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Purpose: The triglyceride glucose (TyG) index and TyG-related indicators have been proposed as a marker of insulin resistance. It is
unclear which is the best indicator to predict diabetes mellitus (DM) in Chinese. This study aimed to investigate the predictive value of
different biomarkers for the incidence of DM.

Patients and methods: Between January 2017 and December 2020, 5575 subjects who underwent health examinations in Hebei
General Hospital were retrospectively included. The primary endpoint was new onset DM.

Results: During a median follow-up of 3.03 years, 133(2.39%) individuals developed DM. Multivariable cox proportional hazards
models revealed that TyG index and TyG-related parameters were positively associated with DM risk. As the interaction analyses
showed, there were significant interactions with sex and age levels in relation to DM risk (both P for interaction <0.05). Risk
prediction for DM was significantly improved by adding TyG index to the baseline model using conventional diabetic risk factors in
predicting DM at follow-up.

Conclusion: This population-based cohort study suggested a causal relationship between TyG index and DM after adjusting for other
confounding factors. This independent and significant association was more apparent in females and subjects younger than 65 years.
Compared with the TyG-BMI, TyG-WC, TyG-WHtR, the TyG index was a more effective predictor of DM.
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Introduction

Diabetes mellitus (DM) represents a metabolic disorder stemming from irregular glucose metabolism, ranking as one of
the most prevalent chronic ailments worldwide.! According to the International Diabetes Federation, 2021 recorded
536.6 million people living with DM, with predictions anticipating a rise to 783.2 million by 2045.> DM has been
associated with both microvascular and macrovascular complications, which not only inflict physical and psychological
suffering upon patients but also impose a heavy burden on the healthcare system.® Numerous studies affirm that DM is
associated with elevated overall mortality and cardiovascular risks.* Consequently, early diagnosis and effective screen-
ing of high-risk populations for DM emerge as vital imperatives. However, the core of DM’s pathophysiology is Insulin
resistance (IR).” The triglyceride glucose (TyG) index has been demonstrated as an effective predictor of IR in previous
studies.®’ Nevertheless, TyG has not consistently exhibited a predictive capacity for DM. Notably, an Iranian study found
that incorporating TyG into a predictive model for DM did not enhance its prognostic rate.® In the extensive prospective
cohort study conducted by Lopez-Jaramillo et al, encompassing 22 countries across five continents, it was observed that
the TyG index exhibited a significant correlation with the occurrence of cardiovascular diseases such as myocardial
infarction and stroke, cardiovascular mortality, as well as the development of type 2 DM.? Recently, in light of the close
relationship between obesity and IR, studies have reported that TyG-related indices, including TyG index and obesity-
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related anthropometric parameters, such as TyG-body mass index (TyG-BMI), TyG-waist circumference (TyG-WC), and
TyG-waist to height ratio (TyG-WHtR), have a strong correlation with IR.'*"'? Subsequent studies also establish links
between TyG-WHtR, TyG-BMI, and TyG-WC with DM."*'> Despite these findings, controversies persist concerning
which marker serves as the most effective and optimal choice for screening DM risk. However, to the best of our
knowledge, no prior studies have examined the comparative predictive potential of TyG and other TyG-related
parameters for incident DM within a Chinese population. This existing diversity in conclusions underscores the ongoing
debate regarding the indicator most closely associated with DM risk. Thus, our study aims to explore the relationship
between the TyG index and incident DM, further comparing TyG with other parameters (TyG-WHtR, TyG-WC, and
TyG-BMI) for predicting DM in a Chinese cohort.

