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A B S T R A C T

Background: Diet significantly influences the risk of developing cardiovascular disease (CVD), the leading cause
of death in the United States. As vegetarian dietary patterns are increasingly being included within clinical
practice guidelines, there is a need to review the most recent evidence regarding if and how these dietary pat-
terns mitigate CVD risk.
Objective: This umbrella review of systematic reviews compared the relationships between vegetarian, vegan and
non-vegetarian dietary patterns and CVD health outcomes and risk factors among presumably healthy adults
(≥18 years) in the general population.
Methods: MEDLINE, CINAHL, Cochrane Databases of Systematic Reviews, Food Science Source and SportsDiscus
databases were searched for systematic reviews (SRs) published from 2018 until March 2024. Eligible SRs and
meta-analyses examined relationships between vegetarian or vegan diets and CVD risk factors and disease
outcomes compared to non-vegetarian diets. SRs were screened in duplicate, and SR quality was assessed with
AMSTAR2. The overall certainty of evidence (COE) was evaluated using the Grading of Recommendation,
Assessment, Development, and Evaluation (GRADE) method.
Results: There were 758 articles identified in the databases’ search and 21 SRs met inclusion criteria. SRs tar-
geting the general population had primarily observational evidence. Vegetarian, including vegan, dietary pat-
terns were associated with reduced risk for CVD incidence [Relative Risk: 0.85 (0.79, 0.92)] and CVD mortality
[Hazard Ratio: 0.92 (0.85, 0.99)] compared to non-vegetarian diets. Vegan dietary patterns were associated with
reductions in CVD risk factors including blood pressure [systolic mean difference (95 % CI): -2.56 mmHg (-4.66,
-0.445)], low-density lipoprotein cholesterol [-0.49 mmol/l (-0.62, -0.36)], and body mass index [-1.72 kg/m2

(-2.30, -1.16)] compared to non-vegetarian dietary patterns, as well as c-reactive protein concentrations in a
novel meta-analysis [-0.55 mg/l (-1.07, -0.03)].
Conclusion: Practitioners can consider recommending vegetarian dietary patterns to reduce cardiometabolic risk
factors and risk of CVD incidence and mortality.

1. Introduction

Cardiovascular disease (CVD) continues to pose a significant global

health challenge, creating a considerable burden due to both morbidity
and mortality. Prominent heart-health organizations, such as the
American Heart Association and the American College of Cardiology,
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underscore the critical role of dietary modifications in the prevention
and management of CVD [1–3]. Recommendations emphasize the sig-
nificance of adopting dietary patterns that focus on reducing con-
sumption of red and processedmeats while concomitantly increasing the
intake of plant-derived foods [1,2]. A comprehensive analysis of 78
clinical practice guidelines across the globe revealed that 49 % advocate
for plant-focused dietary patterns [4].

A healthy vegetarian-style dietary pattern includes some degree of
restriction of animal products (Supplementary Fig. 1 [5]) while being
rich in vegetables and fruits, legumes, whole grains, nuts, and seeds
[6–8]. Vegetarian-style dietary patterns are typically low in saturated
fats and cholesterol while providing health-promoting foods rich in
fiber, antioxidants, and phytochemicals. These dietary attributes are key
factors in maintaining cardiovascular health, including improved lipid
profiles, blood pressure (BP) regulation, enhancing endothelial function,
inflammation control, as well as contributing to a diverse microbiome
[9–12]. However, a poorly planned vegetarian-style dietary pattern can
limit specific nutrients such as vitamin B12, iron, and calcium or include
an excess of refined carbohydrates, added sugar, or saturated fat which
can contribute to increased CVD risk [7,13,14].

In recent years, there has been an emergence of numerous systematic
reviews (SRs) on the impact of vegetarian dietary patterns for CVD risk
and prevention. This underscores the growing recognition and scientific
interest in the potential benefits of vegetarian dietary patterns for
maintaining cardiovascular health. However, these SRs have variable
quality and typically focus on limited outcomes. To support develop-
ment and refinement of evidence-based dietary recommendations and
clinical practice guidelines for primary prevention of CVD, a systematic
and comprehensive overview of current evidence was warranted.
Therefore, our objective was to conduct an umbrella review to (1) sys-
tematically identify, compare, and summarize relevant systematic re-
views andmeta-analyses on the relationships between vegetarian, vegan
and non-vegetarian dietary patterns and prevention of cardiovascular
risk factors and health outcomes among presumably healthy adults in
the general population and (2) evaluate the quality/certainty of the best
available evidence.

2. Methods

An overview of SRs, or an umbrella review, was conducted due to
high availability of existing SRs examining the relationships between
dietary patterns and outcomes of interest [15]. This umbrella review
followed methods for Overviews of Reviews from the Cochrane
Collaboration [16] and was reported using the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) checklist
[17]. Methods were specified a priori and registered at The International
Prospective Register of Systematic Reviews (PROSPERO)
(CRD42023396453) [18].

2.1. Eligibility criteria

Eligibility criteria are described in Table 1. Briefly, participants were
required to be presumably healthy adults (≥18 years) in the general
population. The exposure of interest was vegetarian including vegan
dietary patterns, and the comparison of interest was non-vegetarian
dietary patterns. The greater aim of this umbrella review was to
inform health care professionals of the comprehensive benefits and
potential risks of vegetarian and vegan dietary patterns, and, thus,
several outcomes were assessed. This umbrella review is part of a greater
project examining the impact of vegetarian dietary patterns [18]. This
manuscript reports the outcomes for cardiovascular risk and disease,
and results for other outcomes are available on the Academy of Nutrition
and Dietetics Evidence Analysis Library website [19]. Primary outcomes
of interest included CVD incidence, events and mortality. Coronary
heart disease (CHD) and ischemic heart disease were both described as
CHD. Secondary outcomes included hypertension and

Table 1
Eligibility criteria for the research question examining the relationships between
vegetarian, vegan and non-vegetarian diets in presumably healthy adults in the
general population.

Category Inclusion Criteria Exclusion Criteria

Population Human adults ≥18 years <18 years of age, animal
studies

Health Status Studies targeting or with sub-
group analysis of presumably
healthy adults in the general
population

Studies which target
participants with limited
generalizability to the general
population, such as those
with diagnosed

• HTN, dyslipidemia,
overweight/obesity,
impaired glucose tolerance

• Type 2 DM
• CVD
• Eating disorders
• COPD
• HIV/AIDS
• Post-bariatric surgery
• Severe/persistent mental

illness
• Pregnancy

Intervention/
Exposure

Vegetarian (including lacto-
and lacto-ovo- vegetarians)
and/or vegan diets and all sub-
groups. Plant-based diets will
only be included if the
definition meets the definition
of a vegetarian or vegan diet.

