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Abstract: There is an increasing number of people who convert to a plant-based diet. The
desire for health benefits, including weight management, is often a contributing factor behind
this dietary choice. The purpose of this review was to evaluate intervention studies assessing
the effects of different plant-based diets on body mass index and weight. A literature search
was conducted in PubMed until December 2019. Twenty-two publications from 19 studies
were included. The majority of them were randomized controlled trials comparing a low-fat
vegan diet to an omnivore diet in participants with overweight, type 2 diabetes mellitus and/
or cardiovascular disease. All studies reported weight reductions, of which seven revealed
significant differences, and four revealed non-significant differences between the intervention
and the control groups. The results suggest that plant-based diets may improve weight status
in some patient groups. Due to restrictions in fat intake in many studies, followed by reduced
energy intake, the effects of the different interventions differ depending on the specific plant-
based diets investigated. Future research should aim to include a representative study
population and apply study diets without dietary restrictions.

Keywords: vegan diet, vegetarian diet, human nutrition, preventive nutrition, body weight,
weight reduction

Introduction

Plant-based diets are mainly characterized by the elimination of all types of meat,
including fish, occasionally with the elimination of other animal products like eggs
and dairy. These diets are predominantly based on foods with plant origin, such as
grains, legumes, root vegetables, vegetables, fruits, nuts and mushrooms." The main
categories of plant-based diets are lacto-ovo-vegetarianism, lacto-vegetarianism,
ovo-vegetarianism and veganism. Semi-vegetarianism, pescetarianism and flexitar-
ianism can be regarded as subcategories of plant-based diets, and involve consump-
tion of meat and/or fish to a greater or lesser extent." Of note, the term “plant-based”
is used differently by people and has no specific definition. Definitions of diets
associated with the term “plant-based” are presented in Table 1.

Plant-based diets have existed since the beginning of mankind,” however the interest
in the topic has increased in the recent years and more research on health-related effects
of different plant-based diets have recently been conducted.>* Animal welfare, as well as
possible health benefits, such as weight management, are among the most common
reasons for converting to a plant-based diet. Furthermore, ecological, economic and
religious factors,'* along with an escalated global concern for the impact of animal food
production on greenhouse-gas emissions, can explain some of the increased interest in
plant-based diets.’
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Table | Classification of Various Types of Diets

Diet Definition

Vegan Excludes all animal products

WEFPB Excludes heavily processed foods while focusing
on foods in their most natural form

Raw vegan Excludes all animal products, along with
products that cannot be consumed uncooked or
raw

Lacto-ovo- Excludes all forms of meat, but permits other

vegetarian animal products (dairy, eggs, honey etc.)

Lacto-vegetarian Excludes all forms of meat and eggs, but permits

dairy products, honey etc.

Ovo-vegetarian Excludes all forms of meat and dairy products,

but permits eggs, honey etc.

Pescatarian Excludes meat, but permits fish, dairy products,

eggs, honey etc.

Semi-vegetarian Switches between vegetarian and meat-based

[flexitarian diets; consists mainly of a vegetarian diet, with
a minimal intake of meat
Omnivore Does not exclude any animal products

Abbreviation: WFPB, whole food plant-based.

Together with the exclusion of meat, plant-based
diets have been shown to lead to a reduced risk for
development of cardiovascular disease, hypertension,
diabetes, and certain cancer types.'*®’ Overweight and
obesity are the most important risk factors for mortality
and morbidity in relation to these diseases.'® It is esti-
mated that 2.7 billion people, equivalent to one-third of
the world’s population, will be overweight or obese by
2025.% Hence, there is a need to evaluate dietary strate-
gies in the prevention and treatment of overweight and
obesity.

Existing literature have suggested that weight loss can
be achieved through a reduced intake of fat, which is
a way of achieving an diet facilitating reduced energy
intake.” An observational study with more than 10,000
participants eating different diets, revealed that the parti-
cipants who ate plant-based had a significantly lower
intake of energy, total fat and saturated fat, compared to
those who did not eat a plant-based diet.'” Thus, it may be
assumed that a transition to a plant-based diet will result in
reductions in weight. The aim of this review was to eval-
uate the effect of a plant-based diet intervention on body
weight and BMI, by a systematic review of relevant
publications.

Methods

The checklist and flowchart of the PRISMA (Preferred
Reporting for Systematic Reviews and Meta-Analyses)
guidelines were followed for this systematic review.

Search Strategy and Criteria for Inclusion
The primary outcomes of the current study were changes in
body weight and/or BMI after a transition from a diet includ-
ing meat to a plant-based diet, excluding meat. The term
“plant-based diets” as used in the current review includes all
diets excluding meat and fish, being both vegan and vegetar-
ian diets. For clarification, the term vegetarian refers to lacto-
ovo-vegetarian, lacto-vegetarian and ovo-vegetarian, while
there was a distinction between vegetarian and vegan diets.

A literature search was conducted in PubMed until
December 31st 2019, using the search combination
“(plant based diet OR vegetarian OR vegan) AND (weight
OR BMI)”. The results were limited by filters to studies on
“humans”, “clinical trial” and “review”. The criteria for

inclusion and exclusion are shown in Table 2.

