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ABSTRACT

Epidemiologic cohort studies enrolling a large percentage of vegetarians have been highly informative regarding the nutritional adequacy and
possible health effects of vegetarian diets. The 2 largest such cohorts are the European Prospective Investigation into Cancer and Nutrition–Oxford
(EPIC-Oxford) and the Adventist Health Study–2 (AHS-2). These cohorts are described and their findings discussed, including a discussion of where
findings appear to diverge. Although such studies from North America and the United Kingdom have been important, the large majority of the
world’s vegetarians live in other regions, particularly in Asia. Findings from recent cohort studies of vegetarians in East and South Asia are reviewed,
particularly the Tzu Chi Health Study and Indian Migration Study. Important considerations for the study of the health of vegetarians in Asia are
discussed. Vegetarian diets vary substantially, as may associated health outcomes. Cohort studies remain an important tool to better characterize
the health of vegetarian populations around the globe. Adv Nutr 2019;10:S284–S295.
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Introduction
People around the world have adhered to various plant-
based, or vegetarian, diets since antiquity with a variety
of motivations, including ethical and religious concerns. In
the 19th and early 20th centuries, vegetarian diets were
promoted by multiple prominent figures for their health
benefits and vegetarian societies were organized. But only
in the last 50 y have the health effects of vegetarian diets
been studied with more scientific rigor. Whereas early studies
often focused on examining vegetarians for possible nutrient
deficiencies, the focus has expanded to evaluating possible
health benefits of these long-standing real-world dietary
patterns.

Much of the scientific investigation of the health ef-
fects of vegetarian diets has been accomplished through
observational epidemiologic studies, particularly prospective
cohort studies including vegetarians and nonvegetarians. In
particular, 2 active centers of study have contributed a large
part of our current knowledge on vegetarian diets and health:
studies in the United Kingdom culminating in the current
Oxford cohort of the European Prospective Investigation

into Cancer and Nutrition (EPIC) study (EPIC-Oxford)
and studies of Seventh-day Adventists in the United States
culminating in the current Adventist Health Study—2 (AHS-
2). Although these have been important and informative
studies, they may not be representative of many vegetarian
populations around the world, particularly the large number
of vegetarians in Asia. Fortunately, efforts are being made
toward the scientific study of the health effects of vegetarian
diets in both East Asia and South Asia.

At the recent Seventh International Congress on Vegetar-
ian Nutrition, a symposium featured epidemiologic studies
of vegetarians, including not only the well-established EPIC-
Oxford and AHS-2 studies, but also epidemiologic studies of
vegetarians in both the East Asian and South Asian contexts.
This article reviews these cohort studies and their findings. In
the context of these findings, we also discuss the consistency
of the findings, potential reasons for apparent discrepancies,
the varied nature of vegetarian diets, and the importance of
epidemiologic studies of vegetarian diets in Asia. We begin
with descriptions of the relevant cohorts and a summary of
prominent and recent findings from each.
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Vegetarian Cohort Studies and Findings
EPIC-Oxford
EPIC-Oxford is a cohort of ∼65,000 men and women aged
≥20 y who were recruited throughout the United Kingdom
between 1993 and 2000. Recruitment was targeted to include
a high proportion of non–meat-eaters, and the cohort
includes 52% meat-eaters, 15% who eat fish but not meat,
29% lacto-ovo-vegetarians, and 4% vegans (1). Participants
completed a food frequency and lifestyle questionnaire at
recruitment, 20,000 provided blood samples, and 31,000
completed 7-d food diaries within a few months after
recruitment. To follow their diet and health, participants have
been asked to complete follow-up questionnaires at ∼5, 10,
and 15 y after recruitment, and their health is also followed
through record linkage to data held by the National Health
Service in the United Kingdom to provide information on
diagnoses of cancer, other hospital diagnoses, and causes of
death. In some analyses the data from EPIC-Oxford have
been combined with the earlier Oxford Vegetarian Study,
a smaller (11,000 participants) but broadly similar cohort
recruited from Oxford in the 1980s (2).

At recruitment, 66% of vegetarians had followed their diet
for >5 y, and at 5-y follow-up 85% of vegetarians were still
following a vegetarian diet (3). Compared with meat-eaters,
vegetarians in EPIC-Oxford have relatively high intakes of
carbohydrates, polyunsaturated fat, dietary fiber, folic acid,
vitamin C, vitamin E, and magnesium, and relatively low
intakes of protein, saturated fat, retinol, vitamin B-12, and
zinc (1). Examination of biomarkers showed that, compared
with meat-eaters, vegetarians have relatively low circulating
concentrations of long-chain n–3 fatty acids, vitamin B-12,
and vitamin D, with even lower concentrations in vegans
(4–6). Metabolic profiles also differ between diet groups, for
example vegans have relatively low plasma concentrations of
lysine and methionine, but relatively high concentrations of
glycine (7).

