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ARTICLE INFO ABSTRACT

Keywords: Objective: To summarize the association between vegetarian versus non-vegetarian diet on mortality due to
Vegetarian ischemic heart disease, cerebrovascular disease, or all-cause mortality.

Mortality

Diet Methods: We searched PubMed, Cochrane databases, and ClinicalTrials.Gov from the inception of the databases
Cardiovascular to October 2019 with no language restriction. Randomized controlled trials or prospective observational studies
Cerebrovascular comparing the association between vegetarian versus non-vegetarian diets among adults and reporting major

adverse cardiovascular outcomes were selected. We used Paule-Mandel estimator for tau2 with Hartung-Knapp
adjustment for random effects model to estimate risk ratio [RR] with 95% confidence interval [CI].The primary
outcome of interest was all-cause mortality. The secondary outcome was ischemic heart disease mortality.

Results: Eight observational studies (n = 131,869) were included in the analysis. Over a weighted mean follow-up
of 10.68 years, very low certainty of evidence concluded that a vegetarian diet compared with a non-vegetarian
diet was associated with similar risk of all-cause (RR: 0.84, 95% CI: 0.65-1.07, I2: 97%) or cerebrovascular
mortality (RR: 0.84, 95% CI: 0.63-1.14, ’: 90%), but was associated with a reduced risk of ischemic heart
disease mortality (RR: 0.70, 95% CI: 0.55-0.89, I?: 82%).

Conclusion: A vegetarian diet, compared with a non-vegetarian diet, was associated with a reduced risk of is-
chemic heart disease mortality, whereas it had no effect on all-cause and cerebrovascular mortality. However, the
results are to be considered with caution considering the low certainty of evidence. Despite recent studies sup-
porting no restriction on animal protein intake gaining wide media attention and public traction, consideration
for vegetarianism amongst those with risk factors for coronary artery disease should be contemplated.

1. Introduction

Adverse trends in global dietary patterns have played a pivotal role
in the development of chronic diseases [1]. As reported in 2017, 11 mil-
lion deaths and 255 million disability-adjusted life-years (DALYs) were
attributable to dietary risk factors [2]. Cardiovascular disease was the
leading cause of diet-related deaths (10 million deaths) and DALYs (207

million DALYs), followed by cancer [2]. Although mortality due to is-
chemic heart disease (IHD) curtailed from 2005 to 2015, it remains the
leading cause of death [3]. Prior studies have reported a modest increase
in the incidence of the total, cardiovascular and cancer mortality with
red meat consumption [4-7]. Addressing this plight, the 2019 American
College of Cardiology (ACC)/ American Heart Association (AHA) Guide-
line on the Primary Prevention of Cardiovascular Disease recommended
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Vegetarian diet and ischemic heart disease mortality

a diet consisting of fruits, vegetables, legumes, nuts, whole grains and
fish to reduce cardiovascular risk (Class: I, Level of Evidence: BR) [8].
However, recent studies have reported diets restricted in red meat to
have no effect on all-cause, cardiovascular or cancer mortality [9].

Over the past few years, plant-based vegetarian diets have increased
in popularity, and may be considered a cost-effective and low-risk inter-
vention for many chronic diseases [10]. However, while several studies
have reported a plunge in the prevalence of diabetes mellitus (DM), hy-
pertension (HTN) and IHD with vegetarian diets [11,12], their effect on
all-cause mortality remains less well-established.

In opposition to studies in the past such as the post-hoc-analysis of
the PREDIMED (Prevencién con Dieta Mediterranea) trial that recorded
a significant mortality reduction of 41% with a provegetarian diet
[13,14], most recent studies have found no evidence between following
a certain diet and its effect on mortality [15]. Antecedent meta-analyses
with a similar research question were either focused on red meat, in-
cluded a pescatarian/semi-vegetarian diet, failed to use adjusted effect
measures, or failed to report IHD or cerebrovascular mortality [9,16,17].

Given this evidence gap, we performed a meta-analysis of observa-
tional studies reporting mortality outcomes comparing a vegetarian diet
with a non-vegetarian cohort.

