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Objectives: The prevalence of metabolic syndrome (MetS) among patients with 
ischemic stroke is relatively high. The visceral fat area (VFA) is a predictor of 
MetS. This study aimed to estimate sex-specific optimal cut-off values of VFA 
and MetS risk factors among patients with ischemic stroke.

Methods: A cross-sectional study including 851 patients with ischemic stroke 
was conducted between March 2019 and January 2020  in a tertiary hospital 
in the northeast of China. VFA was measured using the dual bioelectrical 
impedance method. Binary logistic regression analysis was used to investigate 
MetS risk factors, and the VFA cut-off value was assessed using receiver 
operating characteristic curve analysis.

Results: The overall prevalence of MetS was 43.4%. After adjusting for potential 
confounders, female sex (odds ratio [OR]  =  2.86, p  <  0.001), the presence of 
visceral obesity according to VFA (OR  =  7.45, p  <  0.001), being overweight 
(OR  =  2.75, p <  0.001) or obesity (OR  =  6.00, p <  0.001) were associated with an 
increased risk of MetS. The correlation between VFA and MetS in patients with 
ischemic stroke was strongest with cut-off values of 104.3  cm2 (sensitivity 73.0%, 
specificity 83.1%) for men, and 94.1  cm2 (sensitivity 70.9%, specificity 72.9%) for 
women.

Conclusion: MetS affected approximately a half of patients with ischemic 
stroke. Female sex, visceral obesity, and body mass index were independent risk 
factors for the development of MetS. Sex-specific reference values for VFA are 
proposed for the prediction of incident MetS in patients with ischemic stroke.
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1 Introduction

The absolute number of incident and prevalent strokes has 
increased worldwide over the past 20 years. According to the results 
of the Global Burden of Disease Study 2019, there were 3.94 million 
new stroke cases in China in 2019 (1). Obesity has long been 
suggested as a major controllable risk factor for ischemic stroke. The 
prevalence of overweight and obesity based on body-mass index 
(BMI) among Chinese adults exceeds 50%, with the fastest increase 
in BMI reported between 1990 and 2019 (2, 3). However, it remains 
unclear whether obesity itself is a risk factor for ischemic stroke. A 
recent cohort study conducted over 12 years found that the risk of 
ischemic stroke was associated with the metabolic consequences of 
obesity (4). The American Association of Clinical Endocrinologists/
American College of Endocrinology guidelines also recommended a 
complications-centric approach be  used to assess and treat 
obesity (5).

Metabolic syndrome (MetS) is the constellation of multiple 
vascular risk factors. It involves at least three out of five metabolic 
conditions, including hypertension, glucose intolerance, abdominal 
obesity, decreased high-density lipoprotein cholesterol (HDL-C), and 
increased triglyceride (TG) levels, which are also well-established risk 
factors for ischemic stroke. The prevalence of MetS in patients with 
ischemic stroke is between 32.5 and 76.8% according to different 
diagnostic criteria (6, 7). MetS has been shown to be associated with 
an increased predisposition to stroke, stroke severity, poor prognosis 
and stroke recurrence (4, 7–10).

The World Health Organization reported that the relative 
distribution of excess fat could be  used to determine risks of 
cerebrovascular event more effectively than the total amount of fat 
(11). As the gold standard for the diagnosis of abdominal obesity, the 
visceral fat area (VFA) accurately reflects visceral fat accumulation 
(12). Abdominal obesity, characterized by the preferential deposition 
of fat in the internal visceral region, resulting in an “apple-shaped” 
figure, has a significant causal association with ischemic stroke 
(13, 14).

Therefore, VFA may be  more suitable for the assessment of 
abdominal obesity which can accurately identify the risk of MetS in 
patients with ischemic stroke. This study aimed to estimate sex-specific 
optimal cut-off values of VFA and MetS risk factors among patients 
with ischemic stroke in China.

