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Purpose: The best predictors and cut points for metabolic syndrome (MetS) in Chinese patients with type 2 diabetes (T2DM) were 
determined by comparing six anthropometric measures: body mass index (BMI), triglyceride-glucose (TyG), the product of TyG and 
waist-to-hip ratio (TyG-WHpR), the product of TyG and waist-to-height ratio (TyG-WHtR), the product of TyG and waist circum-
ference (TyG-WC), and the product of TyG and body mass index (TyG-BMI).
Patients and Methods: Sixteen hundred and sixty-five adult patients with T2DM were collected, and the ability and cut points of 
each index to predict MetS were compared by plotting the receiver operating characteristic (ROC) curve and calculating the area under 
the curve (AUC) values. Then, logistic regression analysis was used to adjust for confounders, including adjustment for menopause in 
women, to obtain the odds ratio (OR) and 95% confidence interval (CI).
Results: MetS was present in 71.60% of T2DM patients, 75.00% of men, and 67.02% of women. BMI was the best predictor of MetS 
in men with T2DM (AUC = 0.8646, 95% CI: 0.8379–0.8912), with a cut point of 24.5500 kg/m2 (specificity: 0.7714; sensitivity: 
0.7533), and TyG-WC was the best predictor of MetS in women with T2DM (AUC = 0.8362, 95% CI: 0.8034–0.8690), with a cut 
point of 154.1548 (specificity: 0.7455; sensitivity: 0.8076).
Conclusion: The best predictor of MetS in adults with T2DM is BMI with a cut point of 24.5500 kg/m2 for men and TyG-WC with 
a cut point of 154.1548 for women.
Keywords: metabolic syndrome, anthropometric indexes, type 2 diabetes, insulin resistance

Introduction
Metabolic syndrome (MetS) is a group of co-occurring disorders. These ailments include hypertension, diabetes, and 
abnormal cholesterol or triglyceride levels. Insulin resistance (IR), which refers to the body’s compensatory over-
production of insulin to cause hyperinsulinemia as a result of insulin’s decreased ability to promote glucose uptake 
and utilization for a variety of causes, is regarded as a key element in the pathophysiology of MetS.1

The hyperinsulinemic-euglycemic clamp (HEC) is the gold standard for measuring IR.2 Due to the high cost and 
complexity of this test, it is not routinely used for clinical screening. The alternative methods to HEC, such as the 
Homeostasis Model Assessment for Insulin Resistance (HOMA-IR), require the measurement of insulin that is not easily 
accessible and unstable and cannot be applied in areas with poor medical conditions or where large-scale epidemiological 
screening is required.3,4

From 2015 to 2017, the prevalence of MetS reached 31.1% in the Chinese adult population, and it was much more 
prevalent in women than in men, with 32.3% and 30.0%, respectively.5 People with T2DM are undoubtedly at an increased 
risk of developing MetS due to higher glucose levels and insulin resistance. A nationwide survey of more than 70,000 people 

Diabetes, Metabolic Syndrome and Obesity 2023:16 505–514                                              505
© 2023 Mao et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php 
and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work 

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For 
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Diabetes, Metabolic Syndrome and Obesity                                           Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 27 November 2022
Accepted: 11 February 2023
Published: 21 February 2023

D
ia

be
te

s,
 M

et
ab

ol
ic

 S
yn

dr
om

e 
an

d 
O

be
si

ty
 d

ow
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/
F

or
 p

er
so

na
l u

se
 o

nl
y.

http://orcid.org/0000-0002-6802-0847
http://orcid.org/0000-0003-3005-183X
http://orcid.org/0000-0003-2376-7741
http://orcid.org/0000-0003-1355-3328
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


in 31 Chinese provinces found that the prevalence of diabetes increased from 0.7% in 1980 to 12.8% in 2017, an 18-fold 
increase in the previous 40 years. Given the steadily rising number of adults in China who are 18 years of age or older who 
have diabetes, it is all the more crucial for such a large group to look into simpler indicators that can predict the risk of MetS.6

