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Objectives: The objective of this study was to compare and rank the 
effectiveness of various exercise interventions on metabolic syndrome (MetS) 
risk factors in postmenopausal women.
Methods: A systematic search was conducted in PubMed, Cochrane, Embase, 
and Web of Science databases. Randomized controlled trials investigating 
exercise effects on MetS risk factors in postmenopausal women were included. 
Two reviewers screened articles, extracted data, and assessed risk of bias and 
strength of evidence. Analysis was performed by RStudio and Stata 16.0.
Results: This study encompassed 142 RCTs with 7,967 women. The results of the 
network meta-analysis indicated that combined training (CT) had the greatest 
effect on body weight (surface under the cumulative ranking [SUCRA] = 0.897), 
body mass index (SUCRA = 0.923) and triglyceride levels (SUCRA = 0.783); 
aerobic exercise (AE) had the most significant effect on body fat percentage 
(SUCRA = 0.856), low-density lipoprotein cholesterol (SUCRA = 0.765), and 
high-density lipoprotein cholesterol levels (SUCRA = 0.814); resistance training 
(RT) had the greatest effect on waist circumference (SUCRA = 0.834), glucose 
(SUCRA = 0.929),and total cholesterol levels (SUCRA = 0.776); mind-body 
exercise (MBE) had the most significant effect on diastolic blood pressure 
(SUCRA = 0.969), systolic blood pressure (SUCRA = 0.921), and adiponectin 
levels (SUCRA = 0.808).
Conclusion: AE, CT, RT, and MBE demonstrated varying degrees of effectiveness 
in improving different MetS risk factors in postmenopausal women. Selecting 
appropriate exercise modalities based on individual metabolic risk profiles and 
health goals is important to achieve optimal intervention outcomes. These 
findings provide valuable guidance for clinical practice. However, considering 
the limitations such as the low quality of evidence and high risk of bias in the 
included studies, the conclusions should be interpreted with caution.
Systematic Review Registration: https://www.crd.york.ac.uk/PROSPERO/view/
CRD42023456584, identifier CRD42023456584.
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1 Introduction

Metabolic syndrome (MetS) is characterized by a cluster of 
interrelated non-communicable and chronic metabolic disorders 
affecting more than 1 billion individuals worldwide (Saklayen, 
2018). It is widely recognized as a major contributor to 
cardiovascular disease, while also increasing the risk of diabetes 
(Watanabe and Kotani, 2020; Palmer and Toth, 2019), acute 
pancreatitis, venous thrombosis, and psoriatic fatty liver (Jang et al., 
2009; Grandl and Wolfrum, 2018; Gisondi et al., 2018). For women, 
the postmenopausal period is a critical stage during which the 
risk of MetS increases significantly (Torréns et al., 2009). Studies 
have shown that postmenopausal women have a significantly 
higher risk of developing MetS compared with premenopausal 
women (Hallajzadeh et al., 2018), which is closely related to the 
decline in endogenous estrogen levels caused by decreased ovarian 
function after menopause. Estrogen plays an important role in 
maintaining insulin sensitivity, regulating lipid metabolism, and 
inhibiting visceral fat accumulation. Its reduction can lead to insulin 
resistance, elevated plasma triglycerides, decreased high-density 
lipoprotein cholesterol (HDL-C), thereby significantly increasing 
the risk of developing or worsening MetS in postmenopausal 
women. Therefore, deepening the understanding of the risk 
factors for MetS (Min et al., 2022) is of particular importance to 
prevent and alleviate this disease in postmenopausal women.

Compared with pharmacological interventions, exercise offers 
significant cost-effectiveness and long-term safety in improving 
various risk factors of MetS. Previous studies have demonstrated 
that regular physical activity and long-term exercise can effectively 
reduce body weight (BW), lower blood pressure, and improve blood 
lipid profiles (Grundy, 2016; Liang et al., 2021). Among different 
exercise modalities, aerobic exercise (AE) and resistance training 
(RT) are the most common forms of exercise. Studies have found 
that long-term AE significantly improves BW, HDL-C, low-density 
lipoprotein cholesterol (LDL-C), systolic blood pressure (SBP), 
and diastolic blood pressure (DBP) in postmenopausal women 
(Kobayashi et al., 2022; Pereira et al., 2023). RT interventions 
can reduce levels of adipokines, particularly adiponectin (ADPN), 
associated with abnormal vasodilation in postmenopausal women 
(Ward et al., 2020). In addition to traditional AE and RT, 
other forms of exercise have gradually gained attention. Mind-
body exercise (MBE), which integrates breathing regulation, 
physical movement, and psychological adjustment, has gained 
increasing attention in recent years. Tai Chi, yoga, and qigong are 
currently popular MBEs (Tan L. et al., 2023; Han et al., 2023). 
Postmenopausal women have been shown to improve energy 
metabolism, BW, body fat (BF), and blood pressure through these 
exercises (Boushehri et al., 2022; Buttelli et al., 2021).

Although numerous randomized controlled trials (RCTs) have 
investigated the effects of exercise on improving various risk 
factors of MetS in postmenopausal women (Kobayashi et al., 2022; 
Pereira et al., 2023; Ward et al., 2020; Boushehri et al., 2022; 
Nunes et al., 2022), and recent meta-analyses have further confirmed 
the critical role of exercise in reducing MetS risk in this population 
(Bernal et al., 2025; Tan A. et al., 2023), evidence comparing the 
relative efficacy of different exercise interventions remains limited. 
Most existing studies have focused on single exercise modalities 
versus control groups or pairwise comparisons between two types 

of exercise, lacking systematic and comprehensive comparisons 
across multiple exercise interventions. Moreover, the most effective 
exercise strategies for improving specific MetS risk factors have not 
been clearly identified, and individualized intervention strategies 
tailored for postmenopausal women are still lacking. Therefore, 
exploring and comparing the specific impacts of different exercise 
interventions on metabolic risk factors in postmenopausal women 
is essential for informing the development of evidence-based 
exercise prescriptions. In response to these gaps, this study aims to 
systematically evaluate the comparative effects of various exercise 
interventions through a network meta-analysis (NMA). 

2 Methods

2.1 Registration

This systematic review and NMA was reported following 
the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines (Page et al., 2021; Hutton et al., 
2015). The protocol has been registered on the International 
prospective register of systematic reviews (CRD42023456584). 

2.2 Search strategy

Systematic searches were conducted in Embase, PubMed, 
Cochrane Library, and Web of Science for studies investigating the 
effect of exercise training on MetS risk factors in postmenopausal 
women up to December 2024. The references of included 
studies were also tracked. According to the PICOS (Participant, 
Intervention, Comparison, Outcome) principles, the strategy 
of combining “keywords” and “free terms” was adopted 
for searching, including menopause, metabolic syndrome, 
exercise, blood pressure, blood glucose, triglycerides, etc. A 
detailed example of the Web of Science search strategy is 
provided in Supplementary Table S1. 

2.3 Selection of studies and eligibility 
criteria

After the searched studies were imported into Endnote X9, 
and duplicate records were removed, two reviewers (Z and L) 
independently screened the literature using the following inclusion 
and exclusion criteria. Inclusion criteria: (1) Study type: RCTs 
and human studies; (2) Study population: Postmenopausal women 
with no history of breast cancer, heart disease, or other serious 
medical conditions (defined as menopause lasting at least 1 year 
or follicle-stimulating hormone (FSH) level >30 IU/L) women; 
(3) Intervention types: AE, aimed at improving cardiorespiratory 
efficiency and capacity (Mersy, 1991); RT, aimed at increasing 
intensity, strength, endurance, and skeletal muscle size (Howley, 
2001); combined training (CT), involving both AE and RT; 
MBE can be defined as an exercise methodology that integrates 
strategies for improving mental and physical health (Tan L. et al., 
2023). (4) Outcome measures: BW, body mass index (BMI), BF%, 
waist circumference (WC), SBP, DBP, Glu, LDL-C, HDL-C, total 
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cholesterol (TC), triglyceride (TG), ADPN and leptin; (5) Accepted 
articles must be published in English. Exclusion criteria: (1) 
Duplicates; (2) Systematic reviews, meta-analyses, and conference 
papers; (3) Animal studies; (4) Inaccessible full text and relevant 
information; Literature retrieval and screening were conducted 
independently by two reviewers (Z and L). To improve efficiency, 
an initial automated screening was performed using the search 
function of EndNote to exclude records identified as conference 
papers, systematic reviews, or meta-analyses based on title and 
abstract. The remaining records were then manually screened by 
the two reviewers according to the predefined criteria. In case of 
any discrepancies, a consensus was reached through discussion or 
consultation with a third reviewer. 

