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Background: Despite considerable literature supporting the benefit of dietary interventions in individuals

with type 2 diabetes mellitus (T2DM) and overweight/obesity, which diet works best is currently unknown.

We conducted a systematic review and network meta-analysis (NMA) to evaluate the comparative effec-

tiveness of different dietary approaches in overweight or obese adults with T2DM. Methods: We searched

EMBASE, the Cochrane Central Register of Controlled Trials (CENTRAL) and PubMed up till July 2023 for

controlled studies using different dietary approaches. Next, we updated the literature search to

September 2024 but found no new relevant studies. Glycated hemoglobin A1c (HbA1c) levels and body

weight were used as primary outcomes. For each outcome, a pooled effect was determined for each

intervention compared with other interventions. Mean differences (MDs) and 95% confidence intervals

(95% CIs) were computed. The surface under the cumulative ranking curve (SUCRA) was used for ranking

the dietary approaches. Moreover, confidence was assessed using the CINeMA (confidence in network

meta-analysis) framework. Results: Overall, 31 trials that compared eight diet interventions

(Mediterranean, moderate-carbohydrate, low-carbohydrate, vegetarian, low-glycaemic index/load, low-

fat, high-protein and control diets) and involved 3096 people were included. In terms of glycemic control,

the Mediterranean diet yielded the best ranking (SUCRA: 88.15%), followed by the moderate-carbohydrate

diet (SUCRA: 83.3%) and low-carbohydrate (LC) diet (SUCRA: 55.7%). In terms of anthropometric

measurements, the LC diet (SUCRA: 74.6%) ranked first, followed by the moderate-carbohydrate diet

(SUCRA: 68.7%) and vegetarian diet (SUCRA: 57%). These results also showed that the differences in

almost all dietary patterns regarding anthropometric measurements were mostly small and often trivial.

Conclusions: In summary, the Mediterranean diet was the most efficient dietary intervention for the

improvement of glycaemic control, and the LC diet obtained the highest score for anthropometric

measurements in individuals with T2DM and concurrent overweight/obesity.

1. Introduction

The dual epidemic of obesity and type 2 diabetes mellitus
(T2DM), affecting all levels of society in almost every country,

is a slow-onset disaster and a major global public health issue.
According to the International Diabetes Federation, in 2015,
there were 415 million people living with diabetes globally,
with the total health expenditure attributed to diabetes
amounting to US$ 673 billion, and the disease accounted for
12.8% of the worldwide total mortality rate.1 Data from the
World Health Organization (WHO) showed that over 1.9 billion
adults were overweight in 2016, and of those, over 650 million
were obese.2 Overweight and obesity are important accelerators
of many diseases, including cardiovascular disease, cancer
and T2DM.3–5 Furthermore, obesity accounts for 80% of adults
with T2DM in Europe.6 The co-occurrence of obesity and dia-
betes significantly reduces the quality of life of individuals,
simultaneously placing a heavy burden on healthcare
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resources and systems. Although individuals with T2DM or
overweight/obesity alone receive much attention, people with
T2DM and coexisting overweight/obesity have been paid
limited attention.

To diagnose and monitor diabetes, the glycated hemo-
globin A1c (HbA1c) level is considered, which is the average
blood glucose level over the past 3 months. In T2DM patients,
every 1% increment in HbA1c levels is related to an approxi-
mate 13% increased risk of cardiovascular events.7–9

Individuals with T2DM who are also overweight were found to
be at a higher risk of cardiovascular diseases, with increasing
HbA1c levels related to an increased risk of adverse cardio-
vascular outcomes and all-cause death.10 Increased fasting
glucose levels are risk factors for vascular complications in
T2DM.11 Weight management is considered an important
aspect of treatment in individuals with T2DM. A weight gain of
5 kg and a body mass index (BMI) of 5 kg m−2 were found to
be associated with a 52% and 2.13-fold increased risk of
T2DM, respectively.12,13 Moreover, a larger waist circumference
was strongly and linearly linked with the risk of T2DM.14

