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Abstract 48 

BACKGROUND: Vegetarian diets might influence cancer risk. 49 

METHODS: We studied 1,645,555 meat eaters, 57,016 poultry eaters, 42,910 pescatarians, 63,147 50 

vegetarians and 8849 vegans in 9 cohorts (UK, US, Taiwan, India). After a median 16 years follow-51 

up, incident cancers were: 4504 mouth and pharynx, 1308 oesophagus (squamous cell), 2105 52 

oesophagus (adenocarcinoma), 3578 stomach, 30,528 colorectum, 2970 liver, 8030 pancreas,  3077 53 

lung (never smokers), 61,368 breast, 11,220 endometrium, 8076 ovary, 45,946 prostate, 7193 kidney, 54 

6869 bladder, 11,651 non-Hodgkin lymphoma, 4658 multiple myeloma and 7306 leukaemia. 55 

Multivariable Cox regression was used to estimate cohort-specific hazard ratios (HRs) and 95% 56 

confidence intervals (CIs), and the results were combined using meta-analysis. 57 

RESULTS: Compared to meat eaters, poultry eaters had lower risk of prostate cancer (0.93, 0.88 –58 

0.98), pescatarians had lower risks of colorectal (0.85, 0.77–0.93), breast (0.93, 0.88–0.98) and kidney 59 

cancer (0.73, 0.58–0.93), vegetarians had lower risks of cancers of  the pancreas (0.79, 0.65–0.97), 60 

breast (0.91, 0.86–0.97), prostate (0.88, 0.79–0.97), kidney (0.72, 0.57–0.92) and multiple myeloma 61 

(0.69, 0.51–0.93) but higher risk of squamous cell carcinoma of the oesophagus (1.93, 1.30–2.87), and 62 

vegans had higher risk of  colorectal cancer (1.40, 1.12–1.75). 63 

CONCLUSIONS: Vegetarian diets might influence risk for several cancers. The generalisability 64 

Should be considered cautiously.  65 
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Introduction 66 

Vegetarian diets exclude meat and fish, and vegan diets further exclude dairy products and 67 

eggs. Appropriately planned vegetarian and vegan diets are considered to be healthful and 68 

nutritionally adequate [1]; compared to omnivorous diets, vegetarian and vegan diets are 69 

typically lower in some nutrients such as protein, saturated fat and certain micronutrients such 70 

as vitamin B12, but higher in others such as dietary fibre, carotenoids and vitamin C [2, 3]. 71 

Such nutritional differences might influence cancer risk, and early though unsubstantiated 72 

claims were made that cancer is rare in vegetarians [4]; the first empirical data, from a hospital-73 

based case-control study in India published in 1966, showed that, among non-users of tobacco, 74 

vegetarians had a higher risk of oral cancer than non-vegetarians which the author tentatively 75 

suggested might be due to malnutrition [5]. Around the same time, interest grew in the role of 76 

diet in the aetiology of colorectal cancer; international ecological correlations showed that 77 

countries with high intakes of meat generally had high incidence rates [6], and the first case-78 

control study, among Seventh-day Adventists in California, suggested that a lacto-79 

ovovegetarian diet may reduce the risk of colon cancer [7]. In subsequent prospective studies 80 

in the USA and the UK the risks for colorectal cancer and other specific cancer types in 81 

vegetarians compared to meat eaters have varied and overall the results appear inconclusive, 82 

probably because none of the studies was large enough to provide adequate statistical power to 83 

show convincing evidence for small to moderate differences in risks of individual cancer sites 84 

[8–16]. 85 

To provide novel evidence on whether vegetarian diets are associated with cancer risk, we 86 

established the Cancer Risk in Vegetarians Consortium, bringing together data from 87 

prospective studies with large numbers and/or large proportions of participants who follow 88 

vegetarian diets [17]. The Consortium is the largest study to date on this topic, and comprises 89 

nine cohorts on three continents, with diverse diets and large numbers of incident cancers. Our 90 

aim was to examine cancer risk in vegetarians and vegans, as well as in people who eat poultry 91 

but not red meat (poultry eaters), and in people who eat fish but not meat or poultry 92 

(pescatarians), all compared to meat eaters (eat red and/or processed meat). We investigated 93 

cancers of the gastrointestinal tract, lung, reproductive system, urinary tract, and blood. We did 94 

not investigate skin cancer or cervical cancer because we did not have information on exposure 95 

to their major (non-dietary) causal factors (exposure to UV radiation and HPV, respectively). 96 

 97 
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Methods 98 

Study population 99 

The study design and data harmonisation process have been described in detail elsewhere [17]. 100 

Briefly, prospective cohort studies were identified through literature searches and the principal 101 

investigators were invited to participate if the cohorts met the following criteria: (1) the cohort 102 

had targeted recruitment to include a high proportion of vegetarians (typically >25%), or the 103 

cohort was very large (≥500,000 participants) and was therefore likely to include up to ~5000 104 

vegetarians (assuming that ~1% of many populations may be vegetarian); (2) the cohort had 105 

reliable follow-up data on cancer occurrence. Eleven studies met these initial inclusion criteria 106 

and agreed to participate, and individual participant data were transferred to the University of 107 

Oxford for harmonisation and analysis, except for the Tzu Chi Health Study where 108 

collaborators conducted separate cohort-specific analyses at the Health and Welfare Data 109 