2.4 Data extraction

The data of eligible studies was independently extracted and 
organized into Excel 2019 by two reviewers (Z and L), including (1) 
Basic information: Title, first author, year of publication, and study 
type; (2) Participant information: Country, average age, sample size, 
and health status; (3) Information on exercise interventions: Type of 
exercise, duration of intervention. (4) Outcome measures: BW, BF%, 
BMI, WC, SBP, DBP, Glu, LDL-C, HDL-C, TC, TG, ADPN, Leptin. 
Data extraction was performed independently by two reviewers (Z 
and L), and any discrepancies were resolved through discussion or 
consultation with a third reviewer to reach a consensus. 

2.5 Risk of bias and strength of evidence 
assessment

The risk of bias in the included RCTs was assessed employing the 
Version 2 of the Cochrane risk-of-bias tool for randomized trials, 
as described in the sixth edition of the Cochrane Handbook for 
Systematic Reviews of Interventions published in 2019 (Sterne et al., 
2019). The included studies were assessed for quality from the 
following aspects: (1) bias arising from the randomization process, 
(2) bias due to deviations from intended interventions, (3) bias due 
to missing outcome data, (4) bias in measurement of the outcome, 
and (5) bias in selection of the reported result. The risk-of-bias 
judgments for each domain were “low risk of bias,” “some concerns,” 
or “high risk of bias.” The quality assessment was independently 
performed by two reviewers (Z and L). In case of any discrepancies, 
a consensus was reached through discussion or consultation with a 
third reviewer.

The credibility of the comparative results was 
assessed using the Confidence in Network Meta-Analysis 
(CINeMA) tool (Nikolakopoulou et al., 2020). Evaluations were 
conducted across the following six domains: (1) within-study 
bias, (2) indirectness, (3) reporting bias, (4) imprecision, (5) 
inconsistency, and (6) heterogeneity. Each domain was rated as “no 
concerns” (no downgrade), “some concerns” (one-level downgrade), 
or “major concerns” (two-level downgrade) based on the severity 
of bias. The overall confidence rating was categorized into four 
levels: very low, low, moderate, and high. The quality assessment 
was independently performed by two reviewers (Z and D). In case 

of any discrepancies, a consensus was reached through discussion 
or consultation with a third reviewer. 

2.6 Data synthesis and analysis

Pairwise meta-analysis was performed using RStudio software. 
The standardized mean difference (SMD) with 95% confidence 
intervals (CI) was selected as the effect measure for continuous 
outcomes, and a random-effects model was applied to pool effect 
sizes across studies. A 95% CI represented each effect size. I2

was used to determine the heterogeneity of effect indicators 
among different studies quantitatively. An I2 > 50% or P < 
0.10 for the Q test was interpreted as indicating substantial 
heterogeneity (Higgins et al., 2011).

The NMA was conducted using RStudio and Stata 16.0. 
Mean difference (MD) and 95% CI were used as the effect sizes 
for outcome measures, and the same measurement units were 
used. The network map command in Stata 16.0 was employed 
to generate network diagrams, funnel plots, and cumulative 
probability plots. Network diagrams illustrate connections between 
various training interventions, with nodes representing the different 
interventions, and edges indicating the connections or relationships 
between them). Funnel plots display the relationship between 
sample sizes and effect sizes of studies, along with potential 
publication bias. The surface under the cumulative ranking 
curve (SUCRA) was used to illustrate the ranking probabilities 
of the exercise interventions for each outcome. A NMA was 
carried out using a random-effects model based on the Bayesian 
framework. This model adopted the Markov Chain Monte Carlo 
(MCMC) method to obtain non-informative uniform and normal 
prior distributions. Model parameters were set as follows: four 
chains were used (Hamra et al., 2013; Bois, 2013), with a 
step size of 1, an annealing count of 20,000, and a simulation 
iteration of 50,000 (Dias et al., 2012). Model fit was assessed 
using the Deviance Information Criterion (DIC). A dDIC value 
less than 10 was considered to indicate no significant global 
inconsistency (Veroniki et al., 2013). When the network diagram 
had a closed loop, local inconsistency was examined through node-
splitting analysis. 

3 Results

3.1 Study selection

A total of 12,302 articles were retrieved from database 
searches and imported into EndNote X9. After removing 4,221 
duplicate records, 5,498 articles were excluded based on title 
and abstract screening, due to reasons such as reviews, non-
RCTs, animal studies, and non-English publications, leaving 187 
articles for further full-text screening. After reading the full 
text, an additional 37 articles were excluded for reasons such as 
missing data, inadequate reporting of outcomes and not involving 
postmenopausal women. Finally, 142 articles were included in the 
review and NMA analysis. The PRISMA flowchart is presented in
Figure 1.
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FIGURE 1
PRISMA flow diagram of the study selection process.

3.2 Characteristics of the included studies

A total of 142 studies were included, involving 7,967 women, 
with 3,203 in the experimental group and 4,764 in the control 
group (CON). The mean age was 60.22 ± 6.38 years. These 
studies were conducted in various countries, including Brazil 
(29 studies), United States (21 studies), Japan (15 studies), Korea 
(15 studies), Iran (13 studies), Canada (10 studies), Poland and 
Spain (6 studies each), China (4 studies), Portugal, Turkey and 
Sweden (3 studies each), and Germany and France (2 studies 
each), Algeria, Australia, Chile, Egypt, Finland, Libya, Republic 
of South Africa, Sydney, Thailand and United Kingdom (1 study 
each). The experimental group used five training interventions: 
AE (71 studies), RT (39 studies), CT (40 studies), and MBE 
(18 studies), while the CON maintained their usual daily 
activities. The basic characteristics of the included studies are 
presented in Supplementary Table S2.

3.3 Risk of bias 2 (ROB) quality evaluation

Among the 142 included studies, 22.5% had “low risk of bias”, 
39.4% had “some concerns”, and 38% had “high risk of bias”. 
Regarding different domains of bias, the bias arising from the 
randomization process was categorized as “low risk” in 29.6% of 
studies, “some concerns” in 65.5% of studies, and “high risk” in 4.9% 
of studies. Deviations from intended interventions resulted in a bias 
categorized as “low risk” in 72.5% of studies, “some concerns” in 7% 
of studies, and “high risk” in 20.4% of studies. Bias due to missing 
outcome data was classified as “low risk” in 97.2% of studies and 
“high risk” in 2.8% of studies. Bias in measurement of the outcome 
was identified as “low risk” in 83.8% of studies, “some concerns” 
in 2.1% of studies, and “high risk” in 14.1% of studies. Bias in 
selection of the reported results was rated as “low risk” in 98.6% 
of studies and “some concerns” in 1.4% of studies. The primary 
sources of risk were as follows: 23 studies mentioned random 

Frontiers in Physiology 04 frontiersin.org

https://doi.org/10.3389/fphys.2025.1703881
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org


Zhang et al. 10.3389/fphys.2025.1703881

allocation using random number tables or computer programs, 2 
study described random grouping by independent personnel, while 
the remaining 117 studies did not provide detailed descriptions 
of the randomization method. Blinding participants in exercise-
related studies had some difficulties; therefore, only 18 studies 
reported blinding procedures, with 10 studies using double blinding, 
8 studies using single blinding, and the remaining studies lacking 
detailed descriptions. 33 RCTs had missing outcome data, 27 
studies provided evidence that the results were not influenced by 
missing data, 33 study reported participant withdrawal due to 
health, illness, death reasons, and 6 studies did not provide evidence 
that results were not affected by missing data. All studies adopted 
appropriate outcome measurement methods, avoiding selective 
reporting of results. Supplementary Figure S1 represents the ROB 
diagram. Using CINeMA, most pairwise comparisons were found to 
have low confidence levels, with only a few demonstrating moderate 
to high confidence. The CINeMA results in Supplementary Table S3. 

