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Abstract: According to the rising prevalence of obesity and metabolic disorders leading to 
impaired glucose metabolism, effective strategies to prevent and/or delay the onset of disease are 
of great need. A plant-based diet has been suggested as an effective lifestyle change that may 
reduce the degree of obesity and improve outcomes related to glucose metabolism. This 
systematic review aimed to evaluate the effect of a plant-based diet on outcomes related to 
glucose metabolism. A literature search was conducted in the database PubMed until January 30, 
2020. Randomized controlled trials investigating the effect of a plant-based dietary intervention 
on outcomes related to glucose metabolism in human subjects compared to an omnivorous diet 
were eligible for inclusion. Of 65 publications identified, nine trials on subjects with overweight/ 
obesity, type 2 diabetes mellitus, or cardiovascular disease were included. Five studies reported 
that the plant-based intervention significantly improved markers of glycemic control from base-
line to end point, of which four revealed a significant improvement in the intervention group 
compared to the control intervention. The remaining four studies did not observe a significant 
effect of a plant-based intervention on outcomes related to glucose metabolism. Our findings 
suggest that a shift to a plant-based diet may lead to favorable effects on glycemic control in 
individuals diagnosed with type 2 diabetes mellitus and/or obesity. The data were however 
somewhat conflicting, and the included trials reported results based on different intervention 
diets and study populations. Overall, no clear conclusions regarding effects of different plant- 
based diets can be drawn based on the current findings alone. 
Keywords: glycemic control, plant-based diet, vegan, vegetarian, glucose metabolism, 
dietary pattern

Introduction
The term “plant-based diet” is used for a wide range of dietary patterns, and comprise 
all diets based mainly on food derived from plants. “Plant food” typically refers to 
vegetables, fruit, grains, seeds, legumes, pulses, fungi, and nuts, and a similarity among 
the different plant-based diets is the limited consumption of foods of animal origin.1,2 

Due to variations in the degree of this limitation among diets, many plant-based diets 
exist, differing in the amount and type of animal foods included and excluded.3 Like 
other diets, a plant-based one can vary in nutritional content and proportion of the 
different food groups. As a natural consequence of the elimination of red meat and 
dairy, a plant-based diet is often low in fat, especially saturated fat.4 Furthermore, it is 
often characterized as carbohydrate-rich, with a high amount of fiber and starch, due to 
the high proportion of plant food. As such, plant-based diets usually turn out to be fat- 
reduced and carbohydrate-rich when compared to an omnivore diet, whether this is 
a conscious decision or not.4
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On a global level, a large number of individuals follow 
a plant-based diet, with varying prevalence around the world. 
In most countries, individuals following a plant-based diet 
comprise only a small minority of the population. In recent 
years, there has been increased interest in plant-based diets, 
with more people following these types of diets in several 
Western countries.5 Contradictorily, several developing 
countries that until recently had a low consumption of meat 
face the opposite trend, with increased meat consumption. 
Overall, a large part of the world’s population is today eating 
more meat than recommended.5,6

Since 1975, the prevalence of obesity has nearly tripled 
worldwide, and it has been estimated that more than 
1.9 billion adults were overweight in 2016, of whom 
over 650 million were obese.7 Increased body weight is 
considered a major risk factor for a number of chronic 
diseases, including type 2 diabetes mellitus (T2DM).8,9 

Genetics explain only a small part of the obesity 
epidemic,10 and a sedentary lifestyle with excessive intake 
of food according to energy requirements is the main 
contributing factor. Given the rising prevalence of obesity 
and metabolic disorders leading to impaired glucose meta-
bolism, effective strategies to prevent and/or delay the 
onset of disease are of great need.

Research has indicates that a reduction in the intake of 
animal products and an increase in plant-based foods have 
several positive health outcomes.1,4,11,12 Due to the high 
intake of dietary fibre, antioxidants, unsaturated fatty acids, 
and phytochemicals in combination with reduced intake of 
cholesterol and saturated fatty acids, a plant-based diet is 
associated with a number of health benefits.13–15 This, as 
well as the exclusion of foods of animal origin, has been 
shown to reduce the risk of obesity and T2DM, as well as 
cardiovascular disease (CVD), hypertension, and some 
cancers.13,14,16 Irrespective of sex or age, some studies have 
reported that the prevalence of obesity is much lower in both 
vegetarians and vegans, and that individuals following 
a plant-based diet are leaner overall than omnivores.12 In 
addition, several studies have reported that a plant-based 
diet is highly effective for weight loss and weight 
management.17–19 Overall, a plant-based diet has been sug-
gested as an effective lifestyle change that may reduce the 
degree of obesity and improve outcomes related to glucose 
metabolism.11,12

Several studies have shown that a plant-based diet 
improves glycemic control and leads to increased insulin 
sensitivity, hence suggesting that a plant-based diet 
offers an advantage compared to an omnivorous diet with 

respect to both prevention and management of T2DM.13,16 

The aim of this systematic review was to evaluate the effect 
of a plant-based diet on outcomes related to glucose metabo-
lism by a thorough evaluation of publications reporting on 
interventions with different plant-based diets on relevant 
outcomes related to glucose metabolism. A systematic 
review was conducted in order to summarize the different 
findings from relevant randomized controlled trials (RCTs) 
with plant-based diets as intervention. The primary outcome 
was change in parameters related to glucose metabolism, 
after excluding animal foods from the diet.