Science Center (HWDC) in Taiwan, using methods aligned with the analyses conducted in 110 

Oxford, and shared the results (due to data protection regulations in Taiwan). For the Adventist 111 

Health Study-2 (AHS-2), the data transferred were for a subset of the whole cohort, 112 

representing participants living in US states where the cancer registry gave permission to share 113 

data externally. Of the eleven potentially eligible studies identified, data are reported here for 114 

nine: AHS-2 [18], the Center for cArdiometabolic Risk Reduction in South Asia-1 (CARRS-115 

1) [19], EPIC-Oxford [20], the Oxford Vegetarian Study [21], the Tzu Chi Health Study [22], 116 

the UK Women’s Cohort Study [23], the Million Women Study [24], the National Institutes of 117 

Health-AARP Diet and Health Study (NIH-AARP) [25], and the UK Biobank [26]. Results 118 

from the Center for cArdiometabolic Risk Reduction in South Asia-2 (CARRS-2) [19, 27], are 119 

not reported here because of the small numbers of incident cancers (<10 cases of any of the 120 

cancer sites of interest), and the China Kadoorie Biobank [28] results were not included due to 121 

the low stability of vegetarian diet groups during the follow-up (<20% of those classified as 122 

vegetarian at baseline reported consuming a vegetarian diet at follow-up) [17]. 123 

Prior to data harmonisation, participants were excluded from individual studies based on 124 

cohort-specific criteria largely related to data which were missing or outside the expected 125 

range. After data harmonisation, we further excluded participants aged 90 or over at  126 

recruitment, those with a previous malignant neoplasm (other than nonmelanoma skin cancer), 127 

no follow-up data, unreliable dietary data (more than 80% missing), and those with implausible 128 

energy intakes (women <2092 or >14,644 kJ/day, men <3347 or >16,736 kJ/day; data on 129 

energy intakes were available for AHS-2, EPIC-Oxford, the UK Women’s Cohort Study, the 130 
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Million Women Study and NIH-AARP); full details of exclusions have been published [17]. 131 

Each study had approval from their local ethics committee, and all participants provided 132 

informed consent at the time of recruitment (in the Oxford Vegetarian Study, UK Women’s 133 

Cohort Study and NIH-AARP consent was assumed on the basis of returning a completed 134 

questionnaire). 135 

 136 

Diet group classification 137 

Food intake, generally over the previous 12 months or “typical diet”, was assessed at baseline 138 

using cohort-specific food frequency questionnaires (FFQs); the number of foods on the FFQs 139 

ranged from 16 in the UK Biobank to 217 in the UK Women’s Cohort Study (full details have 140 

been published [17]). Using information on the consumption of red meat, processed meat 141 

(including processed red meat and processed poultry, but not processed  fish), poultry, fish, 142 

dairy products and eggs, participants were classified into five diet groups: meat eaters (those 143 

who consume any red meat and/or processed meat), poultry eaters (do not consume any red or 144 

processed meat but do consume poultry), pescatarians (do not consume red meat, processed 145 

meat or poultry, but do consume fish), vegetarians (do not consume red meat, processed meat, 146 

poultry or fish, but do consume dairy products and/or eggs), and vegans (do not consume any 147 

animal products). Poultry intake was not assessed in the Oxford Vegetarian Study, therefore 148 

poultry eaters could not be differentiated from meat eaters in this study. Further details on the 149 

classification of diet groups in each cohort have been described previously [17]. 150 

Information on dietary intake at resurvey, conducted a median of four to 14 years after baseline, 151 

was available for a subsample of participants in all the UK cohorts and CARRS-1; 68-89% of 152 

people categorised as vegetarian at baseline were still classified as vegetarian at resurvey, and 153 

12% or fewer vegetarians were re-classified as meat eaters [17]. 154 

 155 

Cancer ascertainment 156 

Details of cancer ascertainment in each study are shown in Supplementary Table 1. Incident 157 

cancer cases were identified through linkage to cancer registries, except for CARRS-1 where 158 

a combination of methods was used (linkage through a cancer registry, and/or self-report, 159 

and/or verbal autopsy by trained interviewers at follow-up conducted every 2 years as well as 160 

for participants who died [29]). Cancer cases were defined using the World Health 161 

Organization’s International Classification of Diseases (ICD)-10 codes [30] (or allocated to 162 



7 
 

these where ICD-9 or ICD-O-3 codes were provided): mouth and pharynx cancer (C00–14), 163 

oesophageal cancer (C15) and further divided for cohorts with histological codes (EPIC-164 

Oxford, Million Women Study, NIH-AARP, and UK Biobank) into oesophageal squamous 165 

cell carcinoma (ICD-O-3 histological codes 8050–8076) and oesophageal adenocarcinoma 166 

(ICD-O-3 histological codes 8140, 8141, 8190–8231, 8260–8263, 8310, 8430, 8480–8490, 167 

8560, 8570–8572), gastric cancer (C16), colorectal cancer (C18–20) [further divided into colon 168 

(C18), proximal colon (C18.0–18.5), distal colon (C18.6–18.7), and rectum (C19–20)], liver 169 

cancer (C22), pancreatic cancer (C25), lung cancer (C34), female breast cancer (C50), 170 

endometrial cancer (C54), ovarian cancer (C56), prostate cancer (C61), kidney cancer (C64), 171 

bladder cancer (C67), and lymphatic or haematological cancers (C81–96) further divided into 172 

non-Hodgkin lymphoma (C82–85), multiple myeloma (C90), and leukaemia (C91–95). In 173 

