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Abstract

Aims

Due to growing environmental focus, plant-based diets are increasing steadily in popularity. Uncovering the
effect on well-established risk factors for cardiovascular diseases, the leading cause of death worldwide, is thus
highly relevant. Therefore, a systematic review and meta-analysis were conducted to estimate the effect of
vegetarian and vegan diets on blood levels of total cholesterol, low-density lipoprotein cholesterol, triglycerides,
and apolipoprotein B.

Methods and results

Studies published between 1980 and October 2022 were searched for using PubMed, Embase, and references of
previous reviews. Included studies were randomized controlled trials that quantified the effect of vegetarian or
vegan diets vs. an omnivorous diet on blood lipids and lipoprotein levels in adults over 18 years. Estimates were
calculated using a random-effects model. Thirty trials were included in the study. Compared with the
omnivorous group, the plant-based diets reduced total cholesterol, low-density lipoprotein cholesterol, and
apolipoprotein B levels with mean differences of −0.34 mmol/L (95% confidence interval, −0.44, −0.23; P = 1
× 10−9), −0.30 mmol/L (−0.40, −0.19; P = 4 × 10−8), and −12.92 mg/dL (−22.63, −3.20; P = 0.01),
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respectively. The effect sizes were similar across age, continent, duration of study, health status, intervention
diet, intervention program, and study design. No significant difference was observed for triglyceride levels.

Conclusion

Vegetarian and vegan diets were associated with reduced concentrations of total cholesterol, low-density
lipoprotein cholesterol, and apolipoprotein B—effects that were consistent across various study and participant
characteristics. Plant-based diets have the potential to lessen the atherosclerotic burden from atherogenic
lipoproteins and thereby reduce the risk of cardiovascular disease.
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Overall aim, methods, and findings of the study. The flowchart in left, lower corner visualizes the study
selection process. The items on the right side visualize the meta-analysed effects of vegetarian and
vegan diets on levels of total cholesterol, low-density lipoprotein cholesterol and apolipoprotein B.

Introduction

Each year 18 million people die from cardiovascular diseases (CVDs) making this the leading cause of mortality
in the world.1 The main cause of CVD is atherosclerosis—a condition that progresses through life until the
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appearance of clinical disease. Medical costs for treating atherosclerotic cardiovascular disease (ASCVD) are
increasing due to the growing elderly population globally.2 Improved prevention is therefore key to slowing
down the progression of atherosclerosis, halting the presence of disease and diminishing medical costs.

In 2021 the European Society of Cardiology published guidelines for CVD prevention.3 Unhealthy lifestyles are
excessively prevalent and cigarette smoking, high blood pressure, diabetes, and atherogenic apolipoprotein B
(apoB) containing lipoprotein particles are primary risk factors for ASCVD.3 ApoB is the main apolipoprotein in
low-density lipoprotein cholesterol (LDL-C) and triglyceride-rich lipoproteins. Numerous genetic, observational
and interventional studies have shown a causal role of LDL-C and other apoB-containing lipoprotein particles for
risk of ASCVD.4 These risk factors are modifiable, and shifting to a healthier and more plant-based diet can
reduce CVD risk directly by lowering levels of atherogenic lipoproteins, blood pressure, and levels of blood
glucose.3 The increased focus on the environment as a result of climate changes matches the present tendency to
be vegetarian; omitting meat products but allowing eggs and/or dairy products, or vegan; and totally excluding
all animal products. The effects of vegetarian and vegan diets on lipid and lipoprotein levels have previously
been examined in two systematic reviews and meta-analyses.5,6 However, no meta-analysis including
randomized controlled trials (RCTs) has been published since 2017, and no previous meta-analyses of RCTs have
investigated the effect of vegetarian and vegan diets on apoB concentrations or stratified for a range of
participant and study characteristics. Furthermore, because of the increased focus on the atherogenic potential
of triglyceride-rich lipoproteins and the growing popularity of plant-based diets, the field warrants an update.

We therefore conducted a systematic review and meta-analysis of 30 RCTs with the aim of examining changes in
blood levels of total cholesterol (TC), LDL-C, triglycerides (TG), and apoB after consumption of a plant-based
intervention diet vs. an omnivorous diet.

Methods

Plant-based diets are defined as dietary patterns with low or no intake of animal products.7 In this review, plant-
based diets will refer to only vegetarian and vegan diets. This review is reported according to the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses guidelines (Figure 1).
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Flowchart of study selection

Literature search

The online literature search was conducted from 16 September 2021 to 11 October 2022 using the PubMed and
Embase databases. Studies between 1980 and 11 October 2022 were included. Additional studies were
identified through references of prior original articles or systematic reviews.5,6 The overall keywords used for the
screening process were: (‘Vegetarian’ OR ‘vegan’ OR ‘lacto-vegetarian’ OR ‘ovo-vegetarian’ OR ‘lacto-ovo-
vegetarian’) AND (‘blood lipids’ OR ‘serum lipids’ OR ‘plasma lipids’ OR ‘total cholesterol’ OR ‘low-density
lipoprotein’ OR ‘triglyceride’ OR ‘non-HDL lipoproteins’ OR ‘apolipoprotein B’) AND (‘clinical trial’ OR
‘randomized controlled trial’ OR ‘RCT’). Keywords were from titles and abstracts or by MeSH terms (see
Supplementary data online, Appendix S1).

