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Abstract

Background The associations of vegetarian diets with risks for site-specific cancers have not been estimated reli-
ably due to the low number of vegetarians in previous studies. Therefore, the Cancer Risk in Vegetarians Consortium
was established. The aim is to describe and compare the baseline characteristics between non-vegetarian and veg-
etarian diet groups and between the collaborating studies.

Methods We harmonised individual-level data from 11 prospective cohort studies from Western Europe, North
America, South Asia and East Asia. Comparisons of food intakes, sociodemographic and lifestyle factors were made
between diet groups and between cohorts using descriptive statistics.

Results 2.3 million participants were included; 66% women and 34% men, with mean ages at recruitment of 57 (SD:
7.8) and 57 (8.6) years, respectively. There were 2.1 million meat eaters, 60,903 poultry eaters, 44,780 pescatarians,
81,165 vegetarians, and 14,167 vegans. Food intake differences between the diet groups varied across the cohorts;
for example, fruit and vegetable intakes were generally higher in vegetarians than in meat eaters in all the cohorts
except in China. BMI was generally lower in vegetarians, particularly vegans, except for the cohorts in India and China.
In general, but with some exceptions, vegetarians were also more likely to be highly educated and physically active
and less likely to smoke. In the available resurveys, stability of diet groups was high in all the cohorts except in China.

Conclusions Food intakes and lifestyle factors of both non-vegetarians and vegetarians varied markedly
across the individual cohorts, which may be due to differences in both culture and socioeconomic status, as well
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as differences in questionnaire design. Therefore, care is needed in the interpretation of the impacts of vegetarian

diets on cancer risk.

Keywords Vegetarians, Vegans, Meat eaters, Poultry eaters, Pescatarians, Consortium

Background

Cancer is a leading cause of death and an important bar-
rier to increasing life expectancy throughout the world
[1]. The World Cancer Research Fund has estimated that
between 30 and 50% of all cancer cases might be prevent-
able by following a healthy lifestyle, including following
a healthy diet [2]. However, the effects of diet, and more
specifically dietary patterns, on cancer risk are not fully
understood [3].

Diets that exclude red and processed meat, such as
vegetarian and vegan diets, may influence cancer risk
because of the omission of meat, which has been asso-
ciated with a higher risk of colorectal cancer and/or
because of their higher content of plant foods and asso-
ciated nutrients (e.g. dietary fibre) [3, 4]. In Western
cohorts, the risks of cancer in vegetarians and vegans
compared to meat eaters have been reported from sev-
eral large cohorts; the Adventist Health Study-2 [5],
EPIC-Oxford [6], the Oxford Vegetarian study [7], the
UK Women’s Cohort Study [8], the Netherlands Cohort
Study—Meat Investigation Cohort [9], and UK Biobank
[10]. While some individual studies have identified signif-
icant associations the overall findings for specific cancer
sites remain inconclusive, which may be partly due to the
small number of cancer cases and/or the limited num-
ber of vegetarians included in these individual studies.
For example, a lower risk of prostate cancer was found
among vegetarians in UK Biobank [10] but not in the
Adventist Health Study-2 [5] or EPIC-Oxford [6].

Therefore, to enhance the statistical power to assess
the associations of vegetarian diets with the risks of site-
specific cancers, we harmonised data from pre-existing
prospective cohort studies with a substantial number of
vegetarians to establish the Cancer Risk in Vegetarians
Consortium. The primary aim of the current paper is to
describe the data harmonisation methods and to char-
acterise differences between diet groups (meat eaters,
poultry eaters, pescatarians, lacto-ovo vegetarians, lacto
vegetarians, ovo vegetarians and vegans) and populations
included in the consortium. For this, we describe and
compare the dietary, demographic, lifestyle, and anthro-
pometric characteristics of the participants in the 11 con-
tributing cohorts. The secondary aim is to describe the
consistency in diet groups over time by comparing the
diet group at baseline to the diet group at resurvey for
individuals in those cohorts with information on dietary
intakes during the follow-up period.

Methods

Study-level inclusion criteria

To identify suitable cohorts for inclusion in this study, a
comprehensive search strategy was used. Initial searches
were conducted using electronic databases, including
PubMed and Web of Science, using relevant keywords
and Medical Subject Headings terms related to vegetari-
anism, cancer, and cohort studies. Additionally, refer-
ence lists from relevant published papers were scanned
to identify additional studies. Furthermore, discussions
were held with colleagues in the field to identify any
potentially relevant cohorts not captured in the initial
search. Studies were considered eligible if available pub-
lications suggested that the cohorts were likely to meet
the following criteria: 1) the cohort had targeted recruit-
ment to include a high proportion of vegetarians (typi-
cally>25%), or the cohort was very large with >500,000
participants and was therefore likely to include ~ 5,000
vegetarians (assuming that~1% of many populations
may be vegetarian); 2) the cohort had reliable follow-up
for cancer occurrence (e.g. linkage to cancer registry,
medical records, verbal autopsy). Using these criteria, we
aimed to ensure the inclusion of cohorts with sufficient
representation of vegetarians and robust data on cancer
outcomes.

Participating prospective studies and data collection

In total, 11 prospective studies were identified as likely
to meet our criteria, and their principal investigators
were invited to collaborate and contribute data to this
consortium; all accepted. Seven cohorts had a large pro-
portion of vegetarians: the Adventist Health Study-2
[11], the Center for cArdiometabolic Risk Reduction in
South Asia-1 (CARRS-1) [12, 13], CARRS-2 [13], EPIC-
Oxford [14], the Oxford Vegetarian Study [15], the Tzu
Chi Health Study [16] and the UK Women’s Cohort
Study [17]. Four cohorts were very large (>500,000 par-
ticipants) and thus included a substantial number of veg-
etarians: the China Kadoorie Biobank [18], the Million
Women Study [19], the National Institutes of Health-
AARP Diet and Health Study (NIH-AARP) [20], and the
UK Biobank [21]. With reference to our aim to identify
cohorts expected to include a large proportion and/or
number of vegetarians, the harmonised data showed that
three cohorts did not reach these targets: CARRS-1 and
the UK Women’s Cohort Study had substantial propor-
tions of vegetarians and vegans, but somewhat less than
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the target of 25% (23% and 14% respectively), while the
NIH-AARP had only 1,943 vegetarians and vegans (0.4%
of the whole cohort). These cohorts were retained in the
consortium nevertheless because they provide substantial
information on vegetarians in diverse settings. Table 1
and the Supplementary Methods (Additional file 1) pro-
vide a brief description of these 11 studies, while further
details can be found in the original publications from the
individual studies [11-21].