AHS-2 and NIH-AARP, ICD-O-3 codes (rather than ICD-10 codes) were used to identify 174 

malignant cancers and histological codes were used to define lymphatic and haematological 175 

cancers (9590–9989), non-Hodgkin lymphoma (9591, 9670–9720), multiple myeloma (9731–176 

9734), and leukaemia (9800–9949) [31]. If a participant was not identified with an incident 177 

cancer before death but had cancer as an underlying cause of death, then they were considered 178 

to have cancer diagnosed on the date of death. 179 

We describe the results for 17 cancer sites: mouth and pharynx, squamous cell carcinoma of 180 

the oesophagus, adenocarcinoma of the oesophagus, stomach, colorectum, liver, pancreas, 181 

lung, breast, endometrium, ovary, prostate, kidney, bladder, non-Hodgkin lymphoma, multiple 182 

myeloma and leukaemia. The main analyses for lung cancer were restricted  to never smokers 183 

to avoid residual confounding due to smoking [32]. The results for four subsites of colorectal 184 

cancer (colon, proximal colon, distal colon, rectum) are shown in the supplementary materials.  185 

 186 
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Covariates 187 

Cohort-specific questionnaires were used to collect baseline data on sociodemographics,  188 

smoking, alcohol intake, physical activity, medical history and female reproductive factors; 189 

full details of data harmonisation are published [17]. Height and weight were self-reported in 190 

the AHS-2, EPICOxford, Oxford Vegetarian Study, UK Women’s Cohort Study, Million 191 

Women Study and NIH-AARP, and measured in CARRS-1, Tzu Chi Health Study, and UK 192 

Biobank [17]. Body mass index (BMI) was calculated as weight in kilograms divided by height 193 

in metres squared. 194 

 195 

Statistical analyses 196 

Characteristics including country, years of recruitment, age at recruitment, average years of 197 

follow-up, number of incident cancer cases observed, and number of participants following 198 

each dietary pattern were described for each cohort, as were baseline characteristics by sex. 199 

For each study and cancer site, multivariable Cox proportional hazards regression models with 200 

age as the underlying time variable were used to estimate the hazard ratios (HRs) and 95% 201 

confidence intervals (CIs) for poultry eaters, pescatarians, vegetarians, and vegans, with meat 202 

eaters (eat red and/or processed meat) as the reference group (all diet groups as defined at 203 

baseline). Participants contributed follow-up time from the date of recruitment (or date of the 204 

first dietary survey in the Million Women Study) until the date of the first cancer diagnosis, 205 

date of death, or date of last follow-up, whichever was the earliest. The models were stratified 206 

by sex and by region or method of recruitment, as appropriate. Covariates in the multivariable-207 

adjusted models, all coded as categorical variables, were: cigarette smoking (and tobacco 208 

chewing in CARRS-1), alcohol intake, regional and sex-specific height categories, BMI, 209 

physical activity, history of diabetes, educational status, living with a partner, ethnic group, 210 

and for women parity and ever use of hormone replacement therapy. For female-specific 211 

cancers, the models were further adjusted for age at menarche, parity and age at first birth 212 

combined, menopausal status, and ever use of oral contraceptives. For prostate cancer, we 213 

further adjusted for history of prostate-specific antigen (PSA) screening where available. 214 

Details of the categories for covariates are in the supplementary methods; for all the covariates,  215 

missing or unknown data were categorised separately as unknown, and  the percentages of 216 

missing or unknown for each covariate in each cohort are shown in Supplementary Table 2.  217 
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To obtain pooled risk estimates across all the cohorts, the logs of cohort-specific HRs were 218 

each weighted by the inverse of their variance and combined using a weighted average meta-219 

analysis; this approach, sometimes referred to as ‘fixed effects’, uses weighting for each study 220 

approximately proportional to the number of events in that study and  does not assume that the 221 

true relative risk is the same in all the studies [33]. Heterogeneity across cohorts was assessed 222 

using the I2 statistic (where I2 values of ~25%, 50% and 75% are considered to indicate low, 223 

moderate and high heterogeneity, respectively) and P for heterogeneity. Cohorts were included 224 

in each cancer site metaanalysis (see details below) if there were at least 10 cases observed of 225 

that cancer over the follow-up period, across all the diet groups, and we present results for 226 

individual diet groups when there were at least 10 cases of cancer in that diet group, across all 227 

the cohorts. For lung cancer, the primary analysis was restricted to never smokers. For breast, 228 

endometrial, and ovarian cancers, analyses were restricted to women, while for prostate cancer 229 

analyses were restricted to men. For breast cancer, we assessed whether the association 230 

between diet group and risk varied by menopausal status at the time of diagnosis; for 231 

postmenopausal women, follow-up time was considered from the date of recruitment if they 232 

were classified as postmenopausal at baseline, or from when they reached the age of 55 (when 233 

~90% of women are postmenopausal) [34]. 234 

To examine the possible influence of reverse causality, where undiagnosed cancer might 235 

influence diet, we conducted further analyses excluding the first 4 years of follow-up. To 236 

examine potential residual confounding by smoking, we repeated all the main analyses in never 237 

smokers. Given that BMI can be considered as both a potential confounder, which was 238 

accounted for in the main analyses, and a potential mediator in the causal pathway between 239 

diet and the risk of cancer, we also performed analyses without adjusting for BMI. 240 

