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Summary

In parallel with an increased focus on climate changes and carbon footprint, the inter-
est in plant-based diets and its potential health effects have increased over the past
decade. The objective of this systematic review and meta-analysis was to examine
the effect of vegan diets (212 weeks) on cardiometabolic risk factors in people with
overweight or type 2 diabetes. We identified 11 trials (796 participants). In compari-
son with control diets, vegan diets reduced body weight (—4.1 kg, 95% confidence
interval (Cl) —5.9 to —2.4, p < 0.001), body mass index (BMI) (—1.38 kg/m?, 95% Cl
—1.96 to —0.80, p < 0.001), glycated hemoglobin (HbA;.) (—0.18% points, 95% Cl
—0.29 to —0.07, p = 0.002), total cholesterol (—0.30 mmol/L, 95% CI —0.52 to
—0.08, p = 0.007), and low-density lipoprotein cholesterol (—0.24 mmol/L, 95% CI
—0.40 to —0.07, p = 0.005). We identified no effect on blood pressure, high-density
lipoprotein cholesterol, and triglycerides. We found that adhering to vegan diets for
at least 12 weeks may be effective in individuals with overweight or type 2 diabetes
to induce a meaningful decrease in body weight and improve glycemia. Some of this
effect may be contributed to differences in the macronutrient composition and
energy intake in the vegan versus control diets. Therefore, more research is needed

regarding vegan diets and cardiometabolic health.
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1 | INTRODUCTION

Plant-based diets have existed since ancient times and the interest
in plant-based diets has increased dramatically over the past
decade.! With climate change as a major public health crisis? a
plant-based, and especially a vegan diet, may also lower the carbon
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footprint and thus be beneficial for the climate,>* because a vegan
diet excludes all foods of animal sources.’® Additionally, several
health benefits of vegan diets have been suggested. A meta-
analysis of observational studies concluded that vegan diets are
associated with a more favorable cardiometabolic profile compared
with an omnivorous diet in western countries.” Another systematic
review including prospective cohort studies found that intake of
plant protein was significantly associated with a lower risk of all-
cause mortality and cardiovascular disease mortality.2 Systematic
reviews and meta-analyses of randomized controlled trials (RCTs)
have found that various plant-based diets (not all excluding meat
products, eggs, and dairy) can lead to reductions in body

t,9711

weigh glycated hemoglobin (HbA;J),*%*? blood pressure,** and

total cholesterol, low-density lipoprotein cholesterol (LDL-C), and
high-density lipoprotein cholesterol (HDL-C).*4°

Improvements in cardiometabolic risk following plant-based
diets may be explained by numerous factors associated with
changes in diet quality and quantity. First, people who exclude meat
products, eggs, and dairy in their diet will have a lower energy
intake due to the diet's lower content of fat and higher content of
dietary fiber.®1® Also, two studies have found an increase in the

thermic effect of foods with this type of diet,*”*®

which may result
in a negative energy balance and consequently a decrease in body
weight. Second, weight loss is known to improve glycemic
control,*??° but weight loss may not be the only responsible factor
for the improvement in glycemic control. Excessive intramyocellular
lipid storage following fat-rich diets has been shown to increase
production of reactive oxygen species and metabolic stress, resulting
in increased insulin resistance.?’ A recent study demonstrated that
following a low-fat vegan diet for 14 weeks reduced intra-
myocellular lipid concentrations compared with control.'” Third, a
transition from a typical western diet to a plant-based or vegan diet
typically reduce total cholesterol, LDL-C, and HDL-C by a decreased
dietary intake of saturated fat and cholesterol,® and furthermore,
the high intake of dietary fibers slows down the absorption of cho-
lesterol and the reabsorption of bile acids from the intestine.??23
On the other hand, results regarding triglyceride levels following
plant-based diets are conflicting.2#1>2% Fourth, weight reductions
following a plant-based diet do not fully explain the observed reduc-
tions in blood pressure,?® suggesting that other dietary components
may contribute to the blood pressure-lowering effect, for example,
high potassium intake.?¢

Because the term “vegetarian” reflects a wide range of plant-
based diets practiced with varying degrees of food restriction, the
interpretation of previous meta-analyses and reviews is challenging
and cannot be used to guide specific dietary recommendations.
The objective of this systematic review and meta-analysis was to
examine the effects of vegan diets (excluding all foods from animal
sources) on cardiometabolic risk factors in people with overweight
or type 2 diabetes (including prediabetic state) compared with con-
trol groups either (1) continuing habitual diet or (2) receiving other

dietary interventions.

2 | METHODS

21 | Protocol registration

The protocol for this systematic review and meta-analysis was pro-
spectively registered at PROSPERO (CRD42021233938). The study
was conducted and reported in accordance with the Cochrane Hand-
book for Systematic Reviews of Interventions (Version 6.2)%” and The
PRISMA 2020 statement: an updated guideline for reporting systematic

reviews.?®

2.2 | Search strategy

For this systematic review and meta-analysis, we searched the follow-
ing electronic databases from inception to March 14, 2022, to identify
studies: MEDLINE, Embase, Cumulative Index to Nursing and Allied
Health Literature (CINAHL), and Cochrane Central Register of Con-
trolled Trials (CENTRAL). We applied no language restrictions on the
search. The search strategy was designed to contain concepts of
vegan diet in combination with overweight, prediabetes, or type 2 dia-
betes. In addition, Cochrane's recommended filters for identification
of RCTs in MEDLINE, Embase, and CINAHL were applied.?’ Search
strings were manually translated between databases. The search strat-
egy is reported in Supporting Information file 1. Further, we screened
reference lists of the included studies, and references cited in system-

atic reviews on the topic.

2.3 | Eligibility criteria

We included RCTs conducted in individuals (>18 years) with over-
weight (body mass index [BMI] 2 25 kg/m?) or type 2 diabetes
(or prediabetic state). Individuals with type 2 diabetes fulfilled at least
one of the following criteria stated in the original studies: being
treated for type 2 diabetes at endocrinology outpatient clinics,%0-33
having elevated fasting plasma glucose concentrations on at least two
occasions (>6.9 mmol/L?° or >126 mg/dLSO) or elevated HbA. levels
(6.0%-11.0%°! and 6.5%-10.5%°C), or using hypoglycemic medica-
tion for at least 6 months.2%3%31 We excluded studies conducted in
children (<18 years), pregnant or breastfeeding women, and individ-
uals with type 1 diabetes or gestational diabetes. We included studies
with a vegan diet intervention with a minimum duration of 12 weeks.
The rationale for only including studies with an intervention of at least
12 weeks was that we were interested in studying the outcome
HbA1, which requires a period of 2-3 months to change.®* To meet
inclusion criteria, the vegan diet was to be compared with a passive
control group (continuing habitual diet with no dietary changes pre-
scribed) or an active control group (receiving other dietary interven-
tions different from the vegan diet). Studies were eligible for inclusion
if they provided outcome data on one or more of the following car-

diometabolic outcomes: body weight, BMI, HbA;., blood pressure,
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and blood lipids (total cholesterol, LDL-C, HDL-C, and/or triglycer-
ides). Conference abstracts, unpublished manuscripts, and reports not

published in scientific journals were not eligible for inclusion.