2 Methods

2.1 Study design and participants

This observational cross-sectional study was conducted in the 
stroke center of The First Hospital of Jilin University located in 
northeast of China. Patients ≥18 years of age with a clinical diagnosis 
of ischemic stroke (15) confirmed by head computed tomography or 
magnetic resonance imaging were consecutively enrolled between 
March 2019 and January 2020. The following patients were excluded: 
patients with edema of the extremities, diagnosis of cancer, or presence 
of a cardiac pacemaker, and those with missing data.

This study was conducted in compliance with the principles of the 
Declaration of Helsinki. Study and the study protocol was approved 
by the ethical committee of the First Hospital of Jilin University 

(approval number: 2020-669). Written informed consent was obtained 
from all of the participants.

2.2 Definitions

MetS was determined based on algorithms proposed by the 
International Diabetes Federation (16). A diagnosis of MetS was based 
on the presence of at least three of the following five cardiovascular 
risk factors: (1) abdominal obesity: defined as a waist circumference 
(WC) of at least 90 cm for men and 80 cm for women; (2) triglyceride 
(TG) levels of at least 1.7 mmoL/L or undergoing treatment for 
hypertriglyceridemia; (3) high-density lipoprotein cholesterol 
(HDL-C) below 1.0 mmoL/L in men or 1.3 mmoL/L in women or 
undergoing treatment for reduced HDL-C; (4) hypertension, defined 
as a systolic blood pressure of at least 130 mmHg and/or a diastolic 
blood pressure of at least 85 mmHg or undergoing antihypertensive 
drug treatment; (5) fasting plasma glucose of at least 6.1 mmol/L 
(110 mg/dL) or undergoing treatment with a hypoglycemia agent.

2.3 Data collection and measurements

Data on patient socio-demographic characteristics, history of 
smoking and alcohol use, comorbidities, and stroke severity assessed 
by National Institute of Health stroke scale were retrieved from the 
electronic medical records. Smoking status was defined as smoking at 
least 5 cigarettes per day for more than 1 year. Drinking status was 
defined as drinking at least 50 g of alcohol per day for more than 
1 year. BP of the non-hemiplegic side was measured after the patient 
rested for 5 min in the sitting position, with a digital 
sphygmomanometer (Omron HBP-9020). The mean value of two 
consecutive measurements with 1 minute intervals was taken as the 
final result.

Anthropometric measurements including body weight and height 
were conducted using an electronic scale with the patient wearing 
light clothing and without shoes according to standard protocols, with 
a single assessment recorded nearest 0.5 kg and 1 cm, respectively. BMI 
was calculated as weight (kg)/height (m2). According to the Working 
Group on Obesity in China, cut-off points for overweight and obesity 
were 24.0 kg/m2 and 28.0 kg/m2, respectively, for both sexes (17). WC 
was measured at the umbilical level using a non-stretchable tape to the 
nearest 0.1 cm. Biochemical indexes were assessed with venous blood 
samples collected after at least 12 h fasting overnight. VFA was 
measured using bioelectrical impedance analysis (BIA, Inbody S10, 
Biospace, Seoul, Korea) with the subject in the supine position at the 
same day. Visceral obesity was defined as a VFA ≥ 100 cm2 (18). All 
anthropometric parameters, body composition and laboratory data 
were obtained from participants within 48 h of hospitalization and 
measured by a trained stroke health manager (19).

2.4 Statistical analysis

Data were expressed as mean with standard deviation (SD) or 
median with interquartile range for normal and skewed distributions, 
respectively. Differences were analyzed using the Student’s t-test and 
the Mann–Whitney U-test, as appropriate. Categorical variables were 
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presented as frequencies with proportions and compared using the 
chi-square test. A binary logistic regression model was used to 
estimate the odds ratio (OR) and 95% confidence interval (CI) of MetS 
risk factors while adjusting for related covariates. Receiver operating 
characteristic (ROC) curve and the area under the ROC curve (AUC) 
were used to determine the sex-specific cut-off values of VFA that 
indicated the presence of MetS. Cut-off values were obtained with the 
maximum Youden index (sensitivity + specificity − 1). A two-tailed p 
value <0.05 was considered statistically significant. All statistical 
analyses were performed using IBM Statistical Package for Social 
Science (SPSS) version 22.0 (SPSS, Inc., New York, United States).