A detailed data dictionary including the variables
requested and their required format was circulated to the
collaborators (Additional file 2: Table S1). Individual par-
ticipant data were requested for dietary intake, which is
described below. Date of birth or date and age at recruit-
ment, as well as socio-demographics, lifestyle factors,
medical history, women-specific data, vitamin and min-
eral supplement use, were requested if available. Follow-
up dietary data (as described below) were also requested,
where available. Additionally, data on cancer incidence
and death (i.e. site and histology of the tumour, date of
cancer diagnosis, date of death, hormone receptor status
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for breast cancer, stage and grade of tumour for prostate
cancer) were requested.

In addition to the above variables, data dictionaries,
survey questionnaires, and coding algorithms for derived
variables were also requested. Data transfer agreements
were signed with the collaborating institutions before
transferring the individual participant data to the Uni-
versity of Oxford. Due to the law in Taiwan, individual
participant data from the Tzu Chi Health Study (after
linkage to cancer registry) could not be transferred to
Oxford, and instead the collaborators conducted the sta-
tistical analyses at the Health and Welfare Data Science
Center (HWDC), Ministry of Health, Taiwan and pro-
vided us with the tabulations of results (i.e. no individual
data were shared).

Food intake assessment

In all the studies, a dietary questionnaire (mainly food
frequency questionnaires, FFQ) was used to assess the
food intake of participants at baseline (the number of
foods assessed by each dietary questionnaire can be

Table 1 Characteristics of the cohorts included in the Cancer Risk in Vegetarians Consortium (n=2,337,152)*

Cohort Region Recruitment Baseline Eligible age No. of foods Dietary resurvey Follow-up time to
years sample range at assessed in years cancer incidence
size? recruitment baseline dietary (years), median
(years) questionnaire (IQR)

Cohorts with large proportions of vegetarians

Adventist North America 2002-2007 64,555 >30 130 - 8 (7-10)
Health Study-2
(1]

CARRS-1[12] South Asia 2010-2011 12,218 >20 26 2017-2018 6 (5-6)

CARRS-2[12, South Asia 2014-2016 9,530 >20 33 - 4 (4-4)
13]

EPIC-Oxford Western Europe  1993-1999 53,752 >20 130 2010 22 (21-23)
[14]

Oxford Veg- Western Europe  1980-1984 10,527 > 28 1993-1999° 27 (14-37)
etarian Study [15]

Tzu ChiHealth  East Asia 2007-2009 5,520 > 64 - 11(10-12)
Study [16]

UK Women's Western Europe  1995-1998 30,148 35-69 217 2000 20 (19-21)
Cohort Study [17]
Very large cohorts

China Kadoorie East Asia 2004-2008 510,145 30-79 12 2013-2014 12 (11-13)
Biobank [18]

Million Women  Western Europe  1996-2001 639,026 50-64 130 2010-2020 16 (14-18)
Study [19]

NIH-AARP [20] ~ North America 1995-1996 527,691 50-69 124 - 16 (10-16)

UK Biobank Western Europe  2006-2010 474,040 40-69 16 2012-2013 12(11-12)

(21]

Abbreviations: CARRS Centre for cArdiometabolic Risk Reduction in South Asia, EPIC European Prospective Investigation into Cancer and Nutrition, FFQ food frequency

questionnaire, NIH-AARP National Institutes of Health-AARP Diet and Health Study

?The baseline sample size corresponds to the number of participants in the pooled dataset after exclusions as listed in Figures S1-S11

b There are 2,837 participants in the Oxford Vegetarian Study who also took part in EPIC-Oxford, therefore the baseline survey in EPIC-Oxford is considered as a

resurvey for this subsample of Oxford Vegetarian Study participants
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found in Table 1). The baseline dietary assessment tools
in most of the studies were validated for key dietary com-
ponents in the relevant study population or a similar
population [16, 22-26]. After the data were transferred
to the University of Oxford, food frequencies were con-
verted into weights in grams/day (g/d) using standard
portion sizes specific to the study’s population (see Addi-
tional file 1: Supplementary Methods for further details).
Additional file 2: Table S2 lists the foods for which data
on food intake were requested from the individual stud-
ies. Intakes of energy and nutrients, as calculated by the
collaborators for each study, were also requested and
provided by the Adventist Health Study-2, EPIC-Oxford,
UK Women’s Cohort Study, Million Women Study, and
NIH-AARP.

Resurvey dietary data were available for a subsample
of participants from the baseline cohort in seven out
of the eleven cohorts: CARRS-1 (n=7,389; 61% of the
whole cohort), EPIC-Oxford (n=27,529; 51%), Oxford
Vegetarian Study (n=2,837; 27%; these are participants
who also took part in EPIC-Oxford, therefore the base-
line survey in EPIC-Oxford is considered as a resurvey
for this subsample of Oxford Vegetarian Study partici-
pants), UK Women’s Cohort Study (n=1,652; 5%), China
Kadoorie Biobank (1n=24,586; 5%), Million Women
Study (n=23,525; 4%) and UK Biobank (n=17,426, 4%),
which were used to examine whether participants in each
diet group changed their food intakes over time. Further
details on the repeat dietary assessments are available in
Additional file 1: Supplementary Methods.

Classification of diet groups

The consumption frequencies of animal foods (i.e., pork,
beef, lamb, poultry, fish, eggs, dairy products) or dishes
containing animal foods were used to classify partici-
pants into one of the seven diet groups defined a priori
(Table 2). Meat eaters were defined as participants who
consumed red and/or processed meat. To categorise par-
ticipants as poultry eaters, pescatarians, vegetarians, or
vegans, the lowest consumption frequency of the animal

Table 2 A prioriideal definitions of the diet groups
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food not consumed by the respective diet group was used
to define absence of that food from the diet (Additional
file 2: Table S3). For example, in the Adventist Health
Study-2 and the China Kadoorie Biobank, lacto-ovo veg-
etarians were defined as those who reported consuming
dairy products and eggs but reported “never/rarely” for
their consumption of red and processed meat, poultry,
and fish, because the option “never” was not available on
the questionnaires. At follow-up, we also classified the
subsamples of participants with follow-up dietary data
into the diet groups as defined in Table 2 to assess the
proportion of participants who had changed diet groups
over median follow-up periods ranging between 2.5 and
14.3 years. Further details on the diet group classification
in each study can be found in Additional file 1: Supple-
mentary Methods.