24 | Study selection

After identification, we transferred the records to EPPI-Reviewer
Web,%> and duplicates were omitted. Two authors (ADT and KKBC)
screened the records by title and abstract and afterwards did a full-
text screening. The screening was performed according to the selec-
tion criteria stated above, which were prospectively registered at
PROSPERO. Each author worked independently and was blinded to
each other's decisions during each step of the screening process but
was unblinded to information about authors, journals, and countries
of origin. All discrepancies were resolved by consensus, and involve-
ment of a third part was not needed. Multiple publications of the
same study were linked together. The publication that best fitted the
research question was chosen as the primary one. Information from
multiple publications was collated and reconciled. In cases of unclear
information in the publications, authors of the studies were contacted
to clarify potential duplicate publication, to avoid biases when the

same study is included more than once in a meta-analysis.3¢

2.5 | Data extraction and data synthesis

One author (ADT) extracted data from the studies and entered the
data into a standardized spread sheet, and another author (JSQ)
reviewed the data for accuracy. Disagreements were resolved by con-
sensus. Data sought for extraction were (1) study characteristics (first
author, year of publication, country, study design [parallel group or
cross-over trial], sample size [number of participants randomized,
completed, and included in analysis], and study duration [calculated as
the period from randomization to the last follow-up measurement in
parallel group studies and as the duration of each period of interven-
tion, excluding run-in and washout, in cross-over studies], and
adherence), (2) participants' characteristics (mean age and BMI, sex,
and study population [overweight, prediabetic state, or type 2 diabe-
tes]), (3) intervention conditions (type of vegan diet, macronutrient
composition, energy intake, and amount of support), (4) control
conditions (type of control diet, macronutrient composition, energy
intake, and amount of support), and (5) outcomes (changes in body
weight, BMI, HbA, blood pressure, and blood lipids from baseline to
end of intervention).

Studies were included in the meta-analyses if they for the out-
come of interest reported (1) number of included participants in the
analysis, mean change from baseline to post intervention with
corresponding standard deviations (SDs) for both the intervention
group and the control group, or (2) number of included participants in
the analysis, mean difference between the intervention group and the
control group and corresponding 95% confidence intervals (Cls).

When a study did not report SD, we used the estimation methods

k.3” Cochrane RevMan cal-

recommended by the Cochrane Handboo
culator was used to estimate SD.%®

If studies reported unclear information on data sought for extrac-
tion, corresponding authors and/or last authors were contacted to
clarify the information stated in the papers. If authors did not reply on
our request, a reminder was sent after 2 and 4 weeks. Data provided
by authors were incorporated in the manuscript up until submission. If
studies only reported baseline and post intervention data, mean
change for the intervention and control groups was manually calcu-
lated by subtracting baseline values from post intervention values.®”
Because this manual calculation cannot be done for SD, missing SD
was imputed from other studies as suggested by the Cochrane Hand-
book and Furuwaka et al.*”*? In case of missing SD, the study with
the highest SD for the same outcome measure was used. We chose a
conservative approach to avoid an overestimation of the intervention
effect. This imputation of data was only done for one small pilot study
(n = 11), where the authors were not in possession of the original data
anymore.*2 The remaining studies provided sufficient data in the origi-
nal reports, or provided data on request.*® If blood lipid levels and
HbA;. were not reported in mmol/mol or percent, data were
converted to align the units of the outcome measures. When trials
had multiple treatment groups, we extracted data from the vegan
group and the control group stated in the study. Only one study had
multiple treatment groups.*®

2.6 | Assessment of study quality

We assessed the risk of bias by the Revised Cochrane risk-of bias tool
for randomized trials (RoB 2) using the Excel file provided by the RoB
2.0 development team.*' We assigned the individual studies with
“high risk,” “low risk,” or “some concerns” for each of the following
domains: (1) randomization process, (2) deviation from intended inter-
ventions, (3) missing outcome data, (4) measurement of the outcome,
and (5) selection of the reported result.

Overall risk of bias judgement was determined as having “some
concerns” if one of the domains was rated as having “some concerns.”
Likewise, studies were considered to have an overall “high risk” of
bias if one of the domains was rated “high risk of bias.” Because 9 out
of 11 studies were having “some concerns,” we presented all studies
in the meta-analyses and provided a narrative discussion of the risk of
bias according to Cochrane Handbook.**

We assessed the overall certainty of evidence for each of our out-
comes using the Grading of Recommendations, Assessment, Develop-
ment and Evaluations (GRADE) framework.*?> Evidence from RCTs
starts at high quality, but confidence is decreased by one or two levels
on the basis of four domains of limitations: (1) risk of bias,*® (2) publi-
cation bias,** (3) imprecision,* and (4) inconsistency.*® The fifth
domain, indirectness,”” was not assessed because systematic reviews
are considered as direct evidence and will therefore only include eligi-
ble research regarding population, intervention, comparator, and
outcome(s). See Supporting Information file 2 for description of the

GRADE framework used. The certainty of evidence was then
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classified as high, moderate, low, or very low.*? To assess the possibil-
ity of publication bias, we visually inspected the relationship between
precision and effect size in funnel plots if 210 trials were included.
When a funnel plot was not available, we downgraded the certainty
of evidence for Domain 2 if more than 25% of the participants were
from small studies (<20 participants in each arm). Two authors (ADT
and KKBC) independently assessed risk of bias and certainty of evi-

dence with discrepancies resolved by consensus.

2.7 | Statistical analysis

We conducted meta-analyses investigating the intervention effect on
cardiometabolic outcomes with random-effects generic inverse vari-
ance modeling using Cochrane Review Manager (RevMan) Version
5.4.3% The DerSimmonian and Laird method was used to estimate
between-study variance.*® We analyzed the continuous data calculat-
ing pooled mean difference and corresponding 95% CI, because all
studies reported the outcomes using same scales or convertible mea-
surements. A p-value < 0.05 was considered statistically significant.
Results are displayed as forest plots for each of the outcomes.

The random-effect meta-analysis was chosen because it estimates
the mean of a distribution of effects rather than a single effect assumed
to be common to all studies.*® This approach fitted with the consider-
able heterogeneity expected from including studies with differences in
population, study design, and intervention and control groups.

Statistical heterogeneity in each meta-analysis was assessed and
reported by using the I? statistic.*® Cochrane Handbook roughly sug-
gests that heterogeneity between 0% and 40% might not be impor-
tant, between 30% and 60% may represent moderate heterogeneity,
between 50% and 90% may represent substantial heterogeneity, and
between 75% and 100% may represent considerable heterogeneity.
When a study had an [? that placed the study in two intervals, we
chose the highest and thus most conservative interval. Sources of het-
erogeneity were explored using sensitivity and subgroup analyses.*®

We performed subgroup analysis using study-level variables to
investigate heterogeneity and the possibility of effect modification for
body weight, BMI, and HbA;.. To examine differences among sub-
groups, I? statistics were used. For the outcomes body weight and
BMI, we divided the studies into subgroups based on their control
groups being passive or active. We hypothesized that the effect of a
vegan diet would be greater when compared with a control group
making no dietary interventions (passive control), than when com-
pared with a control group assigned to another dietary intervention
(including prescribed energy restriction) (active control). In addition,
we performed an analysis where the studies were divided into sub-
groups according to being conducted in “people with overweight” or
“people with type 2 diabetes” for the outcome HbA,.. This subgroup
analysis was a post hoc decision, due to a potential difference in the
effect of a vegan diet in participants diagnosed with type 2 diabetes
(with potentially elevated HbA levels and/or taking glucose-lowering
medication) than in participants with overweight, but without type
2 diabetes.

