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Medicine, Taiyuan, China

Background: Dietary patterns play an important role in the management
of metabolic syndrome (MetS). Previous meta-analyses have shown that the
ketogenic diet, the Dietary Approaches to Stop Hypertension (DASH) diet,
the vegetarian diet, the Mediterranean diet, the low-fat diet, and the low-
carbohydrate diet are beneficial for patients with MetS, but there is still a lack of
direct comparison of the intervention effects of the above six dietary patterns.
Objective: This study aimed to explore the intervention efficacy of different
dietary patterns on MetS and to evaluate and compare the corresponding
effects.

Methods: A comprehensive search was carried out in electronic databases such
as Embase, Cochrane Library, PubMed, Web of Science, Scopus, CNKI, Wanfang,
VIP, and CBM. The search covered studies published from the establishment
of the databases up to 1 April 2025, with a focus on dietary patterns that can
improve metabolic syndrome. A network meta-analysis was carried out using
Stata 16.0 software.

Results: Eventually, 26 randomized controlled trials were included, involving
2,255 patients. The results of the network meta-analysis showed that the DASH
diet [MD = -5.72, 95% CI (-9.74, —1.71)] and the vegan diet [MD = —-12.00, 95%
Cl (-18.96, —5.04)] were more effective in reducing the waist circumference
of patients with MetS than the control diet group. In terms of lowering blood
pressure, the DASH diet [MD = —5.99, 95% CI (-10.32, —1.65)] and the ketogenic
diet [MD = -11.00, 95% CI (-17.56, —4.44)] were more effective in reducing
systolic blood pressure in patients with MetS than the control diet group. The
ketogenic diet [MD = -9.40, 95% CI (-13.98, —4.82)] was more effective in
reducing diastolic blood pressure in patients with MetS than the control diet
group (p < 0.05). According to the ranking results, a vegan diet is the best
choice in terms of reducing waist circumference and increasing high-density
lipoprotein cholesterol levels. The ketogenic diet is highly effective in lowering
blood pressure and triglyceride levels. The Mediterranean diet is highly effective
in requlating fasting blood glucose.

Conclusion: The current evidence indicates that the vegan diet, the ketogenic
diet, and the Mediterranean diet might have more pronounced effects in
ameliorating MetS. Further high-quality research is needed to validate these
findings.

Systematic review registration: https://www.crd.york.ac.uk/PROSPERO/,
identifier (CRD420251052075).
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Introduction

Metabolic syndrome (MetS) is a chronic non-communicable
disorder characterized by a complex array of metabolic abnormalities.
These include insulin resistance, hypertension, abdominal obesity,
impaired glucose metabolism, and dyslipidemia. In 2009, the
International Diabetes Federation (IDF) proposed that MetS can
be diagnosed when any three of the following five risk factors are
present: abdominal obesity, elevated blood pressure, elevated
triglycerides, decreased high-density lipoprotein cholesterol, and
elevated fasting glucose are widely used diagnostic criteria (1, 2). In
recent years, MetS has become an important global public health issue.
Epidemiological data suggest that the global prevalence of MetS in
adults has exceeded 20%, and the incidence continues to increase over
time (3). From the perspective of regional distribution, the prevalence
of metabolic syndrome in Chinese adults reported in relevant
literature from 2014 to 2017 was 21.9% (4). The prevalence of MetS in
the adult population has increased from 20 to 25% in developed
countries, and its incidence continues to increase over time (5-7).
Furthermore, MetS not only doubles the risk of type 2 diabetes and
quintuples the risk of major cardiovascular events but also significantly
elevates the risk of other chronic diseases, including cancer,
neurodegenerative diseases, non-alcoholic fatty liver disease, and
circulatory system diseases (8-10).

Dietary factors have emerged as a crucial predictor of the
incidence and progression of chronic diseases. Traditional methods
in nutritional epidemiology primarily analyze the individual impact
of food or nutrients on health (11). However, diet is a complex blend
of diverse foods, and different foods and nutrients are interconnected
and interact with one another. Analyzing the relationship between
a single food or nutrient and health fails to fully reflect the
comprehensive impact of diet on health. Therefore, in recent years,
scholars both at home and abroad have put forward and established
a comprehensive evaluation index for the intake status of individual
foods and nutrients based on modern nutritional epidemiology
methods—dietary patterns. This index not only takes into account
the individual effects of nutrients and foods but also considers the
interactions between them, enabling a more comprehensive
assessment of the impact of diet on health. Previous meta-analyses
have verified that the ketogenic diet pattern exerts a significant
influence on metabolic factors such as body mass index (BMI), high-
density lipoprotein cholesterol (HDL-C), triglyceride (TG), and
blood glucose in patients with MetS (12). The Dietary Approaches
to Stop Hypertension (DASH) diet has been validated for its
beneficial effects on blood pressure and lipid profiles, significantly
reducing both systolic and diastolic blood pressure levels while
modulating concentrations of high-density lipoprotein cholesterol
(HDL-C), low-density lipoprotein cholesterol (LDL-C), and total
cholesterol (13). The vegan diet pattern has been shown to reduce
weight and blood glucose levels in patients with MetS (14). The
Mediterranean diet pattern exerts a beneficial impact on the
incidence of MetS (15). The low-fat diet pattern has the potential to
reduce C-reactive protein in patients with MetS (16). The
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low-carbohydrate diet pattern has the potential to reduce weight and
blood glucose levels in patients with MetS. Although dietary patterns
have gradually become the primary focus of dietary guidelines, the
comparison of dietary patterns for primary prevention in MetS
remains limited. At present, in the academic community, there is a
dearth of direct comparisons of the intervention effects of the six
dietary patterns mentioned above. Network meta-analysis is capable
of integrating direct and indirect evidence and ranking the effects of
diverse intervention methods according to the analysis findings.
Therefore, this study aims to utilize network meta-analysis to
synthesize the actual effects of different dietary patterns in treating
patients with MetS and compare their efficacies. This will provide
the most suitable dietary pattern for MetS patients and
comprehensive evidence for the future clinical treatment of
MetS patients.

