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Abstract 

Background Metabolic syndrome (MetS) is increasingly viewed as a pressing concern for public health globally. The 
objective of this study was to compare the predictive ability of 17 anthropometric indices for the risk of MetS in Chi-
nese residents, to explore the differences in the predictive effect of the indices between different sexes, and to iden-
tify the optimal predictive indices of MetS for men and women.

Methods This research utilized a cross-sectional study involving 5479 residents in Shandong Province, China. Accord-
ing to the subjects’ working curve (ROC), TyG-WHtR, TyG-WC, METS-VF, CVAI, and LAP with the area under the curve 
(AUC) greater than 0.850 were included in the follow-up. To explore the associations between indices and the preva-
lence of MetS, three logistic regression models were employed. The dose–response relationship between the indices 
and the risk of MetS was performed by the Restricted cubic spline (RCS) curves.

Results The prevalence of MetS in this study is approximately 45.56%. The multivariate logistic regression showed 
the predictive capacity of the TyG-WC and METS-VF for MetS was superior in males, while only METS-VF in females. 
Furthermore, there is a non-linear relationship between MTES-VF and MetS risk both in men and women (non-linear-
ity p < 0.001). The potential for the risk of MetS increased when the METS-VF exceeded 6.67 in males or 6.30 in females. 
In addition, in the male population, TyG-WC is non-linearly related to MetS risk (non-linear p < 0.001), and the risk 
of MetS may increase when TyG-WC is higher than 750.40.

Conclusions TyG-WC and METS-VF have a good predictive value for the risk of MetS in the Chinese male population, 
with TyG-WC being better than METS-VF. For females, METS-VF could be regarded as the most reliable indicator.
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Background
Metabolic syndrome (MetS) represents an intricate con-
dition characterized by central obesity, dyslipidemia, 
hypertension, and hyperglycemia [1]. As a complex state 
of pathophysiology, MetS has been extensively acknowl-
edged as a pivotal risk factor for a multitude of clinical 
conditions, including type 2 diabetes, diverse forms of 
cancer, chronic kidney disease, liver disease, and car-
diovascular disease [2, 3]. Extensive data indicates that 
approximately 25% to 30% of adults globally are affected 
by this syndrome, with projections suggesting a persis-
tent upward trend [4, 5]. Most recently, there is a trend 
towards a lower-age prevalence of MetS. It was estimated 
that around 2.8% of children and 4.8% of adolescents 
worldwide had MetS [6]. A study based on the China 
population revealed that the prevalence of MetS among 
7–17-year-old students in 2016–2017 was 5.45% [7]. This 
study also shows that high levels of sedentary time and 
screen time were associated with an increased likelihood 
of MetS. In China, the current prevalence of MetS exhib-
its distinct characteristics, including a high incidence rate 
and substantial gender disparities. According to the latest 
data presented in the 2023 ‘Guidelines for the Diagnosis 
and Treatment of Metabolic Syndrome,’ the prevalence of 
MetS among individuals aged 20 and older in China has 
reached a notably high level of 31.1% [8], further under-
scoring the significant incidence of this condition within 
the Chinese population. In light of the high prevalence 
of MetS and the considerable health risks it presents to 
patients [9], the early identification of individuals at risk 
for MetS and the implementation of intervention meas-
ures are paramount in alleviating the burden on public 
health and enhancing the quality of life for patients.

Multiple diagnostic strategies are available for the 
identification of MetS. Among these, the assessment of 
insulin sensitivity, a pivotal element of its fundamen-
tal pathophysiological mechanism, is paramount for 
attaining a comprehensive understanding of a patient’s 
metabolic status and forecasting the risk of long-term 
complications, such as cardiovascular disease [10]. How-
ever, the process of testing insulin sensitivity is complex, 
dependent on sophisticated equipment and professional 
expertise, and time-consuming, thereby limiting its wide-
spread clinical application. In addition, imaging tech-
niques such as ultrasound and CT can provide a visual 
representation of the distribution of visceral fat and vas-
cular lesions [11]. However, the high costs associated 
with these techniques often impose a financial burden on 
patients, limiting their feasibility as routine tools for early 
metabolic syndrome screening.

In recent years, anthropometric indices, including 
the Chinese visceral fat index (CVAI) [12], lipid accu-
mulation index (LAP) [13], visceral fat metabolic score 

(METS-VF) [14], and triglyceride-glucose index (TyG) 
[15], have exhibited both accuracy and feasibility in the 
early diagnosis of MetS. These indices have undergone 
validation in diverse populations and have proven effec-
tive in assessing the distribution of visceral adipose tis-
sue, as well as predicting the risk of MetS [16–18]. It is 
particularly crucial that anthropometric indices are suit-
able for application at both primary medical care and 
community levels, due to their user-friendliness and 
cost-effectiveness [19]. Although current research has 
extensively examined the relationship between various 
anthropometric indices and MetS, the majority of stud-
ies have centered on evaluating the predictive efficacy of 
individual or a limited number of indices [20–22], it is 
not clear which indices can be more reliable indices for 
predicting MetS. It’s worthy that the optimal indicator for 
identifying MetS in adolescents also remains controver-
sial [23].

The risk of MetS exhibits a significant difference in 
gender dimension. These differences are primarily attrib-
uted to physiological variations in hormone levels, which 
impact the physical characteristics of men and women. 
Specifically, disparities in hormonal regulation mecha-
nisms give rise to fundamental differences between the 
sexes in fat distribution, metabolic efficiency, and energy 
balance. Notably, following menopause, women fre-
quently become more susceptible to visceral fat accu-
mulation due to a reduction in estrogen levels [24]. 
Therefore, it is necessary to explore and optimize more 
accurate anthropometric indicators for different gender 
groups to ensure the accuracy of the assessment results.

This study selected 17 anthropometric indices, includ-
ing indices linked to MetS in traditional studies, along 
with the latest indices derived from recent research, such 
as CVAI, TyG index, and TyG-WC. The study was strati-
fied by gender to comprehensively consider the impact 
of gender differences on MetS risk. The objective was 
to ascertain the predictive ability of each index for MetS 
risk in different gender groups and then identify the opti-
mal index. This endeavor aims to enrich the theoretical 
framework of MetS risk assessment and provide a foun-
dation for developing more precise and personalized 
MetS prevention strategies.