Sensitivity analyses were conducted to assess the robustness of
the results. We performed analyses in which each individual trial com-
parison was removed from the meta-analysis and the effect size was
recalculated to determine whether a single trial comparison changed
the results significantly. The sensitivity analyses were also performed
in which studies with missing SD or pilot studies were removed from

the meta-analyses.

3 | RESULTS

3.1 | Identification and study selection

The search identified 1180 records. Of these, 919 were screened
after removal of duplicates, and 862 were excluded based on titles
and abstracts. Of 57 potentially relevant records screened in full text

17.18,2030-33:40.49-51 (n — 796) met our inclusion

for eligibility, 11 trials
criteria (Figure 1). The studies by Mishra et al.°? and Ferdowsian
et al.>® were excluded due to cluster randomization and non-randomi-

zation, respectively.

3.2 | Cohort characteristics

Table 1 shows characteristics of the included trials. In short, five

17,18,40,50,51

studies included participants with overweight, and five

2030-33  participants with type 2 diabetes. One study®’

studies
included individuals with overweight or obesity and reported that
14% of the study population had type 2 diabetes. We identified
no trials investigating vegan diets in people being in the predia-
betic state. Trial duration ranged from 12 to 26 weeks, with a
mean duration of 19 weeks. Trial size ranged from 13 to 244 partic-
ipants with a mean age ranging from 48 to 61 years. Ten stud-
jes17:18:20.30-33.4049,51 \;sad 3 parallel group design, and one study a
cross-over design (Table 1).>°

Nine studie$17,:l8,20,30,32,33,40,49,50

prescribed a low-fat vegan diet,
one study®! prescribed a low-carbohydrate vegan diet, and one
study®! prescribed a vegan diet without further description (Table 1).
The vegan diets varied substantially with regard to carbohydrate,
protein, and fat content (Table S1). Further, none of the studies
prescribed a control diet that exactly matched the intervention diet to
all other aspects except veganism. All vegan diets except one®! were
ad libitum without any restriction in energy intake. Seven studies pre-
scribed Bq, supplementation to the vegan diet intervention ranging
from 50 to 1000 pg/day (Table 1),17-20-30:33:40.49.50

Three studies'”*34? had passive control groups, where the partic-
ipants continued their habitual diet without dietary changes, all of
them being non-energy restricted. Eight studies'®20-30-3240.5051 54
active control groups, where participants followed other dietary inter-
ventions, for example, Mediterranean diet, different diabetes diets,
and low-fat diets (Table 1). Four of these active control diets were

d 20,30,31,51 18,32,40,50
»

energy restricte and four were ad libitum diets.

Five studies prescribed B4, supplementation to the active control diet
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530 MEDLINE

465 Cochrane CENTRAL
98 Embase

87 CINAHL

1180 Records identified through database searching

261 Duplicate records removed

A\ 4

A 4

before screening

919 Studies screened based on title and abstract

v

862 Studies excluded

A 4

57 Full text articles assessed for eligibility

v

46 Full text articles excluded due to

\ 4

11 Studies included in quantitative synthesis (meta-analysis)

15 Wrong intervention
12 Wrong outcomes
3 Wrong population

FIGURE 1 PRISMA study flow

group that matched the Bi, supplementation in the intervention
groups 17,20,30,33,40
Four studies reported that the vegan diet groups had a signifi-

31,40,50,51

cantly lower energy intake than control groups, and four

studies identified no differences in energy intake between

groups.t”182030 Three studies did not test for differences in energy

intake between groups.32334?

In general, dropout rates were low, with only two studies*?>!

reporting >20% missing outcome data.

3.3 | Body weight and BMI

Ten studies evaluated the effects of vegan diets on body
Weight17,18,20,30,32,33,40,49—51 and BM|.17'18'20'30'31'33'40'49_51 The
pooled analysis showed that participants following vegan diets
achieved greater weight loss compared with control diets (mean dif-
ference —4.1 kg, 95% Cl —5.9 to —2.4,n = 697, p < 0.001, ? =91%,
GRADE = moderate) (Figure 2; Table 2). BMI fell 1.38 kg/m2 in the
vegan intervention groups compared with the control groups (95% Cl
—1.96 to —0.80, n = 780, p < 0.001, I*> = 89%, GRADE = moderate)
(Figure 3; Table 2).

Subgroup analysis based on comparator diet identified a
greater weight loss when vegan diets were compared with habitual
diet (mean difference in body weight —7.4 kg, 95% Cl —10.2 to
—4.7,n =322, p <0.001, I?> = 79%) than compared with other die-
tary interventions (mean difference —2.7 kg, 95% Cl —4.3 to —1.2,
n =375, p <0.001, I = 80%) (Figure 2). Test for subgroup differ-
ence was significant (2> = 8.43, p = 0.004). Similarly, BMI fell by
2.78 kg/m? in the vegan groups (95% Cl —3.91 to —1.65, n = 322,
p <0.001, > =72%) as when compared with habitual diet

4 Wrong study design
12 Several papers on the same study

and by 0.87 kg/m? when compared with other dietary interven-
tions (95% Cl —1.34 to —0.40, n =458, p <0.001, [ =82%)
(Figure 3). Test for subgroup difference was significant (* = 9.33,
p = 0.002).

34 | HbA4

Nine studies!”?%-30-3349-51 yrenorted data for HbA4.. The pooled anal-
ysis showed that vegan diets led to a reduction of 0.18 percentage
points compared with control diets (95% Cl —0.29 to —0.07, n = 687,
p = 0.002, I? = 66%, GRADE = moderate) (Figure 4; Table 2).

The analysis stratified by sub-populations showed that studies
conducted in participants with type 2 diabetes had a mean reduction
in HbA4. of 0.38 percentage points (95% Cl —0.55 to —0.21, n = 321,
p < 0.001, > = 11%), and in participants with overweight, a reduction
of 0.08 percentage points (95% Cl —0.11 to —0.04, n = 366,
p <0.001, > = 4%) when comparing vegan diets with control diets
(Figure 4). Test for subgroup difference was significant (> = 11.52,
p < 0.001).

3.5 | Blood pressure

Eight studies?®3°-3349-51 reported on blood pressure, with no differ-
ence observed in either systolic blood pressure (mean difference
1.28 mmHg, 95% Cl —1.54 to 4.11, n =466, p =0.37, | = 34%,
GRADE = moderate) or diastolic blood pressure (mean difference
0.54 mmHg, 95% Cl —1.21 to 2.29, n =466, p = 0.55, I> = 37%,
GRADE = moderate), when comparing vegan diets with control diets
(Figure 5; Table 2).
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Vegan Diet Control Diet

Mean Difference

Mean Difference

Study or Subgroup Mean Difference SE Total Total Weight IV, Random, 95% CI IV, Random, 95% ClI
1.1.1 Control group - No dietary interventions

Wright et al., 2017 -10.6 1.4796 33 32  8.9% -10.60[-13.50,-7.70] -

Bunner et al., 2015 -6.4 1.5306 17 17  88%  -6.40[-9.40, -3.40] .
Kahleova et al., 2020 -5.9 0.4082 117 106 11.5%  -5.90[-6.70, -5.10] —

Subtotal (95% CI) 167 155 29.2% -7.43[-10.20, -4.65] e
Heterogeneity: Tau? = 4.63; Chi? = 9.39, df = 2 (P = 0.009); I =79%

Test for overall effect: Z = 5.25 (P < 0.00001)