Data harmonisation

After receiving the datasets from the individual cohorts,
each variable was examined to identify outliers and
inconsistencies; in such cases, the study collaborators
were consulted and a decision was agreed upon to resolve
the issue. For physical activity, cut-off points of the meta-
bolic equivalent of task (MET)-hours per day specific to
each population were used to categorize participants as
inactive, moderately active or highly active in most of the
studies. In the Oxford Vegetarian Study, educational sta-
tus had not been assessed and therefore socio-economic
status was used instead as a proxy. A detailed description
of the data harmonisation process is available in Addi-
tional file 1: Supplementary Methods.

Participant-level exclusions

Prior to the data harmonisation process, participants
were excluded from individual studies based on spe-
cific criteria unique to each study (referred to as “ini-
tial exclusions” in Additional file 2: Figures S1-S11). The
following exclusions were made across all studies: 1)
participants with prevalent invasive cancers as identi-
fied by the cancer registry or self-report (CARRS-1 and

Diet group

Definition

Meat eaters

Poultry eaters
Pescatarians
Lacto-ovo vegetarians
Lacto vegetarians
Ovo vegetarians
Vegans

Consume red and processed meat

Do not consume red or processed meat but consume poultry

Do not consume meat or poultry but consume fish

Do not consume meat, poultry, or fish, but consume eggs and dairy products
Do not consume meat, poultry, fish, or eggs, but consume dairy products

Do not consume meat, poultry, fish, or dairy products but consume eggs

Do not consume meat, poultry, fish, dairy products, or eggs
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CARRS-2); 2) participants who could not be linked to a
cancer registry (except for CARRS-1 and CARRS-2); 3)
those with no follow-up data; 4) participants with more
than 80% missing dietary data; 5) those who reported
implausible energy intakes (male:<3,347 or>16,736 kJ/
day; female: <2,092 or > 14,644 kJ/day) (if such data were
available) [27]; and 6) those above the age of 89 years at
baseline. After applying the above exclusions, a total of
2,337,152 participants were included in the analyses.

Statistical analysis
The numbers (and percentages) of participants in each
diet group are presented by cohort. The baseline demo-
graphic and lifestyle characteristics of the participants
by sex and by diet group are presented as means and
standard deviations (SD) for continuous variables and
numbers and percentages for categorical variables across
the cohorts. The women-specific characteristics of the
cohorts are also presented.

The food intakes of major food groups by cohort within
each diet group are also presented as means (SDs). In

Table 3 Number of participants in each diet group (n=2,337,152)
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the results section, cohorts are ordered by their design
(distinction was made between cohorts with large pro-
portions of vegetarians and very large cohorts) as both
types of cohorts have inherently different recruitment
strategies which could lead to differing participant
characteristics.

Results

Baseline and demographic characteristics

The consortium comprises data from 2,337,152 partici-
pants, including 81,165 vegetarians and 14,167 vegans
(Table 3 and Additional file 2: S4). Moreover, 1,546,217
(66%) of the participants were women and 790,935 (34%)
were men, with mean (SD) ages of 56.9 (7.8) years and
57.3 (8.6) years at recruitment, respectively (Table 4).
Two studies, the UK Women’s Cohort Study and the
Million Women Study, recruited women only. In the
UK cohorts and NIH-AARP,>90% of participants were
of white European ancestry, whereas in the Adventist
Health Study-2, 27.6% of women and 20.9% of men were
of African American or Caribbean ethnicity (classified

Cohort Meat eaters Poultry eaters Pescatarians Vegetarians Vegans
Lacto-ovo Lacto Ovo All
vegetarians vegetarians vegetarians vegetarians®

Cohorts with large proportions of vegetarians

Adventist 23,245 (36.0) 10,494 (16.3) 6,202 (9.6) 12,798 (19.8) 5915 (9.2) 676 (1.0) 19,389 (30.0) 5225 (8.1)
Health Study-2

CARRS-1 7,214 (59.0) 1,958 (16.0) 180 (1.5) 365 (3.0) 1,920 (15.7) 129(1.1) 2414 (19.8) 452 (3.7)

CARRS-2 4,786 (50.2) 1,938 (20.3) 167 (1.8) 323(3.4) 2,061 (21.6) 47 (0.49) 2431 (25.5) 208 (2.2)

EPIC-Oxford 26,498 (49.3) 1,703 (3.2) 8,128 (15.1) 11,390 (21.2) 3,948 (7.3) 95(0.18) 15433 (28.7) 1,990 (3.7)

Oxford Veg- 5,180 (49.2) - 998 (9.5) 3,576 (34.0) 388(3.7) 52 (0.49) 4,016 (38.1) 333(3.2)
etarian Study®

Tzu Chi 3,519 (63.8) 120 (2.2) 233 (4.2) 1,277 (23.1) 234 (4.2) 93(1.7) 1,604 (29.1) 44 (0.80)
Health Study

UKWomen's 21,180 (70.3) 929 (3.1) 3,804 (12.6) 3,300 (10.9) 743 (2.5) 32(0.11) 4,075 (13.5) 160 (0.53)
Cohort Study
Very large cohorts

China 485,796 (95.2) 1,949 (0.38) 1,703 (0.33) 2,452 (0.48) 730 (0.14) 12,405 (2.4) 15,587 (3.1) 5,110 (1.0)
Kadoorie
Biobank

Million 618,450 (96.8) 3,414 (0.53) 10947 (1.7) 5361 (0.84) 742(0.12) 33(0.01) 6,136 (0.96) 79(0.01)
Women Study

NIH-AARP 491,098 (93.1) 32,960 (6.2) 1,690 (0.32) 969 (0.18) 842 (0.16) 14 (0.00) 1,825 (0.35) 118 (0.02)

UK Biobank 449,171 (94.8)  5/438(1.1) 10,728 (2.3) 7,140 (1.5) 940 (0.20) 175 (0.04) 8,255 (1.7) 448 (0.09)
All cohorts 2,136,137 (91.4) 60,903 (2.6) 44,780 (1.9) 48951 (2.1) 18,463 (0.79) 13,751 (0.59) 81,165 (3.5) 14,167 (0.61)
combined

Abbreviations: CARRS Centre for cArdiometabolic Risk Reduction in South Asia, EPIC European Prospective Investigation into Cancer and Nutrition, NIH-AARP National

Institutes of Health-AARP Diet and Health Study

#Values are N (%). Categorisation into diet groups necessarily used the questions asked in each study, therefore some participants in the vegetarian categories may

have very low but not zero intakes of meat, and similarly for the other animal foods

b All vegetarians include lacto-ovo, lacto and ovo vegetarians

€ In the Oxford Vegetarian Study, poultry eaters could not be determined as poultry intake was not assessed
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as Black) (Table 5). Women-specific characteristics are
shown in Table 6 (and with a more detailed categorisa-
tion in Additional file 2: Table S5). Further information
on the baseline demographic characteristics of the par-
ticipants can be found in Table 4, with detailed categori-
sations shown in Additional file 2: Tables S4, S5 and S6.