Diets not meeting vegetarian/
vegan definition. Flexitarian,
pescatarian, semi-vegetarian
diets. Studies that do not
define “plant-based” and in
which it is not possible to
determine if plant-based is
being used to mean
vegetarian/vegan. Samples
that combine data for semi-
vegetarians and/or
pescatarians with
vegetarians.

Exposure
Measurement

For observational studies,
participants may consume
meat/poultry/fish ≤once/
month and still be classified as
“vegetarian”.

Not applicable

Comparison Non-vegetarian diets. Vegan
diets may serve as comparison
for vegetarian diets.

• No comparison group.
• The comparison group is

an intervention that differs
from the vegetarian/vegan
diet in more ways than
inclusion of meat, animal,
products, etc.

Outcome Health Outcomes:

• Disease Incidence
○ CVD, HTN, CV Events,
Overweight/Obesity

• CVD Mortality
Intermediate Outcomes:

• BP
• LDL-Cholesterol, TGs
• CRP
• BMI

Outcomes not specified in
inclusion criteria

Study Design Systematic Reviews and Meta-
Analysis
SRs can include RCTs, non-
randomized controlled trials,
longitudinal cohort studies
and cross-sectional studies.
SRs must address the research
question and search at least
two databases. SRs that are
rated as having higher quality
with the AMSTAR2 tool, those
that conduct meta-analysis,
those that assess risk of bias of
individual articles and those
with graded certainty of

Primary studies, case reports,
narrative reviews,
commentaries

(continued on next page)
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overweight/obesity incidence, BP, low-density lipoprotein (LDL)
cholesterol and triglyceride (TG) concentrations, c-reactive protein
(CRP) concentrations, and body mass index (BMI). Publication date was
limited to SRs published since 2018 because older SRs do not include
recent research. Included SRs were limited to peer-reviewed articles
published in the English language due to resource constraints. No sup-
plemental primary studies were included.

2.2. Information sources

The databases search was designed and conducted by an information
specialist who searched MEDLINE, CINAHL, Cochrane Databases of
Systematic Reviews, Food Science Source and SportsDiscus databases.
The search included terms such as “vegetarian”, “vegan”, and “plant-
based”, with limits on language (English language), publication date
(2018-March 6, 2024) and study design (systematic reviews and meta-
analyses). Full search strategies are described in Supplementary Table 1.

2.3. Selection process

Following de-duplication, titles and abstracts of identified articles
were independently screened by two reviewers using Rayyan software
[20]. After initial title/abstract screening, potentially included full-text
SRs were assessed by two independent reviewers. Discrepancies in
screening were settled through consensus by expert panel members. The
study selection process was documented in a PRISMA flow diagram
[17]. Overlap of primary studies included in SRs was addressed during
data extraction and evidence summary.

2.4. Data collection

A standardized data extraction sheet was created to extract study
characteristics for each SR. Data were extracted by trained evidence
analysts and checked by a second reviewer. Data included bibliographic
information, participant health status and ages, exposure/intervention
details [e.g., vegetarian, vegan or non-vegetarian diet, diet duration],
eligible primary study designs, date of published studies in SRs, whether
meta-analysis was conducted, if risk of bias (RoB) was assessed and with
which tool, if certainty of evidence (COE) was assessed and with which
tool, and outcomes of interest reported.

2.5. Quality assessment

The quality of SRs was assessed by two independent reviewers with
the A MeaSurement Tool to Assess systematic Reviews version 2
(AMSTAR2) tool [21,22]. Discrepancies in AMSTAR2 ratings were
settled with consensus or a third reviewer. RoB of primary studies as

assessed in included SRs were used for certainty of evidence (COE)
assessment [16].

2.6. Synthesis methods

Characteristics of included SRs were described in a study charac-
teristics table. When more than one SR examined the relationship be-
tween vegetarian dietary patterns and a specific outcome of interest,
primary studies from each SR were plotted to determine overlap. Several
of the SRs relied on previously conducted meta-analyses. Umbrella re-
view authors analyzed study overlap according to primary studies, even
if data from secondary studies was used in an included SR.

SRs with higher quality as assessed by the AMSTAR2 tool, those that
conducted meta-analysis and/or assessed RoB and COE, and those that
were more recent and comprehensive were prioritized when interpret-
ing results. If only one SR conducted meta-analysis, umbrella review
authors discussed if results from the other included SR(s) agreed. If more
than one SR conducted a meta-analysis, umbrella review authors
determined appropriateness of combining the data from both meta-
analyses to increase coverage and statistical power. If data could not
be combined, the effect estimate from the higher quality SR was
prioritized.

When a novel meta-analysis could be conducted, data was extracted
from the SRs, not the primary studies themselves [16]. When
meta-analysis was conducted for this umbrella review, we estimated the
effect size and 95 % CI using a DerSimonian-Laird random-effects model
as true associations between vegetarian dietary patterns and outcomes
may vary according to sub-population [23]. For continuous outcomes,
results were reported as mean differences (MD) and 95 % confidence
interval (CI). Results of meta-analysis were visualized using forest plots.
Publication bias was assessed using funnel plots and Egger’s statistics.
Heterogeneity was measured using the I2 measure. Sub-group analyses
were conducted for each research question regarding the type of vege-
tarian dietary pattern and the RoB of primary studies. Statistical ana-
lyses were conducted using OpenMeta [24] and RStudio [25]. A p-value
of <0.05 was considered statistically significant.

2.7. Certainty of evidence assessment

Umbrella review authors used the Grading of Recommendation,
Assessment, Development, and Evaluation (GRADE) method to assess
COE [26]. If authors of included SRs graded COE, ratings between the
umbrella review and SR were compared and any deviations from the SR
grading were justified. A summary of findings table was drafted using
gradePRO [27], which reports the number of studies and participants,
effect size, factors contributing to COE and overall conclusion for each
outcome and was adapted for this manuscript.

3. Results

Database searches identified 758 SRs; we screened 80 full-text SRs,
and 21 SRs were included (Fig. 1) [28–48]. A list of articles excluded
during full text review and reasons is available in Supplementary
Table 2. Characteristics of included studies are described in Table 2.
Seven SRs examined vegetarian and vegan dietary patterns combined
[30,34,36,41,44,47,48], six SRs examined vegan dietary patterns [28,
29,38,40,43,45], and eight SRs provided separate results for both
vegetarian and vegan dietary patterns [31–33,35,37,39,42,46]. Quality
of SRs as assessed by the AMSTAR2 tool are shown in Supplementary
Table 3. Though several SRs aimed to describe the impact of dietary
patterns in the general population using RCTs, generally the RCTs
available examined adults with cardiometabolic disease only. Thus,
despite intending to include SRs with RCTs, umbrella review authors
judged that these SRs often did not answer the research question, as
studies targeting adults with cardiometabolic disease may have different
goals, evaluation of efficacy and comparison diets compared to those

Table 1 (continued )

Category Inclusion Criteria Exclusion Criteria

evidence will be prioritized for
evidence synthesis.