1.1.2 Control group - Other dietary interventions

Barnard et al., 2021 -6 0.7653 52 52 10.9%  -6.00[-7.50, -4.50] -
Nicholson et al., 1999 -3.4 1.5306 7 4 88%  -3.40[-6.40,-0.40] e
Turner-McGrievy et al., 2015 -3.4 1.6 11 12 8.6% -3.40 [-6.54, -0.26] -
Barnard et al., 2005 -2 0.8163 29 30 10.7%  -2.00[-3.60, -0.40] -
Barnard et al., 2018 -2 11735 19 21 9.8% -2.00 [-4.30, 0.30] E—
Barnard et al., 2006 -1.6 0.8674 49 50 10.6% -1.60 [-3.30, 0.10] |
Jenkins et al., 2014 -1.1 0.5102 20 19 11.4% -1.10 [-2.10, -0.10] ™
Subtotal (95% CI) 187 188 70.8%  -2.73 [-4.26, -1.19] 2
Heterogeneity: Tau? = 3.22; Chi? = 30.64, df = 6 (P < 0.0001); I = 80%

Test for overall effect: Z = 3.48 (P = 0.0005)

Total (95% Cl) 354 343 100.0%  -4.14 [-5.90, -2.38] -
Heterogeneity: Tau? = 6.84; Chiz = 100.01, df = 9 (P < 0.00001); I = 91% _150 5 s 5 1’0

Test for overall effect: Z = 4.61 (P < 0.00001)
Test for subgroup differences: Chi? = 8.43, df = 1 (P = 0.004), I* = 88.1%

FIGURE 2

Favours [Vegan Diet] Favours [Control Diet]

Forest plot depicting the effect of vegan diets on body weight (kg). Plots depict the effect size (mean difference) and 95%

confidence interval for the individual studies and the pooled estimate overall and by subgroups. Studies are ordered by effect size. Cl, confidence

interval; IV, inverse variance; SE, standard error

3.6 | Blood lipids

Eight studies!”20-30:32:3349-51 ranorted on total cholesterol, and the
pooled analysis showed that vegan diets led to a mean 0.30 mmol/L
reduction in total cholesterol compared with control diets (95% ClI
—0.52 to —0.08, n =605, p =0.007, > =65%, GRADE = low)
(Figure 6; Table 2). The pooled estimate of the eight stud-
jes7:20.30.81.3349-51 ranorting data on LDL-C showed that vegan diets
reduced LDL-C compared with control diets (mean difference
—0.24 mmol/L, 95% ClI —0.40 to —-0.07, n =684, p = 0.005,
1> = 58%, GRADE = low) (Figure 6; Table 2). The meta-analysis of

nine Studie517,20,30733,49751

reporting data on HDL-C levels identified
no difference between vegan diets and control diets (mean difference
—0.06 mmol/L, 95% CI —0.12 to 0.01, n = 698, p = 0.08, > = 67%,
GRADE = low) (Figure 6; Table 2). In addition, pooled analysis of the
same nine studies did not identify differences between vegan diets
and control diets on triglyceride levels in the pooled analysis (mean
difference 0.11 mmol/L, 95% Cl —0.08 to 0.29, n = 698, p = 0.26,

I? = 65%, GRADE = low) (Figure 6; Table 2).

3.7 | Adherence and support

18,20,30,31,33,40,49-51

Nine studies reported on adherence to the

prescribed diets through 24-h food recalls,2%-2040

18,31,33,50,51

self-reported food
diaries, or average attendance at intervention ses-
sions.2%*? Four studies'®3%4%>° reported similar adherence in inter-

vention and control groups, with two studies!®>°

reporting high
adherence, and two studies®®*° did not specify adherence further. In
addition, two studies only monitored adherence in their intervention
groups, where one study®’ reported that the vegan diet group was

highly adherent, while another study®? reported that adherence to the

plant-based aspect of the diet was high, while adherence to the low-
fat aspect of the diet was less so. Two studies?>>? followed adher-
ence closely throughout the study period, and further dietary counsel-
ing was provided if adherence was challenged. One of the studies
reported that adherence was significantly higher among participants
following a vegan diet compared with the American Diabetes Associa-
tion diet with same amount of support.?° In contrast, the other study
assessed adherence based on intake of three cholesterol-lowering
components from 7-day food records and reported that the partici-
pants consumed 33% of the prescribed dietary components.®! Lastly,
one study reported that the control group (Korean Diabetes Associa-
tion Diet) had significantly higher adherence compared with the vegan

31,51

intervention group.3! The latter two studies provided limited

amount of support compared with the other studies in this review.

The remaining nine17.18,20,30,32,33,40,49,50

studies had a high level of
support with weekly or twice-weekly sessions of cooking and nutri-
tion instruction, group discussions, and support during the whole
intervention period (see Table 1 for amount of support provided in

the individual studies).

3.8 | Long-term follow-up

Intervention duration ranged from 12 to 26 weeks, and few of the
studies*”>*>> have investigated if a vegan diet is effective in produc-
ing weight loss as well as maintaining weight loss in the long term.

The 22-week study by Barnard et al.2°

conducted in people with type
2 diabetes included a follow-up 1 year after the end of intervention.>*
The mean weight loss at 22 weeks (—5.8 kg [vegan] and —4.3 kg [diet
based on American Diabetes Association guidelines]) was partly
maintained at 1-year follow-up (—4.4 and —3.0 kg compared with

baseline).”* Biweekly sessions of support were provided during the
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Vegan Diet Control Diet

Mean Difference
IV, Random, 95% CI

Mean Difference
IV, Random, 95% CI

Study or Subgroup Mean Difference SE Total Total Weight
2.1.1 Control group - No dietary interventions

Wright et al., 2017 -3.9 0.5102 33 32  89%
Bunner et al., 2015 -2.2 0.5102 17 17 8.9%
Kahleova et al., 2020 -2.2 0.5612 117 106  8.4%
Subtotal (95% CI) 167 155 26.1%

Heterogeneity: Tau?=0.72; Chi?=7.17, df =2 (P = 0.03); I?=72%

Test for overall effect: Z = 4.82 (P < 0.00001)

2.1.2 Control Group - Other dietary intervenions

Barnard et al., 2021 -2 0.2551 52 52 11.0%
Turner-McGrievy et al., 2015 -1.3 0514 12 12 8.8%
Barnard et al., 2005 -0.8 0.2551 29 30 11.0%
Barnard et al., 2018 -0.8 0.4592 19 21 9.3%
Barnard et al., 2006 -0.6 0.3061 49 50 10.7%
Jenkins et al., 2014 -0.4 0.2041 20 19 11.4%
Lee etal., 2016 -0.4 0.159 46 47 11.6%
Subtotal (95% Cl) 227 231 73.9%
Heterogeneity: Tau? = 0.31; Chi? = 33.21, df = 6 (P < 0.00001); I? = 82%

Test for overall effect: Z = 3.65 (P = 0.0003)

Total (95% CI) 394 386 100.0%

Heterogeneity: Tau? = 0.72; Chi? = 82.65, df =9 (P < 0.00001); I = 89%

-3.90 [-4.90, -2.90]
-2.20 [-3.20, -1.20]
-2.20 [-3.30, -1.10]
2.78 [-3.91, 1.65]

-2.00 [-2.50, -1.50]
-1.30 [-2.31, -0.29]
-0.80 [-1.30, -0.30]

-0.80 [-1.70, 0.10]
-0.60 [-1.20, -0.00]