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
Relevant literature was retrieved from the database 
PubMed (Medline). The different search terms used were 
divided into two categories, intervention and outcome, and 
are presented in Table 1.

Inclusion and Exclusion Criteria
Criteria for inclusion and exclusion of published literature 
are presented in Table 2. All RCTs published after 2010 
looking at changes in glucose metabolism in a human 
population consuming a plant-based diet for >4 weeks 
were included based on the given inclusion and exclusion 

Table 1 Search Terms and MeSH Tags for the Literature Search

Intervention Outcome

Plant-based diet Glucose metabolism

Plant-based diet Metabolic syndrome

Vegetarian Insulin resistance
Vegan Glucose intolerance

Vegetarian diet Insulin secretion

Vegan diet Diabetes mellitus type 2
Vegetarians Glycemic control

Vegans Obesity
Ovo-vegetarian Obese

Lacto-vegetarian Hyperglycemia

Lacto-ovo-vegetarian Metabolic syndrome (MeSH)
Vegetarians (MeSH) Obesity (MeSH)

Vegans (MeSH) Insulin resistance (MeSH)

Diet, vegetarian (MeSH) Glucose-metabolism disorder (MeSH)
Diet, vegan (MeSH) Glucose intolerance (MeSH)

Hyperglycemia (MeSH)
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criteria. This comprised all studies collecting data linked 
to the metabolism of glucose at baseline and at the end of 
the intervention. Relevant outcomes of interest related to 
glucose metabolism included fasting plasma-glucose con-
centrations, HbA1c levels, C-peptide concentrations, and 
Homeostasis Model Assessment of Insulin Resistance 
(HOMA-IR) index values. No specific definition or sub-
group of plant-based diet was favored by the inclusion 
criteria. Trials with physical activity as part of the inter-
vention were excluded. Exclusion also applied to studies 
for which the full text was not available and those basing 
their results on the same data set as another included study. 
There were no limitations regarding sex, age, population 
size, nationality, or comorbidity.

Literature Search
A literature search based on the search combination listed 
in Table 1 was conducted in the database PubMed 
(Medline) on January 30th, 2020. The search filters “ran-
domized controlled trials“ and “humans“ were used. The 
search identified in total 65 studies, of which 38 were 
excluded based on abstracts. The full-text versions of the 
remaining studies were assessed for eligibility.

Results
Included Studies
As a result of the search conducted in PubMed, and 
according to criteria for inclusion and exclusion, nine 
publications were included in the systematic review. The 

process of selection is shown in Figure 1. Study character-
istics of the included studies are summarized in Table 3.

Comparison of Included Studies
Among the nine studies included in this review, there were 
great variations in dietary patterns, intervention diets, study 
populations, and criteria for exclusion and inclusion. In addi-
tion, primary and secondary outcomes differed among the 
studies. Differences in inclusion and exclusion criteria 
caused variations in study populations. Some studies 
required participants to be clinically healthy, while others 
included only subjects previously diagnosed with a certain 
disease. Three studies were conducted in individuals diag-
nosed with T2DM,20–22 while one was conducted in subjects 
with CVD.23 Participants in the remaining five studies dif-
fered in characteristics, though obesity or overweight was 
represented among all the included subjects, specified with 
a BMI range of 25–40 kg/m2. In addition, comorbidity in the 
form of T2DM, ischemic heart disease, hypertension, or 
hypercholesterolemia were criteria for inclusion in two of 
these five studies.8,9 The plant-based diets chosen as inter-
vention varied among the studies. Six of nine studies had 
vegan diets as intervention,9,–20-24 and four of these studies 
specified that the diet should be low in fat.9,21,22,24 Two of the 
three remaining studies implemented a lacto-ovo-vegetarian 
diet,25,26 of which one was a calorie-restricted diet. The last 
study administrated a low-fat plant-based diet, not otherwise 
specified.8

Of the nine studies included in this review, five evaluated 
the effect of a plant-based intervention compared to 
a conventional omnivorous diet,8,9,21,24,26 whereas three stu-
dies compared the effect of the intervention to a diet based on 
national health recommendations.20,22,23 The dietary patterns 
based on national guidelines were the American Heart 
Association (AHA) recommended diet,23 a conventional 
diet recommended by the Korean Diabetes Association 
2011 (KDA)20 and a diet based on the 2003 American 
Diabetes Association (ADA) dietary recommendations.22 