Adjusting the diet is an important lifestyle factor that can
have a significant impact on the successful management of
T2DM and obesity. Dietary interventions have been proven to
improve glycemic control and weight, decrease the need for
glucose-lowering medications, and promote the sustained
remission of diabetes.15–17 In adults who are overweight or
who have T2DM, or in obese patients with T2DM, the
Mediterranean diet, low-carbohydrate (LC) diet, low-fat (LF)
diet, and high-protein (HP) diet are considered as suitable
dietary regimes for reducing hyperglycemia and body
weight.18–24 However, we still do not have a good understand-
ing of which dietary approaches are optimal for people with
T2DM who are overweight or obese. Although patients with
T2DM have been studied and different dietary approaches
have been compared, patients with T2DM who are overweight
or obese have not. Consequently, we decided to perform
network meta-analysis (NMA) to rank and compare all the
available interventions. Specifically, we aimed to use NMA to
compare the effects of various dietary interventions on glycae-
mic control and anthropometric measurements in overweight/
obese patients with T2DM.

2. Methods

This study was registered in PROSPERO International
Prospective Register of Systematic Reviews (register number:
CRD42023443504). The systematic review and NMA were
designed, conducted, and presented in accordance with
quality standards for reporting systematic reviews.

2.1. Literature search

The EMBASE, Cochrane Central Register of Controlled Trials
(CENTRAL), and PubMed databases were searched for relevant
English-language literature without time restrictions from incep-
tion until July 2023. The search term was predefined (ESI

Table S1†). Additionally, articles included in the reference lists
could also be searched manually. Two authors extracted the data
independently. Any disputes were settled by discussion or consul-
tation with an additional third author until consensus was
reached. The following information was extracted: first author,
publication time, location of the study conducted, study duration,
age, total number of participants included in the study, etc.

2.2. Eligibility criteria

Randomized controlled trials (RCTs) were included if they
included the different dietary approaches. The eligible dietary
interventions are listed in ESI Table S2,† while the criteria for
inclusion and exclusion in this review are provided in ESI
Table S3.†

2.3. Outcome

We used the HbA1c level and body weight as the primary out-
comes of the study. The fasting glucose level, BMI, and waist
circumference were used as the secondary outcomes.
Definitions of the outcomes are provided in ESI Table S4.†

2.4. Risk of bias assessment

The Cochrane Collaboration Risk of Bias Assessment Tool was
used to evaluate the methodological quality of the included
trials. We considered the following biases: random-sequence
generation, allocation sequence concealment, blinding of par-
ticipants and clinicians, completeness of outcome data, and
selective outcome reporting.25,26

If at a minimum of 3 out of the 5 items were considered
low risk and no more than one item was considered high risk,
the studies were considered to have a low risk of bias; while if
at least two of the five items were assessed as high risk, the
studies were considered to have a high risk of bias; and the
remaining studies were rated as having an unclear risk.

2.5. Data synthesis and analysis

2.5.1. Available data description. The characteristics of the
studies and populations in all the included trials were described,
including the available information and vital variables (e.g.,
mean age, sex ratio, dropout rates). A network diagram was
applied to describe the available direct comparisons between
the various dietary interventions in terms of each outcome. The
sample sizes associated with each intervention approach were
proportionate to the size of the nodes and the number of
included studies was proportionate to the width of the lines.

2.6. Transitivity assessment

One of the basic assumptions of NMA and indirect compari-
sons is transitivity, the violation of which is a threat to the val-
idity of the important results from a network meta-analysis.
The distribution of potential effect modifiers across the exist-
ing direct comparisons was compared to assess the assump-
tion of transitivity. The following effect modifiers were taken
into account: duration of diabetes, mean age, sample size, and
duration of research.
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2.7. Inconsistency assessment

Direct and indirect evidence should be consistent, as valid
findings rely on the consistency of the results. Local and
global approaches were used to assess inconsistency. The loop-
specific approach was used to identify if there were significant
inconsistencies, and the side-splitting approach was applied to
examine direct and indirect comparisons. The design-by-treat-
ment interaction model, which can be used to examine incon-
sistency from all the overall possible origins across the
network, was used to detect global approaches.

2.8. Statistical analysis

For each outcome, the pooled effect of one intervention versus
another was determined by carrying out a random effects
NMA. The comparison of different interventions and a clini-
cally meaningful ranking can be achieved by an NMA. With
regard to each outcome (HbA1c, fasting glucose, body weight,
BMI, and waist circumference), a league table was applied to
display the mean differences (MDs) with the corresponding
95% confidence intervals (95% CIs). The surface under the
cumulative ranking curve (SUCRA) was applied to evaluate the
relative rankings of the different interventions. In addition, a
frequentist framework was used to perform the calculations
with STATA17. The R package “netmeta” was used to generate
the network plots.