Methods

The present systematic review and NMA were performed
according to the Preferred Reporting Items for Systematic Reviews
and Meta-analysis Network Meta-analysis Extension Statement (17).
This research has been registered on the International Prospective
Register of Systematic Reviews (PROSPERO). Registration number:
CRD420251052075.

Inclusion criteria

1 Population (P): Patients who have been diagnosed with MetS
and are 18 years of age or older. There are no restrictions
regarding nationality, race, gender, or disease duration.

2 Intervention (I): The observation group selected one of six
dietary patterns, namely the DASH diet, vegan diet,
low-carbohydrate diet, Mediterranean diet, low-fat diet, and
ketogenic diet.

(1) DASH diet: A dietary pattern with high intake of fruits,
vegetables, low-fat dairy products, and whole grains and
limited intake of red meat and sugar. Fat accounts for 27%
(saturated fat 6%), carbohydrate 55%, and protein 18% (18).

(2) Vegan diet: A dietary pattern with whole grains, legumes,
vegetables, fruits, nuts, mushrooms, and algae as the core, with
appropriate eggs and milk. The main fat is unsaturated fatty
acid, and the ratio of carbohydrate to protein is flexible (19).

(3) Low-carbohydrate diet: A dietary pattern that strictly limits
carbohydrate intake to less than 25% of total energy intake (18).

(4) Mediterranean diet: A dietary pattern that includes vegetables,
fruits, nuts, legumes, whole grains, and olive oil, with moderate
amounts of fish, dairy products, and red wine, and limited red
meat and processed foods. Fat accounts for 35-45%, mainly
from monounsaturated fat, carbohydrate 40-45%, and protein
15-18% (18).
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(5) Low-fat diet: A dietary pattern that emphasizes the intake of
high amounts of grains and cereals. Fat accounts for less than
30% of total energy intake, carbohydrate 50-60%, and protein
10-15% (18).

(6) Ketogenic diet: A dietary pattern that limits carbohydrate
intake to 5-10% of total energy intake, and the remaining
carbohydrate is replaced by dietary fat and adequate
protein (20).

3 Comparison (C): The control diet was used as our reference
diet, including the “usual diet” (e.g., the usual diet with no
changes) or the “typical national diet”.

(0):
circumference (WC), systolic blood pressure (SBP), diastolic
blood pressure (DBP), fasting blood glucose (FBG),
triglycerides (TG), and high-density lipoprotein cholesterol
(HDL-C).

5 Study design (S): The study design was a randomized controlled
trial (RCT).

4 Outcomes Outcome indicators include waist

Exclusion criteria
The exclusion criteria were as follows:

1 Children
lactating women,

(aged <18years), pregnant women, or
2 Duplicate publications,

3 Literature not in Chinese or English, and

4 Literature for which the original text or raw data could not

be retrieved.

Search strategy

Computerized searches were performed in databases including
EMBASE, Cochrane Library, PubMed, Web of Science, Scopus, China
(CNKI), Wanfang Data
Knowledge Service Platform, VIP Chinese Science and Technology
Journal Database (VIP), and China Biomedical Literature Database
(CBM). The search was carried out by integrating MeSH subject terms

National Knowledge Infrastructure

and free terms. The search strategy was modified in accordance with
the search rules of different databases. The snowball approach was
used to manually search for relevant references containing the
literature and to keep track of the relevant studies that have been
incorporated into the systematic review. The search period spanned
from the establishment of the databases to 1 April 2025. The search
strategy for PubMed is presented in Table 1.

Literature screening and data

Two trained researchers (JL and SJ) independently performed the
initial screening and full-text screening of the literature. Any
discrepancies were resolved through discussion or with the
involvement of a third researcher (QZ) when necessary. Data
extraction was conducted separately by JL and subsequently cross-
verified by QZ to ensure accuracy. The literature was imported into
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TABLE 1 Search strategy in PubMed.

Steps ‘ Search

#1 (metabolic syndrome|[Title/ Abstract])OR (Metabolic
Syndrome[MeSH Terms])

#2 (CCCCCECCCeccccccceeeeccc((diet* [ Title/ Abstract]) OR (dietary
pattern*[Title/ Abstract])) OR (Diet, Ketogenic[MeSH Terms]))
OR (Ketogenic diet*[Title/ Abstract])) OR (Keto diet*[Title/
Abstract])) OR (Diet, DASH[MeSH Terms])) OR (DASH
diet*[Title/ Abstract])) OR (Dietary Approaches to Stop
Hypertension[Title/Abstract])) OR (DASH eating plan|Title/
Abstract])) OR (Diet, Vegetarian[MeSH Terms])) OR
(Vegetarian diet*[Title/ Abstract])) OR (Vegan diet*[Title/
Abstract])) OR (plant-based diet*[Title/ Abstract])) OR (meat-
free diet*[Title/Abstract])) OR (Diet, Mediterranean[MeSH
Terms])) OR (Mediterranean diet*[Title/ Abstract])) OR
(Mediterranean dietary pattern[Title/ Abstract])) OR
(MedDiet[Title/Abstract])) OR (cretan diet[Title/ Abstract]))
OR (Diet, Fat-Restricted[MeSH Terms])) OR (Low-fat
diet*[Title/Abstract])) OR (fat-restricted diet*[Title/ Abstract]))
OR (reduced-fat diet*[Title/ Abstract])) OR (hypolipidemic
diet*[Title/ Abstract])) OR (Diet, Carbohydrate-
Restricted[MeSH Terms])) OR (Low-carbohydrate diet*[Title/
Abstract])) OR (low-carb diet*[Title/Abstract])) OR (carb-
restricted diet*[Title/ Abstract])

#3 ((((Randomized Controlled Trials[Publication Type]) OR
(controlled clinical trial[Publication Type])) OR
(randomized[Title/Abstract])) OR (randomly[Title/Abstract]))

#4 #1 AND #2 AND #3

EndNote X9, a literature management software. Duplicate and
irrelevant literature were removed, and the abstracts and full texts
were then read. The literature was screened in accordance with the
inclusion and exclusion criteria, and relevant information was
retrieved. The extracted information included details of the
underlying study, which included the name of the first author, year of
publication, country, sample size in each group, intervention method,
proportion of women, age, duration of the intervention, outcome
measures, and energy restriction and drop-out rates.

