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Objective: Three non-insulin-based insulin resistance (IR) indices, ie, triglyceride-glucose (TyG) index, triglyceride-to-high-density 
lipoprotein cholesterol (TG/HDL-C) ratio, and metabolic score for IR (METS-IR), were considered powerful and simplified 
alternatives for IR. However, evidence for the association between the three IR indices and incident type 2 diabetes mellitus 
(T2DM), especially impaired fasting glucose (IFG), remains limited. Therefore, this study aimed to explore the association among 
IR indices, incident IFG, and T2DM in a rural population cohort.
Methods: We analyzed data from 2209 adults (aged 24–75 years) at baseline and from 1205 normoglycemic participants who were 
followed up. Cox proportional hazards models were used to evaluate the associations between the three indices and IFG or T2DM. 
Restricted cubic spline curves based on the Cox regression model were used to examine the association between baseline indices and 
incident T2DM.
Results: For the baseline data, logistic analyses demonstrated that the TyG index, TG/HDL-C ratio, and METS-IR had a significantly 
positive correlation with IFG or T2DM after multivariable adjustment. During a median follow-up of 12.17 years, 157 incident cases 
of IFG and 97 incident cases of T2DM were noted. The risk of T2DM, but not IFG, was strongly associated with the baseline TyG 
index in the adjusted model, and participants with the TyG index in the third tertile had a higher risk of developing T2DM (adjusted 
hazards ratio, 2.84; 95% confidence intervals, 1.26–6.37; p for trend <0.001) than those in the lowest tertile (reference). Moreover, 
a linear relationship was observed between the TyG index and T2DM incidence. The TG/HDL-C ratio and METS-IR had no 
significant relationship with the risk of IFG or T2DM.
Conclusion: The TyG index is more useful than the TG/HDL-C ratio and METS-IR in predicting T2DM in the normoglycemic 
population.
Keywords: triglyceride-glucose index, triglyceride-to-high-density lipoprotein cholesterol, metabolic score for insulin resistance, 
impaired fasting glucose, type 2 diabetes mellitus

Introduction
The prevalence of type 2 diabetes mellitus (T2DM) is increasing worldwide, placing a tremendous burden on health 
economies.1,2 Impaired fasting glucose (IFG) is characterized by elevated blood glucose levels, which are higher than the 
normal range but below the diabetes diagnostic threshold, and can predict a higher risk of T2DM3 and increased risk of 
cardiovascular disease.4 Insulin resistance (IR) is one of the most common risk factors for the development of T2DM and IFG 
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and plays an essential role in its pathogenesis.5 IR is usually determined by the hyperinsulinemic-euglycemic clamp test6 and 
fasting insulin-based homeostasis model assessment index (HOMA-IR).7 However, they are expensive, invasive, impractical, 
and/or not sufficiently accurate,8,9 leading to a lack of widespread suitability in large clinical and epidemiological studies. 
Recently, three non-insulin-based IR indices have been developed as the reliable and simplified surrogate for IR, such as the 
fasting triglyceride-glucose (TyG) index, triglyceride-to-high-density lipoprotein cholesterol (TG/HDL-C) ratio, and metabolic 
score for IR (METS-IR).

These three indicators are calculated using simple formulas based on biochemical and anthropometric variables, 
largely compensating for the shortcomings of traditional IR indicators. Several longitudinal observational studies have 
shown that the TyG index,10,11 TG/HDL-C ratio,12 and METS-IR13 are significant and independent predictors of T2DM. 
It is noteworthy that this association between the three indicators and T2DM is not exactly similar in different population 
characteristics; for example, the TyG index had a linear14 or U-shaped15 relationship with T2DM in the Japanese 
population; it also showed a positive correlation in the white European population,16 especially in participants with TyG 
index levels ≥8.31. The relationship of the TG/HDL-C ratio change trajectory with the risk of T2DM in Chinese, 
especially in males with normal weight and younger than 60 years, was U-shaped, bell-shaped, and others;17 the 
association between the TG/HDL-C ratio and incident T2DM is linear in Koreans18 and nonlinear19 in Chinese. METS- 
IR is positively associated with T2DM risk in non-obese Japanese adults,13 but studies on the Chinese population are 
scarce. Therefore, the relationship between these three indicators and T2DM has been inconsistent. In addition, evidence 
on the association between the three indicators and incident IFG remains unclear, particularly in the Chinese population.