Study Duration No limits. No limits.
Sample Size No limits. No limits.
Publication

Dates
2018- March 6, 2024 Published prior to 2018 or

after search date of March 6,
2024.

Publication
Status

peer-reviewed publications Gray literature, conference
abstracts

Abbreviations: AMSTAR2= A MeaSurement Tool to Assess systematic Reviews
version 2, BMI= body mass index; BP= blood pressure; COPD= chronic
obstructive pulmonary disorder; CRP= C-reactive protein; CV= cardiovascular;
CVD= cardiovascular disease; DM= diabetes mellitus; HIV/AIDS= Human im-
munodeficiency virus infection and acquired immune deficiency syndrome;
HTN= hypertension; LDL= low-density lipoprotein; RCT= randomized
controlled trial; SR= systematic review.
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evaluating impact for the general population. Thus, conclusions were
primarily based on results from observational evidence. For most out-
comes, included SRs did not report data required to combine data from
different SRs in a novel meta-analysis, except for CRP concentrations, for
which a novel meta-analysis was conducted.

3.1. Cardiovascular disease and coronary heart disease incidence

Five SRs examined the relationship between consuming vegetarian
dietary patterns, compared to non-vegetarian dietary patterns, and CVD
and CHD incidence in presumably healthy adults in the general popu-
lation [31,34,38,44,48]. Among these, Dybvik et al. [31] and Kaiser
et al. [38] had the highest quality as assessed by the AMSTAR2 tool
(Supplementary Table 3). In total, nine primary studies were included in
the SRs and eight of these studies were reported in Dybvik et al. [31].

In the SR by Dybvik et al. [31], follow-up ranged from 5.14 to 28.3
years. In meta-analysis, vegetarian including vegan dietary patterns
reduced risk of both CVD [relative risk (RR) (95 % CI): 0.85 (0.79, 0.92)
I2=68 %] and CHD [0.79 (0.71, 0.88) I2=67 %] compared to
non-vegetarian dietary patterns (Table 3). In a meta-analysis of six
studies in Dybvik et al. [31], there was no significant relationship be-
tween consuming vegan dietary patterns, compared to non-vegetarian
dietary patterns, and CVD [0.92 (0.79, 1.06) I2= 0 %] or CHD [0.82

(0.68, 1.00) I2= 0 %] incidence (Table 3). It is important to note that
Dybvik et al. [31]. reported incidence by using data on CVD and CHD
incidence when available and using CVD and CHD mortality as a mea-
sure of incidence (i.e., CVD/CHDmust have been incident if participants
died of this cause) when incidence was not available. Dybvik et al. [31]
rated vegetarian including vegan dietary patterns as having a “probably
protective effect”. Authors described a “limited-suggestive” impact of
vegan dietary patterns on CHD, and “limited-no conclusion” for the
impact of vegan dietary patterns on CVD [31].

Umbrella review authors graded outcomes similarly to Dybvik et al.
[31]; COE was downgraded for RoB for vegetarian including vegan di-
etary patterns, but COE started as ‘high’ because Dybvik et al. [31]
utilized the ROBINS-I tool to assess RoB, which is a stricter assessment
for observational study designs [49]. Ratings were lower for vegan di-
etary patterns because the confidence interval included a null effect.
COE was moderate for vegetarian and low for vegan dietary patterns
(Fig. 2).

3.2. Cardiovascular disease events

3.2.1. Stroke
Four SRs examined the relationship between vegetarian dietary

patterns and risk of stroke in the target population using cohort studies

Fig. 1. PRISMA flow diagram for new systematic reviews which included searches of databases and registers only.
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Table 2
Study characteristics of included systematic reviews examining the relationship between vegetarian and vegan diets and cardiovascular risk and disease outcomes.

Author,
Year

Population
(Health
Status, Age)

Diet
(Vegetarian,
Vegan) Diet
Duration

Study Designs
Included

Years of
Primary
Studies

Diet
Adherence
Assessment
Reported

Outcomes of
Interest
Reported

Meta-
Analysis

RoB
Assessment

Certainty of
Evidence
Grading

Overall
Confidence
in Results
from
AMSTAR2

Bakaloudi
et al.
2021
[28]

No limits on
health status
or age

Vegan
Duration: NA-
11.7 years

Cross-
sectional,
cohort

NR Yes BMI No Newcastle-
Ottawa and
modified
Newcastle-
Ottawa Scale

No Low

Benatar
et al.
2018
[29]

No significant
comorbidities
≥18 years

Vegan
Duration: ≥1
year

Cross-
sectional,
cohort

1960–2018 Yes • BMI
• BP
• LDL-C
• TGs

Yes Newcastle-
Ottawa Scale

No Critically
Low

Craddock
et al.
2019
[30]

No limits on
health status
or age

Vegetarian
Duration: ≥4
weeks for
interventions,
≥1 year for
observational

Cross-
sectional,
RCTs

NA-2017 No CRP Yes Modified
Newcastle-
Ottawa Scale

GRADE Critically
Low

Dybvik
et al.
2022
[31]

Presumably
healthy
general
population
No limits on
age

Vegetarian,
Vegan
Duration:
5.14–28.3
years

Prospective
Cohort
Studies

NA-2021 No • CVD
Incidence

• CVD
Mortality

• IHD
Incidence

• IHD
Mortality

• Stroke
Incidence

• Stroke
Mortality

Yes Modified
ROBINS-I

World
Cancer
Research
Fund
grading
criteria

Low

Elliot et al.
2022
[32]

No limits on
health status
≥18 years

Vegetarian,
Vegan
Duration: 3
months- 3.75
years

RCT,
prospective
cohort, cross-
sectional

NA-2022 No • LDL-C
• TGs
• CRP/ hsCRP

No No No Critically
Low

Gibbs
et al.
2021
[33]

No limits on
health status
≥18 years

Vegetarian,
Vegan
Duration:
1.4–204 weeks
(median 12
weeks)

Controlled
trials

1961–2019 No BP Yes RoB2 GRADE Low

Glenn
et al.
2019
[34]

With or
without
diabetes
Median age
range: 33–58
years

Vegetarian
Duration: ≥1
year

Prospective
cohort

NA-2018 Yes • CHD
Incidence

• CHD
Mortality

• CVD
Mortality

• Stroke
Mortality

Yes Newcastle-
Ottawa

GRADE Critically
Low

Ivanova
et al.
2021
[35]

