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Abstract

Purpose Vegetarian diets have been associated with reduced risk of ischemic heart disease (IHD). However, results regard-
ing cardiovascular disease (CVD) overall and stroke are less clear. We conducted a systematic review and meta-analysis
of prospective cohort studies on CVD, IHD and stroke risk among vegetarians or vegans versus nonvegetarians to clarify
these associations.

Methods PubMed and Ovid Embase databases were searched through August 12, 2021. Prospective cohort studies report-
ing adjusted relative risk (RR) estimates and 95% confidence intervals (CIs) for incidence or mortality from CVD, IHD and
stroke, comparing vegetarians and vegans to nonvegetarians were included. Risk of bias (RoB) was assessed using ROBINS-I
and the strength of evidence was assessed using World Cancer Research Fund (WCRF) criteria. Summary RRs (95% ClIs)
were estimated using a random effects model.

Results Thirteen cohort studies (844,175 participants, 115,392 CVD, 30,377 IHD, and 14,419 stroke cases) were included.
The summary RR for vegetarians vs. nonvegetarians was 0.85 (95% CI: 0.79-0.92, I*=68%, n=8) for CVD, 0.79 (95% CI:
0.71-0.88, >=67%, n=38) for IHD, 0.90 (95% CI: 0.77-1.05, >=61%, n=12) for total stroke, and for vegans vs. nonveg-
etarians was 0.82 (95% CI: 0.68—1.00, I =0%, n=6) for IHD. RoB was moderate (n = 8) to serious (n=>5). The associations
between vegetarian diets and CVD and IHD were considered probably causal using WCREF criteria.

Conclusions Vegetarian diets are associated with reduced risk of CVD and IHD, but not stroke, but further studies are needed
on stroke. These findings should be considered in dietary guidelines.

Review registration No review protocol registered.
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Introduction We conducted a systematic review and meta-analysis of

Cardiovascular disease (CVD), which is mainly due to
ischemic heart disease (IHD) and stroke [1], is still the lead-
ing cause of death and disability globally [2], in spite of
decreasing trends in CVD rates in recent decades [2]. [HD
and stroke accounted for 9 and 6.6 million deaths in 2019,
respectively, according to data from the Global Burden of
Disease Study [2]. While suboptimal diets account for at
least 46% of all CVD deaths in high- and middle-income
countries [3] and dietary risks have been recognized as the
second most impactful CVD target [2], plant-based diets
have been recommended in several guidelines for prevent-
ing CVD [4-T7].

There is a continued need for public health interven-
tions to further reduce CVD risk through changes in diet
and other lifestyle habits like smoking and physical activity
[5]. Plant-based diets are effective for improving CVD risk
factors [8, 9]. This is further supported by the favourable car-
diometabolic profile seen among vegetarians who predomi-
nantly exclude meat, fish and poultry from their diet, when
compared to people consuming meat [10—12]. This includes
lower prevalence of hypertension [12—14], high serum cho-
lesterol [15], and type 2 diabetes mellitus [16]. Studies also
report less overweight and obesity in vegetarians [17, 18],
a finding consistent with the lower body mass index (BMI)
observed among vegetarians [16, 19].

Vegetarian diets have been consistently shown to reduce
the risk of IHD in prospective cohort studies. A pooled
analysis of five cohort studies by Key et al. found a 24%
reduction in the relative risk of IHD mortality among veg-
etarians vs. nonvegetarians [20]. Subsequently published
studies have also reported associations in the direction of
reduced risk [21-23], although not all studies reported clear
associations [21, 22]. In contrast, results on risk of stroke or
cerebrovascular disease have been less consistent with null
results reported in a pooled analysis [20], the UK Biobank
[22], and the Nurses’ Health Study 1 and 2 and Health Pro-
fessionals Follow-up Study [24], but a positive association
was reported in the EPIC-Oxford cohort [23] and inverse
associations were reported in two Taiwanese studies [25].
Studies on CVD overall have also shown mixed results, with
some studies showing inverse associations [20, 22, 23] and
others reporting no clear associations [26, 27]. Therefore, to
clarify these findings, we conducted a systematic review and
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prospective cohort studies on the association between veg-
etarian or vegan diets and risk of incidence and mortality
from CVD, IHD and stroke, both overall and subtypes. The
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) 2020 guideline was followed throughout
the process [28]. The PRISMA checklist (both main and for
abstract) is available in Online Resource 1 (Supplementary
Tables 1 and 2).

Eligibility

The review question was framed with the PECO(S) ele-
ments [29] as recommended [30]. Of interest were presum-
able healthy individuals in the general population, with no
restrictions regarding age, sex (men and women) or preg-
nancy status (P), who adhered to vegetarian or vegan diets
(E) and were compared to nonvegetarian subjects (C). Veg-
etarian diets were defined as diets excluding meat, poultry
and seafood, regardless of whether they allowed dairy prod-
ucts (lacto-) or eggs (ovo-) or both (lacto-ovo-vegetarian),
and vegan diets as diets excluding all animal products, e.g.,
dairy products and eggs. Nonvegetarian diets were defined as
diets allowing consumption of all types of animal foods, e.g.
meat, poultry, seafood, dairy products and eggs. Incidence or
mortality from CVD, IHD and stroke (overall and subtypes)
were the outcomes of interest (O), and we focused entirely
on reports from prospective cohort studies (S).

We applied the following exclusion criteria: (1) duplicate
citations, (2) studies reporting unadjusted risk estimates, (3)
studies on patient groups, (4) non-relevant exposures like
other plant-based nonvegetarian dietary patterns or diet
scores (e.g., Mediterranean diet, Dietary Approaches to Stop
Hypertension — DASH diet, Plant-based Dietary Index) and
(5) non-relevant outcomes (e.g., cardiovascular risk factors)
and (6) not relevant study design (e.g., intervention studies,
case-control studies, cross-sectional studies, reviews and
meta-analyses).

Search strategy

The search was conducted by one author (JSD) using Pub-
Med and Ovid Embase databases from their inception in
1958 and 1947 to February 14, 2020, and was later updated
on August 12, 2021, using the search strategy shown in
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Supplementary Table 3 (Online Resource 2). We searched
for prospective cohort studies reporting on the association
between vegetarian or vegan diets and incidence or mortal-
ity from CVD, IHD or stroke. Terms like vegetarian(s) or
vegan(s) or vegetarian/vegan diet were searched in combi-
nation with cardiovascular disease, ischemic heart disease,
coronary heart disease, myocardial infarction, cerebrovascu-
lar disease, stroke, cerebral hemorrhage, and subarachnoid
hemorrhage. We added terms for ‘Seventh-day Adventists’
as many of the relevant cohort studies have been done in
this religious group. ‘Subject headings’ were used for Pub-
Med (MeSHs) and Ovid Embase (Emtrees) databases, and
text words were applied to retrieve any articles in press. No
restrictions were used for, e.g. age, sex, geographic location,
language or date. We also screened the reference lists of
relevant cohort studies and reviews to check for papers not
contained within our search.

Screening and study selection

All references were imported into EndNote X9 and initially
screened by JSD, while the second part of the screening
(studies deemed potentially relevant based on abstract/title)
was performed in duplicate by JSD and DA. Any disagree-
ments were resolved through discussion. We included pro-
spective cohort studies if they reported adjusted relative risk
(RR) estimates (including hazard ratios [HRs] and incidence
or death rate ratios) with 95% confidence intervals (95%
ClIs) for the association between vegetarian or vegan vs. non-
vegetarian diets and incidence and/or mortality from CVD,
IHD or stroke. When study data had been published on more
than one occasion, we included the report with the largest
number of cases. Prospective cohort studies were deemed
the most relevant study design, as there are to our knowl-
edge no randomized controlled trials available on vegetarian
diets and primary prevention of CVD. Retrospective case-
control studies were not included since they can be affected
by recall bias and selection bias and cross-sectional stud-
ies were excluded because of a lack of temporal relation
between the exposure and the outcome. A complete list of
citations excluded after full-text assessment is shown in Sup-
plementary Table 4 (Online Resource 3).

Data extraction

Data regarding results and study characteristics were
extracted to tables by one author (JSD) and checked for
accuracy by a second author (DA). More specifically, the
information extracted was as follows: author, year of pub-
lication, location by country, study name, study period
and years of follow-up, age and sex, sample size, number
of cases or deaths from CVD, IHD, total stroke, ischemic
stroke and hemorrhagic stroke, and type of diet. We also

extracted RRs and 95% Cls and information regarding con-
founders adjusted for in each study’s statistical analysis.