The diagnosis of MetS can be made based on many different aspects. Worldwide, the International Diabetes 
Federation (IDF) or the updated National Cholesterol Education Program Adult Treatment Panel III (NCEP-ATP III) 
are currently the primary diagnostic methods used to identify MetS, and the majority of earlier research in China likewise 
made use of these methods. According to one study using the NCEP-ATPIII, IDF, and JCDCG criteria, the prevalence of 
MetS in China was 32.3%, 26.4%, and 21.5%, respectively. According to the NCEP-ATPIII definition and the IDF 
definition, the prevalence of MetS was lower in Chinese men than in Chinese women (29.2% vs 35.4% and 22.2% vs 
30.3%, respectively). However, when using the JCDCG diagnostic criteria, the prevalence was higher in men (24.4%) 
than in women (18.5%), with men having a higher prevalence of the disease.7 Anthropometric indicators have been 
shown to be highly correlated with IR and T2DM.8 These indices have been demonstrated to be effective substitutes for 
HEC in predicting the MetS, but no comparisons have been made across indicators in this high-risk population for 
T2DM, as well as between genders. The best anthropometric indicators for predicting various genders in Chinese patients 
with T2DM, as well as the cut thresholds for these indicators, were determined by comparing six anthropometric 
indicators (BMI, TyG, TyG-WHpR, TyG-WHtR, TyG-WC, and TyG-BMI).

Materials and Methods
Participants
This cross-sectional study analyzed the examination data of patients with diabetes mellitus from May 1, 2020, to 
January 31, 2022, at the Metabolic Management Center (MMC) of the First People’s Hospital in Changde, Hunan 
Province, China. Exclusion criteria included patients with type 1 diabetes, pregnancy, and major medical conditions such 
as chronic renal failure, liver failure, severe heart failure, and malignancy, as well as patients with missing data for WC, 
FPG, PPG, SBP, DBP, TG, and HDL-c. The study’s final population of 1567 adult patients aged 18 to 80 with a diagnosis 
of T2DM was reduced from the original 1665 patients.

Measurements of Variables
Sociodemographic data such as gender, age, smoking, alcohol consumption, work, glucose-lowering drugs, lipid- 
lowering drugs, antihypertensive drugs and whether women are menopausal were collected by means of 
a questionnaire. Alcohol consumption is broken down into current drinkers, previous drinkers, and non-drinkers, while 
smoking is broken down into current smokers, former smokers, and non-smokers.

For the purpose of measuring laboratory data including fasting plasma glucose (FPG), total cholesterol (TC), 
triglycerides (TG), high-density lipoprotein cholesterol (HDL-c), low-density lipoprotein cholesterol (LDL-c), 
C peptide, and glycosylated hemoglobin (HbA1C), blood samples were taken after 12 hours of not eating or drinking.

The anthropometric index includes height, weight, waist circumference (WC), and hip circumference (HC). To 
measure the height, the person is measured by taking off their shoes and standing on the base of the height meter 
with the heel, sacrum, and both shoulder blades against the column of the height meter. Thick clothing and shoes were 
taken off for the weight measurement. By positioning an inelastic tape measure at the halfway point of the line 
connecting the lower edge of the 12th rib and the higher edge of the iliac crest, one can determine their waist 
circumference. The hip circumference was measured with the legs together and upright, both arms naturally down, 
and a non-elastic dipstick placed horizontally on the pubic symphysis and the most convex part of the gluteus maximus 
behind.9,10 After the participant had sat still for at least five minutes, systolic blood pressure (SBP) and diastolic blood 
pressure (DBP) were measured twice, and the average was obtained at the conclusion.11

WHpR, WHtR, BMI, TyG, TyG-WHpR, TyG-WHtR, TyG-WC, and TyG-BMI were calculated by using the 
following formulas:
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Definition of MetS
MetS is diagnosed when three or more of the following are present, in accordance with the 2020 version of the 
Guidelines for the Prevention and Treatment of Type 2 Diabetes Mellitus in China created by the Chinese Medical 
Association’s Division of Diabetes.12 The following criteria must be met: WC ≥ 90 cm for males and ≥ 85 cm for 
females; FPG ≥ 6.1 mmol/l or 2h post-sugar load blood glucose ≥ 7.8 mmol/l or diagnosed and treated diabetes mellitus; 
SBP ≥ 130 mmHg or DBP ≥ 85 mmHg or confirmed hypertension and medication; fasted TG ≥ 1.70 mmol/l; fasted 
HDL-c < 1.04 mmol/l.