No limits on
health status
≥18 years

Vegetarian,
Vegan
Duration: 30
days-2 years

Controlled
trials,
prospective
cohort studies

NA-2021 No • BMI
• LDL-C

No Newcastle-
Ottawa Scale

No Critically
Low

Jabri et al.
2021
[36]

No limits on
health status
or age

Vegetarian
Duration:
Mean of 10.68
years

Prospective
Cohort
Studies

NA-2019 No • CHD
Mortality

• CBVD
Mortality

Yes ROBINS-I GRADE Critically
Low

Jafari
et al.
2021
[37]

No limit on
health status
≥18 years

Vegetarian,
Vegan
Duration: 4–25
years

Prospective
Cohort
Studies

1988–2020 Yes • CVD
Mortality

• CBVD
Mortality

• CHD
Mortality

Yes Newcastle-
Ottawa

GRADE Low

Kaiser
et al.
2021
[38]

No limits on
health status
or age

Vegan
Duration 8
weeks-18.1
years

RCTs,
Prospective
Cohort, Cross-
sectional

NR-2020 Yes • Stroke
Incidence

• Myocardial
Infarction
Incidence

• CHD
Incidence

• CHD
Incidence

No Cochrane
Collaboration
Tool and
Newcastle-
Ottawa

Agency for
Healthcare
Research
and Quality

Low

(continued on next page)
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[31,38,41,44]. One SR focused on interventions but did not identify any
primary articles targeting the population of interest [45]. Lu et al. [41]
was the highest quality SR followed by Dybvik et al. [31] and Kaiser
et al. [38] (Supplementary Table 3). A total of twelve primary obser-
vational studies were included in the SRs. All twelve primary studies
were reported in Dybvik et al. [31], but only seven were reported in Lu
et al. [41].

Diet durations ranged from 5.14 to 28.3 years in Dybvik et al. [31]

and 6–26 years in Lu et al. [41] In a meta-analysis of twelve primary
studies, there was no impact of vegetarian dietary patterns on risk for
total stroke [RR: 0.90 (0.77, 1.05)] (Table 3) [31]. Results were similar
in Lu et al. [41], which had higher quality (Supplementary Table 3) and
in Quek et al. [44]. In a meta-analysis of five studies, there was no sig-
nificant relationship between vegan dietary patterns, compared to
non-vegetarian dietary patterns, and total stroke [RR: 1.17 (0.69–1.99)].
This effect size was like that found in Kaiser et al. [38] (Table 3).

Table 2 (continued )

Author,
Year

Population
(Health
Status, Age)

Diet
(Vegetarian,
Vegan) Diet
Duration

Study Designs
Included

Years of
Primary
Studies

Diet
Adherence
Assessment
Reported

Outcomes of
Interest
Reported

Meta-
Analysis

RoB
Assessment

Certainty of
Evidence
Grading

Overall
Confidence
in Results
from
AMSTAR2

• CVD
Mortality

• CBVD
Mortality

Koch et al.
2023
[47]

No limit on
health status
≥18 years

Vegetarian,
Vegan

RCTs 1980–2022 No LDL-C
TGs

Yes RoB 2 No Critically
Low

Lee et al.
2020
[39]

No limits on
health status
or age

Vegetarian,
Vegan
Duration: ≥ 2
weeks

RCTs NA-2020 No BP Yes RoB GRADE Critically
Low

Lopez
et al.
2019
[40]

No limit on
health status
≥18 years

Vegan
Duration: ≥3
weeks

RCTs NA-2018 No BP Yes NR GRADE Low

Lu et al.
2021
[41]

No history of
stroke
No limits on
age

Vegetarian
Duration: 6–26
years

Prospective
Cohort
Studies

NA-2021 Yes Stroke
Incidence

Yes Newcastle-
Ottawa

Nutrigrade High

Menzel
et al.
2020
[42]

No limit on
health status
≥18 years

Vegetarian,
Vegan
Duration: 1–25
years

Cross-
sectional

NA-2020 No CRP Yes Newcastle-
Ottawa Quality
Assessment
Scale adapted
for cross-
sectional
studies

No Low

Pollakova
et al.
2021
[43]

Healthy
≥18 years

Vegan
Duration: 6–74
weeks

RCTs NR-2020 No BMI No Cochrane Risk
of Bias tool

No Critically
Low

Quek et al.
2021
[44]

No limit on
health status
38–67 years

Vegetarian
Duration: NR

Prospective
Cohort
Studies

NA-2021 Yes • CVD
Incidence

• CVD
Mortality

• Stroke
Incidence

Yes Newcastle-
Ottawa

No Critically
Low

Rees et al.
2021
[45]

General
Population or
with CVD
Risk

Vegan
Duration: 8–39
weeks

RCTs 1900–2020 No • CVD Events
• CVD

Mortality
• LDL-C
• TGs
• BP
• BMI

Yes RoB2 GRADE (for
some
outcomes)

High

Remde
et al.
2022
[46]

No limit on
health status
Adult

Vegetarian,
Vegan
Duration: ≥4
weeks

RCTs and
Quasi-
experimental
studies

NR-2020 No • BMI
• BP
• LDL-C
• TGs

No Cochrane RoB No Low

Wang
et al.
2023
[48]

No limit on
health status
≥18 years

Vegetarian
Duration: 2–36
years

Prospective
cohort
studies, case-
cohort
studies, or
nested case-
control
studies

NR- 2023 Yes • CVD
Incidence

• T2DM
Incidence

Yes Quality
Assessment
Tool for
Observational
Cohort and
Cross-Sectional
Studies

No Critically
Low

Abbreviations: AMSTAR2= A MeaSurement Tool to Assess systematic Reviews version 2, BMI= body mass index, BP= blood pressure, CBVD= cerebrovascular
disease, CRP= C-reactive protein, CHD= coronary heart disease, CVD= cardiovascular disease, GRADE= Grading of Recommendations, Assessment, Development,
and Evaluations, IHD= ischemic heart disease, hsCRP= high-sensitivity c-reactive protein, LDL-C= low-density lipoprotein cholesterol, NA= not applicable, NR= not
reported, RCT= randomized controlled trial, ROB= risk of bias, RoB2= Version 2 of the Cochrane risk-of-bias tool for randomized trials, ROBINS-I= Risk Of Bias In
Non-Randomized Studies - of Interventions; TGs= triglycerides.
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Table 3
Quantitative results of included systematic reviews examining the impact of vegetarian diets compared to non-vegetarian diets on cardiovascular disease (CVD)
incidence and results for presumably healthy adults in the general population.