2.9. Subgroup and sensitivity analyses

Subgroup analyses were performed by considering the study
duration (<12 months vs. ≥12 months), sample size (<100 vs.
≥100), and age group (<60 years vs. ≥60 years). Sensitivity ana-
lyses were run by focusing only on studies judged to have a low
risk of bias and by excluding studies with a high risk of bias.

2.10. Small-study effects and publication bias

Comparison-adjusted funnel plots were applied to examine the
presence of small-study effects when 10 or more studies were
available.

2.11. Evidence credibility

The Grading of Recommendations Assessment, Development
and Evaluation (GRADE) system, as extended to NMA, was
used to assess the credibility of the evidence. The CINeMA web
tool, available at https://cinema.ispm.ch/, was applied to evalu-
ate the results of the NMA. Within-study risk of bias, reporting
bias, indirectness, imprecision, heterogeneity, and inconsis-
tency were judged qualitatively.27 The level of concerns for
each treatment effect of NMA were judged as “no concerns”,
“some concerns”, or “major concerns” for each of the 6
domains.28

3. Results
3.1. Characteristics

Our literature search retrieved a total of 9432 records, of which
114 full-text articles were evaluated in detail (Fig. 1). Of these,

83 articles were not included in the meta-analysis, with the
causes for exclusion provided in ESI Table S5.†

Ultimately, 31 trials29–59 met the inclusion criteria and gave
enough information to be included in the current study. All
the relevant articles included in the present meta-analysis were
published between 1999 and 2022 and enrolled a total popu-
lation of 3096 T2DM patients who were overweight or obese.
There were 12 trials carried out in Australia and New Zealand,
9 trials carried out in North America, 5 trials carried out in
Europe, 4 trials carried out in Asia, and 1 trial carried out in
South Africa. The duration of the interventions varied from 3
to 48 months; the average age of the enrolled patients was
36.5–66.9 years old, and the BMI varied between 25.17 (Asian
population) and 41.3 kg m−2. ESI Tables S6 and S7† summar-
ize the characteristics of the studies that were eligible for
inclusion.

The included studies used heterogeneous definitions for
their intervention diets, which could have introduce bias. For
example, the fat intake varied between the LF diets in the
included trials. Moreover, the included trials used different
protocols for the intervention arms (e.g., group meetings and
frequency, dietary consultation, exercise, and intensity).
Among the included trials, there was some variation in how
the control diet was defined. Three of the six control diets
involved were classed as “no intervention”, while the other
three control diets involved minimal intervention.

3.2. Risk of bias

Overall, 12 trials were classified as having a low risk of bias, 7
trials as high risk, and 12 trials as an unclear risk of bias.
Among the included trials, 58% studies had a low risk of bias
for generating random sequences, 19% for concealing allo-
cations, 0% for blinding, 77% for incomplete data, and 84%
for selective reporting, according to the specific items of the
Cochrane Collaboration risk of bias tool (ESI Fig. S1†).

3.3. Network diagrams

Fig. 2 shows the networks of trials used in the meta-analyses
for HbA1c, fasting glucose, body weight, BMI, and waist cir-
cumference, with the number of included studies proportional
to the width of the lines, and the sample number of each inter-
vention approach proportional to the size of the nodes.

3.4. Contribution matrix

A contribution matrix was used to show to which extent the
direct and indirect comparisons of the dietary interventions
contributed to the overall effect. The contribution to these
study effects were mainly from indirect comparisons (from ESI
Tables S8–S10†).

3.5. Transitivity

There was no evidence for transitivity (from ESI Fig. S2–S5†).
Thus, we concluded that there was no relevant clinical and
methodological heterogeneity across the treatment compari-
sons (intransitivity) in the current review.
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3.6. Forest plot

Forest plots for the network meta-analysis of HbA1c, fasting
glucose, body weight, BMI, and waist circumference are pro-
vided in ESI Fig. S6, S8, S10, S12, and S14.† Direct pairwise
meta-analyses are provided and summarized in ESI Fig. S7, S9,
S11, S13, and S15.† The data available for directly comparing
the glycemic control outcomes demonstrated that the
Mediterranean diet was more effective for this outcome. No
significant difference was observed in the anthropometric
measurements from the direct (head-to-head) evidence.