Table 2 Criteria for Inclusion and Exclusion in This Review

Inclusion Criteria

Exclusion Criteria

Intervention studies (both RCTs,
non-randomized and non-

controlled studies)

Cohort studies, case-control
studies, cross-sectional studies,

pilot studies and meta-analyses

Outcomes that included changes
in body weight and/or BMI

Outcomes that excluded
changes in body weight and/or
BMI

The absence of hypocaloric

restrictions in both study groups

The application of hypocaloric
restrictions in both study

groups

A plant-based (vegetarian or

vegan) intervention

An intervention that included
meat or merely one plant

protein source (ie almonds or

soy)

A standard diet that included
meat and virtually resembled the

participants’ usual diet

A standard diet that excluded
meat and did not resemble the

participants’ usual diet

Duration of intervention = 4

weeks

Duration of intervention < 4

weeks

Full-text available

Full-text non-available

Language: Norwegian or English

Other language than Norwegian

and English

Adults (= 18 years)

Children (< 18 years)

Abbreviations: RCT, randomized controlled trials; BMI, body mass index.
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Results

Literature Search

The search identified in total 435 articles, of which 22
publications were included in the review. The 22 publica-
tions reported results from a total of 19 different interven-
tion studies. A flow diagram of the selection process is
illustrated in Figure 1.

All included studies were intervention studies asses-
sing the weight change occurring in a population under-
going a plant-based intervention diet for more than 4
weeks. This comprised studies that applied additional
interventions besides the change of diet. The excluded
studies were non-intervention studies, had irrelevant

outcomes, used a hypocaloric intervention with the

Literature search in PubMed on
April 16t 2019:
n =435

intention of catalyzing weight loss, or used an interven-
tion diet that included meat and/or fish.

Study Characteristics

The included studies''? were published between 1991 and
2019, most of them in the US,'' '#1621723:25:27.2931 of
which multiple publications reported from the same
studies.”' ****3! The majority of the articles were rando-
mized controlled trials (RCTs), with the exception of

and two non-controlled
11,28

three non-randomized'®'®2°
studies.'”?” Two RCTs had a crossover design while
one randomized trial presented in two publications was
five-armed.’**! An overview of the included studies is

shown in Table 3. In most of the studies, body weight was

A4

v

Excluded based on title / abstract:
n= 385

After exclusion based on
title / abstract:
n=>50

\4

v

Excluded based on full-text:
n=34

Irrelevant outcomes (n = 10)
Irrelevant interventions (n= 7)
Hypocaloric intervention (n = 9)
Full4ext non-available (n = 3)
Other language (n= 1)
Pilot studies (n = 3)
Non-intervention studies (n = 1)

After exclusion based on full-text:
=16

New references added in PubMed
after the search:
n=3

v

Added references from reference
lists:
n=3

Total studies included in the
review:
n=22

Figure | A flow diagram of the selection progress in the review.
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Table 3 An Overview of the Studies Included in This Review

First Study n Participants | Study Population Intervention Diet Standard Diet Duration of
Author, Design (Completed) Intervention
Year
Published,
Country
Barnard RCT 51 (35) Premenopausal women | Low-fat vegetarian diet Original diet with 2 menstrual
et al crossover supplement pills cycles
2000" (vitamin B2 or
USA placebo)
Barnard RCT 64 (59) Overweight, Low-fat vegan diet NCEP guidelines 14 weeks
et al Intervention postmenopausal
2005'? n=29 women
USA
Barnard RCT 99 Individuals with T2DM | Low-fat vegan diet with low | 2003 ADA 22 weeks and
et al Intervention Gl guidelines 74 weeks
2009'3 n=49 (participants with
USA a BMI >25 were
prescribed energy
intake deficits of
500-100 kcal)
Barnard RCT 45 (40) Individuals with T2DM | Low-fat vegan diet with low | Portion-controlled | 20 weeks
et al Intervention Gl eating plan with
2018'" n=21 energy intake limits
USA (500 kcal deficit/
day)
Elkan et al RCT 68 Rheumatoid arthritis A |-day low-energy fast Well-balanced non- | | year
2008'° Intervention followed by a gluten-free vegan diet
Sweden n=38 vegan diet for | year
Ferdowsian Non- 113 (109) Overweight and/or Low-fat vegan diet 22 weeks
et al randomized, | Intervention previous T2DM
2010' controlled | n=68
USA study, multi-
center
Jakse et al Non- 325 (325) Participants who Low-fat vegan diet Individuals who 10 weeks
2017'® randomized, | Intervention wanted to be included | supplemented with two only wanted to
Slovenia controlled n=24l| after spontaneously daily meal replacements attend the lectures
study attending an and adjust their
introductory lecture diet by their own
judgment
Johansson Non- 20 Normal weight, non- Lacto-vegetarian diet 3 months
et al controlled smoking
1992'° study
Sweden
Kaartinen Non- 28 Women with Low-salt, raw vegan diet Omnivore diet 3 months
et al randomized, | Intervention fibromyalgia (of which rich in lactobacteria
2000%° controlled n=18 66% were overweight)
Finland study
(Continued)
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Table 3 (Continued).