Statistical Analysis
Baseline characteristics of the study participants are presented below. Categorical data were provided in numerical and 
percentage form, with normally distributed continuous variables expressed as mean standard deviation and non-normally 
distributed continuous variables expressed as median (quartiles 1–3). The chi-square test, or Fisher’s exact test, was used for 
categorical variables, the Kruskal–Wallis H-test for normally distributed data, and the ANOVA test for differences across 
gender factors.

By plotting the receiver operating characteristic (ROC) curve and calculating the area under the curve (AUC) values, 
this study evaluated the predictive ability of six anthropometric indicators (BMI, TyG, TyG-WHpR, TyG-WHtR, TyG- 
WC, and TyG-BMI) for MetS by gender. It then determined the best predictors for men and women, as well as their ideal 
threshold values.

Additionally, we utilized logistic regression models with results expressed as OR and CI to investigate the associations 
between BMI and MetS in men and all participants, as well as between TyG-WC and MetS in women. Adjusted confounders 
included age, sex, smoking status (never smoked, ever smoked, or currently smoking), drinking status (never drank or 
currently drinking), work (yes or no), lipid-lowering drugs (yes or no) and menopause (yes or no). TC less than 6.22 mmol/l 
was defined as normal; greater than or equal to 6.22 mmol/l was defined as abnormal; LDL-c less than 4.1 mmol/l was defined 
as normal; greater than or equal to 4.1 mmol/l was defined as abnormal.

The R statistical software packages (http://www.R-project.org, The R Foundation R.4.2.0) and EmpowerStats (http:// 
www.empowerstats.com, X&Y Solutions, Inc., Boston, MA, USA) were used for all statistical analyses. Bilateral P values 
less than 0.05 were considered statistically significant.

Results
Participants’ Characteristics
This study involved 1567 participants, aged 18 to 80, including 900 males and 667 females (Table 1). 167 of the 667 
women were menopausal, while 500 were not. MetS was found in 71.60% of the patients with T2DM, with women 
having a significantly lower prevalence than men (67.02% vs 75.00%, P < 0.05). Women’s age, SBP, TC, and HDL-c 
parameters were greater than men’s, whereas women’s BMI, DBP, HbA1c, TG, WHpR, TyG, TyG-BMI, WC, TyG- 
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Table 1 Baseline Characteristics of the Participants

All Participants (n =1567) Male (n = 900) Female (n =667) P-value

Age (years) 52.28 ± 10.99 50.25 ± 10.85 55.01 ± 10.60 <0.001

BMI (kg/m2) 25.67 ± 3.62 26.18 ± 3.53 24.99 ± 3.63 <0.001

SBP (mmHg) 135.52 ± 19.35 133.00 ± 18.17 138.93 ± 20.36 <0.001

DBP (mmHg) 83.19 ± 11.10 84.55 ± 11.11 81.36 ± 10.83 <0.001

FPG (mmol/l) 8.72 ± 3.40 8.85 ± 3.52 8.54 ± 3.23 0.077

C peptide 0.41 (0.27–0.60) 0.40 (0.25–0.59) 0.41 (0.28–0.61) 0.565

HbA1c (%) 8.36 ± 2.23 8.53 ± 2.32 8.13 ± 2.09 <0.001

TC (mmol/l) 4.92 ± 1.23 4.83 ± 1.32 5.04 ± 1.09 <0.001

TG (mmol/l) 1.86 (1.30–2.84) 1.98 (1.32–3.18) 1.74 (1.25–2.50) <0.001

HDL-c (mmol/l) 1.25 ± 0.33 1.17 ± 0.30 1.36 ± 0.32 <0.001

LDL-c (mmol/l) 2.78 ± 0.90 2.74 ± 0.89 2.82 ± 0.91 0.087

WHtR 0.57 ± 0.06 0.56 ± 0.06 0.57 ± 0.06 0.051

WHpR 0.94 ± 0.07 0.95 ± 0.07 0.92 ± 0.07 <0.001

TyG 2.11 ± 0.83 2.19 ± 0.90 2.00 ± 0.71 <0.001

TyG-BMI 54.97 ± 24.82 58.31 ± 27.33 50.45 ± 20.13 <0.001

TyG-WC 194.85 ± 84.73 207.71 ± 92.99 177.50 ± 68.42 <0.001

TyG-WHtR 1.21 ± 0.51 1.25 ± 0.55 1.15 ± 0.44 <0.001

TyG-WHpR 2.00 ± 0.84 2.10 ± 0.91 1.85 ± 0.70 <0.001

Smoking (%) <0.001

Never 997 (63.67%) 353 (39.27%) 644 (96.55%)