Literature quality assessment

Two researchers used the Cochrane Risk of Bias in Randomized
Trials (RoB 2) tool (21) to assess the included literature. The evaluation
content covered: randomization process, bias in intervention
implementation, missing outcome data, outcome measurement, and
selection of reported results. According to the RoB 2 results, each
article was categorized as “high risk;” “some concerns,” or “low risk””
Disagreements were addressed through consultation with other
members of the research team.

Statistical approaches

This research used network meta-analysis to assess the disparities
in the impacts of various dietary patterns on outcome indicators. The
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analysis was carried out using Stata 16.0 software. The direct comparative
relationship and closed loop among the intervention measures were
visualized by drawing a mesh diagram. The size of the node and the
width of the edge represent the sample size, weight, and number of
direct comparative studies, respectively. The consistency of evidence is
assessed through the global chi-squared test. The mean difference (MD)
was used as an effect index for continuous variables. A league table was
constructed using the random effects model. The MD values and their
95% confidence intervals (CIs) for all pairwise comparisons were
presented in matrix format. A p-value of less than 0.05 indicated that the
difference was statistically significant. When a study had two dietary
pattern interventions, they were treated as separate studies and were
included in the NMA. The area under the surface of the cumulative
ranking curve (SUCRA) of various intervention methods was quantified
and presented graphically. The probability of each dietary pattern
emerging as the best choice was evaluated and characterized. Finally, the
funnel plot was utilized to assess publication bias.

Sensitivity analyses

A sensitivity analysis was performed to assess the potential effect
of the duration of the intervention on the robustness of the pooled
results. The analysis restricted the included studies to those with
intervention durations between 12 and 48 weeks to rule out possible
heterogeneity introduced by very short or long intervention periods
and to test the reliability of the main conclusions. Within this range,
we reconstructed the evidence network for all prespecified outcome
measures and used a random-effects model that was consistent with
the main analysis to perform a network meta-analysis to determine
the sensitivity of the results to intervention duration by comparing the
effect size estimates with the cumulative SUCRA values.

Results
Literature search results

A total of 7,128 articles were retrieved from the database, with 1,806
duplicate articles excluded. Subsequently, 5,268 articles were eliminated
based on a review of their titles and abstracts, and finally, 54 articles met
the inclusion criteria. Upon further examination of the full texts, an
additional 28 articles were excluded: specifically, 2 articles could not
be obtained, 11 were excluded due to inconsistent research subjects, 1
was not an RCT, 8 outcome indicators did not satisfy the inclusion
criteria, data from 4 studies could not be converted, and 2 interventions
did not align with the predefined 6 dietary patterns. In conclusion, a
total of 26 articles were included in the quantitative analysis. The
literature screening process and results are illustrated in Figure 1.

Fundamental characteristics of the
included literature

A total of 26 studies (22-47) were incorporated into this research.
These studies involved 2,255 patients from 15 countries, namely the
United States, Korea, Iran, Poland, Brazil, New Zealand, the
United Kingdom, Thailand, Norway, Italy, Israel, Canada, Australia,
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Ireland, and Spain. The duration of the studies spanned from 4 to
96 weeks, with 14 of them lasting from 12 to 24 weeks. Seven dietary
patterns were included: DASH diet, vegan diet, ketogenic diet,
low-carbohydrate diet, Mediterranean diet, low-fat diet, and control
diet. The basic characteristics of the included literature are shown in
Table 2.

Bias risk in the included studies

All of the included studies were evaluated independently and
simultaneously by two authors. The findings of the risk of bias (RoB)
analysis are presented in Figure 2. The overall risk of bias (RoB) of five
studies (27, 28, 30, 38, 42) was rated as high, whereas that of 21 studies
(22-26, 29, 31-37, 39-41, 43-47) was rated as low. Among the five
types of risks assessed, namely randomization process, deviations
from intended intervention(s), missing outcome data, outcome
measurement, and outcome reporting selection, the first two were the
primary sources of bias in the included studies.

In the evaluation of the randomization process, if the study report
was lacking key details or explicitly stated that double blinding had
failed, it was determined that a bias risk existed in this area. The crucial
aspects of assessing deviations from the intended intervention(s)
include the blind execution by assessors or analysts, as well as potential
systematic errors that could be introduced by the experimental
environment. Regarding the issue of missing outcome data, a majority
of studies reported the data of randomized subjects either completely
or almost completely. We have considered a dropout rate of <10% as
one of our criteria. Conversely, studies identified as having problems
or a high risk of bias often had a substantial proportion of subjects drop
out or did not report any information regarding missing data
whatsoever. The quality assessment findings of the included literature
are presented in Figure 2. In most studies, the risk of outcome
measurement bias was judged to be low, as the assessments were
conducted by an independent third party not involved in the research.
However, two studies constituted exceptions. One study (36) provided
insufficient information regarding whether outcome assessors were
aware of the participants’ assigned interventions, thereby introducing
uncertainty about potential bias. In the other study (27), the researchers
responsible for measuring outcomes were explicitly aware of the
participants’ group allocation, which may have compromised the
objectivity of the results due to prior knowledge of treatment
assignment. Furthermore, eight studies were assessed as having a
moderate risk of selective outcome reporting due to the absence of a
pre-specified trial protocol. Consequently, we categorized this domain
as “some concerns.” It should also be noted that this study only
addressed implementation bias in relation to “blinding” for those
studies deemed at risk. The primary reason for this limitation lies in the
inherent characteristics of dietary interventions—specific intervention
strategies, such as modifications in food intake or dietary structure, are
difficult to conceal from participants and caregivers, thereby making
blinding particularly challenging.