First Study n Participants | Study Population Intervention Diet Standard Diet Duration of
Author, Design (Completed) Intervention
Year
Published,
Country
Kahleova RCT single- | 75 (72) Overweight Low-fat, high-carbohydrate | Current diet 16 weeks
et al center Intervention vegan diet
2018 n=38
USA
Kahleova RCT single- | 75 (72) Overweight Low-fat, high-carbohydrate | Current diet 16 weeks
et al center Intervention vegan diet
2018% n=38
USA
Kjeldsen- RCT 53 (34) Rheumatoid arthritis A I-month health farm Omnivore diet 13 months
Kragh et al Intervention program consisting of 7—10
1991% n=27 days of fast followed by
Norway a gluten-free vegan diet (3.5
months) and a lacto-ovo-
vegetarian diet (9 months)
Mishra et al | RCT multi- | 291 (211) Overweight and/or Low-fat vegan diet Current diet 18 weeks
2013% center Intervention T2DM
USA n=142 (94)
Moore et al | RCT five- 63 (58) Overweight Low-fat diets with low Gl: 2 months and
2015% armed vegan (n=12), vegetarian 6 months
USA (n=13), pesco-vegetarian
(n=13), semi-vegetarian
(n=13) or omnivore (n=12)
Pischke et al | Non- 440 (333) Non-smoking patients Low-fat plant-based diet, | year
20197 controlled with coronary artery exercise, and stress
USA study disease with or without | management
diabetes mellitus
(predominantly T2DM)
Sofi et al RCT 118 (100) Overweight omnivores | Low-calorie lacto-ovo- Low-calorie 3 months x2
201928 crossover with a low-to- vegetarian diet Mediterranean diet
Italy moderate
cardiovascular risk
profile
Toobert RCT 28 (25) Postmenopausal |-week retreat with «Usual care» I week
et al Intervention women with cooking and exercise
2000%° n=undisclosed cardiovascular disease classes, followed by a very
USA low-fat vegetarian diet,
stress management,
exercise, group support
and smoking cessation
(Continued)
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Table 3 (Continued).

First Study n Participants | Study Population Intervention Diet Standard Diet Duration of
Author, Design (Completed) Intervention
Year
Published,
Country
Turner- RCT 62 (59) Overweight, Low-fat vegan diet NCEP guidelines 14 weeks
McGrievy Intervention postmenopausal
et al n=31 women
2007*°
USA
Turner- RCT five- 63 (50) Overweight Low-fat diets with low Gl: 2 months and
McGrievy armed vegan (n=12), vegetarian 6 months
et al (n=13), pesco-vegetarian
2015%" (n=13), semi-vegetarian
USA (n=13) or omnivore (n=12)
Wright et al | RCT single- | 65 (49) Overweight or obesity | Low-fat WFPB diet «Normal care» 12 weeks
20172 center Intervention and at least one of the
New n=33 following: T2DM,
Zealand ischemic heart disease,
hypertension or
hypercholesterolemia

Abbreviations: RCT, randomized controlled trials; T2DM, type 2 diabetes mellitus; Gl, glycemic index; NCEP, National Cholesterol Education Program; ADA, American

Diabetes Association; WFPB, whole-food plant-based diet.

measured after an overnight fast with the participants wear-
ing undergarments or light clothing,'!-!22172323.28.29.31.32 1y
multiple studies, the participants were encouraged not to
make changes to their exercise routine during the entire

Stlldy periodlz,14,16,22,23,25,28,30

or during a part of the
study period."?

The number of participants varied between 20 and 440,
with the average age between 40 and 64 years. For a larger
fraction of the studies, the study population was overweight
or obese'%16:21723:25:26.3032 4 4/or had type 2 diabetes mel-
litus (T2DM).'®2%32 Otherwise, the criteria for the study

populations were related to menopause,' '

various types
of cardiovascular disease and hypertension,*®
T2DM,"*'* rheumatoid arthritis,">'”** fibromyalgia®® or

combinations of these conditions.””** Only one study

only

included normal weight, clinically healthy participants.'
Most studies consisted predominantly of female partici-
pants, of which either all were women'''22%2%30 or had
a percentage of female participants between 62% and
90, 16:17.22-26,31.32

Besides 1 five-armed trial presented in two different

26,31

articles,”™" the included studies compared a plant-based inter-

vention diet and a standard omnivore diet. The larger part

applied a low-fat vegan or vegetarian diet intervention, while
the rest applied other plant-based variations,'>!7:!%-20:24.28.32
Some studies had an additional lifestyle alteration, including

27,29

physical activity. The participants in the control

group were either prescribed their present omnivore

diet,“’ls’”’z(us’z()’32 a Mediterranean diet,28 or an omnivore

diet based on guidelines from National Cholesterol Education
Program (NCEP)*® or American Diabetes Association (ADA)
2003."* The two latter were launched with the intent of dia-
betes control and reduction in cholesterol levels,
respectively.>~* The diet types applied in the included
studies are listed in Table 3. The dietary intake, along with
evaluated in most

compliance and adherence, was

studies. For instance, participants had to record their food

11-13,15,16,18,20-24,2 .
3:13.16.18.20-24.28.30 attend individual meetings, fill

intake,
out surveys and answer unannounced phone calls from
dieticians,!'~14!16:17:19:21723.25.26. 2831 The dquration of interven-
tion ranged between 10 weeks and one year, five of which had

a follow-up period between 5 and 24 months, 22723032

Main Findings
Eight of 22 articles revealed a significant reduction in
body weight and/or BMI in the intervention group
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11,16,20-23.25.32 of which three utilized the same

alone,
data,2' 2

study.?’ Nine other articles reported a significant greater

and one was a non-randomized, controlled

reduction of the outcomes in the intervention groups com-

pared with the control groups,'?!>!17:1824.26.2931 £ \which

17.24.26.31 and one was a non-

six utilized the same data,
randomized, controlled study.'® Among the 17 RCTs,
seven demonstrated significant differences between the
19.16.23.26.30-32 whereas one study reported

the plant-based

study groups,

non-significant  differences favoring
intervention.'?