Diet groups at baseline

In total, 2,136,137 (91.4%) participants in this consor-
tium were meat eaters, 60,903 (2.6%) poultry eaters and
44,780 (1.9%) were pescatarians. The largest numbers
of vegetarians were in the Adventist Health Study-2
(n=19,389), EPIC-Oxford (n=15,433), and the China
Kadoorie Biobank (7=15,587) (Table 3). In the UK and
US cohorts as well as the Tzu Chi Health Study, vegetar-
ians mostly followed a lacto-ovo vegetarian diet, while in
the Indian cohorts a lacto-vegetarian diet was more com-
mon. Moreover, the Adventist Health Study-2 (n=5,225),
EPIC-Oxford (n=1,990), and the China Kadoorie
Biobank (#=5,110) contributed the largest numbers of
vegans.

Food intakes in vegetarians and vegans across cohorts

The food intakes of participants in each diet group are
presented across the individual studies in Table 7 (all
vegetarians combined, not including vegans) and Addi-
tional file 2: S7 (showing each individual diet group sepa-
rately). Given that the dietary assessment tools used in
the individual studies are not closely comparable (e.g. the
number of questions asking about consumption of foods
of the same category varied), the differences in mean
intakes should be interpreted with caution.

Vegetarians in the Adventist Health Study-2, EPIC-
Oxford, and the UK Women’s Cohort Study consumed
a higher amount of wholegrains than refined grains in
comparison to vegetarians in the other cohorts, while the
opposite was observed in the other studies (Table 7). The
highest total vegetable intakes were among vegetarians
in the Tzu Chi Health Study [mean: 520 (SD: 347) g/d],
NIH-AARP [471 (317) g/d], and CARRS-1 [449 (203)
g/d]. Moreover, vegetarians from the two Indian stud-
ies also had the highest mean intakes of legumes. Fresh
fruit intake was higher in the UK and US cohorts in com-
parison to the Asian cohorts, except for the Oxford Veg-
etarian Study where reported intake was low. For sweets,
preserves, cakes and confectionery, the mean intake was
highest in vegetarians from EPIC-Oxford and the UK
Women’s Cohort Study. Vegetarians in the NIH-AARP
had the highest consumption of sugar-sweetened bever-
ages (this variable includes diet versions in some of the
studies). Total dairy intake was lowest among vegetar-
ians in the China Kadoorie Biobank [39 (32) g/d] and Tzu
Chi Health Study [43 (69) g/d] compared to vegetarians
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in the other cohorts, who reported more than double the
intake.

In vegans, broadly similar differences in food intakes
between studies as in the vegetarians were observed
(Additional file 2: Table S7).

Food intakes of meat eaters across cohorts

Among all meat eaters, the reported total red and pro-
cessed meat intake was highest in the Oxford Vegetarian
Study [76 (39) g/d] followed by the UK Women’s Cohort
Study [71 (45) g/d] and NIH-AARP [69 (51) g/d], while
the lowest intake was reported in AHS-2 [24 (27) g/d]
(Fig. 1). Total vegetable intake was the highest in the Tzu
Chi Health Study [428 (292) g/d], while the lowest intake
was reported in the Oxford Vegetarian Study [92 (49)
g/d] (Fig. 2). For fresh fruit (Fig. 2), the highest intakes
were reported in the UK and US cohorts, except for the
Oxford Vegetarian Study, while participants in CARRS-1,
CARRS-2, and the China Kadoorie Biobank reported the
lowest mean intakes.

Estimated nutrient intakes across diet groups and cohorts
In general, the intakes of nutrients such as protein, total
fat, saturated fat, monounsaturated fat, vitamin B12, and
vitamin D were higher among meat eaters compared to
vegetarians and vegans (Additional file 2: Table S8). On
the other hand, vegans had higher intakes of dietary fibre
and vitamin C compared to the other dietary groups, and
lower intakes of calcium.

Diet group consistency at resurvey

In most of the cohorts with resurvey dietary data, >90%
of baseline meat eaters continued to follow a meat-eat-
ing diet at resurvey, with the exceptions being CARRS-1
(72%) and the Oxford Vegetarian Study (87%) (Additional
file 2: Table S9). In the four UK cohorts with dietary data
during the follow-up, 56—-83% of the baseline pescatar-
ians remained as pescatarians at resurvey. However,
in CARRS-1 and the China Kadoorie Biobank, 46% of
people who were pescatarian at baseline were classi-
fied as meat eaters at the resurvey. Furthermore, in the
UK cohorts and CARRS-1, 68-94% of baseline vegetar-
ians remained as vegetarians at resurvey; however, in the
China Kadoorie Biobank, only 19% continued to follow
a vegetarian diet, while 69% had incorporated red meat
into their diet. Among the baseline vegans in the UK
cohorts, most participants either continued to follow a
vegan diet or were classified as vegetarian. In contrast,
in CARRS-1, the majority of baseline vegans were veg-
etarians at resurvey (80%), while in the China Kadoorie
Biobank the majority of vegans were meat eaters (65%) at
resurvey.
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Table 6 \Women-specific characteristics by cohort (n=1,546,217)°
Cohort Age at Parous Age at first Postmenopausal Age at Ever used oral Ever used HRT
menarche <12 years birth > 25 years menopause >50 contraceptive
years®
Cohorts with large proportions of vegetarians
Adventist Health 514 83.1 317 77.0 64.5 58.8 394
Study-2
CARRS-1 122 94.1 - 36.9 19.7 35 -
CARRS-2 129 93.8 - 419 234 6.9
EPIC-Oxford 39.8 61.0 382 40.2 54.8 73.7 18.2
Oxford Vegetarian - 47.5 294 266 - 553 -
Study
Tzu Chi Health Study 8.6 91.8 - 63.0 542 15.7 19.6
UKWomen's Cohort  41.6 772 448 60.9 48.0 66.9 27.2
Study
Very large cohorts
China Kadoorie 55 98.7 325 572 43.1 9.8 -
Biobank
Million Women 388 884 364 100 56.8 61.3 534
Study
NIH-AARP 486 837 235 100 396 34.5 529
UK Biobank 376 81.2 47.1 77.8 63.3 81.1 377
All cohorts combined 33.5 873 353 842 52.1 50.6 37.8