-0.40 [-0.80, 0.00]
-0.40 [-0.71, -0.09]
-0.87 [-1.34, -0.40]

-1.38 [-1.96, -0.80]

’
<
<o
L L '
-4 -2 0 2

Test for overall effect: Z = 4.67 (P < 0.00001)
Test for subgroup differences: Chi? = 9.33, df = 1 (P = 0.002), I> = 89.3%

FIGURE 3

Favours [Vegan Diet] Favours [Control Diet]

Forest plot depicting the effect of vegan diets on body mass index (kg/m?). Plots depict the effect size (mean difference) and 95%

confidence interval for the individual studies and the pooled estimate overall and by subgroups. Studies are ordered by effect size. Cl, confidence
interval; IV, inverse variance; SE, standard error

Vegan Diet Control Diet

Mean Difference Mean Difference

Study or Subgroup Mean Difference SE Total Total Weight 1V, Random, 95% CI IV, Random, 95% CI
3.1.1 Participants with type 2 diabetes
Bunner et al., 2015 -0.7 0.4082 17 17 1.8% -0.70 [-1.50, 0.10] A —

o Wright et al., 2017 -0.5 0.1097 33 32 13.7%  -0.50[-0.72,-0.28] -
Nicholson et al., 1999 -0.4 0.4082 7 4 1.8% -0.40 [-1.20, 0.40] —
Barnard et al., 2006 -0.4 0.2551 49 50 4.3% -0.40 [-0.90, 0.10] I
Lee etal., 2016 -0.3  0.156 46 47  91% -0.30 [-0.61, 0.01] ]
Barnard et al., 2018 0.1 0.2551 11 8 43% 0.10 [-0.40, 0.60] -
Subtotal (95% Cl) 163 158 35.0%  -0.38 [-0.55, -0.21] <o
Heterogeneity: Tau? = 0.01; Chi = 5.61, df =5 (P =0.35); = 11%
Test for overall effect: Z = 4.32 (P < 0.0001)
3.1.2 Participants with BMI>25kg/m2
Barnard et al., 2021 -0.13 0.0459 52 52 23.4% -0.13[-0.22, -0.04] -
Kahleova et al., 2020 -0.07 0.0153 17 106 27.0% -0.07 [-0.10, -0.04] L
Jenkins et al., 2014 0 0.102 20 19 14.7% 0.00 [-0.20, 0.20] T
Subtotal (95% CI) 189 177 65.0%  -0.08 [-0.11, -0.04] ‘
Heterogeneity: Tau? = 0.00; Chi>=2.08, df =2 (P = 0.35); I?=4%
Test for overall effect: Z = 4.62 (P < 0.00001)
Total (95% Cl) 352 335 100.0% -0.18 [-0.29, -0.07] ‘
Heterogeneity: Tau? = 0.01; Chi2 = 23.74, df = 8 (P = 0.003); I = 66% 2 1 5 1 2

Test for overall effect: Z = 3.10 (P = 0.002)
Test for subgroup differences: Chi2 = 11.52, df = 1 (P = 0.0007), I> = 91.3%

FIGURE 4

Favours [Vegan Diet] Favours [Control Diet]

Forest plot depicting the effect of vegan diets on glycated hemoglobin (%) (HbA1.). Plots depict the effect size (mean difference)

and 95% confidence interval for the individual studies and the pooled estimate overall and by subgroups. Studies are ordered by effect size. BMI,
body mass index; Cl, confidence interval; IV, inverse variance; SE, standard error. *The study by Wright and colleagues was placed in the
subgroup “Participants with type 2 diabetes.” Participants were either obese (BMI = 30 kg/m?) or overweight (BMI = 25 kg/m?) with either a
diagnosis of type 2 diabetes or ischemic heart disease or had hypertension or hypercholesterolemia

whole follow-up period. Another study by Barnard et al.'® investi-
gated the effect of a vegan diet compared with National Cholesterol
Education Program diet during a 14-week intervention in postmeno-
pausal women®® and did follow-up at 1 and 2 years post interven-
tion.>> At 14 weeks, and at 1- and 2-year follow-up, the vegan diet
group on average lost —5.8, —4.9, and —3.1 kg compared with base-
line, whereas the control group lost —3.8, —1.8, and —0.8 kg. Changes
in body weight at all timepoints were significantly lower in the vegan

diet group compared with the control group.”>® This study further

investigated the importance of support during the follow-up period by
dividing the participants in each diet group into a supported and an
unsupported group. The supported group was offered 1-h meetings
biweekly and lost more weight than their unsupported counterparts.>®
Lastly, the 26-week study by Wright et al.*’ offered their participants
to continue the vegan diet for additional 26 weeks, and 70% were
followed up at 1 year (amount of support during follow-up period is
not described). The study found that the vegan group lost —12.1 and
—11.5 kg at 26 weeks and at 1 year compared with baseline.
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Vegan Diet Control Diet

Mean Difference Mean Difference

Study or Subgroup Mean Difference SE Total Total Weight 1V, Random, 95% CI IV, Random, 95% CI
4.1.1 Systolic blood pressure (mmHg)
Bunner et al., 2015 -7.2 6.8369 17 17  4.0% -7.20[-20.60, 6.20]
Jenkins et al., 2014 -2 1.5306 20 19 28.0% -2.00 [-5.00, 1.00] =
Barnard et al., 2006 -0.2 2.7041 48 50 16.8% -0.20 [-5.50, 5.10] I B
Wright et al., 2017 2 4.0817 33 32  9.6% 2.00 [-6.00, 10.00] I B —
Leeetal., 2016 2.5 3.5024 46 47  12.0% 2.50 [-4.36, 9.36] I B
Barnard et al., 2021 51 2.296 52 52 20.1% 5.10[0.60, 9.60] e
Barnard et al., 2018 5.5 5.6634 9 13 5.6% 5.50 [-5.60, 16.60] B
Nicholson et al., 1999 8.5 6.8369 7 4 4.0% 8.50 [-4.90, 21.90]
Subtotal (95% ClI) 232 234 100.0% 1.28 [-1.54, 4.11] -
Heterogeneity: Tau? = 5.07; Chi?2 = 10.61, df =7 (P = 0.16); 12 = 34%
Test for overall effect: Z = 0.89 (P = 0.37)
4.1.2 Diastolic blood pressure (mmHg)
Bunner et al., 2015 -2.9 3.2143 17 17  6.4% -2.90 [-9.20, 3.40] _
Barnard et al., 2006 -1.8 1.7347 48 50 15.6% -1.80 [-5.20, 1.60] -
Jenkins et al., 2014 -1 1.0204 20 19 25.3% -1.00 [-3.00, 1.00] —=
Wright et al., 2017 0 2.0409 33 32 12.7% 0.00 [-4.00, 4.00] -
Lee etal., 2016 25 1.9612 46 47 13.4% 2.50 [-1.34, 6.34] T
Barnard et al., 2021 3.2 1.4286 52 52 19.2% 3.20[0.40, 6.00] —
Barnard et al., 2018 3.5 4.3878 9 13 3.7% 3.50 [-5.10, 12.10] ]
Nicholson et al., 1999 4.8 4.3878 7 4  37% 4.80 [-3.80, 13.40] I
Subtotal (95% Cl) 232 234 100.0% 0.54 [-1.21, 2.29] >
Heterogeneity: Tau? = 2.12; Chi? = 11.06, df =7 (P = 0.14); I?=37%
Test for overall effect: Z = 0.60 (P = 0.55)
t + t +
-20 -10 0 10 20