Methods
Study Population

This retrospective, observational, single-center cohort study was conducted using participants from a comprehensive
health check-up program at the Health Examination Center, Hebei General Hospital, spanning from January 2017 to
December 2020. Follow-up visits occurred at least once a year and were primarily conducted at the Health Examination
Center. Exclusion criteria encompassed: (1) individuals with a pre-existing diagnosis of DM at baseline. (2) Participants
with unknown status of DM during follow-up or missing data.(3) Individuals with an estimated glomerular filtration rate
(eGFR) less than 30 mL/min/1.73m?, chronic dialysis, severe hepatic insufficiency, acute infection, malignancy, or
familial hypertriglyceridemia. (4) Participants undergoing treatment with TG-lowering drugs (eg, fenofibrate) before the
baseline examination. The follow-up commencement was marked by the point at which clinicians collected complete
data and assessed the DM status. The follow-up endpoint was the occurrence of incident DM. All participants were
followed from the date of the baseline examination until they received a DM diagnosis or until the conclusion of the four-
year follow-up survey, whichever transpired first. Finally, 5,575 eligible participants were enrolled in the cohort.

Data Collection and Definitions

The data collection process was approved by the Institutional Review Board of Hebei General Hospital and performed in
accordance with the Declaration of Helsinki. Trained research staff conducted physical examinations following standar-
dized procedures. During each visit to the health check center, participants were requested to complete a detailed
questionnaire covering demographic characteristics, lifestyle factors, personal medical history, family history of chronic
disease, and medication history. Height, weight, and WC were measured twice, with participants wearing light clothing
and no shoes. An automated sphygmomanometer (OMRON, HEM-7125, Dalian, China) measured systolic and diastolic
blood pressures (SBP and DBP), with the mean values used for subsequent analyses. Fasting (=8 h) blood samples were
collected for standard hematologic and biochemical assessments. Biochemical parameters, including total cholesterol
(TC), triglyceride (TG), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C),
blood urea nitrogen (BUN), creatinine (Cr), and uric acid (UA), were analyzed using a Hitachi 7600-110 automatic
biochemical analyzer. DM was defined based on self-reported physician-diagnosed DM, or fasting plasma glucose (FPG)
>7 mmol/L twice. Hypertension was defined as SBP >140 mmHg and/or DBP >90 mmHg, or the use of antihypertensive
therapy. The diagnosis of fatty liver was made based on abdominal ultrasound results.

The indices were calculated using the following formulations.

BMI = weight (kg) /[height(m)"2]
WHtR = WC (cm) /Height (cm)
TyG = In[TG (mg/dl) xFPG (mg/dl) /2]

TyG — BMI = TyG x BMI
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TyG — WC = TyG x WC

TyGWH(R = TyG x WHIR

Statistical Analysis

Continuous variables were expressed as mean + standard deviation or as median and interquartile range based on their
distribution. Group comparisons were analyzed using independent samples t-tests or the Mann—Whitney U-test. Categorical
variables were presented as counts (percentages) and assessed using the y2 test or Fisher’s exact test. The Pearson correlation
was employed for variables with a h normal distribution, whereas the Spearman correlation was used for variables without
a normal distribution. In multivariate Cox proportional hazards analyses, three models were established to evaluate the
predictive value of the TyG index and TyG-related indicators for DM: (1) Model I: crude model; (2) Model II: adjusted for
age, sex, BMI, smoking, drinking, hypertension, fatty liver, and (3) Model III: further adjusted for variables included in
Model II and UA, UREA/CREA, TC, HDL-C. TG and FPG were not adjusted as they are components of the TyG formula.
The Cox proportional hazard models are presented as hazard ratios and 95% confidence intervals (CI). To assess predictive
validity and establish optimal cutoff values for TyG and TyG-related indices, we used Receiver Operating Characteristic
(ROC) curves. Stratified analyses were performed within age, sex, hypertension, fatty liver, smoking, drinking, metabolic
syndrome (MS), TG, HDL-C, and FPG subgroups to assess the consistency of the TyG index’s prognostic impact on DM.
The stratified analyses used all covariates in Model 111, except those used for stratification. A likelihood ratio test was used to
investigate interactions between the TyG index and the stratification variables. The value of adding TyG to conventional risk
factors for the prediction of DM was evaluated by calculating measures of discrimination (C-index) and net reclassification
improvement (NRI). The area under the ROC curve (AUC) was compared using the DeLong test. Statistical analyses were
performed using SPSS 23.0 (SPSS Inc., Chicago, Illinois, USA), R Programming Language (version 3.5.1), and MedCalc
19.1 (MedCalc Software, Belgium). A P-value <0.05 was considered statistically significant.

