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Abstract: To assess the health benefits of a vegan diet, observational studies of diabetes (non-

insulin dependent; NIDDM), cancer,mortality, gutmicrobiota, hypertension, lipids, and overweight

were examined. Utilizing PRISMA items to identify articles and assess their quality for inclusion,

44 studies were screened into the review. In two separate studies, vegans did not have a reduced risk

of diagnosis of “any” cancer, nor of specific cancers when the effects of BMI were adjusted. When

datawere aggregated, therewas a reduced risk of any cancer. Vegans had lower total cholesterol and

LDL-C levels compared to omnivores, and in some cases other dietary groups. In the US, there was

a reduced risk of a diagnosis ofNIDDMand inWestern countries, vegans had lower BMI. Research

support for reduced risk of diagnosis of female cancers, improved mortality rates, lower blood

pressure, lower triglycerides, and a healthier microbiome for vegans compared to omnivores was

inconsistent. There was no evidence that reduced specific cancer incidence rates were lower in

vegans although inadequate sample sizes had hampered these analyses. In vegans, HDL-C levels

were either lower or not significantly different from omnivores. Geographic location was a strong

moderatorwith themost compelling evidence for the health advantages of a vegan diet coming from

the US, whereas in Taiwan, India andVietnam, there wasmuch less evidence of its benefit. In some

instances, sex moderated the association between adopting the diet and health outcomes.

Adherence, specific content of the diet, and dietary comparison groups utilized in studies may

also affect results.Although a vegan diet is associatedwith some health benefits, the level of support

for the benefit varied according to the health outcome beingmeasured, with evidence emerging that

BMI is an important mediator and geography and to a lesser extent sex are important moderators.
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Introduction
In 1944, members of the Vegetarian Society in the United Kingdom first coined the term

“vegan.”1 Veganism is defined as “… the practice of dispensingwith all products derived

wholly or partly from animals.”2 Hence, people identifying as vegan avoid eating meat,

poultry, fish, eggs or dairy foods. Although veganism extends beyond food choices, as

many adopted the diet, its health benefits began to be investigated.

A review of the health benefits of a vegan diet is timely. One previous review3 was

published eleven years ago. Recently there have been more focused reviews and meta-

analyses (eg, Yokoyama et al4), but a more expansive analysis has not been performed.

Because addressing the health benefits of a vegan diet is a broad topic, further

delineation of the parameters of this review was necessary. First, we chose to focus on

observational studies (cohort, case control and cross-sectional designs) rather than clinical

trials. Second, we decided to forego reviewing the nutrient deficiencies that can result

from a poorly planned vegan diet as these have been described elsewhere.5 Beyond

addressing diet benefits, health conditions and medical/nutritional indicators of health

problems were selected based on there being sufficient literature to merit inclusion.
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Furthermore, if findings from included studies showed those

following a vegan diet had worse outcomes than those follow-

ing other diets, these results were reported.

The specific areas targeted in this review are the

following: non-insulin dependent diabetes mellitus

(NIDDM), cancers, mortality, gut microbiome, hyperten-

sion (blood pressure), lipids (cholesterol), and overweight

(body mass index (BMI)).

Methodology
In line with recommendations for reviewing studies within a

broad topic area, we adopted a semi-systematic approach.6We

utilized methods outlined in the Preferred Reporting Items for

Systematic Reviews andMeta-Analyses (PRISMA)7,8 to iden-

tify, evaluate and ultimately select studies for inclusion.

Furthermore, we reported in Table 1–7 characteristics of stu-

dies in the review including location, cohort, design, sample

description, sex, mean age, results/follow-up, adjustment and

effect size. However, as the topic areas were diverse (eg,

cancer, NIDDM), we could not extract uniform data across

topics. Additionally, we included well-conducted meta-ana-

lyses and other systematic analyses and reviews in our discus-

sion of findings as this work is informative.

Eligibility criteria for inclusion were the following: 1)

English language, 2) Human participants, 3) Focused on health

benefits of a vegan diet (see above for specific areas), 4)

Inclusion of both vegans and an appropriate comparison

group, 5) Age of participants was 18 or older, 6) Vegan diet

was defined as consuming fish, meat, poultry, dairy or eggs no

more than once monthly, 7) On vegan diet at least 3 weeks, 8)

Cohort, cross-sectional or case-controlled design, 9)

Dependent variables were well-defined health outcomes, and

10) Full-text article (not just abstract) published in peer-

reviewed journals. Exclusion criteria were 1) Vegans com-

bined with another group for study 2) Other diet (eg, vegetar-

ian), and 3) Lack of between-group parametric tests.