Methods
Study design and participants
This is a cross-sectional study. A total of 6027 permanent 
adult residents of Shandong Province who participated 
in a chronic disease risk factor survey between July and 
September 2022 were selected as study participants. The 
process of choosing study subjects is shown in Fig.  1. 
Invalid questionnaires were excluded. All participants 
provided informed consent.
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Data collection
Basic characteristics about general demographics (sex, 
age, current residence, occupation, marital status, 
income status, and education), family history of chronic 
diseases (hypertension, diabetes, hyperlipidemia, can-
cer, and coronary heart disease), and behavioral life-
styles (smoking, drinking, and low-risk sleep duration) 
were obtained from the questionnaire using one-on-one 
interviews. Standard testing procedures were conducted 
by licensed professional examiners to perform physical 
assessments on all residents. Fasting blood samples were 
taken to measure blood biochemical indicators such as 
triglycerides.

Definition of metabolic syndrome
The diagnosis proposed by the Diabetes Section of the 
Chinese Medical Association in 2020 [25] will be used to 
determine MetS. The criteria specify that three or more 
of the following should be met: (1) Waist circumfer-
ence ≥ 85 cm in females and ≥ 90 cm in males, (2) Blood 
pressure ≥ 130/85  mmHg or had been diagnosed with 
hypertension, (3) Elevated triglycerides (TG) ≥ 150 mg/
dL or drug treatment for raised TG, (4) High-density 
lipoprotein cholesterol (HDL-C) for males < 40  mg/dL, 
and < 50 mg/dL in females or drug treatment for reduced 
HDL-C, (5) Fasting blood glucose ≥ 100  mg/dL or had 
been diagnosed with diabetes mellitus.

Anthropometric indices
17 anthropometric indices were involved, including the 
body mass index (BMI), waist-to-height ratio (WHtR), vis-
ceral adiposity index (VAI), body shape index (ABSI), body 
roundness index (BRI), lipid accumulation product (LAP), 
conicity index (CI), Chinese visceral fat index (CVAI), 
triglyceride-glucose (TyG) index and its related indices 
(TyG-WC, TyG-WHtR, TyG-BMI), waist triglyceride index 
(WTI), plasma atherogenic index (AIP), insulin resist-
ance metabolic score (METS-IR), visceral fat metabolic 

score (METS-VF), and cardiometabolic index (CMI). The 
respective formulas for calculating these indices are out-
lined below [26–39]:

(1)BMI =
weight

height2

(2)WHtR =
waist

height

(3)

Males: VAI =
waist

39.68+ 1.88× BMI
×

TG

1.03
×

1.31

HDL

(4)

Females: VAI =
waist

36.58+ 1.89× BMI
×

TG

0.81
×

1.52

HDL

(5)ABSI =
waist

height
1
2 × BMI

2
3

(6)BRI = 364.2− 365.5

√

1−
waist÷ 2π2

height

(7)Males : LAP = [waist− 65]× TG

(8)Females : LAP = [waist− 58]× TG

(9)CI =
waist

0.019
√

weight
height

(10)

Males: CVAI = −267.93+ 0.68× age+ 0.03

× BMI+ 4 × waist+ 22× Log10TG

− 16.32×HDL− C

(11)

Females: CVAI = −187.32+ 1.71× age+ 4.32

× BMI+ 1.12× waist+ 39.76

× Log10TG− 11.66×HDL− C

(12)TyG index = Ln[TG× FPG/2]

(13)TyG− BMI = TyG× BMI

(14)TyG−WHtR = TyG×WHtR

(15)TyG−WC = TyG×WC

(16)WTI = waist× TG

Fig. 1 The process of study participants’ selection
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Definition of covariates
The study employed a questionnaire devised by the Shan-
dong Province’s program for chronic disease risk fac-
tor surveillance. Metabolic equivalents (MET) of each 
physical activity of the population were assigned by the 
International Physical activity Questionnaire [40], and 
physical activity was categorized as low, medium, and 
high based on intensity, frequency, and total weekly 
activity. A resident’s weekly level of physical activity 
was calculated as duration × frequency per week × MET 
intensity. Smoking was categorized into never-smoked, 
former smoker, and current smoker. Drinking was clas-
sified as never drinking, former drinker, and current 
drinker. Per the guidelines outlined in the ’Healthy China 
Initiative (2019–2030) [41], a daily sleep duration of 7 to 
9 h is considered optimal for adults, signifying a low-risk 
sleep duration.

Statistical analysis
Non-normally distributed data were expressed as median 
(interquartile range), and the Kruskal-Walli’s test was 
used to compare the differences between groups. Cat-
egorical data were presented as composition ratios or 
rates, and the Chi-square test was used for comparison. 
The ability of different anthropometric indices to predict 
Mets was evaluated by receiver operating characteristic 
(ROC) curve analysis and area under the curve values. 
Multivariate logistic analysis was carried out to estimate 
the correlation between anthropometric indices and the 
prevalence of MetS by quartiles of anthropometric indi-
ces. Besides the unadjusted model, two other models 

(17)AIP = lg (TG/HDL− C)

(18)

MET− IR = Ln

[

(2× FPG]+ TG×
BMI

Ln[HDL− C]

)

(19)

Males: METS− VF = 4.466+ 0.011× (Ln(METS− IR))3

+ 3.239× (Ln(WHtR))3 + 0.319× 1

+ 0.594 × Ln
(

age
)

(20)

Females: METS− VF = 4.466+ 0.011× (Ln(METS− IR))3

+ 3.239× (Ln(WHtR))3 + 0.319× 0

+ 0.594 × Ln
(

age
)

(21)CMI =
TG

HGL− C
×WHtR

were developed. To evaluate the dose–effect correlations 
between anthropometric indices and MetS incidence, 
restricted cubic splines were employed.

Data were analyzed by SPSS 23.0 and R 4.1.2. With a 
significance level α set at 0.05, each test was conducted in 
two-sided.

Results
General characteristics of Chinese residents by sex group
2297 males and 3182 females were enrolled in the study. 
The differences observed in the prevalence of MetS, cur-
rent residence, marital status, occupation, education 
status, income status, smoking, drinking, family history 
of chronic diseases, physical activity, BMI, WHtR, VAI, 
ABSI, BRI, LAP, CVAI, TyG index, TyG-BMI, TyG-WC, 
TyG-WHtR, WTI, AIP, METS-IR, METS-VF, and CMI, 
etc. were significant between the sexes (p < 0.05). These 
results are presented in Tables 1, 2 and 3. Given the nota-
ble differences between men and women, we performed 
the main analyses separately by gender.

