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Background: Metabolic syndrome comprises multiple cardiovascular risk
factors, and previous studies have confirmed a significant association between
metabolic syndrome and an increased risk of stroke. However, no systematic
meta-analysis has evaluated the sex differences in the relationship between
metabolic syndrome and stroke. This study aimed to investigate the sex
difference in the association between metabolic syndrome and stroke.

Methods: The PubMed, Embase, and Cochrane Library databases were
systematically searched for eligible studies until October 2024. The sex
difference in the association between metabolic syndrome and the risk of stroke
was calculated by relative risk ratio (RRR) with 95% confidence interval (Cl) using
a random-effects model with inverse variance weighting.

Results: Nine studies involving 61,060 individuals were included in the meta-
analysis. No sex difference was observed in the association between metabolic
syndrome and the risk of stroke (RRR: 0.92; 95% Cl. 0.72-1.17; p = 0.482).
Sensitivity analysis found that the sex difference in this association was stable.
Subgroup analyses revealed that male individuals with metabolic syndrome
had a greater risk of stroke than female individuals in studies with a follow-up
duration of <10.0 years (RRR: 0.70; 95% ClI: 046-1.04; p = 0.078) and with low
quality (RRR: 0.54; 95% CI: 0.30-0.98; p = 0.043).

Conclusion: Sex differences may exist in the association between metabolic
syndrome and the risk of stroke, especially with shorter follow-up periods.
Further large prospective studies should be performed to verify the sex difference
in the association between metabolic syndrome and the risk of stroke.

KEYWORDS
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Introduction

Stroke remains the second leading cause of death globally, with approximately 6.55 million
deaths attributed to stroke (1). In China, nearly 17.8 million people experience stroke, resulting
in 2.3 million deaths (2). The prevalence of stroke in the general population is 2.6%, but this
figure surges to 44.8% among individuals with hypertension (3). Ischemic stroke and transient
ischemic attacks account for nearly 87% of all stroke cases (4). The major complications
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following a stroke include motor dysfunction, sensory impairment,
and dysphagia (5). According to estimates, globally, there are 4.5
million deaths due to stroke each year and more than 9 million stroke
survivors (6). Therefore, exploring the risk factors for stroke to
implement effective primary prevention is crucial.

Metabolic syndrome (MetS) is a significant risk factor for vascular
diseases, including stroke (7). The primary characteristics of MetS
include central obesity, elevated triglyceride levels, diabetes or insulin
resistance, hypertension, and reduced high-density lipoprotein
cholesterol (HDL) levels (8). Research indicates that age, sex, smoking
habits, alcohol consumption, and physical activity frequency are
factors associated with the development of MetS (9). As global
concern over MetS as a public health challenge continues to grow, its
prevalence is estimated to range from 14 to 30% (10). Specifically, in
Iran, data from 2020 show that the prevalence of MetS reached 30.8%
(11). Studies suggest that the inflammatory processes observed in
patients with MetS may contribute to the progression of cardiovascular
diseases, partly owing to dysregulated fat metabolism (10). Previous
studies have confirmed that MetS significantly increases the risk of
stroke, but whether this association differs by sex remains
unknown (12).

Notably, potential sex differences in stroke risk may be attributed to
several underlying biological mechanisms. Hormonal factors play a
crucial role. In pre-menopausal women, higher estrogen levels offer
protection to the cardiovascular system. Estrogen can regulate vascular
dilation, inhibit inflammation, and reduce oxidative stress, thereby
lowering the risk of stroke. However, after menopause, the decline in
estrogen levels weakens this protective effect, leading to an increased
risk of stroke (13). In terms of genetic factors, although research is
currently limited, some genetic polymorphisms may potentially affect
stroke risk differently in men and women, yet the specific mechanisms
remain to be further explored. Environmental factors also cannot
be overlooked. Lifestyle differences, such as smoking, excessive alcohol
consumption, and physical inactivity, which are more prevalent in men
in some cases, and social-psychological stress, which may have a greater
impact on women, can contribute to the observed sex differences in
stroke risk (14). Therefore, we conducted this systematic review and
meta-analysis to assess the sex difference in the association between
MetS and the risk of stroke.

Materials and methods
Search strategy and selection criteria

This study adhered to the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis guideline (15). This study investigated the
sex difference in the association between MetS and the risk of stroke
and reported this relationship in males and females. Moreover, the
publication language and status were not restricted. We systematically
searched PubMed, Embase, and the Cochrane Library to identify
relevant studies published up to October 2024 using the following
search terms: (“cardiovascular risk” OR “cardiovascular disease” OR
“stroke”) AND (“metabolic syndrome”) AND (“cohort studies” OR
“prospective studies”). Reference lists of the included studies were also
manually reviewed for additional studies that met the inclusion criteria.