Search Plan and Identification of Studies
A systematic search of Pubmed, Cochrane Central Register of

Controlled Trials, MEDLINE, and MEDLINE PLUS was

performed on June 24, 2019. Then, reference lists of articles

with relevant topic areaswere reviewed to search for additional

studies that were appropriate. In addition, articles published in

the first issue of a new journal focused on studies of plant-

based diets were considered for the review. The search terms

used to locate studies were: “plant-based” OR “vegan” AND

“mortality” OR “death” OR “risk assessment” OR “heart dis-

ease” OR “cardiovascular” OR “cardiovascular disease” OR

“stroke*” OR “cerebrovascular disease” OR “statin*” OR

“cancer*” OR “tumor” OR “diabet*” OR “TRD” OR “DT2”

OR “cholester*”OR “gut microbiome”OR “gut bacteria”OR

“body mass index” OR “bmi” OR “bariatric surgery” OR

“obesity”OR “overweight”OR “gastric banding”OR “hyper-

tension”OR “blood pressure increase”OR “atrial fibrillation”.

Study Selection
Results from searches of the databases were combined

yielding a total of 3,105 (see Figure 1) published articles.

After removal of duplicates (N=207), the remaining 2,898

articles were screened to determine if they met inclusion

criteria, using a systematic inspection of article title,

abstract, and if necessary, full text. From this screening,

an additional 2,826 articles were excluded based on

abstract and title review. After full-text review, an addi-

tional 32 articles were excluded. Specifically, 26 studies

were excluded for not measuring a target outcome, 1 study

was excluded for using children as participants, 1 study

was excluded for not being an original study, 2 studies

were excluded for having no control group, and 2 were

excluded because the sample was comprised of both vege-

tarians and vegans. A review of the reference sections of

screened-in articles and other sources revealed additional

20 articles, yielding a total of 60 studies undergoing qual-

ity assessment.

No case–control studies were selected to undergo eva-

luation. To assess the methodological rigor of screened in

studies, all were rated using the Newcastle-Ottawa Quality

Assessment Scale (NOS)9 for either 1) cohort or 2) cross-

sectional designs.10 Both scales are widely used in sys-

tematic reviews and have strong psychometric support.

Each study was assessed independently by two raters,

and any rating disagreement was settled by discussion

and consensus. Ratings of “Fair” or “Good” from both

raters were required for inclusion. From those assess-

ments, 16 articles were removed for failing quality assess-

ment (see Supplementary Table).

A total of 44 studies were screened into the review

(See Table 1–7). As some studies reported multiple out-

comes, they may appear in more than one table. Effect

sizes were computed for studies that provided standard

deviations or standard errors of the mean. To facilitate

comparisons between studies in Tables, the following

abbreviations were used: VG=vegan; VEG=vegetarian

or ovo-lacto vegetarian; PESC=pescatarian, pesco-
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vegetarian or “fisheater;” OMN=omnivore, non-vegetar-

ian or “meateater.”

Results
Diabetes. Studies investigating the relationship between dia-

betes and a vegan diet have focused on NIDDM. Four obser-

vational studies11–14 were published between 2009 and 2019

(see Table 1). Two US studies reported data from the same

cohort of participants,11,12 with a total of 60,903 participants in

the first study and 49,140 of those individuals also in the

second study, conducted two years later. The cases of

NIDDM and Insulin-Dependent Diabetes Mellitus (IDDM)

found during the first assessment were removed from the

follow-up analyses. In these two studies, vegans were less

likely to develop NIDDM than omnivores, but not other com-

parison groups, when controlling for BMI. In a UK study,

compared to omnivores there was no significantly lower risk

for incidence of NIDDM when BMI was controlled although

there was a significantly lower risk of NIDDM in veganswhen

BMI was not controlled.13 However, an Indian study reported

no significant reduction in risk for vegans and other dietary

groups.14

Cancers. Three observational studies of cancer risk in diet-

ary groupswere included in the review (seeTable 2).15–17 They
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were published between 2012 and 2016 and included 7,198

vegans, 38,028 vegetarians, 15,446 pescatarians, 3,885 semi-

vegetarians and 66,204 omnivores for a total of 130,761 parti-

cipants. Tantamango-Bartley et al15 and Penniecook-Sawyers

et al17 reported different data from a cohort of participants

where there was substantial overlap with the 44,674 female

participants in the Tantamango-Bartley et al15 study included

in the Penniecook-Sawyers et al17 study, although the latter

study included data from more US states (48 vs 38 in the

Tantamango-Bartley et al study).

Two cohort studies examined whether overall cancer

diagnosis rates were related to the type of diet that individuals

consume.15,16 According to Tantamango-Bartley et al,15 once

several factors were controlled for including but not limited

to BMI, education, smoking, and menopause, there was no

significant difference in cancer incidence between vegans

and omnivores in both genders combined and for female-

specific cancers. In a similar vein, Key et al16 reported a 14%

lower risk of any cancer diagnosis in vegans compared to

omnivores, but it was not a statistically significant reduction.

