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ABSTRACT 

Background: Insulin resistance (IR) is a main risk factor for metabolic syndrome (MetS), type 2 diabetes, and 

cardiovascular disease (CVD). The triglyceride glucose (TyG) index and TyG-related metrics, such as TyG-BMI or 

TyG-WC are effective for identifying IR and MetS.   

Methods: This cross-sectional study included 120 patients who attended Benha University Hospital Clinics and 60 

healthy volunteers. To diagnose MetS, the International Diabetes Federation (IDF) criteria was used. TyG index, TyG-

BMI, and TyG-WC were estimated for every subject. 

Results: Patients with Mets showed significantly higher TYG index, TYG-WC, and TYG-BMI compared to controls. 

ROC analysis revealed that TYG-WC index and TYG-BMI cut-off values of 422.6 (81.7% sensitivity and 83.3% 

specificity) and 111.12 (83.3% sensitivity and 83.3% specificity) could be excellent predictive test of MetS with AUC 

of 0.907 & 0.909 respectively. TYG index predicted metabolic syndrome with cut-off value of 4.65 (AUC = 0.819) 

(sensitivity and specificity of 75% and 76.7% respectively). Regarding forecasting IR, the TYG index exhibited a 

threshold of 4.73, achieving a sensitivity of 77.3% and a specificity of 81.6%. In the case of TYG-WC, the cutoff point 

was 465.04, yielding a sensitivity of 84.2% and a specificity of 81.8%. TYG-BMI, on the other hand, displayed a 

threshold value of 117.89, accompanied by a sensitivity of 89.5% and a specificity of 77.3%. 

Conclusion: Although TYG-BMI and TYG-WC were more effective in evaluating IR and MetS, TYG index is still an 

easy way to identify IR and MetS. 

Keywords: Insulin resistance, Metabolic syndrome, TYG index. 

 

INTRODUCTION 

Metabolic syndrome (MetS) represents the combined 

presence of risk factors associated with cardiovascular 

disease (CVD) and diabetes. These include central 

obesity, hypertension, hypertriglyceridemia, 

dysglycemia, and low levels of HDL cholesterol [1]. IR 

is recognised as a key risk factor for metabolic 

syndrome, type 2 diabetes, and CVD [2]. Additionally, it 

has been determined that IR is a defining characteristic 

and a key underlying mechanism of the metabolic 

syndrome [3]. IR is defined as an inadequate 

physiological response to the actions of insulin on 

peripheral tissues. This results in reduced glucose 

utilization in muscles and fat, along with heightened 

gluconeogenesis in the liver. These mechanisms 

contribute to metabolic and hemodynamic irregularities 

commonly associated with metabolic syndrome [4]. In 

the past, tests like the pancreatic suppression tests, the 

minimal model approximation of glucose metabolism 

(MMAMG), and the hyperinsulinemic euglycemic 

clamp technique (HIEG clamp) were initially employed 

to evaluate insulin resistance [5, 6].  

 However, these procedures are intrusive, intricate, 

pricey, and challenging to apply in clinical settings [7]. 

Using insulin concentration and fasting blood glucose, 

indicators that evaluate insulin resistance indirectly 

have been created in 1985, including the homeostasis 

model for IR (HOMA-IR) [8]. It is found that the 

triglyceride glucose (TyG) index, a straightforward 

measurement that combines triglyceride (TG) and 

fasting plasma glucose, is effective for identifying 

people with IR and MetS. Numerous studies have 

examined metrics, including TyG-BMI or TyG-WC, 

which combine TyG index and obesity indices for IR or 

diabetes and concluded that they are more effective than 

TyG index alone in evaluating IR and MetS [3]. We 

intended to assess the relevance of TYG, TYG-WC, and 

TYG-BMI concerning their relationship with metabolic 

syndrome. Furthermore, we aimed to determine the 

predictive capability of these parameters for identifying 

metabolic syndrome and insulin resistance in 

individuals visiting Benha University Hospital Clinic in 

Egypt. 

 

PATIENTS AND METHOD 

This was a cross sectional study involving 120 patients 

≥ 18 years old who attended Benha University Hospital 

Clinics for checkup or follow up their diabetes, 

hypertension and dyslipidemia from December 2022 to 

January 2023.  