Two reviewers independently performed the literature search and
study selection, and any disagreement was settled through mutual
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discussion. A study was included if it met the following criteria: (1)
patients: free of stroke at baseline; (2) exposure: MetS; (3) control:
non-MetS; (4) outcome: stroke incidence or effect estimate in the
relationship between MetS and the risk of stroke; (5) study design:
prospective cohort; and (6) additional criteria: reported the
relationship between MetS and the risk of stroke in males and females
simultaneously. Review, letter, and animal experiment studies were
removed owing to irrelevant or no relevant data. It is important to
note that for studies that did not report sex-specific outcomes, we did
not contact the authors for additional data. These studies were
excluded from the analysis to ensure that our meta-analysis focused
on the sex difference in the association between MetS and the risk of
stroke. In addition, it should be noted that most of the original studies
included in this review did not clearly define whether their population
was based on biological sex or reported gender. Considering the
biological mechanisms we are investigating, we assume that the
populations in these studies were defined by biological sex.

Data collection and quality assessment

The data were independently collected by two reviewers, and they
included the first author or study group’s name, publication year,
country, sample size, mean age, male, smoking, body mass index,
hypertension, diabetes mellitus, reported outcomes, number of stroke,
adjusted factors, and follow-up duration. To assess the methodological
quality of each study, we used the Newcastle-Ottawa Scale (NOS). The
NOS evaluates studies based on three aspects: selection (with 4 items),
comparability (1 item), and outcome (3 items) (16). Two reviewers
independently carried out the quality assessment. In case of any
disagreements between the reviewers regarding the data collected and
quality assessment, an additional reviewer resolved the issues by
referring to the original article.

Statistical analysis

The sex-specific effect estimate with the 95% confidence interval
(CI) in published studies was assigned to assess the sex difference in the
association between MetS and the risk of stroke. The male-to-female
relative risk ratio (RRR) was then calculated using the random-effects
model, taking into account that the underlying factors vary across
included studies (17, 18). The heterogeneity of the included studies was
assessed using the I’ and Q statistics, and significant heterogeneity was
denoted by I > 50.0% or p < 0.10 (19, 20). The stability of the pooled
conclusion was assessed by a sensitivity analysis through sequential
removing single study (21). For each removal, the RRR and 95% CI
were recalculated to evaluate whether the overall result was sensitive to
the exclusion of any particular study. Subgroup analyses were performed
based on the country, mean age, smoking proportion, adjusted level,
reported outcomes, follow-up duration, and study quality. The division
by country aimed to account for differences in regional factors such as
healthcare systems, lifestyle, and genetic backgrounds. Mean age was
considered because the impact of MetS on stroke risk may change with
age. Smoking proportion and adjusted level are known confounders,
and their inclusion helps to better understand the relationship between
MetS and stroke risk. Different reported outcomes (total stroke vs.
ischemic stroke) were analyzed separately due to their potentially
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distinct underlying mechanisms. Follow-up duration was a key factor
as the association between MetS and stroke risk may vary over time.
Study quality was included to assess the influence of the reliability of the
studies on the results. Publication biases were evaluated using the
funnel plots, Egger, and Begg tests (22, 23). All the reported p-values are
two-sided, and the inspection level for the pooled results was 0.05. All
the statistical analyses in this study were performed using STATA
(version 12.0; Stata Corporation, College Station, TX, USA).

Results
Literature search and study selection

The initial search yielded 5,431 articles, of which 2,946 were
retained after duplicate records were removed. Subsequently, 2,897

10.3389/fneur.2025.1527749

studies were excluded owing to irrelevant titles or abstracts. The
remaining 49 studies were downloaded for further full-text
evaluations, and 1 study was discovered by reviewing the reference
lists; 41 studies were excluded. The remaining 9 studies were used for
the final meta-analysis (24-32). The details of the literature search and
study selection are shown in Figure 1.

Study characteristics

The characteristics of the included studies and involved patients
are summarized in Table 1. The included studies involved a total of
61,060 individuals and 1,770 cases of stroke. The sample sizes of the
included studies ranged from 1,424 to 19,369, and the follow-up
duration ranged from 3.4 to 18.0 years. Six studies reported the total
stroke, while 5 studies reported ischemic stroke. Two studies were

Articles from PubMed, EmBase

and the Cochrane (n=5431)

Articles identified after duplicate removed (n=2946)

Abstracts and title excluded

A4

during first screening (n=2897)

Full-text evaluations (n=49)

Hand-search for reference (n=1)

Full-text identified after duplicate removed (n=50)

Articles excluded (n=41)
Not distinguish sex (n=27)

9 studies included in meta-analysis

FIGURE 1
Literature search and study selection process.

No sufficient data (n=9)
Systematic review (n=5)
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TABLE 1 The baseline characteristics of identified studies and involved patients.