Assessment of diet ∼15 y after recruitment showed that
overall compliance with population dietary goals was high in
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all the diet groups, but that the meat-eaters slightly exceeded
the limit for saturated fat and did not reach the goal for
dietary fiber, whereas the vegans may be at risk of dietary
deficiency of vitamin B-12 and iodine (8). Examination of
health behaviors showed that, compared with meat-eaters,
vegetarian women were less likely to participate in screening
for breast cancer or take hormonal therapy for menopause,
and vegetarian men were less likely to report prostate-specific
antigen testing for prostate cancer (9).

Compared to the meat-eaters, the vegetarians in EPIC-
Oxford have a lower BMI (in kg/m2) and prevalence of
obesity, less weight gain during follow-up, lower non–
HDL cholesterol, lower systolic blood pressure, and a lower
prevalence of hypertension; these differences were generally
greater in vegans than in lacto-ovo-vegetarians (10–14).

The RR of ischemic heart disease in vegetarians compared
with nonvegetarians was 0.68 (95% CI: 0.58, 0.81) (15).
However, the risk of death from ischemic heart disease
was not significantly different between vegetarians and
nonvegetarians (RR: 0.99; 95% CI: 0.79, 1.23) (16). Results for
incident stroke have not yet been published, but cerebrovas-
cular disease mortality did not differ significantly between
vegetarians and meat-eaters (RR: 1.11; 95% CI: 0.76, 1.62)
(16).

For cancer at specific sites, the risk in vegetarians was
significantly lower than that in meat-eaters for cancers of
the stomach (RR: 0.37; 95% CI: 0.19, 0.69), bladder (RR:
0.62; 95% CI: 0.49, 0.84), and lymphatic and hematopoi-
etic tissue (RR: 0.64; 95% CI: 0.49, 0.84). There were
no significant differences between vegetarians and meat-
eaters in the risks for other common cancer sites including
cancers of the colorectum, breast, or prostate. The RR of
being diagnosed with any type of cancer in vegetarians
compared with meat-eaters was 0.88 (95% CI: 0.82, 0.95)
(17). When the vegetarians were subdivided into lacto-
ovo-vegetarians and vegans, RRs for all cancers combined
compared with meat-eaters were 0.89 (95% CI: 0.83, 0.96)
for lacto-ovo-vegetarians and 0.81 (95% CI: 0.66, 0.98) for
vegans.

For conditions diagnosed in hospital other than cancer,
vegetarians had relatively low risks of kidney stones,
cataracts, and diverticular disease, but not gallstones
(18–21).

In comparisons with the whole UK population, all-cause
mortality was low in both vegetarians and nonvegetarians
(standardized mortality ratios were 52% for both diet groups)
(3), and in a formal comparison (including data from the
Oxford Vegetarian Study) all-cause mortality did not differ
between vegetarians and regular meat-eaters (death rate
ratio: 1.02; 95% CI: 0.94, 1.10) (16).

AHS-2
AHS-2 is a North American cohort (22) consisting of 96,000
subjects who were enrolled between 2002 and 2007. All
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subjects are Seventh-day Adventists, aged between 30 and
111 y at enrollment, ∼65% are female, and 26% are Black
(African-American or West Indian living in the United States
or Canada).

An extensive questionnaire was obtained at study baseline
including sections on medical history, an FFQ, physical activ-
ity questions, female questions, and social and demographic
variables. Vital status was ascertained by annual matching
with the National Death Index, and incident cancers were
found by matching with 49 of the 50 state cancer registries
and the Washington, DC registry. Follow-up reflected in
analytic data sets averages ∼8 y, producing now >10,000
deaths and >5000 incident cancers. The FFQ has been
validated by comparison with repeated 24-h dietary recalls
(23, 24) and also with biomarkers of dietary intake (25).

Approximately 50% of AHS-2 subjects (n = 42,500) are
nonvegetarian, eating meats on average ∼3 times/wk. The
remainder (n = 53,500) are vegetarian (broadly defined),
divided between lacto-ovo-, vegan-, pesco-, and semi-
vegetarians. Adventist vegetarians have typically subscribed
to their current dietary patterns for many years. Moreover,
the same subjects, as they age, infrequently change their diets
after age 55 y. When they do so, it is much more likely to be
in the direction of eating fewer animal products (26).

The following is a summary of some of the most
important recent results from AHS-2. All reported findings
are from multivariate-adjusted analyses. When not otherwise
specified, findings reported for vegetarians are for the com-
bination of vegans, lacto-ovo-vegetarians, pesco-vegetarians,
and semi-vegetarians compared with nonvegetarians.

Vegetarians have lower all-cause mortality (RR: 0.82;
95% CI: 0.72, 0.94), particularly in males, and specifically
for cardiovascular, renal, and endocrine diseases, but not
for cancer mortality. In females, trends are toward lower
mortality in vegetarians but effect sizes are smaller and often
nonsignificant (27).