3.4 Pairwise meta-analysis and NMA

The included 142 studies discussed four different training 
interventions: AE, RT, CT and MBE. The network structure 
diagram illustrating the relationships between these interventions 
is presented in Figures 2A–M. In the Figure, the thickness of the 
lines in the diagram can reflect the number of pairwise comparisons 
among the interventions. Additionally, the size of the circles 
representing the interventions can be proportional to the number 
of participants included in each intervention. The difference in DIC 
values between the consistency model and the inconsistency model 
was <5, indicating the absence of local inconsistency. For outcomes 
with closed loops, a node-splitting analysis was conducted, which 
revealed that all p-values were >0.05, indicating the absence of local 
inconsistency.

3.4.1 Body composition (BW, BF%, BMI and WC)
BW was reported in 102 studies involving 4,755 participants 

and four interventions: AE, RT, CT and MBE. Pairwise analysis 
indicated that exercise interventions were effective for reducing 
BW, with an overall I2 value of 42.2% (Supplementary Table S4). 
Compared to the CON, AE (MD = −1.43, 95% CI: −1.97, −0.9) 
and CT (MD = −1.84, 95% CI: −2.71, −0.95) were more effective 
in improving BW among postmenopausal women. No statistically 
significant differences were found in pairwise comparisons between 
other interventions (Supplementary Table S5). The ranking order 
of interventions in terms of improving BW was as follows: CT 
(SCURA = 0.897), AE (SCURA = 0.703), RT (SCURA = 0.437)
(Figure 3A).

BF% was reported in 56 studies involving 2057 participants and 
four interventions: AE, RT, CT and MBE. The pairwise meta-analysis 
demonstrated that exercise interventions significantly reduced 
BF%, with an overall I2 value of 75.8% (Supplementary Table S4). 
Compared to the CON, AE (MD = −2.22, 95% CI: −3.15, −1.28), 
CT (MD = −1.71, 95% CI: −2.96, −0.46) and RT (MD = −1.77, 
95% CI: −2.85, −0.7) were more effective in improving BF% among 
postmenopausal women. No statistically significant differences 
were found in pairwise comparisons between other interventions 
(Supplementary Table S5). The ranking order of interventions in 

terms of improving BF% was as follows: AE (SCURA = 0.856), RT 
(SCURA = 0.656), CT (SCURA = 0.637) (Figure 3B).

BMI was reported in 96 studies involving 4,494 participants 
and four interventions: AE, RT, CT and MBE. Pairwise analysis 
indicated that exercise interventions were were associated with 
a significant decrease in BMI, with an overall I2 value of 60.9% 
(Supplementary Table S4). Compared to the CON, AE (MD = 
−0.52, 95% CI: −0.78, −0.26), CT (MD = −0.83, 95% CI: −1.3, 
−0.35), and RT (MD = −0.44, 95% CI: −0.88, 0) were ineffective at 
improving BMI among postmenopausal women. No statistically 
significant differences were found in pairwise comparisons 
between other interventions (Supplementary Table S5). The 
ranking order of interventions in terms of improving BMI was 
as follows: CT (SCURRT = 0.923), AE (SCURCT = 0.628), RT 
(SCURMBE = 0.532) (Figure 3C).

WC was reported in 42 studies involving 2,389 participants 
and four interventions: AE, RT, CT and MBE. The pairwise meta-
analysis demonstrated that exercise interventions effectively lowered 
WC, with an overall I2 value of 63.4% (Supplementary Table S4). 
Compared to the CON, AE (MD = −2.25, 95% CI: −3.23, −1.29), 
CT (MD = −1.77, 95% CI: −3.56, −0.02) and RT (MD = −2.8, 95% 
CI: −4.36, −1.28) were more effective in improving BMI among 
postmenopausal women. No statistically significant differences 
were found in pairwise comparisons between other interventions 
(Supplementary Table S5). The ranking order of interventions in 
terms of improving WC was as follows: RT (SCURT = 0.834), AE 
(SCURCT = 0.659), and CT (SCURST = 0.509) (Figure 3D). 

3.4.2 Blood pressure (DBP, SBP)
DBP was discussed in 62 studies involving 3,000 participants 

and four interventions: AE, RT, CT and MBE. The pairwise 
meta-analysis demonstrated that exercise interventions had a 
significant beneficial effect on DBP. The heterogeneity, with an 
overall I2 value of 88.0% (Supplementary Table S4). Compared 
to the CON, AE (MD = −2.5, 95% CI: −3.8, −1.18), CT (MD 
= −2.21, 95% CI: −4.41, −0.02), MBE (MD = −5.47, 95% CI: 
−7.99, −3.02) and RT (MD = −3.4, 95% CI: −5.55, −1.3) MBE 
showed a more favorable effect on DBP compared to AE (MD 
= −2.97, 95% CI: −5.75, −0.27). MBE outperformed CT (MD = 
−3.26, 95% CI: −6.51, −0.06) in improving DBP. No statistically 
significant differences were found in pairwise comparisons between 
other interventions (Supplementary Table S6). The ranking order 
of interventions in terms of improving DBP was as follows: MBE 
(SCURMBE = 0.969), RT (SCURRT = 0.661), AE (SCURAE = 0.457)
(Figure 3E).

SBP was reported in 64 studies involving 2,960 participants 
and six interventions: AE, RT, CT and MBE. The pairwise meta-
analysis demonstrated that exercise interventions had a significant 
beneficial effect on SBP. The heterogeneity, with an overall I2 value of 
90.5% (Supplementary Table S4). Compared to the CON, AE (MD 
= −5.11, 95% CI: −7.02, −3.17), CT (MD = −3.47, 95% CI: −6.74, 
−0.18), MBE (MD = −7.21, 95% CI: −10.63, −3.74) and RT (MD = 
−4.58, 95% CI: −7.74, −1.46) were more effective in improving SBP 
in postmenopausal women. No statistically significant differences 
were found in pairwise comparisons between other interventions 
(Supplementary Table S6). The ranking order of interventions in 
terms of improving SBP was as follows: MBE (SCURMBE = 0.921), 
AE (SCURAE = 0.643), RT (SCURRT = 0.544) (Figure 3F). 
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FIGURE 2
Network graph. Each node represents one Training type. The lines between the dots indicate a direct comparison between the two modes of motion, 
with thicker lines for more studies and thinner lines for fewer studies. (A) Body weight (B) Body fat% (C) Body Mass Index (D) Waist circumference (E)
Diastolic blood pressure (F) Systolic blood pressure (G) Glucose (H) Low-density lipoprotein cholesterol (I) High-density lipoprotein cholesterol (J)
Total cholesterol (K) Triglyceride (L) Adiponectin (M) Leptin; AE, aerobic exercise; RT, resistance training; CT, combined training; MBE, Mind-body 
exercise; CON, control group.

3.4.3 Glu
Glu was reported in 37 studies involving 2,102 participants and 

four interventions: AE, RT, CT and MBE. The pairwise meta-analysis 
demonstrated that exercise interventions significantly decreased 
Glu, with an overall I2 value of 63.3% (Supplementary Table S4). 
Compared to the CON, AE (MD = −3.66, 95% CI: −6.32, −1.03) and 
RT (MD = −8.24, 95% CI: −15.1, −1.52) showed a greater advantage 
in improving Glu in postmenopausal women. No statistically 
significant differences were found in pairwise comparisons 
between other interventions (Supplementary Table S7). The 
ranking order of interventions in terms of improving Glu was 
as follows: RT (SCURRT = 0.929), AE (SCURAE = 0.640), MBE 
(SCURHIIT = 0.485) (Figure 3G). 

3.4.4 Cholesterol and blood lipid (LDL-C, HDL-C, 
TC, and TG)

LDL-C was reported in 46 studies involving 1,960 
participants and four interventions: AE, RT, CT and MBE. The 
pairwise meta-analysis demonstrated that exercise interventions 
significantly reduced LDL-C, with an overall I2 value of 76.9% 
(Supplementary Table S4). Compared to the CON, AE (MD = 

−8.36, 95% CI: −13.11, −3.9) showed a greater advantage in 
improving LDL-C in postmenopausal women. No statistically 
significant differences were found in pairwise comparisons 
between other interventions (Supplementary Table S8). The ranking 
order of interventions in terms of improving LDL-C was as 
follows: AE (SCURAE = 0.765), RT (SCURRT = 0.726), MBE 
(SCURMBE = 0.528) (Figure 3H).