Eligibility criteria

The PICOS model (Population, Intervention, Comparison, Outcome, and Study design) was used to specify the
eligibility criteria (see Supplementary data online, Figure S1). Studies were assessed as eligible if the population
was human, aged ≥18 years, and if individuals were not pregnant; if the intervention included consumption of a
vegan or vegetarian diet; if the comparison was an omnivorous control group (consuming all food groups); and
if the outcomes were TC, LDL-C, TG, and/or apoB in blood, plasma, or serum. Outcomes had to be presented as
means or medians at baseline and endpoint for both intervention and control groups. Lastly, the study design
included only RCTs.

Study selection

The study selection was performed by using the Covidence systematic review software.8 Studies retrieved from
the literature search were screened by title and abstract independently by C.A.K. and E.W.K. When there was
conflict in the eligibility assessment between authors, all authors were involved in the inclusion or exclusion of
the study in question. Only articles published in English, which met the eligibility criteria, went on to full text
screening and data extraction. If studies lacked to present sufficient data needed for the meta-analysis, they were
excluded from the review and meta-analysis. Unpublished or duplicate studies were also excluded.

Data extraction

We extracted study characteristics including author, year, country, duration of trial, number of individuals
included in the trial, mean body mass index (BMI) at baseline, mean age at baseline, health status, lipid-
lowering therapy, changes of this type of therapy during the trial period, intervention and control diet,
intervention program, study design, and outcome analysis. We further included mean baseline levels of TC, LDL-
C, TG, and apoB and if there were changes in blood lipid and lipoprotein levels between baseline and end of
trial.



Data synthesis and statistical analysis

The mean and standard deviation (SD) of blood lipid and lipoprotein concentrations at baseline, and post-
intervention were extracted from each trial in both intervention and control groups. Some studies reported post-
intervention concentrations at several time points—only the last time point was extracted for further analysis.
Obtaining SDs for group of means were calculated from standard error of the mean (SEM) or 95% confidence
intervals (CIs) by using equations from the Cochrane Handbook chapter 6.5.2.2 when the group SDs were not
provided directly [  or ].9 When
concentrations were provided in medians and 25th–75th percentile, we converted these into means ± SD by
using the equation by Wan et al. (Cochrane Handbook chapter 6.5.2.5).10 Furthermore, when not reported,
change-from-baseline SDs were estimated using the equation by Follmann et al. assuming a correlation
coefficient of 0.50 between baseline and post-intervention lipid and lipoprotein values [Cochrane Handbook

chapter 6.5.2.8, 2: ].9,11 The

correlation coefficient (Corr) of 0.50 was chosen based on previous, similar meta-analyses and calculations by
Follmann et al.6,11 Sensitivity analyses testing different values of Corr (Corr = 0.2 and Corr = 0.8) were
conducted, yielding similar results. Overall percentage change in lipid and lipoprotein concentrations was
calculated from the weighted average change for the intervention groups minus the weighted average change for
the control groups. We converted extracted data to international units. TC and LDL-C provided in mg/dL were
converted to mmol/L by multiplying with 0.0259 and TG in mg/dL by multiplying with 0.0113. ApoB
concentrations listed in g/L were converted to mg/dL by dividing with 0.01.

We used Stata/SE version 17.0 (Stata Corp, College Station, TX) for all statistical analyses. The random-effects
model described by DerSimonian and Laird was used to take both within- and between-study variability into
account.12I2 statistics assessed heterogeneity between studies. I2 values were considered as follows: 0%–40%
might not be important, 30%–60% may represent moderate heterogeneity, 50%–90% may represent substantial
heterogeneity, and 75%–100% presented considerable heterogeneity, where the latter three intervals depended
on effect size and evidence of heterogeneity.13 Cochran’s statistic was used for calculating the test of group
differences in subgroup analysis. This test investigated the difference between the group-specific overall effect
sizes.14

In the meta-analysis, estimates of lipid and lipoprotein level differences were shown as means with 95% CI.
Statistical significance was a 2-sided P < 0.05. We performed subgroup analyses that stratified outcomes of TC,
LDL-C, and TG by mean age at baseline (≤50 or >50 years), mean BMI at baseline (normal: < 25 kg/m2;
overweight: 25–29.9 kg/m2; and obese: > 29.9 kg/m2), continent, duration of trial (≤3 or >3 months), health
status (healthy or with CVD risk), intervention diet (vegetarian or vegan), intervention program (dietary
intervention or multi-interventional), inclusion of subjects treated with lipid-lowering therapy (none or some),
outcome analysis [per protocol (PP) or intention to treat (ITT)], year of publication (before or after 2005),
sample size (≤80 or >80 individuals), and study design (crossover or parallel). For LDL-C, we made an
additional subgroup analysis stratifying for baseline LDL-C concentration (≤ or > mean LDL-C). The analyses for
intervention program, outcome analysis, and baseline LDL-C level were conducted post hoc while the remaining
were ad hoc.

SD = SEM ×
√
𝑛 SD =

√
𝑛 × (upper limit− lower limit)/3.92

SDE,change =√SD2
E,baseline + SD2

E,final − (2 × 0.50 × SDE,baseline × SDE,final)



We performed sensitivity analyses in the form of leave-one-out meta-analyses to assess whether the estimated
effect on blood lipids and lipoproteins differed significantly when each study was excluded from the meta-
analyses. Further, we checked for publication bias by examining funnel plots for each meta-analysis and tested
for plot asymmetry by using Egger’s linear regression test.15 The trim and fill method was used to adjust for
funnel plot asymmetry, as it ‘fills’ imputed missing studies in the plot where these would likely appear.