Risk of bias assessment

All studies were critically appraised by two authors (JSD,
DA) and discrepancies resolved through consensus with a
third author (MS) using the Cochrane ROBINS-I (Risk Of
Bias In Non-randomised Studies—of Interventions) tool
[31] as this is recommended for a more adequate and quali-
tative assessment of internal validity in studies [30]. How-
ever, we did modifications to the tool in accordance with a
similarly adapted version [32, 33] to better assess risk of bias
(RoB) in exposure studies [34], but otherwise, we followed
the detailed guidance for ROBINS-I [35]. With the ROBINS
tool, each study was measured against a hypothetical target
randomized trial in a way that deviations from such a target
trial was considered bias. We assessed seven bias domains,
including confounding, selection of participants, classifica-
tion of diet groups, departures from baseline diet groups,
missing data, measurement of outcomes and selection of
the reported results by answering signalling questions and
critically mirroring each domain against a set of prespecified
criteria (Supplementary Table 5, Online Resource 4). Each
domain could be judged as ‘low’, ‘moderate’, ‘serious’ or
‘critical’ RoB or ‘no information’ on which to base a judge-
ment. An overall RoB judgement was then assigned to each
study (study-level assessment) using another set of criteria
(Supplementary Table 6, Online Resource 4). In agreement
with ROBINS, the most severe RoB judgement that was
assigned to a given domain was assigned as the overall RoB
for a study.

Evidence grading

The grading of the evidence was done initially by DA and
then discussed between all the authors to reach a conclusion.
We used the World Cancer Research Fund (WCRF) grad-
ing criteria (Supplementary Table 7, Online Resource 4) for
grading the overall evidence regarding vegetarian diets and
CVD, IHD and stroke, with possible gradings rated as con-
vincing, probable, limited-suggestive, limited-no conclusion,
or substantial effect on risk unlikely [36, 37].

Statistical methods

We calculated summary RRs and 95% Cls comparing veg-
etarians and vegans to nonvegetarians in relation to the risk
of CVD, IHD and stroke (overall, ischemic and hemor-
rhagic) using the random-effects model by DerSimonian
and Laird [38] to account for any study level variability. A
two-tailed p <0.05 was considered statistically significant.
The results of the synthesis were visually displayed as forest
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plots. For studies reporting both on incidence and mortality
from CVD, IHD or stroke, only risk estimates for incidence
were used in the main analysis. When studies reported on
both risk of IHD and stroke/cerebrovascular disease sepa-
rately but not for CVD overall, we pooled results for the two
outcomes using a fixed effects model before inclusion in the
main analysis of CVD (Adventist Mortality Study, Advent-
ist Health Study 1, EPIC-Oxford) [20, 23]. Since the vast
majority of cerebrovascular disease deaths are due to stroke,
we included studies reporting on cerebrovascular disease
mortality together with studies on stroke. Studies reporting
risk estimates for circulatory disease were included in the
analysis of CVD.

Heterogeneity was assessed using Cochran’s Q-statistics,
Chi-squared-statistics [39] and I-statistics [40]. We con-
sidered the p value for Chi-squared statistics significant
if <0.05, and I*-percentage ranged from 0-100%. Sub-
group analyses were conducted stratified by sex (men or
women), years of follow-up (> 10 vs. < 10 years), exclusion
of early follow-up years or not, use of incidence or mortal-
ity estimates, number of cases or deaths (<250, 250-499
and > 500), geographic location (Europe, North America or
Asia), risk of bias (low, moderate, serious), and adjustment
for confounding factors (age, education, smoking, alcohol,
BMI, physical activity) to investigate potential sources of
heterogeneity in the main analysis. For CVD, we also con-
ducted a separate subgroup analysis distinguishing between
CVD and circulatory disease. For stroke, we added separate
subgroup analyses distinguishing between total stroke and
cerebrovascular disease, and between ischemic and hemor-
rhagic stroke. An additional sensitivity analysis was con-
ducted only on studies reporting both BMI adjusted and BMI
unadjusted risk estimates to assess more directly the impact
of adjustment for BMI on the results, since BMI could be
an intermediary variable through which vegetarian or vegan
diets can influence cardiovascular risk. We added a similar
sensitivity analysis restricted to studies reporting results with
both inclusion and exclusion of early follow-up to assess
more directly the impact of excluding early follow-up, since
reverse causality could potentially bias the results. Meta-
regression analyses were conducted to test for heterogene-
ity between subgroups. We conducted a sensitivity analysis
using more adjusted estimates from a pooled analysis by
Key et al. [20] (also adjusted for education, alcohol, physical
activity and BMI in addition to age, sex and smoking) in the
analysis of IHD, replacing the overlapping individual studies
that were included in the primary analysis with the pooled
estimate to assess the impact of more rigorous adjustment
on the overall conclusion.

Egger’s test [41], Begg’s test [42], and inspection of the
funnel plots [43] were used to investigate publication bias,
and we considered a p value <0.10 or funnel plot asym-
metry to indicate possible publication bias. To assess the
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robustness of the summary RRs and to ensure that the sum-
mary RRs were not driven by one very large study or a study
with an extreme RR, influence analyses were conducted re-
calculating the summary RRs when omitting one study at a
time from the analysis. Furthermore, we calculated E-values
for the association between vegetarian diets and CVD, IHD
and stroke to assess the potential impact of unmeasured or
uncontrolled confounding [44]. The E-value is defined as
the minimum strength that an unmeasured or uncontrolled
confounder would have with both the exposure and the out-
come to fully explain away the observed association. The
statistical analysis was conducted by JSD using Stata SE
version 15 (StataCorp, TX, USA).

Results

Our search yielded a total of 3145 citations (details are
shown in the flowchart in Fig. 1), including one citation [26]
which was retrieved by checking reference lists of relevant
papers. After screening and full-text assessment, 11 publica-
tions [20-27, 45-47] with data from 13 unique prospective
cohort studies were included in the analysis (Table 1). Two
publications reported RRs for two studies each [25, 26] and
one publication reported results for three studies [24]. For
two studies (Adventist Mortality Study, Adventist Health
Study 1), we used data from a pooled re-analysis of Key
et al. [20] in the main analysis of vegetarian diets and CVD
and IHD, although in the sex-stratified analysis on IHD, we
included rather data from the original papers [46, 47] as
these contained data for men and women separately. As the
original publication from the Heidelberg Study [27] did not
contain results on cerebrovascular disease, we also used data
from the pooled analysis of Key et al. [20] for our analysis of
vegetarian diets and stroke. Results from the pooled analyses
[20] were also included in the analyses of vegans and risk of
CVD, IHD and total stroke.

Study characteristics

Table 1 shows a summary of the study characteristics and
RRs of the cohort studies included in our main and subgroup
analyses. The included studies were as follows: Advent-
ist Mortality Study [20], Adventist Health Study 1 [20],
Adventist Health Study 2 [21], Nurses' Health Study 1 [24],
Nurses' Health Study 2 [24], Health Professionals Follow-
up Study [24] , EPIC-Oxford [23], Health Food Shoppers
Study [26], Oxford Vegetarian Study [26], UK Biobank [22],
Heidelberg Study [27], Tzu Chi Health Study [25], Tzu Chi
Vegetarian Study [25]. Six studies were from North America
(USA), five from Europe (United Kingdom and Germany)
and two from Asia (Taiwan) (Table 1) and participants were
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102 reviews
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6 cross-sectional studies
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2 case-control studies
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=2 13 cohort studies included in meta-analysis w
Té (11 publications)

Fig.1 PRISMA flowchart depicting the literature search and the
inclusion/exclusion process. From: Page MJ, McKenzie JE, Bossuyt
PM, Boutron I, Hoffmann TC, Mulrow CD, et al. (2021) The

regarded as health-conscious people, both vegetarians and
nonvegetarians.

All studies used food frequency questionnaires (FFQs)
[20-27] to ascertain vegetarian status, except one study
(Health Food Shoppers Study) [26] that relied exclusively
on self-identification of vegetarian status without further
elaboration on frequency of consumption of meat, fish or
poultry. A total of seven studies (five publications) [21,
23-25, 48] reported using a validated FFQ and four of these
studies (two publications) [23, 24] made efforts to account
for dietary changes during follow-up through updated analy-
ses using data from repeated measurements.

Age ranged from 10 to 90 years at baseline across stud-
ies. In the studies that included non-adult participants, the
participants below < 18 years are likely to have made up a
small percentage of the total population. No studies were
performed exclusively in pregnant or breastfeeding women.

Follow-up ranged from 5.14 to 28.3 years. The number
of incident cases or deaths ranged from 219 to 1117 for cir-
culatory disease, 375 to 106,690 for CVD, 60 to 24,794 for

PRISMA 2020 statement: an updated guideline for reporting system-
atic reviews. BMJ 372:n71. https://doi.org/10.1136/bmj.n71

IHD, 31 to 909 for cerebrovascular disease, 54 to 5946 for
total stroke, 31 to 519 for ischemic stroke and 28 to 300 for
hemorrhagic stroke. The sample size ranged from 1724 to
422,791 participants across all outcomes. All studies used
record linkage for outcome ascertainment except the Heidel-
berg Study [27], which retrieved copies of death certificates
from the Registrar’s office.