Author, Year Diet Outcome N
Studies

N
Participants

Effect Size
Type

Effect Size 95 % CI I2 CoE1 SR Quality3

CVD Incidence
Dybvik et al.
2022 [31]

Vegetarian CVD Incidence or
Mortality1

8 621,282 RR 0.85 0.79,
0.92

68 % Probably
protective effect

Low

Quek et al.
2021[44]

Vegetarian CVD Incidence 1 16,254 HR 0.81 0.72,
0.91

NA NR Critically
Low

Dybvik et al.
2022 [31]

Vegan CVD Incidence or
Mortality1

6 197,668 RR 0.92 0.79,
1.06

0 % Limited-no
conclusion

Low

Dybvik et al.
2022 [31]

Vegetarian CHD2 Incidence or
Mortality1

8 621,282 RR 0.79 0.71,
0.88

67 % Probably
protective effect

Low

Glenn et al.
2019 [34]

Vegetarian CHD Incidence 1 44,561 RR 0.72 0.61,
0.85

NA Very Low Critically
Low

Wang et al.
2023

Vegetarian CVD Incidence4 5 Unclear RR 0.85 0.70,
1.03

99 % NR Critically
Low

Dybvik et al.
2022 [31]

Vegan CHD Incidence or
Mortality1

6 197,668 RR 0.82 0.68,
1.00

0 % Limited-
suggestive

Low

Kaiser et al.
2021 [38]

Vegan CHD Incidence 1 26,260 HR 0.82 0.64,
1.05

NA Low Low

Cardiovascular Events
Dybvik et al.
2022 [31]

Vegetarian Total Stroke 12 770,867 RR 0.90 0.77,
1.05

61 % Limited-no
conclusion

Low

Quek et al.
2021 [44]

Vegetarian Total Stroke Unclear 20,397 HR 0.72 0.36,
1.41

81.9
%

NR Critically
Low

Lu et al. 2021
[41]

Vegetarian Total Stroke 7 679,773 HR 0.86 0.67,
1.11

68 % Low High

Dybvik et al.
2022 [31]

Vegan Total Stroke 5 109,938 RR 1.17 0.69,
1.99

28 % Limited-no
conclusion

Low

Kaiser et al.
2021 [38]

Vegan Total Stroke 1 26,260 HR 1.35 0.95,
1.92

NA Very Low Low

Kaiser et al.
2021 [38]

Vegan Myocardial
Infarction

1 26,260 HR 0.77 0.46,
1.27

NA NR Low

CVD Mortality
Glenn et al.
2019 [34]

Vegetarian CVD Mortality 5 144,247 RR 0.92 0.84,
1.02

34 % Very Low Critically
Low

Jafari et al.
2021 [37]

Vegetarian CVD Mortality 5 144,247 HR 0.92 0.85,
0.99

0 % NR Vegetarian
Diets

Low

Quek et al.
2021 [44]

Vegetarian CVD Mortality 3 58,274 HR 0.89 0.78,
1.01

0 % NR Critically
Low

Jafari et al.
2021 [37]

Lacto-ovo-
vegetarian

CVD Mortality 1 73,308 HR 0.90 0.76,
1.06

NA NR Vegetarian
Diets

Low

Jafari et al.
2021 [37]

Vegan CVD Mortality 1 73,308 HR 0.91 0.71,
1.16

NA NR Vegetarian
Diets

Low

Kaiser et al.
2021 [38]

Vegan CVD Mortality 1 40, 907 HR 0.91 0.71,
1.16

NA NR Low

Glenn et al.
2019 [34]

Vegetarian CHD Mortality 7 197,737 RR 0.78 0.69,
0.88

46 % Very Low Critically
Low

Jabri et al.
2021 [36]

Vegetarian CHD Mortality 7 127,517 RR 0.70 0.55,
0.89

82 % Very Low Critically
Low

Jafari et al.
2021 [37]

Vegetarian CHD Mortality 7 197,377 HR 0.76 0.68,
0.85

35 % NR Vegetarian
Diets

Low

Jafari et al.
2021 [37]

Lacto-ovo-
vegetarian

CHD Mortality 1 Unclear HR 0.82 0.63,
1.07

NA NR Vegetarian
Diets

Low

Jafari et al.
2021 [37]

Vegan CHD Mortality 1 Unclear HR 0.90 0.60,
1.34

NA NR Vegetarian
Diets

Low

Kaiser et al.
2021 [38]

Vegan CHD Mortality 2 73,308 Not pooled Both
studies NS

NR NR NR Low

Glenn et al.
2019 [34]

Vegetarian Stroke Mortality 5 123,638 RR 0.92 0.77,
1.10

44 % Very Low Critically
Low

Jabri et al.
2021 [36]

Vegetarian CBVD Mortality 7 124,817 RR 0.84 0.63,
1.14

90 % Very Low Critically
Low

Jafari et al.
2021 [37]

Vegetarian CBVD Mortality 5 Unclear HR 0.93 0.78,
1.10

45 % NR Vegetarian
Diets

Low

Kaiser et al.
2021 [38]

Vegan CBVD Mortality 1 753 HR 0.70 0.25,
1.98

NA NR Low

Abbreviations: COE = Certainty of evidence; CHD= coronary heart disease; CVD= cardiovascular disease; HR = Hazard ratio; N= number/sample size; NA= not
applicable, NR= not reported; NS = Not specified RR = Relative risk; SR = Systematic Review.
1 In Dybvik et al. 2023, mortality was used as a proxy for incidence when incidence was not available.
2 Some studies reported CHD as IHD. These terms were used interchangeably in this umbrella review.
3 Systematic review quality was rated with the AMSTAR2 tool.
4 It was unclear which primary studies were included in the subgroup analysis for vegetarian diets in Wang et al., but it appears authors included the outcome of

stroke in CVD incidence.
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Similarly, there was no significant impact of vegetarian dietary patterns
on hemorrhagic or ischemic strokes specifically compared to
non-vegetarian dietary patterns [31,38,41,44]. In Dybvik et al. [31],
authors described that evidence was rated as “limited-no conclusion” for
the impact of vegetarian dietary patterns on reduced risk of total stroke.
COE started as high because Dybvik et al. utilized the ROBINS-I tool to

assess risk of bias, which is a stricter assessment for observational study
designs [31]. In Lu et al. [41], authors described COE as low for vege-
tarian diet using the Nutrigrade system.

Umbrella review authors agreed with ratings from SR authors, and
COE was graded as low using the GRADE method due to RoB and
imprecision because the CI included potential for both reduced and

Fig. 2. Summary of findings table demonstrating the relationships between (A) Vegetarian and (B) Vegan diets compared to non-vegetarian diets on outcomes of
interest.
Abbreviations: BMI= body mass index, CBVD= cerebrovascular disease, CHD= coronary heart disease, CI= confidence interval, CRP= c-reactive protein, CVD=
cardiovascular disease, GRADE= Grading of Recommendation, Assessment, Development, and Evaluation, HR= hazard ratio, LDL-C= low-density lipoprotein
cholesterol concentrations, MD= mean difference, MI= myocardial infarction, N= number/sample size, NA= not applicable, NR= not reported, RCTs= randomized
controlled trials, RR= RR = Relative risk, SR= systematic review, TG= triglyceride concentrations a. The most comprehensive and highest quality SR for each study
design was used to assess COE. b. Systematic review authors describe some concerns or high risk of bias in included studies. c. Wide confidence interval and/or
confidence interval includes both benefits and harms. d. I2>75 % and/or qualitative heterogeneity in results between studies. e. Small or unclear sample sizes. f.
Some evidence of publication bias.
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increased risk of stroke (Fig. 2). The SR focusing on interventions did not
identify any primary articles targeting the population of interest [45].