3.7. Results of the NMA

3.7.1. League table
3.7.1.1. Glycemic control. Table 1 shows the results of the

NMA for the glycemic control outcomes. The LF diet (MD:
0.50%; 95% CI: 0.13–0.87), Mediterranean (MD: 0.38%; 95%
CI: 0.07–0.7), and moderate-carbohydrate diet (MD: 1.48%;
95% CI: 0.43–2.54) were more efficacious than the control diet
in reducing HbA1c (moderate to very low confidence of evi-

dence). The Mediterranean diet also lowered HbA1c more
effectively compared to the HP diet (MD: 0.45%; 95% CI:
0.16–0.73) and LF diet (MD: 0.34%; 95% CI: 0.16–0.53) (very
low confidence of evidence). The moderate-carbohydrate diet
(MD: 0.62%; 95% CI: 0.04–1.20) was more effective than the
HP diet in reducing HbA1c (low confidence of evidence).

In terms of fasting glucose, the LC diet (MD: −1.59%; 95%
CI: −2.48 to −0.69), LF diet (MD: −1.79%; 95% CI: −2.87 to
−0.71), Mediterranean (MD: −1.77%; 95% CI: −2.57 to −0.98),
and vegetarian (MD: −2.2%; 95% CI: −4.16 to −0.25) were
more efficacious than the control diet in reducing fasting
glucose (high to moderate confidence of evidence). The
Mediterranean diet intervention was more effective than the
HP diet (MD: −0.95%; 95% CI: −1.67 to −1.23) and LF diet
(MD: −0.77%; 95% CI: −1.37 to −0.16) in decreasing fasting
glucose (low confidence of evidence).

3.7.1.2. Anthropometric measurements. Tables 2 and 3 sum-
marize the estimated effect sizes (MDs and 95% CIs) for com-
paring the intervention approaches with each other for body
weight (kg), BMI (kg m−2), and waist circumference (cm) (high

Fig. 1 Flow-chart of study selection.
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Fig. 2 Network diagrams for HbA1c (A), fasting glucose (B), body weight (C), BMI (D), waist circumference (E). The size of the nodes is proportional
to the total number of participants, and the thickness of the lines is proportional to the number of studies evaluating each direct comparison. BMI,
body mass index. GI/GL, glycaemic index/load.
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to very low confidence of evidence). The LC diet intervention
(MD: −7.67 cm; 95% CI: −14.09 to −1.24) reduced the waist cir-
cumference more effectively compared with the control diet
(moderate confidence of evidence). No significant difference
was noted in body weight, BMI, and waist circumference
between the groups.

3.7.2. SUCRA. Tables 4 and 5 show the SUCRA values for
the different interventions across all the outcomes in the
NMA. The SUCRA values for each treatment are presented in
ESI Fig. S16–S20† for HbA1c, fasting glucose, body weight,
BMI, and waist circumference, respectively. For HbA1c, the
SUCRA values ranked the moderate-carbohydrate diet (92.2%),
the Mediterranean diet (85.8%), and the LC diet (67%) as the
3 most beneficial interventions. For fasting glucose, the
Mediterranean diet was the diet with the greatest probability
to be the most successful (SUCRA, 90.5%), while the second
was the moderate-carbohydrate diet (74.4%), and the third was
the low-GI/GL diet (66.8%). The Mediterranean diet (88.15%)
was the highest efficacy dietary intervention for managing dia-
betic pathoglycaemia, based on the aggregated SUCRA values
for the two outcomes combined, followed by the moderate-
carbohydrate diet (83.3%) and the LC diet (55.7%). Regarding
body weight, the SUCRA values ranked the LC diet (70.9%), the
moderate-carbohydrate diet (69.8%), and the vegetarian diet
(64.6%) as the 3 most beneficial interventions. For BMI, the
moderate-carbohydrate diet (81.1%) was the diet with the
greatest probability to be the most successful, while the
second was the vegetarian diet (75%), and the third was the
LC diet (67.6%). For waist circumference, the LC diet attained
the best SUCRA score (85.3%), followed by the low-GI/GL diet
(74.3%) and Mediterranean diet (61.4%). The greatest dietary
approach for managing anthropometric measurements was
the LC diet (74.6%), followed by the moderate-carbohydrate
diet (68.7%) and the vegetarian diet (57%), based on the aggre-
gated SUCRA values for the three outcomes combined.