2. Methods

We searched PubMed, Cochrane databases and ClinicalTrials.Gov
from the inception of the databases until October 30, 2019, using
the search terms “vegan,ee” “veggie*,” “plant,” “vegetable,” “veg-
etarian,” “vegetarianism,” “ovo-lacto-vegetarian*,” “non-vegetarian,”
“meat,” “mortality,” and “death” [Supplementary Tables 1 and 4].The
searched citations were imported into Mendeley reference manager and
checked for duplicates. Additionally, we scrutinized the bibliographies
of reviews and relevant studies to augment the database search. Since
included individual studies had prior institutional review board clear-
ance, no additional ethical clearance was required for this meta-analysis.
The systematic review and meta-analysis were performed in accordance
with the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines [18] and Methodological Standards for
Meta-Analyses and Qualitative Systematic Reviews of Cardiac Preven-
tion and Treatment Studies [19].

The process of study selection was undertaken by two investigators
(A.J. and E.V.), independently. The screening for relevant articles was
performed at two levels. At the first level, titles and abstracts of searched
citations were reviewed for relevance. At the second level, articles iden-
tified at level one of screening were subjected to a full-text review. Any
disparity at the second level was solved by mutual consensus and in
consultation with the senior authors. The inclusion criteria were; (a)
randomized controlled trials or prospective observational studies com-
paring vegetarian versus non-vegetarian diets among adults; and (b) the
reporting on all-cause mortality. A vegetarian diet was defined as one
excluding meat, pesco or semi-vegetarian diet. The exclusion criteria
were; (a) cross-sectional studies, (b) studies with undesired interven-
tions or outcomes other than all-cause mortality; (c) studies with vegan
diet forming more than 5% of the vegetarian cohort (vegan diet was
combined with vegetarian diet in most of the studies, as the vegan diet
formed a relatively small group); and (d) studies with more than 5%
pesco or semi-vegetarian diets. A semi-vegetarian diet was defined as a
meal that contains little animal protein and predominantly plant-based
protein. Studies were not excluded based on language of publication or
sample size.

Data extraction from included articles was carried out by two inves-
tigators (A.J. and E.V.), independently. Any disparity in extracted data
was solved by mutual consensus and in consultation with the senior
authors. The following data were extracted from each article; author’s
name, year of study, country of study, demographic information, defini-
tion of vegetarian diet, variables used for adjustment of effect size, and
sample size.

” o« ” o« ” o«
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To assess the quality of each included study, we used ROBINS-I (Risk
of Bias in Non-randomized Studies—of Interventions) tool [20]. The
ROBINS-I tool facilitates risk of bias assessment of studies that did not
use randomization as a method for selecting participants, and rates stud-
ies as “low risk,” “moderate risk,” “high risk,” “ critical risk,” or “no
information” based on set criteria (Supplementary Table 3). Risk of bias
assessment was performed by two authors independently. To rate the
certainty of evidence for each outcome, we used the GRADE (Grading
of Recommendations, Assessment, Development and Evaluations) ap-
proach [21-25]. Two authors independently performed GRADE assess-
ment. Any disparity was solved by mutual consensus and in consultation
with other authors.

The main outcomes of interest were all-cause mortality, mortality
due to IHD or cerebrovascular disease.

We used Paule-Mandel estimator for tau [2] with Hartung—-Knapp
adjustment for random effects model to estimate risk ratio [RR] with
95% confidence interval [CI]. Statistical heterogeneity among included
studies was computed using Higgins’ I statistics [26], with IZ > 50%
consistent with high degree of heterogeneity. Outlier analysis using the
“dmetar” package was used to identify and exclude heterogeneous stud-
ies. Publication bias was not assessed if the number of studies were < 10.
P-value of < 0.05 was considered statistically significant. Statistical anal-
ysis was performed with “meta” package in R version 3.6.2.

3. Results

The database search identified a total of 649 articles after checking
for duplicates. Twenty-nine studies were identified by manual search.
There were no randomized controlled trials on the topic; eight obser-
vational studies (n = 131,869) were included in the analysis (Fig. 1)
[27-34]. Of the eight included studies, 2 studies were included from
manual bibliography review [28,34]. The baseline characteristics of the
included studies are presented in Table 1. The weighted mean follow-up
period was 10.68 years.