HDL-C was mentioned in 50 studies involving 2,072 
participants and four interventions: AE, RT, CT and MBE. The 
pairwise meta-analysis demonstrated that exercise interventions 
significantly increased HDL-C, with an overall I2 value of 72.4% 
(Supplementary Table S4). In terms of raising HDL-C levels among 
postmenopausal women, AE (MD = 3.23, 95% CI: 1.53, 4.92) 
demonstrated a stronger benefit over the CON. No statistically 
significant differences were observed in pairwise comparisons 
between other interventions (Supplementary Table S8). The ranking 
order of interventions in terms of improving HDL-C was as 
follows: AE (SCURAE = 0.814), RT (SCURT = 0.579), CT 
(SCURCT = 0.578) (Figure 3I).

TC was discussed in 52 studies involving 2, 093 participants and 
five interventions: AE, RT, CT and MBE. The pairwise meta-analysis 
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FIGURE 3
Cumulative ranking probability graph. The surface under the cumulative ranking curve (SUCRA) value is the probability each treatment has of being 
among the best of those in the network, with larger values representing higher ranking probabilities. (A) Body weight (B) Body fat% (C) Body Mass Index
(D) Waist circumference (E) Diastolic blood pressure (F) Systolic blood pressure (G) Glucose (H) Low-density lipoprotein cholesterol (I) High-density 
lipoprotein cholesterol (J) Total cholesterol (K) Triglyceride (L) Adiponectin (M) Leptin.

demonstrated that exercise interventions significantly reduced TC, 
with an overall I2 value of 66.6% (Supplementary Table S4). In terms 
of improving TC levels among postmenopausal women, AE (MD = 
−6.26, 95% CI: −10.56, −2.18) and RT (MD = −7.69, 95% CI: −15.32, 
−0.5) outperformed the CON. No statistically significant differences 
were observed in pairwise comparisons between other interventions 
(Supplementary Table S8). The ranking order of interventions in 
terms of improving TC was as follows: RT (SCURRT = 0.776), AE 
SCURAE = 0.684), CT (SCURST = 0.475) (Figure 3J).

TG was analyzed in 59 studies involving 2,623 participants and 
four interventions: AE, RT, CT and MBE. The pairwise meta-analysis 
demonstrated that exercise interventions markedly decreased 
TG, with an overall I2 value of 76.8% (Supplementary Table S4). 
In terms of raising TG levels among postmenopausal women, 
AE (MD = −5.62, 95% CI: −10.68, −0.54) and CT (MD = 
−11.49, 95% CI: −19.53, −3.65) showed a greater advantage 
over the CON. No statistically significant differences were 
observed in pairwise comparisons between other interventions 
(Supplementary Table S8). The ranking order of interventions in 
terms of improving TG was as follows: CT (SCURCT = 0.783), MBE 
(SCURMBE = 0.686), RT (SCURAE = 0.520) (Figure 3K). 

3.4.5 ADPN and leptin
ADPN was discussed in 9 studies involving 1,077 participants 

and four interventions: AE, RT, CT and MBE. The pairwise 
meta-analysis demonstrated that exercise interventions did not 
significantly elevated ADNP, with an overall I2 value of 63.1% 
(Supplementary Table S4). Among postmenopausal women, MBE 

(MD = 1.84, 95% CI: 0.32, 3.31) exhibited a more notable 
improvement in ADPN levels than AE. Similarly, MBE (MD 
= 1.96, 95% CI: 0.58, 3.37) showed a stronger advantage over 
the CON in improving ADPN among postmenopausal women. 
Pairwise comparisons of other interventions did not reveal any 
statistically significant changes (Supplementary Table S9). The 
ranking order of interventions in terms of improving ADPN was 
as follows: MBE (SCURMBE = 0.808), CT (SCURCT = 0.677), RT 
(SCURRT = 0.511) (Figure 3L).

Ten studies reported Leptin, involving 906 participants 
and three interventions: AE, RT, and CT. The pairwise meta-
analysis demonstrated that exercise interventions caused a 
significant decrease in leptin, with an overall I2 value of 83.9% 
(Supplementary Table S4). No statistically significant differences 
were found in pairwise comparisons between the interventions 
(Supplementary Table S9). The ranking order of interventions in 
terms of improving Leptin was as follows: RT (SCURRT = 0.671), 
CT (SCURCT = 0.626), AE (SCURAE = 0.582) (Figure 3M). 

3.5 Publication bias or small sample effect 
test

Funnel plots were used to examine publication bias for the 
indicators involved in this study (Figures 4A–L). No test was 
conducted for ADPN studies due to a sample size of less than 10. 
The funnel plots for BW, BF%, BMI, WC, DBP, SBP, Glu, LDL-C, 
HDL-C, TC, TG and Leptin indicators were basically symmetrical.
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FIGURE 4
Network meta-analysis funnel graph. Publication Bias or Small Sample Effect Test. (A) Body weight (B) Body fat% (C) Body Mass Index (D) Waist 
circumference (E) Diastolic blood pressure (F) Systolic blood pressure (G) Glucose (H) Low-density lipoprotein cholesterol (I) High-density lipoprotein 
cholesterol (J) Total cholesterol (K) Triglyceride (L) Leptin.

4 Discussion

In this NMA, a total of 142 studies with 7,967 participants 
on studies that implemented exercise training interventions 
for postmenopausal women with at least one MetS risk factor, 
in order to evaluate the effectiveness of different training 
modalities in improving these risk factors. We have several 
findings. Compared to the CON, AE showed greater advantages 
in improving BW, BF%, BMI, WC, DBP, SBP, Glu, LDL-C, 
HDL-C, TC and TG in postmenopausal women. CT were more 
effective than CON in improving BW, BF%, BMI, WC, DBP, 
SBP and TG in postmenopausal women. RT exhibited better 
effects CON in improving BF%, BMI, WC, SBP, Glu and TC. 
For reducing BW, BMI and TG, CT was most likely to be 
the most effective training. For reducing BF% and improving 
LDL-C and HDL-C, AE was most likely to be the most 
effective training. In terms of improving WC, Glu and TC, RT 
ranked first. Lastly, for DBP, SBP and ADPN improvement, 
MBE demonstrated the greatest superiority. It is evident that 
different training modalities have a significant effect on MetS 
risk factors in postmenopausal women. However, the effectiveness 
of these modalities in improving each specific risk factor varies. 
The optimal exercise interventions for MetS risk factors in 
postmenopausal women in Supplementary Figure S2.

Regarding the improvement of body composition in 
postmenopausal women, both AE and CT are beneficial, while 
RT can specifically improve BF% and WC. Previous studies have 

confirmed that AE is an effective way to reduce weight and improve 
BF%, while RE is an effective way to reduce WC (Schroeder et al., 
2019). For example, Nordic walking, a form of exercise that 
combines walking with cross-country skiing using poles to propel 
oneself across the ground, has been found to reduce weight and 
BMI gain in postmenopausal women (Hagner-Derengowska et al., 
2015; Mathieson and Lin, 2014). Compared to isolated Pilates 
or dietary interventions, Nordic walking is more effective in 
reducing weight (6.4%), blood glucose (3.8%), and lipoprotein 
(10.4%–16.7%) during menopause (Hagner-Derengowska et al., 
2015). A recent meta-analysis on AE, RT, and CT found that 
both AE and RT can reduce fat content (Blumenthal et al., 2000). 
Orsatti et al. observed a reduction of approximately 10% in BF 
% after a 16-week RT in sedentary women (Carneiro et al., 
2021). These findings are consistent with the results of our study 
and support the adoption of AE, RT and CT to better improve 
body composition in postmenopausal women. According to 
the network meta-analysis, AE is optimal for improving BF%, 
possibly because it promotes fat oxidation through sustained 
energy expenditure and enhanced lipid metabolism (Chen et al., 
2025). RT preferentially improves WC, which could be related 
to strengthening core muscles and increasing local metabolism, 
thereby facilitating the reduction of abdominal fat. CT is the most 
effective for reducing BW and BMI due to the combined effects of 
multiple training modalities., combining high energy expenditure 
and fat oxidation with muscle maintenance or growth and an 
elevated basal metabolic rate, which may make it more effective 
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than either training modality alone. These comparative effects 
align with their underlying physiological mechanisms. Overall, 
the main mechanism behind these improvements is increased 
energy expenditure and induction of fat breakdown through 
physical exercise, leading to a reduction in fat mass (Pedersen and 
Saltin, 2015).