Former 123 (7.85%) 118 (13.13%) 5 (0.75%)

Current 446 (28.48%) 428 (47.61%) 18 (2.70%)

Alcohol consumption (%) <0.001

Never 1071 (68.39%) 440 (48.94%) 631 (94.60%)

Former 115 (7.34%) 99 (11.01%) 16 (2.40%)

Current 380 (24.27%) 360 (40.04%) 20 (3.00%)

Work (%) <0.001

No 679 (43.44%) 213 (23.69%) 466 (70.18%)

Yes 884 (56.56%) 686 (76.31%) 198 (29.82%)

MetS (%) 0.001

No 445 (28.40%) 225 (25.00%) 220 (32.98%)

Yes 1122 (71.60%) 675 (75.00%) 447 (67.02%)

(Continued)
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WHtR, and TyG-WHpR were lower. In addition, women have lower rates of smoking, drinking, and having a job than 
men. FPG, C peptide, LDL-c, and WHtR showed no statistically significant difference (all P < 0.05).

Ability of Anthropometric Parameters to Predict MetS
As shown in Figure 1, the ROC curves for BMI, TyG, TyG-WHpR, TyG-WHtR, TyG-WC, and TyG-BMI predict MetS. Table 2 
provides the corresponding AUC, 95% CI, appropriate threshold, sensitivity, and specificity values. BMI had the highest AUC 
(0.8337, 95% CI: 0.8121–0.8552) for predicting MetS across all individuals with a cut point of 24.3500 kg/m2 (specificity: 
0.7733; sensitivity: 0.8015). Men likewise had the highest AUC (0.8646, 95% CI: 0.8379–0.8912) of BMI with a cut point of 
24.5500 kg/m2 (specificity: 0.7714; sensitivity: 0.7533), whereas women had the highest AUC (0.8362, 95% CI: 0.8034–0.8690) 
of TyG-WC with a cut point of 154.1548 (specificity: 0.7455; sensitivity: 0.8076).

Relationship Between MetS and the Ideal Anthropometric Markers for Various 
Genders
TyG-WC and MetS in women, as well as the association between BMI and MetS in all populations and males, were 
examined using multivariate regression models (Table 3). BMI in all populations (OR 1.70, 95% CI 1.60–1.81, 
p < 0.0001) and men (OR 1.87, 95% CI 1.70–2.06, p < 0.0001), TyG-WC (OR 1.03, 95% CI 1.02–1.03, p < 0.0001) 
in women, and the risk of MetS were positively correlated in the unadjusted model. In a model1 adjusted for age, sex, 
smoking, alcohol consumption, and work, BMI was positively associated with the risk of MetS in all populations (OR 
1.74, 95% CI 1.63–1.85, p < 0.0001), in men (OR 1.88, 95% CI 1.71–2.08, p < 0.0001), and TyG-WC in women (OR 
1.03, 95% CI 1.02–1.03, p < 0.0001). After adding adjustments for TC, LDL-c and lipid-lowering drugs to model 1 and 
taking into account whether or not women were postmenopausal, no significant changes in BMI for all populations (OR 
1.74, 95% CI 1.63–1.85, p < 0.0001), for males (OR 1.87, 95% CI 1.70–2.07, p < 0.0001), and in TyG-WC for women 
(OR 1.03, 95% CI 1.02–1.03, p < 0.0001) at risk of developing MetS were found in model 2.

Predicting the Risk of MetS by BMI and TyG-WC
In all participants and men, a stratified study of the association between BMI and MetS was conducted. A stratified 
analysis of the association between TyG-WC and MetS in women was carried out (Table 4). In all participants and men, 
BMI was positively associated with the risk of MetS in all subgroups. Except for the women who had quit smoking, 
every group of women with the TyG-WC was linked to an increased risk of MetS.