The rest of the studies implemented the Mediterranean diet 
as the control diet.25

The size of study populations varied between 45 and 
291 individuals, and the duration of intervention varied 
from 4 to 24 weeks. Additionally, glycemic markers used 
for evaluation of improvement in glycemic control varied. 
The majority of the studies assessed changes in HbA1c 

levels, while others reported changes in fasting plasma- 
glucose concentrations, fasting insulin concentrations, 

Table 2 Inclusion and Exclusion Criteria for this Literature 
Review

Inclusion Exclusion

Studies with RCT methodology Studies without RCT 

methodology

Human studies Animal studies
Studies with outcomes related to 

glucose metabolism

Studies with no outcomes 

related to glucose metabolism

Studies with plant-based diet as 
intervention

Studies not with plant-based 
diet as intervention

Studies with no exclusion of meat 

in the control group

Studies with exclusion of meat 

in the control group
Duration of intervention >4 

weeks

Duration of intervention <4 

weeks
Studies published in the last 10 years Studies older than 10 years

Studies not having physical activity 

as part of the intervention

Studies having physical activity 

as part of the intervention
Full text available No full text available

Abbreviation: RCT, randomized controlled trial.
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concentrations of C-peptide, or used measuring tools, such 
as the HOMA-IR index.

Main Findings
Effects of a Plant-Based Diet in Individuals with 
Overweight or Obesity
Five of the studies investigated the effects of different plant- 
based diets in subjects with overweight or obesity and dif-
ferent comorbidities, with conflicting overall results. Wright 
et al aimed to investigate the effectiveness of a low-fat plant- 
based diet on BMI and cholesterol levels in individuals with 
obesity or overweight, in addition to T2DM, ischemic heart 
disease, hypertension, or hypercholesterolemia.8 An RCT 
was conducted with 65 participants over 24 weeks. In rela-
tion to the metabolism of glucose, they reported changes in 
HbA1c. The between-group differences in HbA1c levels 
favored the intervention group, with a significant reduction 

of 3 mmol/mol from baseline to 24 weeks on the plant-based 
diet. An even greater reduction of 5 mmol/mol within the 
intervention group was reported on follow-up at 48 weeks. 
They reported a significant increase in HbA1c levels of 2 
mmol/mol from baseline to end point at 24 weeks within the 
control group. Two participants in the intervention group 
previously diagnosed with DM no longer met the diagnostic 
criteria (HbA1c ≥50 mmol/mol) at the end of the intervention. 
Additionally, they reported that higher levels of HbA1c at 
intervention start correlated with larger subsequent reduction 
during the intervention.8

Mishra et al aimed to determine the effects of a plant-based 
dietary intervention on body weight, blood pressure, dietary 
intake, plasma-lipid concentrations, and HbA1c in participants 
with BMI >25 kg/m2 and/or T2DM.9 Participants were ran-
domized to follow either a low-fat vegan diet (n=142) or 
a conventional omnivorous diet (n=149) for 18 weeks. 

Figure 1 Flowchart depicting the inclusion of relevant publications in the current systematic literature review.

Johannesen et al                                                                                                                                                     Dovepress

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                           

Diabetes, Metabolic Syndrome and Obesity: Targets and Therapy 2020:13 2814

 
D

ia
be

te
s,

 M
et

ab
ol

ic
 S

yn
dr

om
e 

an
d 

O
be

si
ty

: T
ar

ge
ts

 a
nd

 T
he

ra
py

 d
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/ b

y 
12

9.
17

7.
17

5.
16

4 
on

 1
7-

A
ug

-2
02

0
F

or
 p

er
so

na
l u

se
 o

nl
y.

Powered by TCPDF (www.tcpdf.org)

                               1 / 1

http://www.dovepress.com
http://www.dovepress.com


HbA1c was measured at baseline and after 18 weeks only in 
participants diagnosed with T2DM (n=21 diet group, n=22 
control group). Within the intervention and control groups, 
HbA1c levels had reduced by 0.6% and 0.08%, respectively. 
HbA1c levels differed significantly from baseline to end point 
at 18 weeks between the two diet groups. When limiting the 
analysis to participants with T2DM completing the assess-
ment after 18 weeks (n=17 diet group, n=18 control group), 
a significant decrease in mean HbA1c within the intervention 
group of 0.7% compared to the control group (0.1%) was 
reported.9

Kahleova et al investigated the effect of a plant-based 
dietary intervention on β-cell function in healthy indivi-
duals with BMI 28–40 kg/m2 and no history of T2DM.24 

They randomized participants to follow a low-fat vegan 
diet (n=38) for 16 weeks or to make no dietary changes 
(n=37). No significant improvements in HbA1c levels in 
either of the diet groups were observed in response to 
intervention, and levels of HbA1c did not differ between 

groups. However, the concentration of fasting plasma glu-
cose, insulin, and C-peptide were all significantly reduced 
in the intervention group, with a significant difference 
between groups. The control group showed no significant 
changes in markers of glycemic control. In the interven-
tion group, a notable increase in meal-stimulated secretion 
of insulin was observed compared with the control 
group.24