3.2.2. Myocardial infarction
Myocardial infarction (MI) risk was only reported in Kaiser et al.

[38], which included one primary study (EPIC–Oxford). Authors found
no impact of vegan dietary patterns, compared to non-vegetarian dietary
patterns, on risk of MI [hazard ratio (HR): 0.77 (0.46–1.27)] after up to
18.1 years duration (Table 3) [38].

3.3. Cardiovascular disease mortality

SR authors reported associations between vegetarian dietary pat-
terns and total CVD mortality as well as mortality from specific types of
CVD, including CHD, CBVD and stroke.

3.3.1. CVD mortality
Four SRs reported the impact of vegetarian including vegan dietary

patterns, on CVD mortality [34,37,38,44]. Five primary studies were
represented in the four SRs and all these studies were represented in
both Glenn et al. [34] and Jafari et al. [37].

The meta-analyses in the SRs demonstrated similar results, though
the results in Jafari et al. were statistically significant [HR: 0.92 (0.85,
0.99)] while results in Glenn et al. were not [RR: 0.92 (0.84, 1.02)]
(Table 3). Effect sizes were similar in Quek et al. [44] Jafari et al. [37]
examined the impact of vegan and lacto-ovo-vegetarian dietary patterns
specifically, while Kaiser et al. [38] examined the impact of vegan di-
etary patterns only. Jafari et al. [37] and Kaiser et al. [38] reported no
impact of vegan dietary patterns on CVD mortality risk compared to
non-vegetarian dietary patterns.

The effect size for Jafari et al. [37] was used for making conclusions
because it was rated as higher quality than Glenn et al. [34] (Supple-
mentary Table 3). Though Glenn et al. [34] reduced COE for impreci-
sion, umbrella review authors did not reduce the grade for this reason,
because the quantitative results for vegetarian dietary patterns did not
indicate imprecision in Jafari et al. [37] Therefore, COEwas rated as low
due to observational study designs (Table 3).

3.4. CHD mortality

Four SRs examined the relationship between vegetarian or vegan
dietary patterns and CHD mortality [34,36–38]. Eight primary studies
were represented in the four SRs; Jabri et al. [36] and Jafari et al. [37]
each included seven primary studies examining the impact of vegetarian
dietary patterns.

Effect sizes were similar and statistically significant in all these SRs.
Jafari et al. [37], which was one of the better-quality SRs (Supplemen-
tary Table 3), demonstrated that participants following vegetarian
including vegan dietary patterns had lower risk of CHD mortality
compared to those following non-vegetarian dietary patterns [HR (95 %
CI): 0.76 (0.68, 0.85)] (Table 3). The impact of lacto-ovo-vegetarian and
vegan dietary patterns specifically were examined in two SRs. Jafari
et al. [37] found no significant impact of lacto-ovo-vegetarian or vegan
dietary patterns on CHD mortality compared to non-vegetarian dietary
patterns (Table 3). Kaiser et al. [38] found no significant relationship
between vegan, compared to omnivorous, dietary patterns and CHD in
two primary studies. Jabri et al. [36], Jafari et al. [37] and Glenn et al.
[34] each downgraded evidence for observational study designs. Glenn
additionally downgraded COE for indirectness as some included cohorts
were health-conscious groups that may not represent the general
population.

For vegetarian dietary patterns, umbrella review authors chose to
mark COE down for observational evidence only, because the predom-
inant health-conscious behavior of concern is, in this case, the behavior
of interest, and COE was low. For vegan dietary patterns, umbrella re-
view authors utilized findings from the higher quality SR [37] and rated

COE as very low due to observational study designs and a CI ranging
from a reduced risk to increased risk (Fig. 2).

3.5. Stroke mortality

One SR examined the impact of vegetarian dietary patterns on stroke
mortality [34]. Glenn et al. [34] included five primary studies in
meta-analysis and found no significant impact of vegetarian including
vegan dietary patterns on risk of stroke mortality [RR: 0.92 (0.77, 1.10)]
(Table 3). Using the GRADE method, Glenn et al. [34] rated COE as very
low due to indirectness, because participants consuming vegetarian di-
etary patterns were part of health-conscious groups, and imprecision.

Umbrella review authors did not agree that evidence should be
marked down for indirectness but did agree evidence should be marked
down for imprecision because the CI is wide and includes both potential
reduction and increase in risk (Fig. 2).

3.6. Cerebrovascular disease (CBVD) mortality

Three SRs examined the relationship between vegetarian dietary
patterns and CBVD mortality in the target population [36–38]. In the
two SRs examining the impact of vegetarian dietary patterns [36,37],
eight primary studies were represented, and five of these were included
in both SRs. Neither SR demonstrated a significant impact of vegetarian
including vegan dietary patterns on risk of CBVD mortality (Table 3).
While Jafari et al. [37] had higher quality (Supplementary Table 3),
Jabri et al. [36] was more comprehensive and the effect size was RR (95
% CI): 0.84 (0.63–1.14). Kaiser et al. [38] found no significant rela-
tionship between vegan, compared to omnivorous, dietary patterns and
risk of mortality from CBVD (Table 3). Jabri et al. [36] described COE as
very low due to RoB, inconsistency (I2=90 %), and publication bias. It
was unclear why Jabri et al. [36] rated down for publication bias
because they describe that they do not assess publication bias for ana-
lyses with <10 studies, and no data on publication bias was provided.
Jafari et al. [37] rated evidence for CBVD as very low due to observa-
tional study design and imprecision (CI includes potential for both
decreased and increased risk).

Umbrella review author described evidence certainty was very low
for vegetarian dietary patterns due to RoB, inconsistency between
studies and a wide confidence interval for the effect size. The impact of
vegan dietary patterns on CBVD mortality was also very low (Fig. 2).

3.7. Hypertension incidence and overweight/obesity incidence

No included SRs reported on the relationship between vegetarian
dietary patterns, compared to non-vegetarian dietary patterns, and risk
of hypertension or overweight/obesity in presumably healthy adults in
the general population.

3.8. Blood pressure

Seven SRs examined the relationship between vegetarian including
vegan dietary patterns and BP. One SR examined evidence from obser-
vational studies [29], and six SRs examined results from controlled trials
[33,39,40,43,45,46].