3 Results

A total of 851 patients with ischemic stroke were included in the 
study. Mean age was 60.4 ± 11.2 years and 76.3% of patients were man 
(Table 1). The overall prevalence of MetS was 43.4%, and prevalence 
among women was significantly higher than that among men (57.9% 

vs. 38.8%, p < 0.001). Patients diagnosed with MetS were less frequently 
smoking and drinking, had significantly higher mean VAF 
(114.5 ± 29.8 cm2 vs. 79.9 ± 27.4 cm2, p < 0.001), BMI (26.8 ± 3.4 kg/m2 
vs. 24.1 ± 3.1 kg/m2, p < 0.001), and WC (85.2 ± 9.3 cm vs. 79.6 ± 7.9 
cm, p < 0.001) compared to those without MetS. The prevalence of 
hypertension, diabetes, dyslipidemia, and coronary heart disease, and 
levels of BP, triglycerides, FPG was significantly higher among those 
with MetS than among those without MetS.

As shown in Table 2, after adjusting for potential confounders, 
women were more likely to have MetS than men (OR = 2.864, 95%CI: 
1.837 to 4.464; p < 0.001). Visceral obesity according to VFA 
(OR = 7.449, 95%CI: 5.307 to 10.457; p < 0.001), being overweight 
(OR = 2.746, 95%CI: 1.863 to 4.047; p < 0.001) or obesity (OR = 6.002, 
95%CI: 3.648 to 9.876; p < 0.001) were significantly associated with a 
high risk of MetS.

Sex-specific VFA cut-off values are presented in Table 3, with an 
area under the curve of 0.829 (95%CI: 0.797 to 0.861, p < 0.001) in 
men and 0.754 (95%CI: 0.684 to 0.823, p < 0.001) in women. The 
optimal VFA cut-off of 104.3 cm2 for men and 94.1 cm2 for women had 
a 73.0% sensitivity and 83.1% specificity and a 70.9% sensitivity and 
72.9% specificity, respectively, to predict MetS (Figure 1).

4 Discussion

This study revealed that MetS affected nearly a half of patients 
with ischemic stroke, with a higher prevalence among women and 
overweight or obese individuals. To the best of our knowledge, this is 
the first study to investigate the predictive value of VFA for MetS in 
patients with ischemic stroke. VFA of 104.3 cm2 and 94.1 cm2 were 
thresholds for predicting MetS in men and women, respectively.

The prevalence of MetS defined by the IDF criteria in our study 
was 43.4%, which is consistent with the results of other cross-sectional 
studies of patients with ischemic stroke in East China (6, 20). The 
reason for this high prevalence may be that each component of MetS 
is associated with an increased risk of stroke. However, the prevalence 
is still lower than that in other studies conducted in Europe (21, 22), 
although this may be explained by the fact that these studies included 
more women. Our study also confirmed that women are 2.86 times 

TABLE 1 Demographic and clinical characteristic of ischemic stroke 
patients by MetS status.