Regarding cancer risk, vegetarians have a lower incidence
of all cancers combined (RR: 0.92; 95% CI: 0.85, 0.99),
and particularly of gastrointestinal cancers (RR: 0.76; 95%
CI: 0.63, 0.90) (28). The incidence of 3 major cancers has
been examined separately. Vegetarians have lower incidence
of colorectal cancer (RR: 0.78; 95% CI: 0.64, 0.95), this
being particularly evident in pesco-vegetarians (29). Higher
dairy consumption is associated with a lower incidence
of colorectal cancer; in the AHS-2 data the association
is with higher dairy calcium for colon cancer, but with
some other noncalcium component for rectal cancer. Milk
is thus negatively associated with both cancers (30). Vegans
(but not vegetarians more generally) have a significant 35%
lower incidence of prostate cancer than nonvegetarians (31).
Vegans (but not vegetarians more generally) may have a
lower incidence of breast cancer than nonvegetarians with
a separated breast cancer–free survival curve, but P = 0.09,
suggesting the need for further evaluation with larger
numbers (32).

Cardiovascular mortality is strongly negatively associated
with a factor weighing heavily on nut and seed proteins,

and strongly positively associated with a factor weighing
heavily on meat proteins (33). This is after adjusting for
different categories of fatty acid, raising the notion of proteins
themselves as possible risk factors. Further, risk of coronary
artery disease (34), as well as traditional coronary risk factors,
such as blood cholesterol, blood pressure, risk of diabetes,
and C-reactive protein, are all much lower in vegetarians (35–
37). Much of this is also true in Black subjects (38). BMI is
also much lower in vegetarians (36, 38) and further, having
breakfast and eating most calories before late afternoon is
associated with less increase in weight before age 60 y and
a faster loss of weight after age 60 y (39). Over decades this
translates to a mean difference of 5–6 kg.

In summary, AHS-2 findings with regard to vegetarianism
do show considerable internal consistency by helping explain
the well-known lower rates of cancer, cardiovascular disease,
and all-cause mortality among Adventists (40); findings for
these major endpoints are also consistent with the effects of
these diets on many risk factors. Findings identifying certain
vegetarian-related foods (e.g. red meat, nuts and seeds,
dairy) that associate with disease clearly deserve further
investigation.

The Tzu Chi Health Study
The Tzu Chi Health Study (TCHS) recruited 6002 partici-
pants in Taiwan (including 4625 certified Tzu Chi volunteers
and 1377 non–Tzu Chi volunteers) from 2005 to 2007. Tzu
Chi volunteers are Buddhist volunteers who are devoted to
community service, local and international disaster relief,
recycling, and various other volunteer projects initiated by
the Buddhist Tzu Chi Foundation. Before becoming certified
as Tzu Chi volunteers, these individuals went through ≥2 y
of training and were required to quit smoking and alcohol-
drinking. In addition, volunteers are encouraged to consume
vegetarian diets for reasons of compassion (toward animals)
and environmental conservation.

At baseline, all participants received a detailed health
examination and were interviewed by trained research
assistants on demographic information, medical history,
lifestyle (smoking, alcohol drinking, physical activities), and
diet. Diet was assessed through an FFQ with good reliability
and validity among cohort participants (41). Approximately
one-third of the cohort participants were vegetarians at
baseline. Participants were followed up in 2 ways: 1) every
3 y, participants were invited back for a follow-up health
examination; 2) baseline data were linked to the National
Health Insurance Database and the National Death Registry
at the Health and Welfare Data Center of Taiwan.

Besides avoidance of meat, fish, and seafood, vegetarians
in this cohort also consumed more soy products, vegetables,
and whole grains, but similar amount of fruits and dairy,
compared with nonvegetarians (42). At baseline, vegetarians
had a lower prevalence of diabetes than nonvegetarians
(independent of BMI) in all men (OR: 0.49; 95% CI: 0.28,
0.89), premenopausal women (OR: 0.26; 95% CI: 0.06, 1.21),
and postmenopausal women (OR: 0.25; 95% CI: 0.15, 0.42)
(42) and a 21% lower prevalence of nonalcoholic fatty
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liver (OR: 0.79; 95% CI: 0.68, 0.91) mainly due to lower
BMI (43), whereas a vegetarian diet was not associated
with prevalence of ultrasound-detected gallstones (44). In
the longitudinal follow-up, where diabetes incidence was
identified by abnormal fasting glucose, hemoglobin A1C, and
a disease questionnaire, a BMI-independent lower risk of
diabetes was observed in those with a consistent vegetarian
diet (HR: 0.65; 95% CI: 0.46, 0.92) and in those converting
from nonvegetarian to vegetarian (HR: 0.47; 95% CI: 0.30,
0.71) (45).

Indian Migration Study and other studies of Indian
vegetarians
The Indian Migration Study (IMS) is a sib-pair study of
7067 adults aged ≥20 y located in 4 regions—representing
northern (Lucknow), central (Nagpur), south-central (Hy-
derabad), and southern (Bangalore) India. Factory workers
who migrated from rural to urban areas (mean ± SD
duration of migration: 20 ± 5.4 y) and their spouses, along
with a 25% random sample of urban nonmigrants and
their spouses, were invited to participate in the study from
2005 to 2007. Eligible migrant and nonmigrant participants
identified a sibling matched by gender and similar in age
in a rural or urban area, representing a total of 18 states
across India. Of 7594 eligible adults, 7102 (94%) completed a
clinical examination, anthropometric measurements, fasting
blood sample collection, and an interviewer-administered
questionnaire, which included information on sociodemo-
graphic factors, lifestyle factors, and medical history (46).
Diet was assessed using a validated interviewer-administered
semiquantitative FFQ on 184 commonly consumed food
items across 4 major regions and 18 states (47).

