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                     Abstract 
  Objective     This study aims to explore the association between the triglyceride glucose (TyG) index and type 2 diabetes mel-

litus (T2DM) in Chinese men and women while assessing its predictive capability by gender. 

   Methods     Data from the DRYAD database were used in this study, which also performed a secondary analysis of 48,230 

participants from the China Rui-Ci group. Data on lifestyle habits, detailed health indicators, and demographics were gath-

ered. The TyG index was calculated, and statistical techniques such as multivariate Cox regression and generalized additive 

models were used to analyze the correlation between the TyG index and the incidence of T2DM. Gender-specifi c predictive 

capacity was evaluated through subgroup analyses and receiver operating characteristic curves (ROC). 

   Results     A cohort of 48,230 individuals demonstrated a signifi cant positive link between the TyG index and T2DM risk in 

both genders. In the adjusted model, T2DM risk rose by 1.68 times (95% CI, 1.23–2.28) in males and 3.59 times (95% CI, 

2.29–5.65) in females. Female participants showed a higher TyG index predictive value for T2DM (AUC = 0.812) compared 

to males (AUC = 0.721). Notably, females with hypertension displayed signifi cantly elevated T2DM risk in various age 

groups compared to males ( p  for interaction < 0.05). 

   Conclusion     The study reveals a positive correlation between the TyG index and T2DM risk in both genders. Moreover, the 

predictive capacity of this relationship is notably stronger in females. 

    Keywords     Triglyceride glucose index    ·  Type 2 diabetes mellitus    ·  Sex diff erences    ·  Insulin resistance    ·  Predictive capability  

      Introduction 

 The incidence of diabetes is predicted to rise to 536.6 million 

adults in the world between the ages of 20 and 79 by 2021, 

and this number is expected to increase to 783.2 million by 

2045 [ 1 ]. Of particular concern is the fact that nearly half of 

all adults worldwide—that is, 239.7 million—do not know 

they have diabetes, with China leading the world in the num-

ber of cases of undiagnosed diabetes [ 2 ]. As a result, early 

identifi cation of type 2 diabetes mellitus (T2DM) through 

easily applied and practical screening indicators is critical. 

 In addition, chronic infl ammation exacerbates the public 

health challenges posed by T2DM, with patients experienc-

ing an increased infl ammatory load [ 3 ]. Notably, triglycer-

ide-based markers, such as the TG/HDL-C ratio and TyG 

index, have been validated as valuable indicators of a variety 

of diseases characterized by infl ammation, including T2DM 

[ 4 ,  5 ], atherosclerosis [ 6 ], hypertension [ 7 ], and cardiovas-

cular disease [ 8 ,  9 ]. The prognostic nutritional index (PNI), 

which correlates with infl ammatory status, further empha-

sizes the signifi cance of metabolic and nutritional assess-

ment in understanding the development of T2DM complica-

tions [ 10 ]. Previous study also showed that T2DM patients 

with complications had elevated TG/HDL-C ratios associ-

ated with poor glycemic control, thus enhancing its potential 

as a biomarker for monitoring diabetic complications [ 11 ]. 
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 Insulin resistance (IR) is a crucial metabolic abnormality 

in the development of T2DM, typically measured through 

the hyperinsulinemic-euglycemic clamp (HEC), which is 

costly and cumbersome, limiting its feasibility for wide-

spread use [ 12 ]. Most IR indexes are derived from plasma 

glucose and insulin measurements, but few are routinely 

used due to practical reasons [ 13 ]. In recent years, the tri-

glyceride glucose (TyG) index, derived from triglyceride 

(TG) and fasting blood glucose (FPG), has gained attention 

as an alternative method for evaluating insulin resistance. 