Total 
N  =  851

With 
MetS 

N  =  369

Without 
MetS 

N  =  482

p-
value

Age (years) 60.4 ± 11.2 60.1 ± 10.7 60.6 ± 11.6 0.553

Female, n (%) 202 (23.7) 117 (31.7) 85 (17.6) <0.001

Smoking, n (%) 444 (52.2) 166 (45.0) 278 (57.7) <0.001

Alcohol use, n (%) 407 (47.8) 155 (42.0) 252 (52.3) 0.003

NIHSS, median (IQR) 2 (1, 4) 2 (0, 5)
1.85 (1.24, 

2.53)
0.181

Anthropometric 

indices

VFA (cm2) 94.9 ± 33.2 114.5 ± 29.8 79.9 ± 27.4 <0.001

BMI (kg/m2) 25.3 ± 3.5 26.8 ± 3.4 24.1 ± 3.1 <0.001

WC (cm) 82.0 ± 9.0 85.2 ± 9.3 79.6 ± 7.9 <0.001

Comorbidities, n (%)

Stroke 253 (29.7) 117 (31.7) 136 (28.2) 0.269

Hypertension 539 (63.3) 323 (87.5) 216 (44.8) <0.001

Diabetes 266 (31.3) 205 (55.6) 61 (12.7) <0.001

Dyslipidemia 356 (41.8) 181 (49.1) 175 (36.3) <0.001

 Coronary heart 

disease
97 (11.4) 51 (13.8) 46 (9.5) 0.052

Atrial fibrillation 34 (4.0) 14 (3.8) 20 (4.1) 0.793

SBP (mmHg) 145.1 ± 18.3 148.9 ± 16.5 142.1 ± 19.1 <0.001

DBP (mmHg) 85.3 ± 11.0 87.5 ± 11.1 83.6 ± 10.6 <0.001

Triglycerides (mmol/L) 1.76 ± 1.16 2.11 ± 1.23 1.48 ± 1.02 <0.001

HDL-C (mmol/L) 1.05 ± 0.25 0.99 ± 0.22 1.09 ± 0.26 <0.001

FPG (mmol/L) 6.12 ± 2.19 7.08 ± 2.50 5.38 ± 1.58 <0.001

NIHSS, National Institute of Health stroke scale; IQR, interquartile range; VFA, visceral fat 
area; BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, 
diastolic blood pressure; HDL-C, high-density lipoprotein cholesterol; FPG, fasting plasma 
glucose.

TABLE 2 Multivariate logistic regression model for the association 
between risk factors and MetS in ischemic stroke patients.

Variable
OR 

(95%CI)
95%CI p-value

Age (≥60 years) 0.956 0.679–1.347 0.798

Sex (female) 2.864 1.837–4.464 <0.001

Smoking 0.787 0.536–1.155 0.220

Alcohol use 1.129 0.748–1.704 0.564

History of stroke 1.194 0.834–1.707 0.333

Coronary heart disease 0.903 0.541–1.508 0.696

Visceral obesity 7.449 5.307–10.457 <0.001

BMI (kg/m2)

Overweight (24.0–27.9) 2.746 1.863–4.047 <0.001

Obesity (≥28) 6.002 3.648–9.876 <0.001

OR, odds ratio; CI, confidence interval; VFA, visceral fat area; BMI, body mass index.
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TABLE 3 Sex specific cut-off values of VFA in predicting MetS in patients with ischemic stroke.

VFA cut-off 
(cm2)

Sensitivity (%) Specificity (%) AUC 95%CI p-value

Female 94.1 70.9 72.9 0.754 0.684–0.823 <0.001

Male 104.3 73.0 83.1 0.829 0.797–0.861 <0.001

VFA, visceral fat area; AUC, area under the curve; CI, confidence interval.

FIGURE 1

Receiver operating characteristic (ROC) curves for VFA cut-off values 
to discriminate MetS in ischemic stroke patients. AUC, area under the 
curve.

more likely to develop MetS than men. Changes in postmenopausal 
hormonal levels have been associated with the occurrence of 
MetS. Loss of the protective effects of estrogen and increased 
circulating androgens lead to increased insulin resistance, and the 
development of obesity, abnormal lipid metabolism, and other 
metabolic diseases (23, 24).