Risk of bias assessment

We used Cochrane’s risk of bias version 2 (RoB 2) tool to assess risk of bias in each included RCT.16 Specific
versions of the tool were used for crossover and parallel trials, respectively. The tool consists of five domains,
each containing a list of signalling questions linked to specific aspects of the RCT. An algorithm marks the risk of
bias in each domain as ‘low’, ‘some concerns’, or ‘high’ depending on the answers to the signalling questions. The
final judgement of risk of bias in each domain and in the overall study was assessed independently by C.A.K. and
E.W.K. and discussed when conflicts between assessments occurred.

Results

We retrieved 497 studies from the literature search and additional sources. After removal of duplicates, 369
articles were screened by title and abstract, and 91 went on to full text review. After further exclusion of 61
studies due to specific reasons, a total of 30 studies were included in both the qualitative and quantitative
synthesis (Figure 1).17–46

Study characteristics

The included studies were published between 1982 and 2022 and conducted in USA (18 studies), Sweden (2),
Finland (2), South Korea (2), Australia (1), Brazil (1), Czech Republic (1), Italy (1), Iran (1), and New Zealand
(1). The intervention period ranged from ten days to five years with a mean of 29 weeks (15 studies ≤ 3
months; 12 studies 3–12 months; and three studies > 1 year). Nine used a crossover design while 21 used a
parallel design. In the parallel studies, participants followed only one diet, whereas participants in the crossover
trials started with either the control or intervention diet and then crossed over to consume the other.47 Sample
sizes varied from 11 to 291 participants (mean = 79) with mean BMI between 21.5 and 35.1 kg/m2 and mean
age between 20 and 67 years. Five studies included solely healthy participants with a mean BMI < 30
kg/m2.17,20,23,33,38 The 25 remaining studies consisted of participants who were either overweight or obese
and/or were diagnosed with a specific health condition; primarily type 2 diabetes and/or CVD. Thirteen studies
reported that they included participants treated with lipid-lowering therapy at baseline. Of these, four reported
changes in the use of this medication.26,27,32,46 The dietary intervention was vegetarian in 15 of the trials (three
lacto-vegetarian and 12 lacto-ovo-vegetarian) and vegan in 15 of the trials. The intervention was solely dietary
in 23 of the studies and part of a multi-interventional program in the remaining seven trials.19,21,27,29,30,34,38 All
study characteristics are listed with references in Table 1.



Table 1.

Study characteristics: baseline participant characteristics of included randomized controlled trials

Reference,
year

Country Duration n (F/M) Mean
BMI,

kg/m2

Mean
age,
year

Health status Lipid-
lowering
therapy
(E/C)

Interv

Cooper et
al., 198217

USA 3 weeks 15
(5/10)

NR 28.0 Healthy subjects None Lacto-
vegeta

Kestin et
al., 198918

Australia 6 weeks 26
(0/26)

25.5 44.0 NR None Lacto-o
vegeta

Ornish et
al., 199019

USA 12
months

41
(5/36)

27.5 57.8 With CAD None Low-fa
lacto-o
vegeta

Ling et al.,
199220

Finland 4 weeks 18
(14/4)

26.6 42.8 Healthy or with
unrelated conditions

NR Uncoo
vegan

Ornish et
al., 199821

USA 5 years 35
(3/32)

27.1 59.3 With CAD 9 (0/9) Low-fa
lacto-o
vegeta
(Ornis

Nicholson
et al.,
199922

USA 12 weeks 11 (5/6) NR 54.3 With non-insulin
dependent DM

4 (3/1) Low-fa
vegan

Barnard et
al., 200023

USA 2
months

35
(35/0)

25.5 36.1 Healthy menopausal
women

None Low-fa
vegan

Ågren et
al., 200124

Finland 3
months

29
(28/1)

24.3 50.8 With rheumatoid
arthritis

None Uncoo
vegan

Gardner et
al., 200525

USA 4 weeks 120
(60/60)

26.5 48.5 Without DM or heart
diseases

None Low-fa
lacto-o
vegeta

Barnard et
al., 200626

USA 22 weeks 99
(60/39)

34.9 55.6 With T2DM 54
(27/27)

Vegan

Burke et
al., 200627

USA 6
months

182
(159/23)

34.1 44.1 Overweight and obese 10 (8/2) Lacto-o
vegeta

de Mello
et al.,
200628

Brazil 4 weeks 17
(3/14)

26.2 59.0 With T2DM and
macroalbuminuria

None Low-p
lacto-
vegeta



Reference,
year

Country Duration n (F/M) Mean
BMI,

kg/m2

Mean
age,
year

Health status Lipid-
lowering
therapy
(E/C)

Interv

Aldana et
al., 200729

USA 12
months

93
(40/53)

31.0 61.5 With CAD Yes (N
subjects
NR)

Low-fa
lacto-o
vegeta
(Ornis

Burke et
al., 200730

USA 18
months

176
(153/23)

34.0 44.0 Overweight and obese None Low-fa
lacto-o
vegeta

Elkan et
al., 200831

Sweden 12
months

58
(52/6)