However, when BMIwas not a covariate, there was a specific

risk reduction for “any” cancer and for female cancers. There

was no significant risk reduction in the incidence of other

specific diseases (colorectal, breast, or prostate cancer).

Confirming the Key et al16 finding for breast cancer inci-

dence, Penniecook-Sawyers et al17 also found a lower risk of

breast cancer in vegans that was not statistically significant.

Mortality. The 3 articles reporting mortality rates in

dietary groups included several cohort studies (see

Table 3). 18–20 They were published between 1999 and

2016. One report included data from the EPIC-Oxford

Study,18 one included data from the Adventist Health

Study-2,19 and one included data from four cohorts

(Adventist Mortality Study, Health Food Shoppers

Study, Heidelberg Study Cohort, Oxford Vegetarian

Study Cohort).20 The total sample size was 199,913

observations (mean age=50.81), including 8,529 vegans,

53,790 omnivores, 18,085 pescatarians, 25,205 semi-

vegetarians (including 21,174 low meat omnivores),

and 62,538 vegetarians. Participants from the Oxford

Vegetarian Study (11,047) were included in both

Key et al20 and Appleby et al.18

In the majority of comparisons between vegans and

other dietary groups, no significant differences in mortality

risk were found. In a UK study,18 and one combining data

from five studies,20 the death rate hazard ratio (HR) for

vegans compared to omnivores was not significantly dif-

ferent for malignant cancer (stomach cancer, colorectal
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cancer, lung cancer, breast cancer, and prostate cancer),

ischemic heart disease, cardiovascular disease, cerebrovas-

cular disease, diseases of the respiratory system, other

causes and all causes.18–20 However, in a US study using

an omnivore comparison group, vegans had a significantly

lower death rate HR from other causes (excluding heart

disease, cardiovascular disease, and cancer).19 Moreover,

for men, vegans’ death rate HR (from all causes, ischemic

heart disease, and cardiovascular disease) was significantly

lower compared to omnivores.

Gut Microbiome. The gut microbiome consists of var-

ious commensal microbial species (thought to be >500) in

the gastrointestinal tract including bacteria, viruses,

archaea, and eukaryotic microbes.21,22 It has been increas-

ingly studied due to its link to diseases, such as cardiovas-

cular disease, inflammatory bowel disease, and infections

(eg, clostridium difficile). Research has found positive

effects of a plant-based diet on the microbiome, and, in

turn, on disease.23

Four cross-sectional studies (see Table 4)24–27

assessed the gut microbiota of 754 participants (total).

In European studies significantly lower microbial counts

of the Bacteroides fragilis group and the mesophilic/

thermophilic LAB loads (on MRS agar)24 and of the

Bacteroides spp., Bifidobacterium spp., Escherichia coli

and Enterobacteriaceae spp. groups as well as lower

stool pH25 were found in vegan fecal microbiota com-

pared to omnivores. Contrary to these findings, a US

study found neither a difference in the gut microbiota

between vegans and omnivores nor an association

between higher consumption of fermentable substrate

and higher levels of fecal short-chain fatty acids. The

only reported significant finding was a healthier meta-

bolome for vegans compared to omnivores.26 Similarly,

Ruengsomwong et al27 compared several Thai vegetar-

ian groups including a small vegan sample and found no

significant differences in the genus and species of their

microbiotas.

Hypertension. Hypertension is a risk factor for cardiovas-

cular and cerebrovascular diseases.28 The 11 included

articles29–39 reporting blood pressure data in vegans and

other dietary groups were published between 1987 and

2018 (see Table 5). Data from large cohorts were reported

in five studies, including the Adventist Health Study-2

(N=1),38 EPIC-Oxford (N=1),33 UK Biobank (N=1),31

German Vegan Study (N=1),35 and MJ Health Screening

(N=1).39 The total sample size was 478,218 (mean

age=55.5 years), including 3,399 vegans, 448,412 omnivores
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14,936 vegetarians and 11,402 pescatarians, and 69 partial

(semi) vegetarians.