Therefore, this cross-sectional cohort study aimed to evaluate the relationship between the three baseline non-insulin- 
based IR indices with incident IFG or T2DM in Chinese participants with normal glycemic levels. To the best of our 
knowledge, this is the first study to comprehensively examine the longitudinal association between the TyG index, TG/ 
HDL-C ratio, and METS-IR and the IFG or T2DM risk in a Chinese rural population.

Materials and Methods
Study Participants
Details of the baseline cross-sectional study methods have been reported elsewhere.20 Briefly, 4614 participants (aged 
24–75 years) were enrolled in the baseline survey from 2008 to 2012 in three counties or administrative equivalents 
(Yuanzhou District, Qingtongxia City, and Pingluo County) in the Ningxia Hui Autonomous Region of China. Of the 
4614 participants, 2615 were selected to donate samples using mechanical sampling (k=1) due to budget constraints. 
A total of 406 participants with severe infection, mental illness, tumors, or other serious diseases were excluded. Thus, 
2209 participants with complete data participated in a second visit from 2019 to 2020. Of the 2209 participants, 554 were 
lost to follow-up because they were hospitalized or they voluntarily left the study or because of other causes. A total of 
1655 participants completed the follow-up, with a response rate of 74.92%. Meanwhile, 256 participants with fasting 
blood glucose (FBG) ≥6.1 mmol/L, 56 participants with T2DM at baseline, and 138 participants who died were excluded. 
Finally, 1205 participants were included in the final analysis. Figure 1 shows the flowchart of the study population.

Anthropometric Measurement
A total of 4614 participants were interviewed by well-trained research assistants with a standardized questionnaire to 
collect information on general characteristics such as age, sex, education status, cigarette smoking, alcohol intake, and 
history of disease. Anthropometric measurement indices, such as height, waist circumference (WC), and weight, were 
measured using standard methods. Body mass index (BMI) was calculated as weight (kg)/height (m2); the waist-to-height 
ratio (WHtR) was calculated by dividing WC by height, and the waist-to-hip ratio (WHR) was calculated by dividing 
WC by hip circumference. Blood pressure was measured twice using Omron-7124 (Omron, Tokyo, Japan) after 
participants had rested for at least 5 mins, and the two readings were averaged and used in the data analysis. A total 
of 2209 participants with follow-up anthropometric data, including BMI, WHtR, and WHR, underwent multi frequency 
bioelectric impedance analysis using bioelectrical impedance devices (InBody 370 system; InBody, Seoul, South Korea). 
Blood pressure was measured using Omron HEM-801 according to a standard protocol similar to the baseline.
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Biochemical Measurements
Of the 4614 participants, 2615 were selected by mechanical sampling (k=1) to provide samples at 6:00–8:00 am after 8– 
12 h of fasting and alcohol avoidance for the assessment of FBG levels and lipid parameters. Baseline FBG levels were 
determined using One Touch Ultra 2 (Life Scan, Wayne, PA, USA) immediately after the blood was drawn. Baseline 
lipid parameters, including serum high-density lipoprotein cholesterol (HDL-C), total cholesterol (TC), and triglycerides 
(TG), were determined using an automatic biochemical analyzer (COBAS 501; Roche Diagnostics, Rotkreuz, 
Switzerland). Serum low-density lipoprotein cholesterol (LDL-C) was calculated using the Friedewald formula.21 FBG 
levels and lipid parameters at follow-up were measured using an automatic biochemical analyzer (Mindray BS-430; 
Mindray, Shenzhen, China) in local township hospitals within 2 h after blood samples were drawn.