Male (%) BMI (kg/ Adjusted Follow- Study

up (years) quality

Country Sample Age Smoking Hypertension DM (%) Reported [\ [oXo}j

outcomes stroke factors

size (years) (%) m?) (%)
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0

610" uISIa1U0L

ARIC 2005
(24)

Us

12,089

54.0

43.1

27.7

11.0

Total stroke, IS

308/216

Age, race/center,

LDL and smoking

11.0

JDCS 2005
(25)

Japan

1,424

58.4

54.1

27.7

22.7

25.2

100.0

Total stroke

59

Age

8.0

Iso 2007 (26)

Japan

9,087

51.6

39.6

27.2

232

11.4

NA

256

Age, sex,
community, serum
TC, smoking,
alcohol intake,
time since last
meal and for
women,

menopausal status.

18.0

Hisayama

2007 (27)

Japan

2,452

58.3

42.8

254

229

40.1

9.1

Total stroke, IS

209

Age, proteinuria,
electrocardiogram
abnormalities, TC,

smoking, alcohol
intake, and regular

exercise

14.0

NOMAS 2008
(28)

Us

3,297

69.0

37.0

15.0

NA

NA

17.0

176

Age, education,
insurance status,
any physical
activity, smoking,
moderate alcohol
use, and cardiac

disease

6.4

SPRIS 2011
(29)

China

19,369

52.9

52.8

21.2

252

439

NA

Total stroke

341

Age, serum TC,
current smoking,
regular alcohol
drinking, AF,
family history of
CVD

3.0

SMSRI 2012
(30)

Korea

6,430

48.9

57.9

314

23.5

NA

NA

Total stroke

188

Age, smoking
status, alcohol
drinking, exercise,

and HOMA-IR

10.0
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TABLE 1 (Continued)
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AF, atrial fibrillation; BMI, body mass index; CVD, cardiovascular disease; DM, diabetes mellitus; LDL, low density lipoprotein; TC, total cholesterol.

10.3389/fneur.2025.1527749

conducted in the US, 3 in Japan, 2 in China, 1 in Korea, and 1 in Iran.
Study quality was assessed using the NOS; 2 studies had 8 stars, 5 had
7 stars, and the remaining 2 had 6 stars.

Meta-analysis and sensitivity analysis

After pooling all included studies, the sex difference in the
association between MetS and the risk of stroke was not significant
(RRR: 0.92; 95% CI: 0.72-1.17; p = 0.482; Figure 2). No significant
heterogeneity was observed across the included studies (I = 29.3%;
p = 0.185). Sensitivity analysis found that the pooled conclusion was
stable and not altered by sequential removing a single study (data
not shown).

Subgroup analysis

Subgroup analysis for the sex difference in the relationship
between MetS and the risk of stroke is shown in Table 2. No significant
sex difference was observed in the association between MetS and the
risk of stroke in most subgroups. However, sex difference was found
when the follow-up duration was <10.0 years (RRR: 0.70; 95% CI:
0.46-1.04; p = 0.078) and in studies with low quality (RRR: 0.54; 95%
CI: 0.30-0.98; p = 0.043).

Publication bias

The funnel plot for the publication bias of sex difference in the
relationship between MetS and the risk of stroke is shown in Figure 3.
No significant publication bias was found for the sex difference in the
relationship between MetS and the risk of stroke (p value for Egger:
0.572; p value for Begg: 0.466).

Discussion

The current systematic review and network meta-analysis was
designed to assess the sex difference in the relationship between MetS
and the risk of stroke, and a total of 61,060 individuals and 1,770 cases
of stroke from 9 studies were identified. This study found no sex
difference in the relationship between MetS and the risk of stroke.
Sensitivity analysis revealed that the pooled conclusions were stable
and not influenced by any single included study. Subgroup analysis
found that in subgroups with a follow-up period of <10 years and in
subgroups combining low-quality studies, the risk of stroke in men
with MetS was lower than that in women with MetS.

The risk of stroke in patients with MetS is significantly increased,
as confirmed by previous studies (12). The main mechanisms linking
MetS and stroke include the following: (1) Insulin resistance as a core
feature of MetS: it leads to high blood glucose and hyperinsulinemia,
which in turn promote endothelial dysfunction, inflammation, and
the development of atherosclerosis, increasing the risk of stroke (33).
(2) Hypertension as a key component of MetS: long-term hypertension
damages the vascular walls, leading to vessel hardening and narrowing
and increasing the risk of cerebral vascular rupture or blockage (34).
(3) Patients with MetS often have high triglyceride levels and low HDL
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1
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1
|
NOTE: Weights are from random effects analysis :
T T ; T
3 5 1 2
FIGURE 2
Sex difference in the association between MetS and the risk of stroke.
TABLE 2 Subgroup analyses for diagnostic performance.
Factors Groups RRR p value Heterogeneity (%) p value
Country Eastern 0.98 (0.74-1.31) 0.892 314 0.188
Western 0.75 (0.49-1.15) 0.194 10.5 0.291
Age (years) >55.0 0.94 (0.61-1.47) 0.792 9.3 0.346
<55.0 0.90 (0.65-1.24) 0.516 50.0 0.092
Smoking (%) >25.0 0.95 (0.67-1.35) 0.768 37.0 0.175
<25.0 0.86 (0.57-1.30) 0.472 39.6 0.175
Adjusted level High 0.82 (0.55-1.22) 0.321 53.1 0.074
Low-moderate 1.07 (0.82-1.41) 0.624 0.0 0.781
Outcomes Total stroke 0.83 (0.63-1.09) 0.185 5.5 0.381
Ischemic stroke 0.96 (0.71-1.30) 0.803 29.8 0.223
Follow-up duration >10.0 1.01 (0.76-1.34) 0.949 32.7 0.191
(years) <100 0.70 (0.46-1.04) 0.078 0.0 0.579
Study quality High 0.99 (0.79-1.25) 0.959 14.8 0.317
Low 0.54 (0.30-0.98) 0.043 0.0 0.465