We describe all the HRs which were nominally statistically significant at  two-sided P < 0.05, 241 

and also indicate HRs which were statistically significant after allowing for multiple testing 242 

using the false discovery rate (FDR, among the 16 HRs shown in the main Figs. 1 to 3) as 243 

defined by Benjamini and Hochberg with a threshold of 0.05 [35]. All statistical analyses were 244 

conducted using Stata release 18.1 (StataCorp, College Station, TX, USA). Forest plots were 245 

generated using R version 4.1.2 and the package “Jasper makes plots” version 2-266 [36]. 246 

 247 
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Results 248 

Data were harmonised for 1,817,477 participants in nine prospective studies in four countries, 249 

comprising 1,645,555 (90.5%) meat eaters (eat red and/or processed meat), 57,016 (3.1%) 250 

poultry eaters, 42,910 (2.4%) pescatarians, 63,147 (3.5%) vegetarians, and 8849 (0.5%) vegans 251 

(Table 1). The largest numbers of both vegetarians and vegans were in AHS-2 and EPIC-252 

Oxford, with these two studies contributing 55% of vegetarians and 82% of vegans. The period 253 

of recruitment ranged from 1980 to 2010, and age at recruitment ranged from 15 years old and 254 

upwards. Mean follow-up across studies ranged from 6 years in CARRS-1 to 27 years in the 255 

Oxford Vegetarian Study, and 220,387 incident cancers were identified for the sites of interest: 256 

4504 mouth and pharynx, 1308 oesophagus (squamous), 2105 oesophagus (adenocarcinoma), 257 

3578 stomach, 30,528 colorectum, 2970 liver, 8030 pancreas, 3077 lung (in never smokers), 258 

61,368 breast, 11,220 endometrium, 8076 ovary, 45,946 prostate, 7193 kidney, 6869 bladder, 259 

11,651 non-Hodgkin lymphoma, 4658 multiple myeloma and 7306 leukaemia. Baseline BMI 260 

and other characteristics are shown in Table 2; mean BMI in women ranged from 21.8 kg/m2 261 

in the Oxford Vegetarian Study to 27.1 kg/m2 in AHS-2 and UK Biobank, while mean BMI in 262 

men ranged from 22.7 kg/m2 in the Oxford Vegetarian Study to 27.8 kg/m2 in UK Biobank. 263 

The pooled HRs for poultry eaters, pescatarians, vegetarians and vegans compared to meat 264 

eaters for 16 cancer sites are shown in Figs. 1 to 3 (excluding lung cancer because this analysis 265 

was restricted to never smokers); all the HRs for each individual cancer site by cohorts are 266 

shown in Supplementary Figs. 1 to 17. 267 

 268 

Gastrointestinal tract cancers 269 

For colorectal cancer, compared to meat eaters, the HRs were 0.93 (95% confidence interval 270 

0.86 to 1.00) in poultry eaters, 0.85 (0.77 to 0.93, FDR significant) in pescatarians, 1.03 (0.94 271 

to 1.13) in vegetarians, and 1.40 (1.12 to 1.75, FDR significant) in vegans (Fig. 1). In subsite 272 

analyses, pescatarians had a lower risk of colon cancer (0.80 (0.71 to 0.90)) and vegans had a 273 

higher risk of rectal cancer (1.78 (1.23 to 2.57)) (Supplementary Table 3). 274 

Vegetarians had a higher risk of squamous cell carcinoma of the oesophagus (1.93 (1.30 to 275 

2.87, FDR significant)), but a lower risk of pancreatic cancer (0.79 (0.65 to 0.97)) compared to 276 

meat eaters (Fig. 1). Risks for cancers of the mouth and pharynx, adenocarcinoma of the 277 

oesophagus, stomach and liver did not vary between meat eaters and the other diet groups (Fig. 278 

1). 279 
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 280 

Lung cancer 281 

In our primary analysis, which for lung cancer was restricted to never smokers, the risk of lung 282 

cancer did not differ between meat eaters and the other diet groups (Supplementary Fig. 8); in 283 

supplementary analyses which included current and exsmokers (with adjustment for detailed 284 

smoking categories), there were lower risks in poultry eaters (0.83 (0.77 to 0.89)) and  285 

pescatarians (0.82 (0.72 to 0.92)) than in meat eaters (Supplementary Table 3). 286 

Cancers of the reproductive system 287 

Compared to meat eaters, risk of breast cancer was lower in pescatarians (0.93 (0.88 to 0.98)) 288 

and in vegetarians (0.91 (0.86 to 0.97)) (Fig. 2). These associations were significant in 289 

postmenopausal women (pescatarians: 0.91, 0.86 to 0.97; vegetarians: 0.89, 0.83 to 0.95), but 290 

not in premenopausal women (Supplementary Table 4). 291 

The risk of prostate cancer was lower in poultry eaters (0.93 (0.88 to 0.98)) and vegetarians 292 

(0.88 (0.79 to 0.97)) than in meat eaters. Risks for cancers of the endometrium and ovary did 293 

not vary between meat eaters and the other diet groups. 294 

 295 

Cancers of the urinary tract and blood 296 

The risk of kidney cancer was lower in pescatarians (0.73 (0.58 to 0.93)) and in vegetarians 297 