Abbreviations: CARRS Centre for cArdiometabolic Risk Reduction in South Asia, HRT hormone replacement therapy, EPIC European Prospective Investigation into
Cancer and Nutrition, N/H-AARP National Institutes of Health-AARP Diet and Health Study

?Values are % of women within cohort

b Postmenopausal women only

“-"indicates that no information was available for this variable in the specified cohort

Sex, sociodemographic and lifestyle factors, and body
mass index differences by diet group

Overall, a higher proportion of men were meat eaters
(93%) compared to women (91%) while a higher pro-
portion of women were vegetarians (4%) compared to
men (3%) (Additional file 2: Table S4). However, in the
Adventist Health Study-2 and EPIC-Oxford, a greater
proportion of men compared to women reported that
they were vegetarian or vegan. When comparing ethnic-
ity by diet group across the cohorts, we observed that
most of the UK and US studies, except for the Advent-
ist Health Study-2, had a higher proportion of Asian par-
ticipants among lacto vegetarians compared to the other
diet groups (Additional file 2: Table S10).

The proportion of participants with a university degree
or equivalent was generally higher among those who fol-
lowed any vegetarian diet (Table 8). However, in the Tzu
Chi Health Study and the China Kadoorie Biobank, the
proportion of participants with a university degree or
equivalent was higher among the meat eaters. Table 9
shows the lifestyle factors by diet group and cohort.
Except for the UK Women’s Cohort Study and the Mil-
lion Women Study, a higher proportion of participants
who were classified as poultry eaters, pescatarians,

vegetarians and vegans were never smokers compared to
meat eaters. In general, meat eaters had a higher mean
alcohol intake compared to other diet groups, though
such differences were not observed in EPIC-Oxford,
the UK Women’s Cohort Study and the Million Women
Study. In the Adventist Health Study-2, EPIC-Oxford, the
Oxford Vegetarian Study, NIH-AARP and UK Biobank, a
higher proportion of participants who were poultry eat-
ers, pescatarians, vegetarians or vegans showed a high
level of physical activity compared to meat eaters. In
CARRS-1, the vegetarians and vegans showed the highest
level of physical activity compared to participants in the
other diet groups, while in the China Kadoorie Biobank,
a smaller proportion of participants who were pescatari-
ans were highly active compared to the other diet groups.

Overall, participants who were regular meat eaters in
the UK and US cohorts and the Tzu Chi Health Study
had a higher BMI compared to participants in the other
diet groups in the same cohort (Fig. 3). Regular meat eat-
ers in the Adventist Health Study-2 had the highest mean
BMI [31 (7) kg/m?] compared to all diet groups in all the
studies. Across all the studies, the Indian cohorts had the
highest BMI among all vegetarians (Fig. 3). Moreover, the
Oxford Vegetarian Study had the participants with the
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Table 7 Food intakes in all vegetarians combined (not including vegans)? by cohort (n=281,165)°

Cohort Plant foods, g/day
Refined grains Wholegrains  Total vegetables Legumes Fresh fruit Nutsand seeds Sweets, preserves,
cakes & confec-
tionery

Cohorts with large proportions of vegetarians

Adventist Health  83.3 (77.5) 176.1 (129.4) 304.9 (194.6) 93.1(828)  3327(256.8) 26.2(24.8) 174 (23.8)
Study-2

CARRS-1 2194 (230.8) 1269 (89.7) 4490 (202.8) 136.1(111.5) 66.1(887)  69(9.6) 49.0 (49.4)

CARRS-2 201.7 (3394) 178.0(122.0) 406.4 (224.7) 137.2(107.9) 100.0(128.5) 4.1 (24.1) 21.6(36.7)

EPIC-Oxford 99.8 (70.4) 113.8(77.5) 2729 (148.9) 749 (52.2) 2764 (221.2) 95(14.2) 68.6 (54.2)

Oxford Vegetar-  116.8 (66.9) 29.5(24.8) 120.1 (57.3) 817 (443)  858(34.0) 19.6 (16.3) 31.8(257)
ian Study

Tzu Chi Health 347.7 (244.9) 66.4 (74.6) 5199 (347.1) 20.2 (36.0) 1549 (147.2) 56(114) 11.1(18.9)
Study

UK Women'’s 93.4(69.9) 101.5 (74.8) 2809 (141.5) 93.8(56.2) 3454 (2504) 12.0(15.1) 65.1(51.9)
Cohort Study
Very large cohorts

China Kadoorie 2423 (43.3) 89.9 (66.7) 2356(10.1) - 65.0 (27.0) - -
Biobank®

Million Women 111.9 (65.6) 99.3 (64.2) 134.7 (90.6) 23.8(20.8) 356.5(220.2) 11.0(15.5) 39.1 (41.1)
Study

NIH-AARP 1324(99.3) 90.1(101.2) 4714 (3174) 742 (844)  494.2(389.9) 10.6(187) 326 (38.2)

UK Biobank® 1422 (16.6) 90.6 (27.7) 210.5 (48.6) - 207.2(884) - -
Cohort Plant foods, g/day Animal foods, g/day

Plant milks Sugar Total dairy prod-  Dairy milk  Cheese Yogurt Eggs & egg dishes
sweetened ucts®
beverages

Cohorts with large proportions of vegetarians

Adventist Health  115.8 (161.2) 76.3 (222.6) 104.6 (178.8) 66.9 (157.0) 156 (24.2) 22.1 (49.1) 7.8(13.5)
Study-2

CARRS-1 - 53.5(60.5) 217.3(135.2) - - - 43(9.8)