Interestingly, the proportion of smoking and alcohol use was 
higher among patients without MetS. The reason is that the proportion 
of males in this group of patients is higher, and according to WHO, the 
proportion of tobacco use and alcohol consumption among adult man 
is much higher than that of females. After adjusting for gender, the 
difference between these two groups was not statistically significant. 
Overweight and obese patients with ischemic stroke defined by BMI, 
were more likely to have MetS in our study. The main manifestation of 
obesity is excessive accumulation and abnormal distribution of fat in 
the body. Adipose tissue has a complex and highly active metabolic 
endocrine function, and can secrete a variety of adipokines, including 
adiponectin which plays an important role in protecting against insulin 
resistance/diabetes and atherosclerosis (25). Serum adiponectin 
concentration in obese patients was significantly lower than that in 
normal people (26). As an important mediator between obesity and 
cardiovascular disease, it adiponectin is associated with MetS through 
cardiometabolic risk factors. Increased visceral fat has been found to 
be associated with decreased total adiponectin levels (27). Therefore, 
VFA may be a useful anthropometric index for predicting the risk of 
MetS (28, 29). This hypothesis is also supported by the results of 
our study.

Previous studies have shown that mean VFA in men is higher than 
that in women (30). The lower VFA threshold in women supports this 

finding. Therefore, differences between the sexes should be considered 
when using VAF to predict obesity or related complications. Most 
previous studies have explored the cut-off value of VFA in predicting 
MetS among patients with type 2 diabetes, so it is difficult to compare 
the results of this study with previous research. Lee et al. found that the 
optimal VFA cut-off value increased with age, particularly in women 
(31). It is possible that the lack of stratification by age contributed to 
the slightly lower but acceptable sensitivity of the cut-off value for 
women in this study. At the same time, the different diagnostic criteria 
for MetS will also have an impact on the results of the study.

The main limitation of this study is the use of a cross-sectional 
study design which cannot establish a causal relationship between 
VFA and MetS among patients with ischemic stroke. Secondly, 
because there were fewer female patients, it was not possible to stratify 
according to age. Finally, the study was conducted at a single center so 
the generalization of the results to patients in other geographical 
regions should be approached with caution. Further multi-centered 
studies are required.

5 Conclusion

This study showed that approximately 43.4% of patients with 
ischemic stroke had MetS. Female, patients with large areas of 
visceral fat and high BMI were more likely to have MetS. This 
study is the first to investigate sex-specific optimal VFA cut-off 
values in patients with ischemic stroke with MetS. The predicted 
optimal VFA thresholds were 104.3 cm2 for men and 94.1 cm2 for 
women. The VFA by BIA may be a useful target for interventions 
to improve MetS, and incorporating the VFA measurements into 
regular physical examination may contribute to the early 
identification of MetS and the prevention of 
cerebrovascular disease.

Data availability statement

The raw data supporting the conclusions of this article will 
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by the ethical 
committee of the First Hospital of Jilin University (approval 
number: 2020-669). The studies were conducted in accordance 
with the local legislation and institutional requirements. The 
participants provided their written informed consent to participate 
in this study.

https://doi.org/10.3389/fneur.2024.1398907
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Lu et al. 10.3389/fneur.2024.1398907

Frontiers in Neurology 05 frontiersin.org

Author contributions

XL: Formal analysis, Writing – original draft. JW: Formal analysis, 
Writing – review & editing. HS: Data curation, Writing – review & 
editing. DL: Data curation, Writing – review & editing. XY: Writing 
– review & editing. ZL: Conceptualization, Methodology, Supervision, 
Writing – review & editing.

Funding

The author(s) declare that financial support was received for the 
research, authorship, and/or publication of this article. This work was 
supported by the Health Commission of Jilin Province, China (grant 
number 2022LC099).

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.

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.

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. The state Council Information Office of the People’s Republic of China. Press 
briefing for the Report on Chinese Residents’ Chronic Diseases and Nutrition, (2020), 
Available at: https://www.gov.cn/xinwen/2020-12/24/content_5572983.htm (Accessed 
September 20, 2022).