levels; these lipid abnormalities promote atherosclerosis and increase
the risk of thrombosis, raising the incidence of stroke (35). (4) Excess
abdominal fat associated with chronic low-grade inflammation
triggers systemic inflammatory responses, further damaging
endothelial function and promoting atherosclerosis (36). (5) Chronic
low-grade inflammation and oxidative stress damage endothelial cells,
accelerate atherosclerosis, and increase the risk of thrombosis (37). (6)
Patients with MetS often have elevated fibrinogen levels and impaired
fibrinolytic system function, increasing the risk of thrombosis and,
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consequently, the risk of stroke (38). Finally, (7) high homocysteine
levels and renal dysfunction, among others, can also increase the risk
of stroke through different mechanisms (39, 40).

In the previous meta-analysis, subgroup analysis found that male
patients with MetS had a significantly lower risk of stroke than female
patients with MetS (12). However, our study found that although male
patients with MetS had a lower risk of stroke than female patients, this
difference was not statistically significant. The reasons for this
discrepancy may include the following: (1) The results of the previous
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Funnel plot for the sex difference in the association between MetS and the risk of stroke.

studies were based on different populations, which may have led to
significant selection bias, affecting the accuracy of the findings. (2) In
the previous studies, the ARIC study population was included multiple
times, which may have overestimated the sex differences in the
association (24).

In the subgroup analysis, we found that in studies with shorter
follow-up periods, the association between MetS and stroke may differ
by sex. The main mechanisms for this difference are as follows: (1) the
short-term protective effect of estrogen in pre-menopausal women
may be more pronounced. Estrogen can regulate vascular function,
reduce inflammation, and inhibit oxidative stress, which may
contribute to the lower stroke risk in women during this period. As
the follow-up time extends, other factors may gradually override the
impact of estrogen, leading to a less obvious sex difference (13, 41). (2)
Women typically have smaller blood vessels than men, and these
vessels may be more susceptible to damage in the short term. This
difference may make women more vulnerable to stroke in the short
term (42). Finally, (3) women may be more susceptible to acute stress
and pressure in certain situations, which can increase the risk of
cardiovascular events, including stroke, in the short term (14). In the
low-quality study subgroup, the limited number of studies (only two
studies) may have led to more variable results. The small sample size
in these studies may not be sufficient to accurately represent the true
relationship between MetS and stroke risk in different genders,
resulting in the observed sex differences. Further research with a
larger number of high-quality studies is needed to clarify
this association.

In addition to the factors already considered, several other variables
can influence the association between MetS and stroke risk.
Socioeconomic factors play a crucial role. Lower socioeconomic status
is often associated with limited access to quality healthcare, higher
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levels of stress, and a higher prevalence of unhealthy lifestyle habits
(43). Men in lower-income groups may be more likely to engage in
heavy smoking and excessive alcohol consumption as a coping
mechanism for financial stress. In contrast, women in the same
situation may experience chronic stress-induced hormonal imbalances,
which can contribute to MetS and increase the risk of stroke (44).
Lifestyle factors such as physical activity and diet also vary between
genders and can impact this association. Physical inactivity is a major
risk factor for MetS (45). However, males and females may face different
barriers to regular physical activity. Men may be more likely to engage
in high-intensity activities but may also be more likely to drop out due
to work-related constraints. Women, on the other hand, may have more
family-related responsibilities that limit their time for exercise (46). In
terms of diet, men may have a higher intake of processed foods and
saturated fats, while women may have a lower intake of essential
nutrients like omega-3 fatty acids, both of which can contribute to the
development of MetS and subsequent stroke risk (47). Medication use
is another important consideration. Medications used to treat
components of MetS, such as antihypertensive drugs and lipid-lowering
medications, may have different effects in males and females (48, 49).
Based on these differences, sex-specific interventions may be more
effective. For women, stress-management programs could be beneficial
in reducing stress-related cardiovascular risks. Since women may
be more affected by stress-induced hormonal changes, these
interventions can help mitigate the impact on MetS and stroke risk (50).
For men, interventions focused on smoking cessation and reducing
alcohol consumption, may have a greater impact (51). By targeting
these specific lifestyle factors, we can potentially develop more effective
strategies for preventing stroke in both men and women with MetS.
The potential sex differences in the association between MetS and
stroke risk have important implications for clinical practice. Healthcare
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providers should be aware of these differences when evaluating and
managing patients with MetS. For pre-menopausal women, interventions
to maintain overall health, such as regular exercise, a balanced diet, and
stress management, may help preserve the protective effects of estrogen
on the cardiovascular system. For men, especially those with MetS, more
intensive management of risk factors such as smoking cessation,
controlling alcohol intake, and strict blood pressure control should
be emphasized. Tailored health education programs can be developed to
target men and women with MetS, providing them with gender-specific
information about stroke prevention and lifestyle modifications. This
approach can potentially improve the effectiveness of stroke prevention
strategies and ultimately reduce the burden of stroke in the population.
This study had several limitations. First, the study outcomes
included total stroke and ischemic stroke. Given that the mechanisms of
different types of stroke vary, this can significantly influence the sex
differences in the risk of stroke associated with MetS. Second, the severity
of MetS varies among patients, and the characteristics of the populations
studied differ. These variations can influence the risk of stroke. Fourth,
this study was not registered, and its transparency was restricted. Finally,
meta-analyses based on published articles have inherent limitations,
including restricted detailed analyses and inevitable publication bias.