(0.72 (0.57 to 0.92)) than in meat eaters. Risk for cancer of the bladder did not vary between 298 

meat eaters and the other diet groups (Fig. 3). 299 

Compared to meat eaters, the risk of multiple myeloma was lower in vegetarians (0.69 (0.51 to 300 

0.93)). Risks for non-Hodgkin lymphoma and leukaemia did not vary between meat eaters and  301 

the other diet groups. 302 

 303 

Sensitivity analyses; consistency by follow-up time, and results in never smokers 304 

The results for the 11 nominally significant associations identified  are shown in Table 3: 305 

overall, after excluding the first 4 years of follow-up, and in never smokers. The most consistent 306 

findings were the higher risk of squamous cell carcinoma of the oesophagus and  lower risk of 307 

kidney cancer in vegetarians, which were not attenuated and remained statistically significant  308 

in both these sensitivity analyses; the other nine nominally significant associations were not 309 



12 
 

statistically significant in one or both of the sensitivity analyses, although for some of these the 310 

HRs changed little. 311 

 312 

Heterogeneity between cohorts 313 

There was no significant heterogeneity between cohorts for the 11 nominally significant  314 

associations with the exception of the lower risks for prostate cancer among poultry eaters and 315 

vegetarians (Table 3 and Supplementary Figs. 2, 5, 7, 9, 12, 13, 16, and Supplementary Table 316 

3). 317 

  318 

Impact of adjustment for body mass index (BMI) 319 

The main analyses described above all included adjustment for BMI. To demonstrate the 320 

impact of the adjustment for BMI in these models, Supplementary Table 3 also shows the 321 

results from multivariable models not including BMI; comparisons showed that, among the 11 322 

nominally significant associations described above, the adjustment for BMI generally modestly 323 

attenuated the HRs towards the null (with the exceptions of multiple myeloma in vegetarians, 324 

where the HR remained unchanged, and colorectal cancer in vegans, where adjustment for BMI 325 

increased the HR from 1.32 to 1.40). 326 

 327 

Discussion 328 

Principal findings 329 

We harmonised individual participant data from all the identified  studies worldwide with 330 

information on cancer incidence in substantial numbers of people following vegetarian diets. 331 

We examined the risks of 17 types of cancer, comparing poultry eaters, pescatarians, 332 

vegetarians, and vegans to meat eaters; poultry eaters had a lower risk of prostate cancer, 333 

pescatarians had lower risks of colorectal, breast and kidney cancer, vegetarians had lower risks 334 

for cancers of the pancreas, breast, prostate, kidney and multiple myeloma, but higher risk of 335 

squamous cell carcinoma of the oesophagus, and vegans had a higher risk of colorectal cancer.  336 

In sensitivity analyses, the most consistent findings were that vegetarians had a higher risk of 337 

squamous cell carcinoma of the oesophagus and a lower risk of kidney cancer. There was no 338 

strong evidence of marked heterogeneity between studies despite the wide geographic spread 339 

of the populations. 340 
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  341 

Cancers of the gastrointestinal tract 342 

The International Agency for Research on Cancer and the World  Cancer Research Fund 343 

(WCRF)/American Institute for Cancer Research (AICR) have concluded that the risk for 344 

colorectal cancer rises with higher consumption of processed meat, and  probably also 345 

unprocessed red meat [37, 38]. We observed that, compared to meat eaters, the risk was 15% 346 

lower in pescatarians, not different in vegetarians, and 40% higher in vegans. The absence of 347 

a lower risk in vegetarians appears inconsistent with an adverse impact of processed and red 348 

meat, but it should be noted that processed meat intakes in the meat eating groups in the study 349 

populations were moderately low; mean intakes ranged from 2 g/d in the Tzu Chi Health Study 350 

to 20 g/d in EPIC-Oxford, with a median across cohorts of ~16 g/d [17], which can be compared 351 

with general population data for the UK where mean intakes in 2008–2009 were 34 g/d [39]. 352 

The higher risk of colorectal cancer observed in vegans is based on only 93 incident cases 353 

among vegans in seven studies in the UK and US, with <10 cases in vegans in five of these 354 

studies, and therefore should be interpreted with caution; furthermore, the increased risk was 355 

attenuated and no longer statistically significant after excluding the first 4 years of followup, 356 

although it did remain statistically significant in the analysis restricted to never smokers. This 357 

observed increase in risk is not compatible with the predicted reduction in risk due to the 358 

absence of meat intake. In all cohorts, vegans had the lowest intakes of alcohol which is a cause 359 

of colorectal cancer [40], and the highest intakes of wholegrains and dietary fibre which have 360 

been associated with a lower risk [17, 38], suggesting that other aspects of vegan diets in these 361 

populations may contribute to the higher risk observed. Vegans have zero intakes of dairy 362 

products, and in all cohorts with nutrient intake data vegans had the lowest reported intakes of 363 

calcium, mean intakes ranging from 328 mg/d in the Million Women Study to 686 mg/d in the 364 