Regarding the improvement of blood pressure in 
postmenopausal women with different training interventions, our 
study findings indicate that AE, CT, and MBE have significant 
effects on reducing DBP and SBP. MBE was identified as the 
most effective in improving blood pressure in postmenopausal 
women. A meta-analysis examining the effect of exercise on 
blood pressure in healthy adults found that decreases in DBP 
were observed after endurance training, dynamic RT, isometric 
RT, and CT (Cornelissen and Smart, 2013). Furthermore, another 
study discovered that isometric RT resulted in greater reductions 
in SBP, DBP, and mean arterial pressure compared to previous 
reports on dynamic AE or RT (Carlson et al., 2014). CT, as a 
combination of AE and RT, maximizes the benefits of both RT 
and AE. Current guidelines suggest that both treated and untreated 
hypertensive patients can benefit from physical fitness training, 
which should involve endurance training, dynamic ST, or isometric 
training (Pedersen and Saltin, 2015). This study found that MBE 
was the most effective intervention for reducing both diastolic and 
systolic blood pressure. The high ranking of MBE may be related 
to its effects on autonomic regulation, endothelial function, and 
the reduction of sympathetic nervous system activation. Unlike 
AE and RT, MBE involves controlled breathing and relaxation, 
which may produce stronger neurohormonal effects that contribute 
to blood pressure reduction. According to research, a 12-month 
Tai Chi intervention reduced SBP more successfully than AE 
(Li et al., 2024). Similarly, the Tai Chi intervention group and 
the non-exercise group showed a significant difference in DBP, 
according to another study (Huang et al., 2022). These findings 
suggest that MBE interventions may be beneficial for the prevention 
and management of elevated blood pressure in individuals with 
MetS. Multiple factors are involved in the blood pressure-lowering 
effects of exercise interventions. The first is neurohormonal, vascular 
and structural adaptation. The second is an antihypertensive effect 
by reducing sympathetic-induced vasoconstriction (Esler et al., 
2001) and lowering catecholamine levels under good conditions. 
Thirdly, physical exercise reduces blood pressure by increasing 
insulin sensitivity in trained muscles and thereby alleviating 
hyperinsulinemia. Additionally, exercise training shares similar 
mechanisms for improving Glu level.

This study reveals that RT is the optimal choice for improving 
Glu levels in postmenopausal women, consistent with previous 
findings. Won et al. observed significant improvement in blood 
glucose levels after 12 weeks of RT (Son and Park, 2021). This is 
attributed to the increased insulin sensitivity in trained muscles and 
enhanced glucose uptake induced by muscle contractions. Holten’s 
research demonstrated that insulin action in skeletal muscles, both 
in individuals with type 2 diabetes and healthy controls, was 
enhanced after 6 weeks of RT, primarily due to increased content 
of glucose transporter-4 (GLUT4) and enhanced expression or 
activity of various insulin proteins (Tayebi et al., 2019; Holten et al., 
2004). The mechanisms underlying the effects of exercise on 
insulin sensitivity and blood glucose control mainly involve 

increased expression of insulin receptors, improved efficiency of 
insulin signaling (Dela et al., 1993), elevated mRNA expression 
of GLUT4, enhanced glucose synthesis activity (Holten et al., 
2004), increased activity of hexokinase (Coggan et al., 1993), 
reduced release and increased clearance rate of free fatty acids, 
as well as expansion of muscle capillary network and blood flow, 
which augments glucose transport to the muscles (Saltin et al., 
1977). These factors work together to enhance the control of 
blood glucose.

Research on the impact of different types of training on 
cholesterol and blood lipids in postmenopausal women suggested 
that AE has a notable positive effect on blood lipid levels in 
this population, and is associated with decreased LDL-C and 
TG levels as well as increased HDL-C levels. Additionally, both 
RT and AE effectively improve TC levels, with CT potentially 
being the most effective method for improving TG levels. Similar 
conclusions have been drawn in related literature. For example, 
Leon and Sanchez conducted a meta-analysis of 51 AE interventions 
lasting 12 weeks or longer, showing a 4.6% increase in HDL-
C levels, a 3.7% decrease in TG levels, and a 5% decrease in 
LDL-C levels (Leon and Sanchez, 2001). When premenopausal 
women conducted 14 weeks of RT, Prabhakaran et al. observed 
significant reductions in TC and LDL-C levels (Prabhakaran et al., 
1999). Furthermore, a 12-week program of AE and RT significantly 
decreased TG levels, indicating that exercise has a positive impact 
on microcirculation. Regular physical activity has been shown 
to increase lipoprotein lipase activity and HDL-C levels, possibly 
offsetting an increase in LDL-C and TG levels (Mann et al., 2014). 
The results of this study suggest that AE may be the most effective 
intervention for improving LDL-C and HDL-C, possibly because 
it enhances lipid metabolism and promotes fat oxidation. Aerobic 
exercise can increase lipoprotein lipase activity and the expression 
of cholesterol transport proteins, facilitating LDL-C clearance and 
HDL-C production (Chen et al., 2025). In addition, AE may improve 
body composition and insulin sensitivity, further contributing to 
favorable changes in blood lipid profiles. Furthermore, CT appears 
to be the most effective method for reducing TG levels, likely 
due to the combined benefits of multiple exercise modalities. 
Compared with either training modality alone, the synergistic effects 
of increased energy expenditure, enhanced fat oxidation, greater 
muscle mass, and improved insulin sensitivity may collectively 
contribute to greater reductions in plasma TG.

As one measure of plasma adipokine levels, ADPN levels 
in postmenopausal women appear to be significantly positively 
impacted by MBE, according to this study. Several studies 
have demonstrated that yoga intervention can improve ADPN 
levels, reduce serum lipids levels, and control risk factors for 
MetS in obese postmenopausal women (Supriya et al., 2018; 
Lee et al., 2012). Chobanian et al. observed favorable modulation 
of adipokines in MetS participants with elevated blood pressure 
after yoga intervention (Chobanian et al., 2003). These results 
indicated that MBE may exert protective effects in women 
with metabolic syndrome by improving inflammatory status 
and the secretion profile of adipokines. This also suggests 
that MBE may not only have advantages in blood pressure 
regulation but could also broadly influence metabolic risk through 
endocrine pathways. While numerous studies have reported 
on the role of adipokines, further research is needed to delve 
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into their signaling pathways to uncover how they interact with 
each other.

This study holds significant implications for both future clinical 
practice and scientific research. The different types of exercise have 
different advantages in improving various risk factors of MetS 
among postmenopausal women. Therefore, in clinical practice, 
developing personalized exercise programs based on patients’ 
specific metabolic profiles and health goals represents a more 
targeted and efficient risk intervention strategy. For individuals 
whose primary objectives are weight and lipid metabolism control, 
CT is recommended. AE is more suitable for improving body 
composition and regulating cholesterol levels. RT demonstrates 
outstanding effects in improving central obesity and glucose 
metabolism, while MBE is more effective for blood pressure 
management and enhancing overall cardiometabolic health. 
Integrating multiple forms of exercise may comprehensively 
promote metabolic health in postmenopausal women. Future 
research should further explore the effects of different exercise 
combinations, intervention durations, and exercise dosages on MetS 
and cardiovascular diseases. Moreover, more rigorous experimental 
studies are needed to establish precise exercise intervention 
guidelines for postmenopausal women with MetS. 

5 Limitations

This study has several limitations. First, the nature and 
shortcomings of the included evidence constitute a major limitation. 
Although all studies were eligible RCTs and the risk of bias was 
systematically assessed, some studies reported insufficient details 
on randomization and blinding, resulting in a high risk of bias 
that may have led to overestimation of effect sizes. Moreover, 
most results were based on low to very low certainty of evidence, 
primarily reflecting heterogeneity and inconsistency among studies, 
and therefore the conclusions should be interpreted with caution. 
Second, only English-language studies were included. Although 
translation tools were considered, non-English studies were 
excluded due to potential terminology and semantic inaccuracies, 
which may have introduced language bias and affected the 
comprehensiveness and representativeness of the findings. In 
addition, this study did not consider key exercise characteristics 
such as intensity, frequency, and duration, nor did it account for 
factors such as body composition, dietary patterns, and quality of 
life, which are closely related to determining the optimal exercise 
interventions for postmenopausal women; these aspects warrant 
further evaluation in future research. Last, so publication bias 
assessment was not conducted due to the limited number of included 
studies on ADPN. 