Results
A total of 5,575 participants, with a mean age of 41 years, were enrolled in this study (Figure 1). Over the four-year
follow-up period, 133 participants (2.39% of the total population) developed DM.

10479 participants enrolled from January 2017

excluded participants:

.| 1237 participants of baseline diabetes

“| 1054 participants did not meet the inclusion and
exclusion criteria.

v
8188 participants were followed-up

—>| 2613 participants were lost to follow-up

A\ 4
5575 participants included in final analysis

\ 4 A\ 4
133 participants 5442 participants
with DM without DM

Figure | Flow chart of the study population enrollment.
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Baseline Characteristic of the Study Population

The baseline characteristics of the entire population, stratified by the development of DM, are presented in Table 1.
Participants who developed DM during follow-up exhibited higher baseline TyG, TyG-BMI, TyG-WC, and TyG-WHtR
compared to those who remained non-diabetic. The former group also had higher proportions of males, smokers, and
drinkers, along with an elevated prevalence of hypertension and fatty liver. Furthermore, they displayed higher levels of
BMI, WC, TG, TC, and FPG at baseline compared to those who did not develop DM.

The AUCs of the TyG index for predicting the occurrence of DM was 0.758 (95% CI: 0.746-0.769, P <0.001).
Considering the most effective threshold of the TyG index as the cutoff (9.22, sensitivity ==52.63%, specificity
=84.06%), the values were divided into high and low TyG indices. Baseline characteristics, grouped according to the
optimal cutoff point of the TyG index, are presented in Table 2. The incidence of DM increased significantly in
participants with a higher TyG index compared to those with a lower TyG index. Overall, compared to participants
with a low TyG index, participants with a high TyG index had a greater proportion of men, smokers, and drinkers, along
with a high prevalence of hypertension and fatty liver, advanced age, BMI, WC, TG, TC, UA, and FPG levels.
Additionally, HDL-C and UREA/CREA were significantly lower in participants with a high TyG index.

Correlation Between the TyG Index and DM Risk Factors

Spearman correlation analysis revealed a positive association between the TyG index and variables relevant to DM risk,
including age, WC, BMI, UA, and TC. In contrast, the TyG index exhibited a negative correlation with HDL-C and
UREA/CREA (Figure 2).

Cox Proportional Hazard Analyses to Evaluate the Prognostic Implication of TyG
Index and TyG-Related Indicators

Multivariate Cox proportional hazard analysis, utilizing three models (as described above, models I-1I1), was employed
to assess the predictive potential of the TyG index and TyG-related indicators for DM. After adjusting for confounding
variables, higher levels of the TyG index and TyG-related indicators were found to be independently associated with