Definition of Exposure
Three non-insulin-based IR indices were calculated using the following formulas:

TyGindex ¼ Ln fastingtriglycerides mg=dLð Þ�FPG mg=dLð Þ=2½ �;15

TG=HDL � C ¼ TG=HDL � C;
METS � IR ¼ Ln 2� FPGð ÞþTG½ ��BMIð Þ= Ln HDL � Cð Þð Þ,13

where FPG is the fasting plasma glucose level.

Primary Outcomes
Outcomes were defined according to the diagnostic criteria of the International Diabetes Federation.2 T2DM was defined 
as FPG ≥7 mmol/L, being previously diagnosed with T2DM, or currently taking diabetic medications; IFG was defined 
according to FPG ≥6.1 to <7 mmol/L.

Statistical Analyses
Continuous variables are presented as mean±standard deviation or as median (interquartile range), and analysis of 
variance and Kruskal–Wallis H-tests were used to compare differences among the three groups, where appropriate. 
Categorical data are presented as frequencies (percentages) and were compared among groups using the chi-squared test. 

Figure 1 Flowchart of participant selection for the study cohort. 
Abbreviations: FBG, fasting blood glucose; IFG, impaired fasting glucose; T2DM, type 2 diabetes mellitus.
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Logistic regression analysis was applied to assess the association of three IR indices with DM or IFG at baseline. Cox 
proportional hazards regression analysis of risk of incident IFG or T2DM by tertiles of the baseline TyG index, TG/HDL- 
C ratio, and METS-IR at follow-up was performed after multivariable adjustment. In the models, the median values of 
the three IR indices in each tertile were utilized to perform linear trend tests. Restricted cubic spline curves based on the 
Cox regression model were used to examine the association between the baseline indices and incident T2DM. Results 
were considered statistically significant at p<0.05 (two-tailed). All statistical analyses were performed using SPSS 
software version 25.0 (IBM Corp., Armonk, NY, USA) and R software (The R Foundation, Vienna, Austria).

Results
Baseline Cross-Sectional Characteristics of the Study Population
The baseline characteristics of the study participants were compared among the NFG, IFG, and T2DM groups (Table 1). 
A gradient increase was observed in the TyG index, TG/HDL-C ratio, and METS-IR across the three groups (all p<0.001). 
Individuals with T2DM had higher WC, BMI, WHtR, WHR, systolic blood pressure (SBP), diastolic blood pressure (DBP), 
TC, TG, and LDL-C than those with NFG or IFG; meanwhile, HDL-C showed the opposite trend (p=0.187).

Cross-Sectional Relationship Between the Three Non-Insulin-Based IR Indices and IFG 
or T2DM
Table 2 shows the odds ratios (OR) and confidence interval (CI) by logistic regression analysis for the association 
between three non-insulin-based IR indices and T2DM or IFG. The TyG index, TG/HDL-C ratio, and METS-IR were 

Table 1 Characteristics of Participants According to Fasting Glycemia Levels at Baseline (n=2209)

Characteristics Total (n=2209) T2DM (n=93) IFG (n=374) NFG (n=1742) p-value

TyG index 6.91 [6.58–7.30] 7.85 [7.44–8.36] 7.19 [6.87–7.58] 6.83 [6.52–7.16] <0.001

TG/HDL-C 0.87 [0.59–1.33] 1.50 [0.99–2.47] 1.00 [0.69–1.60] 0.83 [0.58–1.22] <0.001

METS-IR 40.18 [35.90–45.59] 49.29 [42.82–55.73] 42.85 [38.28–48.54] 39.35 [35.17–44.13] <0.001

Age (years) 48.22±11.94 54.41±11.67 50.51±11.14 47.40±11.96 <0.001

Male, n (%) 885 (40.06) 27 (29.03) 141 (37.70) 717 (41.16) 0.040

Current smoker, n (%) 383 (17.34) 9 (9.68) 50 (13.37) 324 (18.60) 0.007

Current drinking, n (%) 228 (10.32) 7 (7.53) 42 (11.23) 179 (10.28) 0.571

Education, n (%)