Sofi et al conducted an RCT investigating how low- 
calorie diets differing in presence of foods of animal origin 
affected total body weight, fat mass, and BMI.24 A total of 
118 overweight omnivores with BMI >25 kg/m2 and 
a low–moderate cardiovascular risk profile were rando-
mized to follow either a low-calorie lacto-ovo-vegetarian 
diet (n=60) or a low-calorie Mediterranean diet (n=58) for 
12 weeks in a crossover manner. Primary outcomes were 
changes in fat mass, total body weight, and BMI from 
baseline, whereas secondary outcomes included changes 
in glycemic markers (plasma-glucose concentrations, 

Table 3 Overview of Studies Included in the Systematic Review

Participants 
(Completed)

Study Population Intervention 
Diet

Control Diet Study 
Duration, 
Weeks

Wright et al8 65 (49) Individuals with obesity or overweight and at least 

one of T2DM, ischemic heart disease, hypertension, 

or hypercholesterolemia

Low-fat plant- 

based diet

Conventional omnivorous diet 24

Mishra et al9 291 (211) Individuals with BMI >25 kg/m2 and/or T2DM Low-fat vegan 

diet

Conventional omnivorous diet 18

Kahleova et al24 75 (72) Healthy individuals with BMI 28–40 kg/m2 and no 

history of T2DM

Low-fat vegan 

diet

Conventional omnivorous diet 16

Sofi et al25 118 (107) Overweight omnivores with BMI >25 kg/m2 and 

low–moderate cardiovascular risk profile

Low-calorie 

lacto-ovo- 

vegetarian diet

Low-calorie Mediterranean diet 12 

(before 

crossover)

Li et al26 47 (34) Overweight and obese individuals with BMI 

27–37 kg/m2

Lacto-ovo- 

vegetarian diet

Conventional omnivorous diet 4 

(before 

crossover)

Lee et al20 106 (93) Individuals with T2DM Vegan diet Conventional diet recommended by 

the Korean Diabetes Association 2011

12

Barnard et al21 45 (40) Individuals with T2DM Low-fat vegan 

diet

Portion-controlled omnivorous diet 20

Turner-McGrievy 

et al22

99 (88) Individuals with T2DM Low-fat, low- 

GI vegan diet

Individualized diet based on the 2003 

American Diabetes Association– 

dietary recommendations

22

Shah et al23 100 (97) Individuals with CAD Vegan diet American Heart Association– 

recommended diet

8

Abbreviations: T2DM, type 2 diabetes mellitus; CAD, coronary artery disease.
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insulin concentrations, and HOMA-IR index). No signifi-
cant differences were reported in markers of glycemic 
control within either diet group or between the two diets.25

Li et al examined the influence of different protein 
sources and protein quantity on energy expenditure, cardi-
ometabolic profile, and appetite regulation during energy 
restriction in overweight/obese subjects.25 In total, 47 par-
ticipants were randomly assigned to follow either a lacto- 
ovo-vegetarian diet (n=25) or a conventional omnivorous 
diet (n=22), each diet containing one predominant source 
of protein: soy/legume in the lacto-ovo-vegetarian group 
and beef/pork in the omnivorous group. Throughout the 
intervention, participants consumed diets with different 
protein quantities (10%, 20%, or 30% of total energy 
intake) for 4 weeks each in a crossover manner. At the 
end of each 4-week period, fasting blood samples were 
collected. After completing all three intervention periods, 
Li et al reported that neither the source nor quantity of 
protein significantly affected concentrations of fasting 
insulin, fasting glucose, or HOMA-IR in any of the two 
dietary groups.26

Effects of a Plant-Based Diet in Individuals with 
T2DM
Three of the trials reported on the effects of a plant-based 
intervention in individuals with T2DM, with varying but 
overall promising results. Lee et al compared the effect of 
a vegan diet (n=46) and a KDA-recommended diet (n=47) on 
glycemic control among participants diagnosed with 
T2DM.20 The primary outcome was change in HbA1c over 
12 weeks, and HbA1c levels were measured at weeks 0, 4, 
and 12. After intervention, both groups showed significant 
reductions in HbA1c levels. The reduction was greater in the 
vegan group than in the group following the KDA- 
recommended diet (0.5% and 0.2%, respectively). When 
considering only subjects with high compliance with their 
diet based on self-reported food records, the difference in 
HbA1c reduction between the two groups differed even more 
(0.9% vs 0.3%).20

Barnard et al hypothesized that a low-fat vegan diet 
would improve body weight, blood pressure, plasma-lipid 
concentrations, renal function, and glycemic control more 
effectively than a calorie- 
restricted omnivorous diet in individuals with T2DM.21 In 
sum, 45 participants were included in a 20-week parallel- 
group study. Both diets led to significant improvements in 
HbA1c within each group; however, the improvements did 
not differ between the two dietary patterns. In both groups 

at baseline, mean HbA1c values were <7% and were 
reduced similarly by an additional 0.4% in each group.21