Three of the RCTs operated with a standard diet with
calorie restrictions, in addition to a plant-based diet that
was either low-fat or low-calorie. All found significant
weight reductions in both study groups. However, none
reported significant differences between the groups.'®'*2
This review also included two non-controlled studies,
which found significant weight reductions among all the
participants.'”?’” A summary of the outcomes and main

findings is listed in Table 4.

Low-Fat Vegan or Vegetarian Diets
Of the included studies, thirteen studies investigated the
impact of a low-fat vegan or vegetarian diet on weight
status, ! 1416:18:21723.25.26.3031 The oroup of Barnard et al
were responsible for four of these.!''* One of their studies
assessed the effect of a low-fat vegetarian diet in preme-
nopausal women by conducting an RCT with a crossover
design.'"' The study revealed significant reductions in
weight and BMI, and reported that the participants did
not regain their initial weight when they resumed to the
standard diet."" Another RCT by Barnard et al concluded
that a shift to a low-fat vegan diet resulted in significant
weight loss among overweight postmenopausal women.'?
The two other RCTs conducted by Barnard et al were
the only studies in this review that prescribed energy
deficits only in the control group, and not in the plant-
based intervention group.'*'* One study concluded that
a low-fat vegan diet and a diet based on ADA 2003 guide-
lines, the latter with specific energy intake restrictions for
overweight participants, were associated with a persistent
reduction in weight among individuals with T2DM.'® The
last study found weight reductions among individuals with
T2DM who had undergone a low-fat and low-glycemic
vegan diet, and a portion-controlled standard diet, com-
bined with weekly group lectures in a private clinic. No
significant difference between the groups were observed.'*

Kahleova et al conducted one RCT, with results
reported in three different publications. These articles tar-
geted the intake of carbohydrates, proteins, and fats,
respectively, that resulted from a low-fat and high-
carbohydrate vegan diet compared to a standard diet in
overweight individuals.?' > The first article found an
increased intake of carbohydrates and fiber in the inter-
vention group, which was associated with beneficial
effects on body weight and fat mass.”' The second article
reported a larger intake of plant proteins, along with
a lower intake of animal proteins, which was associated
with reductions in weight and fat mass.*> The third article
concluded that a reduced intake of saturated and trans-fats,
together with a relative increase in intake of polyunsatu-
rated fats, was associated with a reduction in BMI and fat
mass.”> Taken together, these results highlight several
beneficial health effects in terms of weight management
in response to a low-fat vegan diet.

In the study reported by Mishra et al, individuals with
overweight and/or T2DM were recruited from an
American insurance company (GEICO) and randomized
to either a low-fat vegan diet or a standard diet. They
observed significant improvements in body weight in the
intervention group, but not in the control group.”
Similarly, Ferdowsian et al recruited GEICO employees
with overweight and/or T2DM to the same types of diets
and revealed that the average weight reduction was sig-
nificantly higher in the intervention group than for the
participants following a standard diet. Of note, this study
was non-randomized.'¢

In a non-randomized trial conducted by Jakse et al,
they incorporated a low-fat vegan diet supplemented with
two daily meal replacements like milkshake or smoothie.
The participants were allowed, but not encouraged, to
consume meat once a week to relieve social pressure.
The intervention was carried out ad libitum, meaning that
the participants were permitted to eat to full satiety under
free-living conditions. The study reported a significant
reduction in both weight and body fat, with relative pre-
servation of muscle mass.'®

One of the two studies performed by Turner-McGrievy
et al, investigated whether the diet criteria and weight were
maintained one and two years after the intervention period,
among postmenopausal women with overweight.>® Half of
the participants in each study group were offered follow-
up group meetings. All participants were encouraged to
maintain their diet after the study period. The study
demonstrated significant weight loss among participants
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Table 4 A Summary of Relevant Outcomes and Main Findings in the Included Studies