Comparison of general characteristics 
between participants with MetS and without MetS
The study’s participants were grouped by gender, allow-
ing for a comparison of the demographic, behavioral, 
and clinical characteristics of MetS and non-MetS indi-
viduals within each gender group. Overall, statistically 
significant dis-parities (p < 0.05) were observed between 
individuals diagnosed with MetS and those without, 
including age, Current residence, marital status, occupa-
tion, level of education, income, smoking, and drinking, 
duration of low-risk sleep, familial history to chronic dis-
eases, and patterns of physical exercise. These differences 
were significant across both genders, indicating that the 
MetS is affected by the involvement of multiple factors. 
It should be noted that, in comparison with non-MetS 
patients, MetS patients exhibit a markedly elevated level 
of anthropometric indicators, with a statistically signifi-
cant difference (p < 0.05). These findings are presented in 
Tables 4, 5 and 6.

The capacity of anthropometric indices to predict the risk 
of metabolic syndrome in male and female populations
Tables 7 and 8 exhibit the predictive capability of anthro-
pometric indices in assessing the risk of MetS across 
gender groups. The assessment metrics comprise the 
area under the curve (AUC), sensitivity, specificity, and 
their respective optimal cutoff points. The ROC curves 
for different indices to predict the prevalence of MetS 
among sexes are displayed in Fig. 2. In the male popula-
tion, TyG-WHtR stands out as the most effective predic-
tor of MetS, with an AUC of 0.907 (95%CI 0.895–0.919) 
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and an optimal cut-off point of 4.5733. Additionally, 
TyG-WC and CVAI displayed comparable predictive 
capabilities. Among women, TyG-WHtR was also iden-
tified as the optimal predictor of MetS, with an AUC of 
0.902(95%CI 0.891–0.912) and the optimal cut-off point 
of 4.4583, while TyG-WC exhibited a similar predictive 
performance. The AUC values for TyG-WHtR, TyG-WC, 
CVAI, LAP, and METS-VF exceeded 0.85 in both gender 
groups. As illustrated in Fig. 3, the values of TyG-WHtR, 
TyG-WC, CVAI, LAP, and METS-VF demonstrated a 
pattern of increasing with the accumulation of MetS 
components. Following a comprehensive evaluation of 
the AUC, sensitivity, and specificity, these five indices 
were selected as the most suitable for further analysis.

Multivariate logistic regression analyses of anthropometric 
indices and the prevalence of MetS
Three logistic regression models were employed to ana-
lyze the association between selected indices and the 
prevalence of MetS. The effect value of the model can be 
interpreted as with the increase in anthropometric indi-
ces, the probability of MetS prevalence increases cor-
respondingly. As shown in Tables  9 and 10, five indices 
were taken as continuous variables separated into quar-
tiles, with the first quartile (Q1) as the reference group. 
In the simple model, no covariates were adjusted; age 
was adjusted in model 1; variables that were meaningful 
on a one-way analysis in the baseline characteristics were 
adjusted in model 2.

In our analyses, among the male population, in 
the crude model, increasing levels of indices were 

significantly associated with the prevalence of MetS (p 
for trend < 0.05). However, in the fully adjusted model 
(Model 2), the prevalence of MetS increased dramati-
cally with increasing levels of TyG-WC and METS-
VF [TyG-WC at 4th quartile: Full adjusted Odds Ratio 
(OR) = 6.415, 95% confidence interval (CI) 2.011–20.467, 
p = 0.002; METS-VF at 4th quartile: Full adjusted 
OR = 3.580, 95%CI 1.498–8.551, p = 0.004 (Table  9)]. 
In contrast, the correlation between other indices and 
the prevalence of MetS was attenuated in Model 2 
[CVAI at 2th quartile: Full adjusted OR = 1.849, 95% CI 
0.994–3.437; p = 0.052; LAP at 2th quartile: Full adjusted 
OR = 1.781, 95% CI 0.962–3.297; p = 0.066; TyG-WHtR 
at 3th quartile: Full adjusted OR = 2.156, 95% CI 0.972–
4.781; p = 0.059(Table  9)]. In conclusion, both TyG-WC 
and METS-VF maintained stable correlations with the 
prevalence of MetS after multivariable adjustment and 
may serve as superior anthropometric indices for pre-
dicting MetS in male populations.

Among the female population, in the crude model, 
increasing levels of indices were significantly associ-
ated with the prevalence of MetS (p for trend < 0.05). 
However, in Model 2, the prevalence of MetS did not 
differ observably at different levels of CVAI (p for 
trend = 0.827). Though the prevalence of MetS rates 
rose as TyG-WC、LAP and TyG-WHtR increased (p for 
trend < 0.005), TyG-WHtR showed instability in its rela-
tionship with the prevalence of MetS [TyG-WHtR at 2th 
quartile: Full adjusted OR = 1.966, 95% CI 0.903–4.280, 
p = 0.089 (Table  10)]. Similarly, Significant differences 
in TyG-WC and LAP were observed only in the fourth 

Table 1 Outcomes and outcome-related indicators of all study participants by gender

Continuous data are expressed as median (interquartile range) due to the skewed distribution

MetS Metabolic syndrome, WC waist circumference, TC total cholesterol, TG triglyceride, HDL-C high-density lipoprotein cholesterol, LDL-C low-density lipoprotein 
cholesterol, FBG fasting blood glucose, SBP systolic blood pressure, DBP diastolic blood pressure, BMI body mass index, WHtR waist to height ratio, VAI visceral 
adiposity index, ABSI A body shape index, BRI: body roundness index, LAP lipid accumulation product, CI Conicity Index, CVAI Chinese visceral adiposity index, TyG 
triglyceride, and glucose index, TyG-BMI TyG related to BMI, TyG-WHtR TyG related to WHtR, TyG-WC TyG related to wc, WTI waist-triglyceride index, AIP cumulative 
atherogenic index of plasma, METS-IR the metabolic score of insulin resistance, METS-VF Metabolism Score for Visceral Fat, CMI cardiometabolic index

Characteristics Male Female Overall P
N (%) N (%) N (%)

The prevalence of MetS 1105(48.1) 1391(43.7) 249(45.6) 0.001

WC (cm) 89.000 (81.000–97.000) 82.000 (71.925–91.000) 85.000 (76.000–94.000)  < 0.001

Weight (kg) 73.400 (66.000–81.750) 62.000 (56.900–69.400) 67.000 (59.000–75.000)  < 0.001

Height (cm) 170.000 (165.000–174.000) 158.500 (155.000–163.000) 163.000 (157.000–169.000)  < 0.001

TG (mg/dL) 124.889 (82.374–190.434) 107.174 (79.952–158.547) 113.375 (77.945–170.062)  < 0.001