The basis for RoB judgements are shown in Supplementary
Tables 5, 6 and 8 (Online Resource 4), and results of RoB judge-
ments for the domains and for each study overall are shown
for CVD, IHD and stroke separately in Supplementary Tables 9
and 10 (Online Resource 4), and Supplementary Figs. 1, 2, 3
(Online Resource 4). In the overall (study-level) RoB assessment
for CVD and IHD, we judged three studies (three publications)
[21-23] to be at ‘moderate’ and five studies (three publications)
[20, 26, 27] to be at ‘serious’ RoB. In the overall (study-level)
RoB assessment for stroke, we judged seven studies (four pub-
lications) [22-25] to be at ‘moderate’, and five studies (two pub-
lications) [20, 26] to be at ‘serious’ RoB.

Most studies included a statement on funding (see their
original papers) [21, 23-25, 47-49], and no studies reported

@ Springer


https://doi.org/10.1136/bmj.n71

European Journal of Nutrition (2023) 62:51-69

56

Sunjows ‘xas 93y

NG+
9STOIOXd ‘uoneINpa
‘asn [0YOJ[. ‘snjes

Supjows ‘xss ‘33,
Sunjows pue ‘xas 93y

snye)s
Sunjows pue ‘xas 93y

snyejs
Sunjows pue ‘xas 93y

sme)s
Sunjows pue ‘x3s a3y
uondwnsuod
jnu ‘vorsuayredAy
‘SmI[[owW S9)oqRIp
9S10I9X? ‘[N ‘Funjowrs

a3y

(€9 T-6L°0) OT'T
(FST-SL°0) 80'T
L0€1-€L°0) 86°0
(T1'1-L9°0) 98°0
;T T=6L'0) €6'0
LPTT1-28°0) 10T
(TI'1-LL'0) €60

+p(6L°0-§5°0) 990
o(LL'0O-€S'0) +9°0
(86 1-57°0) 0L°0
SATT-970) #L°0
2P T=LY'0) €L°0

(ST7-69°0) 691

(61'T-€L°0) €60
(€L°0-€5°0) 790
4(08°0-19°0) 0L'0

(L8'0-8+0) S9°0
(88°0-€9°0) ¥L'0
(€8°0-29°0) L0

(17 1-7L'0) TO°T
«(8L°0-0¥"0) 950

«(€£8°0-€9°0) €L°0
«(LL'0—9S°0) L90

S HoOW JALD
How qALD
o Howr qHI
“1I0W (THI
JHow dAD
S How (oI
"JI0W (011D

+w.§OE {dHI
_p’How QHI
> How gALdD
o How gHI
ud.:OE dAd

Houwr gAdo

How gAdD
"JI0W (QHT
g Mow gAD

Houwr gAdO
‘Howr gHI
g How dAD

our gHI
our gHI

10w qHI
‘Jowr (qQHI

suerIe}oSoAUOU
suerrejeSoAuou
SueLIR)OZAUOU
suerIe}oSoAUOU
sueLIe)ogoAUOU
suerejeSoAuou
suerIe}oSoAUOU

"SA SUBLIRIOTOA
‘SA SUBLIB}OTOA
‘SA SUBLIRIOSOA
*SA SUBLIRIOTOA
*SA SUBLIBJOTOA
*SA SUBLIBIOTOA
'SA SUBLIRIOTOA

SI9)BI-1BAW JB[NTI "SA SUBLIB)OSOA
SI91E9-1BAW Je[NTAI "SA SUBLIBIOFOA

S19)B9-Jeow Je[N3QI SA SUBSOA
S19)B9-JedW Je[n3aI "SA SUBZA
SI9)B9-Jeow Je[n3aI "SA SUBSoA

suerIe}oSoAUOU

SueLIR)OSAUOU
suerIe}oSoAUOU
sueLIe)o3oAUOU

suerIe}oSoAUOU
sueLIe)o3oAUOU
suerejeSoAuOu

M ‘suerielagosuou
N ‘sueLrejagoauou

M ‘suerelaSoAuou
A ‘suerIejo3oAuou

"SA SUBLIRIOTOA

*SA SUBLIBIOTOA
"SA SUBLIRIOTOA
‘SA SUBLIBJOTOA

"SA SUBLIRIOTOA
*SA SUBLIBIOTOA
‘SA SUBLIBIOSOA

*SA SUBLIBIOTOA
*SA SUBLIBIOTOA

'SA SUBLIRIOTOA
*SA SUBLIBIOTOA

sygeap dA4LD STI

Syyesp HI 0S¢

SYIBIp AAD SLE
SUJBap 958

-SIp AI10JR[NOIID 69f
:sIeok

6891 ‘M/IN SYOTT

syresp dHI L0l
:(91qe
-[IBAR SIOPUNOJUOD
PaTIeI9p) M/IN SYOEY

syreap A€D 606
syreap QHI +92¢
syreap JAD €LIE
:s1e9K 68—91
938 ‘M/IN TL19L

syiesp dAdO 1€
:SI8ok

68-91 93¢ ‘M/IN LSLT

Syresp AAdO LI¢
Syyesp dHI 126
syIeap AAD 8¢CI
:s189K 68—91
a5e ‘M/IN TS68¢C

SyIeap AALD C81
SyIedp dHI 865
syIeap AAD 08L
:s189K 68—91
938 ‘M/IN 8€SHT

S9sed (IHI 8+
:SIeok

¥T <988 ‘M/IN 1T€LT
syresp QHI €71

:s189K $8—0)¢€
93 “M/IN T9£TT

dn-mof[oj s1eak

9'L1 “000T
—¥861-0861

dn-moroy
sTeK /1T

dn-moroy

s1e3k 66 6861
— 1861-8L61

dn-mofjoj s1eak

I'TT ‘8861
—0861-9L61

dn-moroy
sk 9°G G961
—0961-6561

dn-mofjoj s1eak

Y1°S T861
—9L61—VL6I

dn-mofjoj s1eak

1T ‘08610961

(SAO) Aprug
ueLe}a3oA pIOJXQ

(SAO) Apmig
uerIe)asaA pIOJXQ +
(S9H)
Apmg SreqoproH +
(1-SHV) 1 £pmis
U)[eSH ISDHUSAPY +
(SIWV) Apmis
K)BIIOIA ISHURAPY

(sdn)
Apmg SroqreproH

(1-SHV) 1 £pmis
UI[ESH ISHUSAPY

(SIV) £pmig
AN[BIIOIA ISHUAPY

(I-SHV) 1 ApmiS
[[eSH ISHUSAPY

(SIWV) Apmg
K)[BIIOIA ISHURAPY

[9z] 3N
‘200T ‘Agerddy

[oz] (s1s
-Areue pajood)
3N ‘Auewr
-19D VSN
‘6661 K3

[0Z] Auew
~13D ‘6661 KoY

loz]
VSN ‘6661 ‘Ao

[oz]
VSN ‘6661 ‘A3

[or] vsn
‘G661 JOSBL]

[Lv] vSn
‘861 ‘Uapmoug

juownsnipy

(1D %S6) 94

swoonQ dnoi3qns ‘1ojeredwiod sa amsodxyg

SYILOp/sased Jo 1oq
-wnu :d3e ‘xas ‘syued
-onaed jo raquiny

dn-moroy
‘porrad Apmg

ureu Apmi§

[ooua
-I9Ja1] Anunod
‘reak ‘royny

suonearjqnd 310405 papn[our dy) Jo SONSLIAORIRY) | d|qel

pringer

Qs



57

European Journal of Nutrition (2023) 62:51-69

JUSWIE)
[ed1paw WLI)-3UO[ JO
ydraoar ‘amssaxd poorq
Y31y Jorxd ‘sajoqerp
Jouid ‘osn Adeoy)
juowaoe[dar ouourroy
‘asn 2Andaoenuoo [e1o
‘fnred x9S ‘yuown)InIdal
JO poyawr ‘uornejudur