First Primary Outcomes Secondary Main Findings Related to Significance | Mean Change in
Author, Outcomes Weight (P) Weight Status
Publication (Body Weight in kg
Year, or BMI in kg/m?)
Country
Barnard et al | Serum total and LDL Weight Reductions in weight and BMI. <0.001 Intervention: —2,5 kg;
2000"! cholesterol concentrations Participants who started the —0,9 kg/m?
USA intervention first did not regain
their original weight during the
subsequent supplement phase.
Changes in weight were associated
with changes in energy intake
Barnard et al | Dietary intake, body weight Significant weight reduction in the | =0.012 Intervention: —5,8 kg +
2005'2 and composition, resting vegan group, but no significant 3.2 kg
USA metabolic rate, thermic difference between the vegan and Control: —3,8 kg +
effect of food, insulin NCEP groups 2.8 kg
sensitivity
Barnard et al | HbAlc, plasma lipids, Sustained weight reductions in =0.25 Intervention: —4,4 kg
2009'? weight both the vegan and ADA groups, (non-completers);
USA with no significant difference —6,8 kg (completers)
between the groups Control: —3,0 kg (non-
completers); —4,9 kg
(completers)
Barnard et al | Body weight, HbAlc, Weight reductions in both groups, | =0.10 for Intervention: —6,3 kg;
2018" plasma lipids, urinary with no significant difference weight, -2,3 kg/m?
USA albumin, BP between the groups =0.075 for Control: —4,4 kg;
BMI -1,5 kg/m?
Elkan et al Blood lipids, oxLDL, anti- BMI Weight reductions in both groups, | <0.001 Intervention: —4,2 kg;
2008"° PC but the change was significant only ~1,4 kg/m?
Sweden in the intervention group Control: 0,7 kg;
—0,4 kg/m?
Ferdowsian Changes in body weight, Weight reductions only in the <0.001 Intervention: -5, kg
et al anthropometric measures, intervention group, the difference 0.6 kg; —2,0 kg/m?
2010' BP, lipid profile, dietary was significant between the Control: +0,1 kg *
USA intake groups. Sex, age, and changes in 0.6 kg; —0 kg/m*
intake of total fat and fiber, were
not significant predictors for
weight loss
Haugen et al | Nutritional status Height, BMI, BMI was significantly lower in the | =0.04 Intervention: —3.0 kg/
1993"7 UAC, TSF intervention group compared with m? (among completers
Norway the control group after 4 months)
Jakse et al Body composition indices Significant reductions in weight and | <0.001 Intervention: —5,6 kg
2017'® (body fat percentage, body fat with relative preservation Control: —1,2 kg
Slovenia visceral fat, weight, muscle of muscle mass
mass)
(Continued)
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Table 4 (Continued).

First Primary Outcomes Secondary Main Findings Related to Significance | Mean Change in
Author, Outcomes Weight P) Weight Status
Publication (Body Weight in kg
Year, or BMI in kgim?)
Country
Johansson Mutagenic activity in urine Weight Mean weight reduction among the | <0.01 Intervention: -2 kg
et al and feces participants
1992'°
Sweden
Kaartinen VAS, joint stiffness, quality BMI Significant weight reductions in the | =0.0001 Intervention: —4 kg/m?
et al of sleep, questionnaires intervention group. In the Control: —0 kg/m?
2000%° beginning of the study 66% of the
Finland participants were overweight. BMI

in the intervention group was

within normal values at the end of

the study, and there was a clear

increase after the intervention

period
Kahleova Weight, body composition, Reductions in weight and BMI only | <0.001 Intervention: —6,5 kg;
et al insulin resistance in the intervention group, which -2,0 kg/m?
20182 was associated with increased Control: +0,57 kg
USA carbohydrate and fiber intake. The

associations remained significant

after adjustment for energy intake
Kahleova Weight, body composition, Reductions in weight and BMl only | <0.001 Intervention: —6,5 kg;
et al insulin resistance in the intervention group, which -2,0 kg/m?
2018% was associated with increased Control: +0,57 kg
USA intake of plant protein
Mishra et al Dietary intake, body Weight reductions in the <0.001 Intervention:
2013% weight, plasma lipids, BP, intervention group, with significant -2,9 kg (non-
USA HbAIlc difference between the groups completers)

-4,3 kg (completers)
-1,04 kg/m? (non-
completers)

-1,5 kg/m?
(completers)
Control:

-0,06 kg (non-
completers)

-0,08 kg (completers)
-0,01 kg/m? (non-
completers)

0.02 kg/m?

(completers)

(Continued)
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Table 4 (Continued).

First
Author,
Publication

Primary Outcomes

Secondary
Outcomes

Main Findings Related to
Weight

Significance

(P)

Mean Change in
Weight Status
(Body Weight in kg

New Zealand

group compared with the control
group

Year, or BMI in kg/m?)
Country
Moore et al Diet adherence, weight Significantly greater weight loss =0.04 Intervention: —6,0 +
2015% loss, changes in animal among non-adherent vegan/ 6.7% (non-adherent
USA products intake by vegetarian participants compared participants)
adherence status with non-adherent omnivore Control: —0,4 + 0.6%
participants. However, there was (non-adherent
no difference in weight loss among participants)
participants who adhered to their
diet, regardless of the diet
Pischke et al Medical characteristics Significant weight reductions in all | <0.001 Intervention: —5 kg
20197 (height, weight, percentage participants, regardless of sex and
USA body fat, BP, angina diabetic status
pectoris, plasma lipids),
lifestyle, quality of life
Sofi et al Difference in body weight, Difference in Significant weight reductions in Intervention: —1,88 kg;
2019% BMI, and fat mass changes cardiovascular both groups, with no significant —0,64 kg/m?
Italy between the groups risk parameters | difference between the groups Control: —1,77 kg;
changes —0,67 kg/m?
between the
groups
Toobert et al | Changes in cardiovascular Significant reductions in BMI in the | =0.041 Intervention: —3,9 kg
2000%° risk factors: lipid profile, intervention group compared with (12 months); —1 kg/m?
USA BMI, BP, medications, the control group (24 months)
quality of life Control: —0,06 kg (12
months); —0 kg/m? (24
months)
Turner- Weight loss maintenance Significantly greater weight <0.05 Intervention: —4,9 kg
McGrievy and diet adherence reduction in the intervention (I year); =3,1 kg
et al group compared with the NCEP (2 year)
2007%° group after | and 2 years Control: —1,8 kg
USA (I year); —0,8 kg
(2 year)
Turner- Weight loss Significantly greater weight loss in | <0.01 —7,5% vegan
McGrievy the vegan group compared to the -6,3% vegetarian
et al pesco-vegetarian, semi-vegetarian -3,1% omnivore
20153 and omnivore groups
USA
Wright et al BMI, cholesterol Significant weight reductions in <0.0001 Intervention:
201732 weight and BMI in the intervention -12,1 kg (6 months)