UK Women’s Cohort Study, and a median across the cohorts of  590 mg/d [17], which is low 365 

compared to the UK reference nutrient intake for adults of 700 mg/day [41]. The WCRF/AICR 366 

concluded that dairy products, and calcium supplements, probably protect against colorectal 367 

cancer [38], and a recent diet-wide analysis of colorectal cancer in the Million Women Study 368 

showed that the strongest association was with calcium [42], so the higher risk for colorectal 369 

cancer in vegans might be due to their low average intake of calcium; low intakes of other 370 

nutrients such as long-chain n-3 fatty acids might also be involved [43]. 371 

For other cancers of the gastrointestinal tract, vegetarians had a higher risk of squamous cell 372 

carcinoma of the oesophagus and a lower risk of pancreatic cancer. Some areas of the world 373 
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such as northeastern Iran, and Linxian and Cixian in China, have extremely high rates of 374 

oesophageal cancer, largely squamous cell carcinoma, which might be linked to various non-375 

dietary factors and/or to restricted diets with low intakes of animal protein, total protein or 376 

various micronutrients [44], and recent clinical evidence supports the importance of riboflavin 377 

and zinc [45, 46], both of which are abundant in animal foods. Although our findings for 378 

squamous cell carcinoma of the oesophagus are based on only 31 cases in vegetarians in three 379 

studies in the UK, the risk was of substantial magnitude (1.93) and consistent in our sensitivity 380 

analyses. 381 

We observed a lower risk for pancreatic cancer in vegetarians, but this association was 382 

attenuated to the null in the analyses restricted to never smokers and should be interpreted with 383 

caution; the potential role of diet in relation to pancreatic cancer risk remains unclear [38]. 384 

 385 

Lung cancer 386 

The main analyses for lung cancer were restricted to never smokers to avoid residual 387 

confounding by smoking; we observed no significant differences in risk between meat eaters 388 

and the other diet groups, concordant with recent meta-analyses finding no strong evidence that 389 

dietary factors are associated with risk for lung cancer [38]. In the additional analyses of lung 390 

cancer in all participants there were small but statistically significant reductions in risk among 391 

poultry eaters and pescatarians, probably due to some residual confounding despite the detailed 392 

adjustment for smoking history. 393 

  394 

Cancers of the reproductive system 395 

The risk of breast cancer was lower in pescatarians (by 7%) and in vegetarians (by 8%) 396 

compared to meat eaters; these differences in risk were confined to postmenopausal women, 397 

and were larger before adjusting for BMI, suggesting they may be at least partly due to 398 

differences in adiposity. The absence of compelling evidence for differences in breast cancer 399 

risk between diet groups after accounting for BMI is consistent with the generally null findings 400 

for diet (excluding alcohol) [38, 47]. There was no evidence that risks for endometrial or 401 

ovarian cancer varied between meat eaters and the other diet groups. For prostate cancer, risk 402 

was 7% lower in poultry eaters and 12% lower in vegetarians compared to meat eaters. 403 

Although these associations were attenuated to the null in the analyses restricted to never 404 

smokers and should therefore be interpreted cautiously, they appear compatible with the broad 405 
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hypothesis that lower consumption of animal protein might lead to a reduction in risk of 406 

prostate cancer through lower circulating levels of insulin-like growth factor-I [48]. 407 

 408 

Cancers of the urinary tract 409 

The risk of kidney cancer was lower in pescatarians (by 27%) and  in vegetarians (by 28%) 410 

compared to meat eaters. Previous research on meat and kidney cancer risk has been 411 

inconclusive [38, 49], but high intakes of animal protein might have adverse impacts on kidney 412 

health [50], and circulating concentrations of a biomarker of kidney cancer risk (kidney injury 413 

molecule-1 or KIM-1, also called HAVRC1) have been reported to be markedly lower in 414 

vegetarians and pescatarians than in meat eaters [51]. Risk of bladder cancer did not vary 415 

between meat eaters and the other diet groups, consistent with other null findings on diet [38]. 416 

 417 

Cancers of the blood 418 

The risk for multiple myeloma was 30% lower in vegetarians compared to meat eaters. There 419 

is a paucity of previous research on diet for this cancer [52]; the only established diet-related 420 

risk factor is obesity [53]. Risks for non-Hodgkin lymphoma and leukaemia did not vary 421 

between meat eaters and the other diet groups. 422 

  423 

Mechanisms which may link vegetarian diets with cancer risk 424 

In studies from Western Europe and North America, vegetarians typically have several 425 

favourable diet-related characteristics, including relatively low intakes of saturated fat and 426 

relatively high intakes of dietary fibre, together with low BMI and low lowdensity lipoprotein 427 

cholesterol compared to meat eaters [17, 54]. The lower BMI of vegetarians, observed in all 428 

the cohorts except for CARRS-1, would be expected to cause a modestly lower risk for 429 

several cancers [53]; all the main results have been adjusted for BMI, thus evaluating the 430 

hypothesis that vegetarian diets affect cancer risk independently of differences in BMI. 431 

As well as these favourable characteristics, vegetarians and vegans typically have lower 432 

intakes of several nutrients and therefore might be at higher risk of deficiency. In all five 433 

cohorts for which we centralised data on nutrient intakes (AHS-2, EPICOxford, UK 434 

Women’s Cohort Study, Million Women Study, NIHAARP), dietary intakes (i.e. excluding 435 

any supplements) of protein, vitamin B12, and vitamin D were lower in vegetarians than in 436 
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meat eaters, and even lower in vegans who also had lower dietary intakes of calcium. Further 437 

analyses in EPIC-Oxford have also shown a higher prevalence of inadequate dietary intakes 438 