Discussion
The ROC and AUC of six anthropometric measurements were examined in this cross-sectional study of Chinese adults 
with T2DM, and the results showed that BMI was the best predictor of MetS in all populations and males, whereas TyG- 
WC was the best predictor of MetS in women. We conducted separate subgroup analyses of TyG-WC with MetS in 
women and BMI with MetS in men, and the results showed that the results were reliable because there was no significant 
difference between the subgroups, and we further assessed their ability to predict MetS, both of which are non-invasive, 

Table 1 (Continued). 

All Participants (n =1567) Male (n = 900) Female (n =667) P-value

Menopause (%)

No 500 (74.96%)

Yes 167 (25.04%)

Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; HbA1c, glycosylated haemoglobin; TC, total 
cholesterol; TG, triglycerides; HDL-c, high-density lipoprotein-cholesterol; LDL-c, low-density lipoprotein-cholesterol; WHtR, waist-to-height ratio; WHpR, waist-to-hip 
ratio; TyG, triglyceride glucose index; TyG-BMI, product of TyG and body mass index; TyG-WC, product of TyG and waist circumference; TyG-WHtR, product of TyG and 
waist-to-height ratio; TyG-WHpR, product of TyG and waist-to-hip ratio; Mets, metabolic syndrome.
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easily accessible, low-cost, and beneficial for application to routine surveillance, mass epidemiological screening, and 
areas with poor medical conditions.

Previous studies have been conducted mainly in healthy adult populations, and most studies in the Chinese population 
have used NCEP-ATPIII or IDF as criteria for the diagnosis of MetS. Because of this, it is easy to exaggerate the risk of 
MetS in this high-risk population of people with T2DM.6,13,14 Many studies have shown that diabetic patients with MetS 
are more likely to develop macrovascular complications than those without MetS, and anthropometric indicators can 
easily and quickly screen for MetS patients with T2DM and identify those at risk for cardiovascular disease (CVD). 
A study in non-diabetic patients showed that in both men and women, TyG accurately predicted MetS compared to TyG- 
WHtR, TyG-WC, and TyG-BMI.15 Another study demonstrated that TyG-WC was a better predictor of MetS in non- 
Hispanic white adults (NHW) and non-Hispanic black adults (NHB), but no gender-based analysis was conducted.16 

However, the best indicators of MetS in both men and women were found to be TyG-WHtR and TyG, respectively, in 

Figure 1 ROC curves for the parameters for identifying MetS. (A) ROC curve for each parameter for determining MetS in all participants. (B) ROC curve for each 
parameter for determining MetS in men. (C) ROC curve for each parameter for determining MetS in women. 
Abbreviations: ROC, receiver operating characteristic; AUC, area under the curve; BMI, body mass index; TyG, triglyceride-glucose; TyG-BMI, product of TyG and body 
mass index; TyG-WC, product of TyG and waist circumference; TyG-WHtR, product of TyG and waist-to-height ratio; TyG-WHpR, product of TyG and waist-to-hip ratio; 
MetS, metabolic syndrome.
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Table 3 The Odd Ratios for Metabolic Syndrome

Non-Adjusted OR (95% CI) P Adjusted I OR (95% CI) P Adjust II OR (95% CI) P

All
BMI 1.70 (1.60, 1.81) <0.0001 1.74 (1.63, 1.85) <0.0001 1.74 (1.63, 1.85) <0.0001

Male

BMI 1.87 (1.70, 2.06) <0.0001 1.88 (1.71, 2.08) <0.0001 1.87 (1.70, 2.07) <0.0001
Female

TyG-WC 1.03 (1.02, 1.03) <0.0001 1.03 (1.02, 1.03) <0.0001 1.03 (1.02, 1.03) <0.0001

Notes: The unadjusted model accounts for: None. Adjust the I model: adjust for age, sex, smoking, alcohol, and work. Adjust II model: adjust 
for age, sex, smoking, alcohol, work, TC, LDL-c, lipid-lowering drugs, and menopause. 
Abbreviations: OR, odd ratio; CI, confidence interval; BMI, body mass index; TyG-WC, product of TyG and waist circumference.