CARRS-2 - 19.0 (41.9) 229.0 (190.8) 143.8 (157.5) - 85.2(90.3) 39(16.1)

EPIC-Oxford 324(97.8) 94.7 (168.1) 376.0 (240.8) 256.6 (203.7) 30.1(25.2) 33.8(41.3) 106 (12.1)

Oxford Vegetar- - - 160.0 (109.6) 113.8(103.2) 46.2(27.1) - 25.7(21.6)
ian Study

Tzu Chi Health 85.7(126.9) 13.5(76.3) 426 (68.8) 33.0(56.5) 1.1(3.6) 8.7 (32.5) 164 (16.7)
Study

UKWomen'’s 247 (89.2) 54.0(120.6) 3664 (227.0) 253.1(199.6) 34.8(31.1) 57.1(69.0) 14.7 (15.4)
Cohort Study
Very large cohorts

China Kadoorie - - 38.9(32.3) - - - 33.0(9.5)
Biobank®

Million Women 24.1(60.2) 101.2 (216.9) 3459 (214.0) 223.8(186.3) 31.1(21.5) 81.0 (78.6) 159 (14.8)
Study

NIH-AARP - 609.6 (977.4) 302.7 (390.2) 195.6 (360.6) 9.1(13.7) 333 (64.5) 53(113)

UK Biobank® - - - - 183 (6.1) - -

Abbreviations: CARRS Centre for cArdiometabolic Risk Reduction in South Asia, EPIC European Prospective Investigation into Cancer and Nutrition, NIH-AARP National
Institutes of Health-AARP Diet and Health Study

2 All vegetarians include lacto-ovo, lacto and ovo vegetarians

b Values are mean (SD)

€ Mean intakes assessed at resurvey have been assigned to baseline categories based on quintiles of intakes to estimate the baseline intakes
dTotal dairy products include dairy milk, cheese, yogurt and other dairy products if available in the specified cohort

u_n

indicates that no information was available for this food group in the specified cohort
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Fig. 1 Mean (95% Cl) total red and processed meat intake among meat eaters by cohort. Abbreviations: CARRS, Centre for cArdiometabolic Risk
Reduction in South Asia; EPIC, European Prospective Investigation into Cancer and Nutrition; NIH-AARP, National Institutes of Health-American

Association of Retired Persons Diet and Health Study

lowest BMI when comparing all the diet groups. In the
China Kadoorie Biobank, the mean BMIs of participants
across the diet groups were relatively similar, with pes-
catarians having the highest BMI (Fig. 3).

Discussion

This unique international consortium of prospective
cohort studies with large numbers of vegetarians was
established to assess the associations between vari-
ous diet groups and the risks of site-specific cancers,
with a particular focus on vegetarian and vegan diets.
Our results presented here on the cohort characteris-
tics showed differences between cohorts in food intakes,
BMI, and educational status within each diet group.
These findings support the interpretation that while veg-
etarians worldwide share the avoidance of meat, poultry,
and fish, their diets, socio-demographics, and lifestyle
factors vary substantially.

Dietary groups and food intakes across the different
cohorts

The Adventist Health Study-2, EPIC-Oxford, and the
China Kadoorie Biobank contributed the largest num-
bers of vegetarians and vegans; however, the dietary

groups in the China Kadoorie Biobank require careful
interpretation (see further discussion below). Among
vegetarians, the lacto-ovo vegetarian diet was most
prevalent in the UK and US cohorts as well as in the Tzu
Chi Health Study, while vegetarians in the two Indian
studies mostly followed a lacto vegetarian diet. In recent
years, vegetarian and vegan diets have become more
popular in Western countries, and this is likely moti-
vated by self-choice due to ethical, environmental and
health concerns [28, 29]. In India, where vegetarianism
has been a cultural tradition for centuries, people tend
to follow this diet from birth due to religious and cul-
tural beliefs that encourage the avoidance of meat con-
sumption [30]; recent statistics show that 29% of women
and 17% of men in India are vegetarian [31]. In the US,
the estimated proportion of the population following a
vegetarian diet was around 3% in 2016 [32, 33], while in
the UK, as of 2023, it is estimated that around 5% of the
population is vegetarian [34].

We found substantial differences in reported food
intakes across cohorts, which may be due to both actual
dietary variations and variations in dietary assessment
methods. For example, we observed that intakes of who-
legrains, total vegetables, and fresh fruit were markedly
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Fig. 2 Mean (95% Cl) intakes of (A) total vegetables and (B) fruit in meat eaters versus vegetarians (including vegans) by cohort. Abbreviations:
CARRS, Centre for cArdiometabolic Risk Reduction in South Asia; EPIC, European Prospective Investigation into Cancer and Nutrition; NIH-AARP,

National Institutes of Health-American Association of Retired Persons Diet and Health Study

lower in vegetarians in the Oxford Vegetarian Study
compared to vegetarians in EPIC-Oxford, the UK Wom-
en’s Cohort Study and the Million Women Study. This
might in part be due to the limited 28 food items-FFQ
in the Oxford Vegetarian Study, with only two questions
related to fruit consumption, while the three other UK
cohorts had more comprehensive FFQs covering over
100 food items, including at least 11 questions on fruit
intake. Higher numbers of the food items used to gen-
erate food groups could tend to result in higher mean
intakes, which may contribute to some of the observed
differences between cohorts. However, the observed dif-
ferences in reported food intakes may also be influenced
by time trends in food consumption and/or the assump-
tions made within different cohorts when allocating por-
tion sizes. Another example of variations in food intakes
due to differences in the dietary questionnaires can
be observed in the two Indian cohorts. These cohorts
recruited participants from the same demographic
regions, yet differences in mean food intakes were noted,
which could be attributed to the use of a non-quantitative

FFQ at baseline in CARRS-1, while a semi-quantitative
FFQ was used in CARRS-2.

In the China Kadoorie Biobank, the substantial number
of participants classified as vegetarians and vegans might
not be attributed to personal choices, such as health or
religious beliefs. Instead, this may be related to socioeco-
nomic status, poverty, and affordability [35]. For instance,
in this cohort, the meat eaters, poultry eaters, and pes-
catarians were more likely to have a university degree
or equivalent (and higher income; findings not shown)
compared to the vegetarians and vegans. We also found
that vegetarians and vegans in this cohort were mostly
from two rural regions of China (Gansu and Henan),
while pescatarians were mainly from two coastal regions
(Qingdao and Harbin; findings not shown).