-11,5 kg (12 months)
-4,4 kg/m? (6 months)
4,2 kg/m? (12
months)

Abbreviations: BMI, body mass index; HbAlc, glycated hemoglobin; oxLDL, oxidized low-density lipoprotein; anti-PC, anti-phosphorylcholine; ADA, American Diabetes
Association; T2DM, type 2 diabetes mellitus; BP, blood pressure; UAC, upper arm circumference; TSF, triceps skin fold; VAS, visual analog scale; ESR, erythrocyte
sedimentation rate; CRP, C-reactive protein; WBC, white blood cells; NCEP, National Cholesterol Education Program; WFPB, whole-food plant-based.
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who received follow-up, regardless of diet. Nevertheless,
the intervention group had a significantly greater weight
loss than the control group, regardless of their diet
adherence.*®

The randomized study presented in the publications by
Turner-McGrievy®' and Moore® et al was the exception
where a plant-based diet was not compared to a standard
omnivore diet. Rather, it compared four different types of
low-fat and low-glycemic plant-based diets (vegan, vege-
tarian, pesco-vegetarian and semi-vegetarian), in addition
to an omnivore diet. The aim was to evaluate the differ-
ences in weight loss®' and diet adherence®® in overweight
individuals following these different diets. Although this
implied a weight loss hypothesis, the references were
included in the review due to the absence of hypocaloric
modifications. Turner-McGrievy et al reported that vegan
diets, followed by vegetarian diets, may result in greater
weight loss than more modest diet types. The difference in
body weight reduction between the vegan group and the
other groups was significant after six months.>' Moore
et al found no difference in diet adherence, nor did they
find any difference in weight loss between participants
who adhered to their prescribed diet. However, among
participants who did not adhere to their prescribed diet,
the weight loss was greater in vegan and vegetarian parti-
cipants compared to participants who consumed fish or
meat.?

Effect of Plant-Based Diets in Different
Patient Groups

Kaartinen et al conducted a non-randomized, controlled
intervention on the impact of a low-salt, raw vegan diet
compared to an omnivore diet on fibromyalgia symptoms
in Finnish women. In the beginning of the study, the
majority of the participants were overweight, and there
was no significant difference between the groups. In the
end of the study, significant reductions in weight and BMI
were found, with the average BMI being within normal
range in the intervention group. There was an increase in
BMI values in the intervention group after the study per-
iod, while BMI in the control group remained the same.?’

The two publications from the Norwegian research
group consisting of Kjeldsen-Kragh®* and Haugen'” et al
were based on an RCT on patients with rheumatoid arthri-
tis. The intervention started with 7-10 days of fasting,
followed by a gluten-free vegan diet for 3.5 months. The
first 4 weeks were located to a health farm. Finally, the

participants underwent a vegetarian diet for 9 months. The
study reported a significant reduction in BMI in the inter-
vention group compared with the control group.'’?*
A more simplified intervention, consisting of a gluten-
free vegan diet, was carried out by the Swedish research
group led by Elkan et al, the intervention seemed to induce
a significant reduction in mean BMI in patients with rheu-
matoid arthritis. The weight change was non-significant in

the control group.'”

Vegetarian Diets in Clinically Healthy

Individuals

Sofi et al conducted a randomized, controlled crossover
trial on clinically healthy overweight Italians with a low-to
-moderate cardiovascular risk profile.”® The study com-
pared a vegetarian diet to a Mediterranean diet, with
hypocaloric week plans given to the participants. Even
though the calorie deficit contradicted the inclusion criteria
in this review, the study was included as an exception, as
the interventions were specified as low-calorie in nature
and were isocaloric between them. Both diets were found
to reduce weight, BMI, and fat mass equally, with non-
significant differences between the groups.”®

study published by
Johansson et al was the only study in this review that

The non-controlled Swedish

included healthy normal weight participants. The partici-
pants’ mean body weight was reduced after the transition
to a vegetarian diet."”

Low-Fat Plant-Based Diets with Stress
Management and Exercise in Individuals

with Cardiovascular Risk
Two studies managed a lifestyle trial consisting of low-fat
plant-based diets, stress management and physical
activity.?”** Toobert et al conducted an RCT in postme-
nopausal women with cardiovascular risk, assessing
changes in risk factors like BMI after implementing life-
style changes. The intervention group underwent a 1-week
retreat followed by group meetings twice a week, while
the participants in the control group continued their current
lifestyle. The study reported a significantly reduced BMI
in the intervention group compared to the control group.’
Pischke et al on the other hand, conducted a non-
controlled study in non-smoking participants with coronary
artery disease, with or without diabetes mellitus (predomi-
nantly T2DM).?” The subjects with diabetes mellitus were

classified into two groups based on the severity of their
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coronary artery disease, and compared with the subjects
without diabetes mellitus. All participants underwent
a lifestyle intervention consisting of a low-fat plant-based
diet, stress management and physical activity, and all parti-
cipants lost a significant amount of weight. The results were

found to be regardless of sex and diabetic status.?’