Table 2 The Anthropometric Indexes for Predicting Mets

AUC 95% CI Low 95% CI Upp Threshold Specificity Sensitivity

ALL
BMI 0.8337 0.8121 0.8552 24.3500 0.7714 0.7533

TyG 0.7693 0.7431 0.7956 1.7693 0.6548 0.7602

TyG-WHpR 0.8022 0.7778 0.8267 1.6597 0.7238 0.7655
TyG-WHtR 0.8240 0.8011 0.8468 1.0825 0.8143 0.6966

TyG-WC 0.8266 0.8040 0.8493 160.2571 0.7405 0.7742

TyG-BMI 0.8283 0.8060 0.8507 44.6777 0.7429 0.7698
Male

BMI 0.8646 0.8379 0.8912 24.5500 0.7733 0.8015
TyG 0.7926 0.7590 0.8263 1.7660 0.6711 0.7867

TyG-WHpR 0.8202 0.7889 0.8515 1.6399 0.6978 0.8059

TyG-WHtR 0.8401 0.8110 0.8693 1.1065 0.8311 0.6978
TyG-WC 0.8431 0.8142 0.8720 186.4936 0.8489 0.6948

TyG-BMI 0.8469 0.8186 0.8752 50.4824 0.8267 0.7067

Female
BMI 0.8101 0.7768 0.8434 24.0500 0.7864 0.7181

TyG 0.7695 0.7312 0.8079 1.9988 0.8091 0.6152

TyG-WHpR 0.8076 0.7719 0.8433 1.6600 0.7591 0.7562
TyG-WHtR 0.8346 0.8016 0.8675 0.9923 0.7455 0.8098

TyG-WC 0.8362 0.8034 0.8690 154.1548 0.7455 0.8076

TyG-BMI 0.8349 0.8023 0.8675 44.6721 0.7727 0.7718

Abbreviations: AUC, area under curve; CI, confidence interval; BMI, body mass index; TyG, triglyceride-glucose; TyG-WHpR, product of TyG 
and waist-to-hip ratio; TyG-WHtR, product of TyG and waist-to-height ratio; TyG-WC, product of TyG and waist circumference; TyG-BMI, 
product of TyG and body mass index.

Table 4 The Associations Between Anthropometric Parameters and the Risk of MetS

BMI BMI TyG-WC

All OR (95% CI) P Male OR (95% CI) P Female OR (95% CI) P

Age (years)
≥18, ≤39 1.79 (1.50, 2.14) <0.0001 2.11 (1.60, 2.78) <0.0001 1.02 (1.01, 1.04) 0.0022

≥40, ≤49 1.72 (1.50, 1.97) <0.0001 1.87 (1.54, 2.26) <0.0001 1.02 (1.01, 1.03) <0.0001

≥50, ≤59 1.68 (1.53, 1.83) <0.0001 1.70 (1.48, 1.94) <0.0001 1.03 (1.02, 1.04) <0.0001
≥60, ≤80 1.82 (1.59, 2.09) <0.0001 2.28 (1.75, 2.96) <0.0001 1.03 (1.02, 1.04) <0.0001

Smoking

Never 1.63 (1.52, 1.75) <0.0001 2.01 (1.72, 2.35) <0.0001 1.03 (1.02, 1.03) <0.0001

(Continued)
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a recent study of Nigerian adults; BMI was not taken into account in the comparison. This differs from the findings we 
found and may be explained by different population selection, ethnicity specificity, and MetS diagnostic criteria.17–19 

Compared to Caucasians or Africans, central obesity with a normal BMI is a prominent trait of Chinese diabetics, and 
Chinese people are becoming more vulnerable to diabetes.20 In rural Chinese adults of both sexes, a Chinese anthropo-
metric investigation of gender-specific MetS predictors revealed that WC was the preferred predictor; however, the study 
did not analyze TyG-WC.21

Because BMI is significantly associated with central obesity, BMI cut points are often used to predict the risk of 
cardiovascular disease and T2DM in the population. In our investigation, we discovered that BMI exhibited superior 
predictability for the total population, but a gender analysis showed that BMI had a stronger predictive ability in men and 
a significantly lower predictive ability in women than TyG-WC. This may be related to the different body fat distribution 
and muscle content between women and men and the fact that Chinese women are more likely than Chinese men to be 
obese.22,23 Because fat distribution changes in women after menopause, after adjusting the prediction model for 
menopause, we discovered that TyG-WC was independently related to an elevated chance of developing MetS for 
women.24 Additionally, it has been demonstrated that patients with T2DM can use TyG-WC to detect prediabetes and 
assess their risk of developing diabetes.25 Therefore, while predicting MetS in individuals with T2DM, we should select 
the optimal predictors and cut points based on gender differences.