Network evidence diagram

Figure 3 presents a network diagram of direct comparisons for
each outcome indicator. Each dot in the figure corresponds to a
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FIGURE 1

Flow diagram of included studies.

distinct dietary pattern. The size of the dots reflects the sample size
incorporated in each dietary pattern. The lines that connect the dots
signify direct comparisons among dietary patterns. The thickness of
these lines is proportional to the number of RCTs included in each
pair of dietary patterns. A total of 14 articles (22, 24-27, 32, 34, 37-40,

, 46, 47) presented findings on WC, covering all seven dietary
patterns. Eighteen articles (22, 24-28, 32, 34-37, 39-41, 43, 45-47)
reported on blood pressure, covering all seven dietary patterns.
Seventeen articles (22, 23, 28-33, 35, 37-42, 44, 45, 47) reported
findings regarding TG, encompassing all seven dietary patterns.
Twenty-three articles (22-24, 26-33, 35-42, ) presented findings
on high-density lipoprotein cholesterol, covering all seven dietary
patterns. Nineteen articles (22, 23, 25, 26, 29-33, 36-44, 47) reported

on the impact of FBG, involving six dietary patterns.

Frontiers in

Consistency check

The findings of the consistency check for this study indicate that
the p-value for each model is greater than 0.05. Specifically, the p-value
for the WC score is 0.276, for the SBP score is 0.499, for the DBP score
is 0.536, for the triglyceride score is 0.624, for the high-density
lipoprotein cholesterol score is 0.089, and for the FBG score is 0.463.
Consequently, the overall consistency is satisfactory.

Results of network meta-analysis on WC

The findings of the network meta-analysis revealed that, in
comparison to the control diet group, the DASH diet [MD = —5.72,
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TABLE 2 Basic characteristics of the included literature.

Included
study

Choi etal. (22)

Country

Korea

2015

Sample size (example)

Experimental
group

21

Control
group

% of female

Experimental
group

100

Control
group

100

Age

Experimental
group

73.0+3.9

Control
group

73.8+58

Intervention
time
onths)

8 weeks

Intervention

Experimental
group

DASH diet

method

Control
group
Control diet
(regular diet
without
special

guidance)

Outcome
indicator

abcde

Energy
restriction

No

% of drop-out

Experimental
[e]{eT0] ¢}

Control
group

14.3

Al-Solaiman

etal. (23)

The United States

2010

80

80

403 +1.7

367+ 18

6 weeks

DASH diet

Control diet
(regular diet
without
special

guidance)

cde

Yes (the two
groups were

calorically equal)

21

Azadbakht

etal. (24)

Iran

2005

28

27

70

70

41.5+12.5

41.3+12.18

24 weeks

DASH diet

Control diet
(regular diet
without
special

guidance)

abd

Yes (a daily energy
deficit of 500 kcal)

Kucharska

etal. (25)

Poland

2018

64

62

53

48

61.34 +7.90

58.11 +8.52

12 weeks

DASH diet

Control diet
(regular diet
without
special

guidance)

abe

No

The overall dropout rate was 7.2%

Paula et al.

(26)

Brazil

2015

20

20

40

70

61.8 £8.1

62.5+8.8

4 weeks

DASH diet

Control diet
(regular diet
without
special

guidance)

a,b,de

Yes (25-30 keal/
kg)

Wright et al.
@7

New Zealand

2017

33

32

67

56+9.9

24 weeks

Vegan diet

Control diet
(regular diet
without
special
guidance)

No

24

25

Mishra et al.

(28)

‘The United States

2013

142

149

77

88

44.3 +15.3

443+ 153

18 weeks

Vegan diet

Control diet
(regular diet
without
special
guidance)

bcd

No

34

21

Barnard et al.

(29)

The United States

2020

30

32

73

81

56.6 +10.9

58.3+84

16 weeks

Vegan diet

Mediterranean

diet

cde

No

The overall dropout rate was 16%

(Continued)
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TABLE 2 (Continued)

Included  Country Sample size (example) % of female Age Intervention  Intervention method  Outcome Energy % of drop-out
study time indicator restriction
Experimental = Control Experimental Experimental = Control (months)  Experimental Control Experimental Control
group group group group group group group group group
Control diet
(regular diet
Kahleova et al.
The United States 2020 117 106 / 53+10 57+13 16 weeks Vegan diet without cde / 4.1 13.1
(30)
special
guidance)
Volek et al. Yes (1,500 keal/
‘The United States 2009 20 20 50 50 32.6+11.3 369+ 125 12 weeks Ketogenic diet Low-fat diet cde 0 0
(1) day)
Bradley etal. Low-carbohydrate Yes (a daily energy
the United Kingdom 2009 12 12 58 67 37.1£89 40.5+10.4 8 weeks Low-fat diet a,bcde 11 11
(32) diet deficit of 500 kcal)
Volek et al. Low-carbohydrate
‘The United States 2004 13 13 100 100 34.0+8.6 4 weeks Low-fat diet cde / 0 0
(33) diet
Control diet
Pinsawas et al.
Thailand 2017 26 22 73 86 409+ 1.7 385+ 1.7 52 weeks Ketogenic diet (typical Thai ab / /
(34)
diet)
Yes (the
experimental
group had a daily
Saslow et al. Low-carbohydrate
The United States 2017 16 18 / / 48 weeks Low-fat diet bed reduction of bocd 17
(35) diet
500 keal and the
control group had
no change)
Veum etal. Low-carbohydrate
Norway 2017 20 16 0 0 40.3 £5.53 40.2 +4.50 12 weeks Low-fat diet b,d,e ! 11 20
(36) diet
90 90 50 40 44 96 weeks Mediterranean diet Control diet abcde No 8.9 89
(regular diet
Esposito et al.
Ttaly 2004 without
37)
special
guidance)
Elhayany et al. | Israel 2010 63 55 44 50 55-57 48 weeks Mediterranean diet Control diet acde Yes (The two ‘The overall dropout rate was 25.1%
(38) (regular diet groups were
without calorically equal)
special
guidance)
Richard et al. Canada 2011 26 26 0 0 49 20 weeks Mediterranean diet Control diet abcde Yes (Reduce 500 'The overall dropout rate was 10.3%
(39) (regular diet keal daily)