Turner-McGrievy et al assessed the effect of changes in 
glycemic index (GI) and glycemic load (GL) on weight loss 
and HbA1c among individuals with T2DM adopting a low-fat 
vegan diet (n=49) or one based on the 2003 ADA recom-
mendations (n=50).22 After intervention, they reported that 
the vegan-diet group showed reduced GI to a greater extent 
than the group following the ADA recommendations, 
whereas GL was reduced further in the ADA-diet compared 
to the vegan group. After controlling for weight loss, they 
found that GI was not a predictor of changes in 
HbA1c; however, weight loss was. No significant relationship 
between GL and changes in HbA1c was reported.22

Effects of a Plant-Based Diet in Individuals with 
Cardiovascular Disease
One study reported on the effect of a vegan diet in individuals 
with a CVD diagnosis. Shah et al aimed to determine the 
effects of a vegan diet (n=50) compared to an AHA- 
recommended diet (n=50) on markers for inflammation and 
high-sensitivity CRP) in participants diagnosed with CVD.23 

The primary outcome was concentration of high-sensitivity 
CRP, while secondary outcomes included markers of glyce-
mic control (blood-insulin concentration, fasting blood- 
glucose concentration, and HbA1c level), among others. 
Postintervention measures showed no significant differences 
in fasting glucose concentrations, HbA1c, or insulin concen-
trations between the groups.23

Summary
Among the nine studies included in this review, the main 
findings reported related to effects of a plant-based diet on 
outcomes related to glucose metabolism were inconsistent 
overall. Five of nine studies (56%) reported that the plant- 
based intervention significantly improved markers of gly-
cemic control from baseline to end point.8,9,20,21,24 Only 
four studies (44%) reported a significant improvement 
in markers of glycemic control in the intervention group 
that differed from the control intervention: one of three-
conducted on individuals with T2DM and three of five 
conducted on obese participants.8,9,20,24 The remaining 
four studies (44%) did not reveal any significant improve-
ments of a plant-based intervention on outcomes related to 
glucose metabolism.22,23,25,26 Of note, none of the 
included studies reported a suggested negative effect of 
the intervention diet. The main findings of the nine studies 
included in this review are summarized in Table 4.
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Discussion
Main Findings
The overall aim of this systematic review was to evaluate the 
effect of a plant-based diet on outcomes related to glucose 
metabolism. The findings are overall inconclusive, with sug-
gested beneficial effects attributed to a plant-based diet 
reported in four of the nine included studies. Previous studies 

have suggested that a diet with no food of animal origin 
offers an advantage with respect to both prevention and 
management of obesity and T2DM.13,16 Even after adjusting 
for BMI, several prospective studies reported that the pre-
valence of T2DM was 46%–76% lower in vegans and vege-
tarians compared to omnivores.27–29 Other studies have 
shown that a plant-based diet improved markers for glycemic 

Table 4 Main Findings Related to Glucose Metabolism in Studies Included

Study Population Primary Outcome Relevant Measure 
Related to Glucose 
Metabolism

Main Findings Related to Glucose 
Metabolism

Wright et al8 Individuals with obesity or 

overweight and at least one of 

T2DM, ischemic heart disease, 

hypertension, or 

hypercholesterolemia

BMI and cholesterol HbA1c, mmol/mol Significant improvement in intervention group, 

significant worsening in control group. and 

significant difference between the groups after 

intervention.

Mishra et al9 Individuals with BMI >25 kg/m2 and/ 

or T2DM

Dietary intake, body 

weight, plasma-lipid 

concentrations, blood 

pressure, and HbA1c

HbA1c, % Significant improvement in both groups and 

significant difference between groups after 

intervention, favoring the plant-based diet.

Kahleova et al24 Healthy individuals with BMI 

28–40 kg/m2 and no history of 

T2DM

β-cell function HbA1c, mmol/mol and % 

Fasting plasma glucose, 

mmol/L Fasting plasma 

insulin, pmol/L C-peptide, ng/ 

mL

No significant improvement in HbA1c in either 

group and no significant difference between 

groups. Significant improvement in fasting 

plasma glucose, insulin, and C-peptide in 

intervention group and significant difference 

between the groups after intervention. No 

significant changes in markers of glycemic 

control in control group.

Sofi et al25 Overweight omnivores with BMI 

>25 kg/m2 and low–moderate 

cardiovascular risk profile

Body weight, BMI, and 

fat mass

Glucose, mg/dL Insulin, μU/ 

mL HOMA-IR Iindex

No significant differences in markers of 

glycemic control between the groups.