Table 4 (Continued). 

BMI BMI TyG-WC

All OR (95% CI) P Male OR (95% CI) P Female OR (95% CI) P

Ever 2.31 (1.62, 3.30) <0.0001 2.16 (1.52, 3.09) <0.0001

Everyday 1.77 (1.56, 2.01) <0.0001 1.73 (1.52, 1.96) <0.0001 1.06 (1.00, 1.13) 0.0488
Alcohol

Never 1.67 (1.56, 1.79) <0.0001 1.93 (1.69, 2.20) <0.0001 1.03 (1.02, 1.03) <0.0001

Ever 1.67 (1.32, 2.13) <0.0001 1.73 (1.31, 2.28) <0.0001 1.05 (1.00, 1.11) 0.0623
Everyday 1.78 (1.54, 2.06) <0.0001 1.80 (1.54, 2.11) <0.0001 1.03 (1.00, 1.05) 0.0387

Work

No 1.58 (1.45, 1.71) <0.0001 1.82 (1.53, 2.17) <0.0001 1.03 (1.02, 1.04) <0.0001
Yes 1.86 (1.70, 2.04) <0.0001 1.89 (1.69, 2.11) <0.0001 1.02 (1.01, 1.03) <0.0001

TC

Normal 1.71 (1.61, 1.83) <0.0001 1.87 (1.69, 2.06) <0.0001 1.03 (1.02, 1.03) <0.0001
Abnormal 1.65 (1.37, 1.99) <0.0001 1.96 (1.39, 2.76) 0.0001 1.02 (1.01, 1.03) 0.0008

LDL-c

Normal 1.70 (1.60, 1.81) <0.0001 1.88 (1.71, 2.08) <0.0001 1.03 (1.02, 1.03) <0.0001
Abnormal 1.65 (1.31, 2.08) <0.0001 1.77 (1.26, 2.49) 0.0011 1.03 (1.01, 1.05) 0.0093

Glucose-lowering drugs

No 1.72 (1.47, 2.00) <0.0001 2.12 (1.63, 2.74) <0.0001 1.03 (1.01, 1.04) <0.0001
Yes 1.70 (1.59, 1.82) <0.0001 1.84 (1.66, 2.03) <0.0001 1.03 (1.02, 1.03) <0.0001

Lipid-lowering drugs

No 1.66 (1.56, 1.77) <0.0001 1.83 (1.66, 2.01) <0.0001 1.03 (1.02, 1.03) <0.0001
Yes 2.21 (1.69, 2.88) <0.0001 2.41 (1.61, 3.59) <0.0001 1.03 (1.01, 1.05) 0.0004

Antihypertensive drugs

No 1.60 (1.50, 1.70) <0.0001 1.77 (1.61, 1.96) <0.0001 1.03 (1.02, 1.03) <0.0001
Yes 2.41 (1.94, 2.99) <0.0001 2.46 (1.77, 3.41) <0.0001 1.03 (1.02, 1.05) <0.0001

Menopause

No 1.61 (1.46, 1.78) <0.0001 1.03 (1.03, 1.04) <0.0001
Yes 1.64 (1.40, 1.92) <0.0001 1.02 (1.01, 1.03) <0.0001

Abbreviations: OR, odd ratio; CI, confidence interval; BMI, body mass index; TyG-WC, product of TyG and waist circumference; TC, total 
cholesterol; LDL-c, low-density lipoprotein-cholesterol.
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However, there are certain limitations to our investigation: only Chinese patients with T2DM were included in this 
investigation, and the applicability to other ethnic groups needs to be further investigated. There could be no causal 
inferences or connections between the most pertinent human indicators and time in this cross-sectional study. Secondly, 
recall bias due to cross-sectional studies cannot be excluded.

Conclusion
This study demonstrates that TyG-WC for women and BMI for men are the best indicators of MetS, and by analyzing 
type 2 diabetic patients of different genders, MetS can be better prevented and recognized.
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