The prevalence of vegetarians (defined as no meat or
fish or eggs or poultry) in IMS (32.8%) in 2005–2007 (48)
was slightly higher than the national prevalence based on
the National Family Health Survey-3 (NFHS-3) in 2005–
2006 (29.0%) (49), a nationally representative cross-sectional
repeated survey historically focused on maternal and child
health issues, representing 29 states, >100,000 households,

and nearly 200,000 men and women aged 15–49 y. Table 1
describes the IMS and NFHS-3.

In both the IMS and NFHS-3, vegetarians had a higher
standard of living and were less likely to smoke and drink
alcohol. In the IMS, lacto-vegetarians (32.8%) did not differ
from nonvegetarians with respect to age and use of smokeless
tobacco. In the IMS, vegetarians were less likely to be
physically active, whereas in NFHS-3, there was no clear
pattern in frequency of TV watching between the groups
(49).

In the IMS, vegetarians consumed greater amounts of
legumes, vegetables, roots and tubers, dairy, and sugar,
whereas nonvegetarians had a greater intake of cereals,
fruits, spices, salt, fats, and oils. In multivariate analyses
adjusting for sociodemographic variables, total energy, and
sib-pair, vegetarians consumed more carbohydrates, vitamin
C, and folate and lower amounts of fat, protein, vitamin
B-12, and zinc (48). However, RDA comparisons indicated
that a greater proportion of vegetarians consumed adequate
amounts of protein and micronutrients (iron, calcium, vita-
min C, and folate) and also consumed less total energy than
nonvegetarians in different regions and locations. Overall,
Indian vegetarian diets were found to be adequate to sustain
nutritional demands according to RDAs, with less fat. Lower
vitamin B-12 (β : −1.4 μg/d; 95% CI: −1.2, −1.5 μg/d;
P < 0.0001) bioavailability remains a concern and requires
exploration of acceptable dietary sources for vegetarians (48).

A principal components analysis in IMS revealed 3 main
patterns, with an “animal-food” pattern (red meat, poultry,
fish/seafood, eggs) associated with higher levels of obesity
and central obesity (50). In multivariate analyses, a vegetarian
diet was inversely associated with cardiovascular disease
risk factors; vegetarians had lower concentrations of total
cholesterol (β : −0.1 mmol/L; 95% CI: −0.03, −0.2 mmol/L;
P = 0.006), TGs (β : −0.05 mmol/L; 95% CI: −0.007, −0.1
mmol/L; P = 0.02), LDL cholesterol (β : −0.06 mmol/L; 95%
CI: −0.005, −0.1 mmol/L; P = 0.03), and fasting blood
glucose (β : −0.07 mmol/L; 95% CI: −0.2, 0.01 mmol/L;
P = 0.09), and lower systolic blood pressure (β : −0.9 mm
Hg; 95% CI: −1.9, 0.08 mm Hg; P = 0.07) and diastolic

TABLE 1 Description of reviewed studies of Indian vegetarians

Study, study design Population Location Dietary data

The Indian Migration Study,
2006—Sib-pair study in industrial
populations of 4 Indian cities

Participants from 4 geographical
regions and 18 states across
India: urban migrants, their
spouses, and their rural-
dwelling siblings; urban
nonmigrants, their spouses, and
their urban-dwelling siblings

Lucknow, Nagpur, Hyderabad, and
Bangalore (n = 7067, mean age
40.8 y)

Validated interviewer-administered,
184-item semiquantitative FFQ

National Family Health Survey,
2005–2006—Survey on the lines
of the Demographic and Health
Surveys

Representative nationwide sample
of participants across 29 states

Nationwide sample across 29 states:
n = 124,385 women aged 15–49
y and 74,369 men aged 15–54 y
residing in 109,041 households
with 99% of the country’s
representative population

Diet and health information at
individual level gathered by
face-to-face interviews
conducted in the respondents’
homes
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blood pressure (β : −0.7 mm Hg; 95% CI: −1.2, −0.07
mm Hg; P = 0.02) when compared with nonvegetarians
(51), although the prevalence of diabetes and hypertension
was not significantly different. When evaluating dietary
patterns, a high intake of the “animal food” pattern was also
positively associated with concentrations of total cholesterol,
LDL cholesterol, HDL cholesterol, and fasting blood glucose,
and higher systolic blood pressure and diastolic blood
pressure (52). And the NFHS-3 data suggested a positive
association between prevalent diabetes and a nonvegetarian
diet (49).

Discussion
Comparison of the cohorts
Table 2 provides a summary comparison of the cohorts.
EPIC-Oxford had earlier enrollment and thus has had longer
follow-up than AHS-2, with the Tzu Chi and IMS studies
overlapping with the end of AHS-2 enrollment. AHS-2 is
the largest study, and along with EPIC-Oxford are an order
of magnitude larger than the 2 Asian cohorts. Women
predominate in all but the IMS. The percentage of vegetarians
is similar across the studies, depending on the definition
used, but the proportions of different vegetarian diets (e.g.,
vegan compared with lacto or lacto-ovo) vary. Smoking is
much lower in the AHS-2 and Tzu Chi populations, owing
to religious proscription in these communities. Alcohol use
is also low in these populations and relatively low in the IMS,
but much more common in EPIC-Oxford.