syesp JALD ¢S1
syiesp dHI SLT

dn-morjoj s1eak

-91ddns [euoninnu SUJeap ose? 991 ‘9107 — PIOFXO-DIdd
‘3unIqeyoo 10 pariIeur 296 T6'0) 121 oW qAGD SIojeo-jeawt Je[nSoI 'sa SueLIe}oSoA -SIp KI0IB[NOIIO ¢ 6661-$661 +  [G] sishreue
‘Ky1anyoe TeorsAyd (€T T1-6L°0) 660 gJow (QH[ SI9Ie-1eawt Je[n3al ‘SA SUBLIBIAZOA :s1e9K 68—0C + 102 — (SAO) Apmis pojood 3N
‘[oyoore ‘Sunjowss 98y (L7 1-66°0) 01'T 5 MOW (JOII)  SI9JB-1BedW Je N3l "SA SUBLIBIAZOA 33e ‘A/IN 01£09 +861-0861 uerIe}adoA pIOJXQ ‘9107 ‘Agorddy
(€€ 1-09°0) 06°0 Iow (THT SURLIRIOTOAUOU "SA SUBSOA
Kde1oty) suowrioy pue O1'1-1L0) 160 o gAD SUBLIBJOSOAUOU "SA SUBSOA
asnedoudwr :udWOM (02 1-S9°0) 88°0 oW (QHI M ‘SUBLIEJOSOAUOU "SA SUBLIBIOSOA
10§ pue ‘doors ‘uorsax (00’ T-1S°0) IL°0 oW (JHI  JAl ‘SUBLIEIOSQAUOU "SA SUBLIBIOSOA
‘[OYOO[E ‘snjels [ejLIeu (8T'1-€8°0) 660 oW (JAD A\ ‘SUBLIBIOSOAUOU “SA SUBLIBIOSOA syIeop QHI ZLE
‘uoneoNpa ‘Quoout (06'0-LS0) IL0 oW JAD TN ‘SUBLIBJOSOAUOU "SA SUBLIBJOSOA syIesp QAD L86 dn-mof[oy s1eak
“9SI1019X? ‘Sunjows (TO'T-¥9°0) 18°0 30w QHI SUBLIE}OSOAUOU "SA SUBLIBIOSOA :s189K 6L°S ‘600C (Z-SHV) T Apmis [121 vSn
‘900l ‘([[E) X3S 93y (10'1-6L°0) L8O How gAD SUBLIEJOSOAUOU "SA SUBLIEJOTOA ST < 95€ ‘M/IN 80€EL — L00T—200C I[BoH ISHUAPY ‘€10T ‘Y110
syleap dHI 09
SyIeap IS
uoneonpa ‘TINg ‘10Y -STp AI101R[NOIID 6T [£2] Auew
-09[e ‘AJ1AT)oR TeoIsAyd 8T T-1+°0) OL0 “JIo0w (QHI SUBLIEJOZOAUOU "SA SUBLIBJOSOA :s183K dn-mofjoy s1eak (SgH) -19D) ‘S00T
‘Funyows ‘xas @3y (T1'1-29°0) €8°0 "JI0W (JOIID) SUBLIE)OSAUOU "SA SUBLIBIOSOA O] < 938 ‘M/IN #2LT 1T ‘6661-8L61 Apmg S1aqeprey  ‘opneD-3uey)
LFTT-SL°0) L6°0 S How gAdD SUBTIEJOSOAUOU "SA SURLIEJOTOA syreap dALDO 0¢€
HT1-6L°0) 660 Jow qAgD SUBLIE}OSOAUOU "SA SUBLIBIOSOA syIeap QHI 29S
(60 T-€L°0) 68°0 ,bowr QHI SUBLIE}OSOAUOU "SA SUBLIBIOSOA syIeap dAD 768
(10°'T-1L°0) S8°0 “JI0W (QHT SUBLIEIOSOAUOU "SA SUBLIBIOSOA SUJBap SLASIP
J(€0'T-8L°0) 06°0 yHow AAD SUBLIEJOZOAUOU ‘SA SUBLIBJOSOA K10je[no1d £11] dn-mo[[oj s1eak
J(TT'1-68°0) L6'0 o Howr (2115 SUBLIEJOSOAUOU "SA SUBLIEJOTOA 's1eak 6891 L'ST °L661 (SSAH) Apmg siod [92] 3N
Sunjows ‘xes 03y (L0'T—8°0) $6°0 "o (211 SUBTIEJOSOAUOU "SA SURLIEJOTOA a3e ‘M/IN 9€L0T —6L61-¢L61  -doys pooj wiresH ‘70T “Aqerddy
SYIBOp/Sased JO 1oq [ooua
-wnu :o3e ‘xas ‘syued dn-moroy -19Ja1] Anunod
juounsnipy ID %S6) I swodnQ dnoi3qgns ‘Jojeredwos ‘sa amsodxyg -1on1ed jo roquiny ‘porrad Apms ureu Apni§ ‘Ieak ‘ToyIny

(ponunuoo) | sjqey

pringer

a's



European Journal of Nutrition (2023) 62:51-69

58

dHI ‘erw
-oepidi[sAp ‘smijjow
$939qeIp ‘uoIsualradAy
‘uoneonpa ‘AyIAnoe
[eorsAyd “nu [932q ‘Joy
-00[e ‘Surjows ‘xas 98y
IINd Pue QHI ‘et
-oeprdi[sAp ‘smifjow
sa1oqeIp ‘uorsuarradAy
‘uoneonpa ‘AjIAnoe
[eorsAyd ‘jnu [939q ‘[oy
-00[e ‘Furjows ‘xas @3y

NG snid [opowr-p/IN
se sjuounsnlpe owes
‘[opowr pajsnlpe-TNg,

uouwIom

ur asn Adeioy juow
-ooe[dar suowrioy pue
‘aandaoenuos [ero snjd
‘sjuowarddns Kreyorp
‘Kyianyoe TeorsAyd
‘Joyoore ‘Suryowrs
“xapur uonearidop
puasuUMOJ, ‘uoneonpo
UO}INIOAI JO JBIA

‘U0I3aI “JUAU)INIOAI JO
poyjeur ‘([e) xos 93y

(00'1-21°0) ¥€°0
(88°0-61°0) 10
(28°0-€€'0) TS0

(88°0—80°0) 920
(90'T-ST°0) IS0
(T6'T-560) SE'T
(SO'T+90) T80
(LT T=SL°0) ¥6°0
(€S'T-L0'T) 8T'T
(FET-€L0) 660
(060890 8L'0
(160-99°0) LL'O
(06'T-80°'T) €¥'T
(I¥'1-06'0) TI'T
LIF1-00T) 61°1
(@10 1TT
O¥'1-20'D 0T'1
2(060-2L°0) 08°0
4(T6'0-SL°0) £8°0
(L8°0—0L0) 8L0
2q(66°0—C8°0) 06°0
4(86'0—78°0) 06°0

‘Ul 9Y01)$ "LIOWSH

*OUT 901)S JTWAYDS]

‘our 9yoxs [e10],

*OUT 901}S JTWAYIS]

"our AYOXS [810],
"our OIS [810],
our dHI

¢ UL dAd

"our OIS [810],
“OuI YOI [B10],
“oul dHI

“our dHI
*OUT 9YOI)S “LIOWH

*OUT 901)S JTWAYDS]

,"our oIS [e10],
*out 2008 [e10],
“ouI OIS [B10],
o Ul HI

Ul QHI

“oul dHI

02U dAD
O dAD

q

SueLIR)OZAUOU
suerIejesoAuOu
suerIejeSaAuOu

sueLIR)o3oAUOU
suerIejedoAuOu

*SA SUBLIBJOTOA
*SA SUBLIBIOTOA
'SA SUBLIBIOTOA

*SA SUBLIBIOTOA
*SA SUBLIBIOZOA

SI0JBI-JBIWI “SA SUBSOA
SI0)B9-JeAUW "SA SUBTOA
SI91B9-JBAW "SA SUBSOA

M ‘SIdjea-jedwr
A ‘s1djed-jeawr
M ‘SI9je-jeown
A ‘s19jea-jeowr
SI9)BI-JBdW
SI9)1BI-1BoW
$I9)BI-JBoW
SI91BI-JBedW
SI9)1BI-1BeaW
SI9)BI-JBdW
SI9)B9-JBedW
SI91BI-1BoW
SI9)BI-JBdW
SI91B-1BoW

*SA SUBLIBIOTOA
*SA SUBRLIBIOTOA
'SA SUBLIRIOTOA
*SA SUBLIBIOTOA
*SA SUBLIBJOSOA
'SA SUBLIB}OTOA
*SA SUBLIBIOTOA
"SA SUBLIRIOTOA
‘SA SUBLIBJOTOA
‘SA SUBLIBIOSOA
"SA SUBLIRIOTOA
‘SA SUBLIBJOTOA
*SA SUBLIBIOTOA
'SA SUBLIRIOTOA

S§ased

ayons d1SeyLIoway g7

$9sBO

YOS OTWAYDST 4,6

S9sed Ajoms 17
:sIeok

0T < 988 ‘M/IN 708

N k)

OIS OIWAYDST [ ¢

S9SBD YOS $G
:SIeok

0T < 23e ‘M/IN 0S0S

Sased joas
o13eyIIoWY ()¢
Sased
AOAIS JIWAYDIST ]S
SISBO ONS TLOT
$9sed (QHI 0T8T
$958I AAD C68¢
1S189K 06—0T
93¢ ‘M/IN 8818

dn-mor[oj s1eak
ST'6 ‘¥10T-500T

dn-moroy
s1eak 1°9 ‘Y10T
—600C-L00T

dn-mofjoj s1eak
1’81 910C
— 100C-¢661

(7 10yod
‘SADL) Apmis uer
-1e)a39A YD NZ],

(1 10Y0d ‘SHOL)
Apmg pesy
1Y) nz,

[cc] uemre],
‘020T )

[¢z] uemre,
‘020T ‘N

[ez]