without
special

guidance)

(Continued)
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TABLE 2 (Continued)

Included = Country Sample size (example) % of female Age Intervention  Intervention method = Outcome Energy % of drop-out
study time indicator restriction
Experimental = Control @ Experimental = Control Experimental Control (months) | Experimental Control Experimental Control
group group group group group group group group group group
Fortin et al. Canada 2018 14 14 50 36 521497 498+11.2 24 weeks Mediterranean diet Low-fat diet ab,cde No 103 0
(40)
‘Wade et al. Australia 2018 19 19 68 60.8 + 6.3 59.6+7.6 8 weeks Mediterranean diet Low-fat diet bd.e Yes (About 2000 9 9.1
(41) keal/ day)
Sofietal. (42) | Italy 2018 103 104 78 50 12 weeks Mediterranean diet Vegan diet cde No 12 13
Tierney et al. Ireland 2010 106 100 54 53 54.70 £ 0.91 54.91+0.86 12 weeks Low-fat diet Control diet abe No 109 174
(43) (typical
Nordic diet)
Meneses etal. | Spain 2011 12 8 / 56.5+2.0 57.8+3.1 12 weeks Low-fat diet Control diet cde Yes (About 2380
(44) (typical keal/ day)
Nordic diet)
Cruz-Teno Spain 2012 20 17 65 64 563+ 1.8 585+ 1.9 12 weeks Low-fat diet Control diet bcd Yes (approximately 0 0
etal. (45) 1,960 kcal/day)
Cambhi et al. ‘The United States 2010 26 25 / 402+ 4.5 40.3+5.5 8 weeks Low-fat diet Low- ab,d Yes (About 2205 0 0
(46) carbohydrate keal/day)
diet
Fernandez The United States 2021 96 96 80 80 51.9+13.1 52.8+13.2 12 weeks Low-fat diet Low- a,b,cde Yes (the 19.8 16.7
etal. (47) carbohydrate experimental
diet group had a daily
reduction of
500 kcal and the
control group had
no change)
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95% CI (—9.74, —1.71)] and the vegan diet [MD = —12.00, 95% CI
(—18.96, —5.04)] significantly decreased the WC of patients with
MetS. Additionally, compared to the low-carbohydrate diet
[MD = —-10.34, 95% CI (—20.60, —0.07)], the Mediterranean diet
[MD = —10.67, 95% CI (—18.80, —2.54)], the low-fat diet
[MD = —10.77, 95% CI (—19.76, —1.79)], and the ketogenic diet
[MD = —9.79, 95% CI (—19.44, —0.14)], the vegan diet led to a greater
reduction in WC. The detailed results are presented in Table 3.

The SUCRA ranking results show that the vegan diet
(SUCRA =97.9%) > DASH diet (SUCRA = 74.6%) > ketogenic diet
(SUCRA = 43.9%) > low-carbohydrate diet (SUCRA =42.0%) >
Mediterranean diet (SUCRA = 36.2%) = low-fat diet (SUCRA =
36.2%) > control diet (SUCRA = 19.2%). The ranking outcomes of
each dietary pattern are presented in Figure 4.

Results of network meta-analysis on SBP

The findings of the network meta-analysis revealed that, in
comparison with the control diet group, the DASH diet
[MD = -5.99, 95% CI (—10.32, —1.65)] and the ketogenic diet
[MD = —11.00, 95% CI (—17.56, —4.44)] significantly decreased the
SBP of patients with MetS. Additionally, compared with the vegan
diet [MD = 13.38, 95% CI (5.25, 21.52)] and the Mediterranean diet
[MD = 8.13, 95% CI (0.22, 16.04)], the ketogenic diet led to a more
significant reduction in SBP. The detailed findings are presented in
Table 4.

The results of SUCRA ranking were as follows: the ketogenic diet
(SUCRA =95.8%) > DASH diet (SUCRA = 70.8%) > low-carbohydrate
diet (SUCRA = 61.2%) > low-fat diet (SUCRA = 56.9%) > Mediterranean
diet (SUCRA = 43.6%) > control diet (SUCRA = 17.2%) > vegan diet
(SUCRA = 4.4%).

Results of network meta-analysis on DBP

The findings of the network meta-analysis revealed that, in
comparison to the DASH diet [MD = —6.57, 95% CI (—1.05,
—12.09)], vegan diet [MD =—7.80, 95% CI (-2.17, —13.44)],
low-carbohydrate diet [MD = —8.87, 95% CI (—2.78, —14.95)],
Mediterranean diet [MD = —7.50, 95% CI (—1.96, —13.04)], low-fat
diet [MD = —10.01, 95% CI (—4.61, —15.42)], and control diet
[MD =-9.40, 95% CI (—13.98, —4.82)], the ketogenic diet
demonstrated a more significant reduction in DBP, as presented in
Table 5.