Differences in sex, sociodemographic, and lifestyle factors
by diet groups in the different cohorts

Comparisons across the individual cohorts showed that
pescatarians, vegetarians, and vegans in studies from the
UK, US, and India were more likely to have a university
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Table 8 Percentage of participants with a university degree or equivalent by main diet groups and cohort®
Cohort Meat eaters Poultry eaters Pescatarians All vegetarians® Vegans
Cohorts with large proportions of vegetarians
Adventist Health Study-2 43.7 493 531 60.5 53.1
CARRS-1 136 14.6 16.1 336 206
CARRS-2 151 180 114 343 13.0
EPIC-Oxford 36.8 433 504 475 455
Oxford Vegetarian Study® 119 84 8.8 6.9
Tzu Chi Health Study 299 242 228 20.0 159
UKWomen'’s Cohort Study 209 26.7 343 330 344
Very large cohorts
China Kadoorie Biobank 6.0 6.1 76 0.80 033
Million Women Study 16.3 203 286 295 46.8
NIH-AARP 61.1 69.7 73.7 79.7 814
UK Biobank 588 60.8 74.9 70.6 71.0
All cohorts combined 338 55.7 47.8 394 30.7

Abbreviations: CARRS Centre for cArdiometabolic Risk Reduction in South Asia, EPIC European Prospective Investigation into Cancer and Nutrition, NIH-AARP National

Institutes of Health-American Association of Retired Persons Diet and Health Study
2Values are % within diet group in the specified cohort

b All vegetarians include lacto-ovo, lacto and ovo vegetarians

€In the Oxford Vegetarian Study, poultry eaters could not be determined as poultry intake was not assessed

“-"indicates that no information was available for educational status in the specified cohort

degree or equivalent than the meat eaters within the
same cohort. These findings are in alignment with cross-
sectional analyses in a random sample of Germans [36]
and Finnish adults [37], and in the French NutriNet-
Santé study [38].

Differences in sex distribution across the diet groups
within each individual study were observed. In most of
the cohorts, there was a higher proportion of women in
the vegetarian diet group while a higher proportion of
men were meat eaters. These findings are in line with
previous research in France and Germany [36, 38], which
also showed that women typically consume less meat and
are more likely to follow a vegetarian or vegan diet.

BMI differences across diet groups and studies

In the UK and US cohorts, meat eaters had a higher
average BMI, while vegans followed by vegetarians had
the lowest. The consumption of red and processed meat
may be associated with having a greater body weight; a
meta-analysis of 18 studies, mainly from Western coun-
tries, showed a positive association with obesity [39]. The
EPIC-Europe study, which included 373,803 men and
women, found that higher intakes of total meat, red meat,
processed meat, and poultry were associated with greater
weight gain over 5 years of follow-up [40]. Dietary differ-
ences between meat eaters and vegetarians/vegans, such
as higher intakes of fibre and lower intakes of protein,
may contribute to the latter group’s lower BMI [41, 42].

When comparing the BMI of vegetarians and vegans
across the different studies, those in CARRS-1 and
CARRS-2 had the highest mean BMI. In these Indian
studies, lacto vegetarians had a higher average BMI com-
pared to participants in the other diet groups. These
findings are consistent with the cross-sectional National
Family Health Survey (2005-06) data in India, which also
reported the highest mean BMI in the lacto vegetarians
[43]. Cross-sectional analyses conducted in CARRS-1
and in adults from the general US population (i.e. includ-
ing all ethnicities) who completed the National Health
and Nutrition Examination Survey (NHANES) showed
differences in vegetarian diets between these two coun-
tries [32]; the diets of vegetarians versus meat eaters were
healthier in the NHANES compared to the vegetarians
in CARRS-1, where the diets of meat eaters were more
similar to those of vegetarians. Differences in cooking
practices, meal preparation methods, eating frequen-
cies, and eating out habits between vegetarians in India
and those from other countries are also important factors
that can be associated with variations in BMI [44]. How-
ever, the evaluation of these dietary and other lifestyle
factors such as physical activity was outside the scope of
this consortium.

Diet groups at resurvey

The agreement of diet groups at baseline and resur-
vey for meat eaters and vegetarians was generally high
(more than ~70%) in the UK cohorts and CARRS-1. This
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Table 9 Lifestyle factors by main diet groups and cohort

Cohort Meat eaters Poultry eaters Pescatarians All vegetarians? Vegans

Never smokers, %
Cohorts with large proportions of vegetarians

Adventist Health Study-2 7.7 80.2 829 87.9 83.6
CARRS-1 743 784 889 86.7 80.5
CARRS-2 816 84.7 91.0 89.1 894
EPIC-Oxford 571 61.7 59.2 63.0 61.8
Oxford Vegetarian Study® 474 - 489 533 544
Tzu Chi Health Study 78.7 83.3 90.6 924 93.2
UKWomen's Cohort Study 56.7 513 522 56.3 58.1
Very large cohorts
China Kadoorie Biobank 614 68.7 74.1 70.7 74.2
Million Women Study 543 545 54.5 573 494
NIH-AARP 344 428 424 53.7 46.6
UK Biobank 544 593 56.8 64.3 558
All cohorts combined 518 554 59.8 69.3 74.8

Alcohol intake (g/day), mean (SD)
Cohorts with large proportions of vegetarians

Adventist Health Study-2 0.7 (2.9 0.3(1.7) 0.2 (1.6) 0.1(1.0) 0.0 (0.5)
CARRS-1 - - - - -
CARRS-2 - - - - -
EPIC-Oxford 9.9(12.9) 76(9.5) 9.9(12.3) 93(12.6) 8.2(13.3)
Oxford Vegetarian Studyb 11.3(11.0) - 83(9.1) 6.9(9.2) 5609.1)
Tzu Chi Health Study 1.8(11.8) 0324 0.5 (4.3) 0.1(1.3) 04(2.8)
UKWomen's Cohort Study 9.1 (104) 7209.2) 8.7 (9.8) 7.3(9.8) 6.4 (10.7)
Very large cohorts
China Kadoorie Biobank 8.0(23.7) 6.4 (22.8) 44 (16.3) 1.187) 0992
Million Women Study 6.0 (7.6) 4.7 (7.0) 5.7(7.6) 4.7(7.2) 43(7.0)
NIH-AARP 114 (24.9) 54(13.6) 58(154) 3.7(12.6) 38(16.2)
UK Biobank 15.0(19.3) 8.0 (12.0) 11.0 (14.3) 8.7 (14.7) 6.8 (12.6)
All cohorts combined 9.6 (19.3) 48(12.1) 72(11.0) 43(94) 2.1 (84)