All of the studies have provided nutrient profiles of veg-
etarian diets compared with nonvegetarians, have assessed
cardiometabolic risk factors, and have reported associations
with prevalent conditions such as obesity, diabetes, and
hypertension. Given their larger size and longer follow-up,
only AHS-2 and EPIC-Oxford have reported prospective
results for mortality and cancer incidence at this time.
We next discuss the consistency of the findings of these
2 large cohort studies of vegetarians, and then discuss further
important distinctions relating to the Asian cohorts.

Consistency of results from AHS-2 and EPIC-Oxford
Many similarities but also some differences appear to be
present when comparing the 2 main published contemporary
sources of data regarding vegetarianism, risk of cancer, and
overall mortality, namely AHS-2 (United States) and EPIC-
Oxford (United Kingdom). In general, AHS-2 shows signif-
icant advantages in incidence of major cancers (colorectal,
prostate, breast) and overall mortality for the vegetarians,
whereas EPIC-Oxford does not find clearly supportive evi-
dence. However, it seems that in some cases these differences
are readily compatible with chance. Figure 1 provides a visual
comparison of EPIC-Oxford and AHS-2 results for BMI,
several cancer outcomes, and all-cause mortality.

There is a similar BMI association, declining from
nonvegetarians to vegans, with other groups intermediate;
however, the decline is steeper in AHS-2, where BMI is higher
overall.

For colorectal cancer, the findings appear compatible.
AHS-2 has reported lower colorectal cancer for vegetarians
than for nonvegetarians (29), whereas EPIC-Oxford has
not. However, in AHS-2, the vegetarian group included
pesco- and semi-vegetarians, and pesco-vegetarians partially
drove the association. Both AHS-2 and EPIC-Oxford show
significantly lower incident colorectal cancer for pesco-
vegetarians (i.e., fish-eaters) than for nonvegetarians (i.e.,
non–meat-eaters).

For both breast cancer and prostate cancer incidence, both
studies suggest possibly lower risk for vegans; but only in
AHS-2 do these findings achieve or approach significance,
likely because of the larger number of vegans in that study.

For all incident cancers combined, fish-eaters, lacto-ovo-
vegetarians, and vegans appear to have lower overall rates
than nonvegetarians, with the lowest point-estimates of risk
being for vegans in both studies.

The results for all-cause mortality appear less compatible,
with associations in EPIC-Oxford more null, but tending
towards lower mortality for pesco-vegetarians, lacto-ovo-
vegetarians, and vegans in AHS-2. In AHS-2, where these
findings tend to be significant, the effect sizes for mortality
are modest. However, relatively small differences in total

TABLE 2 Comparison of 4 epidemiologic cohort studies of vegetarians1

Adventist Health
Study–2

EPIC-Oxford
Study

Tzu Chi Health
Study

Indian Migration
Study

Recruitment period 2001–2007 1993–1999 2005–2007 2005–2007
Country United States and Canada United Kingdom Taiwan India
Participants, n 96,469 65,000 6002 6555
Female, % 65 78 63 42
Vegetarians, % 36 33 30 33
Smokers, %

Vegetarian ∼0.1 ∼10 0.03 7.5
Nonvegetarian ∼2 ∼12 4.47 11.8

Alcohol consumers, %
Vegetarian ∼2 ∼79 0.25 5.7
Nonvegetarian ∼10 ∼85 6.33 21.3

1EPIC-Oxford, European Prospective Investigation into Cancer and Nutrition–Oxford.
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FIGURE 1 Comparisons of selected findings from Oxford cohorts and AHS-2. (A) BMI: EPIC-Oxford from (10); AHS-2 from (27). Note: no
95% CIs available for AHS-2. (B) Colorectal cancer: EPIC-Oxford and OVS from (17); AHS-2 from (29). (C) Breast cancer: EPIC-Oxford and OVS
from (17); AHS-2 from (32). (D) Prostate cancer: EPIC-Oxford and OVS from (17); AHS-2 from (31). (E) All cancers: EPIC-Oxford and OVS from
(17); AHS-2 from (28). (F) All-cause mortality: EPIC-Oxford and OVS from (16); AHS-2 from (27). AHS-2, Adventist Health Study—2;
EPIC-Oxford, European Prospective Investigation into Cancer and Nutrition—Oxford; OVS, Oxford Vegetarian Study.

mortality do translate to 1–2 y of extra life (53) that is
probably of relatively good quality (54). Cancer mortality
does not appear to differ by diet group in EPIC-Oxford (16)
or in AHS-2 (27).