24.0 50.3 With rheumatoid
arthritis

None Gluten
vegan

Barnard et
al., 200932

USA 74 weeks 99
(60/39)

34.9 55.6 With T2DM 54
(27/27)

Vegan

Miller et
al., 200933

USA 4 weeks 18 (9/9) 22.6 30.6 Healthy with BMI <
30 and no history of
metabolic, hepatic,
renal, or systemic
disease

None Low-fa
lacto-o
vegeta
(Ornis

Kahleova
et al.,
201134

Czech 24 weeks 74
(39/35)

35.1 56.2 With T2DM 38
(22/16)

Lacto-
vegeta

Mishra et
al., 201335

USA 18 weeks 291
(242/50)

35.0 45.2 BMI ≥ 25 and/or
T2DM

NR Low-fa
vegan

Bunner et
al., 201436

USA 16 weeks 42
(39/3)

27.5 45.7 With prior migraine
diagnosis

NR Low-fa
vegan

Lee et al.,
201637

South
Korea

12 weeks 93
(75/18)

23.5 57.9 With T2DM 49
(23/26)

Vegan

Lee et al.,
201738

South
Korea

10 days 30
(30/0)

21.5 20.0 Healthy subjects with
no physical and/or
psychological disease

NR Lacto-o
vegeta

Wright et
al., 201739

New
Zealand

6
months

65
(39/26)

34.4 56.0 Obese or overweight
and with T2DM, IHD,
hypertension, and/or
hypercholesterolaemia

Yes (N
subjects
NR)

Low-fa
vegan



Reference,
year

Country Duration n (F/M) Mean
BMI,

kg/m2

Mean
age,
year

Health status Lipid-
lowering
therapy
(E/C)

Interv

Kahleova
et al.,
201840

USA 16 weeks 75
(67/8)

33.3 53.4 Overweight and obese
without DM

9 (5/4) Low-fa
vegan

Shah et
al., 201841

USA 8 weeks 100
(15/85)

30.7 61.3 With CAD 95
(47/48)

Vegan

Sofi et al.,
201842

Italy 3
months

118
(92/26)

30.6 50.0 Clinically healthy, BMI
≥ 25, and the
presence of ≥1 of the
following: TC > 190
mg/dL, LDL-C > 115
mg/dL, TG > 150
mg/dL, and glucose
levels 110–126 mg/dL

None Low-ca
lacto-o
vegeta

Djekic et
al., 202043

Sweden 10 weeks 31
(2/29)

28.0 67.0 With IHD 31
(16/15)

Lacto-o
vegeta

Kahleova
et al.,
202044

USA 16 weeks 244
(211/33)

33.4 55.0 Overweight and obese NR Low-fa
vegan

Garousi et
al., 202145

Iran 3
months

75
(39/36)

31.0 43.2 Overweight and obese
adults with NAFLD

None Lacto-o
vegeta

Barnard et
al., 202246

USA 16 weeks 62
(48/14)

33.3 57.4 Overweight and obese 23
(11/12)

Low-fa
vegan

Open in a new tab

Overweight, BMI 25–29.9 kg/m2, obese ≥ 29.9 kg/m2; ADA, American Diabetes Association; AHA,
American Heart Association; BMI, body mass index; CAD, coronary artery disease; DM, diabetes
mellitus; E/C, experimental/control group; EASD, European Association for the Study of Diabetes;
IHD, ischaemic heart disease; NAFLD, non-alcoholic fatty liver disease; NR, not reported; Omnivorous,
contains all food groups; T2DM, type 2 diabetes mellitus.

Risk of bias in trials

In both crossover and parallel trials, risk of bias was highest in the domains concerning the randomization
process and deviations from the intended interventions. Among the 30 included RCTs, none were participant
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blinded. In seven of the trials, all or some outcome assessors were blinded.26,30,32,39,41,44,46 Thirteen studies did
not describe the randomization process.17–20,22,24,28,29,33,34,40,43,46 Thirteen followed the ITT principle while 17
followed PP. ITT studies include data from all participants enrolled in the trial, including excluded subjects and
dropouts. PP trials only include data from subjects who finish the trial, which introduces risk of biases
attributable to exclusion. Lastly, the participants’ adherence to the intervention diets was in most studies
estimated through self-reported dietary records and questionnaires, which might have led to under- or
overestimation of nutrient intake.

The crossover trials demonstrated higher risk of bias arising from period and carryover effects. Of the nine
crossover trials, five reported a washout period of four weeks.28,33,36,43,46 Blood lipids stabilize after three to
four weeks, wherefore it is encouraged to introduce a washout period of at least four weeks to avoid carryover
effects.47 The remaining four studies did not report any washout period between the intervention and control
period, although one reported no detection of carryover effects.42