TC (mg/dL) 194.122 (168.987–220.418) 197.602 (172.854–227.475) 195.669 (170.534–224.671) 0.001

HDL-C (mg/dL) 50.271 (43.310–59.551) 57.231 (49.111–66.222) 54.138 (46.404–64.192)  < 0.001

LDL-C (mg/dL) 119.490 (98.801–141.145) 117.169 (97.448–140.371) 117.943 (98.221–140.758)  < 0.001

FBG (mg/dL) 102.600 (93.600–117.000) 100.800 (93.600–113.400) 102.600 (93.600–115.200)  < 0.001

SBP (mmHg) 132.000 (120.000–143.000) 128.000 (115.00–143.000) 130.000 (118.000–142.000)  < 0.001

DBP (mmHg) 86.00 (78.00–93.00) 81.00 (74.00–89.00) 83.00 (75.00–91.00)  < 0.001
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quartile (Q4) compared to the reference group(Q1) [TyG-
WC at 4th quartile: Full adjusted OR = 3.306, 95% CI 
1.071–8.606, p = 0.037; LAP at 4th quartile: Full adjusted 
OR = 5.697, 95% CI 2.402–13.512, p < 0.001 (Table  10)]. 

Compared with these indices, the positive correlation 
between METS-VF and the prevalence of MetS remained 
[METS-VF at 4th quartile: Full adjusted OR = 7.615, 95% 
CI 3.588–16.164, p < 0.001 (Table 10)].

Table 2 General characteristics of all study participants by gender

Continuous data are expressed as median (interquartile range) due to the skewed distribution

Characteristics Male Female Overall P
N (%) N (%) N (%)

Age, years 52.0 (39.0–61.0) 52.0 (40.0–60.0) 52.0 (40.0–60.0) 0.195

Current residence

 Rural 750 (32.7) 1152 (36.2) 1902 (44.7) 0.006

 Urban 1547 (67.4) 2030 (63.8) 3577 (65.3)

Marital status

 Single/widowed/divorced 303 (13.2) 264 (8.3) 567 (10.4)  < 0.001

 Others 1994 (86.8) 2917 (91.7) 4911 (89.7)

Occupation

 Agriculture, forestry, animal husbandry, fishery and per-
sonnel

1345 (58.6) 1424 (44.8) 2769 (50.5)  < 0.001

 Manufacturer, transport and salesperson 155 (6.8) 162 (5.1) 317 (5.8)

 Government and enterprise workers 168 (7.3) 158 (5.0) 326 (6.0)

 Other occupation 350 (15.2) 422 (13.3) 772 (14.1)

 Unemployed/students/retiree 279 (12.2) 1016 (31.9) 1295 (23.6)

Education status

 Below primary school 725 (31.6) 1295 (40.7) 2020 (36.0)  < 0.001

 Junior middle school 990 (43.1) 1152 (36.2) 2142 (39.1)

 High school or Specialized Secondary Schools 391 (17.0) 360 (11.3) 751 (13.7)

 College and above 191 (8.3) 375 (11.8) 566 (10.3)

Income status

 < 1500 507 (22.1) 699(22.0) 1206(22.0)  < 0.001

 1500 ~ 623 (27.1) 1032(32.4) 1655(30.2)

 3500 ~ 1166 (50.8) 1451(45.6) 2617(47.8)

Smoking

 Never 825 (35.9) 2810 (88.3) 3635 (67.3)  < 0.001

 Former smoker 160 (7.0) 43 (1.4) 203 (3.7)

 Current 1312 (57.1) 329 (10.3) 1641 (30.0)

Drinking

 Never 549 (23.9) 2071 (76.1) 2620 (47.8)  < 0.001

 Former drinker 227 (9.9) 78 (2.5) 305 (5.6)

 Current 1521 (66.2) 1033 (32.5) 2554 (46.6)

Sleep duration of low risk

 Yes 1943 (41.7) 2709 (58.2) 4652 (84.9) 0.577

 No 354 (15.4) 473 (57.2) 827 (15.1)

Family history of chronic diseases

 0 1364 (59.4) 1480 (46.5) 2844 (51.9)  < 0.001

 1–2 579 (25.2) 1163 (36.5) 1742 (31.8)

 ≥ 3 354 (15.4) 539 (16.9) 893 (16.3)

Physical activity

 Low 1620 (70.5) 2175 (68.4) 3795 (69.3)  < 0.001

 Middle 308 (13.4) 562 (17.7) 870 (15.9)

 High 369 (16.1) 445 (13.00) 814 (14.9)
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Non‑linear trends of anthropometric indices 
with morbidity of MetS
Figure  4 represents the dose–response relationship 
between indices and MetS risk. This study employed 
a restricted cubic spline model integrated with logis-
tic regression to fit smooth curves depicting the asso-
ciation between indices and MetS risk. Based on the 
results of multivariate logistic regression, METS-VF 
and TyG-WC were selected as predictors in the male 
population, while METS-VF alone was selected in the 
female population. Based on the adjusted model 2, a 

nonlinear positive correlation was observed between 
METS-VF and MetS risk in both sexes (nonlinear 
p < 0.001). Specifically, among females, a threshold of 
6.32 for METS-VF was identified above which the risk 
of MetS may increase. Similarly, in males, a threshold 
of 6.74 for METS-VF was found to potentially elevate 
MetS risk. Additionally, this study observed a nonlinear 
relationship between TyG-WC and MetS risk in males 
(nonlinear p significant). Specifically, when TyG-WC 
exceeded 583.71, the risk of MetS in males appeared to 
increase.