6 Conclusion

Exercise training can effectively improve key MetS risk factors in 
postmenopausal women. Among the exercise modalities analyzed, 
CT appears most effective for reducing BW, BMI and TG levels, 
AE is preferable for improving BF% and lipid profile, MBE is 
more effective in lowering blood pressure and increasing ADPN 
levels, and RT shows benefits in reducing WC, Glu, and TC. 

These findings can guide healthcare professionals in designing 
personalized exercise prescriptions for postmenopausal women, 
thereby enhancing the clinical application of exercise interventions. 
However, considering the limitations such as the low quality 
of evidence and high risk of bias in the included studies, 
and the complexity of this population and exercise prescription 
(e.g., duration, intensity), the conclusions should be interpreted 
with caution.

Data availability statement

The original contributions presented in the study are included 
in the article/Supplementary Material, further inquiries can be 
directed to the corresponding authors.

Author contributions

TZ: Conceptualization, Data curation, Methodology, 
Supervision, Writing – original draft, Writing – review and editing. 
AK: Supervision, Writing – original draft, Writing – review and 
editing. ZD: Data curation, Supervision, Writing – original draft. 
YL: Methodology, Supervision, Writing – original draft. ML: 
Supervision, Writing – original draft. WY: Conceptualization, 
Supervision, Writing – original draft, Writing – review and editing. 

Funding

The author(s) declare financial support was received for the 
research, authorship, and/or publication of this article. This study 
was funded by the National Social Science Fund of China 
(20BTY069).

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest.

Generative AI statement

The author(s) declare that no Generative AI was used in the 
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in 
this article has been generated by Frontiers with the support of 
artificial intelligence and reasonable efforts have been made to 
ensure accuracy, including review by the authors wherever possible. 
If you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those 
of the authors and do not necessarily represent those of

Frontiers in Physiology 10 frontiersin.org

https://doi.org/10.3389/fphys.2025.1703881
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org


Zhang et al. 10.3389/fphys.2025.1703881

their affiliated organizations, or those of the publisher, 
the editors and the reviewers. Any product that may be 
evaluated in this article, or claim that may be made by 
its manufacturer, is not guaranteed or endorsed by the
publisher.

Supplementary material

The Supplementary Material for this article can be 
found online at: https://www.frontiersin.org/articles/10.3389/
fphys.2025.1703881/full#supplementary-material

References

Bernal, J. V. M., Sánchez-Delgado, J. C., Jácome-Hortúa, A. M., Veiga, A. C., Andrade, 
G. V., Rodrigues, M. R., et al. (2025). Effects of physical exercise on the lipid profile of 
perimenopausal and postmenopausal women: a systematic review and meta-analysis. 
Braz J. Med. Biol. Res. 58, e14194. doi:10.1590/1414-431X2025e14194

Blumenthal, J. A., Sherwood, A., Gullette, E. C., Babyak, M., Waugh, R., Georgiades, 
A., et al. (2000). Exercise and weight loss reduce blood pressure in men and women 
with mild hypertension: effects on cardiovascular, metabolic, and hemodynamic 
functioning. Arch. Intern Med. 160 (13), 1947–1958. doi:10.1001/archinte.160.13.1947

Bois, F. Y. (2013). Bayesian inference. Methods Mol. Biol. 930, 597–636. 
doi:10.1007/978-1-62703-059-5_25

Boushehri, S., Farazmand, M., and Zar, A. (2022). Dietary assessment and effect of 
pilates exercises on quality of life, body composition, and physical fitness in iranian 
postmenopausal women. Comp. Exerc. Physiol. 18, 1–6. doi:10.3920/CEP210040

Buttelli, A. C. K., Costa, R. R., Farinha, J. B., Fagundes, A. d. O., Vieira, A. F., Barroso, 
B. M., et al. (2021). Pilates training improves aerobic capacity, but not lipid or lipoprotein 
levels in elderly women with dyslipidemia: a controlled trial. J. Bodyw. Mov. Ther. 26, 
227–232. doi:10.1016/j.jbmt.2020.10.007

Carlson, D. J., Dieberg, G., Hess, N. C., Millar, P. J., and Smart, N. A. (2014). 
Isometric exercise training for blood pressure management: a systematic review and 
meta-analysis. Mayo Clin. Proc. 89 (3), 327–334. doi:10.1016/j.mayocp.2013.10.030

Carneiro, M. A. S., Oliveira Júnior, G. N., de Sousa, J. F. R., Orsatti, C. L., Murta, E. 
F. C., Michelin, M. A., et al. (2021). Effect of whole-body resistance training at different 
load intensities on circulating inflammatory biomarkers, body fat, muscular strength, 
and physical performance in postmenopausal women. Appl. Physiol. Nutr. Metab. 46 
(8), 925–933. doi:10.1139/apnm-2020-0746

Chen, Z., Zhou, R., Liu, X., Wang, J., Wang, L., Lv, Y., et al. (2025). Effects of 
aerobic exercise on blood lipids in people with overweight or obesity: a systematic 
review and meta-analysis of randomized controlled trials. Life (Basel) 15 (2), 166. 
doi:10.3390/life15020166

Chobanian, A. V., Bakris, G. L., Black, H. R., Cushman, W. C., Green, L. A., Izzo, J. 
L., Jr, et al. (2003). The seventh report of the joint national committee on prevention, 
detection, evaluation, and treatment of high blood pressure: the JNC 7 report. Jama 289 
(19), 2560–2572. doi:10.1001/jama.289.19.2560

Coggan, A. R., Spina, R. J., Kohrt, W. M., and Holloszy, J. O. (1993). Effect of 
prolonged exercise on muscle citrate concentration before and after endurance training 
in men. Am. J. Physiol. 264 (2 Pt 1), E215–E220. doi:10.1152/ajpendo.1993.264.2.E215

Cornelissen, V. A., and Smart, N. A. (2013). Exercise training for blood 
pressure: a systematic review and meta-analysis. J. Am. Heart Assoc. 2 (1), e004473. 
doi:10.1161/jaha.112.004473

Dela, F., Handberg, A., Mikines, K. J., Vinten, J., and Galbo, H. (1993). GLUT 4 and 
insulin receptor binding and kinase activity in trained human muscle. J. Physiol. 469, 
615–624. doi:10.1113/jphysiol.1993.sp019833

Dias, S., Sutton, A. J., and Welton, N. J. (2012). “NICE decision support unit 
technical support documents,” in Heterogeneity: subgroups, meta-regression, bias and 
bias-adjustment. London: National Institute for Health and Care Excellence (NICE) 
Copyright © 2012 National Institute for Health and Clinical Excellence.