The results of SUCRA ranking were as follows: the ketogenic diet
(SUCRA =99.6%) > DASH diet (SUCRA = 67.5%) > Mediterranean
diet  (SUCRA =57.6%) >vegan  diet (SUCRA =50.6%) >
low-carbohydrate diet (SUCRA = 37.8%) > control diet (SUCRA =
22.4%) > low-fat diet (SUCRA = 4.4%).

Results of network meta-analysis on TG

The findings of the network meta-analysis indicated that, when
compared with the control diet group, the low-carbohydrate diet
[MD = —37.24, 95% CI (—71.13, —3.35)] and the ketogenic diet
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[MD = —-58.66, 95% CI (—107.38, —9.95)] significantly decreased
the triglyceride levels of patients with MetS, as presented in
Table 6.

The results of SUCRA ranking were as follows: the ketogenic diet
(SUCRA = 94.9%) > low-carbohydrate diet (SUCRA = 82.6%) >
DASH diet (SUCRA = 50.8%) > low-fat diet (SUCRA = 46.1%) >
Mediterranean diet (SUCRA =45.5%) > control diet (SUCRA =
21.0%) > vegan diet (SUCRA = 9.0%).

Results of network meta-analysis on
HDL-C

The network meta-analysis findings revealed that, when
compared with the control diet group, no dietary patterns
significantly elevated HDL-C levels in patients with MetS, as
presented in Table 7.

The results of SUCRA ranking were as follows: the vegan diet
(SUCRA = 92.8%) > low-fat diet (SUCRA = 59.5%) > Mediterranean
diet (SUCRA = 49.6%) > control diet (SUCRA = 46.8%) > ketogenic
diet (SUCRA =38.1%) > the low-carbohydrate diet (SUCRA =
32.3%) > DASH diet (SUCRA = 30.8%).

Results of network meta-analysis on FBG

The findings of the network meta-analysis revealed that, compared
to the control diet group, the vegan diet [MD = —0.32, 95% CI (—0.54,
—0.10)], the low-carbohydrate diet [MD = —0.34, 95% CI (—0.66,
—0.02)], and the Mediterranean diet [MD = —0.34, 95% CI (—0.54,
—0.14)] significantly regulated FBG in patients with MetS, as presented
in Table 8.

The SUCRA results were ranked as follows: the Mediterranean diet
(SUCRA = 75.7%) > low-carbohydrate diet (SUCRA = 75.1%) > vegan
diet (SUCRA = 70.6%) > low-fat diet (SUCRA = 42.0%) > DASH diet
(SUCRA = 32.5%) > control diet (SUCRA = 4.1%).

Sensitivity analyses

Sensitivity analyses were further performed for studies with
intervention durations ranging from 12 to 48 weeks. The results
revealed that the ranking of the relative effects of each dietary pattern
on the different outcome measures was generally consistent with the
results of the previous overall analysis, after the intervention that was
too short or too long was excluded.

Notably, within this time frame, some dietary patterns showed
different effects than those in the previous analysis: a low-fat diet
showed a statistically significant triglyceride-lowering effect.
Meanwhile, the increase of HDL-C level in the DASH diet was also
significant. In addition, the SUCRA ranking of FBG indicators was
changed, and the low-carbohydrate diet and DASH diet showed better
intervention potential. These findings suggest that intervention
duration may be an important factor affecting the effects of specific
dietary patterns, and more attention should be paid to the intervention
duration in future clinical practice and research (4). Specific results
are presented in Supplementary File 2.
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Publication bias

Funnel plots were constructed using WC, blood pressure, TG,
HDL-C, and FBG as outcome indicators. The results indicated that
the funnel plots were essentially symmetrical. However, in all five
outcome indicators, some studies fell outside the funnel. There
remained a possibility of publication bias within the research
network. The specific details of publication bias are shown in
Figure 5.

Frontiers in Nutrition

Discussion

This research carried out a network meta-analysis to indirectly
compare the impacts of six dietary patterns on Mets, based on five
outcome indicators: WC, blood pressure, triglycerides, high-density
lipoprotein cholesterol, and FBG. The objective was to identify more
specific dietary patterns and offer evidence-based medical references
for clinical practice. A total of 26 RCTs were incorporated into this
study. Regarding the reduction of WC and the increase of high-density
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Network diagram for each outcome. (A) WC; (B) SBP; (C) DBP; (D) TG; (E) HDL-C; (F) FBG. 1, DASH diet; 2, vegan diet; 3, low-carbohydrate diet; 4,

lipoprotein cholesterol levels, a vegan diet proved to be the most
favorable option. With regard to lowering blood pressure and
triglyceride levels, the ketogenic diet proved to be the most effective.
In terms of controlling FBG, the Mediterranean diet showed the
best performance.

The vegetarian diet is particularly effective in reducing waist
circumference and increasing high-density lipoprotein cholesterol
(HDL-C) levels. In line with previous research, Chen et al. (48)
conducted a 7-year follow-up study to assess the potential of a
vegetarian diet in preventing abdominal fat accumulation among
older adults. The findings indicated that adherence to a vegetarian diet
led to reductions in body mass index, as well as waist and hip
circumferences, along with decreased fat mass. The underlying
mechanism may involve the high dietary fiber content and low
saturated fatty acid levels characteristic of vegetarian diets, which can
significantly enhance satiety and reduce overall energy intake.
Furthermore, this dietary approach may improve insulin sensitivity
and lipid metabolism by modulating gut microbiota and promoting
_51).