Table 3 Anthropometric indices of all study participants by gender

Continuous data are expressed as median (interquartile range) due to the skewed distribution

Characteristics Male Female Overall P
M(P25‑P75) M(P25‑P75) M(P25‑P75)

BMI 25.565 (23.301–27.916) 24.768 (22.547–27.556) 25.100 (22.837–27.745)  < 0.001

WHtR 0.525 (0.471–0.571) 0.516 (0.439–0.575) 0.519 (0.459–0.573)  < 0.001

VAI 1.357 (0.830–2.388) 1.474 (0.946–2.448) 1.439 (0.896–2.418)  < 0.001

ABSI 0.079 (0.075–0.083) 0.077 (0.072–0.082) 0.078 (0.073–0.083)  < 0.001

BRI 3.832 (2.839–4.797) 3.665 (2.278–4.874) 3.722 (2.615–4.838)  < 0.001

LAP 32.508 (17.591–58.800) 27.297 (14.820–49.600) 29.623 (15.984–53.613)  < 0.001

CI 7.162 (6.709–7.533) 6.927 (6.366–7.406) 7.038 (6.505–7.468)  < 0.001

CVAI 103.283 (68.921–139.771) 87.480 (56.817–116.406) 92.992 (62.005–126.459)  < 0.001

TyG Index 8.789 (8.347–9.282) 8.635 (8.237–9.082) 8.689 (8.280–9.163)  < 0.001

TyG-BMI 225.736 (200.005–255.113) 215.605 (189.690–254.488) 220.329 (193.920–249.769)  < 0.001

TyG-WHtR 4.628 (4.121–5.180) 4.437 (3.864–5.102) 4.533 (3.968–5.138)  < 0.001

TyG-WC 782.339 (696.479–875.901) 704.964 (616.339–803.954) 739.609 (648.917–837.484)  < 0.001

WTI 8.386 (7.992–8.812) 8.613 (8.173–9.074) 8.480 (8.074–8.932)  < 0.001

AIP 0.028 (− 0.192–0.264) − 0.090 (− 0.279–0.121) − 0.045 (− 0.243–0.180)  < 0.001

METS-IR 38.498 (33.514–43.757) 35.794 (31.320–40.890) 36.984 (32.144–42.275)  < 0.001

METS-VF 6.742 (6.214–7.130) 6.307 (5.528–6,827) 6.497 (5.876–6.972)  < 0.001

CMI 0.560 (0.330–0.988) 0.418 (0.262–0.713) 0.467 (0.287–0.830)  < 0.001

Table 4 Outcome-related indicators of study participants with and without MetS by sex groups

Characteristics Males (N = 2297) P Females (N = 3182) P

MetS M(P25‑P75) Non‑MetS M(P25‑P75) MetS M(P25‑P75) Non‑MetS M(P25‑P75)

WC (cm) 83.000 (77.000–87.600) 96.000 (90.00–102.000)  < 0.001 90.000 (84.000–96.000) 74.000 (68.775–82.000)  < 0.001

Weight (kg) 78.000 (71.600–85.000) 69.000 (62.80–76.000)  < 0.001 65.100 (60.000–73.000) 60.000 (55.000–66.000)  < 0.001

Height (cm) 170.000 (165.000–174.000) 169.500 (165.00–174.00)  < 0.001 158.000 (158.000–162.000) 159.000 (155.000–163.500)  < 0.001

TC (mg/dL) 166.519 (107.174–247.678) 99.203 (72.631–138.175)  < 0.001 88.574 (67.316–120.461) 150.576 (99.203–211.692)  < 0.001

TG (mg/dL) 199.923 (174.787–229.312) 188.322 (165.120–214.230)  < 0.001 208.817 (180.201–237.046) 191.029 (167.440–217.324)  < 0.001

HDL-C (mg/dL) 46.790 (39.830–54.911) 53.751 (46.404–63.032)  < 0.001 52.591 (45.630–61.872) 60.325 (52.978–69.606)  < 0.001

LDL-C (mg/dL) 123.163 (102.088–147.718) 115.623 (96.674–135.731)  < 0.001 125.677 (103.248–148.105) 113.369 (93.194–133.411)  < 0.001

FBG (mg/dL) 109.800 (100.800–122.400) 97.200 (91.800–109.800)  < 0.001 108.000 (100.800–122.400) 97.200 (91.800–106.200)  < 0.001

SBP (mmHg) 137.000 (128.000–149.000) 126.000 (116.000–137.000)  < 0.001 137.000 (125.000–151.000) 97.200 (91.800–106.200)  < 0.001

DBP (mmHg) 89.000 (82.000–97.000) 82.000 (75.000–90.000)  < 0.001 85.000 (78.000–93.000) 78.000 (72.000–86.000)  < 0.001
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Table 5 General Characteristics of study participants with and without MetS by sex groups

Continuous data are expressed as median (interquartile range) due to the skewed distribution

Characteristics Males (N = 2297) P Females (N = 3182) P

MetS N (%) Non‑MetS N (%) MetS N (%) Non‑MetS N (%)

Age, years 54.0 (43.0–61.0) 49.0 (35.0–61.0)  < 0.001 57.0 (48.0–62.0) 47.0 (36.0–56.0)  < 0.001

Current residence

 Rural 399 (32.7) 351 (29.4) 0.001 548 (39.4) 604 (33.7) 0.001

 Urban 706 (63.9) 841 (70.6) 843 (60.6) 1187 (66.3)

Marital status

 Single/widowed/divorced 88 (8.0) 215 (18.0)  < 0.001 86 (6.2) 178 (9.9)  < 0.001

 Others 1017 (92.0) 977 (82.0) 1304 (93.8) 1613 (90.1)

Occupation

 Agriculture, forestry, animal husbandry, fishery 
and personnel

699 (62.3) 657 (55.1) 0.012 685 (49.2) 739 (41.3)  < 0.001

 Manufacturer, transport and salesperson 70 (6.3) 85 (7.1) 57 (4.1) 105 (5.9)

 Government and enterprise workers 74 (6.7) 94 (7.9) 36 (2.6) 122 (6.8)

 Other occupation 157 (14.2) 193 (16.2) 159 (11.4) 263 (14.7)

 Unemployed/students/retiree 116 (10.5) 163 (13.7) 454 (32.6) 562 (31.4)

Education level

 Below primary school 403 (36.5) 322 (27.0)  < 0.001 752 (54.1) 637 (35.6)  < 0.001

 Junior middle school 478 (43.3) 512 (43.0) 463 (33.3) 689 (38.5)

 High school or Specialized Secondary Schools 161 (14.6) 230 (19.3) 114 (8.2) 246 (13.7)

 College and above 63 (5.7) 128 (10.7) 62 (4.5) 219 (12.2)

Income status

 < 1500 243 (22.0) 264 (22.2) 0.006 269 (22.0) 430 (24.0)  < 0.001

 1500 ~ 268 (24.3) 355 (29.8) 1032 (32.4) 607 (33.9)

 3500 ~ 594 (53.8) 572 (48.0) 1451 (45.6) 754 (42.1)

Smoking

 Never 319 (35.9) 506 (42.4)  < 0.001 1169 (84.0) 1694 (94.6)  < 0.001

 Former smoker 84 (7.6) 76 (6.4) 22 (1.6) 21 (1.2)

 Current 702 (63.5) 610 (51.2) 200 (14.4) 76 (4.2)