Whole-Food Plant-Based Diets in

Individuals with High Cardiovascular Risk
The RCT carried out by Wright et al in New Zealand eval-
uated a whole-food plant-based (WFPB) diet in overweight
patients with either T2DM, ischemic heart disease, hyperten-
sion, or hypercholesterolemia. This intervention was charac-
terized by low-fat contents, and the participants could eat to
full satiety. The study found a significantly improved BMI in
the intervention group compared with the control group.*

Discussion

Primary Outcome
Overall, the results in this review suggest that a transition
from an omnivore diet to a plant-based diet is associated
with weight reduction in a majority of subjects, when
applied in intervention studies. In multiple cases, there
was a significant difference in weight loss between the
plant-based group and the omnivore group, the former
having reduced the most weight. This is consistent with
findings from observational studies. One survey with
10,000 vegetarians and non-vegetarians demonstrated
a significantly lower mean BMI among the vegetarians.'’
The Adventist Health Study 2, including more than 60,000
participants, assessed discrepancies in BMI among people
on different diets. The vegan group, followed by the vege-
tarian group, were found to have the lowest average BMI,
whereas the omnivore group had the highest average
value.*> These findings is supported by the findings in
the EPIC-Oxford cohort study, concluding that during 5
years follow up, vegans and vegetarians showed overall
a smaller weight gain than meat-eaters.*®

Using BMI as a measure on weight status imposes
some issues. A change in BMI does not necessarily
imply changes in body fat mass, muscle mass, fluid or
composition. Neither does it necessarily give information
about weight change.’” Using BMI as a marker for adip-
osity may also contribute to underestimations of normal
weight individuals with a high amount of adipose tissue.*®
Nonetheless, BMI is a helpful and frequently used mea-
sure on weight alterations in

and weight larger

populations.*®** Of note, a recent study reporting on
effects of ad-libitum consumed low-fat plant-based diets
supplemented with plant-based meal replacements on body
composition, reported that low-fat plant based-diets eaten
ad libitum enabled significant reduction of body fat and
relative preservation of muscle mass.'® This suggests that
a plant-based diet pose beneficial changes to body compo-
sition that might not be visible only by a BMI measure.

Mechanisms

Multiple studies reported lower intakes of protein, fat and
cholesterol, along with higher intakes of fiber and carbo-
hydrate, in the intervention group compared with the con-
trol group,'!'~!#16:17:19:21723:23.30° A1most all operated with
low-fat plant-based intervention diets. The findings corre-
spond with studies that have reported an association
between a reduced risk for overweight and diets high in
plant protein. The association is in contrary to diets high in
animal protein.*® The findings are also in accordance with
observational studies and meta-analyses, which have
described an association between a relatively low BMI
and low-fat, high-carbohydrate diets,' including plant-
based diets.”” Plant-based diets are usually low in fats,
particularly saturated fats,*® as a natural consequence of
the elimination of animal products.*’ Consequently, these
diets are less energy dense than omnivore diets.”'*
Furthermore, higher intakes of fiber tend to result in
increased satiety, reduced hunger, and therefore reduced
intakes of energy.'>* Previous studies have shown that
a vegetarian diet itself results in reduced energy intakes
compared with a diet that includes meat.' In this review,
reductions in energy intake were observed in the interven-
tion groups in several controlled studies ' '*!6-21723.23
Hence, the fact that a shift to a plant-based diet could
have caused a lower intake of fat and a higher intake of
fiber, leading to a lower intake of energy, increased ther-
mic effect of the food and weight loss, cannot be ignored.
In addition, beneficial effects of plant-based diets with
a higher intake of plant-based proteins and a lower intake
of animal proteins are suggested to include mechanisms
related to improved gut-microbiota composition, reduced
trimethylamine-N-oxide (TMAO) levels and improved
insulin sensitivity.*'

Effects of Different Plant-Based Diets

Most studies in this review applied a vegan diet, which
complicates the differentiation in impact resulting from
a vegan and a vegetarian diet. The studies conducted by
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Turner-McGrievy®' and Haugen'” et al were the only ones
that assessed both diets. Both studies revealed a greater
weight reduction on a low-fat and low-glycemic vegan
diet’' and a gluten-free vegan diet,'” respectively.
Nevertheless, the difference between the vegan and vege-

tarian diets was non-significant.'”!

Similarly, meta-
analyses have shown a missing significant difference in
weight loss between studies applying a vegetarian diet,
and studies applying a vegan diet.*> Of note, this may
overall implicate a beneficial effect on body weight status
due to a shift to a plant-based diet, regardless of the

specific type of diet.

An Intention of Weight Loss

Several issues must be considered when interpreting the
results. The interventions are substantially research specific
and not necessarily typical for plant-based diets. Standard
diets following NCEP or ADA guidelines, or low-calorie
modifications, all used as control diets in the included stu-
dies, are designed for management of weight loss, choles-
terol, and diabetes. Hence, the participants did not remain
untreated. Studies comparing two weight management diets
fail to address this issue, and do not give absolute numbers
on weight change resulting from a diet shift.** Furthermore,
the intervention groups in half of the included studies in this
review were prescribed low-fat or low-glycemic diets, based
on an association between the actual modification and

weight reduction,”*

thus catalyzing weight loss.