 

Exclusion criteria: Subjects with systemic disease, 

diabetes complications and cardiovascular diseases or 

malignancy.  

       In addition, 60 individuals, age and sex matched, as 

healthy volunteers. The participants' diagnoses were 

made following the criteria outlined by the International 

Diabetes Federation (IDF) for identifying metabolic 

syndrome. This necessitated the existence of at least 

three of the five risk variables, which included elevated 

triglycerides (with the use of triglyceride-lowering 

medication as an alternative indicator) at a level of ≥150 

mg/dL (1.7 mmol/L), low levels of high-density 

lipoprotein cholesterol (HDL-C) (with the use of HDL-

C-lowering medication as an alternative indicator) 
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below 40 mg/dL (1.0 mmol/L) for males and below 50 

mg/dL (1.3 mmol/L) for females, high blood pressure 

(with the use of antihypertensive medication in patients 

with a history of hypertension as an alternative 

indicator), where systolic blood pressure (SBP) was 

≥130 and/or diastolic blood pressure (DBP) was ≥ 85 

mm Hg, elevated fasting plasma glucose (FPG) of ≥100 

mg/dL (with the use of glucose-lowering medications as 

an alternative indicator), and waist circumference of ≥ 

94 cm and ≥ 80 cm for men and women, respectively, 

(according to values specific to the Middle East and 

Mediterranean populations for defining metabolic 

syndrome) [1]. Demographic information, including age, 

gender, body mass index (BMI), SBP, DBP, and waist 

circumference (WC) were collected. 

 

Laboratory analysis and calculations: 

         To analyze plasma glucose and lipids, aseptic 

venous samples were collected following an overnight 

fast using aseptic procedures. The Clinical Pathology 

Department of Benha University Hospital measured 

FPG, fasting insulin (FI), total cholesterol (TC), 

triglycerides (TG), and HDL-C, in accordance with 

laboratory standards. Utilizing the Friedwald equation, 

low-density lipoprotein cholesterol (LDL-C) was 

computed. The following formula was used to compute 

HOMA-IR: fasting insulin (micro/L) fasting glucose 

(mg/dl)/405, with a normal range of 0.5-1.4. A person 

is doing well if his insulin sensitivity is less than 1.0. 

Insulin resistance began to emerge at or above 1.9. 

When the result exceeds 2.9, insulin resistance is 

present [9]. Triglycerides and glucose (TyG) index, TyG-

waist circumference (TyG-WC), and TyG-body mass 

index (TyG-BMI) were calculated for each individual 

using the following equations: 

TyG = Ln [fasting triglycerides (mg/dL) × fasting 

glucose (mg/dL)]/2 [10].  

TyG-WC = TyG index × WC [2], and TyG-BMI = TyG 

index × BMI. 

 

Statistical analysis 

        Collected data were analyzed using SPSS version 

20. Values were expressed as percentages and means ± 

SD. Separate ROC curves were generated for TYG 

index, TYG-WC, and TYG-BMI. The best cut-off and 

diagnostic indices were determined. The MedCalc 

software, version 7.50 (Mariakerke, Belgium) was used 

for the ROC curve analysis. 

 

RESULTS 

        120 patients (40 % males vs 60 % females) (Table 

1) as well as 60 healthy control, constituted our study 

subjects. In patients with MetS, a non-significant 

difference was detected between both genders regarding 

age, BMI, WC , SPB, DBP, FPG, TC, LDL-C, HDL-C, 

TG, HOMA-IR, TYG index, TYG-WC and TYG-BMI 

(Table 2). 

 

           The mean patients’ age was 42.12 ± 10.40 years 

while that of control group was 38.83 ± 16.01 years with 

non-significant different between both groups (Table 

3). FPG and lipid profile were significantly higher in 

patient with MetS compared to control. Patients with 

metS had significantly higher (p < 0.001) TYG index 

(4.8± 0.21) compared to control (4.61±0.07). TYG-WC 

(466.91±50.06) and TYG-BMI (122.75± 12.43) indices 

were substantially higher in patients with MetS 

compared to control (381.74±35.72) and (103.34±7.91) 

respectively. ROC curve analysis revealed that TYG-

WC index cut-off value of 422.6 could be excellent 

predictive test of MetS patients with 81.7% sensitivity 

and 83.3% specificity (AUC, 0.907). ROC curve 

analysis revealed that TYG-BMI cut-off value of 111.12 

could be excellent predictive test of MetS patients with 

83.3% sensitivity and 83.3% specificity (AUC, 0.909) 

(TABLE 4). 