Test for subgroup differences: Chi? = 0.19, df = 1 (P = 0.66), I> = 0%

FIGURE 5

Favours [Vegan Diet] Favours [Control Diet]

Forest plot depicting the effect of vegan diets on systolic and diastolic blood pressure (mmHg). Plots depict the effect size (mean

difference) and 95% confidence interval for the individual studies and the pooled estimate overall and by subgroups. Studies are ordered by
effect size. Cl, confidence interval; IV, inverse variance; SE, standard error

3.9 | Acceptability of a vegan diet

Two of the included studies have investigated the acceptability of the
vegan diets along with the efficiency in reducing body weight and
improving type 2 diabetes risk.?®2° The study by Barnard and col-
leagues® found that the acceptability of a low-fat vegan diet among
64 postmenopausal women was high and not distinguishable from a
more permissive National Cholesterol Education Program diet.>®
Further, 99 individuals with type 2 diabetes in the study by Barnard

|20

et a rated both the low-fat vegan diet and the diet based on the

American Diabetic Association guidelines as acceptable with no differ-
ences in acceptability between diets at both 22 and 74 weeks.’” In
addition, the study found the vegan diet to be marginally more requir-
ing with regard to initial effort, but the difference was no longer
apparent at 74 weeks. Acceptability was assessed based on rates of

retention, diet adherence, and food acceptability questionnaires.>*°”

3.10 | Changes in medication

Due to studies being conducted in participants with overweight or

type 2 diabetes, several of the studies!”20-30-33.50.51

reported on

medication intake as medication changes may have obscured some of

the observed changes in glucose control, blood pressure, and blood
studies asked the participants

Most
medication during the study duration!”-29-30:31.33.50,

lipids. not to change
yet, most studies
reported that medication was changed for some of the partici-

pants.2%39:323350 Oply the study by Lee and colleagues reported no

changes in medication throughout the study period.3? Three studies
presented results for all participants combined,'”*22 and two studies
reported data for all participants as well as for the subgroup of partici-
pants that had consistent medication use during the intervention
period.?%>° However, one study®C chose to report data only for the
subgroup that did not change medication. For the remaining studies,
we extracted data for all participants despite changes in medication.
Jenkins et al.>! chose in their 26-week study to discontinue the
participants' lipid-lowering medication 2 weeks prior to starting the
intervention and during the whole study duration. However, this
decision caused the study physician to withdraw four participants due
to failure in attaining LDL-C targets.

3.11 | Adverse events

Three studies reported on adverse events following vegan diets. The
studies by Barnard et al.?® and Bunner et al.*>® reported that there

were no significant treatment-related serious events, and Jenkins

|51

et a reported that no serious adverse events or events that

involved hospitalization occurred during the study. The remaining

eight studies did not report adverse events.!”:18:30-32:4049.50

3.12 | Study quality

20,33

Overall, two studies were assessed to have “low risk” of bias and

the remaining nine studies as having “some concerns” (Figure 7). Five
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Vegan Diet Control Diet

Mean Difference

Mean Difference

Study or Subgroup Mean Difference SE Total Total Weight 1V, Random, 95% CI IV, Random, 95% CI
5.1.1 Total cholesterol (mmol/L)
Jenkins et al., 2014 -0.62 0.1225 20 19 16.5% -0.62 [-0.86, -0.38] -
Kahleova et al., 2020 -0.6 0.1531 117 106  14.8% -0.60 [-0.90, -0.30] -
Wright et al., 2017 -0.5 0.2551 33 32 9.9% -0.50 [-1.00, -0.00] I
Bunner et al., 2015 -0.37 0.2959 17 17  8.4% -0.37 [-0.95, 0.21] A
Barnard et al., 2021 -0.3 0.1531 52 52 14.8% -0.30 [-0.60, 0.00] -
Barnard et al., 2006 -0.09 0.1582 49 50 14.6% -0.09 [-0.40, 0.22] N
Nicholson et al., 1999 0 0.2959 7 4 84% 0.00 [-0.58, 0.58] 1
Barnard et al., 2018 0.21  0.199 14 16 12.5% 0.21[-0.18, 0.60] -1
Subtotal (95% CI) 309 296 100.0%  -0.30 [-0.52, -0.08] -
Heterogeneity: Tau? = 0.06; Chi? = 20.00, df = 7 (P = 0.006); I> = 65%
Test for overall effect: Z=2.71 (P = 0.007)
5.1.2 Low-density lipoprotein cholesterol (mmol/L)
Kahleova et al., 2020 -0.5 0.1531 117 106  13.0% -0.50 [-0.80, -0.20] -
Jenkins et al., 2014 -0.49 0.1071 20 19 16.6% -0.49 [-0.70, -0.28] -
Wright et al., 2017 -0.4 0.2551 33 32  7.4% -0.40 [-0.90, 0.10] I
Barnard et al., 2021 -0.3 0.1531 52 52 13.0% -0.30 [-0.60, 0.00] e
Bunner et al., 2015 -0.21 0.2347 17 17  82% -0.21[-0.67, 0.25] - 1
Leeetal., 2016 -0.04 0.13 46 47  14.7% -0.04 [-0.29, 0.21] e
Barnard et al., 2006 -0.03 0.148 49 48 13.4% -0.03 [-0.32, 0.26] D
Barnard et al., 2018 0.02 0.1429 13 16  13.7% 0.02 [-0.26, 0.30] —
Subtotal (95% CI) 347 337 100.0%  -0.24[-0.40, -0.07] S 2
Heterogeneity: Tau? = 0.03; Chi? = 16.56, df = 7 (P = 0.02); 1> = 58%
Test for overall effect: Z = 2.84 (P = 0.005)
5.1.3 High-density lipoprotein cholesterol (mmol/L)
Wright et al., 2017 -0.2  0.051 33 32 12.6% -0.20 [-0.30, -0.10] -
Nicholson et al., 1999 -0.18 0.1071 7 4 6.0% -0.18 [-0.39, 0.03] I
Barnard et al., 2021 -0.1 0.051 52 52 12.6% -0.10 [-0.20, -0.00] ™
Bunner et al., 2015 -0.07 0.0816 17 17  84% -0.07 [-0.23, 0.09] I
Barnard et al., 2018 -0.06 0.0612 14 16 11.0% -0.06 [-0.18, 0.06] T
Barnard et al., 2006 -0.05 0.0459 49 50 13.4% -0.05 [-0.14, 0.04] -
Kahleova et al., 2020 0.01 0.1071 117 106  6.0% 0.01[-0.20, 0.22] I
Jenkins et al., 2014 0.03 0.0255 20 19 16.6% 0.03 [-0.02, 0.08] ol
Lee etal., 2016 0.05 0.0457 46 47  13.4% 0.05 [-0.04, 0.14] T
Subtotal (95% CI) 355 343 100.0% -0.06 [-0.12, 0.01] ¢
Heterogeneity: Tau? = 0.01; Chi? = 24.36, df = 8 (P = 0.002); I = 67%
Test for overall effect: Z=1.74 (P = 0.08)
5.1.4 Triglycerides (mmol/L)
Jenkins et al., 2014 -0.34 0.1173 20 19 15.2% -0.34 [-0.57, -0.11] -
Bunner et al., 2015 -0.19 0.2551 17 17 82% -0.19 [-0.69, 0.31] - 1
Barnard et al., 2006 -0.04 0.2398 49 50 8.8% -0.04 [-0.51, 0.43] - 1
Nicholson et al., 1999 0.19 0.2755 7 4 7.4% 0.19[-0.35, 0.73] B
Barnard et al., 2021 0.2 0.102 52 52 16.2% 0.20 [0.00, 0.40] =
Kahleova et al., 2020 0.2 0.0867 117 106  17.0% 0.20[0.03, 0.37] -
Wright et al., 2017 0.2 0.2551 33 32 82% 0.20 [-0.30, 0.70] N
Lee et al., 2016 0.36 0.1806 46 47  11.6% 0.36 [0.01, 0.71] -
Barnard et al., 2018 0.52 0.2755 14 16  7.4% 0.52 [-0.02, 1.06] P
Subtotal (95% CI) 355 343 100.0% 0.11 [-0.08, 0.29] .
Heterogeneity: Tau? = 0.05; Chi? = 22.65, df = 8 (P = 0.004); I* = 65%
Test for overall effect: Z=1.12 (P = 0.26)
+ + t +
-1 -0.5 0 0.5 1
Favours [Vegan Diet] Favours [Control]