In US studies, vegans had lower systolic blood pressure

(SBP) and diastolic blood pressure (DBP) compared to

omnivores,36,38 although no significant differences in

blood pressure were found between vegans, vegetarians,

and partial vegetarians.32,38 The majority of the remaining

comparisons (across several studies)29,30,32–35 found no sig-

nificant differences in blood pressure between vegans and

other dietary groups with the following exceptions: 1) 2

studies reported significantly lower SBP in vegans com-

pared to omnivores,34,37 2) 1 study found higher DPB in

vegans than omnivores37 and another reported higher DBP

in vegan men than omnivore men,29 and 3) among white

participants, one study found in women significantly lower

SBP (vegans versus omnivore) and DBP (vegans versus

omnivores and vegetarians) and in men significantly lower

SBP (vegans versus omnivores and vegetarians) and DBP

(vegans versus all other dietary groups).31

Lipids. High serum low-density lipoprotein (LDL-C)

cholesterol is a leading risk factor for several diseases,

including stroke, coronary heart disease, and myocardial

infarction.28 Observational studies (N=18; see

Table 6),29,30,32,34–37,39–49 comparing cholesterol levels

among dietary groups were published between 1978 and

2016 included a total of 149,838 participants, comprised of

vegans (n=4,299), vegetarians (n=5,933), pescatarians

(n=2,398), and omnivores (n=137,208). Most studies

(N=11) found that total cholesterol (TC) was significantly

lower in vegans compared to omnivores,30,36,37,41,44,45,47–49

vegetarians,32 and moderate vegans (animal products < 5%

diet).35 Only one study reported no difference in TC in

vegans compared to omnivores.34 In most studies, LDL-C

was found to be significantly lower, in vegans compared to

omnivores,36,40,41,43,46,47,49 with one showing lower levels

in pescatarians49(women) and another in vegetarians.32

High-density lipoprotein (HDL-C) levels were lower in

vegan groups across studies,32,43-45 with subgroup ana-

lyses showing significantly lower HDL-C in vegan

women.44 Shang et al42 found that compared to vegans,

omnivores and pescatarians were at reduced risk of devel-

oping low HDL-C. At the same time, other research

reported no significant differences in HDL-C levels

between vegans and other diet groups.34,36,40,41

Several studies reported that vegans had significantly

lower triglycerides compared to omnivores30,34,36,48 and

vegetarians.32 Other research found no difference in

triglycerides in vegans compared to omnivores,37,41,44,46,47

or higher triglycerides in vegans compared to

omnivores.39,43,44

Overweight. In studies, overweight is typically assessed

using BMI, which is calculated by dividing weight in kilo-

grams by height in meters squared. Individuals with a BMI

between 25 and 29.9 are considered overweight, while those

with a BMI equal to or greater than 30 are considered

obese.50

The 18 observational studies11,14,30,31,35,36,39,48,51–60

were published between 1978 and 2018 (see Table 7). In

12 articles, data from larger studies were reported, includ-

ing EPIC-Oxford (N=4),53,56,58,60 Adventist Health Study-

2 (N=3),11,55,57 Indian’s Third National Family Health

Survey (N=1),14 German Vegan Study (N=1),35 Swedish

Mammography Cohort (N=1),52 MJ Health Screening

(N=1)39 and UK Biobank (N=1).31 Including only the

most recent reports, the total sample size for these studies

was 808,079, including 12,853 vegans, 92,381 vegetarians,

12,781 semi-vegetarians, 28,152 pescatarians, and 661,912

omnivores.

In US studies, vegans had significantly lower BMI than

omnivores, vegetarians, pescatarians, and semi-

vegetarians.11,36,51,55,57 The BMI of Canadian vegans was

not significantly different from that of vegetarians but was

significantly lower than that of Canadian omnivores.59

In the UK, vegans had significantly lower BMI than

omnivores, regardless of sex.31,48,53,56,58 One study60

found the BMI of vegans was significantly lower than

that of vegetarians and was not significantly different

from that of pescatarians. Further, weight gain over 5

years was significantly less in vegan compared to omni-

vore women, but this difference was not observed in

men.58 However, when white men were selected for ana-

lysis, BMIs for vegans were significantly lower than those

of all other diet groups.31

In India, diet groups had similar BMI profiles.14 The

percentage of vegans that were overweight did not signifi-

cantly differ from that of pescatarians, semi-vegetarians,

and omnivores, but was significantly lower compared to

vegetarians and lacto-vegetarians. The same pattern of

results was found in comparisons of obesity rates with

the exception that the percentage of vegans who were

obese did not significantly differ from the percentage of

vegetarians who were obese.

The mean BMI of Swedish vegans did not differ from

those of vegetarians and semi-vegetarians, but was signifi-

cantly lower than that of omnivores.52 Taiwanese vegans
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had significantly lower BMIs than omnivores, with each

additional year of following a vegan diet lowering the risk

of obesity.39 No significant differences were found in the

BMIs of Vietnamese54 and Nigerian30 vegans versus

omnivores.