Table | Baseline Clinical Characteristics of Participants with and without DM

All DM Non DM P
Age(years) 41(35,48) 47(42, 51) 4135, 47) <0.001
Sex(men, n%) 4422(79.32%) 122(91.73%) 4300(79.02%) <0.00!
Height(cm) 172.00(167.00, 177.00) 174.00(169.75, 177.25) 172.00(167.00, 176.00) 0.002
BMI(kg/m?) 25.82(23.12, 28.41) 27.94(25.03, 29.71) 25.76(23.05, 28.40) <0.00!
WC(cm) 89(81.00, 97.00) 95(89.00, 103.00) 89(81.00, 97.00) <0.001
Smoking(n%) 2737(49.09%) 83(62.41%) 2654(48.77%) 0.002
Drinking(n%) 3634(65.18%) 103(77.44%) 3531(64.88%) 0.003
Hypertention(n%) 564(10.17%) 45(33.83%) 519(9.54%) <0.00!
Fatty liver(n%) 2123(38.08%) 99(74.43%) 2024(37.19%) <0.001
HDL-C(mmol/L) 1.19(1.04, 1.37) 1.09(0.93, 1.29) 1.19(1.04, 1.38) <0.00!
TG(mmollL) 1.31(0.91, 0.002) 2.27(1.37, 3.90) 1.3(0.90, 1.97) <0.00!
TC(mmol/L) 456(4.02, 5.15) 5.01(4.31,5.74) 455(4.02, 5.13) <0.001
UA(mmol/L) 346.00(288.00, 405.00) 339.00(290.00,375.50) 346.00(288.00, 406.00) 0.11
UREA/CREA 14.11(12.13, 16.52) 14.79(11.92, 17.24) 14.10(12.13, 16.51) 0239
FPG(mmol/L) 5.28(5.03, 5.56) 5.53(5.24,5.80) 5.27(5.03, 5.56) <0.001
TYG 8.62(8.2383, 9.0503) 9.27(8.69,9.76) 8.61(8.23, 9.03) <0.001
TYG-BMI 223.93(194.078, 254.7156) 253.54(229.23, 287.80) 223.28(193.26, 253.62) <0.00!
TYG-WC 776.95(677.5985, 866.4315) 893.71(797.84, 973.88) 774.17(675.24, 863.10) <0.001
TYG-WHR 451(3.9989, 5.017) 5.11(4.63, 5.65) 4.50(3.99, 5.00) <0.001

Abbreviations: BMI, body mass index; WC, waist circumference; HDL-C, high-density lipoprotein cholesterol; TG, triglyceride; TC, total cholesterol; UA,
uric acid; UREA/CREA, urea nitrogen related to creatinine; FPG, fasting plasma glucose; TYG, triglyceride glucose; TyG-BMI, TyG related to BMI; TyG-WC,

TyG related to WC; TyG-WHTtR, TyG related to WHtR.
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Table 2 Baseline Clinical Characteristics of Participants Stratified by the Optimal Cutoff

Point of TyG Index

LOW TYG HIGH TYG P
Age(years) 41(35, 47) 43(37, 49) <0.001
Sex(men, n%) 3506(76.00%) 906(96.20%) <0.001
Height(cm) 171.00(166.00, 176.00) 173.00(169.00, 177.00) <0.001
BMI(kg/m?) 25.38(22.68, 28.04) 28.04(26.03, 30.12) <0.001
WC(cm) 88.00(80.00, 95.00) 96.00(90.00, 102.00) <0.001
Smoking(n%) 2113(45.80%) 617(65.50%) <0.001
Drinking(n%) 2891(62.60%) 738(78.30%) <0.001
Hypertention(n%) 407(8.80%) 156(16.60%) <0.001
Fatty liver(n%) 1446(31.30%) 672(71.30%) <0.001
HDL-C(mmol/L) 1.22(1.07, 1.40) 1.06(0.93, 1.21) <0.001
TG(mmollL) 1.16(0.85, 1.59) 3.16(2.69, 4.24) <0.001
TC(mmol/L) 4.46(3.96, 5.03) 5.10(4.52, 5.79) <0.001
UA(mmol/L) 336.0(281.00, 392.00) 391.50(339.00, 452.00) <0.001
UREA/CREA 14.21(12.19, 16.64) 13.69(11.80, 15.96) <0.001
FPG(mmol/L) 5.25(5.00, 5.53) 5.45(5.17, 5.72) <0.00!
TYG 8.49(8.16, 8.82) 9.52(9.35, 9.80) <0.001
TYG-BMI 215.18(188.14, 242.74) 269.36(247.99, 292.64) <0.001
TYG-WC 747.82(657.57, 825.31) 922.22(861.46, 987.39) <0.001
TYG-WHtR 436(3.90, 4.79) 5.33(5.02, 5.66) <0.001
DM(n%) 63(1.40%) 70(7.40%) <0.001