Compared to HEC, the TyG index off ers greater conveni-

ence in data collection and is cost-eff ective, presenting a 

promising avenue for practical application. The TyG index 

has also been shown to be a more eff ective predictor of dia-

betes [ 14 ]. However, gender-based diff erences exist in the 

occurrence and progression of diabetes due to physiological, 

cultural, and environmental factors [ 15 ]. Previous studies 

have indicated that females exhibit lower insulin sensitivity 

compared to males of the same age, potentially rendering 

them more susceptible to insulin resistance and consequently 

increasing their risk of developing diabetes [ 16 ]. Moreo-

ver, females tend to accumulate fat around the waist and 

abdomen after childbirth and menopause, which is closely 

associated with an increased risk of metabolic syndrome and 

diabetes [ 17 ]. Given these disparities and the need for risk-

stratifying tools in large-scale diabetes prevention strategies, 

exploring the TyG index’s predictive effi  cacy in women is 

crucial for refi ning gender-specifi c risk categorization and 

targeted interventions. 

 There is a growing body of research on the TyG index 

and its correlation with insulin resistance and T2DM, but 

there is no defi nitive report on the correlation between the 

TyG index and T2DM in diff erent genders. The purpose of 

this study is to investigate the association and potential non-

linear relationship between the TyG index and T2DM in 

Chinese male and female populations. It will also evaluate 

the predictive role of the TyG index in T2DM in diff erent 

genders. Understanding the role of gender in the association 

between the TyG index and diabetes could help identify and 

intervene with T2DM in diff erent genders. 

    Methods and Materials 

   Data source 

 The dataset used in this study was sourced from the DRYAD 

database (  https:// doi. org/ 10. 5061/ dryad. ft875 0v    ), originally 

published by Chen et al. [ 18 ]. The dataset for this study was 

extracted from the original research data of a study titled 

“Association of body mass index and age with incident dia-

betes in Chinese adults: a population-based cohort study.” 

According to the authors’ instructions, these data can be 

freely accessed for other analyses, given proper acknowledg-

ment of the data source and reference to the literature. This 

work is licensed under a CC0 1.0 Universal (CC0 1.0) Public 

Domain Dedication license. Ethical approval and individual 

patient consent were unnecessary as all health information 

was anonymized, rendering formal consent unnecessary for 

the retrospective data collection. 

    Study design 

 This study is a secondary analysis of a cohort study con-

ducted on the China Rui-Ci group, with detailed design 

explanations provided in previous literature [ 18 ]. The data-

base used in this study comprised 685,277 study partici-

pants aged ≥ 20 years who had undergone at least two vis-

its between 2010 and 2016. Participants lacking baseline 

weight, height, gender, extreme body mass index (BMI) val-

ues (< 15 kg/m 2  or > 55 kg/m 2 ), or unavailable FPG values 

( n  = 103,946,  n  = 1,  n  = 152,  n  = 31,370, respectively) were 

excluded. There were 211,833 participants in the original 

study after excluding people with a baseline diagnosis of 

diabetes (2997 self-reported and 4115 diagnosed based 

on FPG ≥ 7.0 mmol/L), follow-up intervals of less than 2 

years ( n  = 324,233), and unclear diabetes status at follow-up 

( n  = 6630). Among the 211,833 participants, 163,603 were 

further excluded from this study due to a lack of baseline 

data on systolic blood pressure (SBP), diastolic blood pres-

sure (DBP), total cholesterol (TC), high-density lipoprotein 

(HDL), low-density lipoprotein (LDL), blood urea nitrogen 

(BUN), and creatinine clearance rate (Ccr), resulting in 

48,230 participants included in the data analysis. The par-

ticipants screening process is illustrated in Fig.  S1 . 

    Data collection 

 Age, BMI, SBP, DBP, TC, TG, HDL, LDL, aspartate 

transaminase (AST), alanine transaminase (ALT), FPG, 

BUN, and Ccr were collected as continuous variables; gen-

der, smoking status, drinking status, and family history of 

diabetes were collected as categorical variables from all par-

ticipants. Comprehensive questionnaire surveys were con-

ducted during each visit to the health examination center to 

gather detailed information on family history of diabetes and 

demographic characteristics such as age and gender. After 

a minimum fasting period of 10 h, TC, TG, HDL, and LDL 

were tested using an automated analyzer (Beckman 5800), 

and FPG was tested using the glucose oxidase method with 

the same automated analyzer. Trained personnel measured 

height, weight, and blood pressure using standardized pro-

tocols. The formulas used to calculate BMI and TyG index 

were weight (kg) / height (m)^2 and ln (FPG (mg/dL) × TG 

(mg/dL) / 2). 
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    Defi nition of type 2 diabetes mellitus 