Discussion
Based on a review of this literature, several health benefits

of a vegan diet were identified. Compared to omnivores,

vegans were less likely to be diagnosed with NIDDM in

the US11,12 but not India.14 There was reduced mortality

risk for all vegans (other causes) and male vegans (all

causes, ischemic heart disease, cardiovascular disease) in

the US19 but not UK18 or in a larger study combining data

from multiple cohorts.20 Vegans were at reduced risk for

incidence of “any” cancer15,16 (US and UK) and of female

cancers15 (US), but only when analyses were not adjusted

for BMI.

Mean blood pressure was lower in vegans compared to

omnivores from the US,36,38 whereas in other locales there

were mixed findings for analyses of SBP and DBP.

Similarly, compared to omnivores, vegans’ BMIs were sig-

nificantly lower in some countries (eg, US,11,36,51,55,57

Sweden,52 Canada,59 Taiwan39) but not others (eg, India,14

Nigeria,30 Vietnam54). The majority of observational studies

found superior lipid profiles (except HDL-C and triglycer-

ides) in vegans compared to other diet groups.30,31,37,46-49

However, observational studies of the vegan microbiome

reported mixed results.24–27

Significantly lower rates of NIDDM were found for

vegans versus omnivores in two large-scale North

American studies.11,12 Although not reported in Table 1,

when BMI was not included as a covariate, in the US,

vegans were less likely to be diagnosed with NIDDM

compared to all dietary groups, suggesting that BMI is

an important mediator for the analyses of vegans versus

vegetarians and pescatarians. Similarly, in a UK study,

vegans’ risk of NIDDM was significantly less than omni-

vores’, but only when there was no BMI adjustment.13

These results are consistent with other research reporting

an average diabetes risk reduction of 47–78% in vegans.61

However, adopting a vegan diet did not result in a sig-

nificant difference in diabetes rates in a large Indian

study.14 Agrawal et al14 surmise that the lack of reduced

relative risk for their vegan sample compared to the advan-

tage reported for US vegan diabetics was due to 1) the

belief among Indians that consuming ghee was permitted

on a vegan diet, 2) the consumption of more refined rice

by Indian vegans, or 3) reverse causality with some dia-

betics adopting a vegan diet to better manage their disease.

It is unclear whether cultural and socio-economic factors

affect diet content and whether other intersecting factors

(eg, diabetics choosing a vegan diet to manage symptoms),

in turn, affect diet-related prevalence of NIDDM.

Two seminal studies of vegan and omnivore diets pro-

vided evidence that a vegan diet decreases "any" cancer

risk, but only when the effects of BMI are not partialled

out, with the implication being that it is an important

mediator.15,16 However, in a recent meta-analysis,62 when

the results of these studies were aggregated, there was a

significant risk reduction for vegans even when BMI was

covaried, because of the larger sample size of the com-

bined studies. However, there was no support that a vegan

diet offered protection against diagnosis of most specific

cancers with the exception of female-specific cancers, but

only when BMI was not a covariate.15 Relatively few

studies have investigated the link between veganism and

cancer probably due to the low prevalence of vegan can-

cers in the population when this research was conducted.63

For both sexes together, vegans’ mortality rate for

causes other than heart disease, cardiovascular disease

and cancer was significantly lower than that of omnivores

in a US study19 but not significantly different in a UK

study,18 and combined analysis of five data sets.20 In the

Orlich et al study, men’s death rates were significantly

lower in vegans from all causes, ischemic heart disease

and cardiovascular disease.19 Dinu et al62 found a benefit

in mortality rates for vegans considered together with

vegetarians, but not for vegans alone. However, they did

not break down their analysis by sex. It is unclear why,

despite the many health benefits of a vegan diet (eg,

reduced risk of NIDDM and cancer ("any"), lower TC

and LDL cholesterol, and lower BMI), there was not

more evidence for a mortality advantage. One possibility

is that the relatively advanced health care systems in the

countries where this research was conducted were able to

effectively treat diseases, therefore delaying mortality in

sick people.18 Insufficient sample size representing the

vegan population is also partly responsible for the sparse-

ness of this evidence.20

Investigations of the microbiome of vegans and omni-

vores have reported mixed results. Two cross-sectional

studies of vegans and omnivores reported a comparatively

favorable profile for the gut microbiota in the vegan
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sample, suggesting potential positive effects on fecal flora

of a vegan diet.24,25 At the same time, a fecal analysis

examining the gut make-up of individuals following dif-

ferent vegetarian diets did not reveal significant

differences.27 However, the Ruengsomwong et al sample

of vegans was small (n=3). Similarly, in US urban vegans,

the microbiome was not significantly different from that of

omnivores, but there were significant differences in their

plasma metabolome.26 Specifically, in the plasma metabo-

lome of vegans, compared to omnivores there were more

numerous bacterial metabolites and fewer amino acid

metabolites, differences associated with improved health

outcomes such as increases in beneficial bacterially gener-

ated metabolites (eg, equol) and reductions in harmful

metabolites like trimethylamine. The authors note that

gut microbiota affected the make-up of the plasma meta-

bolome to a greater extent in vegans than in omnivores and

that environmental differences can affect gut microbiota,

an observation that is in line with the geographic differ-

ences in findings described in these articles.