PIOJXO-DIdd N ‘610T ‘Suoy,

juounsnipy

(1D %S6) 94

swodnQ dnoi3qgns ‘Jojeredwos ‘sa amsodxyg

SYIBOp/Sased JO 1oq
-wnu :a3e ‘xas ‘syued
-onaed jo raquiny

dn-moroy
‘porzad Apmig

ureu Apni§

[ooua

-19Ja1] Anunod

‘Ieak ‘ToyIny

(ponunuoo) | sjqey

pringer

Qs



59

European Journal of Nutrition (2023) 62:51-69

asn suowIoy
resnedouounsod ‘TING
‘ayejut A319U9 [8)0)
‘oye)ul QuLIBSIRUL ‘SN
urndse ‘osn urweyAn
-[nuw ‘Kyranoe reorsAyd
‘ayeIul [OYOJ[E ‘Ssnje)s

Sunjows ‘001 AIYM ‘9T
asn suowIoy
resnedouounisod ‘TING
‘ayeIur A319u9 [810)
‘oyejur QuLeSIRWIOSN
uridse ‘osn uTwe)IAL
-[nu ‘Ayranoe TeorsAyd
‘ayejur [oyodTe ‘snyejs

unjows ‘9oeI AIYM ‘93

IING 10¥
1dooxo [epow pajsnipe
-[INg se syuaunsn(pe
Jwes :judunsnipe
-IING ou 1M [9pOIA,
TIN] “Aande
[eorsAyd ‘Joyoore ‘owmn
Krejuapas ‘Jurjowrs
‘(saseasIp ¢) A1IpIq
-Iow ‘AJIo1UYI0 ‘Uon
-eatrdap ‘(re) xes @3y

(6S'1-C€'0) 1L°0

(6¥'1-2L'0) €0'T
(TT1-€90) 88°0
(81'T-95°0) 180
(0T'T-L8°0) 20T
(LO'T-8L0) 160
(66'0—L8°0) €60
(96'0-18°0) 88°0
(8S'1-8%°0) L8O
(S0’ T+9°0) T80
(LO'T99°0) ¥8°0
(0€'1-65°0) 88°0
(10'1-08°0) 06°0
(LO'T—58°0) 96°0
(LT'T-1L0) 160
(68°0-08°0) #8°0
(96'098°0) 16°0

‘UL 9YOIIS [BI0], A\ ‘SUBLIBJOSOAUOU "SA SURLIBIOZOA

"OUI 9YOIIS [BIO], A\ ‘SUBLIEJOS0AUOU

“Our OXS [BI0],
"our OIS [810],
our HI

“oul dHI
urgAd
urgAd

*JIOW YOXS [2I0],

_.oﬁm OIS [e10],
.OEM UMOH_m MMHO,H
“JIowx dHI

Ut qHI

“out QHI

o gAD

;UL AD

“our GAD

M ‘SI9je-jeaw
A ‘s19jea-jeowr
M ‘SIdjed-jedwr
A ‘SIojea-jeawr
M ‘SId9jed-jedwr
A ‘SI9jed-jeawt
SI9)1BI-1BoW
$I9)BI-JBoW
SI91BI-JBedW
SI9)1BI-1BeaW
SI9)BI-JBdW
SI9)B9-JBedW
SI91BI-1BoW
SI9)BI-JBdW
SI91B-1BoW

*SA SUBLIBIOTOA

'SA SUBLIRIOTOA
*SA SUBLIBIOTOA
*SA SUBRLIBIOTOA
'SA SUBLIRIOTOA
*SA SUBLIBIOTOA
*SA SUBLIBJOSOA
'SA SUBLIB}OTOA
*SA SUBLIBIOTOA
"SA SUBLIRIOTOA
‘SA SUBLIBJOTOA
‘SA SUBLIBIOSOA
"SA SUBLIRIOTOA
‘SA SUBLIBJOTOA
*SA SUBLIBIOTOA
'SA SUBLIRIOTOA

SISO AONS (O
s18aA

TH—ST 98e ‘M TSET6

S9SBO OIS $(09¢
:SIeak

SS—0€ 938 ‘M 068¢L

syeap ayons 8801
SISBO A0IIS 916G
Syresp QHI L9LT
Sosed dHI v6LYC
sypesap dAD 0859

53583 AD 069901

s1eK €/—/€
o388 ‘M/IN 16LTTH

dn-moroy sreak (CSHN) ¢
$'STLIOT-I661 ApmS WesH SosmN

dn-mofjoj s1eak (ISHN) 1
€87 ‘9T0C—+861 ApmS yi[eoH SosInN

[vel vsn
‘120T ‘uspeq

vzl vsn
‘120T ‘uspeq

[czl N
‘120T “eyooy
-uueuLdlod

juounsnipy

(1D %S6) 94

swodnQ dnoi3qgns ‘Jojeredwos ‘sa amsodxyg

SYIBOp/Sased JO 1oq
-wnu :a3e ‘xas ‘syued
-onaed jo raquiny

dn-morjoy
steak §°8 “070T
—010T-900C (90N Jueqorg N
dn-moroy
‘porzad Apmig ureu Apni§

[ooua
-19Ja1] Anunod
‘Ieak ‘ToyIny

(ponunuoo) | sjqey

pringer

Ns



European Journal of Nutrition (2023) 62:51-69

60

Jusunsnlpe-[N g oYM [OPOIN,

yusunsnipe [ PIM [OPOIN

ons [810) pue (HI ‘AAD WoIJ AI[elIow Jo YSLI Y} Pue S)AIp ueLie}o3aa Jo sisAfeue dnoi3qns ur pasn A[Uo sem pue pauIquiod SAQ Pue pIoyxQ-DIdH J0J ST AJewIsd YSII Y] 5

(SAO ‘SSHH-700T £qe1ddy) uoneoriqnd suo 10y QAD 10F SYY ot pajood arom AFD PuE (THI UO Ele(,

dn-mof[oj Jo s1eak 0m) 181y 9y} papN[OXa (I3N) 10T BYO0Y-uuewIaed pue ‘dn-mofoy

Jo s1eak ¢ ueyp ss9f i syuedronted papnpoxa (p10}xQ-DIdH) 6107 Suol, ‘dn-mof[o} Jo s1eak ¢ 1s1y 3yl papn[oxa (SAO ‘SSHH) 7007 Ago1ddy :dn-mofjoJ A[1es Jo uoIsn[oXa 10J {3y YIM [9POJA,

juounsnipe-Ng
SATBOIPUL (+) ssn[d “Jusunsnipe-JNg ou sajedIpur (-) SnUI "qHI Pue SISIp UBLIEIOSaA 10§ Jusunsnfpe-TNg uo sisk[eue dnoi3qns e ur pasn AJuo sem pue Yy pajood e ST 9jewnsd YSU YL,

jons 810} pue qHI ‘AAD JO JSUI Ay} pue SJAIp UeSoA Uo SIsA[eue o) ur pasn A[uo sem pue Yy pojood e SI 9Jewnss YSLI YL,
(P103X0-D1dH) 6107 SuoL pue (1-SHV ‘SINV) 6661 £93] :suoneoriqnd asay) 10J (JAD 10J SYY 01U pajood 219 oxs [€10} pue qH] U ere(,,
suerIejegoA 03 suerrejoSoauou paredwiod eiep [BUISLIO Se POYIOW ASISAUT Y} SUISN PAJR[NEd 1M (SID %S6 PUe SYY) BIep oy,

USWOM A ‘BOLIDWY

Jo serelg paiu() ys/) ‘Apmis yueqorq S gy/1 ‘WopSury pairu() y/] ‘Apm§ uerelsSeA WD Nz SADL ‘Apms WiesH WD NzL SHOL “SW 9Ane[ar yy ‘Apmig ueLelaSo pIOFXQ SAO ‘T Aprus
[I[BOH SOSINN ‘OISeULIOWaY LIOWY ZSHN ‘T ApmS YI[EoH SOsInN [SHN ‘AI[eIIOW “LIowl ‘USW Jyf ‘@OUPIOUI DUl ‘@SBISIP }IBAY OIWAYDSI (7H] ‘ApmiS dn-mof[o] s[euorssajoid YeoHq SAJdH
‘Apmg s1addoys pood yiesH SSAH O1Seylioway wioway ‘Apmg S19q[opIoH SYH ‘PI0JXQ — UoNLInN pue Iadue)) ojul uonesnsaau] aandadsold ueadoing piofxQ-DIdA ‘OSedSIp JB[NISBAOIPIRD
dAD 9SeasIp AIOJR[NOIID (72410 ‘[BAISIUI QOUIPYUOD [) ‘OSBISIP JB[NOSBAOIQRIdD (JAGD ‘ApmIS AN[BMOIN ISHUSAPY SV ‘T ApmIS YIBSH ISHUAAPY Z-SHYV ‘1 ApmS Yi[eoH ISHUADPY [-SHY
y1oq pariodar sarpnis J1 elep 2ouapIoul A[uo