Test for subgroup differences: Chi? = 11.98, df = 3 (P = 0.007), I = 75.0%

FIGURE 6

Forest plot depicting the effect of vegan diets on blood lipids (total cholesterol, low-density lipoprotein cholesterol, high-density

lipoprotein cholesterol, and triglycerides) (mmol/L). Plots depict the effect size (mean difference) and 95% confidence interval for the individual
studies and the pooled estimate overall and by subgroups. Studies are ordered by effect size. Cl, confidence interval; 1V, inverse variance; SE,

standard error

trials31,32,40,50,51

reported that the participants were randomized but
did not provide further information on whether they used random
sequence generation or appropriate allocation concealment and were
therefore classified as having “some concerns.” Two studies*”>!
reported deviations from intended interventions and were rated as
having “some concerns.” All studies were assessed “low risk” of bias
regarding the domains “Missing outcome data” and “Measurement of
the outcome.” The domain “selection of reported result” had the

poorest reporting, with 54% (6/11) of trials having “some concerns.”

This was mainly due to unavailability of protocols or clinical trial

18324049 a5 well as selective reporting of results,>® and

registrations,
multiple outcome measurements.’” The overall evidence should be
considered fairly high quality because only RCTs were included and
only a small proportion had missing data to a large extend.

We only visually inspected funnel plots for the outcomes body
weight and BMI, because they were the only two meta-analyses
including 10 trials. The funnel plots (Figures S1 and S2) did not show

evidence of asymmetry between the studies than expected by
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FIGURE 7 Risk of bias assessment

change. Due to the small number of studies, we did not find it appro-
priate to test for funnel plot asymmetry, because the test power
would be too low to decide whether the result was due to true asym-
metry or chance.

The overall certainty of evidence for the effect of vegan diets on
cardiometabolic outcomes is presented in Table 2. The evidence was
graded as moderate for the effect of vegan diets on body weight,
BMI, HbA1., and systolic and diastolic blood pressure, owing to a
downgrade for inconsistency for body weight and BMI, and for impre-
cision for HbA4., and systolic and diastolic blood pressure. All blood
lipid outcomes were downgraded for imprecision and inconsistency,

and the evidence was graded low for all four outcomes.

3.13 | Heterogeneity

Heterogeneity varied between the outcomes. Analyses suggested
considerable heterogeneity for the outcomes body weight (1? = 91%,
Figure 2) and BMI (I? = 89%, Figure 3), but the heterogeneity was
reduced in the subgroup analyses when dividing the studies according
to the control groups being active or passive. For the outcomes
HbA;, total cholesterol, LDL-C, HDL-C, and triglycerides, analyses
suggested substantial heterogeneity (> [58%-67%], Figure 4;
Figure 6). The subgroup analyses for HbA;. eliminated the heteroge-
neity to 11% in the subgroup of participants with type 2 diabetes and
to 4% in the subgroups with participants with BMI = 25 kg/m?
(Figure 4). For systolic and diastolic blood pressure, moderate hetero-

geneity was suggested in the analyses (I? = 36% and 37%, Figure 5).

3.14 | Sensitivity analysis

Sensitivity analyses excluding (1) each individual trial, (2) the studies
with the missing SD, and (3) pilot studies did not substantially change
the pooled estimates for the following outcomes: body weight, BMI,

2200°000°0¢C:
(N}

o
<
o
°
L

‘ Low risk
!

Some concerns

. High risk

000006

D1 Randomisation process
D2 Deviations from the intended interventions
('/ D3 Missing outcome data
@ D4 Measurement of the outcome
(/!\ D5 Selection of the reported result
A
D
<&
)
A

systolic and diastolic blood pressure, total cholesterol, LDL-C, HDL-C,
and triglycerides. Only the removal of the study by Kahleova et al.”
from the HbA;. meta-analysis (n = 223) led to insignificant results in
the subgroup of studies conducted in participants with overweight
(mean difference —0.10 kg/mz, —0.21 to 0.01, n =143, p =0.09,
I? = 26%) but did not change the overall pooled estimate for HbA;.
(Figure S3).

4 | DISCUSSION

4.1 | Main findings

This systematic review and meta-analysis demonstrate that consump-
tion of vegan diets is associated with improvements in body weight,
BMI, HbA,, total cholesterol, and LDL-C in people with overweight
or type 2 diabetes. We showed that consuming vegan diets led to
greater weight loss than other dietary interventions, but there was an
even greater weight loss when vegan diets were compared with con-
trol groups continuing their habitual diet. We found no effects of
vegan diets on levels of HDL-C, triglycerides, and blood pressure com-

pared with control diets.

4.2 | Comparison with other studies

Our findings are in line with previous research investigating the
effects of a wide range of different vegetarian diets. A recent system-
atic review investigating the effect of vegan diets in prevention and
treatment of type 2 diabetes found similar results for all outcomes®®;
however, a direct comparison of effect estimates is not possible due
to lack of meta-analyses. The review included eight studies of which
five were included in our study. The remaining three studies were not
eligible in our study due to short duration®® (6 weeks), cluster

randomization,”? and non-randomization.>®> Two systematic reviews
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and meta-analyses”!° including 12 and 15 studies of which 8 and
11 were vegan diets, respectively, found reductions in body weight
following vegetarian diets of —2.0 and —3.4 kg. The pooled estimate
in our study is higher, which may be explained by the fact that only
vegan diets were included in our analysis, and vegan diets likely lead
to higher energy deficits due to its low energy density.?® The reduc-
tion in HbA4. observed in our study is in agreement with a previous
meta-analysis of six vegetarian studies (including two vegan stud-