 Meanwhile, TYG index predicted metabolic syndrome 

with cut-off value of 4.65 (AUC = 0.819) with 

sensitivity and specificity of 75% and 76.7% 

respectively. Regarding forecasting IR, the TYG index 

exhibited a threshold of 4.73, achieving a sensitivity of 

77.3% and a specificity of 81.6%. In the case of TYG-

WC, the cutoff point was 465.04, yielding a sensitivity 

of 84.2% and a specificity of 81.8%. TYG-BMI, on the 

other hand, displayed a threshold value of 117.89, 

accompanied by a sensitivity of 89.5% and a specificity 

of 77.3% (Tables 4 & 5). AUC of 0.891 and 0.873 for 

TYG-BMI and TYG-WC, respectively, were better for 

prediction of IR than TYG alone (AUC, 0.791) (Figures 

1 & 2).  

 

Table (1): Descriptive data of patients with MetS group  

 mean (S.D.) 

Age (years) 

Gender ratio (F/M) 

BMI (Kg\m2) 

SBP (mmHg) 

DBP (mmHg) 

Waist circumference(cm) 

HOMA-IR 

TYG 

TYG-WC  

TYG-BMI  

42.12 (10.4) 

72/48 

25.51 (1.9) 

137.1 (10.5) 

86.67 (9.97) 

97.05 (8.05) 

3.32 (0.62) 

4.8 (0.21) 

466.91 

(50.06) 

122.75 

(12.43) 

Laboratory data, mean (S.D.)  

FPG (mg\dl) 
132.55 

(43.95) 

FI (mU/ L) 13.6 (1.86) 

TG (mg\dl) 
129.72 

(30.13) 

TC (mg\dl) 
182.50 

(37.34) 

LDL (mg\dl) 122.87 (26.6) 

HDL (mg\dl) 48 (7.67) 
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Table (2): Clinical and laboratory characteristics of males and females in patients with MetS 

 

Female (n=72) 

 

Male (n=48) 

 
t test 

 

p-value 

 
mean S.D. mean S.D. 

Age (years) 42.31±10.45 41.83 ±10.54 0.1 0.9 

BMI (Kg\m2) 25.30±1.85 25.83 ±1.97 1.1 0.3 

SBP (mmHg) 138.69±11.32 134.67 ±8.70 1.5 0.1 

DBP (mmHg) 87.67± 11.61 85.17 ±6.78 0.9 0.3 

Waist circumference (cm) 95.64 ± 9.37 99.17 ±4.98 1.9 0.06 

FPG (mg\dl) 132.11 ±6.62 133.21 ±4.58 0.1 0.9 

TC (mg\dl) 184.34 ±8.04 179.49 ±6.88 0.5 0.6 

TG (mg\dl) 129.81 ±31.83 129.58 ±28.07 0.1 0.9 

LDL (mg\dl) 124.20 ±26.71 120.88 ±26.87 0.5 0.6 

HDL (mg\dl) 48.03 ±7.88 47.96 ±7.52 0.1 0.9 

FI (mU/ L) 13.46 ±1.95 13.80 ±1.74 0.7 0.5 

HOMA-IR  3.28 ±0.64 3.39 ±0.61 0.7 0.5 

TYG  4.81 ±0.21 4.80 ±0.19 0.2 0.8 

TYG-WC  460.65 ±55.60 476.30 ±39.64 1.2 0.2 

TYG-BMI  121.85±12.20 124.10 ±12.91 0.7 0.5 

 

Table (3): Laboratory features, TYG index, TYG-WC, TYG-BMI of patients with MetS Vs. control group 