Highly active, %
Cohorts with large proportions of vegetarians

Adventist Health Study-2 38.1 453 480 46.9 512
CARRS-1 16.7 115 6.1 413 34.1
CARRS-2 2.5 22 12 1.1 1.9
EPIC-Oxford 10.1 14.6 15.5 153 214
Oxford Vegetarian Study 272 - 36.2 334 420
Tzu Chi Health Study 339 40.0 36.9 30.7 296
UKWomen's Cohort Study 33 4.0 32 4.0 19
Very large cohorts
China Kadoorie Biobank 334 288 19.6 335 36.0
Million Women Study 94 133 13.2 136 228
NIH-AARP 184 29.0 30.2 30.8 50.0
UK Biobank 18.6 239 21.0 19.1 237
All cohorts combined 330 308 321 313 386

Abbreviations: CARRS Centre for cArdiometabolic Risk Reduction in South Asia, EPIC European Prospective Investigation into Cancer and Nutrition, NIH-AARP National
Institutes of Health-AARP Diet and Health Study

2 All vegetarians include lacto-ovo, lacto and ovo vegetarians
2 |n the Oxford Vegetarian Study, poultry eaters could not be determined as poultry intake was not assessed

u_n

indicates that no information was available for this variable in the specified cohort
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B Very large cohort studies
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Fig. 3 Mean (95% Cl) body mass index by diet group in (A) cohorts with large proportions of vegetarians and (B) very large cohorts. Abbreviations:
CARRS, Centre for cArdiometabolic Risk Reduction in South Asia; EPIC, European Prospective Investigation into Cancer and Nutrition; NIH-AARP,
National Institutes of Health-AARP Diet and Health Study. All vegetarians include lacto-ovo, lacto and ovo vegetarians. In the Oxford Vegetarian
Study, poultry eaters could not be determined as poultry intake was not assessed

is similar to previous findings in the Adventist Health
Study-2, which found greatest stability among non-veg-
etarians and lacto-ovo vegetarians when lifetime die-
tary patterns were assessed using a reliable life-course
dietary questionnaire [45]. Changes in individuals’ diet
groups during follow up were mostly to the adjacent
category(ies) of animal product consumption (e.g. poul-
try eaters to either meat eaters or pescatarians), which
may be due to misclassification or true dietary changes
over time.

Unlike the patterns observed in the other cohorts, in
the China Kadoorie Biobank the great majority of base-
line vegetarians and vegans reported consuming meat at
follow-up (69% and 65%, respectively). This shift coin-
cided with an improvement in socioeconomic status
among these participants, as indicated by their reported
income in the follow-up questionnaire (findings not
shown). Moreover, there was a substantial increase in
meat consumption in China during this period, unlike in
most high-income countries where meat consumption
has plateaued or decreased [46, 47]. This further sup-
ports the interpretation that vegetarians and vegans in

the China Kadoorie Biobank were more likely to report
very low or no meat consumption at baseline due to eco-
nomic constraints, rather than intentionally adhering to
a vegetarian diet. Moreover, as previously discussed, the
participants in this cohort classified as vegetarians at
baseline may have occasionally consumed both meat and
fish because they reported eating these foods less than
monthly due to the design of the FFQ. These findings
show the importance of carefully considering the stabil-
ity of diet groups over time when conducting analyses
of the associations of diet group with long-term health
outcomes.

Strengths and limitations

These analyses have several strengths. This consortium
will provide the largest collection of observational data
on vegetarian and vegan diets and the risk of individual
cancer sites available. The consortium includes partici-
pants from Western Europe, North America, South Asia
and East Asia. While CARRS-1, CARRS-2 and the Tzu
Chi Health Study do not include large numbers of par-
ticipants, they offer valuable insights for this research on
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vegetarian and vegan diets because food intakes in these
areas differ markedly from those in studies conducted in
the UK and the US. We have also compared key partici-
pant characteristics, such as sex, BMI, and educational
status, across diet groups within the individual cohorts.
Further strengths of this consortium are the availability
and standardisation of various potential confounders
from the different cohorts, which can be used in prospec-
tive analyses, offering a unique advantage when investi-
gating the associations between diet groups and the risk
of site-specific cancers, which is not possible in meta-
analyses of published data.

It should be noted that the differences reported in this
paper are descriptions specific to the participants in the
consortium, and therefore some of the differences are
likely to be influenced by variations between the stud-
ies in factors such as age, gender proportions, body
size, social and cultural factors, year of recruitment,
recruitment age, and methods of dietary ascertainment.
Another potential limitation of this consortium is the
possibility of diet group misclassification. In the Advent-
ist Health Study-2, CARRS-1, CARRS-2, Tzu Chi Health
Study, and China Kadoorie Biobank, the lowest category
in the respective FFQ was either “never/rarely” or “never/
less than once a month” Therefore, participants classi-
fied as vegetarians or vegans may occasionally consume
the relevant animal foods. Misclassification of the diet
groups is also possible depending on food items included
or omitted, social desirability, and other factors that may
vary between the cohorts. To harmonise data across the
individual studies, some covariates had to be re-catego-
rised to a simpler level of detail to ensure consistency
across all participating studies. However, this may lead
to less precise covariates, increasing the risk of residual
confounders.

Conclusions

In this consortium, which harmonised data from 11 pro-
spective cohort studies, food intakes among vegetarians
varied between studies. This variation may be attributed
to differences in culture, socioeconomic status, and the
specific dietary assessment tools used in each cohort.
Vegetarians and vegans were found to have a lower BMI
and higher educational status in comparison to regu-
lar meat eaters, showing a gradient across the other diet
groups; however, this pattern was not observed in some
of the Asian cohorts. In general, vegetarians had lower
alcohol intake, a higher proportion of individuals who had
never smoked, and higher physical activity when com-
pared to meat eaters. The data harmonised will be used
in future analyses to assess the prospective associations
between vegetarian diets and risks of site-specific cancer.
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CARRS Centre for cArdiometabolic Risk Reduction in South Asia

EPIC European Prospective Investigation into Cancer and Nutrition
FFQ Food Frequency Questionnaire
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