Several factors may help to explain the results which are
divergent. First, the definition of a vegetarian is sufficiently

nonspecific to accommodate a wide variety of diets under
the same label. Both the US and UK studies have tried
to minimize this by dividing vegetarians into subtypes as
mentioned already. Despite this, it appears that British and
US Adventist vegetarians, even within the same vegetarian
category, do not eat the same foods or in the same
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proportions, aside from the absence or near absence of
animal products. AHS-2 vegetarians, in addition to reduced
intakes of meat, dairy, and eggs, also eat lower amounts of
snack foods, sweets, refined grains, solid fats, and nonwater
beverages than nonvegetarians, and eat higher amounts
of fruits, vegetables, nuts and seeds, legumes and plant
proteins, and whole grains (55). Vegetarians in EPIC-Oxford
also report higher intakes of fruit and vegetables than
nonvegetarians (3); relative intakes of other foods such as
sweets have not been published from EPIC-Oxford, but in
a similar population in UK-Biobank, vegetarians consumed
more fruits, vegetables, legumes, nuts, and wholemeal cereals
than regular meat-eaters, but similar amounts of refined
cereals, desserts, sweets, and chocolate (56). This suggests
that the diet of vegetarians in the UK may have a somewhat
less healthy profile than that of vegetarians in AHS-2, at
least in relation to consumption of refined cereals and
sweets. This possible difference needs to be examined more
carefully, but it might relate to different motivations for the
dietary choices. One can speculate that Adventists’ health
and religious motivations may lead to a particularly strong
commitment to their diets and will often motivate choices of
healthful foods. British vegetarians, possibly motivated more
by ethical or environmental concerns, and also often highly
committed vegetarians, might be somewhat less nutritionally
informed or less inclined to choose healthful foods, beyond
the avoidance of meat. AHS-2 subjects on average (26, 57)
have subscribed to their current dietary pattern for many
years, often lifelong, whereas the stability of vegetarian diets
may be somewhat lower in EPIC-Oxford (3).

Differences in the mortality findings between EPIC-
Oxford and AHS-2 therefore could be due to differences
in dietary choices between the vegetarians in these studies,
beyond meat avoidance. If so, it would suggest that mortality
advantages of vegetarian diets may depend on a substitution
of whole plant foods (rather than refined foods) for meat.
This points to the limitations of defining diets as vegetarian
only based on meat avoidance and the need for more
emphasis on healthy plant-based diets, such as others have
described (58, 59).

Confounding is another possible explanation for the
divergent mortality results. In particular, the larger BMI
gradient across dietary patterns in AHS-2 than in EPIC-
Oxford suggests a possibility for greater confounding by
adiposity. However, BMI adjustment made little difference
to the mortality results in AHS-2 (27). That said, BMI is an
imperfect measure of adiposity, including visceral adiposity,
so residual confounding by adiposity is possible. Still, to the
extent that the adiposity difference between diets is caused by
the dietary patterns, which is very plausible, adjustment for
adiposity would be adjusting for a causal intermediate and
only isolating adiposity-independent mechanisms.

Another factor affecting both studies, but perhaps AHS-
2 more so, is that the nonvegetarian comparison group is
less different in their dietary choices than may be suggested
by the label. The AHS-2 nonvegetarians have lower meat
intakes than the general population. This may limit the ability

to detect significant health associations or to fully test the
potential effects of the vegetarian diets compared with more
typical nonvegetarian diets in the population.

Considerations regarding studies of vegetarians in Asia
Vegetarian diets in Asia.
Vegetarianism in Asia has traditionally been affiliated with
religions including but not limited to Buddhism, Hinduism,
Jainism, and I-Kuan Tao. These religions encourage avoid-
ance of meat out of the concept of Ahimsa, or “nonviolence,”
and vegetarianism is considered an act of compassion and
believed to be beneficial for spiritual cultivation. Besides
meat, many Buddhist vegetarians also avoid allium vegeta-
bles, such as garlic and onions. More recently, vegetarian
movements in Asia, as in the rest of the world, may be
motivated by health and environmental concerns. In East
and Southeast Asia, vegetarians tend to replace meat and
seafood with soy products, such as tofu, yuba, edamame,
nato, soy milk, tempeh, miso, and meat analogues made
of soy or gluten (seitan). Foods fortified with vitamin B-
12, vitamin D, EPA, and DHA are less common than in
North America or Europe. Consumption of dairy products
among East Asians is generally much lower than in North
Americans, and TCHS participants consume only about one-
third as much dairy as those in AHS-2 (42, 55). Vegetarians
had lower intake of saturated fat than nonvegetarians in
EPIC-Oxford, AHS-2, and TCHS, but not in IMS (1, 42,
48, 60). Dietary habits of Asians may also be influenced by
traditional medicine, such as Traditional Chinese Medicine
or Ayurveda. For example, different herbal ingredients from
Traditional Chinese Medicine may be added to cuisine
according to the season, illness, or one’s personal needs.

Vegetarian diets in India.
In India a substantial proportion of the population are
vegetarians, varying between 10% and 62% according to the
region (61), in contrast to small proportions in the West
(<5%) (62, 63). Vegetarianism in India is driven by faith,
culture, or community, is generally lifelong, and is associated
with unique spices, seasonings, and cooking patterns. With
a higher prevalence of vegetarianism and lower or different
propensity for confounding by behaviors such as physical
activity or tobacco use, India offers an opportunity for a more
robust evaluation of vegetarian diets and disease outcomes.