Conclusion

This study found that the sex difference in the association between
MetS and the risk of stroke might have existed when the follow-up
duration was <10.0 years and in low-quality studies. However, due to
the limitations of this study, further research is warranted. For a more
in-depth understanding of the sex differences in the association
between MetS and stroke risk, future research should focus on several
key areas. Hormonal mechanisms need further exploration. Future
studies could delve into the detailed molecular pathways by which
estrogen affects the cardiovascular system in pre-menopausal women
and how the post-menopause decline in estrogen increases stroke risk.
This could involve studying the interaction between estrogen and
signaling pathways related to atherosclerosis, inflammation, and
endothelial function. Furthermore, prospective studies with longer
follow-up periods are essential. They can better clarify the long-term
impact of MetS on stroke risk in different genders and determine
whether the sex differences observed in short-term studies persist
over time.

References

1. GBD 2019 Stroke Collaborators. Global, regional, and national burden of stroke
and its risk factors, 1990-2019: a systematic analysis for the global burden of disease
study 2019. Lancet Neurol. (2021) 20:795-820. doi: 10.1016/S1474-4422(21)00252-0

2. Tu WJ, Wang LDSpecial writing Group of China Stroke Surveillance Report. China
stroke surveillance report 2021. Mil Med Res. (2023) 10:33. doi:
10.1186/540779-023-00463-x

3. Tu WJ, Zhao Z, Yin P, Cao L, Zeng ], Chen H, et al. Estimated burden of stroke in
China  in 2020. JAMA Netw Open. (2023) 6:€231455. doi:
10.1001/jamanetworkopen.2023.1455

4. Sacco RL, Kasner SE, Broderick JP, Caplan LR, Connors JJ(B), Culebras A, et al. An
updated definition of stroke for the 21st century: a statement for healthcare professionals

from the American Heart Association/American Stroke Association. Stroke. (2013)
44:2064-89. doi: 10.1161/STR.0b013e318296aeca

5. Lai YJ, Hanneman SK, Casarez RL, Wang J, McCullough L. Blood biomarkers for
physical recovery in ischemic stroke: a systematic review. Am J Transl Res. (2019)
11:4603-13.

Frontiers in Neurology

10.3389/fneur.2025.1527749

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 author.

Author contributions

LZ: Conceptualization, Data curation, Formal analysis,
Investigation, Methodology, Visualization, Writing — original draft.
QC: Conceptualization, Data curation, Investigation, Methodology,
Project administration, Supervision, Validation, Writing — review &
editing.

Funding

The author(s) declare that no financial support was received for
the research and/or publication of this article.

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 Al statement

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

Publisher’'s note

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

6. Wolfe CD. The impact of stroke. Br Med Bull. (2000) 56:275-86. doi:
10.1258/0007142001903120

7. Oh MY, Ko SB, Lee SH, Kim C, Ryu WS, Kim CH, et al. Association between
metabolic syndrome and functional outcome in patients with acute ischaemic stroke.
Eur ] Neurol. (2014) 21:177-9. doi: 10.1111/ene.12128

8. Stone NJ, Bilek S, Rosenbaum S. Recent National Cholesterol Education Program
Adult Treatment Panel III update: adjustments and options. Am ] Cardiol. (2005)
96:53E-9E. doi: 10.1016/j.amjcard.2005.06.006

9. Balti EV, Kengne AP, Fokouo JV, et al. Metabolic syndrome and fatal outcomes in
the post-stroke event: a 5-year cohort study in Cameroon. PLoS One. (2013) 8:e60117.
doi: 10.1371/journal.pone.0060117

10.de Souza FH, Shinjo SK. The high prevalence of metabolic syndrome in
polymyositis. Clin Exp Rheumatol. (2014) 32:82-7.