 T2DM was diagnosed based on one or more of the previ-

ously established and validated criteria, which included self-

reported T2DM during follow-up and an FPG level of 7.0 

mmol/L or higher [ 19 ]. 

    Statistical analysis 

 Normal distribution of continuous variables was evaluated 

with quantile–quantile plots. Mean ± standard deviation or 

median (Q1–Q3) were used to represent normally distrib-

uted or non-normally distributed continuous variables, and 

proportions were used for categorical variables. One-way 

analysis of variance (for normally distributed variables), 

Kruskal–Wallis  H  test (for non-normally distributed), and 

χ  2  test (for categorical variables) were used to assess base-

line characteristic diff erences in TyG index quartiles. A 

multivariate Cox regression model was used to examine the 

impact of TyG index on the incidence of T2DM. Covariates 

were considered for adjustment if their exclusion from the 

full model resulted in a change in the regression coeffi  cients 

for TyG index by more than 10% or if the regression coef-

fi cients of the covariates were associated with a  p -value < 0.1 

for the incidence of T2DM. Confounding factors identifi ed 

in this study included age, BMI, SBP, DBP, smoking status, 

drinking status, hypertension, family history of diabetes, 

TC, HDL, LDL, AST, ALT, BUN, and Ccr. Additionally, 

a generalized additive model was used to evaluate the non-

linear relationship between TyG index and T2DM. Receiver 

operating characteristic curves (ROC) were used to evaluate 

the diagnostic capacity of TyG index for the occurrence of 

T2DM in male and female participants. Subgroup analy-

ses were performed using stratifi ed Cox regression models, 

and the likelihood ratio test was used to assess interactions 

between subgroups. Statistical analyses were performed 

using R version 4.3.2 (  http:// www.R- proje ct. org    ). The two-

sided signifi cance level was set at 0.05. 

     Results 

   Baseline characteristics of individuals 

 The results of this study involved a total of 48,230 participants, 

with an average age of 43.90 years, consisting of 55.95% males 

and 44.05% females. Over the average follow-up period of 3.09 

years, 1223 individuals (2.54%) were diagnosed with T2DM. 

The participants were divided into four groups based on the 

quartiles of TyG index (Table  1 ). It was observed that males 

and females with higher TyG indexes displayed higher age, 

BMI, SBP, DBP, FPG, TC, TG, LDL, LAT, AST, and BUN, 

and lower levels of HDL. Furthermore, they were more likely 

to smoke, consume alcohol, and have a family history of dia-

betes and hypertension. Apart from the non-signifi cant diff er-

ence in Ccr in males ( p  = 0.132), all other parameters showed 

statistically signifi cant diff erences ( p  < 0.001). Table  S1  shows 

baseline characteristics by gender in the total population and 

in the T2DM population. In the total population, there was 

no signifi cant statistical diff erence in age between males and 

females. However, the proportion of females with a family his-

tory of diabetes and the levels of HDL were higher than those 

of males, while the other variables in males were signifi cantly 

higher than in females ( p  < 0.001). Among males and females 

with T2DM, there were no signifi cant statistical diff erences in 

SBP, family history of diabetes, or the proportion of individu-

als with hypertension. Age, TC, HDL, and LDL were higher 

in females compared to males. 