Results of blood lipid and lipoprotein levels

For TG all trials presented baseline levels, end of trial values, and/or changes in TG. One study did not include
sufficient data on TC37, and three did not include on LDL-C (Table 2).17,22,30 Six studies included adequate
values of apoB levels at baseline, end of trial, and/or changes of apoB levels (Table 2).17,19–21,33,43 All post-
intervention lipid and lipoprotein concentrations were measured immediately after ended intervention. Only few
studies reported follow-up periods after the finalized intervention. In the meta-analysis, compared with the
omnivorous control group, the plant-based diet group showed a mean reduction in TC of −0.34 mmol/L (95%
confidence interval, −0.44, −0.23; P = 1 × 10−9; I2 = 69.03%), equivalent to a reduction from baseline of 7%
(Figure 2). For LDL-C levels the mean reduction was −0.30 mmol/L (−0.40, −0.19; P = 4 × 10−8; I2 =
73.67%) corresponding to a 10% reduction from baseline (Figure 3), while no changes were seen in TG levels
(0.06 mmol/L; 7%; −0.01, 0.13; P = 0.11; I2 = 54.26) (Figure 4). Lastly, the apoB meta-analysis showed an
overall decrease in apoB levels of −12.92 mg/dL (−22.63, −3.20; P = 0.01; I2 = 71.69%) and thereby a 14%
reduction from baseline (Figure 5). The heterogeneity (I2) in the TG meta-analysis was characterized as
moderate (54%) while the results for TC, LDL-C, and apoB were characterized as substantial heterogenic (69%,
74%, and 72%, respectively).



Table 2.

Baseline blood lipid and lipoprotein levels, outcomes, and study design

Reference,
year

Baseline
TC,

mmol/L
(combined

mean)

Baseline
LDL-C,

mmol/L
(combined

mean)

Baseline
TG,

mmol/L
(combined

mean)

Baseline
apoB,
mg/dL

(combined
mean)

CI Effect
on TC

(yes/no)

Effect
on LDL-

C
(yes/no)

Effect
on TG

(yes/no)
o
(

Cooper et
al., 198217

4.1 0.7 57.5 95% Yes Yes Y

Kestin et
al., 198918

6.1 4.1 1.3 95% Yes Yes Yes

Ornish et
al., 199019

6.1 4.1 2.4 104 95% Yes Yes Yes Y

Ling et al.,
199220

5.6 3.7 1.2 87.5 95% Yes Yes Yes Y

Ornish et
al., 199821

6.1 4.0 5.9 101.2 95% Yes Yes Yes Y

Nicholson
et al.,
199922

5.4 2.2 95% Yes Yes

Barnard et
al., 200023

4.2 2.5 0.9 95% Yes Yes Yes

Ågren et
al., 200124

4.9 3.3 1.2 95% Yes Yes Yes

Gardner et
al., 200525

5.8 3.9 1.5 95% Yes Yes Yes

Barnard et
al., 200626

5.0 2.9 1.8 95% Yes Yes Yes

Burke et
al., 200627

5.3 3.2 1.5 95% Yes Yes Yes

de Mello
et al.,
200628

5.3 3.4 1.6 95% Yes Yes Yes



Reference,
year

Baseline
TC,

mmol/L
(combined

mean)

Baseline
LDL-C,

mmol/L
(combined

mean)

Baseline
TG,

mmol/L
(combined

mean)

Baseline
apoB,
mg/dL

(combined
mean)

CI Effect
on TC

(yes/no)

Effect
on LDL-

C
(yes/no)

Effect
on TG

(yes/no)
o
(

Aldana et
al., 200729

4.4 2.4 1.8 95% Yes Yes Yes

Burke et
al., 200730

5.3 1.5 95% Yes Yes

Elkan et
al., 200831

5.0 3.1 1.1 95% Yes Yes No

Barnard et
al., 200932

5.0 2.9 1.3 95% Yes Yes Yes

Miller et
al., 200933

4.8 2.8 0.9 80.7 95% Yes Yes Yes Y

Kahleova
et al.,
201134

4.3 2.6 2.1 95% Yes Yes Yes

Mishra et
al., 201335

4.9 2.8 1.3 95% Yes Yes Yes

Bunner et
al., 201436

4.9 2.8 1.1 95% Yes Yes Yes

Lee et al.,
201637

2.6 1.6 95% Yes Yes

Lee et al.,
201738

4.5 2.6 0.9 95% Yes Yes Yes

Wright et
al., 201739

5.4 3.4 1.5 95% Yes Yes Yes

Kahleova
et al.,
201840

5.4 3.2 1.2 95% Yes Yes Yes

Shah et
al., 201841

3.7 1.9 1.3 95% Yes Yes Yes

Sofi et al.,
201842

5.5 3.4 1.4 95% Yes Yes Yes



Reference,
year

Baseline
TC,

mmol/L
(combined

mean)

Baseline
LDL-C,

mmol/L
(combined

mean)

Baseline
TG,

mmol/L
(combined

mean)

Baseline
apoB,
mg/dL

(combined
mean)

CI Effect
on TC

(yes/no)

Effect
on LDL-

C
(yes/no)

Effect
on TG

(yes/no)
o
(

Djekic et
al., 202043

3.5 1.6 1.1 65.5 95% Yes Yes Yes Y

Kahleova
et al.,
202044

5.1 3.0 1.3 95% Yes Yes Yes

Garousi et
al., 202145

4.7 3.1 1.9 95% Yes Yes Yes

Barnard et
al., 202246

5.0 2.8 1.4 95% Yes Yes Yes

Open in a new tab

Conversion factor from mmol/L to mg/dL is 0.0259 for TC and LDL-C and 0.0113 for TG. Conversion
factor for mg/dL to g/L is 0.01 for apoB. Combined mean at baseline was 5.0 mmol/L for TC, 3.1
mmol/L for LDL-C, 1.6 mmol/L for TG, and 82.7 mg/dL for ApoB. ApoB, apolipoprotein B; CI,
confidence interval; CO, crossover; E/C, experimental/control group; ITT, intention to treat; LDL-C,
low-density lipoprotein cholesterol; NR, not reported; PL, parallel; PP, per protocol; TC, total
cholesterol; TG, triglycerides.
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Figure 2.
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Meta-analysis: pooled mean effect sizes of vegetarian and vegan diets on total cholesterol. Based on 29
randomized controlled trials. Calculated by using a random-effects model. Overall P = 1 × 10−9; I2 =
69.03%. The squares demonstrate the weighted mean difference between intervention and control
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groups. Different sizes of squares illustrate the different weight of the studies’ sample sizes. The
horizontal lines and parentheses demonstrate the 95% CI. CI, confidence interval; Diff., difference