INq ‘pauIqUIOd SIAXIS Y10q UO BIEP AJI[L1IOUW PUB JOUIPIOUT SISN SISA[RUE UTEW I} PUB SUBLIBIOSIAUOU 0) SUBSIA IO SUBLIEIOSOAUOU O} SUBLIEIOSIA IOUI0 aredwiod (SYY) SAIBWIISD YSLI 9AIR[AI oY,

asn suowIoy
resnedousunsod ‘TING
‘oyejur A310U9 [B10)
‘oyejur QULIBTIRW ‘Osn
uLidse ‘asn urwe)IAn

-[nur ‘A)1anoe [esisAyd S9sBO OIS /681 (SddH)
‘ayejuT [OYOJ[. ‘SNJe)S :s1e0k dn-mofjoj s1eak Apmg dn-mofjoq [¥2] vSn
Supjows ‘ooel NIYM 93y (85 1-6S°0) 96°0 "OUI OMS [BIO], JA ‘SUBLIEIOTOAUOU “SA SUBLIRJOZOA  G/—(f 958 ‘IN 997€h S'TT ‘TI0T—9861  S[euolssdjold YI[esH ‘170T ‘uepeg
SUIBAP/SASED JO 10q [ooua
-wnu :93e ‘xas ‘syued dn-moroy -19Ja1] ANunod
juowsnlpy 1D %S6) ¥4 qwoon(Q dnoi3qns ‘Jojeredwos ‘sa arnsodxg -1onJed Jo requinN ‘porrad Apmg Quwreu Apm§ ‘reak ‘Joyny

(ponunuoo) | sjqey

pringer

Qs



European Journal of Nutrition (2023) 62:51-69 61
Relative Risk Relative Risk
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Cardiovascular disease
Key, 1999, AHS-1 . 0.70 (0,61, 0.80) Key, 1999, pooled analysis o 0.73(047,1.14)
3 Orlich, 2013, AHS-2 0.91(0.71, 1.16)
Key, 1999, AMS . 0.72(0.62,0.83) Tong, 2019, EPIC-Oxford 0.97(0.79, 1.18)
Appleby, 2002, HFSS 0.95(0.84, 1.07) Sl 12=0% 0.52(079,1.06)
Appleby, 2002, OVS 0.93(0.77,1.12) Ischemic heart disease
. Key, 1999, pooled analysis —— 0.74(0.46,1.21)
Chang-Claude, 2005, HBS 1* 0.83(0.62,1.12) Orlich, 2013, AHS-2 _ ml 0.90(0.60, 1.33)
Orlich, 2013, AHS-2 0.87(0.75, 1.01) Tong, 2019, EPIC-Oxford = i 0.82 (0.64, 1.05)
Subtotal  12=0% 0.82(0.68, 1.00)
Tong, 2019, EPIC-Oxford 0.90( 0.82, 0.98)
Total stroke
Petermann-Rocha, 2021, UKB ‘ 0.91( 0.86, 0.96) Key, 1999, pooled analysis I R 070(025,1.98)
Overall 12=68% [0} 0.85(0.79,0.92) Tong, 2019, EPIC-Oxford —— 1.35(0.95,1.92)
Subtotal 12=28% s ——— 1.17(0.69, 1.99)
T T T T T T T T
.05 25 5751 152 3 5 \ \ T T \
Relative Risk
.05 25 5 751 152 3 5
Relative Risk

Fig.2 Vegetarian vs. nonvegetarian diets and the risk of cardiovascu-
lar disease. AHS-1 Adventist Health Study 1, AHS-2 Adventist Health
Study 2, AMS Adventist Mortality Study, EPIC-Oxford European
Prospective Investigation into Cancer and Nutrition — Oxford, HBS
Heidelberg Study, HFSS Health Food Shoppers Study, OVS Oxford
Vegetarian Study, UKB UK Biobank

industry funding, but two studies (two publications) [27, 50]
did not report on funding.

Cardiovascular disease

Eight prospective cohort studies (six publications) [20-23,
26, 27] with 621,282 participants and 115,392 CVD
cases were included in the analysis of vegetarian diets
and CVD. The summary RR for vegetarians compared to
nonvegetarians was 0.85 (95% CI: 0.79-0.92, PF=68%,
Pheterogeneity = 0-003) (Fig. 2), showing reduced CVD risk
for vegetarians. There was no indication of publication bias
with Egger's test (p =0.28), Begg's test (p =0.39), or by
inspection of the funnel plot (Supplementary Fig. 4, Online
Resource 4). The summary RRs (95% CI) ranged from 0.84
(0.77-0.91, I*=70%) when excluding the Health Food
Shoppers Study to 0.88 (0.83-0.94, I>=42%) when exclud-
ing the Adventist Health Study 1 (Supplementary Fig. 5,
Online Resource 4).

Six studies (three publications, three risk estimates) [20,
21, 23] including 197,668 participants and 8052 CVD cases
were included in the analysis of vegan diets and the risk of
CVD, and the summary RR (95% CI) was 0.92 (0.79-1.06,
P=0%, Pheterogeneity = 0-52) (Fig. 3), suggesting no clear
association with risk of CVD for vegans.

Ischemic heart disease
Eight prospective cohort studies (six publications) [20-23,

26, 27] including 621,282 participants and 30,377 THD
cases were included in the analysis of vegetarian diets

Fig.3 Vegan vs. nonvegetarian diets and the risk of cardiovascular
disease, ischemic heart disease and total stroke. The summary relative
risk estimate (RR) from the pooled analysis by Key et al. 1999 were
based on data from 4 studies: Adventist Health Study 1, Adventist
Mortality Study, Heidelberg Study, Oxford Vegetarian Study. AHS-
1 Adventist Health Study 1, AHS-2 Adventist Health Study 2, AMS
Adventist Mortality Study, EPIC-Oxford European Prospective Inves-
tigation into Cancer and Nutrition — Oxford, HBS Heidelberg Study,
OVS Oxford Vegetarian Study

and IHD. The summary RR for vegetarians compared to
nonvegetarians was 0.79 (95% CI: 0.71-0.88, =67%,
Pheterogencity = 0-003) (Fig. 4), showing reduced IHD risk for
vegetarians. There was no indication of publication bias
with Egger's test (p=0.61), Begg's test (p =0.90), or by
inspection of the funnel plot (Supplementary Fig. 6, Online
Resource 4). The summary RR (95% CI) ranged from 0.76
(0.70-0.83, I=36%) when excluding UK Biobank to 0.83
(0.76-0.91, I’ =38%) when excluding Adventist Health
Study 1 (Supplementary Fig. 7, Online Resource 4).

Six studies (three publications, three risk estimates) [20,
21, 23] including 197,668 participants and 5456 IHD cases
were included in the analysis of vegan diets and IHD, and
the summary RR (95% CI) was 0.82 (0.68—1.00, I*=0%,
=0.83) (Fig. 3), suggesting reduced IHD risk for

pheterogeneily
vegans.

Stroke

Twelve prospective cohort studies (six publications) [20,
22-26] including 770,867 participants and 14,419 stroke
cases were included in the analysis of vegetarian diets and
total stroke. The summary RR for vegetarians compared
to nonvegetarians was 0.90 (95% CI: 0.77-1.05, F=61%,
Pheterogencity = 0-003) (Fig. 5), suggesting no clear associa-
tion with total stroke for vegetarians. There was no indi-
cation of publication bias with Egger's test (p =0.15),
Begg's test (p=0.63), or by inspection of the funnel plot

@ Springer
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Fig.4 Vegetarian vs. nonvegetarian diets and the risk of ischemic
heart disease. AHS-/ Adventist Health Study 1, AHS-2 Adventist
Health Study 2, AMS Adventist Mortality Study, EPIC-Oxford Euro-
pean Prospective Investigation into Cancer and Nutrition — Oxford,
HBS Heidelberg Study, HFSS Health Food Shoppers Study, OVS
Oxford Vegetarian Study, UKB UK Biobank
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Study (95% ClI)
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Key, 1999, AMS 0.65(0.48, 0.87)
Key, 1999, HBS 1.69 (0.69, 4.15)
Appleby, 2002, HFSS 0.99(0.79, 1.24)
Appleby, 2002, OVS 1.08 (0.75, 1.54)
Tong, 2019, EPIC-Oxford 1.20(1.02, 1.40)
Chiu, 2020, TCHS 0.51(0.25, 1.06)
Chiu, 2020, TCVS 0.52(0.33,0.82)
Baden, 2021, HPFS 0.96 (0.59, 1.58)
Baden, 2021, NHS 1.03(0.72, 1.49)
Baden, 2021, NHS-2 0.71(0.32, 1.59)
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Fig.5 Vegetarian vs. nonvegetarian diets and the risk of total stroke.
AHS-1 Adventist Health Study 1, AMS Adventist Mortality Study,
EPIC-Oxford European Prospective Investigation into Cancer and
Nutrition — Oxford, HBS Heidelberg Study, HFSS Health Food Shop-
pers Study, HPFS Health Professionals Follow-up Study, NHSI
Nurses” Health Study 1, NHS2 Nurses’ Health Study 2, OVS Oxford
Vegetarian Study, TCHS Tzu Chi Health Study, TCVS Tzu Chi Veg-
etarian Study, UKB UK Biobank

(Supplementary Fig. 8, Online Resource 4). The summary
RR (95% CI) ranged from 0.86 (0.74-0.99, I’ =41%) when
excluding EPIC-Oxford to 0.94 (0.81-1.08, I>=52%) when
excluding Tzu Chi Vegetarian Study (Supplementary Fig. 9,
Online Resource 4).