    Multifactorial regression analysis of TyG index 
and T2DM in males and females 

 In the unadjusted model 1, there was a positive correlation 

between TyG index quartiles and the risk of T2DM in both 

males and females (Table  2 ). After adjusting for age, BMI, 

SBP, DBP, smoking status, drinking status, hypertension, 

family history of diabetes, TC, HDL, LDL, ALT, AST, 

BUN, and Ccr in model 3, the risk of T2DM for both males 

and females decreased slightly. However, the positive cor-

relation between TyG index and the risk of T2DM in males 

[hazard ratio (HR) = 1.68; 95% confi dence interval (95% 

CI), 1.23–2.28] and females (HR = 3.59; 95% CI, 2.29–5.65) 

remained signifi cant ( p  < 0.001). In the fully adjusted model 

3, whether the TyG index was considered a continuous vari-

able or a four-category variable, the data indicated that as the 

TyG index increased, the incidence of T2DM in both males 

and females also increased ( p  for trend < 0.05).  

    Linear relationship between TyG index and T2DM 
in males and females 

 To assess the correlation between TyG index and the risk 

of T2DM in males and females, we utilized a restricted 

cubic splines analysis (Fig.  1 ). After adjusting for poten-

tial confounders, there remains a consistent positive cor-

relation between TyG index and T2DM in both males and 

females, without any apparent infl ection point. This suggests 

that as the TyG index increases, the risk of T2DM in males 

and females does not exhibit threshold eff ects or saturation 

eff ects.         

    Predictive value of TyG index for T2DM in males 
and females 

 ROC analysis indicated that the predictive value of TyG 

index was stronger for T2DM in females (AUC = 0.812) 
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Table 1       Baseline characteristics of males and females by TyG index quartiles 

T2DM , type 2 diabetes mellitus;  TyG , triglyceride glucose index;  BMI , body mass index;  SBP , systolic blood pressure;  DBP , diastolic blood 

pressure;  FPG , fasting plasma glucose;  TC , total cholesterol;  TG , triglycerides;  HDL , high-density lipoprotein;  LDL , low-density lipoprotein; 

ALT , alanine aminotransferase;  AST , aspartate aminotransferase;  BUN , blood urea nitrogen;  Ccr , creatinine clearance rate 

  Variable    TyG index quartiles  p -value  

  Q1    Q2    Q3    Q4  

  Male  

  Participants ( n )    4061    6107    7636    9183    

  T2DM    22 (0.54%)    84 (1.38%)    175 (2.29%)    548 (5.97%)    0.000  

  TyG index    0.35 ± 0.21    0.82 ± 0.12    1.22 ± 0.13    1.88 ± 0.37    0.000  

  Age (yr)    39.99 ± 12.61    42.42 ± 13.37    44.42 ± 13.14    46.13 ± 12.15    0.000  

  BMI (kg/m 2 )    22.36 ± 2.79    23.30 ± 2.89    24.41 ± 2.96    25.72 ± 2.94    0.000  

  SBP (mmHg)    118.96 ± 14.69    120.66 ± 15.08    122.97 ± 15.66    125.98 ± 16.13    0.000  

  DBP (mmHg)    73.35 ± 9.96    75.01 ± 10.14    76.91 ± 10.65    79.59 ± 10.77    0.000  

  FPG (mmol/L)    4.72 ± 0.57    4.90 ± 0.56    5.05 ± 0.57    5.28 ± 0.61    0.000  

  TC (mmol/L)    4.28 ± 0.69    4.54 ± 0.76    4.82 ± 0.83    5.16 ± 0.90    0.000  

  TG (mmol/L)    0.62 ± 0.14    0.94 ± 0.15    1.37 ± 0.22    2.70 ± 1.38    0.000  

  HDL (mmol/L)    1.37 ± 0.25    1.34 ± 0.26    1.31 ± 0.27    1.23 ± 0.26    0.000  

  LDL (mmol/L)    2.47 ± 0.54    2.67 ± 0.60    2.87 ± 0.65    2.96 ± 0.71    0.000  

  ALT (U/L)    18.00 (14.00–25.00)    20.00 (15.00–28.00)    23.00 (17.00–33.00)    29.00 (20.50–42.00)    0.000  

  AST (U/L)    22.00 (19.00–26.00)    22.20 (19.00–26.90)    23.50 (20.00–28.00)    25.50 (21.40–31.15)    0.000  

  BUN (mmol/L)    5.01 ± 1.23    4.95 ± 1.18    4.90 ± 1.15    4.93 ± 1.14    0.000  