 Cases (n=120) Control (n=60) t test p-value 

Sex: Female 

        Male 

(N)      (%) 72 60.0% 26 43.3% 
2.2 0.1 

(N)      (%) 48 40.0% 34 56.7% 

Age (years) Mean ± SD 42.12 ±10.40 38.83 ±16.01 1.02 0.3 

FPG (mg\dl)  132.55 ± 4.95 88.93± 3.87 7.6 <0.001* 

TC (mg\dl)  182.40±37.34 149.50±13.73 6.1 <0.001* 

TG (mg\dl)  129.72± 30.13 113.23 ±14.58 3.5 <0.001* 

LDL (mg\dl)  122.87 ±26.60 106.63 ±11.94 3.9 <0.001* 

HDL (mg\dl)  48.00 ± 7.67 54.63 ± 7.77 3.8 <0.001* 

FI (mU/ L)  13.60 ± 1.86 7.76 ±  1.29 17.3 <0.001* 

HOMA-IR   3.32 ± 0.62 1.69  ±  0.32 16.5 <0.001* 

TYG   4.80  ± 0.21 4.61  ± 0.07 6.7 <0.001* 

TYG-WC   466.91 ± 50.06 381.74 ±35.72 9.3 <0.001* 

TYG-BMI   122.75 ± 12.43 103.34 ± 7.91 8.9 <0.001* 

 

Table (4): ROC curve analysis for the studied parameters to predict metabolic syndrome 

Variable 

(baseline) 
AUC 

Cut-off 

value 
Sensitivity Specificity PPV NPV 

TYG index 0.819 >4.65 75 76.7 90 60.5 

TYG-WC 0.907 >422.6 81.7 83.3 90.7 69.4 

TYG-BMI 0.909 >111.12 83.3 83.3 90.9 71.4 

 

Table (5): ROC curve analysis for the studied parameters to predict Insulin Resistance in metabolic syndrome cases 

Variable 

(baseline) 
AUC 

Cut-off 

value 
Sensitivity Specificity PPV NPV 

TYG 0.791 4.73 81.6 77.3 86.1 70.8 

TYG-WC 0.873 465.04 84.2 81.8 88.9 75 

TYG-BMI 0.891 117.89 89.5 77.3 87.2 80.9 
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Figure (1): ROC analysis for the studied parameters to predict metabolic syndrome. 

 

 

 

 

Figure (2): ROC curve analysis for the studied parameters to predict Insulin Resistance in metabolic syndrome cases. 
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DISCUSSION 

TyG index is significantly linked with MetS 

identification and outperformed HOMA-IR. TyG-

related factors, such as TyG-WC and TyG-BMI 

enhanced the identification of individuals with IR [11]. 

MetS is believed to be caused by IR, which is defined 

by reduced tissue sensitivity to circulating insulin [12]. In 

this study, three new MetS parameters we evaluated and 

compared, including TyG index, TyG-BMI, and TyG-

WC. Additionally, we determined the cut off value of 

these indices in prediction of patients with MetS and IR. 

Mean TYG index was significant higher in patients with 

MetS (4.80 ± 21) compared to control group (4.61 ± 

0.07) (p<0.001). The AUC of TYG index was 0.819 for 

prediction of MetS, with cut-off value > 4.65 

(Sensitivity of 75% and specificity of 76.7%), while the 

cut-off value for prediction of IR was 4.73 with 

sensitivity of 81.6 and specificity of 77.3 %. Previous 

result showed that TYG index cut-off value for 

prediction of IR was 4.65 (Sensitivity of 84 % and 

specificity of 45%) [13]. Another study showed TYG 

index cut off value of 4.78 (Sensitivity of 75.9 % and 

specificity of 71.9%) for prediction of IR [14]. In 

addition, cut-off values for TYG index were 4.69 and 

4.49 in another 2 studies with sensitivity of 73.8 % & 

82.6 and specificity of 75.6 & 82.1% respectively [15, 16]. 

It is important to mention that the above studies used 

HOMA-IR as reference for insulin resistance definition. 

In a Brazilian study, the TyG index in MetS patients had 

an AUC and Youden’s cut-off point of 0.873 and Ln 

4.52, respectively. The sensitivity and specificity were 

75.75% and 84.30%, respectively [10]. 