Most of the included studies had a moderate risk of bias mainly orig-
inating from either bias due to confounding or classification of inter-
vention. Additionally, none of the included studies had any information
regarding adherence to the respective diet until the end of the follow-up
period, adding to the chances of deviation from intended intervention
bias confounding the results. The description of bias in each domain of
ROBINS-I tool across studies is provided in Supplementary Table 2.

A vegetarian diet was associated with similar risk of all-cause mortal-
ity compared with a non-vegetarian diet (RR: 0.84 [95% CI: 0.65-1.07]
I2: 97%) [Fig. 2, PANEL A] [Central Illustration]. Outlier analysis iden-
tified study by Berkel et al. (1965) as an outlier [33]. After excluding
the study, the relative risk of all-cause mortality with a vegetarian diet
compared with a non-vegetarian diet remained similar (RR: 0.91 [95%
CI: 0.79-1.05], and 2 reduced to 88%. Very low certainty evidence sug-
gested there was no association between vegetarian diet and mortality.

A vegetarian diet was associated with a significantly reduced risk of
mortality due to IHD compared with a non-vegetarian diet (RR: 0.70
[95% CIL: 0.55-0.89] I2: 82%) [Fig. 2, PANEL B] [Central illustration].
Outlier analysis identified studies Berkel et al. (1965) and Health Food
Shoppers (1995) as outliers [30,33]. After excluding the studies the rel-
ative risk of mortality due to IHD with a vegetarian diet compared with
a non-vegetarian diet remained lower (RR: 0.70 [95% CI: 0.61-0.80],
and P reduced to 2%.Very low certainty evidence suggested there was
an association between vegetarian diet and mortality due to IHD.

A vegetarian diet was associated with a similar risk of mortality due
to cerebrovascular disease compared with a non-vegetarian diet (RR:
0.84 [95% CI: 0.63-1.14] I?: 90%) [Fig. 2, PANEL C] [Central illus-
tration]. Outlier analysis identified study by Berkel et al. (1965) as an
outlier [33]. After excluding the study the relative risk of mortality due
to cerebrovascular disease with a vegetarian diet compared with a non-
vegetarian diet remained similar (RR: 0.93 [95% CI: 0.74-1.18], and IZ
reduced to 35%.Very low certainty evidence suggested there was no as-



Table 1

Baseline characteristics of included studies.

Participants in
Vegetarian/

Definition of

Study/ Authors Non-Vegetarian Percentage  year of ENd of Mean length of  Definition of Vegetarian Non-vegetarian Outcomes adjusted for
name Year Country cohort age male recruitment follow-up follow-up according to the study according to the study Factors
Adventist 1965 USA 10,258/ 14,280 NA NA 1959-1960 December, 5.6 years Not defined Not defined Age, Sex and Smoking
Mortality 1965
study
Berkel 1983 Netherlands  1972/1972 NA 33% 1968-1977 1977 10 years Not defined Not defined -
Japenese Zen 1984  Japan 2176/2176 NA NA 1955-1978 1978 23 years Not defined Not defined Unadjusted, however
Priest the control group was
age and sex matched.
Adventist 1988 USA 8003/20,949 25- 100 years  41% 1976-1980 December, 11.1 years Not defined Not defined Age, Sex and Smoking
health study-1 1988
Health food 1995 United 3790/6088 Median 45-46 40% 1973-1979 December, 18.4 years Based on a Based on a Age, Sex and Smoking
shoppers Kingdom 1995 self-administered self-administered
study questionnaire. questionnaire.
Participants who Participants who
answered “Yes” to “Are answered “Yes” to “Are
you a vegetarian?” you a
Non-vegetarian?”
Thorogood 1995 United 4674/6373 Median 32-34 38% 1980-1984 December, 13.7 years Not defined Not defined All-cause mortality
et al. Kingdom 1995 and IHD mortality:
Smoking BMI and
social class
Cerebrovascular
mortality: Age, Sex
and smoking
Claude et al. 2005 Germany 1225/679 39.2% over the 45% 1973-1979 May, 1989 9.9 Vegans(those who Those who All-cause mortality,
age of 55 years avoid occasionally or IHD mortality and
meat, fish, eggs, and regularly eat meat cardiovascular
dairy products), and/or fish mortality: Age, gender,
lacto-ovo vegetarian smoking,
(those who avoid meat level of activity,
and fish but eat eggs alcohol consumption,
and/or dairy BMI, education
Products). Further, Cerebrovascular
vegan constituted only mortality: Age, Sex
5% of this cohort and and smoking
hence the study was
included in the
meta-analysis)
EPIC- Oxford 2009 United 16,081/31,173 44 years 24% 1993-1999 30 June, ~10 years Vegans, lacto-ovo Those who Age, sex, smoking, and
kingdom 2007 vegetarian occasionally or alcohol consumption

regularly eat meat
and/or fish
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Records identified through
database searching
(n=672)