 3. Ma Q, Li R, Wang L, Yin P, Wang Y, Yan C, et al. Temporal trend and attributable 
risk factors of stroke burden in China, 1990-2019: an analysis for the global burden of 
disease study 2019. Lancet Public Health. (2021) 6:e897–906. doi: 10.1016/
S2468-2667(21)00228-0

 4. Horn JW, Feng T, Mørkedal B, Strand LB, Horn J, Mukamal K, et al. Obesity and 
risk for first ischemic stroke depends on metabolic syndrome: the HUNT study. Stroke. 
(2021) 52:3555–61. doi: 10.1161/STROKEAHA.120.033016

 5. Garvey WT, Mechanick JI, Brett EM, Garber AJ, Hurley DL, Jastreboff AM, et al. 
American Association of Clinical Endocrinologists and American College of 
endocrinology comprehensive clinical practice guidelines for medical care of patients 
with obesity. Endocr Pract. (2016) 22:1–203. doi: 10.4158/EP161365.GL

 6. Liang Y, Yan Z, Hao Y, Wang Q, Zhang Z, She R, et al. Metabolic syndrome in 
patients with first-ever ischemic stroke: prevalence and association with coronary heart 
disease. Sci Rep. (2022) 12:13042. doi: 10.1038/s41598-022-17369-8

 7. Adeoye AM, Akintunde AA, Akinyemi J, Fakunle AG, Sarfo FS, Akpalu A, et al. 
Determinants of metabolic syndrome and its prognostic implications among stroke 
patients in Africa: findings from the stroke investigative research and educational 
network (SIREN) study. J Neurol Sci. (2022) 441:120360. doi: 10.1016/j.jns.2022.120360

 8. Li X, Li X, Fang F, Fu X, Lin H, Gao Q. Is metabolic syndrome associated with the 
risk of recurrent stroke: a meta-analysis of cohort studies. J Stroke Cerebrovasc Dis. 
(2017) 26:2700–5. doi: 10.1016/j.jstrokecerebrovasdis.2017.03.014

 9. Zhang F, Liu L, Zhang C, Ji S, Mei Z, Li T. Association of metabolic syndrome and 
its components with risk of stroke recurrence and mortality: a meta-analysis. Neurology. 
(2021) 97:e695–705. doi: 10.1212/WNL.0000000000012415

 10. Li X, 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

 11. World Health Organization. Obesity: Preventing and managing the global 
epidemic: Report of a WHO consultation on obesity. (1998)

 12. Chinese Society of Endocrinology, diabetes Society of China Association of 
Chinese medicine, Chinese Society for Metabolic and Bariatric Surgery. 
Multidisciplinary clinical consensus on diagnosis and treatment of obesity (2021 
edition). Chinese J Endocrinol Metab. (2021) 37:959–72. doi: 10.3760/
cma.j.cn311282-20210807-00503

 13. Chen GC, Arthur R, Iyengar NM, Kamensky V, Xue X, Wassertheil-Smoller S, et al. 
Association between regional body fat and cardiovascular disease risk among 
postmenopausal women with normal body mass index. Eur Heart J. (2019) 40:2849–55. 
doi: 10.1093/eurheartj/ehz391

 14. Xu R, Hu X, Wang T, Yang Y, Jiang N, Luo J, et al. Visceral adiposity and risk of 
stroke: a mendelian randomization study. Front Neurol. (2022) 13:804851. doi: 10.3389/
fneur.2022.804851

 15. Powers WJ, Rabinstein AA, Ackerson T, Adeoye OM, Bambakidis NC, Becker 
K, et al. Guidelines for the early management of patients with acute ischemic stroke: 
2019 update to the 2018 guidelines for the early management of acute ischemic stroke: 

a guideline for healthcare professionals from the American Heart Association/
American Stroke Association. Stroke. (2019) 50:e344–418. doi: 10.1161/
STR.0000000000000211