India is undergoing an epidemiologic and nutritional
transition (64), similar to that affecting many developing
countries and regions (65), including China (66), Latin
America and the Caribbean (67), and North Africa and the
Middle East (68). Related to this nutritional transition, the
prevalence of vegetarian diets is decreasing in India [∼10% in
the past 10 y based on nationally representative surveys 3 and
4 (61, 69)]. There is stark heterogeneity across the country
in diet composition, preparation, and spices and seasonings
(e.g., only 29% of variance was explained from 3 IMS
dietary patterns). The influence of these epidemiologic and
nutritional transitions on the health effects of vegetarian diets
is unclear, particularly with mixed health associations for
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health outcomes such as obesity. There are limited nutritional
epidemiologic data with respect to variations in India’s
vegetarian diets (e.g., in certain regions such as Goa and
certain vegetarian groups such as Jains and Buddhists) and
a lack of evidence regarding possible undesirable influences
of vegetarian diets (e.g., vitamin B-12 deficiency).

Animal food consumption among nonvegetarians in India
is low and vegetarianism in India is a blend of healthy
and unhealthy dietary practices. In the IMS, a principal
components analysis–derived “animal-food” pattern yielded
positive associations with central and overall obesity, al-
though bivariate analyses comparing lacto-ovo-vegetarians
and nonvegetarians did not yield significant differences in
BMI in the same study population. Indian vegetarian dietary
patterns may not be consistently healthier. For example,
“cereals-savoury foods” in the IMS showed positive loadings
for nuts and whole grains but also had positive loadings
for refined grains and negative loadings for vegetables; the
“fruit-veg-sweets-snacks” pattern showed positive loadings
for fruits and vegetables as well as for snacks and sugar. In
NFHS-3, lacto-ovo- (21.0) and lacto-vegetarians (21.2)—the
latter representing the largest type of vegetarian pattern and
one-fourth of India’s population—had higher BMI levels than
nonvegetarians (20.7).

Vegetarian patterns adopted in some other countries such
as the United States, however, reveal healthier outcomes
(70). For example, among American adults in the NHANES,
vegetarians had significantly lower levels of overweight or
obesity and central adiposity than nonvegetarians (70),
whereas the same did not hold true in India. South Asian
vegetarians (India and Pakistan) were more likely to consume
more dairy, fried foods, and desserts (70). The difference
between vegetarians and nonvegetarians in the United
States also yielded significantly lower cardiovascular disease
risk scores, whereas this was not true among the same
comparison groups in South Asia (70). Vegetarians had
nonsignificant positive associations with diabetes in India
whereas vegetarians had nonsignificant inverse associations
in the United States (70).

As with studies in the West, vegetarian dietary habits
in India are potentially confounded to some degree by
socioeconomic status and risk factors such as smoking and
alcohol, although reverse patterns are observed for physical
activity. An important distinction in Indian analyses is
the comparison group, as nonvegetarians tend to have low
amounts of meat consumption compared with the West
and still eat high amounts of fruits and vegetables. In
addition to the mixed evidence on healthy eating among
vegetarians, and the confounding by demographic and risk
factor variables, one must also consider the lower potential
harm of substitution effects in Indian diets given the relatively
low amount of meat consumption in nonvegetarians.

Meat intake and health outcomes in Asians compared with
Westerners.
Highly relevant to a discussion of vegetarian diets in Asian
populations are findings on the associations of meat and

animal protein with total mortality, cardiovascular diseases,
and diabetes, which appear to differ between Asian studies
and Western studies. In North American and European
cohorts, red meat and processed meat have generally been
associated with higher mortality (71–73). In American
nurses and health professionals with ≥1 unhealthy lifestyle
habit or risk factor, plant protein was beneficially, whereas
animal protein was harmfully, associated with all-cause
and cardiovascular mortality (74). On the other hand, in
a pooled analysis of 8 cohorts across Asia (Asia Cohort
Consortium), total meat was not associated with all-cause,
cancer, or cardiovascular disease mortality, whereas red meat
was associated with lower cardiovascular mortality (in men)
and cancer mortality (in women) (75).

Meat and animal protein, particularly red meat and
processed meat, have been associated with increased risk
of diabetes in most cohort studies (76). However, in the
Shanghai Women’s Health Study, total meat was associated
with a lower risk of diabetes, and surprisingly, red meat was
even inversely associated with diabetes risk among those with
BMI <25 (77). Nevertheless, positive associations between
meat-rich patterns and diabetes have also been reported
in some Asian ethnic populations, including the Singapore
Chinese Health Study (78) and Japanese Americans of the
Multiethnic Cohort (79). The effect of fish on diabetes risk
also appears to be modified by geographical location, where
a harmful association has been found in Americans, a null
association in Europeans, and a protective association in
Asians (80).