When subtypes of stroke were analysed, the summary
RR for vegetarians vs. nonvegetarians was 0.56 (95% CI:
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Fig.6 Vegetarian vs. nonvegetarian diets and the risk of ischemic and
hemorrhagic stroke. EPIC-Oxford European Prospective Investigation
into Cancer and Nutrition — Oxford, TCHS Tzu Chi Health Study,
TCVS Tzu Chi Vegetarian Study

0.22-1.42, P=82%, Pheterogeneity = 0-004, n=3) for ischemic
stroke (Fig. 6) and 0.77 (95% CI: 0.19-3.09, I* =85%,
Pheterogencity = 0-01, n=2) for hemorrhagic stroke (Fig. 6),
suggesting no clear association with either outcome.

Five studies (two publications, two risk estimates) [20,
23] including 109,938 participants and > 39 cases were
included in the analysis of vegan diets and the risk of total
stroke, and the summary RR (95% CI) was 1.17 (0.69-1.99,
F=28%, Ppcterogencity = 0.24) (Fig. 3), suggesting no clear
association with total stroke for vegans.

Subgroup and sensitivity analyses

Supplementary Tables 11 and 12 show results from all sub-
group analyses. Although there was high heterogeneity in
our main analysis as measured by /%, this was for CVD and
IHD mainly driven by differences in the strength of the asso-
ciation, rather than due to differences in the direction of
the association, as all studies reported risk estimates in the
direction of an inverse association. For stroke, the results
were less consistent as there was heterogeneity also with
regard to the direction of the association.

For CVD and IHD, the inverse associations persisted in
subgroup analyses stratified by sex, duration of follow-up,
exclusion of early follow-up, outcome subtype, exclusion of
prevalent disease at baseline, geographic location, number of
cases, risk of bias and adjustment for confounding factors. In
the analysis of CVD, there was little evidence of heterogene-
ity between subgroups, with the exception of the subgroup
analysis stratified by geographic location, which showed a
stronger association in North American studies than in Euro-
pean studies (Supplementary Table 11). In the analysis of
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IHD, there was also little evidence of heterogeneity between
subgroups, with the exception of the subgroup analysis strat-
ified by whether early follow-up was included or not, which
showed a weaker association when early follow-up was
excluded compared to when it was included (Supplementary
Table 12). When comparing the associations for vegetarian
diets and THD among studies that provided risk estimates
both adjusted and not adjusted for BMI, the association was
slightly stronger when not adjusted for BMI (18% vs. 22%
reduction in risk), suggesting that approximately 1/5 of the
association potentially could be mediated by BMI (Supple-
mentary Table 12). The null results for stroke persisted in
most subgroup analyses; however, there was heterogeneity
between subgroups when analyses were stratified by duration
of follow-up and geographic location with inverse associa-
tions among studies with shorter vs. longer follow-up and
among two Asian (Taiwanese) studies, but not among Euro-
pean or American studies (Supplementary Table 12).

To assess the impact of more rigorous adjustment on
the summary estimate we conducted a sensitivity analysis
using the more adjusted risk estimates (adjusted for alcohol,
education, exercise, and BMI in addition to age, sex and
smoking status) from the pooled analysis of Key et al. [20],
and replaced the results from the overlapping individual
studies (AMS, AHS-1, OVS, HBS) with the results from
this pooled analysis (more adjusted results from each indi-
vidual study were not provided in the publication so we used
the pooled estimate). The summary RR when incorporat-
ing the more adjusted estimate from the pooled analysis in
our meta-analysis was 0.81 (95% CI: 0.72-0.92, P=71%,
Pheterogeneity = 0-009) while the summary estimate using the
less adjusted model was 0.79 (95% CI: 0.68-0.93, F=84%,
Pheterogeneity < 0-0001), suggesting little difference in the over-
all findings.

E-values for the association between vegetarian diets and
CVD and IHD were 1.64 (lower CI: 1.40) and 1.86 (lower
CI: 1.49), and e-value for vegan diets and THD was 1.74
(lower CI: 1.00).

Grading of evidence

Using WCREF criteria for judging the evidence, we consid-
ered the overall evidence to indicate a probable protective
causal association between vegetarian diets and reduced risk
of CVD and IHD, and for stroke, the evidence was deemed
limited-no conclusion (Supplementary Table 13 and 14,
Online Resource 4) [36, 37]. We considered the evidence on
vegan diets and reduced risk of IHD to be limited-suggestive,
and for CVD and stroke to be limited-no conclusion. This
was mainly due to the limited number of studies and lack of
precision for the association with IHD (but similar effect size
as for vegetarians), and weaker and less clear associations
for CVD and stroke (Supplementary Table 13, 14, Online

Resource 4). Detailed justifications for the judgements on
vegetarian diets and CVD, ITHD and stroke are outlined in
Supplementary Table 13 (Online Resource 4) and include,
clear inverse associations based on data from eight cohort
studies [20-23, 26, 27] that were robust in most subgroup
and sensitivity analyses, no evidence of publication bias, and
observed heterogeneity that was driven more by differences
in the strength of the associations rather than differences in
the direction of the associations. There is also supporting
evidence from randomized trials that vegetarian diets reduce
cardiovascular risk factors, including total and LDL cho-
lesterol [51], systolic and diastolic blood pressure [12] and
weight gain [52], and there is consistent evidence that veg-
etarian diets reduce the risk of type 2 diabetes from cohort
studies [53-55] (see discussion for details). There is also
strong evidence that consumption of several food groups,
which often differ between vegetarians and nonvegetarians
(e.g., red meat, processed meat, fruits, vegetables, whole
grains, nuts, legumes) are associated with risk of CVD and
IHD [56-63] in a manner that is consistent with the results
observed for vegetarians (see discussion for details).

Discussion

The present systematic review and meta-analysis showed a
15% and a 21% reduction in the relative risk of CVD and
IHD, respectively, for vegetarians compared to nonvegetar-
ians, but no clear association was observed for total stroke
or subtypes of stroke. In addition, an 18% reduction in the
relative risk of IHD was observed among vegans when
compared to nonvegetarians, although this association was
imprecise. No clear association was observed between vegan
diets and CVD or stroke; however, the number of studies
was limited. Although there was high heterogeneity in the
main analyses for CVD and IHD, this was largely explained
by differences in the strength of the associations as all stud-
ies reported risk estimates in the direction of an inverse
association. For CVD, the association was stronger among
North American studies than among the European studies.
For stroke, studies were less consistent, and an inverse asso-
ciation was observed only among Asian studies and not in
European or American studies. There was no indication of
publication bias in the three main analyses. The findings
regarding IHD are consistent with previous meta-analyses
[10, 64-67]; however, to our knowledge this is the first meta-
analysis to report a clear reduction in CVD risk overall as
well, while previous meta-analyses found no association for
CVD [10, 65-67]. This difference is likely due to the larger
sample size and greater statistical power in the current analy-
sis. Our finding of no association for stroke is consistent with
previous meta-analyses on vegetarian diets and total stroke
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or cerebrovascular disease [10, 64—67]. However, consider-
ing the results of the influence analysis, we cannot entirely
rule out a weak to moderate inverse association, but further
larger studies are needed to clarify this.

Our analysis has several limitations as well as strengths.
Although the meta-analysis was not registered with a pre-
defined analysis plan or study protocol, the analysis used a
similar format to previous meta-analyses [61-63] and efforts
were made to ensure transparency of the work. Although
the title and abstract screening was only performed by one
author (JSD), the second part (full-text assessment) was per-
formed by two authors (JSD, DA).

Heterogeneity was an apparent issue across all outcomes.
However, heterogeneity is expected for a number of reasons,
including differences in the (1) detail of the dietary assess-
ment methods used, (2) geographic location and background
food choices and dietary patterns [21], (3) confounders that
were adjusted for in the statistical analyses, (4) sample size
and duration of follow-up, and (5) stability of the diet over
time in different studies. Most of the results for CVD and
IHD were similar across subgroup analyses. In contrast,
results for stroke were less clear and somewhat inconsist-
ent, and there was heterogeneity between subgroups in the
subgroup analyses stratified by geographic location with an
inverse association in Asian studies, but no clear associa-
tion was observed in North America or Europe. Whether
these differences in results are due to differences in dietary
habits between the Asian and the US and European studies,
or whether it is simply a play of chance is unclear. Further
studies are therefore needed to clarify this association and
to explain the potential geographic variations in the results.