The United States National Health and Nutrition 

Examination Survey (1999–2016) data of 11,378 

individuals found that the cut-off value for the TyG 

index to predict IR is 4.665 for males and 4.575 for 

females [17]. Meanwhile, another study demonstrated the 

TyG index at a range of 7.8–11.0 for patients with MetS 
[18]. Mean TyG index 8.4 ± 0.7), and it is effective in 

identifying MetS [11]. The cut-off values with the IDF 

definition for MetS were 8.65, 8.65, 8.15, and 8.55, 

respectively [19]. The Korean National Health and 

Nutrition Examination Survey from 2007 to 2010 with 

a total of 11,149 respondents determined that the mean 

TYG index for patients with IR was 8.76 ± 0.60 [2]. The 

manner in which the TyG index is computed provides a 

plausible explanation for such discrepancies. Two 

formulas were mentioned in previous studies: first 

formula was: Ln [fasting triglycerides (mg/dL) × fasting 

glucose (mg/dL)]/2 [10]. The second formula was: Ln 

[fasting triglycerides (mg/dL) × fasting glucose 

(mg/dL)/2] [20], for this reason the finding of higher 

value for TYG index in some studies.  

Our study revealed that mean TG level was 129.72 

± 30.13 mg/dl. The means of WC & BMI in patients 

with MetS were 97.05 ± 8.05 cm and 25.51 ± 1.9 kg/m2 

respectively. In addition, mean FPG was 132.55 ± 43.95 

mg/dl. Occurrence of IR in hypertriglyceridemia can be 

explained as follows: In cases of obesity, there can be 

an excess of lipid intake that surpasses the adipose 

tissue's ability to store it. This surplus can lead to the 

build-up of lipids in non-typical locations like the liver 

and muscles [21]. Thus, a substantial amount of these 

fatty acids enters the mitochondria [22]. Triglyceride 

accumulation in liver and muscle, caused by insufficient 

fatty acids oxidation in the mitochondria, has a role in 

developing IR [23]. In this state, the efficiency of insulin 

is compromised, as it is unable to attach to its receptor. 

Consequently, this results in a decrease in the 

production of hepatic glycogen and a reduced uptake of 

glucose by muscle tissues [24]. The conflict between 

glucose and fatty acids for oxidation and absorption 

leads to disrupted glucose metabolism due to the 

prioritization of fatty acid oxidation [23]. Moreover, 

among people with visceral obesity, the increase in 

triglyceride levels may be associated with insulin 

resistance, emphasizing the substantial influence of 

triglycerides on the onset of insulin resistance. This 

highlights the scientific rationale for regarding 

triglycerides as a factor in detecting insulin resistance 
[13].  

Earlier research has established a clear link 

between the TyG index and insulin resistance, along 

with associated health issues. As an example, 

individuals with elevated TyG index scores exhibited 

greater prevalence of type 2 diabetes. Moreover, recent 

findings have revealed a direct correlation between the 

TyG index and the incidence of cardiovascular events, 

providing additional support for a potential connection 

with this metabolic anomaly [25]. 

When comparing the TyG index with the HIEC as 

the gold standard test, various studies found that the 

TyG index cutoff values ranging from 4.55 to 5.88. 

These studies demonstrated a sensitivity of more than 

67% and a specificity that fell within the range of 32.5% 

to 85%. These studies collectively involved 678 

participants. On the contrary, when examining the 

HOMA-IR, cutoff values were documented in five 

studies, ranging from 4.55 to 4.78. Across these studies, 

there was a considerable variation in sensitivity, with 

values ranging from 73% to 90%, as well as in 

specificity, which ranged from 45% to 99%. There was 

significant variation in the cut-off values used for 

HOMA-IR to define insulin resistance, which limited 

comparability between the studies. Lower diagnostic 

accuracy for TyG was observed in studies using 

HOMA-IR as the gold standard than studies using HIEC 
[10].   

We proposed several conceivable mechanisms to 

explain why a higher TyG index may be linked to an 

elevated risk of cardiovascular disease (CVD). These 

mechanisms include more pronounced underlying 

metabolic dysfunction, resulting in more significant 

fluctuations in the levels of key biomarkers such as 

blood pressure, fasting glucose, and lipids. 

Additionally, a higher TyG index could be associated 
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with increased lipolysis and altered lipid exchange, 

endothelial dysfunction, an enhanced inflammatory 

response, and arterial plaques formation. These factors 

collectively contribute to the increased risk of CVD [26].   