Abbreviations: BMI, body mass index; WC, waist circumference; HDL-C, high-density lipoprotein cholesterol;
TG, triglyceride; TC, total cholesterol; UA, uric acid; UREA/CREA, urea nitrogen related to creatinine; FPG, fasting
plasma glucose; TYG, triglyceride glucose; TyG-BMI, TyG related to BMI; TyG-WC, TyG related to WC; TyG-
WHTtR, TyG related to WHtR; DM, diabetes mellitus.

a higher risk of DM. In summary, the TyG index exhibited the strongest association with the incidence of DM compared
to the TyG-related indicators. Notably, TyG-WHIR outperformed TyG-BMI and TyG-WC in detecting DM (Table 3).

To explore the influence of other risk factors on the correlation between the TyG index and future DM risk, subgroup
analyses were conducted based on stratification variables: sex, age, BMI, smoking, drinking, hypertension, fatty liver,
MS, WC, TG, HDL-C, and FPG. The results of these subgroup analyses, along with interaction analyses, are summarized
in Figure 3. A significant interaction was observed between TyG index and sex, and age with regard to DM risk. The
association of the TyG index with the risk of DM was stronger among individuals under the age of 65 years and among
women. No other significant interactions were observed in the subgroup analyses.

The TyG Index Exhibits the Highest Ability to Predict DM Incidence

The AUC results for the TyG index and TyG-related indicators, as indicators of DM, are presented in Table 4. The TyG
index showed the highest AUC (AUC: 0.758, 95% CI 0.746-0.769), followed by TyG-WHtR (AUC: 0.747, 95% CI
0.735-0.758) and TyG-WC (AUC: 0.746, 95% CI 0.734-0.758). The AUC for TyG-BMI was 0.716 (0.704—0.728), for
TG was 0.745 (0.733-0.756) and for FPG was 0.668 (0.656—0.681). The optimal cutoff points of indexes to predict DM
were 9.22 (TyG), 229.05 (TyG-BMI), 839.44 (TyG-WC), and 4.77 (TyG-WHtR).

TyG Index Improves the Predictive Ability of Conventional Risk Factors for DM

The addition of the TyG index significantly improved the AUC of the baseline risk model (AUC: baseline risk model,
0.836 vs baseline risk model +TyG index, 0.862, P for comparison =0.014, Table 5, Figure 4). The baseline risk model
included age, sex, BMI, smoking, drinking, hypertension, fatty liver, UA, UREA/CREA, TC, and HDL-C. Furthermore,
the category-free NRI analysis revealed that the inclusion of the TyG index led to a significant improvement in net risk
reclassification by 14% (P <0.05). The addition of TG and FPG to the baseline risk model also significantly enhanced
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Figure 2 Correlations between the TyG index and traditional DM risk factors.

DM prediction (AUC: baseline risk model, 0.836 vs baseline risk model + TG, 0.855; AUC: baseline risk model, 0.836
vs baseline risk model + FPG, 0.846, both P for comparison <0.05, Table 5, Figure 4). Notably, the improvement was
more significant with the addition of the TyG index to the baseline risk model compared to the addition of TyG-related
indexes, including TyG-BMI, TyG-WC, and TyG-WHItR, to the baseline risk model.

Table 3 Predictive Value of TyG Index and TyG-Related Indexes for DM in Different Cox Proportional Hazards Models

Outcomes Model | Model Il Model Il

HR (95% CI) P HR (95% CI) P HR (95% CI) P
TYG 3.77(3.06, 4.66) <0.001 2.77(2.13, 3.61) <0.001 2.85(2.02, 4.03) <0.001
TYG-BMI 1.016(1.013, 1.019) <0.001 1.01(1.005, 1.014) <0.001 1.008(1.003, 1.013) 0.001
TYG-WC 1.007(1.006, 1.008) <0.001 1.008(1.006, 1.011) <0.001 1.008(1.006, 1.011) <0.001
TYG-WHtR 3.414(2.727, 4.274) <0.001 2.285(1.707, 3.059) <0.001 2.22(1.452, 3.394) <0.001

Notes: Model | Crude model; Model II: further adjusted for age, sex, BMI, smoking, drinking, hypertension, fatty liver: Model Ill further adjusted for UA,
UREA/CREA, TC, HDL-C.