Drinking

 Never 192 (23.9) 357 (29.9)  < 0.001 823 (59.2) 1605 (89.6)  < 0.001

 Former drinker 94 (8.5) 133 (11.2) 27 (1.9) 51 (2.8)

 Current 819 (74.1) 702 (58.9) 1391 (38.9) 135 (7.5)

Sleep duration of low risk

 Yes 917 (83.0) 1026 (86.1) 0.041 1162 (83.5) 1547 (86.4) 0.026

 No 188 (17.0) 166 (13.9) 229 (16.5) 244 (13.6)

Family history of chronic diseases

 0 598 (54.1) 766 (64.3) 0.001 600 (43.1) 880 (49.1)  < 0.001

 1–2 324 (29.3) 255 (21.4) 498 (35.8) 665 (37.1)

 ≥3 183 (16.6) 171 (14.3) 293 (21.1) 246 (13.7)

Physical activity

 Low 822 (74.4) 798 (66.9)  < 0.001 1142 (63.8) 1033 (74.3)  < 0.001

 Middle 148 (13.5) 159 (13.3) 369 (20.6) 193 (13.9)

 High 134 (12.1) 235 (19.7) 280 (15.6) 165 (11.9)
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Discussion
This study examined 17 anthropometric indices associ-
ated with MetS and its components to assess their predic-
tive abilities for MetS in Chinese residents. In this study 
of 5479 residents, the prevalence of MetS was 48.1% 
among men and 43.7% among women. In the analysis of 
the demographic characteristics of the entire sample, the 

results showed that all the indices included were closely 
related to the occurrence of MetS. After considering the 
results of the ROC analysis, TyG-WHtR, TyG-WC, LAP, 
METS-VF, and CVAI were selected for further research 
to evaluate their correlation with the risk of MetS. The 
study suggested that TyG-WC and METS-VF had greater 
predictive abilities in the males, with TyG-WC appearing 

Table 6 Anthropometric indices of study participants with and without MetS by sex groups

Characteristics Males (N = 2297) P Females (N = 3182) P

MetS M(P25‑P75) Non‑MetS M(P25‑P75) MetS M(P25‑P75) Non‑MetS M(P25‑P75)

BMI 27.059 (24.963–29.277) 24.10 (21.97–26.30)  < 0.001 26.330 (24.142–29.049) 23.606 (21.454–25.965)  < 0.001

WHTR 0.567 (0.532–0.601) 0.483 (0.456–0.521)  < 0.001 0.571 (0.527–0.611) 0.463 (0.432–0.516)  < 0.001

VAI 2.080 (1.253–3.515) 0.981 (0.656–1.522)  < 0.001 2.314 (1.444–3.655) 1.121 (0.779–1.639)  < 0.001

ABSI 0.082 (0.078–0.085) 0.077 (0.073–0.081)  < 0.001 0.080 (0.076–0.085) 0.074 (0.068–0.079)  < 0.001

BRI 4.704 (3.982–5.454) 3.045 (2.575–3.762)  < 0.001 4.797 (3.878–5.670) 2.691 (2.171–3.666)  < 0.001

LAP 55.680 (35.818–88.015) 18.720 (11.692–31.588)  < 0.001 49.980 (32.592–78.000) 16.950 (10.021–26.910)  < 0.001

CI 7.444 (7.147–7.773) 6.869 (6.466–7.212)  < 0.001 7.309 (6.942–7.688) 6.556 (6.006–7.021)  < 0.001

CVAI 138.002 (113.082–164.755) 72.877 (51.855–95.530)  < 0.001 115.356 (93.748–137.398) 63.319 (38.331–88.396)  < 0.001

TyG 9.125 (8.665–9.599) 8.514 (8.181–8.876)  < 0.001 9.013 (8.621–9.442) 8.407 (8.087–8.723)  < 0.001

TyG-BMI 247.289 (224.765–273.833) 206.231 (183.290–228.447)  < 0.001 238.735 (215.451–265.597) 198.335 (177.927–223.351)  < 0.001

TyG-WC 870.5187 (813.811–950.422) 703.903 (653.506–760.782)  < 0.001 806.748 (742.471–880.057) 630.256 (578.031–692.033)  < 0.001

TyG-WHtR 5.163 (4.764–5.571) 4.161 (3.865–4.516)  < 0.001 5.118 (4.681–5.604) 3.939 (3.637–4.353)  < 0.001

WTI 8.973 (8.574–9.383) 8.310 (7.976–8.673)  < 0.001 8.793 (8.416–9.142) 8.134 (7.838–8.451)  < 0.001

AIP 0.187
(− 0.039–0.406)

− 0.105 (− 0.270–0.080)  < 0.001 0.086 (− 0.134–0.288) − 0.195 (− 0.351–0.031)  < 0.001

MET-IR 42.495 (38.138–47.219) 34.684 (30.693–39.132)  < 0.001 39.750 (35.894–44.521) 32.774 (29.127–36.802)  < 0.001

METS-VF 7.094 (6.821–7.319) 6.284 (5.990–6.684)  < 0.001 6.820 (6.443–7.047) 5.647 (5.309–6.280)  < 0.001

CMI 0.870 (0.525–1.455) 0.383 (0.258–0.604)  < 0.001 0.691 (0.422–7.047) 0.307 (0.212–0.456)  < 0.001

Table 7 ROC analysis of anthropometric indices among males for identifying MetS

Anthropometric index AUC 95%CI Cut‑off point Sensitivity (%) Specificity (%)

TyG-WHtR 0.907 0.895–0.919 4.5733 87.34 78.51

TyG-WC 0.905 0.892–0.916 795.2513 80.38 86.06

CVAI 0.890 0.877–0.903 98.4569 85.99 77.58

LAP 0.865 0.850–0.879 36.7400 73.96 82.28

METS-VF 0.864 0.849–0.877 6.7241 81.37 77.41

BRI 0.850 0.834–0.864 0.5284 77.31 79.76

WHtR 0.845 0.829–0.859 0.5284 76.76 79.76

TyG-BMI 0.810 0.793–0.826 230.3135 70.61 77.58

METS-IR 0.806 0.789–0.822 38.4247 74.50 71.79

WTI 0.796 0.779–0.812 8.7323 67.90 80.18

CMI 0.796 0.779–0.812 0.6166 68.99 77.08

VAI 0.780 0.762–0.797 1.6294 64.92 79.26

CI 0.778 0.761–0.795 7.1430 75.05 70.61

TyG index 0.767 0.749–0.784 8.9469 64.01 80.77

AIP 0.752 0.734–0.770 0.0804 66.37 75.99

BMI 0.747 0.728–0.764 25.1000 73.78 63.14

ABSI 0.706 0.687–0.724 0.0786 72.24 59.61
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as a more useful indication than METS-VF. Meanwhile, 
in women, METS-VF outperformed all other indica-
tors. This revealed that the best predictors of MetS differ 
between the sexes.