Three of four studies demonstrating a non-significant
difference in weight change between the intervention and
control groups, were the only studies imposing calorie
restrictions.'*'**® Sofi et al did not inform of any object
of weight loss. Still, the applied intervention and standard
diets were low-calorie in nature and often clinically used
with the purpose of reducing weight or cardiovascular
risk.”® Barnard et al operated with low-fat intervention
diets and energy-restricted standard diets.'*'* This only
suggests that such diet modifications result in weight loss.
It is rather difficult to conclude whether the weight reduc-
tions were caused by the actual plant-based diet, as some
weight loss may be caused by other aspects of interven-
tions, such as reduction in overall fat content.

Another issue is whether the included participants
intended to lose weight, whether they were informed of
the objective of the study, and if one of the inclusion
criteria was, in fact, a purpose of weight loss. The latter
was the case for multiple studies in this review.'*!6-2%-30=3!
Many participants may be motivated by a desire to gain

health-related benefits, such as weight reduction, and these
probably have a greater tendency to succeed than the
general population.

The motivation to proceed with a plant-based diet, as
well as the types of foods consumed, tend to change with
time in favor of a lower intake of animal products.” This
seems to be a strength of studies with long durations of
intervention and/or follow-up and is probably related to an
acquired increase in knowledge about the diet.” Of note,
although a change in diet could demonstrate a significant
weight change initially and/or during the whole interven-
tion period, more research is needed on the long-term
effects of plant-based diets.°

Study Design and Study Population

Most of the studies in this review were RCTs, hence they
were performed according to the gold standard for diet
interventions. Crossover trials likely have increased
strength. The studies with non-randomized or non-
controlled designs, however, allowed participants to
choose their preferred diet. These may have selection
biases and false-positive findings, which complicates the
conclusion about the weight reduction and the plant-based
diet in the studies. Most likely, the weight changes demon-
strate the impact of engaging in an intervention study,
rather than the actual diet.

The majority of the studies were performed by the
same research groups in an American population. The
risk and prevalence of cardiovascular disease, overweight
and T2DM is high in the US, potentially making the
participants more aware of their health.”® Furthermore,
the access to different foods, as well as the nutritional
content in different products, vary from country to country.
Thus, the results from an American study may not be
applicable to other countries or populations. Furthermore,
all the included studies were conducted in developed
countries, which problematizes the application to develop-
ing countries. For instance, no difference was found in
average BMI between vegetarians and non-vegetarians in
a study with 7000 participants from India.*

Only one study, the one by Johansson et al, assessed
weight change in clinically healthy and normal weight
individuals.'"® One of the studies conducted by Barnard
et al were performed on allegedly healthy and normal
weight women in their reproductive years."' The effect
of plant-based diets is therefore uncertain in this group.
There is not sufficient evidence to tell whether normal
weight individuals remain normal weight or become
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underweight when transiting to plant-based diets.
Additionally, most studies in this review investigated
older populations, mostly women, some excluding preme-
nopausal women due to a potential hormonal effect on
metabolic measures.'>*° As young women constitute
a large part of people who eat plant-based,” this compli-

cates the conclusion.

Compliance and Confounding Factors

Studies that included exercise, stress management and

18,27,29

smoking cessation ran a risk of having the results

influenced by confounding factors. Studies that did not

control for these factors'®'® thus have a limitation.
Interventions that included health farms or retreats,'”**2°
14,27,29,30 27,29

weekly group meetings, and exercise classes
are neither realistic nor feasible outside a study setting.
Studies assessing the effects in free-living individuals,
hereby having a more realistic approach, only demanded
a report of food intake three days a week. Hence, they
could not control completely for compliance. The results

from these studies should be interpreted with caution.

Clinical Implication

There are numerous perceptions on plant-based diets, and
the definitions are regularly modified, which makes it
challenging to do consistent research within this topic.’
The only constant factor in plant-based diets is the absence
of meat.” However, studies have shown that although
many people regard themselves as vegetarians, a larger
part occasionally consume meat or fish.> A plant-based
diet could nonetheless be nutritionally inadequate. In
some countries, meat substitutes could be based exclu-
sively on one source, like soy. Thus, there may be large
variations in the foods consumed, which may generate
variations in the results and findings.**

Overall, data seems to suggest positive effects on weight in
some patient groups after a shift to a plant-based diet, regard-
less of the strictness of the diet. Still, several studies have
found that vegan and vegetarian diets reduce the body weight
at least as much as calorie restricted diets, in addition to being
easier to follow and maintain.'"'* The findings are particularly
applicable considering the increasing prevalence of over-
weight and obesity,® and their association with mortality and
morbidity in relation to cardiovascular disease, diabetes, can-
cer, and musculoskeletal diseases. Consequently, a normal, but
relatively low, BMI among vegans and vegetarians may be
a protective factor."

Conclusion
The results in this review propose that a shift to a plant-
based diet may have beneficial health effects on body
weight and BMI in individuals with overweight, T2DM,
cardiovascular risk/disease and rheumatoid arthritis. The
weight reduction can be explained by an increased intake
of fiber, polyunsaturated fats and plant proteins, including
a reduced intake of energy, saturated fats and animal
proteins. Due to restrictions in fat intake in many studies,
followed by reduced energy intake, the effects of the
different interventions differ depending on the specific
plant-based diets investigated. Hence, the observed effects
can most likely not be attributed solely to a plant-based
diet, but also the different nutrient composition and energy
content in the different plant-based diets investigated.
Further research should aim for larger and more repre-
sentative study populations in the form of normal weight
and healthy individuals, including improvements in demo-
graphics. To quantify the effects of eliminating animal
products with no other dietary changes, research designs
would need to be chosen appropriately.
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