Abbreviations: BMI, body mass index; UA, uric acid; UREA/CREA, urea nitrogen related to creatinine; TC, total cholesterol; HDL-C, high-density lipoprotein
cholesterol; HR, hazard ratio; 95% Cl, 95% Confidence Interval; TYG, triglyceride glucose; TyG-BMI, TyG related to BMI; WC, waist circumference; TyG-WC,
TyG related to WC; WHtR, waist to height ratio; TyG-WHtR, TyG related to WHtR.

3800 e+ Diabetes, Metabolic Syndrome and Obesity 2023:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Xing et al

HR (95%Cl1) P for interaction HR (95%C1) P for interaction
Sex 0.041 BMi(kg/m2) - 5 B
Men - —_— 2.745(1.937,3.891) 505 : — 2.917(1.98,4.298)
Women ———  2.745(1.937,3.891) <5 4 i S 2.266(1.103,4.659)
Age(years) - 0.008 wciem) 0.549
65 R 1.828(1.102,3.033) >80/590 - e 3.011(2.038,4.447)
<65 —_— 4.784(3.026,7.561) <80/<90 — — 2.582(1.221,5.458)
Smoking e HDL(mmollL) - Oy
Yes - _— 2.949(1.876,4.634) 513510 — 2.298(1.452,3.637)
No - —_— 2.969(1.734,5.083) <1.31<1.0 4 P —— 3.232(1.765,5.92)
Drinking 0172 TG(mmollL) 077
Yes E —_— 2.705(1.849,3.959) 17 - _— 4.07(2.536,6.533)
No P —— 4.141(1.858,9.227) <1.7 4 ——— 9.402(2.451,36.065)
Hypertention — 0.648 FPG(mmol/lL) 0.052
Yes - ——o— 1.978(1.053,3.718) >56 —_——— 1.856(1.055,3.265)
No - —_— 3.488(2.317,5.252) <5.6 - e 3.41(2.253,5.163)
Fatty Liver - 0.908 Ms 0.951
Yes —_— 3.26(2.219,4.791) Yes - — 3.345(2.195,5.099)
No —.— 2.06(0.985,4.308) No o —_— 2.818(1.249,6.357)
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Figure 3 Subgroup analyses and interaction analyses evaluating DM of TyG index in various stratifications: (A) Subgroup analyses of sex, age, smoking, drinking,
hypertension, fatty liver, (B) Subgroup analyses of BMI, WC, HDL-C, TG, FPG.

Discussion

DM is a critical public health concern with severe health implications, warranting extensive attention to early prevention

and screening.® While HIEC technology testing is available, the quest for simple and practical clinical markers is

Table 4 Performance of the Indices in Predicting the Incidence of DM

C-Statistics | 95% CI P value Sensitivity | Specificity | Youden Index | Cut-off Value

Index
FPG 0.668 0.656-0.681 <0.001 67.67 55.93 0.236 5.33
TG 0.745 0.733-0.756 <0.001 54.14 80.35 0.345 2.18
TYG 0.758 0.746-0.769 <0.001 52.63 84.06 0.367 9.22
TYG-BMI 0.716 0.704-0.728 <0.001 76.19 55.14 0.313 229.05
TYG-WC 0.746 0.734-0.758 <0.001 66.67 69.2 0.359 839.44
TYG-WHtR 0.747 0.735-0.758 <0.001 69.84 64.7 0.345 4.77

Abbreviations: 95% Cl, 95% Confidence Interval; TG, triglyceride; FPG, fasting plasma glucose; BMI, body mass index; TYG, triglyceride glucose; TyG-
BMI, TyG related to BMI; WC, waist circumference; TyG-WC, TyG related to WC; WHtR, waist to height ratio; TyG-WHTtR, TyG related to WHtR.