Compared to omnivores, the lower mean SBPs and

DBPs in vegans were found in US studies.36,38

Moreover, vegans’ SBP and DBP levels did not signifi-

cantly differ from those of vegetarians, semi-vegetarians,

and pescatarians. In the remainder of the research, there

were no significant blood pressure differences in compar-

isons of vegans to other dietary groups29,30,32–35 with only

a few exceptions.29,31,34,37 Other considerations may have

impacted these results, for example that persons with

hypertension routinely take medications to lower their

blood pressures. Indeed, examination of means for dietary

groups revealed that most were well within normotensive

ranges.

The large majority of observational studies found more

favorable lipid profiles in vegans than in omnivores and

other comparison groups.30,36,37,41,45-49 These findings are

consistent with results from a recent meta-analysis asses-

sing the relationship between lipids and vegetarian diets.4

There is a strong relationship between high levels of TC

and LDL-C and intake of saturated fat, which in the

human omnivore diet is derived predominantly from ani-

mal sources.64

The varied results for triglycerides may be explained

by geographic differences. Vegans had higher triglyceride

levels in studies conducted in Taiwan whereas other

research showed they had either lower levels or levels

that were not significantly different. In trying to explain

this discrepancy, Shang et al42 note that the omnivore diet

in Taiwan differs from the typical Western diet in that

there are more plant foods, no dairy and lesser quantities

of other animal-derived foods. This finding is consistent

with a meta-analysis of vegan diets and cardio-metabolic

risk factors that also found a different pattern of results in

some Taiwan studies.65

The results for HDL-C levels were also mixed, with

studies reporting either less favorable levels for vegans or

non-significant differences. Low HDL-C and high trigly-

cerides have been considered components of metabolic

syndrome and independent risk factors for cardiovascular

disease.43 However, other research has cast doubt on this

relationship with respect to HDL-C4 as interventions66 and

genetic variants67 that increase HDL-C do not reduce

coronary heart disease risk. As later follow-up analyses

showed no associations, Chiu et al39 proposed that poorer

triglycerides and HDL-C in vegetarians and vegans may

be due to “reverse causation”, in which individuals with

medical conditions switch to a vegetarian diet in order to

improve their health.

Vegans had lower BMI or overweight/obesity rates than

omnivores in some countries (eg, US,11,36,51,55,57 Sweden,52

Canada,59 Taiwan39), but these differences were not found in

other countries (eg, India,14 Nigeria,30 Vietnam54). In the

Nigerian study,30 there were only 8 vegans, so that compar-

ison was likely insufficiently powered. The Vietnamese

study54 assessed vegan Buddhist nuns and matched controls.

In both groups, the mean BMIwas 24, well within the normal

range. The larger US studies in this review did not report

average BMI of their female participants. However, in the

US, the BMI of the average adult woman is 26.5,68 which is

in the overweight range. The data for the Indian sample14

were divided according to weight status category (eg, under-

weight, overweight, obese) and the proportions in each fol-

lowing different diets were compared. Across diet categories,

the percentage of individuals who were overweight or obese

was small by Western standards, ranging from 10% in pes-

catarians (11.5% in vegans) to 16.2% in lacto-vegetarians.

Considering these results and those of the other observational

studies that were reviewed, compared to an omnivore diet

consuming a vegan diet appears to provide some protection

against overweight in non-Asian countries, possibly because

obesity is more prevalent in these locations. In terms of the

differences between vegans versus vegetarians, semi-vege-

tarians, and pescatarians, the results were inconsistent.

An important finding from this review was that demo-

graphic variablesmoderated the relationship between consum-

ing a vegan diet and some outcomes. For example, in a US
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study, there were sex differences in mortality (from all causes,