The ketogenic diet has demonstrated significant effects in

the production of short-chain fatty acids (

reducing blood pressure and triglyceride levels. A meta-analysis
conducted by Zhou et al. (
effectively improve weight, blood glucose, and lipid profiles in

) indicates that the ketogenic diet can

overweight patients with type 2 diabetes. Another meta-analysis
evaluating the potential of a very low-calorie ketogenic diet
(VLCKD) in treating obesity showed that VLCKD outperformed
other diets in improving multiple parameters, including total
cholesterol and triglycerides. Among other things, a significant
reduction in LDL cholesterol was observed, but these changes were
). The

ketogenic diet is characterized by a specific macronutrient ratio that

similar to those seen with other weight loss interventions (

induces and maintains a metabolic state known as “ketosis.” The
significantly reduced carbohydrate intake leads to decreased insulin
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levels, which promotes fat mobilization and ketone body production.
This process enhances fatty acid oxidation, suppresses de novo
lipogenesis in the liver, and improves lipoprotein composition (54,

). However, since certain tissues within the human body are
unable to utilize ketone bodies, the ketogenic diet may not
). Therefore, it should

intervention

be suitable for long-term adherence (
be
medical supervision.

implemented as a short-term under

The results of this study indicate that the Mediterranean diet can
significantly improve blood glucose levels, a conclusion consistent
with multiple previous meta-analyses. Huo et al. (57) have confirmed
through their meta-analysis that the improvement in blood glucose
control associated with the Mediterranean diet is more pronounced
) highlighted in

their meta-analysis that the primary source of dietary fat in the

compared to control diets. Furthermore, Slavin (

Mediterranean diet is olive oil, which has been shown to possess
health benefits and is linked to a reduced risk of developing type 2
diabetes as well as improved glucose metabolism. This dietary pattern
is rich in monounsaturated fatty acids, polyphenols, and dietary fiber.
Existing research suggests that these components may support blood
glucose regulation by exerting anti-inflammatory and antioxidant
effects and enhancing endothelial function and insulin sensitivity
(59—
grains within this dietary model contribute to appetite regulation and
metabolic health.

Furthermore, we extracted data on adverse events and dropout

). Additionally, ingredients such as olive oil, nuts, and whole

rates from all included studies to assess adherence to the
interventions. Among the 26 studies considered, 24 reported dropout
information, accounting for 76.9% of the population. The overall
dropout rate varied from 0 to 34%, with one study reporting the
highest dropout rate of 34% (
of the criteria for assessing RoB. In our evaluation of bias risk, a

). We utilized the dropout rate as one

higher dropout rate was a significant factor contributing to some
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TABLE 3 League table of all pairwise comparisons of the effects of dietary patterns on WC in MetS patients.

DASH diet

10.3389/fnut.2025.1634545

6.28 (—1.76, 14.31)

Vegan diet

—4.06 (—12.57, 4.45)

—10.34 (—20.60, —0.07)

Low-carbohydrate diet

—4.39 (—10.21, 1.43)

—10.67 (—18.80, —2.54)

~0.33 (—8.30, 7.63)

Mediterranean diet

—4.50 (=11.39, 2.39)

—10.77 (—=19.76, —1.79)

—0.44 (—=5.49, 4.61)

~0.10 (—6.34, 6.14)

Low-fat diet

—3.52 (—11.31, 4.28) —9.79 (—19.44, —0.14) 0.54 (—9.53, 10.62) 0.88 (-7.01, 8.77) 0.98 (-7.78,9.75) Ketogenic diet
—5.72(—9.74, —1.71) | —12.00 (—18.96, —5.04) —1.66 (—9.21, 5.88) —1.33 (-5.52, 2.86) —1.23 (—6.90, 4.45) —2.21 (—8.89, 4.48) Control diet
Statistically significant treatment effects are in bold.
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FIGURE 4
SUCRA plots of different outcome indicators in MetS patients treated with different dietary patterns. 1, WC; 2, SBP; 3, DBP; 4, TG; 5, HDL-C; and 6, FBG.

TABLE 4 League table of all pairwise comparisons of the effects of dietary patterns on SBP in MetS patients.

DASH diet

—8.37 (—14.86, —1.88)

Vegan diet

—1.45 (—8.64, 5.75)

6.92 (—0.69, 14.54)

Low-carbohydrate diet

—3.12(-9.36, 3.12)

5.25(-1.27,11.76)

—1.67 (=7.97, 4.62)

Mediterranean diet

—1.88 (—7.83,4.07)

6.49 (—0.06, 12.91)

—0.43 (—4.46, 3.59)

1.24 (—3.54, 6.02)

Low-fat diet

5.01 (~2.85, 12.87)

13.38 (5.25, 21.52)

6.46 (—2.33, 15.25)

8.13 (0.22, 16.04)

6.89 (—0.90, 14.68)

Ketogenic diet

—5.99 (—10.32, —1.65)

2.38 (—2.43,7.19)

—4.54 (~10.40, 1.31)

—2.87 (=7.29, 1.55)

—4.11 (-8.31,0.10)

—11.00 (—17.56, —4.44)

Control diet

Statistically significant treatment effects are in bold.

studies being classified as high risk. Additionally, two studies reported
adverse events occurring during the intervention period. One study
noted that, in the vegetarian group, there was one case of
hypoglycemia, and two participants in the intervention group
experienced low serum B12 levels; these individuals recovered after
supplementation. There was also one case of cholecystectomy
unrelated to dietary factors. Another study reported a decrease in

Frontiers in Nutrition

vitamin B12 levels and an increase in IL-17 among participants in the
vegetarian group (42).

The findings of this study indicate the necessity for the
development of individualized, precision nutrition strategies.
Clinicians should prioritize specific dietary patterns that address
patients’ most significant metabolic abnormalities. The ultimate
dietary choice must be customized to align with individual
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TABLE 5 League table of all pairwise comparisons of the effects of dietary patterns on DBP in MetS patients.