 16. Alberti KG, Eckel RH, Grundy SM, Zimmet PZ, Cleeman JI, Donato KA, et al. 
Harmonizing the metabolic syndrome: a joint interim statement of the international 
diabetes federation task force on epidemiology and prevention; National Heart, Lung, 
and Blood Institute; American Heart Association; world heart federation; international 
atherosclerosis society; and International Association for the Study of obesity. 
Circulation. (2009) 120:1640–5. doi: 10.1161/CIRCULATIONAHA.109.192644

 17. Zhou BF. Cooperative Meta-analysis Group of the Working Group on obesity in 
China. Predictive values of body mass index and waist circumference for risk factors 
of certain related diseases in Chinese adults-study on optimal cut-off points of body 
mass index and waist circumference in Chinese adults. Biomed Environ Sci. (2002) 
15:83–96.

 18. Examination committee of criteria for obesity disease in Japan; Japan society for 
the study of obesity. New criteria for obesity disease in Japan. Circ J. (2002) 66:987–92. 
doi: 10.1253/circj.66.987

 19. Yan X, Liu Z, Guo ZN, Sun Y, Jin H, Sun X, et al. Positive influence of stroke health 
manager on risk factors control and medication adherence after ischemic stroke. Front 
Neurol. (2020) 11:168. doi: 10.3389/fneur.2020.00168

 20. Liu Q, Li YX, Hu ZH, Jiang XY, Li SJ, Wang XF. Comparing associations of 
different metabolic syndrome definitions with ischemic stroke in Chinese elderly 
population. Eur J Intern Med. (2018) 47:75–81. doi: 10.1016/j.ejim.2017.10.010

 21. Lekoubou A, Ovbiagele B, Markovic D, Sanossian N, Towfighi A. Age, sex, and 
race/ethnic temporal trends in metabolic syndrome prevalence among individuals with 
myocardial infarction or stroke in the United States. J Neurol Sci. (2017) 376:24–8. doi: 
10.1016/j.jns.2017.01.073

 22. Brola W, Sobolewski P, Fudala M, Goral A, Kasprzyk M, Szczuchniak W, et al. 
Metabolic syndrome in polish ischemic stroke patients. J Stroke Cerebrovasc Dis. (2015) 
24:2167–72. doi: 10.1016/j.jstrokecerebrovasdis.2015.06.003

 23. Christakis MK, Hasan H, De Souza LR, Shirreff L. The effect of menopause on 
metabolic syndrome: cross-sectional results from the Canadian longitudinal study on 
aging. Menopause. (2020) 27:999–1009. doi: 10.1097/GME.0000000000001575

 24. Stefanska A, Bergmann K, Sypniewska G. Metabolic syndrome and menopause: 
pathophysiology, clinical and diagnostic significance. Adv Clin Chem. (2015) 72:1–75. 
doi: 10.1016/bs.acc.2015.07.001

 25. Achari AE, Jain SK. Adiponectin, a therapeutic target for obesity, diabetes, and 
endothelial dysfunction. Int J Mol Sci. (2017) 18:1321. doi: 10.3390/ijms18061321

 26. Guenther M, James R, Marks J, Zhao S, Szabo A, Kidambi S. Adiposity distribution 
influences circulating adiponectin levels. Transl Res. (2014) 164:270–7. doi: 10.1016/j.
trsl.2014.04.008

 27. Gariballa S, Alkaabi J, Yasin J, Al EA. Total adiponectin in overweight and obese 
subjects and its response to visceral fat loss. BMC Endocr Disord. (2019) 19:55. doi: 
10.1186/s12902-019-0386-z

 28. Jeon HH, Lee YK, Kim DH, Pak H, Shin SY, Seo JH. Risk for metabolic syndrome 
in the population with visceral fat area measured by bioelectrical impedance analysis. 
Korean J Intern Med. (2021) 36:97–105. doi: 10.3904/kjim.2018.427