Table 5 Improvement in Predicting Prediabetes by Adding the Indices to the Conventional Risk Factors

AUC | 95% CI P value | Z value P for AUC | 95% CI P value | Z value P for
Comparison Comparison
Baseline risk | 0.836 | 0.826-0.846 | 0.015 Reference | Reference TYG 0.862 | 0.852-0.871 0.014 Reference | Reference
model® model®
+FPG 0.846 | 0.836-0.856 | 0.014 2.231 0.026 +TYG- 0.842 | 0.833-0.852 | 0.014 2.835 0.005
BMI
+TG 0.855 | 0.846-0.865 | 0.013 2.861 0.004 +TYG- 0.848 | 0.838-0.857 | 0.014 2.177 0.030
wcC
+TYG 0.862 | 0.852-0.871 | 0.014 2919 0.004 +TYG- 0.845 | 0.835-0.855 | 0.014 2.675 0.008
WHtR

Notes: *The baseline risk model includes age, sex, BMI, smoking, drinking, hypertension, fatty liver, UA, UREA/CREA, TC, HDL-C; *The TYG model includes age, sex,
smoking, drinking, hypertension, fatty liver, UA, UREA/CREA, TC, HDL-C, TYG.

Abbreviations: AUC, Area Under Curve; 95% Cl, 95% Confidence Interval; BMI, body mass index; UA, uric acid; UREA/CREA, urea nitrogen related to creatinine; TC,
total cholesterol; HDL-C, high-density lipoprotein cholesterol; TYG, triglyceride glucose.
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Figure 4 Improvement in predicting DM by adding the indices to the risk model: (A) a Baseline risk model vs +FPG, (B) Baseline risk model vs +TG, (C) Baseline risk model
vs +TYG, (D) Baseline risk model vs +TYGBMI, (E) Baseline risk model vs +TYGWC, (F) Baseline risk model vs +TYGWHTtR.

paramount. This study, therefore, examined the predictive potential of the TyG index and TyG-related indicators for DM,
unveiling significant associations between TyG and multiple risk factors.

Our results demonstrated that participants with a higher baseline TyG index had a significantly higher risk of
developing DM during the follow-up period compared to those with lower TyG index values. The TyG index emerged
as the most powerful predictor of DM onset, maintaining its predictive power even after adjustments for confounding
factors. The addition of the TyG index to a baseline risk model, which incorporated conventional risk factors significantly
improved the predictive ability of the model.

IR and the deterioration of B-cell function play pivotal roles in the development of T2DM.'® It has been reported that
the TyG index specifically reflects muscle-related IR.'”'® Additionally, the predictive value of the TyG index for IR has
been shown to surpass that of the HOMA-IR.'” Beyond assessing IR, the TyG index can also measure the susceptibility
of B-cells to glucotoxicity and lipotoxicity. Islet TG overload can disrupt glucose metabolism and lead to elevated levels
of circulating free fatty acids (FFAs) through lipolysis, impairing B cell function.”’ Moreover, hyperglycemia, despite
lower antioxidant capacity, exposes islet cells to continuous oxidative stress,”’ exacerbating B-cell failure.”> Elevated
lipid and/or glucose levels contribute to an increased TyG index, indicating a heightened risk of incident DM.

The results from subgroup analysis and interaction analyses revealed noteworthy disparities in the relationship
between the TyG index and DM risk based on age and sex. The current study identified a significant association of
the TyG index with incident DM, with this association being particularly pronounced among women, aligning with the
findings of Zhang et al.®> These differences may be attributed to variations in abdominal fat distribution across age
groups and sexes. Furthermore, females often exhibit higher hepatocellular lipids, both in fasting and post-glucose and
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lipid loading, compared to males.?* Distinct body composition and metabolic distinctions exist between men and women,
with men generally possessing greater muscle mass and faster metabolism.?® Notably, the incidence of DM related to the
TyG index saw a significant increase in younger and middle-aged populations, which mirrors the findings of Wang