Esler, M., Rumantir, M., Kaye, D., and Lambert, G. (2001). The sympathetic 
neurobiology of essential hypertension: disparate influences of obesity, stress, and 
noradrenaline transporter dysfunction? Am. J. Hypertens. 14 (6 Pt 2), 139S-146S–146s. 
doi:10.1016/s0895-7061(01)02081-7

Gisondi, P., Fostini, A. C., Fossà, I., Girolomoni, G., and Targher, G. 
(2018). Psoriasis and the metabolic syndrome. Clin. Dermatol 36 (1), 21–28. 
doi:10.1016/j.clindermatol.2017.09.005

Grandl, G., and Wolfrum, C. (2018). Hemostasis, endothelial stress, 
inflammation, and the metabolic syndrome. Semin. Immunopathol. 40 (2), 215–224. 
doi:10.1007/s00281-017-0666-5

Grundy, S. M. (2016). Metabolic syndrome update. Trends Cardiovasc Med. 26 (4), 
364–373. doi:10.1016/j.tcm.2015.10.004

Hagner-Derengowska, M., Kałużny, K., Kochański, B., Hagner, W., Borkowska, A., 
Czamara, A., et al. (2015). Effects of nordic walking and pilates exercise programs on 
blood glucose and lipid profile in overweight and obese postmenopausal women in an 
experimental, nonrandomized, open-label, prospective controlled trial. Menopause 22 
(11), 1215–1223. doi:10.1097/gme.0000000000000446

Hallajzadeh, J., Khoramdad, M., Izadi, N., Karamzad, N., Almasi-Hashiani, 
A., Ayubi, E., et al. (2018). Metabolic syndrome and its components in 
premenopausal and postmenopausal women: a comprehensive systematic review 
and meta-analysis on observational studies. Menopause 25 (10), 1155–1164. 
doi:10.1097/gme.0000000000001136

Hamra, G., MacLehose, R., and Richardson, D. (2013). Markov chain monte 
carlo: an introduction for epidemiologists. Int. J. Epidemiol. 42 (2), 627–634. 
doi:10.1093/ije/dyt043

Han, Y. M. Y., Chan, M. M. Y., Choi, C. X. T., Law, M. C. H., Ahorsu, D. K., 
and Tsang, H. W. H. (2023). The neurobiological effects of mind-body exercise: a 
systematic review and meta-analysis of neuroimaging studies. Sci. Rep. 13 (1), 10948. 
doi:10.1038/s41598-023-37309-4

Higgins, J. P., Altman, D. G., Gøtzsche, P. C., Jüni, P., Moher, D., Oxman, A. D., et al. 
(2011). The cochrane Collaboration’s tool for assessing risk of bias in randomised trials. 
Bmj 343, d5928. doi:10.1136/bmj.d5928

Holten, M. K., Zacho, M., Gaster, M., Juel, C., Wojtaszewski, J. F. P., and Dela, F. 
(2004). Strength training increases insulin-mediated glucose uptake, GLUT4 content, 
and insulin signaling in skeletal muscle in patients with type 2 diabetes. Diabetes 53 (2), 
294–305. doi:10.2337/diabetes.53.2.294

Howley, E. T. (2001). Type of activity: resistance, aerobic and leisure versus
occupational physical activity. Med. Sci. Sports Exerc 33 (6 Suppl. l), S364–S369. 
doi:10.1097/00005768-200106001-00005

Huang, C. Y., Mayer, P. K., Wu, M. Y., Liu, D. H., and Yen, H. R. (2022). The 
effect of tai chi in elderly individuals with sarcopenia and frailty: a systematic review 
and meta-analysis of randomized controlled trials. Ageing Res. Rev. 82, 101747. 
doi:10.1016/j.arr.2022.101747

Hutton, B., Salanti, G., Caldwell, D. M., Chaimani, A., Schmid, C. H., Cameron, 
C., et al. (2015). The PRISMA extension statement for reporting of systematic 
reviews incorporating network meta-analyses of health care interventions: checklist and 
explanations. Ann. Intern Med. 162 (11), 777–784. doi:10.7326/m14-2385

Jang, M. J., Choi, W. I., Bang, S. M., Lee, T., Kim, Y. K., Ageno, W., 
et al. (2009). Metabolic syndrome is associated with venous thromboembolism 
in the Korean population. Arterioscler. Thromb. Vasc. Biol. 29 (3), 311–315. 
doi:10.1161/atvbaha.109.184085

Kobayashi, R., Asaki, K., Hashiguchi, T., and Negoro, H. (2022). Effect of aerobic 
exercise training frequency on arterial stiffness in middle-aged and elderly females. J. 
Phys. Ther. Sci. 34 (5), 347–352. doi:10.1589/jpts.34.347

Lee, J. A., Kim, J. W., and Kim, D. Y. (2012). Effects of yoga exercise on serum 
adiponectin and metabolic syndrome factors in obese postmenopausal women. 
Menopause 19 (3), 296–301. doi:10.1097/gme.0b013e31822d59a2

Leon, A. S., and Sanchez, O. A. (2001). Response of blood lipids to exercise training 
alone or combined with dietary intervention. Med. Sci. Sports Exerc 33 (6 Suppl. l), 
S502–S515. doi:10.1097/00005768-200106001-00021

Li, X., Chang, P., Wu, M., Jiang, Y., Gao, Y., Chen, H., et al. (2024). 
Effect of Tai chi vs aerobic exercise on blood pressure in patients with 
prehypertension: a randomized clinical trial. JAMA Netw. Open 7 (2), e2354937. 
doi:10.1001/jamanetworkopen.2023.54937

Liang, M., Pan, Y., Zhong, T., Zeng, Y., and Cheng, A. S. K. (2021). 
Effects of aerobic, resistance, and combined exercise on metabolic syndrome 
parameters and cardiovascular risk factors: a systematic review and network 
meta-analysis. Rev. Cardiovasc Med. 22 (4), 1523–1533. doi:10.31083/j.
rcm2204156

Mann, S., Beedie, C., and Jimenez, A. (2014). Differential effects of aerobic 
exercise, resistance training and combined exercise modalities on cholesterol and the 
lipid profile: review, synthesis and recommendations. Sports Med. 44 (2), 211–221. 
doi:10.1007/s40279-013-0110-5

Mathieson, S., and Lin, C. W. (2014). Health benefits of nordic walking; a systematic 
review. Br. J. Sports Med. 48 (21), 1577–1578. doi:10.1136/bjsports-2013-093294

Mersy, D. J. (1991). Health benefits of aerobic exercise. Postgrad. Med. 90 (1), 103–107. 
doi:10.1080/00325481.1991.11700983

Min, S. H., Docherty, S. L., Im, E. O., and Yang, Q. (2022). Identification of symptom 
clusters among midlife menopausal women with metabolic syndrome. West J. Nurs. Res.
44 (9), 838–853. doi:10.1177/01939459211018824

Frontiers in Physiology 11 frontiersin.org

https://doi.org/10.3389/fphys.2025.1703881
https://www.frontiersin.org/articles/10.3389/fphys.2025.1703881/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphys.2025.1703881/full#supplementary-material
https://doi.org/10.1590/1414-431X2025e14194
https://doi.org/10.1001/archinte.160.13.1947
https://doi.org/10.1007/978-1-62703-059-5_25
https://doi.org/10.3920/CEP210040
https://doi.org/10.1016/j.jbmt.2020.10.007
https://doi.org/10.1016/j.mayocp.2013.10.030
https://doi.org/10.1139/apnm-2020-0746
https://doi.org/10.3390/life15020166
https://doi.org/10.1001/jama.289.19.2560
https://doi.org/10.1152/ajpendo.1993.264.2.E215
https://doi.org/10.1161/jaha.112.004473
https://doi.org/10.1113/jphysiol.1993.sp019833
https://doi.org/10.1016/s0895-7061(01)02081-7
https://doi.org/10.1016/j.clindermatol.2017.09.005
https://doi.org/10.1007/s00281-017-0666-5
https://doi.org/10.1016/j.tcm.2015.10.004
https://doi.org/10.1097/gme.0000000000000446
https://doi.org/10.1097/gme.0000000000001136
https://doi.org/10.1093/ije/dyt043
https://doi.org/10.1038/s41598-023-37309-4
https://doi.org/10.1136/bmj.d5928
https://doi.org/10.2337/diabetes.53.2.294
https://doi.org/10.1097/00005768-200106001-00005
https://doi.org/10.1016/j.arr.2022.101747
https://doi.org/10.7326/m14-2385
https://doi.org/10.1161/atvbaha.109.184085
https://doi.org/10.1589/jpts.34.347
https://doi.org/10.1097/gme.0b013e31822d59a2
https://doi.org/10.1097/00005768-200106001-00021
https://doi.org/10.1001/jamanetworkopen.2023.54937
https://doi.org/10.31083/j. rcm2204156
https://doi.org/10.31083/j. rcm2204156
https://doi.org/10.1007/s40279-013-0110-5
https://doi.org/10.1136/bjsports-2013-093294
https://doi.org/10.1080/00325481.1991.11700983
https://doi.org/10.1177/01939459211018824
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org


Zhang et al. 10.3389/fphys.2025.1703881

Nikolakopoulou, A., Higgins, J. P. T., Papakonstantinou, T., Chaimani, A., 
Del Giovane, C., Egger, M., et al. (2020). CINeMA: an approach for assessing 
confidence in the results of a network meta-analysis. PLoS Med. 17 (4), e1003082. 
doi:10.1371/journal.pmed.1003082