Several reasons may help to explain the inconsistencies.
1) Human diets typically contain a wide range of foods, and
independent effects of individual foods may be difficult to
single out. In Western populations, red meat intake tends to
be correlated with intakes of refined carbohydrates, sugar-
sweetened beverages, and high-fat dairy, together categorized
as the Western dietary pattern (81, 82). However, in Asian
populations, those consuming more meat or fish may also
be consuming more healthful plant-based foods: in the
Shanghai Women’s Health Study, the dietary pattern cluster
with the lowest total meat and red meat intake also had the
lowest intakes of vegetables and fruits and highest intake of
staple foods (likely refined carbohydrates), and participants
in this cluster had the lowest socioeconomic status (83). In
the Japanese Public Health Center-Based Prospective Study,
higher fish intake was correlated with higher intakes of veg-
etables, fruit, soy, potatoes, seaweed, and mushrooms (84).
2) Meat and red meat consumption in some Asian countries
may be an indicator for unmeasured socioeconomic factors,
which may simultaneously suggest food security and better
access to medical and preventive care. 3) Birth cohort effects
may potentially play a role. Several Asian cohorts comprise
populations that have lived through periods of conflict and
famine in early life, which may lead to epigenetic alteration of
metabolic risk (85). 4) The amount of red meat, particularly
beef, consumed by Asians is typically much lower than
that consumed by Americans, so potential risks may be
more difficult to detect (75). 5) In developing economies,
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competing risk from infectious diseases may precede the
development of chronic degenerative diseases. 6) Most
chronic degenerative diseases are complex and multifactorial,
and the diet–disease relation may be modified by genetics or
other lifestyle factors. Previous studies have shown that the
association between Western or meat-rich dietary patterns
and diabetes is modified by genetics in Americans (86), and
by smoking status in Singaporean Chinese (78). 7) Etiology
for some diseases, such as diabetes, may potentially vary
across ethnicities. For example, East Asian diabetics tend to
be characterized by lower BMI (compared to the BMI of
diabetics in Western countries) and low capacity to secrete
insulin (87, 88). Japanese individuals with normal glucose
tolerance were found to have a similar insulinogenic index
as Caucasian diabetes patients (88). A recent study also
confirmed that β-cell dysfunction contributes to a higher
population attributable risk (than insulin resistance) for type
2 diabetes in a Korean population-based cohort (89).

Despite some inconsistencies in the relation of meat and
fish to health outcomes, most prospective studies of Asians
do support beneficial associations of plant-based foods such
as soy, legumes, vegetables, and fruits, or of dietary patterns
consisting largely of these foods (78, 90–92).

Importance of epidemiologic studies of vegetarians in
Asia.
The addition of Asian cohorts of vegetarians has great
public health significance, because Asia has a long history
of vegetarian tradition and culture, and is a continent
where both the population and chronic degenerative disease
incidences are on the rise. Vegetarian diets and many popular
vegetarian foods, such as tofu, miso, and tempeh, have been
consumed for hundreds, if not thousands of years in some
Asian traditions, and there may be potential opportunities
to study multigenerational effects of vegetarian diets and
associated foods. These foods are typically consumed in
greater amounts by Asians than by Westerners, and the
inclusion of Asians provides a wider range of dietary
variation to enable studies of dietary components and health
outcomes. This may be particularly useful for diseases that
are more prevalent among Asians such as diabetes and
stroke (particularly hemorrhagic stroke). In addition, many
Asian countries are undergoing economic and nutritional
transitions; epidemiologic data from Asia may thus offer
the opportunity to dynamically study vegetarian diets and
their health associations during this period of nutritional
transition. The inclusion of Asian cohorts also allows an
opportunity to test the generalizability of previous findings
for vegetarian diets in Western populations.

Conclusions
Epidemiologic cohorts with a large percentage of vegetarian
subjects have contributed greatly to our understanding of
both the nutritional adequacy and the health outcomes
associated with these dietary patterns. The evidence from
these studies has supported vegetarian diets as healthy
dietary patterns associated with a reduction in several

common disease risk factors and reduced risk of some
chronic diseases of public health importance.

Much of this evidence comes from EPIC-Oxford and
AHS-2, and their predecessor studies. These large prospec-
tive studies continue to contribute to our understanding of
the health effects of vegetarian diets, as the results reviewed
here indicate. Some findings from these studies have seemed
to conflict; however, as discussed here, many of the findings
for cancer outcomes appear consistent or at least compatible.
Findings for all-cause mortality continue to differ, which may
highlight the limitations of simple vegetarian categories in
describing a healthy diet that might affect longevity.

Vegetarian diets, consistent with their simple definitions,
that is, the absence of selected or all animal foods, allow great
variations in the choices of other foods and their modes of
preparation. It will be a valuable contribution to further refine
our understanding of the range of “healthy” vegetarian diets.
One cannot assume that simply avoiding animal foods will
necessarily produce such a healthy diet.

There is a discrepancy between where vegetarian diets
have mostly been studied and where they are most practiced.
It is vitally important to better understand the health effects
of vegetarian dietary patterns in both South and East Asia,
and also in other parts of the world. The studies reviewed here
begin to address this discrepancy and highlight important
differences in the food consumption patterns and nutritional
profiles of vegetarians in different regions, which may in turn
lead to differences in associations with health outcomes.

Collectively these cohorts highlight the great diversity
of vegetarian dietary patterns around the world. Studying
these long-practiced real-world dietary patterns in different
populations remains a high priority for nutritional science,
chronic disease epidemiology, and public health.
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