  Ccr (μmol/L)    81.42 ± 12.01    81.66 ± 11.56    81.91 ± 12.13    81.88 ± 12.62    0.132  

  Smoker    342 (8.42%)    578 (9.46%)    839 (10.99%)    1291 (14.06%)    0.000  

  Drinker    381 (9.38%)    553 (9.06%)    770 (10.08%)    1074 (11.70%)    0.000  

  Family history of diabetes    49 (1.21%)    86 (1.41%)    133 (1.74%)    203 (2.21%)    0.000  

  Hypertension    451 (11.11%)    860 (14.08%)    1390 (18.20%)    2323 (25.30%)    0.000  

  Female  

  Participants ( n )    7997    5950    4420    2876    

  T2DM    26 (0.33%)    46 (0.77%)    106 (2.40%)    216 (7.51%)    0.000  

  TyG index    0.29 ± 0.24    0.80 ± 0.11    1.21 ± 0.12    1.80 ± 0.33    0.000  

  Age (yr)    39.05 ± 9.96    42.68 ± 11.78    48.07 ± 13.60    53.68 ± 13.10    0.000  

  BMI (kg/m 2 )    21.07 ± 2.50    22.04 ± 2.86    23.25 ± 3.24    24.64 ± 3.20    0.000  

  SBP (mmHg)    110.10 ± 13.64    113.87 ± 15.68    119.53 ± 17.57    127.44 ± 19.18    0.000  

  DBP (mmHg)    68.59 ± 9.34    70.86 ± 10.01    73.43 ± 10.63    77.24 ± 11.66    0.000  

  FPG (mmol/L)    4.72 ± 0.50    4.92 ± 0.49    5.09 ± 0.52    5.33 ± 0.59    0.000  

  TC (mmol/L)    4.43 ± 0.76    4.74 ± 0.81    5.01 ± 0.91    5.39 ± 0.99    0.000  

  TG (mmol/L)    0.58 ± 0.13    0.92 ± 0.14    1.33 ± 0.21    2.43 ± 1.10    0.000  

  HDL (mmol/L)    1.51 ± 0.30    1.48 ± 0.29    1.43 ± 0.28    1.34 ± 0.28    0.000  

  LDL (mmol/L)    2.51 ± 0.56    2.75 ± 0.61    2.94 ± 0.69    3.10 ± 0.77    0.000  

  ALT (U/L)    12.70 (10.00–16.10)    13.70 (10.90–18.00)    15.00 (12.00–21.00)    18.75 (14.00–27.00)    0.000  

  AST (U/L)    19.20 (17.00–22.50)    20.00 (17.00–23.50)    21.00 (18.00–25.00)    23.30 (19.30–28.00)    0.000  

  BUN (mmol/L)    4.35 ± 1.07    4.31 ± 1.10    4.47 ± 1.24    4.57 ± 1.16    0.000  

  Ccr (μmol/L)    58.81 ± 9.16    59.29 ± 9.58    60.21 ± 16.08    60.74 ± 11.96    0.000  

  Smoking    4 (0.05%)    3 (0.05%)    5 (0.11%)    4 (0.14%)    0.022  

  Drinking    36 (0.45%)    42 (0.71%)    25 (0.57%)    19 (0.66%)    0.000  

  Family history of diabetes    176 (2.20%)    163 (2.74%)    149 (3.37%)    93 (3.23%)    0.000  

  Hypertension    347 (4.34%)    513 (8.62%)    698 (15.79%)    835 (29.03%)    0.000  



304 International Journal of Diabetes in Developing Countries (April–June 2025) 45(2):300–308

as compared to males (AUC = 0.721) ( p  < 0.001), refer to 

Fig.  2 . The optimal cut-off  value for females was 8.457, 

with a sensitivity of 0.708 and specifi city of 0.794. For 

males, the optimal cut-off  value was 8.784, with a sensitiv-

ity of 0.648 and specifi city of 0.682 (Table  3 ).          