Nunes, P. R. P., Silva, T., Carneiro, M. A. S., Martins, F. M., Souza, A. P., and 
Orsatti, F. L. (2022). Functional high-intensity interval training is not equivalent when 
compared to combined training for blood pressure improvements in postmenopausal 
women: a randomized controlled trial. Clin. Exp. Hypertens. 44 (2), 127–133. 
doi:10.1080/10641963.2021.2001481

Page, M. J., McKenzie, J. E., Bossuyt, P. M., Boutron, I., Hoffmann, T. C., Mulrow, 
C. D., et al. (2021). The PRISMA 2020 statement: an updated guideline for reporting 
systematic reviews. Bmj 372, n71. doi:10.1136/bmj.n71

Palmer, M. K., and Toth, P. P. (2019). Trends in lipids, obesity, metabolic 
syndrome, and diabetes mellitus in the United States: an NHANES analysis 
(2003-2004 to 2013-2014). Obes. (Silver Spring) 27 (2), 309–314. doi:10.1002/oby.
22370

Pedersen, B. K., and Saltin, B. (2015). Exercise as medicine - evidence for prescribing 
exercise as therapy in 26 different chronic diseases. Scand. J. Med. Sci. Sports 25 (Suppl. 
3), 1–72. doi:10.1111/sms.12581

Pereira, R., Krustrup, P., Castagna, C., Coelho, E., Helge, E. W., Jørgensen, N. 
R., et al. (2023). Multicomponent recreational team handball training improves 
global health status in postmenopausal women at the long term - a randomised 
controlled trial. Eur. J. Sport Sci. 23 (8), 1789–1799. doi:10.1080/17461391.2023.
2184725

Prabhakaran, B., Dowling, E. A., Branch, J. D., Swain, D. P., and Leutholtz, B. C. 
(1999). Effect of 14 weeks of resistance training on lipid profile and body fat percentage 
in premenopausal women. Br. J. Sports Med. 33 (3), 190–195. doi:10.1136/bjsm.33.3.190

Saklayen, M. G. (2018). The global epidemic of the metabolic syndrome. Curr. 
Hypertens. Rep. 20 (2), 12. doi:10.1007/s11906-018-0812-z

Saltin, B., Henriksson, J., Nygaard, E., Andersen, P., and Jansson, E. (1977). Fiber types 
and metabolic potentials of skeletal muscles in sedentary man and endurance runners. 
Ann. N. Y. Acad. Sci. 301, 3–29. doi:10.1111/j.1749-6632.1977.tb38182.x

Schroeder, E. C., Franke, W. D., Sharp, R. L., and Lee, D. C. (2019). Comparative 
effectiveness of aerobic, resistance, and combined training on cardiovascular 
disease risk factors: a randomized controlled trial. PLoS One 14 (1), e0210292. 
doi:10.1371/journal.pone.0210292

Son, W. M., and Park, J. J. (2021). Resistance band exercise training prevents the 
progression of metabolic syndrome in Obese postmenopausal women. J. Sports Sci. 
Med. 20 (2), 291–299. doi:10.52082/jssm.2021.291

Sterne, J. A. C., Savović, J., Page, M. J., Elbers, R. G., Blencowe, N. S., Boutron, I., et al. 
(2019). RoB 2: a revised tool for assessing risk of bias in randomised trials. Bmj 366, 
l4898. doi:10.1136/bmj.l4898

Supriya, R., Yu, A. P., Lee, P. H., Lai, C. W., Cheng, K. K., Yau, S. Y., et al. 
(2018). Yoga training modulates adipokines in adults with high-normal blood 
pressure and metabolic syndrome. Scand. J. Med. Sci. Sports 28 (3), 1130–1138. 
doi:10.1111/sms.13029

Tan, L., Strudwick, J., Deady, M., Bryant, R., and Harvey, S. B. (2023). Mind-body 
exercise interventions for prevention of post-traumatic stress disorder in trauma-
exposed populations: a systematic review and meta-analysis. BMJ Open 13 (7), e064758. 
doi:10.1136/bmjopen-2022-064758

Tan, A., Thomas, R. L., Campbell, M. D., Prior, S. L., Bracken, R. M., and Churm, 
R. (2023). Effects of exercise training on metabolic syndrome risk factors in post-
menopausal women - a systematic review and meta-analysis of randomised controlled 
trials. Clin. Nutr. 42 (3), 337–351. doi:10.1016/j.clnu.2023.01.008

Tayebi, S. M., Saeidi, A., Fashi, M., Pouya, S., Khosravi, A., Shirvani, H., et al. 
(2019). Plasma retinol-binding protein-4 and tumor necrosis factor-α are reduced 
in postmenopausal women after combination of different intensities of circuit 
resistance training and zataria supplementation. Sport Sci. Health 15 (3), 551–558. 
doi:10.1007/s11332-019-00544-2

Torréns, J. I., Sutton-Tyrrell, K., Zhao, X., Matthews, K., Brockwell, S., Sowers, 
M., et al. (2009). Relative androgen excess during the menopausal transition predicts 
incident metabolic syndrome in midlife women: study of Women’s health across the 
nation. Menopause 16 (2), 257–264. doi:10.1097/gme.0b013e318185e249

Veroniki, A. A., Vasiliadis, H. S., Higgins, J. P., and Salanti, G. (2013). Evaluation 
of inconsistency in networks of interventions. Int. J. Epidemiol. 42 (1), 332–345. 
doi:10.1093/ije/dys222

Ward, L. J., Nilsson, S., Hammar, M., Lindh-Åstrand, L., Berin, E., Lindblom, H., et al. 
(2020). Resistance training decreases plasma levels of adipokines in postmenopausal 
women. Sci. Rep. 10 (1), 19837. doi:10.1038/s41598-020-76901-w

Watanabe, J., and Kotani, K. (2020). Metabolic syndrome for cardiovascular disease 
morbidity and mortality among general Japanese people: a mini review. Vasc. Health 
Risk Manag. 16, 149–155. doi:10.2147/vhrm.S245829

Frontiers in Physiology 12 frontiersin.org

https://doi.org/10.3389/fphys.2025.1703881
https://doi.org/10.1371/journal.pmed.1003082
https://doi.org/10.1080/10641963.2021.2001481
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1002/oby.22370
https://doi.org/10.1002/oby.22370
https://doi.org/10.1111/sms.12581
https://doi.org/10.1080/17461391.2023.2184725
https://doi.org/10.1080/17461391.2023.2184725
https://doi.org/10.1136/bjsm.33.3.190
https://doi.org/10.1007/s11906-018-0812-z
https://doi.org/10.1111/j.1749-6632.1977.tb38182.x
https://doi.org/10.1371/journal.pone.0210292
https://doi.org/10.52082/jssm.2021.291
https://doi.org/10.1136/bmj.l4898
https://doi.org/10.1111/sms.13029
https://doi.org/10.1136/bmjopen-2022-064758
https://doi.org/10.1016/j.clnu.2023.01.008
https://doi.org/10.1007/s11332-019-00544-2
https://doi.org/10.1097/gme.0b013e318185e249
https://doi.org/10.1093/ije/dys222
https://doi.org/10.1038/s41598-020-76901-w
https://doi.org/10.2147/vhrm.S245829
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org

	1 Introduction
	2 Methods
	2.1 Registration
	2.2 Search strategy
	2.3 Selection of studies and eligibility criteria
	2.4 Data extraction
	2.5 Risk of bias and strength of evidence assessment
	2.6 Data synthesis and analysis

	3 Results
	3.1 Study selection
	3.2 Characteristics of the included studies
	3.3 Risk of bias 2 (ROB) quality evaluation
	3.4 Pairwise meta-analysis and NMA
	3.4.1 Body composition (BW, BF%, BMI and WC)
	3.4.2 Blood pressure (DBP, SBP)
	3.4.3 Glu
	3.4.4 Cholesterol and blood lipid (LDL-C, HDL-C, TC, and TG)
	3.4.5 ADPN and leptin

	3.5 Publication bias or small sample effect test

	4 Discussion
	5 Limitations
	6 Conclusion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References