3.8. Inconsistency

No indication was observed for inconsistency with the side-
splitting approach regarding HbA1c, fasting glucose, body
weight, BMI, and waist circumference (from ESI Tables S11–
S15†). The loop-specific method presented some significant
inconsistency in the loop formed by the LF diet versus the
moderate-carbohydrate and control diets for HbA1c (ESI
Fig. S21†), whereas no important inconsistency was observed
in fasting glucose, body weight, BMI, and waist circumference
(from ESI Fig. S22–S25†). A notable inconsistency was found
in the design-by-treatment model for HbA1c (P = 0.00), but not
for fasting glucose (P = 0.403), body weight (P = 0.995), BMI (P
= 0.501), and waist circumference (P = 0.929).

3.9. Subgroup and sensitivity analyses

We did subgroup analyses to study the effect of the study dur-
ation, sample size, and mean age for each outcome (from ESI
Tables S16–S30†). The Mediterranean diet and moderate-
carbohydrate diet had greater efficacy in lowering HbA1c and
fasting glucose in the long run (≥12 months), in patients <60T
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years old, and in larger-sized studies (≥100), whereas the mod-
erate-carbohydrate diet showed no important difference in
patients ≥60 years old and in smaller-sized studies. The LC
diet was more effective in reducing body weight in patients
<60 years. Moreover, the LC diet showed greater efficacy for the
reduction of BMI in the short run.

Furthermore, it was confirmed that the Mediterranean diet
and moderate-carbohydrate diet showed greater efficacy in
HbA1c and fasting glucose decrease in the sensitivity analysis,
which excluded studies with a high risk of bias (ESI Tables S31
and S32†). Taken together, the findings suggest that both the
Mediterranean and moderate-carbohydrate diets lowered
HbA1c and fasting glucose more effectively. In terms of anthro-
pometric measurements (from ESI Tables S33–S35†), although
the LC diet and vegetarian diet showed greater efficacy, the
differences between the interventions remained small.

3.10. Publication bias

There was no asymmetry in the funnel plots for any of the five
outcomes (PHbA1c = 0.446, Pfasting glucose = 0.570, Pbody weight =
0.935, PBMI = 0.602, and Pwaist circumference = 0.737, from ESI
Fig. S26–S30†).

3.11. Confidence of evidence

The certainty of the evidence evaluated by CINeMA for all the
outcomes is presented in the ESI (Fig. S31–S35 and Tables

S36–S40†). The confidence of evidence was low or very low for
most of the comparisons and moderate for the comparison of
the control diet with the moderate-carbohydrate diet regarding
HbA1c (ESI Table S36†). The confidence of evidence was low or
very low for some of the comparisons and high or moderate
for the comparisons of the control diet with LF, HP, LC,
Mediterranean, moderate-carbohydrate, and vegetarian diets
regarding fasting glucose (ESI Table S37†). The confidence of
evidence was low or very low for some of the comparisons and
moderate for the comparisons of the control diet with LF, LC,
Mediterranean, moderate-carbohydrate diet, low-GI/GL, LC
with low-GI/GL, HP, moderate-carbohydrate, and vegetarian
diet regarding body weight (ESI Table S38†). The confidence of
evidence ranged from high to very low for BMI and waist cir-
cumference (ESI Tables S39 and S40†).

4. Discussion
4.1. Principal findings

Using NMA, 8 different interventions (Mediterranean, LC, veg-
etarian, moderate-carbohydrate, low-GI/GL, LF, HP, and
control diets) were first ranked for their comparative efficacy
for glycaemic control and anthropometric measurements in
individuals with T2DM who were also overweight or obese,
whereas previous meta-analyses tended to focus on only one of

Table 4 SUCRA values for the dietary approaches by outcomes (HbA1c and fasting glucose) and the summary SUCRA ranking for the two outcomes
combined

Rank HbA1C SUCRA (%) Fasting glucose SUCRA (%) Summary of HbA1c and fasting glucose SUCRA (%)