ischemic heart disease and cardiovascular disease) with male

vegans reporting significantly lower rates than their omnivore

counterparts while there was not a significant difference in

female mortality rates.19 In the UK, vegan white women had

lower SBP and DBP than omnivore white women and lower

DBP than vegetarian white women. Vegan white men had

lower SBP and DBP than their vegetarian and omnivore coun-

terparts, with DBP also lower than all other white male dietary

groups. Geographic location exerted a moderating effect, with

the most wide-ranging evidence for the health benefits of a

vegan diet coming from the US. In American studies there

were lower rates of NIDDM compared to omnivores;11,12

reduced incidence of “any” and female cancer relative to

omnivores when data were aggregated with UK data;15

decreased “other cause” mortality risk in men, as well as

reduced mortality risk due to cardiovascular disease, coronary

heart disease, and all cause compared to omnivores;19 signifi-

cantly lower SBP and DBP compared to omnivores,36 but not

vegetarians;32,38 superior lipid profiles to both vegetarians32

and omnivores;36,38 and significantly lower BMI compared to

omnivores.11,36,51,55,57 In the UK, the evidence was still strong

but not as extensive as in the US. In UK studies, compared to

omnivores, vegans had reduced risk of “any” cancer when data

were aggregated with US data;16 decreased TC and LDL-

C;29,40,45,48,49 and significantly lower BMI.48,53,56,60 In the

UK, there was evidence for BMI mediating the relationship

between vegan diet choice and reduced incidence of

NIDDM.13 The evidence for lower blood pressure in vegans

versus omnivores was mixed.29,33,34 However, in Asian coun-

tries, there was less evidence for the health advantages of a

vegan diet.43,65 In India, the proportion of overweight and

obese vegans did not significantly differ from the proportion

of overweight and obese omnivores and pescatarians, but were

significantly lower than the corresponding percentages of

lacto-vegetarians.14 Of interest, compared to vegans, Indian

lacto-vegetarians also had a lower risk of NIDDM, despite

having a higher risk of overweight and obesity. In Taiwan,

there was a lower risk of high SBP and high DBP in vegans

compared to omnivores,39 although in a small study vegan

nuns had higher DBP than omnivore nuns.37 However, lipid

profiles for vegans in Taiwan did not compare as favorably to

their omnivore counterparts with most studies showing signif-

icantly worse HDL-C39,42–44 and triglycerides43,44 for

Taiwanese vegans with only a few comparisons showing an

advantage for TC37,43,44 and LDL-C39,43 while others reported

non-significant differences.43,44 In one Taiwanese study,

vegans had a significantly reduced risk of overweight.39

However, in one study from Vietnam,69 there was no signifi-

cant difference in BMIs between vegan and omnivore nuns

although the sample size was relatively small.

As to why these discrepancies in results exist, there are

several possible explanations. We screened in more studies

from the US and UK, so the relative dearth of evidence in

Asian countries may be due, in part, to less research that

was screened into our review or that may not have been

performed at all. Other possibilities include regional dif-

ferences in cuisine (the typical foods consumed on both

vegan and omnivore diets), and international disparities in

obesity rates, socio-economic statuses or other religious

and/or cultural factors. Regardless of the reason, the evi-

dence for the benefits of a vegan diet was strongest in the

US, less strong in the UK, and weakest in Asian countries.

Other important causal factors related to how the

reviewed studies were conducted may have affected results.

The healthfulness of the vegan diet can make a difference in

outcome for both cardiovascular disease70 and NIDDM.71

For free-living vegans, the reason for choosing the diet (eg,

health, concern for animals) may be associated with diet

quality.72 Individuals citing health as their primary reason

for adopting a vegan diet reported consuming fewer sweets

and more fruit whereas those citing concern for animals as

the primary reason reported greater intake of soy, foods

containing vitamin D and vitamin supplements (D and

B12). Geographic location is also an important consideration

as vegans in the US (Adventist 2) reported consuming more

fiber and vitamin C than their British counterparts (EPIC-

Oxford).19 These results suggest that evaluating how the

content of vegan diets affects outcomes is an important area

for further research.

An important mediator that affected outcomes was

BMI. In several studies, results were reported both with

and without BMI as a covariate. In our Tables, we only

listed results that were adjusted for BMI. However, in

studies of NIDDM and cancer, inclusion of BMI as a

covariate not only made a difference in the results of

individual studies, but also affected the aggregate research

that was reviewed. Adjustment for BMI in studies of

NIDDM affected the overall pattern of results in that US

vegans were no longer at reduced risk of NIDDM com-

pared to vegetarians and pescatarians.11,12 However, even

with adjustment for BMI, vegans’ risk of NIDDM was less

than that of omnivores, suggesting that following a vegan

diet did affect diabetes risk independent of BMI in the US.

In the UK, adopting a vegan versus omnivore diet signifi-

cantly reduced the risk of NIDDM only when the effects
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of BMI were not covaried.13 For cancers, in each of the

two studies that were reviewed, adjustment for BMI in

analyses shifted the pattern of the results such that reduced

risk of any cancer for vegans compared to omnivores was

no longer significant.15,16 However, a meta-analysis that

statistically aggregated that data showed, that even with

the inclusion of BMI, there was a reduced risk of any

cancer in vegans.62 Aggregating the data functioned to

increase the sample size and consequently shrink the con-

fidence interval so that the analysis was significant.