MetS is not simply a biological problem, but a complex 
social issue linked to unhealthy lifestyles [42, 43]. This 
study suggests that MetS risk factors are multifaceted 
[44], such as age, sex [45], occupation, smoking, drinking 
[46], physical activity [47, 48], and history of disease [49]. 
This finding aligns with previous researchers’ studies. 

Moreover, these factors notably affected the anthropo-
metric index’s predictive power. In the analysis of the 
ROC curve, the AUC values for TyG-WHtR, TyG-WC, 
LAP, METS-VF, and CVAI were all greater than 0.850. 
However, after adjusting for all confounding factors in 
Model 2, METS-VF and TyG-WC were substantially 
linked with the risk of MetS in males, while only METS-
VF showed a connection in females. This implies that 
the standard for evaluating the predictive accuracy of an 
index cannot be based on the outcome of ROC analysis 

Table 8 ROC analysis of anthropometric indices among females for identifying MetS

Anthropometric index AUC 95%CI Cut‑off point Sensitivity (%) Specificity (%)

TyG-WHtR 0.902 0.891–0.912 4.4582 85.98 79.56

TyG-WC 0.899 0.888–0.909 697.7630 88.71 76.77

LAP 0.886 0.875–0.897 29.7190 80.37 80.12

METS-VF 0.869 0.857–0.881 6.3179 83.96 77.11

CVAI 0.862 0.849–0.874 87.4904 81.45 74.48

BRI 0.845 0.832–0.858 3.5876 84.11 73.76

WHtR 0.841 0.828–0.854 0.5120 83.68 73.76

WTI 0.817 0.803–0.830 8.5930 64.13 84.25

CMI 0.814 0.800–0.827 0.5235 65.71 82.91

VAI 0.797 0.782–0.810 1.9837 59.81 85.82

METS-IR 0.792 0.778–0.806 35.865 75.51 70.46

CI 0.791 0.777–0.805 6.9286 76.04 70.63

TyG-BMI 0.791 0.777–0.805 210.5545 80.88 64.66

TyG-index 0.785 0.770–0.799 8.6822 71.39 72.64

AIP 0.760 0.744–0.744 0.0162 59.60 81.41

ABSI 0.737 0.721–0.752 0.0777 66.62 70.30

BMI 0.718 0.702–0.734 24.1671 74.62 59.07

Fig. 2 ROC curves for 17 anthropometric indices for identifying MetS among males (a), and females (b)
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but also on the influence of confounding factors in prac-
tical applications.

In this research, METS-VF was found to be a good 
predictor of the prevalence of MetS among men and 
women, and it is especially valuable in the female pop-
ulation, outperforming other indices. The METS-VF 
calculation includes several metabolic-related param-
eters, such as fasting blood glucose, triglycerides, and 
high-density lipoprotein cholesterol, which collectively 

reflect an individual’s metabolic health status. By calcu-
lating METS-VF, physicians can assess a patient’s vis-
ceral fat metabolism and determine whether they have 
metabolic abnormalities or are at risk of disease. This is 
important for formulating a personalized diet and exer-
cise plan and preventing metabolic diseases. Ruijuan Y 
et  al. indicated that METS-VF [14], as a new indicator 
for assessing abdominal and visceral fat, is valuable in 
predicting chronic disease [50, 51]. Based on the ROC 

Fig. 3 Distribution of the values of TyG-WHtR (a), TyG-WC (b), METS-VF (c), LAP (d), CVAI (e) according to the number of components of MetS
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analysis, METS-VF showed a great predictive capacity 
in the male and female populations respectively. This is 
similar to the results of a Spanish study in which the AUC 
values for METS-VF were 0.838 and 0.883 [52]. Mean-
while, this study indicated an increasing level of MET-
VF with increasing components of MetS. Multifactorial 
logistic regression analysis suggested an increased risk of 
MetS with increasing METS-VF. According to the crude 
model and adjusted models, the close correlation always 
remained. Our research showed a non-linear, positive 
dose–response relationship between METS-VF and the 
prevalence of MetS in the sexes. Specifically, When it 
exceeds 6.32 in women and 6.7 in men, the risk of MetS 
markedly increases.

Although METS-VF performed well in the overall pop-
ulation, TyG-WC performed better than METS-VF in 
the male population. The use of TyG-WC as a predictor 

of diseases is gaining prominence in previous studies 
[53], especially for heart disease [54], which is superior 
to other TyG indices to a certain extent. In the present 
study, TyG-WC showed high AUC values (0.905, 0.899) in 
both gender groups, mirroring the outcomes observed in 
previous studies [20, 22]. However, following the subse-
quent multivariate regression analysis, which accounted 
for confounding factors such as age, smoking, alcohol 
consumption, physical activity, and family history in the 
female group, the significance of the association between 
TyG-WC and MetS risk was no longer present (p > 0.05), 
whereas this association persisted in men. Furthermore, 
the RCS curve found that in the male population, there 
is a non-linear positive correlation between TyG-WC 
and MetS.This finding indicates that while TyG-WC has 
a commendable predictive capacity, it may not be ideal 
for application across the entire population. Given the 

Table 9 Multivariable logistic regression of anthropometric indices and the prevalence of MetS in male

Anthropometric index Crude model p Model 1 p Model 2 p
OR (95%CI) OR (95%CI) OR (95%CI)