Figure 3.
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Meta-analysis: pooled mean effect sizes of vegetarian and vegan diets on LDL cholesterol. Based on 27
randomized controlled trials. Calculated by using a random-effects model. Overall P = 4 × 10−8; I2 =
73.67%. The squares demonstrate the weighted mean difference between intervention and control
groups. Different sizes of squares illustrate the different weight of the studies’ sample sizes. The
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horizontal lines and parentheses demonstrate the 95% CI. CI, confidence interval; Diff., difference;
LDL, low-density lipoprotein



Figure 4.
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Meta-analysis: pooled mean effect sizes of vegetarian and vegan diets on triglycerides. Based on 30
randomized controlled trials. Calculated by using a random-effects model. Overall P = 0.11; I2 =
54.26%. The squares demonstrate the weighted mean difference between intervention and control
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groups. Different sizes of squares illustrate the different weight of the studies’ sample sizes. The
horizontal lines and parentheses demonstrate the 95% CI. CI, confidence interval; Diff., difference

Figure 5.

Open in a new tab

Meta-analysis: pooled mean effect sizes of vegetarian and vegan diets on apolipoprotein B. Based on
six randomized controlled trials. Calculated by using a random-effects model. Overall P = 0.01; I2 =
71.69%. The squares demonstrate the weighted mean difference between intervention and control
groups. Different sizes of squares illustrate the different weight of the studies’ sample sizes. The
horizontal lines and parentheses demonstrate the 95% CI. CI, confidence interval; Diff., difference

Subgroup analyses

Forest plots for subgroup analyses are presented in Supplementary data online, Figures S2–S38. For TC
significant differences between subgroups of BMI (normal vs. overweight vs. obese) and outcome analysis (PP
vs. ITT) were observed (between group differences P = 0.01) (see Supplementary data online, Figures S5 and
S26). For LDL-C significant differences between subgroups of baseline LDL-C (>2.8 mmol/L vs. ≤2.8 mmol/L)
were observed (see Supplementary data online, Figure S38, between group differences P ≤ 0.001). For TC and
LDL-C significant differences between subgroups were observed in studies with no participants treated with
lipid-lowering therapy vs. studies with some treated participants (between group differences, TC: P = 0.04; LDL-
C: P = 0.03); in studies published before 2005 vs. after 2005 (between group differences, TC: P ≤ 0.001; LDL-C:
P ≤ 0.001); and in studies with sample sizes under 80 individuals vs. over 80 individuals (between group
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differences, TC: P = 0.001; LDL-C: P = 0.03) (see Supplementary data online, Figures S23–S24, S29–S30, and
S32–S33).

The remaining subgroup analyses regarding age, continent, duration of trial, health status, intervention diet,
intervention program, BMI, outcome analysis (LDL-C and TG), and study design did not show any significant
between group differences (see Supplementary data online, Figures S2–S4, S6–S22, S25, S27–S28, S31, and S34–
S37). Subgroup analyses were not conducted for apoB due to few included studies.

Sensitivity analyses

The leave-one-out sensitivity analyses are shown in Supplementary data online, Figures S39–S42 and
demonstrated no considerable changes in effect sizes of TC, LDL-C, and apoB when each study was left out of
the analysis (see Supplementary data online, Figures S39–S40 and S42). After leaving each study out, changes in
TC levels for plant-based diets vs. omnivorous diets ranged from −0.35 to −0.31 mmol/L (P < 0.001); from
−0.31 to −0.27 mmol/L (P < 0.001) for LDL-C levels; and from −16.42 to −8.82 mg/dL (P-values 0.002–
0.038) for apoB levels. For TG no effect of leave-one-out analysis was observed (see Supplementary data online,
Figure S41).

Publication bias

Funnel plots examining publication bias illustrated missing studies on the right side of the plots for TC, LDL-C,
and apoB, particularly in the bottom right corners (see Supplementary data online, Figures S43, S45, and S49).
This was confirmed by Egger’s test (P = 1 × 10−3 for TC; P = 2 × 10−3 for LDL-C; P = 0.03 for apoB),
suggesting the occurrence of small studies effects where estimates from smaller studies are overrepresented. The
associated trim and fill plots imputed six studies for TC and five for LDL-C (see Supplementary data online,
Figures S44 and S46). The funnel plot for TG showed a predominantly symmetrical distribution, however, the
trim and fill method imputed four studies on the left side of the plot. Egger’s test did not confirm a small studies
effect for TG (P = 0.85) (see Supplementary data online, Figure S48).