Additional records identified
through other sources
(n=29)
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Fig. 1. PRISMA flowchart.

Records after duplicates removed
(n =649)

A 4

Records screened

(n = 649)

A 4

Full-text articles assessed
for eligibility
(n =69)

A 4

Studies included in
qualitative synthesis
(n=12)

A 4

Studies included in
quantitative synthesis
(meta-analysis)
(n=8)

sociation between vegetarian diet and mortality due to cerebrovascular
disease.

4, Discussion

Our meta-analysis evaluated the effects of a vegetarian diet on all-
cause mortality, and mortality from either IHD or cerebrovascular dis-
ease. We found a reduction in mortality due to IHD with a relative risk
reduction of 30%, whereas no reduction in mortality due to cerebrovas-
cular disease or all-cause mortality among populations consuming a veg-
etarian diet compared with a non-vegetarian diet. The current meta-
analysis provides updated evidence regarding the potential mortality
benefits of a vegetarian diet, defined as vegan or, lacto-ovo-vegetarian
diet, compared with a non-vegetarian diet. A previously published meta-
analysis included five studies and had conclusion similar to the present
analysis, with reduction in mortality due to IHD, while no reduction
in mortality due to cerebrovascular disease or all-cause mortality [35].
While these data require further validation, they support recommen-
dations from major societies including the American Heart Association
and the American Cancer Society, particularly for patients at risk for
coronary artery disease. The underlying cause for a reduced risk of mor-
tality from IHD as observed in our study among vegetarians is likely at-
tributable to a reduction in established risk factors for IHD [36]. Though
a non-vegetarian diet and red meat in particular are associated with an
increased risk of stroke [37], our study reported no association between
a vegetarian diet and death due to cerebrovascular disease. A previous
meta-analysis analyzing red meat and mortality due to stroke reported
similar conclusions, speculating the possibility of underpowered trials
and type II error in the estimate [37]. Additionally, in the current meta-
analysis, no benefit of a vegetarian diet on all-cause mortality was re-
ported, despite previous studies reporting increased mortality with red

A4

Records excluded
(n =580)

Full-text articles excluded,
with reasons
(n=57)

No comparison group (12)
Insufficient data (7)

No data on cardiovascular
mortality (18)

Not an original paper (9)

Overlap of participants
(16)

Manuscript not in English
and not reporting
mortality (9)

meat [38]. Higher proportion of the vegetarian diet comprising carbo-
hydrates, consumption of refined sugars and short duration of follow-up
in included studies could explain the absence of mortality benefit with
a vegetarian diet [39].

As pointed above, the expected benefits of adopting a vegetarian diet
stem from its effects on weight loss, lipid profile, hypertension, diabetes,
and other chronic diseases. A vegetarian diet is linked with reduced
blood pressure [40], an improved lipid profile [41], lower postprandial
blood glucose, and stabilized fasting blood sugar levels [42]. Unfavor-
able levels of each of these parameters have historically been linked
with an increased risk of cardiovascular and all-cause mortality. In a
follow-up of the participants from the Framingham Heart Study over
26 years, increased body weight was found to be a strong predictive
factor in the incidence of cardiovascular disease [43]. Adopting a red
meat-based diet was found to increase the risk of all-cause mortality and
IHD mortality in some studies [4,5]. From a metabolomics perspective,
benefits of a vegetarian diet are attributable to the presence of innate
health-promoting substances in whole, plant-based foods and minimiz-
ing the exposure to harmful substances in meat products such as sat-
urated fats, heme iron, and N-glycolylneuraminic acid (Neu5Gc) [44].
Furthermore, plant-based diets positively affect certain metabolic path-
ways that have been under investigation for their health benefits. Plant-
based diets inhibit growth hormone (GH) and insulin-like growth factor
1 (IGF-1) axis, and activate sirtuins and adenosine monophosphate ki-
nase (AMPK), and mammalian target of rapamycin (mTOR) pathways
[45-48]. These mechanisms may translate into lower IHD and all-cause
mortality in vegetarians compared with non-vegetarians.