Vegetarians are often more health-conscious than nonveg-
etarians, and given the observational design of the included
studies, confounding from other lifestyle factors could be
an issue. However, the results persisted across multiple sub-
group analyses of studies that adjusted for age, education,
alcohol, smoking, BMI and physical activity, and there was
little indication of heterogeneity between these subgroups.
In a pooled analysis, further adjustment for alcohol, educa-
tion, exercise and BMI in addition to adjustment for age,
sex, and smoking status made little impact on the association
between vegetarian diets and IHD [20], and when we used
the more adjusted results from this pooled analysis there
was also little change in the summary estimates, suggesting
little confounding from these factors. Although residual con-
founding could be an issue, the inverse association between
vegetarian diets and IHD persisted across strata of smoking
and the presence of other risk factors in the EPIC-Oxford
study, and inverse associations were also observed in the
Adventist Health and Mortality Studies, populations consist-
ing largely of non-smokers and non-alcohol drinkers, which
might suggest an independent effect of a vegetarian diet on
risk of IHD and CVD [20, 21, 23]. The estimated E-values
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suggest that any unadjusted confounders would have to be
relatively strongly (RR =1.64-1.86) associated with both
vegetarian and vegan diets and with risk of CVD and IHD
to fully explain away these associations. The results also per-
sisted across strata of risk of bias and there was no between
subgroup heterogeneity detected with meta-regression analy-
ses. Although publication bias can affect meta-analyses of
published studies, we found no indication of publication bias
with the statistical tests used or by inspection of the funnel
plots.

The definitions of vegetarian and nonvegetarian diets
were not entirely uniform across studies, and it is possible
that this could have affected the results; however, we do not
expect a substantial impact of this on the overall results. In
most studies, vegetarian status was defined based on meat
and fish consumption reported on food frequency question-
naires, while in the Health Food Shoppers Study [26] par-
ticipants were asked whether they identified as vegetarians
or nonvegetarians. Nevertheless, exclusion of this study did
not materially alter any of the observed associations, sug-
gesting little impact of this study on the overall conclusions.
Meat consumption has been reported to be markedly lower
among the nonvegetarians in the Adventist Health Study 2
[68, 69], EPIC-Oxford [70], and the UK Biobank [71] when
compared to the general population [72, 73]. If differences
in meat consumption account for some of the difference in
cardiovascular risk between vegetarians and nonvegetarians,
this could potentially lead to conservative estimates of the
true associations compared to if a more representative com-
parison group had been available.

As exposure assessment in most cohorts was only con-
ducted at baseline (except in EPIC-Oxford, Health Pro-
fessionals Follow-up Study, Nurses’ Health Study 1, and
Nurses’ Health Study 2 [23, 24]), participants may have
changed their diet during the course of follow-up. This could
lead to misclassification of dietary habits, which given the
prospective design of the studies, would likely be non-dif-
ferential and might bias the summary estimates toward the
null. In the EPIC-Oxford study, there was little difference
in the hazard ratios by whether repeated measures or only
baseline data were used to analyse the association between
vegetarian diets and IHD [23]. However, other studies have
reported considerable differences in the association between
red and processed meat intake and CVD mortality when
comparing repeated measures vs. only baseline measures
[59]. The stability of vegetarian status or meat consumption
over time could differ between studies, but further studies
are needed to address this question.

The current analysis was not able to assess the asso-
ciation between quality of vegetarian (or vegan) diets and
CVD, IHD or stroke risk, as there were no studies that
have investigated this directly to date. Other studies that
have assessed the association between plant-based dietary
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indices and CVD risk have reported inverse associations
between plant-based dietary indices overall as well as for
healthy plant-based dietary indices (characterized by high
intake of whole plant foods) and CVD risk, while unhealthy
plant-based dietary indices (characterized by high intake of
sugar-sweetened beverages, French fries, chips, cookies, and
other fast foods) have been associated with increased CVD
risk [74], suggesting the importance of emphasizing whole
plant foods.

Strengths of our meta-analysis include the following: (1)
the detailed search strategy; (2) rigorous and comprehen-
sive risk of bias assessments that more adequately assess
internal validity of the included studies (ROBINS-I) [30,
31, 33, 34], with results implemented in synthesis through
subgroup analyses; (3) increased sample size and statisti-
cal power which allowed detection of moderate associations
between vegetarian diets and both CVD and IHD and (4) the
detailed subgroup and sensitivity analyses, which supported
the robustness of the findings.

The current findings are consistent with other epidemio-
logical and experimental studies which have found that veg-
etarians have a lower BMI [10] and reduced weight gain
[52, 75], lower serum total and LDL-cholesterol [51], lower
blood pressure or prevalence of hypertension [12—14] and
lower risk of type 2 diabetes [16] than nonvegetarians, all of
which are important cardiovascular risk factors. Meta-analy-
ses of randomized trials reported a 0.32-mmol/l (12.2 mg/dl)
reduction in LDL-cholesterol [9] and a 4.8-mmHg reduction
in systolic blood pressure with consumption of vegetarian
vs. nonvegetarian diets [12]. Such a difference in LDL-cho-
lesterol and systolic blood pressure would predict a 10% and
11% lower relative risk of IHD mortality, respectively, based
on data from a pooled analysis of 61 prospective studies
[76, 77]. If LDL-cholesterol and systolic blood pressure are
assumed to act additively, these differences could largely
explain the 21% reduction in the relative risk of IHD we
observed among vegetarians vs. nonvegetarians. Differences
in adiposity and type 2 diabetes risk could also contribute
towards a lower IHD risk; however, some of the difference
in LDL-cholesterol and systolic blood pressure, as well as
a sizeable part of the reduction in risk of type 2 diabetes
among vegetarians versus nonvegetarians, is likely driven
by differences in BMI. In the current analysis, adjustment
for BMI attenuated the association between vegetarian diets
and IHD by approximately one-fifth, suggesting a modest
part of the difference in IHD risk might be mediated by dif-
ferences in BMI.

Our results are also consistent with studies on food
groups and risk of CVD and IHD. Several cohort studies
have shown an increased risk not only of both CVD and IHD
[56-60], but also for stroke associated with consumption
of red and processed meat [78]. Red and processed meat
are major sources of dietary saturated fat and cholesterol,

which are known to increase serum cholesterol [79] and
could thereby increase the risk of IHD. Experimental stud-
ies in mice have also shown that red meat increases athero-
sclerosis by increasing the production of trimethylamine-N-
oxide (TMAO) through a gut-dependent pathway [80]. In
fact, vegetarians exhibit lower levels of TMAO, suggesting
a link between meat consumption and CVD risk [80]. In
addition, processed meats are a major source of salt, which
could increase CVD risk through increased blood pressure
[81], and both red and processed meat intake have been asso-
ciated with increased weight gain [82] and type 2 diabetes
[83], which could increase CVD risk. However, other dietary
differences could also contribute toward reduced CVD risk
among vegetarians. Compared to meat-eaters, vegetarians
tend to have a higher intake of fruit and vegetables, whole
grains, nuts, and legumes [70], and such food groups have
generally been shown to reduce the risk of CVD, IHD and
stroke [61-63] and to have benefits on cardiovascular risk
factors such as blood pressure [84—86], serum cholesterol
[87-89], bodyweight [82] and risk of type 2 diabetes [90,
91].

The present meta-analysis suggests a vegetarian diet
offers important health benefits by reducing the risk of both
CVD and IHD, although not stroke. These are findings with
important public health implications given that CVDs still
are the leading causes of death and disease globally and
suggest that adoption of plant-based dietary patterns such
as vegetarian diets can be useful for reducing the CVD bur-
den. These findings support a stronger emphasis on vegetar-
ian dietary patterns in public health recommendations as a
measure for CVD prevention.

Future research should focus on additional large-scale
and high-quality studies as they are needed to clarify results
for stroke and stroke subtypes, as well as to provide results
stratified by other risk factors and results with adequate
adjustment for confounding factors to better rule out poten-
tial residual confounding. Further studies from other geo-
graphic regions are also needed. Detailed and repeated
dietary assessments may be important to take into account
dietary changes during follow-up. Future studies should
focus on recruiting more vegans as there were few studies
with sufficient numbers to detect a clear association among
the vegans.

In conclusion, a 15% reduction in the relative risk of
CVD and a 21% reduction in the relative risk of IHD was
observed for vegetarians compared to nonvegetarians, but
no clear association was observed for total stroke or stroke
subtypes. There was an 18% reduction in the relative risk
of IHD among vegans, but the association lacked precision
and no clear association was observed for CVD or stroke;
however, there were few studies in the analyses of vegans.
These findings are consistent with existing guidelines rec-
ommending plant-based dietary patterns for CVD prevention
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but suggest more emphasis may be put on vegetarian diets.
Further studies are needed to clarify the association between
vegetarian diets and stroke risk, as well as the association
between vegan diets and CVD, IHD and stroke.
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