Benatar et al. [29] examined the relationship between following
vegan diets for at least one year and BP in 16 primary observational
studies. In meta-analysis, vegan diets were associated with lower sys-
tolic BP [MD (95 % CI): − 2.56 mmHg (− 4.66, − 0.45); I2=83 %], but
results were not significant for diastolic BP [− 1.33 mmHg (− 2.67, 0.02);
I2=82 %]. The relationship was largely driven by participants from
non-Eastern Asian countries. The six SRs that utilized controlled trials of
vegetarian or vegan dietary patterns [33,39,40,43,45,46] collectively
included 24 primary studies after de-duplication. However, 19 of these
studies targeted adults with diagnosed diseases such as type 2 diabetes,
hypertension, overweight or obesity, and/or heart disease, and SR
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conclusions were not considered applicable to the general population.
COE was very low when assessed by umbrella review authors due to

observational study design and high heterogeneity when comparing
results between studies (Fig. 2).

3.9. LDL-Cholesterol & triglyceride concentrations

Seven SRs examined the relationship between vegetarian, including
vegan, dietary patterns and LDL-cholesterol and/or triglyceride con-
centrations [29,32,35,43,45–47]. Six SRs examined evidence from
controlled trials [32,35,43,45–47], but available evidence was not
applicable to disease prevention in the general population in five of
these SRs [32,35,43,45,46]. One SR of RCTs included sub-group analysis
to examine effects of vegetarian dietary patterns in presumably healthy
adults [47]. The SR that examined evidence from observational studies
required adults to have no significant co-morbidities and follow a vegan
diet for at least one year [29].

The SR with RCTs described there may be no effect of vegetarian and
vegan dietary patterns combined on LDL cholesterol concentrations in
four RCTs in presumably healthy adults [− 0.13 mmol/l (− 0.37, 0.12)]
[47]. In addition, there may be no effect of vegetarian and vegan dietary
patterns combined on triglyceride concentrations in five RCTs in pre-
sumably healthy adults [− 0.05 mmol/l (− 0.29, 0.10) [47].

In the SR and meta-analysis of 31 observational studies, vegan di-
etary patterns may be associated with significantly lower LDL-
cholesterol concentrations of − 0.49 mmol/l (− 0.62, − 0.36) (p <

0.0001) compared to omnivorous diets, though heterogeneity was high
(I2=92 %) [29]. In the SR and meta-analysis of 29 observational studies,
vegan dietary patterns may be associated with significantly lower tri-
glyceride concentrations of − 0.05 mmol/l (− 0.24, − 0.05) (p = 0.004)
compared to omnivorous diets, and heterogeneity was high [29]. Most
included primary studies examining LDL cholesterol and triglyceride
concentrations were rated as “high quality” using the Newcastle-Ottawa
Scale.

For the impact of vegetarian dietary patterns on LDL-cholesterol,
COE was graded as low due to very small sample sizes and a wide CI
that included potential for both increased and decreased LDL-cholesterol
concentrations (Fig. 2). When grading evidence on the impact of vegan
dietary patterns and LDL cholesterol concentrations, we chose not to
reduce COE for imprecision, because nearly all studies demonstrated a
benefit of vegan dietary patterns, and COE was low. For the impact of
vegetarian including vegan dietary patterns on triglyceride concentra-
tions, COE was low due to very small sample sizes and a wide confidence
interval that includes potential for both increased and decreased tri-
glyceride concentrations (Fig. 2). For the impact of vegan dietary pat-
terns on triglyceride concentrations, COEwas very lowwhen assessed by
umbrella review authors due to observational study designs, inconsis-
tency between studies and publication bias (Fig. 2).

3.10. CRP concentrations

Three SRs examined the relationship between vegetarian dietary
patterns and CRP concentrations in presumably healthy adults in the
general population [30,32,42]. Two SRs examined evidence from
observational studies [30,42], and two SRs examined evidence from
controlled trials [30,32]. Evidence from controlled trials did not address
the population of interest and umbrella review conclusions were pri-
marily based on observational evidence, which assessed large,
population-based studies. In the two SRs utilizing observational
(cross-sectional) studies, there were 22 primary studies represented in
the SRs after de-duplication, and 13 of these studies were reported in
both SRs [30,42].

Data from both SR meta-analyses were combined in a novel meta-
analysis conducted by umbrella review authors. Meta-analysis of two
SRs including 22 primary studies with 8250 participants, demonstrated
a statistically significant lower CRP concentration in all vegetarian and

vegan dietary patterns combined compared with non-vegetarian dietary
patterns, and heterogeneity was very high [MD (95 % CI): − 0.55 mg/l
(− 1.07, − 0.03); I2=99.5 %] (Supplementary Fig. 2a–c). Two SRs
examined the effect of vegetarian including vegan diets using inter-
vention studies [30,32]. Quantitative results for non-specified vege-
tarian dietary patterns did not reach statistical significance, likely
because only three studies were included and heterogeneity with was
very high (I2=99.9 %) (Supplementary Fig. 2a). Studies with low risk of
bias demonstrated a significant effect, while those with some risk of bias
demonstrated did not (Supplementary Fig. 2b). Publication bias was not
detected (Supplementary Fig. 2c).

Umbrella review authors graded COE as very low due to observa-
tional study designs, RoB and inconsistency between studies, which
aligned with evidence grading in the SRs (Fig. 2) [30,42].

3.11. Body mass index (BMI)

Two SRs examined the relationship between vegan dietary patterns,
compared to non-vegetarian dietary patterns, and BMI in the target
population using observational studies [28,29]. Four SRs examined this
relationship using intervention studies [35,43,45,46]. In the four SRs of
intervention studies combined, 13 of the 14 primary studies represented
specifically targeted adults with disease or high disease risk and results
were not applicable to the target population. In both SRs with obser-
vational studies combined, 64 primary observational studies were rep-
resented, and there was an overlap of six primary studies between SRs
[28,29]. Benatar et al. [29] demonstrated vegans had a lower BMI than
omnivores [− 1.72 kg/m2 (− 2.52, − 1.32); I2=98 %]. Bakaloudi et al.
[28] did not include quantitative results or assess COE, but reported
similar direction of findings and RoB assessment as Benatar et al. [29].

Umbrella review authors graded COE as very low due to observa-
tional study designs and high heterogeneity between studies (Fig. 2).