Studies in the past have been conducted to assess the correlation
between a vegetarian diet, and overall and cause-specific mortality.
Though several studies reported a mortality benefit with the incorpo-
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PANEL A Fig. 2. Forest plot for pooled estimate using
Source RR (95% CI) Paule—MaITdel estimator for tau2 with Hartung—
Adventist mortality 1965 0.83[0.76; 0.91] _._ Knapp adjustment for ramflom effects model;
Berkel J et al. 1983 0.45[0.41;0.49] -l i fﬁy‘z‘& A Al o (ﬁgﬁfyﬁi‘fg
Japanese Zen Priest 1984 0.82 [0'74; 0'91] _._ cerebrovascular disease; RR: risk ratio; PI: pre-
M Thorogood etal 1995 080[068. 099 =
orogood et al. b 68; 0.
Health food shoppers 1995  1.11[1.02; 1.21] -l
Jenny Chang-Claud et al. 2005 1.10 [0.87; 1.39] —il—
EPIC OXFORD 2009 1.05[0.92; 1.20] ——
Total 0.84[0.65; 1.07] —_—
95% PI [0.40; 1.77]
Heterogeneity: yj =252.34 (P < .001), Ié =97% ' '
05 1 2
Risk Ratio (95% Cl)
PANEL B
Source RR (95% CI)
Adventist mortality 1965 0.74[0.63; 0.87] ——
Berkel J et al. 1983 043[0.35,055 —l—
Adventist health 1988 0.62[0.53;0.73] —--
M Thorogood et al. 1995 0.72[0.53;0.99] ——
Health food shoppers 1995 0.971[0.81; 1.16] ——
Jenny Chang-Claud et al. 2005 0.70[0.48; 1.03] ——
EPIC OXFORD 2009 0.83[0.62; 1.11] ——
Total 0.70[0.55; 0.89] _
95% PI [0.37; 1.31]
Heterogeneity: 1; =33.34 (P <.001), I* = 82% ! !
05 1 2
Risk Ratio (95% Cl)
PANELC
Source RR (95% Cl)
Adventist mortality 1965 0.65[0.48; 0.88] —-
Berkel J et al. 1983 0.54[0.51;0.58] :
Adventist health 1988 0.93[0.73; 1.19]
M Thorogood et al. 1995 1.17 [0.76; 1.80]
Health food shoppers 1995 0.99[0.78; 1.26] i
Jenny Chang-Claud et al. 2005 1.69 [0.30; 9.53] §
EPIC OXFORD 2009 1.10[0.73; 1.65] j
Total 0.84[0.63; 1.14] =
95% PI [0.40; 1.79] ———
Heterogeneity: 12 = 59.25 (P < .001), I* = 90% ' ' ' '
02 05 1 2 5
Risk Ratio (95% Cl)

ration of a vegetarian diet, the results have not been consistent. Sev-
eral studies, including the first and second Californian Adventist Health
Study (AHS) analyzing 34,198 and 73,308 participants, respectively, ex-
hibited a significant risk reduction in all-cause and IHD-related mortality
[32,49]. In a study using the data from the ARIC (Atherosclerosis Risk
in Communities) study, higher adherence to a plant-based source of pro-
tein was associated with a 19% and 11% lower risk of IHD mortality and
all-cause mortality, respectively [50]. Contrary to the above findings,
the British EPIC-Oxford study and the German vegetarian study with
47,254 and 1904 participants, respectively did not show any significant
reduction in all-cause mortality or mortality due to IHD between the two
groups [27,29]. Similar findings were reported in the 45 and Up Study,

which found no evidence for following a vegetarian, semi-vegetarian
or a pesco-vegetarian diet, and its independent protective effect on all-
cause mortality [15]. A combined analysis of the EPIC-Oxford and Ox-
ford Vegetarian Study further reported that United Kingdom-based veg-
etarians and comparable non-vegetarians have similar all-cause mortal-
ity [511.

