked products, and commercia deep fried foods.
Metabolic studies have conclusvely shown tha trans fatty acids increase LDL (the bad

cholesterol) and decrease HDL (the good cholesteral), and raise triglyceride levels in the blood.

Blood Cholester ol Fractions (Sour ce: American Heart Association):

LDL (low dengty lipoprotein) is the mgor cholesterol carrier in the blood. When a person has

too much LDL cholesteral circulating in the blood, it can dowly build up within the wals of the
arteries feeding the heart and brain. Together with other substances it can form plague, a thick,
hard depost that can clog those arteries. This condition is known as aheroscleross. A high
level of LDL cholesteral reflects an increased risk of heart disease. That iswhy LDL cholesterol

isoften cdled "bad" cholesteral.



HDL (High Dengty Lipoprotein) is known as "good" cholesterol because a high level of HDL

protects againgt 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 bodly.
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