Li et al26 Overweight and obese individuals 

with BMI 27– 37 kg/m2

Appetite, energy 

expenditure, and 

cardiometabolic 

indices

Fasting glucose, mg/dL 

Fasting insulin, μU/mL 

HOMA-IR index

No significant improvement in markers of 

glycemic control in either group and no 

significant difference between the groups.

Lee et al20 Individuals with T2DM HbA1c HbA1c, % 

Fasting blood glucose, mg/dL

Significant improvement in HbA1c in both 

groups and significant difference between 

groups favoring the plant-based intervention.

Barnard et al21 Individuals with T2DM Body weight, HbA1c, 

plasma lipids, urinary 

albumin, and blood 

pressure

HbA1c, % 

Fasting plasma glucose, mg/ 

dL

Significant improvement in HbA1c in both 

groups, but no significant difference between 

the groups. No significant improvement in 

fasting glucose in either group and no significant 

difference between the groups.

Turner- 

McGrievy et al22

Individuals with T2DM Body weight and  

HbA1c

HbA1c, % No significant improvement in markers of 

glycemic control in either group and no 

significant differences between the groups.

Shah et al23 Individuals with coronary artery 

disease

Concentration of 

hsCRP

HbA1c, % 

Fasting glucose, mg/dL 

Insulin, μU/mL

No significant differences in fasting glucose,  

HbA1c, or insulin concentration between 

groups.

Abbreviations: T2DM, type 2 diabetes mellitus; GI, glycemic index; HOMA-IR, homeostasis model assessment of insulin resistance; HbA1c, glycated hemoglobin; hsCRP, 
high-sensitivity CRP.
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control and led to increased insulin sensitivity.12,27 Several 
factors can explain the conflicting results and lack of effects 
in the trials included in the current review, and study popula-
tion, study design, and adherence to intervention diet may be 
contributing factors.

Study Population
In five of the nine studies, change in body weight or BMI 
was the primary outcome. This was reflected in the parti-
cipants, given that a majority of the studies had overweight 
or obesity as an inclusion criterion. Further, none of the 
nine studies examined the effect of a plant-based diet on 
glucose metabolism in healthy, normal-weight individuals. 
All included studies were conducted in participants with 
either overweight or obesity and/or at least one sequela 
related to excess body weight. The use of study popula-
tions with CVD, obesity, and/or T2DM may lead to 
a source of error, as these participants are usually more 
unconscious of their own health compared to the overall 
population.25 Studies evaluating the effects of a plant- 
based diet in healthy participants with BMI <25 kg/m2 

were not identified in this systematic literature search.
The vast majority of the studies had a predominance of 

female participants. Several studies reported a remarkable 
underrepresentation of males, as men were difficult to 
recruit for dietary intervention or for reasons that were 
unclear. In fact, a predominance of female participants in 
clinical trials on interventions for behavioral change or 
dietary patterns is a well-known phenomenon.30 In all 
studies included in this review, with the exception of that 
by Shah et al, who had a skewed distribution in favour of 
men, women were strongly overrepresented among the 
participants. In the study by Kahleova et al, women 
accounted for as much as 89% of the total number of 
subjects.23 Only two of nine studies included analyses 
adjusted or stratified by sex.9,22 As such, one cannot 
exclude the possibility that the effect of a plant-based 
diet on glycemic control may differ according to sex.

Study Design and Number of Participants
A criterion for inclusion was that the studies were followed 
an RCT methodology. However, study designs differed 
somewhat. Most studies followed an open, randomized, par-
allel design with no blinding of subjects in terms of the 
dietary interventions. Nonetheless, two studies had cross-
overs, which may give them stronger validity compared to 
the remaining studies.31

Considering that only a third of the studies reported 
having performed a power analysis prior to recruitment to 
ensure a sufficient number of subjects to achieve signifi-
cant results, it is reasonable to assume that the results of 
the studies with the greatest number of participants have 
the most strength. Moreover, two of three studies that 
performed such a power analysis reported that the recruit-
ment fell short of the sample size called for by the analy-
sis. The studies with the largest number of participants 
were those conducted by Mishra et al and Sofi et al, with 
211 and 107 completed participants, respectively.9,25 The 
latter study by Sofi et al stands out in the current review, 
due to the use of a clinically healthy European population, 
crossover design, and high number of participants.25