11. Bahar A, Kashi Z, Kheradmand M, Hedayatizadeh-Omran A, Moradinazar M,
Ramezani F et al. Prevalence of metabolic syndrome using international diabetes

frontiersin.org


https://doi.org/10.3389/fneur.2025.1527749
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1016/S1474-4422(21)00252-0
https://doi.org/10.1186/s40779-023-00463-x
https://doi.org/10.1001/jamanetworkopen.2023.1455
https://doi.org/10.1161/STR.0b013e318296aeca
https://doi.org/10.1258/0007142001903120
https://doi.org/10.1111/ene.12128
https://doi.org/10.1016/j.amjcard.2005.06.006
https://doi.org/10.1371/journal.pone.0060117

Zhang and Chi

federation, National Cholesterol Education Panel- Adult Treatment Panel III and Iranian
criteria: results of Tabari cohort study. J Diabetes Metab Disord. (2020) 19:205-11. doi:
10.1007/s40200-020-00492-6

12.LiX, Li X, Lin H, Fu X, Lin W, Li M, et al. Metabolic syndrome and stroke: a meta-
analysis of prospective cohort studies. J Clin Neurosci. (2017) 40:34-8. doi:
10.1016/j.jocn.2017.01.018

13. Sohrabji F, Okoreeh A, Panta A. Sex hormones and stroke: beyond estrogens.
Horm Behav. (2019) 111:87-95. doi: 10.1016/j.yhbeh.2018.10.010

14. Wongsaengchan C, McCafferty DJ, Evans NP, DEF MK, Nager RG. Body surface
temperature of rats reveals both magnitude and sex differences in the acute stress
response. Physiol Behav. (2023) 264:114138. doi: 10.1016/j.physbeh.2023.114138

15. Panic N, Leoncini E, de Belvis G, Ricciardi W, Boccia S. Evaluation of the
endorsement of the preferred reporting items for systematic reviews and meta-analysis
(PRISMA) statement on the quality of published systematic review and meta-analyses.
PLoS One. (2013) 8:83138. doi: 10.1371/journal.pone.0083138

16. Wells G, Shea B, O’Connell D. The Newcastle-Ottawa scale (NOS) for assessing the
quality of nonrandomised studies in meta-analyses. Ottawa, ON: Ottawa Hospital
Research Institute (2009).

17. DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials. (1986)
7:177-88. doi: 10.1016/0197-2456(86)90046-2

18. Ades AE, Lu G, Higgins JP. The interpretation of random-effects meta-analysis in
decision models. Med Decis Mak. (2005) 25:646-54. doi: 10.1177/0272989X05282643

19. Deeks JJ, Higgins JPT, Altman DG. Analyzing data and undertaking meta-analyses
In: J Higgins and S Green, editors. Cochrane handbook for systematic reviews of
interventions 5.0.1. Oxford, UK: The Cochrane Collaboration (2008)

20. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in
meta-analyses. BMJ. (2003) 327:557-60. doi: 10.1136/bmj.327.7414.557

21. Tobias A. Assessing the influence of a single study in meta-analysis. Stata Tech Bull.
(1999) 47:15-7.

22. Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis detected
by a simple, graphical test. BMJ. (1997) 315:629-34. doi: 10.1136/bmj.315.7109.629

23. Begg CB, Mazumdar M. Operating characteristics of a rank correlation test for
publication bias. Biometrics. (1994) 50:1088-101. doi: 10.2307/2533446

24. McNeill AM, Rosamond WD, Girman CJ, Golden SH, Schmidt MI, East HE, et al.
The metabolic syndrome and 11-year risk of incident cardiovascular disease in the
atherosclerosis risk in communities study. Diabetes Care. (2005) 28:385-90. doi:
10.2337/diacare.28.2.385

25. Sone H, Mizuno S, Fujii H, Yoshimura Y, Yamasaki Y, Ishibashi S, et al. Is the
diagnosis of metabolic syndrome useful for predicting cardiovascular disease in asian
diabetic patients? Analysis from the Japan diabetes complications study. Diabetes Care.
(2005) 28:1463-71. doi: 10.2337/diacare.28.6.1463

26.Iso H, Sato S, Kitamura A, Imano H, Kiyama M, Yamagishi K, et al. Metabolic
syndrome and the risk of ischemic heart disease and stroke among Japanese men and
women. Stroke. (2007) 38:1744-51. doi: 10.1161/STROKEAHA.106.469072

27. Ninomiya T, Kubo M, Doi Y, Yonemoto K, Tanizaki Y, Rahman M, et al. Impact of
metabolic syndrome on the development of cardiovascular disease in a general Japanese
population: ~ the Hisayama  study.  Stroke.  (2007)  38:2063-9.  doi:
10.1161/STROKEAHA.106.479642