4. Discussion

This umbrella review of published SRs and meta-analyses examined
the relationships between vegetarian including vegan dietary patterns,
compared to non-vegetarian dietary patterns, and prevention of car-
diovascular risk factors, disease and mortality. Consumption of vege-
tarian including vegan dietary patterns was associated with reduced risk
for CVD and CHD incidence and mortality compared to non-vegetarian
dietary patterns. Vegan dietary patterns were associated with mitigated
CVD risk factors such as lower BP, LDL-C, triglycerides, CRP, and BMI
when compared to non-vegetarian dietary patterns. Effect sizes and di-
rection of results were generally consistent between all included SRs for
the outcomes of CVD incidence, events and mortality (Table 3). SRs with
the target population were more sparse for intermediate outcomes, but
were generally consistent in reporting improvement from vegan dietary
patterns. An overview of the umbrella review and results can be found in
Central Illustration. These findings can be used in the development and
refinement of clinical guidelines for CVD prevention.

Across most risk factor and disease outcomes reviewed, there was
generally low COE due to inherent limitations in examining dietary
patterns for disease prevention in free-living adults, including reliance
on observational study designs and their associated biases. In addition,
biomarker outcomes had high heterogeneity in results. Though the
source of this heterogeneity is not elucidated in the included SRs, it may
result from differences in the quality of vegetarian and comparison di-
etary patterns, time following the dietary patterns, or variability in
cardiometabolic risk factors in participants in the general population. In
the outcomes reviewed, only lower CVD and CHD incidence had mod-
erate certainty evidence for following vegetarian compared to non-
vegetarian dietary patterns. Findings in this umbrella review were
consistent with those reported in recent SRs and meta-analysis exam-
ining similar research questions [50,51]. Despite minor differences in
population or outcome parameters compared to this review, results
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across reviews consistently suggest that consuming vegetarian including
vegan dietary patterns are associated with improvements in several
important cardiovascular risk factors.

4.1. Practice implications

There is robust evidence supporting vegetarian and vegan dietary
patterns to promote cardiometabolic health [9,10,13]. Individuals may
choose to adopt a vegetarian-style dietary pattern for a variety of rea-
sons, including ethical concerns for the treatment of animals and pro-
tection of the environment, mitigation of green-house gas emissions, and
to therapeutically manage or lower the risk of several chronic diseases
[52,53]. Similar to other dietary patterns, vegetarian dietary patterns
can be followed in healthy and less healthy ways [14]. Following a
vegetarian-style dietary pattern that mainly consists of low-quality foods
and beverages (such as those high in refined carbohydrates, added
sugars, and saturated fat) could be unhealthy and increase the risk of
CVD when compared to non-vegetarian dietary patterns [14,54,55].

Nutrition misinformation [56], misplaced emphasis on a food or
dietary component or the lack of nuance and oversimplification of di-
etary approaches may lead to adoption of dietary patterns that do not
optimally support health [3]. The diet quality of vegetarian compared
with non-vegetarian dietary patterns can be dependent on the index or
measure used to assess diet quality. However, it is more greatly impacted
by the foods vegetarians consumed in place of meat, fish, and poultry in
their diets (e.g., replacing animal-based protein with refined carbohy-
drates) [57]. A recent scientific statement from the American Heart
Association found that vegetarian dietary patterns (including ovo, lacto,
and ovo/lacto) were in the top tier of popular dietary patterns that were
in alignment with the organization’s dietary guidance (along with the
Mediterranean, DASH [Dietary Approaches to Stop Hypertension] and
pescetarian diets) [58]. A priori, we decided to look for impact of
healthfulness of vegetarian dietary patterns, but there was little/no in-
formation available in the SRs. This should be a focus for future analyses
as previous research has found that a higher quality plant-based dietary
pattern compared to a lower quality plant-based diet was associated

with improvements in obesity, mortality, diabetes, and cardiovascular
disease [57]. Practitioners can guide clients in discerning between
healthy and unhealthy components of dietary patterns by focusing
nutrition education and counseling on well-established features of
heart-healthy vegetarian and vegan dietary patterns (e.g., vegetables,
fruits, legumes, whole grains, and incorporation of healthy sources of
unsaturated fats). Fig. 3 may be used to transparently guide shared de-
cision making with clients or patients regarding if a vegetarian or vegan
dietary patterns can achieve health goals.

4.2. Strengths and limitations

A strength of our umbrella review was the broad and inclusive
approach based on a prespecified research protocol, rigorous search
using five databases, and using a well-established quality assessment
tool. Several limitations of our review warrant discussion. A key chal-
lenge when interpreting studies included in this review was the lack of a
clear definition of vegetarian and vegan dietary patterns [6]. This was
further complicated as some studies reported associations or RRs for
vegetarian or vegan dietary patterns in isolation, while others combined
the two patterns. Additionally, within observational studies, partici-
pants may have consumed meat/poultry/fish ≤once/month but were
still classified as “vegetarian”. Overall, categorization of dietary patterns
as “vegetarian” or “vegan” was inconsistent and variably defined by
primary study authors. Also, we were not able to assess dietary adher-
ence and nutritional quality of dietary patterns as this was not reported
within SRs. We acknowledge these are impactful variables that should
be reported and considered when interpreting results of nutrition trials
[59]. Third, there were gaps in available SRs characterizing the health
impacts of vegetarian and vegan dietary patterns on the outcomes MI,
hypertension incidence, overweight and obesity incidence, and BMI.
Additionally, the included SRs utilized different tools for assessing risk
of bias of primary studies and assessments were conducted by many
different researchers, which may lead to variation in risk of bias
assessments.

Finally, lack of SRs with RCTs targeting CVD prevention for generally

Fig. 3. Evidence on the impact of vegetarian dietary patterns for the general population to aid in shared decision-making with clients.
Abbreviations: BMI= body mass index; LDL= low-density lipoprotein Certainty of Evidence: ◦= Very Low; ◑ = Low; ● = Moderate.
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healthy adults led to a reliance on SRs of observational studies. How-
ever, observational studies, particularly long-term prospective cohort
studies, can be an invaluable resource in answering nutritional questions
in regard to long-term health [60]. A forthcoming manuscript from our
group will discuss the impact of vegetarian dietary patterns on adults
with chronic diseases (e.g., type 2 diabetes).

5. Conclusion

This umbrella review of SRs found that in presumably healthy adults
in the general population, vegetarian and vegan dietary patterns were
associated with lower CVD and CHD incidence, and risk of CVD mor-
tality compared to non-vegetarian dietary patterns. Vegan dietary pat-
terns were associated with lower triglyceride, LDL-C, and CRP
concentrations, BP, and BMI. Across most outcomes reviewed, there was
generally low COE due to reliance on observational study designs and
high heterogeneity between studies. Therefore, additional high-quality
RCTs examining the effects of vegetarian dietary patterns compared to
non-vegetarian dietary patterns for CVD prevention among generally
healthy adults are needed. Clinicians may consider recommending
vegetarian dietary patterns to reduce cardiometabolic risk factors and
decrease the risk of CVD incidence and mortality.
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