 29. Yang X, Lin Y, Xu GD, Chen YS, Zhou Y, Sun J, et al. Optimal cut-off values of 
visceral fat area for predicting metabolic syndrome among type 2 diabetes patients in 
Ningbo. China Diabetes Metab Syndr Obes. (2021) 14:1375–83. doi: 10.2147/DMSO.
S304164

https://doi.org/10.3389/fneur.2024.1398907
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1016/S1474-4422(21)00252-0
https://www.gov.cn/xinwen/2020-12/24/content_5572983.htm
https://doi.org/10.1016/S2468-2667(21)00228-0
https://doi.org/10.1016/S2468-2667(21)00228-0
https://doi.org/10.1161/STROKEAHA.120.033016
https://doi.org/10.4158/EP161365.GL
https://doi.org/10.1038/s41598-022-17369-8
https://doi.org/10.1016/j.jns.2022.120360
https://doi.org/10.1016/j.jstrokecerebrovasdis.2017.03.014
https://doi.org/10.1212/WNL.0000000000012415
https://doi.org/10.1016/j.jocn.2017.01.018
https://doi.org/10.1016/j.jocn.2017.01.018
https://doi.org/10.3760/cma.j.cn311282-20210807-00503
https://doi.org/10.3760/cma.j.cn311282-20210807-00503
https://doi.org/10.1093/eurheartj/ehz391
https://doi.org/10.3389/fneur.2022.804851
https://doi.org/10.3389/fneur.2022.804851
https://doi.org/10.1161/STR.0000000000000211
https://doi.org/10.1161/STR.0000000000000211
https://doi.org/10.1161/CIRCULATIONAHA.109.192644
https://doi.org/10.1253/circj.66.987
https://doi.org/10.3389/fneur.2020.00168
https://doi.org/10.1016/j.ejim.2017.10.010
https://doi.org/10.1016/j.jns.2017.01.073
https://doi.org/10.1016/j.jstrokecerebrovasdis.2015.06.003
https://doi.org/10.1097/GME.0000000000001575
https://doi.org/10.1016/bs.acc.2015.07.001
https://doi.org/10.3390/ijms18061321
https://doi.org/10.1016/j.trsl.2014.04.008
https://doi.org/10.1016/j.trsl.2014.04.008
https://doi.org/10.1186/s12902-019-0386-z
https://doi.org/10.3904/kjim.2018.427
https://doi.org/10.2147/DMSO.S304164
https://doi.org/10.2147/DMSO.S304164


Lu et al. 10.3389/fneur.2024.1398907

Frontiers in Neurology 06 frontiersin.org

 30. Kong M, Xu M, Zhou Y, Geng N, Lin N, Song W, et al. Assessing visceral obesity 
and abdominal adipose tissue distribution in healthy populations based on computed 
tomography: a large multicenter cross-sectional study. Front Nutr. (2022) 9:871697. doi: 
10.3389/fnut.2022.871697

 31. Lee A, Kim YJ, Oh SW, Lee CM, Choi HC, Joh HK, et al. Cut-off  
values for visceral fat area identifying Korean adults at risk for  
metabolic syndrome. Korean J Fam Med. (2018) 39:239–46. doi: 10.4082/kjfm.17. 
0099

https://doi.org/10.3389/fneur.2024.1398907
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.3389/fnut.2022.871697
https://doi.org/10.4082/kjfm.17.0099
https://doi.org/10.4082/kjfm.17.0099

	Optimal cut-off values of visceral fat area for predicting metabolic syndrome among patients with ischemic stroke: a cross-sectional study
	1 Introduction
	2 Methods
	2.1 Study design and participants
	2.2 Definitions
	2.3 Data collection and measurements
	2.4 Statistical analysis

	3 Results
	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	 References