TyG-WHtR

 Q1 Ref Ref Ref

 Q2 1.307(0.683–2.502) 0.419 1.341(0.699–2.570) 0.377 1.388(0.71–2.713) 0.338

 Q3 2.11(0.981–4.538) 0.056 2.223(1.031–4.794) 0.042 2.156(0.972–4.781) 0.059

 Q4 5.133(1.873–14.066) 0.001 5.563(2.020–15.322) 0.001 5.254(1.85–14.932) 0.002

 P for trend  < 0.001  < 0.001  < 0.001

TyG-WC

 Q1 Ref Ref Ref

 Q2 3.491(1.584–7.694) 0.002 3.734(1.697–8.219) 0.001 3.994(1.785–8.938) 0.001

 Q3 5.228(2.100–13.016)  < 0.001 6.017(2.404–15.059)  < 0.001 6.162(2.410–15.756)  < 0.001

 Q4 5.345(1.750–16.325) 0.003 6.636(2.143–20.554) 0.001 6.415(2.011–20.467) 0.002

P for trend 0.003 0.001 0.003

CVAI

 Q1 Ref Ref Ref

 Q2 1.840(1,003–3.377) 0.049 1.906(1.041–3.491) 0.037 1.849(0.994–3.437) 0.052

 Q3 2.361(1.148–4.857) 0.020 2.523(1.227–5.188) 0.012 2.621(1.241–5.535) 0.012

 Q4 3.606(1.491–8.722) 0.004 3.982(1.643–9.647) 0.002 4.503(1.621–10.133) 0.003

 P for trend 0.008 0.005 0.004

LAP

 Q1 Ref Ref Ref

 Q2 1.873(1.026–3.416) 0.041 1.917(1.054–3.484) 0.033 1.781(0.962–3.297) 0.066

 Q3 1.984(0.999–3.940) 0.050 2.008(1.013–3.980) 0.046 2.044(1.008–4.143) 0.047

 Q4 3.787(1.676–8.557) 0.001 3.756(1.666–8.466) 0.001 3.940(1.695–9.161) 0.001

 P for trend 0.005 0.006 0.005

METS-VF

 Q1 Ref Ref Ref

 Q2 2.297(1.385–3.812) 0.001 1.920(1.139–3.236) 0.014 1.806(1.055–3.092) 0.031

 Q3 3.215(1.759–5.877)  < 0.001 2.295(1.195–4.406) 0.013 2.070(1.054–4.064) 0.035

 Q4 5.621(2.637–11.981)  < 0.001 3.433(1.482–7.952) 0.004 3.580(1.498–8.551) 0.004

 P for trend  < 0.001 0.003 0.005
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complex interaction of genetic background, lifestyle, 
physiological characteristics, and psychosocial factors 
that affect MetS, and the significant differences between 
men and women in these factors, it is essential to con-
sider gender differences when developing prevention and 
treatment strategies for metabolic syndrome. In conclu-
sion, the findings of this study indicate that the METS-
VF is a reliable predictor of MetS in Chinese residents. 
However, from the perspective of gender differences, this 
study emphasizes the critical need for the early detection 
of MetS using different indicators for men and women.

The present study had several notable advantages: 
Firstly, this study extensively examines a diverse range 
of MetS prediction indices, encompassing 17 anthro-
pometric indicators. It not only evaluates their capacity 
to predict MetS but also conducts an in-depth explora-
tion of the stability of these indices in forecasting MetS, 

thereby offering a thorough analysis of their prediction 
performance. Secondly, this study involves a sample 
size of 5479 residents, contributing to the dependability 
of the results. Furthermore, this study offers a compre-
hensive gender-specific analysis, intending to identify 
the most accurate predictive index for each gender. 
Nevertheless, the study had limitations. It is hard to 
validate a temporal relationship between anthropomet-
ric indices and MetS because of the cross-sectional. 
Furthermore, as only Chinese residents were involved, 
although it is highly relevant and applicable in the Chi-
nese context, the reliable indices selected in this study 
may not apply to other populations. Therefore, in order 
to further elucidate the causal relationship between 
anthropometric indices and MetS, future research 
needs to adopt a cohort study design to further verify 
and extend these findings.

Table 10 Multivariable logistic regression of anthropometric indices and the prevalence of MetS in female

Anthropometric index Crude model p Model 1 p Model 2 p
OR (95%CI) OR (95%CI) OR (95%CI)

TyG-WHtR

 Q1 Ref Ref Ref

 Q2 2.322(1.126–4.787) 0.022 2.407(1.164–4.977) 0.018 1.966(0.903–4.280) 0.089

 Q3 3.348(1.453–7.711) 0.005 3.497(1.513–8.083) 0.003 2.845(1.444–7.703) 0.024

 Q4 4.957(1.759–12.018) 0.002 5.001(1.906–13.125) 0.001 4.040(1.423–11.472) 0.009

 P for trend 0.040 0.024 0.037

TyG-WC

 Q1 Ref Ref Ref

 Q2 1.590(0.991–3.282) 0.209 1.637(0.792–3.384) 0.183 1.251(0.558–2.805) 0.587

 Q3 3.008(1.329–6.805) 0.008 3.497(1.535–7.791) 0.003 2.354(0.940–5.898) 0.068

 Q4 4.012(1.585–10.156) 0.003 5.079(1.979–13.037) 0.001 3.036(1.071–8.606) 0.037

 P for trend  < 0.001  < 0.001 0.006

LAP

 Q1 Ref Ref Ref

 Q2 2.020(1.055–3.870) 0.034 2.112(1.101–4.051) 0.024 1.942(0.957–3.941) 0.066

 Q3 2.161(1.070–4.364) 0.032 2.353(1.162–4.767) 0.017 1.862(0.859–4.036) 0.115

 Q4 5.210(3.178–9.119)  < 0.001 5.974(2.736–13.044)  < 0.001 5.697(2.402–13.512)  < 0.001

 P for trend  < 0.001  < 0.001  < 0.001

METS-VF

 Q1 Ref Ref Ref

 Q2 2.297(1.420–3.714) 0.001 2.1415(1.325–4.474) 0.002 3.374(1.991–5.717)  < 0.001

 Q3 4.535(2.942–6.992) 0.001 2.353(1.355–4.085) 0.002 5.251(2.836–9.721)  < 0.001

 Q4 5.310(2.444–11.538)  < 0.001 2.929(1.487–5.768) 0.002 7.615(3.588–16.164)  < 0.001

 P for trend  < 0.001  < 0.001  < 0.001

CVAI

 Q1 Ref Ref Ref

 Q2 2.743(1.817–4.140)  < 0.001 2.052(1.312–3.209) 0.002 1.789(1.093–2.926) 0.021

 Q3 4.535(2.942–6.992)  < 0.001 2.790(1.657–4.697)  < 0.001 1.762(0.986–3.148) 0.056

 Q4 5.383(3.178–9.119)  < 0.001 2.858(1.494–5.470) 0.002 1.384(0.677–2.827) 0.373

 P for trend  < 0.001 0.025 0.827
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Conclusion
Anthropometric indices could serve as an effective tool 
for evaluating the prevalence of MetS among Chinese 
residents. Our study demonstrates that for males, both 
TyG-WC and METS-VF display comparable predictive 
power. Conversely, for females, METS-VF stands out as 
the optimal predictive indicator.
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