The vegetarian diet has experienced nutritional transformation over
the years [52], with higher proportions of processed food and refined
sugars present in the vegetarian diets today [44]. Consequently, the at-
tributable health benefits with the vegetarian diet have reduced. Fur-
ther, the century-old idea of macronutrient-based centering of food has
been replaced with quality of the overall diet in being responsible for
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health, further explaining the decreased mortality benefits reported by
vegetarian diets in the recently published studies [44]. Also, the ge-
ographic variation in the vegetarian diet could explain the statistical
heterogeneity observed across the pooled estimates.

Residual confounding may play a key role in the associations noted
in the vegetarian diet studies. The motivational factor behind vegetar-
ianism is usually underlined by the increased likelihood of adopting
healthy habits. Vegetarianism usually extends beyond the scope of a
diet and becomes a lifestyle with shared health practices and behaviors.
For instance, vegetarians self-reported that they are more likely to ab-
stain from smoking, alcohol, and the use of prescription drugs than the
general population [53]. Additionally, 47% of participants in a study
examining the lifestyle behaviors of vegans reported adopting this diet
due to “health-related reasons.” Eighty-one percent of the participants
in the study also self-reported no chronic disease diagnoses, with 71%
exercising regularly with a reported mean BMI of 22.6 kg/m2 [54]. As
a result, the healthy behaviors and lifestyle of vegetarians rather than
their diet may be a strong influence and determinant of IHD risk and
mortality.

Strengths of our review included a comprehensive search strat-
egy complemented with a manual search, risk of bias assessment, and
GRADE certainty of evidence assessment for each outcome indepen-
dently by two authors. Additionally, the use of adjusted effect measures
and Paule-Mandel estimator for tau [2] estimation with Hartung-Knapp
adjustment provided a conservative pooled estimate with a wide confi-
dence interval.

Our study has several limitations. The first limitation stems from
the nature of the cohort studies involved in our analysis. As with most
vegetarian diet studies, the information was gathered by questionnaires
and surveys, and relied heavily on participant answers and subjective
recall, without clear definition of diet in few studies. Further compli-
ance to the specified diet could not be reported considering the obser-
vational nature of the studies. Second, the non-randomized nature of the
studies involved and the different use of adjustments limited confound-
ing bias reduction. Furthermore, the generalizability of our results is
mainly limited by geographic distribution, along with other factors like
diet profile. Few studies in this meta-analysis included a vegan/ pesco or
semi-vegetarian diets in vegetarian/non-vegetarian subheading, respec-
tively. However, the inclusion of studies was limited to those with less
than 5% of these diet groups. This is a study-level meta-analysis, limited
in its ability to examine the source of heterogeneity. Lastly, considering
the high heterogeneity of all-cause mortality pooled estimate even after
adjusted analysis, the results should be interpreted with caution. We did
not find any randomized clinical trials that met our search criteria, al-
though they would generate the strongest evidence base. Unfortunately,
conducting randomized clinical trials comparing vegetarians with non-
vegetarians is challenging due to the numerous types of vegetarian diets
and their elements, latency periods requiring long-term follow-up, and
strict diet adherence. Nonetheless, even within the limitations of ob-
servational data, developing a standardized approach to measure the
accuracy of vegetarian diet assessment, and degrees of adherence to
a vegetarian diet and lifestyle become paramount for future research.
Further, considering a major lifestyle modification in implementing a
vegetarian diet, the role of vegetarian diet in specific subgroups like in
obesity, patients with heart disease, high-blood pressure etc., is to be
determined, with previous studies reporting beneficial results [55,56].

In conclusion, the current meta-analysis reported a statistically sig-
nificant reduction in mortality due to IHD, while there was no effect on
cerebrovascular and all-cause mortality among participants with vege-
tarian dietary habits. Results from randomized clinical trials like Vege-
tarian Diet in Patients With Ischemic Heart Disease (VERDI) and Impact
of MEditerranean Diet, Inflammation and Microbiome After an Acute
Coronary Syndrome (MEDIMACS) trials will provide further evidence
on the possible role of a vegetarian diet as a cost-effective intervention
for mitigating mortality and morbidity due to IHD.
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