Dietary adherence is not always measured in observa-

tional studies, so the extent to which vegans adhere to their

diets is largely unknown. Self-identified vegans (127 for

ethical reasons and 80 for health reasons) reported mean

numbers of diet violations since beginning their diets, 3.22

± 6 for ethical vegans and 16 ± 63.8 for health vegans.73 As

statistics for duration on their respective diets were not

reported, adherence was difficult to assess. Nonetheless,

low violation estimates suggest an overall high adherence

rate. Regardless, the extent to which adherence is important

to health outcomes is unclear. One study compared highly

restrictive to more moderate vegans and with one exception

(TC) reported non-significant differences (in blood pressure,

BMI and some lipid measures35). However, other research

suggests that level of adherence to a plant-based diet can

make a difference in lowering insulin resistance and in risk

of both diagnosis of pre-diabetes and NIDDM.74

One final consideration that can affect the outcome is the

dietary group that was selected for comparison to vegans. In

a tally of results listed in our tables, the majority of the

significant findings were obtained in comparisons of vegans

to omnivores (47.2% of total vegan-omnivore comparisons).

There were fewer significant findings when comparing

vegans to vegetarians (20% of total vegan-vegetarian com-

parisons), pescatarians (12.5% of total vegan-pescatarian

comparisons) and semi-vegetarians (2.5% of total vegan-

semi-vegetarian comparisons). This is not surprising consid-

ering that an omnivore diet is more discrepant from a vegan

diet than either vegetarian or pescatarian diets. The relatively

small number of favorable comparisons for vegan versus

semi-vegetarian diets was largely driven by the large number

of null findings comparing these two groups on measures of

mortality. Regardless, this survey of findings is consistent

with the idea that there is more research support for the

benefits of a vegan diet when it is compared to an omnivore

diet (as opposed to other vegetarian/pescatarian diets).

Several limitations to this review should be acknowl-

edged. First, although adjustment for potential confounders

was one criterion for judging a study’s inclusion, there may

have been other confounders that were not addressed (eg,

medication usage). Second, several of our included studies

reported multiple outcomes. Consequently, the conclusions

for some of the outcomes were based, at least in part, on

data from the same participants. Third, to evaluate research

in the aggregate and facilitate comparisons, dietary groups

with different names but similar definitions were given

uniform names (eg, meat-eaters were called omnivores).

There may have been small differences across studies in

how these groups were defined, although there is inevitably

some diversity in food choices among people following

common diets. Fourth, because these studies investigated

free-living vegans, the amount of time that individuals

practiced the diet was not uniform and varied both within

and across studies. Fifth, although an attempt was made to

cover diverse outcomes in this review; there were some

areas that were omitted. For example, we did not review

studies of mental health outcomes and we excluded studies

of children on vegan diets. Sixth, because the health benefits

of a vegan diet is a broad topic, we were limited in the

extent to which we could cover each medical condition or

nutritional status. Seventh, because we used scores on the

NOS scales to evaluate study quality, there may have been

some studies that were excluded, not because they were

poorly executed but because they did not report sufficient

detail to score high enough to be screened into the review.

Conclusion
To summarize, there was strong evidence that free-living

vegans were less likely than omnivores to develop NIDDM

(in the US). Vegans had reduced TC and LDL-C levels, and

lower BMIs (in non-Asian locales) compared to omnivores,

and in some cases, other dietary groups.

There was evidence that when the effects of BMI were not

covaried orwhen resultswere aggregated across studies, vegans

were less likely than omnivores to develop cancer (all cause).

Similarly, there was evidence that BMI mediated the relation-

ship between vegan vs omnivore diet status and development of

NIDDM in the UK and between vegan vs vegetarian and

pescatarian diet status and development of NIDDM in the US.

There was inconsistent evidence that a vegan diet reduced

risk of diagnosis of female cancers and improved mortality

rates. There was also mixed evidence that vegans had lower

triglycerides and blood pressure, and healthier microbiota.

Finally, we found no evidence that vegans were at reduced

risk of developing most specific cancers. Further, in Indian

vegans, there was not a reduced probability of overweight,

Radnitz et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
Nutrition and Dietary Supplements 2020:1282

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


obesity, or NIDDM.Moreover, the preponderance of evidence

showed lower HDL-C in vegans compared to omnivores or no

significant differences.

Evidence supporting the health benefits of a vegan diet

was strongest in the US and weaker in Asian countries. As

the number of vegans increases worldwide, there is a need

for additional studies of the diet’s protective and therapeu-

tic effects, the pathways through which it exerts them, and

the role of moderators and other causal factors in how they

are manifested.
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