Adherence to Intervention Diet
In intervention studies, it is reasonable to expect low com-
pliance with plant-based diets, as it may be difficult for 
individuals with a prior omnivorous diet to abstain from all 
foods of animal origin for several months. Lack of informa-
tion and knowledge has beenidentified as the main barrier to 
adopting a whole-food plant-based diet in a survey.32 These 
findings suggest that proper education and adequate informa-
tion prior to intervention will produce better compliance. 
Several of the studies included dietary education and follow- 
up by dieticians as part of the study program. This, together 
with a rapid initial weight loss, led to increased adherence to 
the prescribed diet, even in cases of plant-based diets.33,34 It 
is reasonable to assume that provision of groceries, compul-
sory measurement, and participation in group lessons would 
further increase the likelihood of high adherence. Four of the 
nine studies included weekly or biweekly meetings, counting 
cooking tutorials, discussion sessions, and instructions in 
food preparation and meal planning.8,9,21,22 One study pro-
vided both groups with groceries that supported the dietary 
recommendations on a weekly basis, whereas another 
initiated private weigh-ins before each meeting to make all 
participants aware of their body weight.21,23 Studies report-
ing low compliance among subjects used onlytelephone con-
sultations, whereas a more intensive approach was 
implemented in the remaining trials. The high rate of com-
pleted participants in this review was presumably due to 
a higher level of motivation in the participants, which in 
turn underlines the importance of not attributing improve-
ments in glycemic control solely to a plant-based diet.

Despite the fact that all the studies examined the effect 
of a plant-based dietary intervention in free-living indivi-
duals, different approaches were used to determine the 
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food-consumption status of each participant. Li et al pro-
vided portioned quantities of selected foods to all partici-
pants throughout each 4-week period to encourage 
compliance with the prescribed diets.26 In addition, all 
subjects were counseled by a registered dietitian to achieve 
the desired intake of calories and macronutrients, and 
received a detailed grocery list based on daily menus 
with portion sizes for each food. However, this approach 
is not realistic outside a study context to a similar extent.

Nonetheless, most studies had a more realistic 
approach. Those where participants had to plan, buy, and 
prepare their own meals had the restriction that they could 
not completely monitor whether the participants were fol-
lowing the prescribed diets. Several studies used food 
records and telephone monitoring in an effort to minimize 
this problem. However, a food record once or twice 
a week is not necessarily representative of the total inter-
vention period. Additionally, this requires reliance on self- 
reported dietary intake and recalls, which has well-known 
limitations.35 Participants may have underreported their 
intake, as well as potentially failed to report intake of 
animal foods, which could have introduced error.

Shah et al reported on an additional weakness regarding 
the use of self-reported data.23 They found that a participant 
in the comparison-diet group consuming no dairy or no 
animal protein would be considered adherent to the omnivor-
ous diet according to the diet-adherence protocol used. This 
confirms that controlling the level of adherence to the diet 
through food questionnaires or records may not give a valid 
picture, and that results based on self-reported data should be 
interpreted with caution.

Effects of Different Plant-Based Diets
Several types of plant-based diets were implemented in the 
studies included in the current review, including a low-fat 
plant-based diet, a low-fat vegan diet, a vegan diet, a lacto- 
ovo-vegetarian diet, and a low-calorie lacto-ovo-vegetarian 
diet. Based on the overall findings, it is not possible to favor a 
specific plant-based diet according to effect on parameters 
related to glucose metabolism.

Weight loss initiated by a reduction in total energy intake 
is assumed to be the main mechanism behind improved 
glycemic control caused by various dietary interventions, 
including different plant-based diets.36 Therefore, a dietary 
approach aiming to initiate weight loss is likely to improve 
glycemic markers. None of the studies with caloric restriction 
reported a significant difference in glycemic markers 
between the intervention diet and the comparison diet.20,24 

This suggests that the lack of difference between the control 
group and plant-based group may be seen as a result of the 
calorie restrictions in the comparison group.

Another important aspect regarding the different inter-
vention diets is the consistent use of fat-reduced vegan 
diets in a majority of the studies. Observational studies 
have shown that both vegetarians and vegans in general 
have a lower consumption of fat and total energy com-
pared to omnivores.37 In this regard, switching to a plant- 
based diet often results in reduced energy and fat content 
in the diet. As such, one can question whether it was 
necessary to impose such restrictions on the intervention 
diets. The frequent use of a low-fat vegan diet makes the 
interventions largely research-specific and requires that the 
results are interpreted with caution. Such intervention diets 
are not representative of a conventional plant-based diet 
and cannot tell whether a plant-based diet without nutri-
tional restrictions actually leads to glycemic control.

It has to be acknowledged that the macronutrient ratio in 
a diet likely is an important reason contributing to why 
different plant-based diets exert different effects on glucose 
metabolism. Beneficial effects on glucose metabolism in 
response to a plant-based diet can in some cases most likely 
be attributed the macronutrient composition in the diet, rather 
than the plant-based diet alone. A recent study comparing 
a ketogenic plant-based diet to both a lacto-vegetarian keto-
genic diet and an omnivorous ketogenic diet found that when 
the macronutrient and caloric intake of the three different 
diets were kept equal, glucose metabolism improved to the 
same degree, independently of the protein source in the diet 
being plant-based or not.38 This highlights the importance of 
taking the macronutrient composition of intervention diets 
into account when investigating plant-based diets compared 
to diets with animal foods.