    Subgroup analyses 

 We conducted a subgroup analysis to investigate the gen-

der diff erences in the association between TyG index and 

T2DM. Stratification by gender was performed among 

Table 2       Relationship between TyG and incidence of T2DM by gender 

 Model 1: adjusted for age; model 2: adjusted for age, BMI, SBP, DBP, smoking status, drinking status, and hypertension; model 3: adjusted for 

age, BMI, SBP, DBP, smoking status, drinking status, hypertension, family history of diabetes mellitus, TC, HDL, LDL, AST, ALP, BUN, and 

Ccr. Abbreviations: as in Table  1

  Non-adjusted    Model 1    Model 2    Model 3  

  HR (95% CI)     p -value    HR (95% CI)     p -value    HR (95% CI)     p -value    HR (95% CI)     p -value  

  Male                  

  TyG    3.17 (2.87, 3.50)    0.000    2.93 (2.65, 3.25)     < 0.0001    2.31 (2.07, 2.58)     < 0.000    1.68 (1.23, 2.28)    0.001  

  TyG quartile                  

  TyG Q1    1 (ref.)    —    1 (ref.)    —    1 (ref.)    —    1 (ref.)    —  

  TyG Q2    2.76 (1.73, 4.42)    0.000    2.32 (1.45, 3.72)    0.000    1.99 (1.25, 3.19)    0.004    1.48 (0.92, 2.37)    0.103  

  TyG Q3    4.88 (3.13, 7.61)    0.000    3.74 (2.40, 5.83)    0.000    2.76 (1.77, 4.32)    0.000    1.53 (0.97, 2.40)    0.067  

  TyG Q4    12.32 (8.05, 18.87)    0.000    9.11 (5.94, 13.96)    0.000    5.48 (3.55, 8.44)    0.000    2.03 (1.28, 3.21)    0.003  

p  for trend    0.000      0.000      0.000      0.000    

  Female              

  TyG    5.28 (4.66, 5.97)    0.000    3.51 (3.04, 4.04)    0.000    2.91 (2.50, 3.39)     < 0.0001    3.59 (2.29, 5.65)    0.000  

  TyG quartile                  

  TyG Q1    1 (ref.)    —    1 (ref.)    —    1 (ref.)    —    1 (ref.)    —  

  TyG Q2    2.71 (1.68, 4.39)    0.000    2.01 (1.24, 3.26)    0.005    1.73 (1.06, 2.81)    0.028    1.35 (0.83, 2.21)    0.225  

  TyG Q3    9.00 (5.86, 13.82)    0.000    4.86 (3.13, 7.53)    0.000    3.64 (2.33, 5.68)    0.000    2.31 (1.46, 3.66)    0.000  

  TyG Q4    28.93 (19.25, 43.47)    0.000    11.74 (7.68, 17.95)    0.000    7.75 (5.01, 11.98)    0.000    3.11 (1.90, 5.10)    0.000  

p  for trend    0.000      0.000      0.000      0.000    

Fig. 1        A  Relationship between Tyg index and T2DM in all patients.  B  Relationship between Tyg index and T2DM grouped by gender. T2DM, 

type 2 diabetes mellitus; TyG index, triglyceride glucose index 
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diff erent age groups, BMI groups, and participants with or 

without hypertension (Fig.  3 ). The risk of T2DM in females 

[HR (95% CI) = 2.73 (2.70, 3.62)] was higher than that of 

males [HR (95% CI) = 1.98 (1.52, 2.52)] ( p  for interac-

tion < 0.05). This gender diff erence was statistically signifi -

cant across diff erent age groups and those with hyperten-

sion ( p  for interaction < 0.05), while no statistical diff erences 

were observed across diff erent BMI levels and those without 

hypertension ( p  for interaction > 0.05).         