1 Moderate carbohydrate 92.2 Mediterranean 90.5 Mediterranean 88.15
2 Mediterranean 85.8 Moderate carbohydrate 74.4 Moderate carbohydrate 83.3
3 Low carbohydrate 63.7 Low GI/GL 66.8 Low carbohydrate 55.7
4 Low fat 47.1 Low carbohydrate 47.7 Low fat 46.5
5 Vegetarian 45 Low fat 45.9 Low GI/GL 45.25
6 High protein 32.9 Vegetarian 44.2 Vegetarian 44.6
7 Low GI/GL 23.7 High protein 30.4 High protein 31.65
8 Control 9.6 Control 0.2 Control 4.8

SUCRA, surface under the cumulative ranking curve. HbA1C, HbA1C. GI/GL, glycaemic index/load.

Table 5 SUCRA ranking for the dietary approaches by outcomes (body weight, BMI and waist circumference) and the summary SUCRA ranking for
the three outcomes combined

Rank Body weight
SUCRA
(%) BMI

SUCRA
(%)

Waist
circumference

SUCRA
(%)

Summary of body weight,
BMI and waist circumference

SUCRA
(%)

1 Low carbohydrate 70.9 Moderate
carbohydrate

81.1 Low carbohydrate 85.3 Low carbohydrate 74.6

2 Moderate
carbohydrate

69.8 Vegetarian 75 Low GI/GL 74.3 Moderate carbohydrate 68.7

3 Vegetarian 64.6 Low carbohydrate 67.6 Mediterranean 61.4 Vegetarian 57
4 Low GI/GL 53.7 Mediterranean 42.5 Moderate carbohydrate 55.1 Low GI/GL 55.7
5 Mediterranean 53.4 Low GI/GL 39 Low fat 46.9 Mediterranean 52.4
6 Low fat 40.1 High protein 32.5 High protein 38.6 Low fat 39.1
7 High protein 25.1 Control 32.1 Vegetarian 31.4 High protein 32.1
8 Control 22.5 Low fat 30.2 Control 7.1 Control 19.9

SUCRA, surface under the cumulative ranking curve. GI/GL, glycaemic index/load. BMI, body mass index.

Paper Food & Function

11968 | Food Funct., 2024, 15, 11961–11974 This journal is © The Royal Society of Chemistry 2024

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

8 
N

ov
em

be
r 

20
24

. D
ow

nl
oa

de
d 

on
 3

/2
1/

20
26

 1
0:

22
:3

1 
PM

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d4fo00337c


these conditions. The results from this study demonstrated
that the Mediterranean diet was the most effective diet for gly-
caemic control. The summary of the ranking showed that the
LC diet was the top-ranked diet in ameliorating anthropo-
metric measurements. Nevertheless, the confidence of the evi-
dence was judged between very low and moderate for many of
the comparisons. There is therefore a need for further high-
quality studies to enhance credibility.

4.2. Comparison with previous studies and reasons for the
differences

In this study, we confirmed the favorable effect of the
Mediterranean diet on fasting glucose and HbA1c reductions.
Also, we found that the glucose-lowering effect of the
Mediterranean diet was much more pronounced than the HP
and LF diet. T2DM is characterized by elevated blood glucose,
insulin resistance, and reduced glucose absorption by tissues,
posing a significant threat to human health.60 The
Mediterranean diet, which is rich in polyphenol foods, such as
whole grains, extra virgin olive oil, red wine, nuts, an assort-
ment of vegetables, and fruits, has been proven to improve
insulin resistance, T2DM, and metabolic syndrome. This
efficacy stems from the ability of polyphenols to activate the
intracellular adenosine monophosphate-activated protein
kinase (AMPK) pathway, and delay the oxygen consumption of
adenosine diphosphate in isolated mitochondria by upregulat-
ing the AMPK-dependent glucose transporter GLUT-4, thereby
improving insulin sensitivity and augmenting glucose uptake
by tissues.61–63 Olive oil, an important ingredient of the
Mediterranean diet, exerts antioxidant and anti-inflammatory
effects by reducing the activation of pro-inflammatory
mediators and increasing the bioavailability of nitric oxide.64