).12

ies).”” The decreases in total cholesterol and LDL-C levels, as well as

the finding of no changes in triglyceride levels found in our review are

also in agreement with two previous meta-analyses**1®

including
11 and 19 vegetarian studies of which seven and nine were vegan
studies, respectively. Both reviews reported reductions in HDL-C
levels, which we could not confirm in our meta-analysis, although we
found a tendency in the same direction. With regard to blood pres-
sure, our analysis showed no effect of vegan diet on systolic and dia-
stolic blood pressure, whereas another meta-analysis*® including
seven studies found significant decreases in both diastolic and systolic
blood pressure in response to a vegetarian diet. Two of the studies
investigated vegan diets, and only the study by Nicholson et al.>? was

included in our analysis, because the study by Ferdowsian et al.>®

was
a non-randomized study. The inclusion of some animal products, for
example, milk-derived products and eggs, and the focus on n-3 fatty
acids could explain the reduction in blood pressure in the meta-

analysis by Yokoyama et al.*®

4.3 | Adherence, support, and acceptability
Adherence and acceptability to vegan diets are important issues to
address, because it may be difficult for individuals with a habitual
omnivorous diet to implement and maintain a vegan diet for several
months. Most of the studies reported high adherence to the vegan
diets, but the same studies also provided a high amount of support
during the study periods. These results suggest that providing consis-
tent face-to-face contact and support may partly explain the observed
adherence, which questions long-term feasibility. Only two studies
investigated the acceptability of vegan diets, and both found vegan
diets to be well accepted by the participants based on rates of reten-
tion, diet adherence, and food acceptability questionnaires.>®>” The
participants in the two studies were highly supported by the project
workers, and as with adherence, this contact may have affected the
acceptability of the vegan diet as well. Unfortunately, the studies with
the lowest adherence to vegan diets did not investigate diet
acceptability, which would have been relevant in terms of shedding
light on the difficulties and disadvantages associated with following
a vegan diet.

4.4 | Clinical relevance

Our results demonstrate that a vegan diet is associated with a mean-

ingful weight loss in interventions lasting 12-26 weeks. Also, we

found indications of long-term maintenance of weight loss (up to
2 years) with vegan diets even in the absence of energy restriction. Of
interest, a vegan diet reduced body weight significantly more than
other diets focusing on cardiometabolic health and weight loss, for
example, different diabetes diets, portion-controlled diet, low-fat
diets, and Mediterranean diets, which often were energy restricted.
Some of the studies that included data on changes in body composi-
tion7:18:5031 found that loss of lean mass accounted for 12%-40% of
total weight loss in response to vegan diet interventions, which is
expected during a diet-induced weight l0ss.°® As such, recommenda-
tions of eating vegan diets should optimally be combined with recom-
mendations of being physically active to prevent loss of lean mass.%*

The American Dietetic Association states that appropriately
planned vegetarian diets, including vegan diets, are nutritionally ade-
quate and that vegan diets are considered to be a safe and effective
option to obtain weight loss.”> Furthermore, many dietary guidelines
recommend to substitute red meat with plant-based alternatives in
the diet.®?® The practical advantages of a vegan diet for obtaining or
maintaining a healthy weight include the absence of any restriction on
caloric intake and lack of necessity for calculating food portion sizes,
which may help long-term feasibility compared with more restrictive
diets. However, practical disadvantages of following a vegan diet may
include less social acceptability and feasibility. In addition, one should
continuously keep a focus on potential adverse events associated
with consumption of a vegan diet. Ensuring a sufficient intake of
essential amino acids and certain micronutrients (e.g., vitamin B,
vitamin D, iodine, iron, zink, calcium, and long-chain n-3 fatty acids
[especially EPA and DHAY) is an important consideration.>¢¢* A study
by Kristensen et al. found that the intake of protein, vitamin D, iodine,
and selenium (including supplements) among Danish vegans did not
reach the 2012 Nordic Nutrition Recommendations.®* However, with
reference to the Nordic Nutrition Recommendations, the dietary con-
tent of sodium, added sugar, and fatty acids was more favorable
among Danish vegans compared with age-range-matched omnivorous
individuals from the general Danish population.®*

The high level of support during the interventions in the majority
of the studies included in the meta-analysis may limit the direct appli-

cability of these types of vegan diet interventions in routine care.

45 | Strengths and limitations of the study
Our systematic review has several important strengths. Firstly, it was
conducted according to well-established systematic review guidelines.
The study was prospectively registered, included a thorough literature
search, and we performed all screenings and assessments indepen-
dently and in duplicate. It further strengthens our conclusions that we
have only included RCTs. Secondly, we have only included studies
that investigated vegan diets, and not a broad range of different
vegetarian diets, making the interpretation across studies more
comparable.

Our study is not without limitations. Firstly, only 11 studies were

eligible to be included in the systematic review and meta-analysis.
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Secondly, the nature of a diet intervention makes it impossible to
blind the intervention for participants. Knowledge of group assign-
ment may have affected their behavior in the trials.> Research staff
delivering the intervention was also unblinded, but several studies

reported that outcome assessors,*”182030 17:49.50

1

statisticians, analyti-

cal technicians,®* and endocrinologists?® responsible for changing
medications were blinded to varying degrees.

Thirdly, as expected, there was substantial heterogeneity across
the included studies, which were due to differences in study popula-
tion (e.g., sex, ethnicity, and morbidity) and study duration. In the
stratified analysis, we observed larger effects on HbA1. in participants
with type 2 diabetes compared with those without diabetes. This find-
ing was expected because of the larger potential to improve HbA4. in
the participants with diabetes. Further, the prescribed vegan diets var-
ied in macronutrient composition, and the control groups were either
continuing habitual diet or were prescribed other dietary interven-
tions with different prescriptions in energy restriction. Therefore, the
observed effects of vegan interventions on weight loss may partly be
caused by differences in macronutrient composition and energy intake
between the groups. Also, most studies did not adjust for changes in
body weight when reporting changes in HbA1. and blood lipids. As
such, the effects of vegan diet on blood markers may to some extent
be mediated by weight loss. Due to the limited number of studies, we
only performed three subgroup analyses, which showed that hetero-
geneity could be reduced (BMI and body weight) or eliminated
(HbA4.) when the studies were grouped and analyzed according to
control group or population, respectively. Especially for HbA,, a con-
siderable proportion of the variance came from the between-
grouped-studies component and to a lesser degree from the within-
grouped-studies component.

Fourthly, seven of the included studies!”-1820-80.3233.50 haye been
performed by the same research group; therefore, studies from differ-
ent research groups would strengthen the results.

Lastly, we overall assessed the study quality as good; however,
better descriptions of the randomization processes as well as trans-
parency through protocols and clinical trial registrations would have
decreased the risk of bias across studies. The certainty of evidence
was graded as moderate for the effect of vegan diets on body weight,
BMI, HbA,., and systolic and diastolic blood pressure, reflecting that
we believe that the true effect is probably close to the estimated
effect in this review. Further, for all blood lipid outcomes, the GRADE
assessment showed that the true effect might be markedly different

from the estimated effect.

4.6 | Unanswered questions and future research

The included studies in this review all had very high levels of individ-
ual support during the interventions, which may not be feasible in the
routine clinical setting. Therefore, future studies should explore the

importance of individual support for adherence to vegan diets, and

further if other less costly support tools (e.g., virtual education pro-
grams and peer support) could be applied, thereby making vegan diets
easier to implement in real-life conditions. Furthermore, some studies
have demonstrated that switching to a more heart-healthy diet char-
acterized by lower intakes of fat and sodium and higher intakes of
whole grain, fruit, and vegetables reduces not only LDL-C but also
HDL-C,***> the so-called vegetarian paradox. Future studies should
investigate how to prevent or minimize reductions in HDL-C when

following vegan diets.

5 | CONCLUSION

Moderate evidence suggests that adhering to vegan diets for at least
12 weeks may be effective in individuals with overweight or type
2 diabetes to induce a meaningful decrease in body weight and
improve glycemia. Some of this effect may be contributed to differ-
ences in the macronutrient composition and energy intake in the
vegan diets versus control diets. Therefore, more research is needed

regarding vegan diets and cardiometabolic health.
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