     Discussion 

 In this extensive queue investigation, we have discovered a 

positive correlation between the TyG index and the risk of 

T2DM, particularly among females, highlighting its signifi -

cant predictive value. It is noteworthy that for every incre-

mental unit in the TyG index, the risk of T2DM increases 

by 3.59 times for females and 1.68 times for males. Further-

more, our study fi ndings suggest that across all subgroups, 

females generally face a higher risk of developing T2DM 

compared to males. These fi ndings underscore the impor-

tance of the TyG index in assessing the risk of T2DM, par-

ticularly in females. 

 In previous studies, the TyG index has been shown to 

serve as a surrogate measure for insulin resistance and has 

demonstrated good predictive performance in the context 

of T2DM [ 20 – 23 ]. In a cohort study involving 5575 par-

ticipants, after adjusting for other confounding factors, the 

TyG index was found to be associated with the incidence of 

T2DM. Furthermore, in comparison to TyG-BMI, TyG-WC, 

and TyG-WHtR, the TyG index was considered a more eff ec-

tive predictor of T2DM [ 14 ]. Our fi ndings revealed a signifi -

cant positive correlation between the TyG index and the risk 

of developing T2DM in both male and female. These results 

confi rm the conclusion reached in previous research that 

the TyG index is an eff ective indicator of insulin resistance 

and the risk of T2DM. The progression of T2DM mainly 

involves diminished β-cell function and insulin resistance 

[ 24 ]. Elevated blood glucose levels increase oxidative stress, 

causing toxic damage to β-cells, leading to insulin resistance 

and the onset of T2DM [ 25 ]. Additionally, the excessive 

accumulation of TG within the β-cells interferes with the 

metabolic process of glucose, further impairing β-cell func-

tion [ 26 ]. When both fatty acids and glucose are elevated, 

the resulting metabolic products also damage the β-cells 

[ 27 ,  28 ]. Therefore, higher levels of TG and FPG aff ect the 

secretion of insulin and the extent of insulin resistance. Fur-

thermore, our study found that across the entire range of the 

TyG index, its association with the incidence of T2DM is 

positively correlated without a clear infl ection point, further 

validating the importance of the TyG index in predicting 

T2DM. 

 Past research has indicated signifi cant disparities in the 

development of diabetes based on gender [ 29 ]. A cohort 

study focused on the Japanese population observed a more 

pronounced association between body roundness index 

(RBI) and T2DM in female [ 30 ]. Similarly, a cohort study 

in the Netherlands found that TG, visceral adiposity index 

(VAI), and lipid accumulation product (LAP) exhibited a 

stronger correlation with T2DM in females compared to 

males [ 31 ]. In our study, we discovered a notable gender 

diff erence in the association between TyG index and the risk 

of T2DM. Even after accounting for various confounding 

factors, we found that the risk of T2DM in females remained 

higher than in males. This fi nding underscores the signifi cant 

role of gender in the link between TyG index and T2DM, 

further emphasizing the gender-specifi c impact on the onset 

of T2DM. 

 Subgroup analysis results demonstrate that regardless of 

age, BMI groups, or the presence of hypertension, females 

Fig. 2       TyG for predicting ROC curves in males and females with 

T2DM 

Table 3       ROC analysis of TyG index for predicting T2DM in male 

and female 

p -value was calculated by comparison with the AUC of males and 

females.  AUC  , area under the curve 

    AUC (95% CI)    Cutoff     Sensitivity    Specifi city     p -value  

  Male    0.721 (0.704, 

0.738) 

  8.784    0.648    0.692    0.000  

  Female    0.812 (0.791, 

0.833) 

  8.457    0.708    0.794  
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still have a higher risk of developing T2DM compared to 

males, highlighting the importance of gender in assessing 

the risk of T2DM. Our research outcomes further corrobo-

rate previous fi ndings, off ering more specifi c and conclu-

sive evidence, and underscore the propensity of females to 

develop T2DM. This discovery suggests the need for height-

ened attention to gender-specifi c factors in the prevention 

and management of T2DM. Various potential mechanisms 

may underlie the results arising from gender disparities. 