The glucagon-like peptide (GLP-1) exhibits a favorable effect in
the treatment of T2DM. Notably, the Mediterranean diet,
being particularly rich in poly-unsaturated fatty acids, aug-
ments the efficacy of GLP-1 by binding to and stimulating G
protein-coupled receptors, ultimately leading to heightened
GLP-1 secretion.65 The Mediterranean diet also boasts an
abundance of dietary fiber, which fosters the production of
short-chain fatty acids (SCFAs), microbial byproducts of the
gut microbiome. These SCFAs play a pivotal role in modulating
glucose and lipid metabolism by activating their respective
receptors and triggering the secretion of GLP-1 and GLP-2, ulti-
mately enhancing insulin sensitivity and promoting the pro-
liferation of related β cells.63 Thus, the Mediterranean diet
maintains diabetic homeostasis and improves blood glucose
by improving insulin sensitivity, gut microbiota, and stimulat-
ing anti-inflammatory and antioxidant effects.63,66

In order to reduce the global prevalence of obese people
with T2DM, it is important to identify effective strategies for
long-term weight control. The LC diet was found to be effective
for weight loss and could be recommended for people who are
overweight or obese.67 The LC diet scored the highest SUCRA-
value for anthropometrics in our present study, which was
inconsistent with the previous study that the caloric restriction
diet was rated as the most beneficial dietary intervention and

the LC diet was ranked as the second for weight loss and waist
circumference.68 The LC diet achieved weight loss by decreas-
ing insulin secretion and fat storage as well as prompting the
body to metabolize stored fat for energy. The LC diet typically
comprises a greater proportion of protein and fat, two macro-
nutrients known for their slower digestion rate, leading to a
prolonged feeling of satiety. This extended feeling of fullness
can effectively curb hunger pangs, facilitating better control
over overall calorie intake and ultimately supporting weight
management. In a LC diet state, the body must convert non-
sugar substances into glucose via gluconeogenesis to maintain
blood glucose levels,69 as there is an insufficient supply of
carbohydrates. Concurrently, proteolytic metabolism becomes
more active to provide energy. These processes collectively
increase the body’s energy expenditure and contribute to
weight reduction.

No significant between-groups differences were noted in
body weight, BMI, and waist circumference in this NMA,
which was consistent with previous studies.70,71 Indeed, a drop
in body weight and associated beneficial functional and meta-
bolic changes are favored by any dietary intervention resulting
in reduced energy intake.69 In addition, these studies included
a control group that received dietary interventions with higher
carbohydrate intakes, and consequently the anthropometric
measurements in the control groups were similar to those in
the other dietary groups, in line with previous studies.72,73

There are two possible reasons for this: too few trials were
included to identify a significant difference. Second, the
control group was subjected to a series of interventions,
including the administration of standard dietary and exercise
advice44 or an energy-restricted meal plan.74 Although our
present results indicated that the differences in anthropo-
metric measurements were mostly small and often trivial for
almost all the dietary patterns, health risks were not reported
in the included trials and could vary.75 Therefore, the effects
of different diets on health risks, side effects, and patient com-
pliance need further study.

The previous evidence indicated there were no significant
differences in body weight and BMI between low glycaemic
index/load (low-GI/GL) diets versus high GI/GL diets or any
other diet in patients who were overweight or obese.76

Although the low-GI/GL diet showed no significant difference
in glycaemic control in our study, the low-GI/GL diet has pre-
viously shown a better effect on improving glycaemic control
compared with higher-GI diets or control diets in people with
T2DM,77,78 which may be due to differences in the compara-
tors and study populations, and so further research is necess-
ary to investigate this. Moreover, the vegetarian diet was more
efficient for fasting glucose compared with the control diet in
this study, whereas no significant difference was noted with
the other between-groups comparisons, which was attributed
to the small number of trials included. The vegetarian diet,
which contains a higher fiber content, lowers the postprandial
glucose response through mechanisms like reducing gastric
emptying, thereby slowing down starch digestion and glucose
absorption.79 Among the macronutrients, carbohydrates exert
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the most significant influence on blood glucose and insulin
levels, serving as the primary trigger for insulin secretion. A
reduction of serum insulin concentrations and enhanced
insulin sensitivity occur when adopting a LC diet, which also
confers additional benefits such as decreased levels of ghrelin
and leptin, along with increased energy expenditure.80

Limiting carbohydrate intake decreases the primary source of
blood glucose, thereby directly lowering blood glucose levels.
Additionally, it promotes fat metabolism and the production
of ketone bodies, which contribute to the stabilization of
blood glucose levels. This may partially explain the mechanism
of the hypoglycemic effect induced by restrictive carbohydrate
diets. Moreover, we did not find a significant glucose-lowering
effect of the HP diet. The HP diet decreased fasting glucose
and HbA1c.47,81 The inconsistent results may be due to a
variety of factors, including variations in protein sources in the
HP diet, the population, total energy intake, and other factors.