Discussion

The aim of this systematic review and meta-analysis was to estimate the effect of vegetarian and vegan diets on
TC, LDL-C, TG, and apoB blood levels in 30 RCTs. We found that compared with omnivorous diets, consumption
of vegetarian or vegan diets was associated with reduced levels of TC, LDL-C, and apoB. These effects were
similar in a range of subgroup analyses stratified by participant and study characteristics (Structured Graphical

Abstract).

Previous systematic reviews and meta-analyses conducted up until 2017 have shown similar associations
between plant-based diets and decreased levels of TC and LDL-C.5,6 However, previous studies have neither
included meta-analyses on apoB nor comprehensive subgroup analyses yielding novel knowledge on effect
modification or robustness across participant and study characteristics. The importance of our findings is



emphasized by the United Nations’ Sustainable Development Agenda stating that by 2030 premature mortality
caused by non-communicable diseases (NCDs) should be reduced by one-third.48 CVDs are the biggest drivers
among NCDs1 and apoB-containing lipoproteins, as LDL and TG-rich lipoproteins, are substantial risk factors for
ASCVD.3 In fact, numerous Mendelian randomization studies have shown that alterations in absolute LDL-C
concentrations are proportional to ASCVD risk.49 Identifying measures such as specific diets that could
contribute to lowering apoB-containing lipoprotein particles are therefore of pivotal relevance for the prevention
of CVD.3

To explain our findings, one should consider the nutritional composition of plant-based diets, as these, compared
with omnivorous diets, are usually higher in poly-unsaturated fatty acids (PUFAs) while being lower in saturated
fatty acids, cholesterol, and total fat.50 A reduced consumption of fat leads to lower intestinal absorption of
triglycerides and cholesterol and subsequently decreased levels of cholesterol-containing lipoprotein particles in
the blood. Moreover, the PUFAs that reduce LDL-C by increasing the expression of hepatic LDL receptors are
omega-6 and especially linoleic acid.51 Importantly, omega-3 has no significant effect in this regard.

The TC and LDL-C findings are consistent with the present apoB results as the blood concentration of apoB is an
estimate of the total amount of atherogenic lipoprotein particles in the blood. LDL is the most abundant apoB-
containing lipoprotein particle in the blood, and a reduction in cholesterol, especially LDL-C, will therefore result
in decreased levels of apoB as demonstrated by this meta-analysis. These are important and novel findings since
other apoB-containing lipoprotein particles such as very-low-density lipoprotein, intermediate density
lipoprotein, and lipoprotein(a) also exhibit atherogenic abilities. Quantifying the effect of different diets on apoB
levels, therefore, gives us a more direct estimate of the ability of plant-based diets to reduce the atherosclerotic
burden than measurements of specific lipids or lipoprotein particles. However, the findings on apoB are only
based on six RCTs, two of which are multi-interventional,19,21 and these results should therefore be interpreted
with care. Yet, this merely emphasizes that more trials investigating dietary effects on apoB are warranted.

Subgroup analyses cannot stand alone as evidence for a biological process but can be used to show tendencies
and generate hypotheses. In these analyses, we observed that obese participants experienced a smaller decrease
in TC compared with normal and overweight participants. This could be explained by the adverse effects of
obesity on cholesterol metabolism, as the hepatic and intestinal cholesterol synthesis is known to increase in
obese individuals.52 Obese individuals are therefore generally synthesizers, rather than absorbers, wherefore
plant-based diets typically have a smaller impact on their cholesterol levels in plasma. Moreover, obesity
predisposes to leptin tolerance and resistance, which diminishes the stimulating effect of leptin on hepatic
cholesterol clearance.53,54 Together, these mechanisms can increase TC levels despite following a similar diet as
normal and overweight participants. Further, the outcome analysis stratification for TC showed that the effect on
TC levels was lower in trials done by ITT compared with trials following PP. This was however not found for
LDL-C. ITT trials include data from all included subjects wherefore also results from dropouts and non-adherent
participants are included in the final analysis. Consequently, ITT trials often demonstrate reduced effect
estimates compared with PP trials. The lower effect observed in subjects being treated with lipid-lowering
therapy plausibly depends on the fact that all lipid drugs activate the expression of LDL receptors. Consequently,
the additional effect of diets may become weaker. By stratifying on lipid-lowering therapy in the present study,
there were indeed significant differences, however, the effects in both groups remained significant. We observed
a similar scenario for individuals with baseline LDL-C levels below vs. above the mean, and the same biological



explanation as for lipid-lowering therapy may apply. Finally, the sample size stratification showed larger
decreases in TC and LDL-C levels for studies under 80 individuals vs. studies with more than 80 individuals. The
same was observed for studies published before 2005, all of which were categorized as small studies, vs. after
2005 where larger sample sizes were included. Smaller studies, which thus apply to the studies published before
2005, tend to follow their participants more closely and provide a higher degree of nursing compared with larger
studies. This increases participant compliance and results in larger effect sizes. Additionally, small studies
showing little or no effect of the intervention tend to not be published. Only small studies with larger effect sizes
are hereby published, which altogether creates the small studies effect as shown in the tests for publication bias.