From a physiological perspective, estrogen exerts an impact 

on glucose metabolism and insulin sensitivity [ 32 – 34 ]. Con-

sequently, the levels of sugar metabolism and insulin resist-

ance in women may diff er from those in men under diff erent 

physiological circumstances, potentially partially explain-

ing the increased risk of T2DM attributed to gender diff er-

ences. Furthermore, females exhibit distinct physiological 

characteristics from males in terms of visceral fat distribu-

tion, hormone levels, and lipid metabolism. These disparities 

might be closely associated with the gender disparity in the 

relationship between TyG index and T2DM [ 17 ]. Therefore, 

the heightened risk of developing T2DM due to gender dif-

ferences might result from the interaction of multiple physi-

ological mechanisms. 

 Our research fi ndings indicate signifi cant gender dis-

parities in the predictive performance of the TyG index 

for T2DM. In comparison to males, we discovered that 

the predictive value of the TyG index for T2DM is higher 

in females, with a greater AUC for females. This indi-

cates a pronounced gender-specifi city of the TyG index in 

evaluating the risk of T2DM, demonstrating higher predic-

tive accuracy in females. Therefore, it can be considered an 

important tool with a higher predictive value in assessing 

the risk of T2DM in females. Consistent with our research 

fi ndings, previous studies have also identifi ed gender diff er-

ences in the predictive value of the TyG index. For instance, 

research by Yuling Xing et al. observed that the predictive 

eff ect of the TyG index on female T2DM risk is signifi cantly 

superior to other biomarkers [ 14 ]. Additionally, Ming Zhang 

et al. found in their study that the predictive ability of the 

TyG index for female T2DM risk is higher than that for male 

[ 35 ]. These research fi ndings further emphasize the predic-

tive value of the TyG index in gender-specifi c assessments 

of T2DM risk, providing strong support for its application 

in clinical practice. 

 The results of our study suggest potential implications 

for the clinical management of T2DM. Given the high pre-

dictive effi  cacy demonstrated by the TyG index in women, 

it can be incorporated into the diabetes screening process 

in primary care settings, especially for women with a fam-

ily history of diabetes, obesity, or who have experienced 

gestational diabetes [ 36 ]. By identifying high-risk indi-

viduals early, clinicians are able to initiate timely lifestyle 

interventions, regular monitoring, and medications as 

necessary to delay or prevent the onset of T2DM [ 37 ]. In 

addition, considering its simplicity and cost-eff ectiveness, 

the TyG index also has a high potential for application in 

large-scale population-based screening programs, which 

can help optimize the allocation of healthcare resources 

Fig. 3       Subgroup analysis 

stratifi ed by gender in diff erent 

population groups. BMI, body 

mass index 
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and implement targeted interventions for high-risk groups 

[ 37 ]. In the future, in combination with other clinical 

parameters and biomarkers, a customized risk scoring sys-

tem may further enhance prediction accuracy and support 

individualized medical strategies. 

 This study also has limitations. Firstly, lifestyle factors, 

such as diet, exercise, and other lifestyle factors that play 

an important role in the development of diabetes, were 

not taken into consideration. Therefore, a comprehensive 

assessment of their potential impact on the study results 

was not achieved. Secondly, this study primarily focused 

on the Chinese population, lacking research samples from 

other races or countries. The generalization of the results 

to other races or countries may be limited due to potential 

genetic, environmental, and lifestyle diff erences between 

diff erent races or countries, which could aff ect the assess-

ment of diabetes risk. Thirdly, the diagnosis of T2DM in 

this study was solely based on FPG levels, without utiliz-

ing the 2-h oral glucose tolerance test (OGTT) or glyco-

sylated hemoglobin (HbA1c). This approach may under-

estimate the incidence of T2DM. 

    Conclusion 

 In summary, our study unveiled a positive association 

between the TyG index and T2DM risk, with superior 

predictive performance observed in women compared 

to men. These fi ndings highlight the potential simplicity 

and eff ectiveness of the TyG index as a tool for assessing 

T2DM risk, especially in the female population. 
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