Consistent with our findings, a previous meta-analysis
showed that moderate-carbohydrate diet and Mediterranean
diet interventions had better efficiency in HbA1c reduction in
the long run (≥12 months) than in the short run (<12 months)
in comparison with other diets in patients with T2DM.26,82 In
addition, it is worth noting that the Mediterranean diet was
more efficient in lowering HbA1c in patients <60 years old,
which is similar with previous studies.26,83 Importantly, the
Mediterranean and moderate-carbohydrate diets were more
effective in lowering HbA1c in larger-sized trials, while the
vegetarian and LC diet had better results in smaller-sized
studies. However, a previous study found that the
Mediterranean diet had a better effect in the short run and
in larger-sized trials compared to control diets.84 One poss-
ible explanation for this was that Mediterranean diet was
effective in both the long and short term and as the number
of included trials with the Mediterranean diet was small,
leading to inadequate statistical power for assessing these
dietary patterns compared with other diets. Whether these
differences, as shown in this subgroup analysis, are due to
age, the study duration, or sample size remains to be deter-
mined. The Mediterranean diet was more efficient than the
other diets in fasting glucose reduction, which was consist-
ent with some previous studies84,85 but contradicted another
study.86 However, the Mediterranean diet findings should be
interpreted with caution since only two trials were available,
and there was a low quality of evidence assessed in the
study.

Although current trends favor the LC, low-GI/GL, and
Mediterranean diets, there is no optimal dietary strategy for
patients with obesity and diabetes.87 According to the results
of our research on obesity and T2DM in such people, we rec-
ommend the clinical use of the Mediterranean diet and the LC
diet, but more research is still needed. A review reported that
overweight or obese patients with T2DM were more encour-
aged to adopt the low-carbohydrate Mediterranean diet to
control their glycaemic index/load and weight.88 Therefore,
future studies should consider the effects of various diets in
terms of long-term efficacy, safety, and the health risks.

4.3. Strengths and limitations of the study

NMA methods, which are a combination of direct and indir-
ect comparisons performed simultaneously, were used in
this systematic review. Another strength included identifying
inconsistencies and assessing the confidence of evidence.
To the best of our knowledge, the current study is the first to
rank 8 different dietary intervention in terms of their com-
parative effectiveness in patients with T2DM who were also
overweight or obese, whereas previous studies have focused
only on people with T2DM or obesity. This study demon-
strated that the Mediterranean diet was the most effective
intervention diet for improving glycaemic control and the
LC diet obtained the highest score for anthropometric
measurements in individuals with T2DM who were also
overweight or obese. This will have an impact on evidence-
based decision-making regarding dietary interventions to
manage people with T2DM who are also overweight or
obese.

The primary limitation of this review was the relatively
small number and quality of the included studies. The
number of studies was only 31, and 7 of the 31 trials were
assessed as having a high risk of bias for quality. However, all
the main findings in this study were validated by sensitivity
analyses that excluded trials with a high risk of bias. Another
important limitation was the different definitions of the
different diet interventions and the overlap between some of
them. For example, the definitions of the control diets were
different, both no intervention and minimal intervention;
while the overlap of the LF diets was reflected in the percen-
tage of fat intake: ranging from 10%–30% fat, etc. Another
limitation was the statistical inconsistency in HbA1c, which
was also presented in the GRADE rating, reducing the confi-
dence in the effect estimates and rankings. Finally, most of the
trials focused on the comparisons of the LF diet and LC diet,
HP, and moderate-carbohydrate diet, respectively, with fewer
trials with other diets.

5. Conclusion

In summary, the Mediterranean diet is the most effective
dietary intervention for improving glycaemic control while the
LC diet is ranked the highest for anthropometric measure-
ments in individuals with T2DM who are also overweight or
obese. Nevertheless, confidence in the evidence was mostly
very low to moderate.
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