The use of various diets as the comparator arm may also 
have affected the findings. Whether the studies in this review 
used a conventional omnivorous diet, one based on national 
health recommendations, or a diet otherwise specified as the 
comparison diet is a factor that should be taken into considera-
tion. In addition to the five studies that used a conventional 
diet in the control group, three studies used a diet based on 
recommendations in cases of T2DM or CVD, whereas one 
used a low-calorie Mediterranean diet as the comparison diet. 
These diets are often designed for weight loss or DM control, 
and thus the participants in the control groups did not remain 
untreated. In cases of reducing risk factors associated with 
chronic degenerative diseases, the Mediterranean diet is 
widely reported to be one of the healthiest and most effective 
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dietary patterns.37 A meta-analysis of 20 RCTs on various 
T2DM diet interventions reported the largest effect (reduction 
in HbA1c) with a Mediterranean diet.36 This underlines the 
fact that characteristics of the comparison diet are crucial to 
potential change in HbA1c levels, and that the use of 
a Mediterranean diet as comparison may lead to a reduction 
in effect size. In addition, the degree of similarity between the 
control diet and the original diet is decisive in whether one can 
conclude that a change in HbA1c is solely due to the plant- 
based diet or if it is seen as a result of a general change in 
eating pattern and dietary composition.

Strengths and Limitations
The present review has several strengths. All studies 
included followed an RCT design, considered the gold 
standard for dietary intervention studies. The fact that all 
participants in the studies were asked not to alter their 
exercise patterns or physical activity levels during the 
intervention period is an additional strength, as exercise 
is known to affect both energy metabolism and nutritional 
status.39 Also, the real-world nature of the studies and the 
fact that all subjects were responsible for their own food 
choices and living at home preparing their own meals 
makes the results applicable outside the research setting.

The fact that most of the participant groups had a high 
mean age — 50– 61 years — can be considered a limitation 
according to comparison to other population groups. In addi-
tion, all the studies were carried out in developed countries, 
and two-thirds of them were conducted on American popula-
tions. The results of an American study are not necessarily 
representative of other nationalities, and the overall conclu-
sions may not be transferable to developing countries.

Future Directions
The studies in the current review reported on participants 
who were generally health- 
conscious and had higher health literacy than average. 
Therefore, it is reasonable to assume that they were willing 
to make substantial dietary changes and may not have 
been representative of the general population. Based on 
the current findings, future research should focus on larger 
and more representative study populations. This applies to 
both normal-weight and clinically healthy participants, as 
well as subjects with T2DM, with greater diversity and 
better demographic distribution. Further, future studies 
should aim for more even distribution according to sex, 
as well as a greater diversity in the age of the participants.

The study duration in those included varied from 4 to 
24 weeks. Four weeks of intervention is a limited period 
that only only a suggestion of the possible interpretation of 
the results. However, to evaluate the long-term effects of 
a plant-based diet on glycemic control, a longer study is 
required. Plant-based intervention diets and omnivorous 
control diets should be unrestricted in both energy content 
and nutritional distribution, and be implemented in the 
everyday life of study participants over an extended period 
of time. The control diet should be similar to the partici-
pants’ original diet to avoid a major dietary adjustment in 
the comparison group, which may impact the effect size.

Considering the fact that most studies in this review 
used a low-fat vegan diet, it is difficult to draw 
a difference in effect on glycemic markers between differ-
ent plant-based diets. More varied plant-based interven-
tions should be conducted to acquire more knowledge 
about which plant-based dietary patterns are the most 
effective and potentially which patient groups or sub-
groups of the population benefit the most from such life-
style change. Increased knowledge highlights several 
beneficial health effects in response to an increased con-
sumption of plant-foods. Further research should aim to 
compare possible differences between a partly plant-based 
diet with a restricted intake of animal foods and a strict 
plant-based diet, as these differences have not been prop-
erly investigated to date. Future research might observe 
effects of less strict diets than those reported in the studies 
included in this review.

Implementing a plant-based diet in everyday life, as 
well as in clinical practice has been proposed as part of the 
prevention and treatment of overweight, obesity, and 
T2DM. Facilitated conditions, rapid initial weight loss, 
adequate education and information, and individualized 
counselling and support can contribute to a successful 
plant-based lifestyle and positive health effects.

Conclusion
When comparing the results from the nine studies in this 
literature review, the findings were inconsistent. The overall 
tendency was that a plant-based diet had no or little potential to 
improve glycemic markers compared to implemented control 
diets. Nonetheless, 44% of the studies proposed that a dietary 
pattern excluding foods of animal origin is likely to have 
beneficial effects on glucose metabolism in individuals with 
T2DM and overweight/obesity; however specific changes in 
glycemic profile were not consistent among the studies. 
Improvement in glycemic control can presumably be 
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explained by a reduction in excess body weight as 
a consequence of the reduced content of fat and energy in 
a plant-based diet compared to an omnivorous diet. The trials 
included reported results based on different intervention diets, 
control diets, and study populations. Overall, no clear conclu-
sion regarding effects of different plant-based diets can be 
drawn based on the current findings alone.
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