28. Boden-Albala B, Sacco RL, Lee HS, Grahame-Clarke C, Rundek T, Elkind MV,
et al. Metabolic syndrome and ischemic stroke risk: northern Manhattan study. Stroke.
(2008) 39:30-5. doi: 10.1161/STROKEAHA.107.496588

29.Jia Z, Wu S, Zhou Y, Wang W, Liu X, Wang L, et al. Metabolic syndrome and its
components as predictors of stroke in middle-aged and elderly Chinese people. Neurol
Res. (2011) 33:453-9. doi: 10.1179/016164111X13007856083882

30. Yun JE, Won S, Sung J, Jee SH. Impact of metabolic syndrome independent of
insulin resistance on the development of cardiovascular disease. Circ J. (2012) 76:2443-8.
doi: 10.1253/circj.CJ-12-0125

31.Yao ME He J, Sun X, Ji XL, Ding Y, Zhao YM, et al. Gender differences in risks of
coronary heart disease and stroke in patients with type 2 diabetes mellitus and their
association with metabolic syndrome in China. Int ] Endocrinol. (2016) 2016:1-7. doi:
10.1155/2016/8483405

Frontiers in Neurology

09

10.3389/fneur.2025.1527749

32. Sarrafzadegan N, Gharipour M, Sadeghi M, Nezafati P, Talaie M, Oveisgharan S,
et al. Metabolic syndrome and the risk of ischemic stroke. J Stroke Cerebrovasc Dis.
(2017) 26:286-94. doi: 10.1016/j.jstrokecerebrovasdis.2016.09.019

33. Murugesan V, Natesan M, Sulthana V, Donapaty PR. Exploring factors influencing
stroke risk: insights from a predictive analysis. Cureus. (2024) 16:¢67976. doi:
10.7759/cureus.67976

34. Lawes CM, Bennett DA, Feigin VL, Rodgers A. Blood pressure and stroke: an overview
of published reviews. Stroke. (2004) 35:776-85. doi: 10.1161/01.STR.0000116869.64771.5A

35. Rizos E, Mikhailidis DP. Are high density lipoprotein (HDL) and triglyceride levels
relevant in stroke prevention? Cardiovasc Res. (2001) 52:199-207. doi:
10.1016/S0008-6363(01)00383-2

36. Cui C, He C, Sun Q, Xu Z, Li Q, Yue S, et al. Association between visceral adiposity
index and incident stroke: data from the China health and retirement longitudinal study.
Nutr Metab Cardiovasc Dis. (2022) 32:1202-9. doi: 10.1016/j.numecd.2022.01.031

37.Cheng W, Du Z, Lu B. Chronic low-grade inflammation associated with higher
risk and earlier onset of cardiometabolic multimorbidity in middle-aged and older
adults: a population-based cohort study. Sci Rep. (2024) 14:22635. doi:
10.1038/541598-024-72988-7

38. Daugaard N, Bladbjerg EM, Maat MPM, Miinster AB. Effect of plasma fibrinogen
levels on the risk of stroke in patients with type 2 diabetes: a systematic review. TH Open.
(2024) 8:€72-80. doi: 10.1055/s-0043-1777344

39. Homocysteine Studies Collaboration. Homocysteine and risk of ischemic heart disease
and stroke: a meta-analysis. JAMA. (2002) 288:2015-22. doi: 10.1001/jama.288.16.2015

40. Bello NA, Lewis EF, Desai AS, Anand IS, Krum H, McMurray JJV, et al. Increased
risk of stroke with darbepoetin alfa in anaemic heart failure patients with diabetes and
chronic kidney disease. Eur ] Heart Fail. (2015) 17:1201-7. doi: 10.1002/ejhf.412

41. Ferreira JP, Claggett BL, Liu J, Sharma A, Desai AS, Anand IS, et al. High-
sensitivity C-reactive protein in heart failure with preserved ejection fraction: findings
from TOPCAT. Int ] Cardiol. (2024) 402:131818. doi: 10.1016/j.ijcard.2024.131818

42. Merriman JA, Villacis D, Wu B, Patel D, Yi A, Hatch GFR. Does patient sex affect
the anatomic relationships between the sternoclavicular joint and posterior vascular
structures? Clin Orthop Relat Res. (2014) 472:3495-506. doi: 10.1007/s11999-014-3853-x

43. Pereira-Payo D, Pastor-Cisneros R, Mendoza-Muioz M, Carrasco-Marcelo L.
Associations among reduced income, unhealthy habits, the prevalence of non-
communicable diseases, and multimorbidity in middle-aged and older US adults: a
cross-sectional study. Healthcare. (2024) 12:2398. doi: 10.3390/healthcare12232398