Ketogenic diet

—7.80 (—2.17, —13.44) Vegan diet

—8.87 (—2.78, —14.95) —1.06 (—6.26, 4.13) Low-carbohydrate diet

—7.50 (—1.96, —13.04) 0.30 (—4.23, 4.83) 1.37 (—2.86, 5.59) Mediterranean diet

—10.01 (—4.61,—15.42)  —2.21 (—6.57,2.15) —~1.15 (~3.93, 1.63) —2.51 (=5.69, 0.67) Low-fat diet

—6.57 (—1.05, —12.09) 1.23 (=5.73,3.27) 2.30 (—7.37,2.77) 0.93 (—5.32, 3.46) 3.44 (~7.66,0.77) DASH diet

—9.40 (—13.98, —4.82) —1.59 (—4.87, 1.69) —0.53 (—4.53, 3.47) —1.89 (=5.01,1.23) | 0.62(-2.25,3.48)  —2.83 (—5.92, 0.26) Control diet

Statistically significant treatment effects are in bold.

TABLE 6 League table of all pairwise comparisons of the effects of dietary patterns on triglyceride in MetS patients.

DASH diet

—19.90 (—52.96, 13.16) Vegan diet

23.50 (—20.21, 67.21) 43.40 (—6.46, 80.35) Low-carbohydrate diet

—3.95 (—37.39, 29.50) 15.96 (—2.66, 34.57) —27.45 (—62.96, 8.07) Mediterranean diet
—2.07 (—40.84, 36.69) 17.83 (—13.11, 48.76) —25.58 (—45.73, —5.42) 1.87 (—27.33,31.08) Low-fat diet
44.92 (—11.06, 100.91) 64.83 (—13.94,115.71) 21.42 (—23.73, 66.57) 48.87 (—0.98, 98.72) 47.00 (6.60, 87.40) Ketogenic diet

—13.74 (—41.29, 13.81) 6.16 (—12.28,24.60) | —37.24 (—71.13, —3.35) —9.80(—28.92,9.32) | —11.67 (—38.89,15.56) = —58.66 (—107.38, —9.95) = Control diet

Statistically significant treatment effects are in bold.

TABLE 7 League table of all pairwise comparisons of the effects of dietary patterns on HDL-C in MetS patients.

HDL-C

DASH diet

5.11 (—0.10, 10.33) Vegan diet

—0.06 (—6.98, 6.86) —5.17 (—11.69, 1.34) Low-carbohydrate diet

1.46 (—3.66, 6.58) —3.65 (=7.36, 0.06) 1.52 (—4.63,7.68) Mediterranean diet

1.85 (=3.97, 7.68) —3.26 (~8.58, 2.06) 1.92 (—1.83,5.67) 0.39 (—4.51, 5.29) Low-fat diet

—0.15 (~10.36, 10.06) —5.26 (~15.19, 4.67) —0.08 (—9.27, 9.10) —1.61 (-11.32,8.10) = —2.00 (—10.39, 6.39) Ketogenic diet

1.29 (=2.60, 5.18) —3.82(=7.32,0.32) 1.35 (—4.38, 7.09) —0.17 (=3.50, 3.16) —0.56 (—4.92, 3.79) 1.44 (=8.01, 10.89) Control diet

Statistically significant treatment effects are in bold.

TABLE 8 League table of all pairwise comparisons of the effects of dietary patterns on FBG in MetS patients.

DASH diet

0.19 (=0.15, 0.52) Vegan diet

0.20 (—0.20, 0.60) 0.02 (—0.37, 0.40) Low-carbohydrate diet

0.20 (—0.10, 0.51) 0.02 (—0.18, 0.22) 0.00 (—0.37, 0.37) Mediterranean diet

0.06 (—0.27, 0.39) —0.13 (—0.45, 0.19) —0.14 (—0.36, 0.07) —0.15 (—0.45, 0.16) Low-fat diet

—0.14 (—0.37, 0.10) —0.32 (—0.54, —0.10) —0.34 (—0.66, —0.02) —0.34 (—0.54, —0.14) —0.19 (—0.42, 0.04) Control diet

Statistically significant treatment effects are in bold.

preferences, cultural contexts, and lifestyles to ensure feasibility =~ healthy eating habits, and ultimately achieving sustained
and long-term sustainability. It is essential to provide ongoing  compliance. Future research should further investigate how these
nutrition education, behavioral support, and regular monitoring  evidence-based dietary patterns can be effectively integrated into
to assist patients in making informed dietary choices, establishing  routine clinical practice and public health policy.
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FIGURE 5
Publication bias of different outcome measures. 1, WC; 2, SBP; 3, DBP; 4, TG; 5, HDL-C; 6, FBG. A, DASH diet; B, vegan diet; C, low-carbohydrate diet;
D, Mediterranean diet; E, low-fat diet, F, ketogenic diet, and G, control diet.

Limitations

This study also has some limitations: (1) most of the studies
included in this analysis characterized the control diet as either a
“regular diet” or one that adheres to “National Dietary Guidelines.”
However, there was often a lack of uniformity and detailed
descriptions regarding the macronutrient composition and food
items within these control diets. Such discrepancies may contribute
to clinical heterogeneity and complicate the interpretation of results;
(2) confounding factors could potentially influence the outcomes of
this analysis. First, energy restriction serves as a critical influencing
factor. Among the 26 studies reviewed, 14 used an energy-restricted
design, 8 studies were non-energy-restricted, and 4 studies did not
report whether they were energy-restricted. This variability in study
design can significantly impact changes observed across various
measures of MetS and may confound assessments regarding the
independent effects associated with different dietary patterns.
Second, participants’ adherence to their prescribed diets represents
another crucial factor affecting outcomes. The methodologies for
assessing dietary adherence varied among studies; some relied on
self-reported food diaries while others utilized objective biomarkers.
Self-reporting methods are susceptible to measurement errors and
recall bias, which may lead to an overestimation of actual
adherence levels.

Conclusion

In conclusion, existing evidence indicates that vegan, ketogenic,
and Mediterranean diets have greater potential for improving
multiple metabolic indicators, such as blood glucose, blood lipids,
and WG, in patients with metabolic syndrome compared to certain
other dietary patterns. Nevertheless, additional high-quality and
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long-term studies are required to boost the credibility of
these findings.
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