Our findings illustrate that lipid profiles improve when following a plant-based diet. However, changing to and
maintaining a healthy plant-based diet can be a challenge, and methods to motivate and help people stick to this
type of diet are warranted. A recent study showed that incorporating dietary assessment into ten-year risk charts
for ASCVD presented similar risk estimates as when incorporating the routine non-high-density lipoprotein
cholesterol (HDL-C),55 as done in SCORE2.56 Therefore, risk charts integrating dietary assessment could be a
method for motivating individuals to improve or keep their adherence to dietary guidelines—a diet rich in plant-
based foods.55 Furthermore, in another trial, more than 1000 subjects with known coronary heart disease were
over seven years assigned to follow either a Mediterranean diet or a low-fat diet—both of which are high in
complex fibres from fruits and vegetables and low in saturated fatty acids, especially from red or processed
meats.57 Reoccurrence of a CVD event was substantially reduced with both diets; however, the Mediterranean
diet was superior to the low-fat diet. The Mediterranean diet is not meat or animal-product free but focuses on a
high intake of plant-based foods and the use of unsaturated fat. Nevertheless, this study found a notable
reduction in the reoccurrence of cardiovascular events, implying that the beneficial effects of a diet can also be
achieved by a reduced intake of animal products. This indicates that such diets may be easier for people to stick
to than e.g. a low-fat diet or a vegan diet. Together, these studies and this meta-analysis emphasize the
importance of adhering to a healthy, plant-based diet for both primary and secondary prevention of CVD and
moreover, that specific diets and methods are crucial for the motivation and maintenance of healthy eating
habits.

It should be considered whether our findings are attributed to the dietary composition of plant-based diets or
whether they are due to confounders such as weight loss. Weight loss, however, tends to decrease TG levels
which is in contrast to our findings.2 Moreover, statin treatment is superior to plant-based diets in reducing lipid
and lipoprotein levels.6 However, one regimen does not exclude the other. Prevention of disease risk factors such
as overweight, hypertension, and dyslipidaemia is key to slowing down the atherosclerotic process, wherefore
consumption of plant-based diets could postpone or even diminish the need for statins, thus sparring individuals
from side effects related to the treatment. Furthermore, combining statins and plant-based diets will likely have
a synergistic effect resulting in an even larger, and more beneficial effect on lipid and lipoprotein levels. At last,
this study did not investigate the effect of plant-based diets on HDL-C since we focused on established
atherogenic lipids and lipoproteins. Elevated levels of HDL-C are not causally associated with a lower risk of CVD
as established by Mendelian randomized studies58–61 and so far no studies have revealed significant results on
HDL-C-increasing therapies and lower CVD risk where effects were attributed to HDL-C alone.62–67

This study has several strengths including a stringent design with clearly defined inclusion and exclusion criteria.
To our knowledge, this systematic review is the first to include as many as 30 RCTs with a total sample size of



2372 participants while previous reviews included 832 and 1484 individuals.5,6 Furthermore, changes in apoB
levels were assessed for the first time. The present field is highly relevant considering the United Nations’
establishment of the 2030 Sustainable Development Agenda and the increased focus on the environment.48 In
fact, recent systematic reviews have shown that shifting to lacto-ovo-vegetarian or vegan diets, at a population
level in high-income countries, can reduce the net emission of greenhouse gasses by respectively 35% and 49%;
making these diets highly beneficial for the environment.68 Furthermore, populations are aging globally and as a
consequence expenses for treatment of age-related diseases such as ASCVD are increasing.2 Plant-based diets are
thus key instruments for changing food production to more sustainable forms while at the same time reducing
the growing burden of CVD.

Several limitations should also be considered. First, the sample sizes of the individual RCTs were relatively small;
and the present meta-analysis represents however the largest compilation of studies to date. The intervention
period for most of the included studies lasted under one year, which emphasizes the need for more long-term
trials. Previous studies found that after a few months the effect on LDL-C was halved as compared to that
observed after a shorter follow-up.69,70 Short-term studies may therefore have a larger effect on the lipid profile
(due to better compliance) and may lead to overestimating the effects obtainable in the long term. By stratifying
for duration period over and at or under 3 months in the present analysis, we did however not observe
attenuation of effects with longer duration.

Other limitations include that none of the RCTs were participant blinded, which could interfere with the
participants’ motivation to adhere to the assigned diet. The randomization process was not described in all
studies, therefore, making it difficult to assess whether subjects were 100% randomly assigned and, thus, if the
observed effects were attributed to the intervention or confounders. Four of the nine crossover trials did not
report any washout period between intervention periods, which increases the risk of carryover effects and
overestimated effect sizes. This could have been prevented by treating the crossover studies as parallel and thus
only extracting data from the first intervention period. However, this was not possible due to missing data.71 The
subgroup analyses, nonetheless, did not show any differences between the estimated effects in the parallel vs.
crossover trials. Moreover, handling crossover trials as we have done in this meta-analysis tends to widen the
confidence intervals, resulting in crossover trials being under-weighted compared with parallel trials.71 The
impact of potential carryover effects from crossover trials is thereby diminished. Lastly, it was not possible to
adopt the ITT principle in the meta-analysis since this requires access to individual participant data from each
trial.72 The findings should therefore be interpreted with caution as the potential impact of missing data may
influence the results. Likewise, the results on publication bias should, in general, be treated with caution as the
methods used to evaluate publication bias have several limitations.

In conclusion, consumption of vegetarian and vegan diets reduces blood levels of atherogenic lipoproteins.
Shifting to plant-based diets at a populational level will reduce emissions of greenhouse gasses considerably—
together making these diets efficient means towards a more sustainable development, while at the same time
reducing the growing burden of ASCVD.
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