44. Huang MT, Chang YH, Li CY, Elizabeth Ku L], Chou YT, Hou WH, et al. The role of
socioeconomic factors in sex differences in intrinsic capacity among older adults: a cross-
sectional study in Taiwan. Prev Med Rep. (2024) 47:102897. doi: 10.1016/j.pmedr.2024.102897

45. Singh P, Kaushik U, Mir SR, Kukreti N, Visht S. Dietary and nutritional aspects of
metabolic syndrome management: An overview. Endocr Metab Immune Disord Drug
Targets. (2025) 25:17. doi: 10.2174/0118715303316445241108100017

46. Jauregui-Ulloa E, Ortiz-Brunel ], Gaytan-Gonzalez A, Soria-Rodriguez R, Pérez-
Maravilla JM, Gonzalez-Villalobos MEF, et al. Comparison of physical activity and
sedentary behaviour patterns by sex, geographical location, and time of the week in
Mexican adolescents. ] Funct Morphol Kinesiol. (2024) 9:212. doi: 10.3390/jfmk9040212

47. Andrews RR, Anderson KR, Fry JL. Sex-specific variation in metabolic responses
to diet. Nutrients. (2024) 16:2921. doi: 10.3390/nul16172921

48.Yeo WJ, Abraham R, Surapaneni AL, Schlosser P, Ballew SH, Ozkan B, et al. Sex
differences in hypertension and its management throughout life. Hypertension. (2024)
81:2263-74. doi: 10.1161/HYPERTENSIONAHA.124.22980

49. Chen C, Reeves MJ, Farris KB, Morgenstern LB, Lisabeth LD. Sex differences in
nonadherence to secondary stroke prevention medications among patients with first-ever
ischemic stroke. ] Am Heart Assoc. (2024) 13:e036409. doi: 10.1161/JAHA.124.036409

50. Schettini G, Johansson M, Andersson S, Romero D, Berman AH, Lindner P. Is
internet-based cognitive behavioral therapy for alcohol use disorder equally effective for
men and women? Implications of a secondary analysis of a clinical trial. Front Psych.
(2024) 15:1486278. doi: 10.3389/fpsyt.2024.1486278

51. Shah M, Buscot MJ, Tian J, Phan HT, Marwick TH, Dwyer T, et al. Sex differences
in the association between stroke risk factors and pre-clinical predictors of stroke in the
childhood determinants of adult health study. Atherosclerosis. (2023) 384:117171. doi:
10.1016/j.atherosclerosis.2023.06.077

frontiersin.org


https://doi.org/10.3389/fneur.2025.1527749
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1007/s40200-020-00492-6
https://doi.org/10.1016/j.jocn.2017.01.018
https://doi.org/10.1016/j.yhbeh.2018.10.010
https://doi.org/10.1016/j.physbeh.2023.114138
https://doi.org/10.1371/journal.pone.0083138
https://doi.org/10.1016/0197-2456(86)90046-2
https://doi.org/10.1177/0272989X05282643
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.2307/2533446
https://doi.org/10.2337/diacare.28.2.385
https://doi.org/10.2337/diacare.28.6.1463
https://doi.org/10.1161/STROKEAHA.106.469072
https://doi.org/10.1161/STROKEAHA.106.479642
https://doi.org/10.1161/STROKEAHA.107.496588
https://doi.org/10.1179/016164111X13007856083882
https://doi.org/10.1253/circj.CJ-12-0125
https://doi.org/10.1155/2016/8483405
https://doi.org/10.1016/j.jstrokecerebrovasdis.2016.09.019
https://doi.org/10.7759/cureus.67976
https://doi.org/10.1161/01.STR.0000116869.64771.5A
https://doi.org/10.1016/S0008-6363(01)00383-2
https://doi.org/10.1016/j.numecd.2022.01.031
https://doi.org/10.1038/s41598-024-72988-7
https://doi.org/10.1055/s-0043-1777344
https://doi.org/10.1001/jama.288.16.2015
https://doi.org/10.1002/ejhf.412
https://doi.org/10.1016/j.ijcard.2024.131818
https://doi.org/10.1007/s11999-014-3853-x
https://doi.org/10.3390/healthcare12232398
https://doi.org/10.1016/j.pmedr.2024.102897
https://doi.org/10.2174/0118715303316445241108100017
https://doi.org/10.3390/jfmk9040212
https://doi.org/10.3390/nu16172921
https://doi.org/10.1161/HYPERTENSIONAHA.124.22980
https://doi.org/10.1161/JAHA.124.036409
https://doi.org/10.3389/fpsyt.2024.1486278
https://doi.org/10.1016/j.atherosclerosis.2023.06.077

	Sex difference in the association between metabolic syndrome and the risk of stroke: a systematic review and meta-analysis
	Introduction
	Materials and methods
	Search strategy and selection criteria
	Data collection and quality assessment
	Statistical analysis

	Results
	Literature search and study selection
	Study characteristics
	Meta-analysis and sensitivity analysis
	Subgroup analysis
	Publication bias

	Discussion
	Conclusion

	References