et al.®

This phenomenon can be attributed to the rapid development of society and the economy, as well as shifting
demographics, where an aging population and reduced labor force add to the social pressures experienced by, young and
middle-aged individuals.?” Furthermore, scholarly investigations have revealed a correlation between TYG and the
susceptibility to diabetes, which is contingent upon income level. In the PURE study, subgroup analyses revealed that the
relationship between the TyG index and the risk of type 2 DM exhibited variations based on the income level of the
countries. This phenomenon could potentially be elucidated by an augmented susceptibility of these populations to the
presence of IR.” Moreover, the study compared the predictive abilities of the TyG index with TyG-related indexes. The
results indicated that the TyG index outperformed others in predicting DM. A few prospective studies®®*® have
demonstrated an association between the TyG index and new-onset DM. Moreover, in cross-sectional studies, the TyG
index has shown superior predictive ability for DM compared to other TyG-related parameters.'> However, Er-LK et al
found that TyG-BMI and TyG-WC were significantly better predictors of DM risk in the Korean population than TyG.?’
Additionally, evidence suggests that WHtR may perform better than BMI and WC in predicting DM.***' Among TyG-
related indexes, all, including TyG-WHtR, TyG-BMI, and TyG-WC, exhibited predictive power for DM, with the TyG-
WHIR index possibly being the best-performed. Coincidentally, findings by Xuan W indicated that TyG-WHtR is
superior to other parameters in predicting DM.>?> A meta-analysis that included 31 studies and 123,231 participants
showed that WHtR had the largest AUC for predicting DM compared to WC and BMI.*>* Similar results were obtained
by Petermann-Rocha et al, who analyzed data from 13,044 participants and found that WHtR was a better predictor of
T2DM than BMI or WC.?' These results may be attributed to the different roles BMI, WC, and WHtR play in the
evaluation of obesity. BMI, based on height and weight, identifies obesity but does not differentiate between obesity and
lean body mass, nor can it assess the impact of adipose tissue on metabolism.>* Moreover, WC cannot differentiate
visceral from subcutaneous fat tissue and does not account for individual height and body size variations. A growing
body of evidence suggests that visceral fat contributes more to the development of DM risk than subcutaneous fat.'*
Nevertheless, it should be noted that WHtR has been reported to be more sensitive than WC to reflect stature.'*

This study has various strengths. It establishes an independent relationship between DM and TyG after sufficient
model adjustment. ROC analysis also indicated TyG as the favorable marker over TyG-related indexes for predicting
DM. Notably, high-risk populations were identified through subgroup analysis, adding to the robustness of the study.
Moreover, the findings of the study can be generalized and applied to identify high-risk groups for DM in the Chinese
population. Despite its strengths, this study has limitations. It could not distinguish between type 1 and type 2 DM.
However, our results may be more suitable for predicting the risk of type 2 mellitus (T2DM), which accounts for 90% of
all diabetes cases. DM was diagnosed based on FPG >7 mmol/L, or self-reporting, which could have resulted in an
underestimation of the true prevalence of DM. Although we adjusted for many potential confounders, we cannot rule out
residual confounding or the effect of unmeasured confounders, such as hemoglobin A Ic, exercise habits, and other
variables. Finally, the participants were all Chinese, limiting the generalizability of its conclusion to other populations.

Conclusion
In this cohort study involving Chinese patients, we established a causal association between the TyG index and DM, and
this independent association was more obvious in young, middle-aged, and female individuals. The TyG index out-
performed other parameters (TyG-BMI, TyG-WC, TyG-WHtR) in predicting the risk of DM in the Chinese population.
These findings offer compelling support for the utility of the TyG index in the assessment of DM and offer a practical and
affordable method for the early detection and management of DM.

Given the retrospective nature of this study and the use of anonymized patient data, the requirement for informed con-
sent was waived. This study was approved by the Institutional Review Board of Hebei General Hospital, which waived
the requirement for patients’ consent. Data has been handled confidentially.
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