Our study revealed no significant difference in 

mean TG level between females and males (129.81 ± 

31.83 and129.58 ± 28.07 respectively) (p=0.9). In MetS 

patients, there was no significant difference in WC 

between females (95.64 ± 9.37 cm) and males (99.17 ± 

4.98 cm). There was no significant difference between 

females (25.30 ± 1.85 kg/m2) and males (25.83 ± 

1.97kg/m2) concerning BMI. We found mean FPG was 

132.55 ± 43.95 mg/dl without significant difference 

between females (132.11 ± 46.62 mg/dl), and males 

(133.21 ± 40.58 mg/dl). However, Korean National 

Health and Nutrition Examination Survey revealed that 

males were significantly higher than females 

concerning WC, BMI, FPG, TG and HOMA-IR [2]. In 

contrast, data from the National Health and Nutrition 

Examination Survey (NHANES) revealed inconsistent 

results concerning WC and BMI among different 

population for example; Non-Hispanic Black Females 

had significantly higher WC than males while Korean 

and Mexican American males had significantly higher 

WC in comparison with females. In the same study, 

non-Hispanic White showed non-significant difference 

in WC between males and females. For BMI, Mexican 

American and non-Hispanic White showed non-

significant different between males and females. 

However, non-Hispanic Black females had significantly 

higher BMI.  

In addition, males showed significant higher FPG 

in males than females in all study populations. TG level 

showed inconsistent results regarding sex in each study 

population [19]. Our study showed non-significant 

difference regarding TYG index between males and 

females, similar to Korean population in Moon et al. [19] 

study.  Multiple clinical definitions have been suggested 

for the metabolic syndrome. This has led to 

considerable uncertainty among doctors about the 

identification of people with the illness, for this reason 

the definition of MetS is population- and country-

specific [1]. This explains why there is heterogeneity in 

TYG index, TYG-WC, and TYG-BMI cut off values. 

The current study demonstrated the cut-off value for 

TYG-WC > 422.6 for detecting MetS patients 

(Sensitivity of 81.7% & specificity of 83.3%), and for 

TYG-BMI >111.12 (Sensitivity of 83.3 % & specificity 

of 83.3 %). The cut-off values were as follows: TyG-

BMI: 135.5 for males and 135.5 for females; TyG-WC: 

461.5 for males and 440.5 for females [17].  

Taiwo H. Raimi [11] concluded that the product of 

TyG index and anthropometric indices (TyG-waist to 

height ratio (TyG-WHtR), TyG-WC, and TyG-BMI) 

enhanced MetS identification and prediction. Korean 

National Health and Nutrition Examination Survey 

concluded that TyG-BMI was found to be superior to 

other parameters; TyG index, TyG-WC, and TyG-

WHtR for IR prediction [2].  In our study, obesity indices 

in terms of TYG-WC and TYG-BMI were more 

effective than TyG index alone in evaluating patients 

with MetS evidenced by high AUC of 0.907 and 0.909 

for TYG-WC and TYG-BMI respectively than 0.819 for 

TYG index. Furthermore, AUC of 0.873 and 0.891 for 

TYG-WC and TYG-BMI respectively were better than 

0.791 for TYG index for detecting patients with IR.  

Regarding practicality, glucose and triglyceride 

measurements are routine biochemical tests frequently 

employed in primary healthcare settings. As a result, the 

TyG index presents a viable substitute for detecting 

insulin resistance. Regarding using the TyG index to 

differentiate between those with and without insulin 

resistance and metabolic Syndrome (MetS), varying 

outcomes were observed. In addition, it was known that 

criteria of diagnosis of MetS in different population, 

specifically WC, were not consistent and there is 

heterogeneity about the cut-off value. 

 

CONCLUSION 

Obesity indices such as TYG-BMI and TYG-WC 

were more effective in evaluating patients with IR and 

MetS compared to TyG index alone. TYG index is still 

an easy way to identify IR and MetS due to the 

availability of plasma glucose and TG in primary health 

care centres. 

 

Limitations of the study: This study was conducted in 

a cross-sectional manner with a limited sample size, 

which means we cannot definitively establish a direct 

cause-and-effect relationship based solely on our 

findings. Furthermore, the variations in the methods 

used to calculate the TyG index pose a potential 

limitation, as they make it challenging to compare our 

data with that from existing literature. 
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