(not taking into account supplements) in vegetarians of bioavailabilityadjusted  iron, and 439 

selenium, and in vegans of vitamin A, riboflavin, zinc and iodine [2], and vegetarians and 440 

vegans have low to zero intakes of long-chain n-3 fatty acids [55]. As discussed above, the 441 

higher risks we observed for squamous cell carcinoma of the oesophagus in vegetarians, and 442 

for colorectal cancer in vegans, might be due to a higher prevalence of inadequate intakes of 443 

some nutrients in these groups within the populations studied. Further research could clarify 444 

the role of diet in risk of these cancers, and potentially enable mitigation of the excess risks 445 

by better food choices, together with food fortification and/or dietary supplements. 446 

 447 

Strengths and limitations 448 

The strengths of the consortium are that it includes all identified  prospective studies worldwide 449 

with large proportions and/or large numbers of vegetarians, together with long term follow-up 450 

for incident cancers. For poultry eaters, pescatarians and vegetarians we had adequate statistical 451 

power to detect moderate differences in risks for common cancers, and to detect for the first 452 

time substantial differences in risks for the less common cancers; for vegans, however, numbers 453 

of cases and therefore statistical power were low. Data harmonisation enabled us to use 454 

standardised exposure definitions and regression models for each cancer, and  to adjust for 455 

major non-dietary risk factors using the same categorisations.  456 

The limitations of this study also need to be considered. We identified and analysed cohorts 457 

with large proportions of vegetarians, as well as several very large cohorts (>0.5 million  458 

people); a few other moderately large cohorts have published findings on vegetarian diets and 459 

cancer risk but with relatively small numbers, for example, 635 vegetarians in the Netherlands 460 

Cohort Study (compared to ~63,000 in the current analysis) [56]. Within the UK and the USA 461 

there might be some overlap of participants between the cohorts, but we do not have 462 

information on this and any overlap is likely to be minor. Some of the nominally significant  463 

associations observed might be due to chance because of the number of tests performed, but 464 

we interpreted all the findings cautiously.  465 

Vegetarian diets are defined by the foods that are not eaten rather than by the foods that are 466 

eaten, so while vegetarian diets are often high in foods thought to be healthy (e.g. fruit and  467 

vegetables), they can be high in less healthy foods such as highly refined carbohydrates, and 468 
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we do not have data on food processing or cooking methods; correspondingly, the meat and  469 

poultry eaters, and the pescatarians, in the contributing cohorts may not eat large amounts of 470 

the foods which define their diet group [17]. Furthermore, there may be some misclassification 471 

of diet group at baseline, and we did not assess duration of diet adherence before participants 472 

joined the cohorts, although where these data are available in individual cohorts the majority 473 

of vegetarians had followed their diet for at least several years and analyses of nutritional 474 

biomarkers, for example in EPICOxford and UK Biobank, showed many highly statistically  475 

significant differences between diet groups in the expected  directions [8, 54, 57]. The resurvey 476 

data showed that the great majority of vegetarians maintained their diet at follow-up and only 477 

a minority changed dietary group, which would be expected to result in some attenuation of 478 

risk estimates towards the null. All the main analyses were adjusted for BMI but not for energy 479 

intake, because the relationship of energy intake with cancer risk is through adiposity, which 480 

is approximated by BMI [58]. Our findings may also be affected by residual confounding due 481 

to non-dietary factors; the associations of vegetarian diets with major cancer risk factors were 482 

broadly similar across the cohorts, with vegetarians generally having a healthier profile  483 

including lower levels of smoking and alcohol consumption, and while we adjusted for these 484 

and other potential confounders there may still be some confounding due to missing data and  485 

imprecisely measured or unmeasured risk factors, such as family history of cancer, as well as 486 

possible differences between diet groups in cancer screening.  487 

 488 

Conclusion 489 

This consortium includes the great majority of prospective data currently available worldwide 490 

on vegetarian diets and cancer risk. Among the people studied, most of whom lived in the UK 491 

or USA, poultry eaters had a lower risk of prostate cancer, pescatarian diets were associated 492 

with lower risks of colorectal, breast and kidney cancer, vegetarian diets were associated with 493 

lower risks of cancers of the pancreas, breast, prostate, kidney and multiple myeloma but a 494 

higher risk of squamous cell carcinoma of the oesophagus, and vegan diets were associated 495 

with a higher risk of colorectal cancer although the number of cases among vegans was small. 496 

Future research should examine the possible mediating roles of both metabolic factors and 497 

nutritional deficiencies, and collect more data particularly in vegans and in populations outside 498 

Western Europe and North America. The generalisability of the findings should be considered 499 

cautiously, because the diets and nutritional intakes of both vegetarians and non-vegetarians 500 

can vary substantially within and between populations.     501 
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Fig 1. Pooled hazard ratios for cancers of the gastrointestinal tract in poultry eaters, 664 

pescatarians, vegetarians and vegans, relative to meat eaters.  665 

Results were only reported for diet groups with ≥10 incident cases across all cohorts. Pooled 666 

multivariable-adjusted hazard ratios (HRs) and 95% confidence intervals. The models were 667 

stratified by sex (where appropriate), and by region or method of recruitment. Covariates in 668 

the multivariable-adjusted models were: living with a partner (yes, no), educational status 669 

(less than secondary/high school, secondary/high school or equivalent, university degree or 670 

equivalent), ethnic group (Asian, Black, Hispanic, White, other), study and sex-specific 671 

height categories (women in UK and USA cohorts: <160, 160–164.9, ≥165 cm; women in 672 

Asian cohorts: <150, 150-154.9, ≥155 cm; men in UK and USA cohorts: <175, 175–179.9, 673 

≥180 cm; men in Asian cohorts: <163, 163-167.9, ≥168 cm), cigarette smoking history 674 

(never, previous, current <10 cigarettes/day, current 10–19 cigarettes/day, current ≥20 675 

cigarettes/day, current unknown number of cigarettes), tobacco chewing (in CARRS-1 only; 676 

never, previous, current), physical activity (highly active, moderately active, inactive), 677 

alcohol intake (0.0, 0.1–9.9, 10.0–19.9, ≥20.0 g/day), history of diabetes (yes, no), parity 678 

(nulliparous, parous), ever used hormone replacement therapy (yes, no), and BMI (<20.0, 679 

20.0–22.4, 22.5-24.9, 25.0–29.9, ≥30.0 kg/m2). For all variables, a further category of 680 

unknown was included for participants with missing data.  681 

Abbreviations: ACC, adenocarcinoma; CI, confidence intervals; SCC, squamous cell 682 

carcinoma. 683 

 684 

Fig 2. Pooled hazard ratios for cancers of the reproductive system in poultry eaters, 685 

pescatarians, vegetarians and vegans, relative to meat eaters. 686 

 687 

Pooled multivariable-adjusted hazard ratios (HRs) and 95% confidence intervals. The models 688 

were stratified by sex (where appropriate), and by region or method of recruitment. 689 

Covariates in the multivariable-adjusted models were: living with a partner (yes, no), 690 

educational status (less than secondary/high school, secondary/high school or equivalent, 691 

university degree or equivalent), ethnic group (Asian, Black, Hispanic, White, other), study 692 

and sex-specific height categories (women in UK and USA cohorts: <160, 160–164.9, ≥165 693 

cm; women in Asian cohorts: <150, 150-154.9, ≥155 cm; men in UK and USA cohorts: 694 

<175, 175–179.9, ≥180 cm; men in Asian cohorts: <163, 163-167.9, ≥168 cm), cigarette 695 

smoking history (never, previous, current <10 cigarettes/day, current 10–19 cigarettes/day, 696 
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current ≥20 cigarettes/day, current unknown number of cigarettes), tobacco chewing (in 697 

CARRS-1 only; never, previous, current), physical activity (highly active, moderately active, 698 

inactive), alcohol intake (0.0, 0.1–9.9, 10.0–19.9, ≥20.0 g/day), history of diabetes (yes, no), 699 

parity (nulliparous, parous), ever used hormone replacement therapy (yes, no), and BMI 700 

(<20.0, 20.0–22.4, 22.5-24.9, 25.0–29.9, ≥30.0 kg/m2). For breast, endometrial, and ovarian 701 

cancers, the models were further adjusted for age at menarche (≤10 years, 11–12 years, 13–702 

14 years, ≥15 years), parity and age at first birth combined (nulliparous, and parity and age at 703 

first birth grouped as: 1–2 and <25 years, 1-2 and 25-29 years, 1-2 and ≥30 years, 1-2 and 704 

unknown, ≥3 and <25 years, ≥3 and 25-29 years, ≥3 and ≥30 years, ≥3 and unknown), 705 

menopausal status (pre-menopausal, post-menopausal), and ever used oral contraceptives 706 

(yes, no). For prostate cancer, the models were further adjusted for history of prostate antigen 707 

screening (yes, no). For all variables, a further category of unknown was included. 708 

 709 

 710 

Fig 3. Pooled hazard ratios for cancers of the urinary tract and blood in poultry eaters, 711 

pescatarians, vegetarians and vegans, relative to meat eaters. 712 

Results were only reported for diet groups with ≥10 incident cases across all cohorts. Pooled 713 

multivariable-adjusted hazard ratios (HRs) and 95% confidence intervals. The models were 714 

stratified by sex (where appropriate), and by region or method of recruitment. Covariates in 715 

the multivariable-adjusted models were: living with a partner (yes, no), educational status 716 

(less than secondary/high school, secondary/high school or equivalent, university degree or 717 

equivalent), ethnic group (Asian, Black, Hispanic, White, other), study and sex-specific 718 

height categories (women in UK and USA cohorts: <160, 160–164.9, ≥165 cm; women in 719 

Asian cohorts: <150, 150-154.9, ≥155 cm; men in UK and USA cohorts: <175, 175–179.9, 720 

≥180 cm; men in Asian cohorts: <163, 163-167.9, ≥168 cm), cigarette smoking history 721 

(never, previous, current <10 cigarettes/day, current 10–19 cigarettes/day, current ≥20 722 

cigarettes/day, current unknown number of cigarettes), tobacco chewing (in CARRS-1 only; 723 

never, previous, current), physical activity (highly active, moderately active, inactive), 724 

alcohol intake (0.0, 0.1–9.9, 10.0–19.9, ≥20.0 g/day), history of diabetes (yes, no), parity 725 

(nulliparous, parous), ever used hormone replacement therapy (yes, no), and BMI (<20.0, 726 

20.0–22.4, 22.5-24.9, 25.0–29.9, ≥30.0 kg/m2). For all variables, a further category of 727 

unknown was included.  728 
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