Illiterate/primary school 918 (41.60) 58 (62.37) 171 (45.72) 689 (39.55) <0.001

Middle or higher school 1291 (58.40) 35 (37.63) 203 (54.28) 1053 (60.45)

WC (cm) 81±9 88±9 84±10 80±9 <0.001

BMI (kg/m2) 23.53±3.26 25.76±3.46 24.45±3.30 23.22±3.16 <0.001

WHtR 0.50±0.06 0.56±0.06 0.52±0.06 0.50±0.06 <0.001

WHR 0.87±0.07 0.92±0.07 0.89±0.07 0.87±0.07 <0.001

SBP (mmHg) 126±20 142±22 130±19 124±20 <0.001

DBP (mmHg) 79±12 86±11 81±11 79±12 <0.001

FBG (mmol/L) 5.72±1.07 9.16±3.02 6.35±0.24 5.41±0.36 <0.001

(Continued)
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stratified by tertiles, and in the crude model, the three indices were all positively associated with T2DM or IFG. After 
adjustment for age, sex, educational status, cigarette smoking, drinking, physical activity, family history of hypertension 
and diabetes, BMI, WC, SBP, TC, TG and HDL-C, the association between the three indices and T2DM remained. 
Comparison of the reference group (lowest tertile) with the participants in the third tertile revealed the following ORs of 
the three indices for T2DM: TyG index, 46.49 (95% CI, 6.21–347.92), TG/HDL-C ratio, 3.60 (95% CI, 1.47–8.86), 
METS-IR, 55.70 (95% CI, 11.58–267.78) (all p for trend <0.05). The three indices and IFG were shown similar positive 
relationship.

Table 1 (Continued). 

Characteristics Total (n=2209) T2DM (n=93) IFG (n=374) NFG (n=1742) p-value

TG (mmol/L) 1.35±0.96 2.31±2.31 1.61±1.13 1.24±0.73 <0.001

TC (mmol/L) 3.94±0.85 4.45±1.07 4.16±0.91 3.86±0.81 <0.001

HDL-C (mmol/L) 1.31±0.33 1.25±0.34 1.31±0.33 1.31±0.33 0.187

LDL-C (mmol/L) 2.02±0.68 2.18±0.83 2.13±0.74 1.99±0.66 <0.001

Notes: Data are expressed as mean±standard deviation or median [interquartile ranges] for continuous variables and as number (%) for categorical variables. 
Abbreviations: TyG, triglyceride glucose; METS-IR, metabolic score for insulin resistance; WC, waist circumference; BMI, body mass index; WHtR, waist-to-height ratio; 
WHR, waist-to-hip ratio; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting blood glucose; TG, triglyceride; TC, total cholesterol; HDL-C, high-density 
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.

Table 2 Association of Three IR Indices with T2DM or IFG at Baseline Using Logistic Regression Analysis (n=2209)

OR (95% CIs) for T2DM OR (95% CIs) for IFG

Model 1 Model 2 Model 3 Model 1 Model 2 Model 3

TyG (tertile)

T1 (<6.69)(n=728) 1.00 1.00 1.00 1.00 1.00 1.00

T2 (6.69–7.14) (n=752) 11.79 (1.53–90.90) 10.73 (1.39–82.93) 9.21 (1.19–71.57) 2.47 (1.76–3.47) 2.38 (1.69–3.36) 2.40 (1.68–3.42)

T3 (>7.14) (n=729) 89.62 (12.44–645.83) 77.50 (10.70–561.38) 46.49 (6.21–347.92) 4.78 (3.46–6.61) 4.53 (3.25–6.31) 4.65 (3.06–7.06)

p for trend <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

TG/HDL-C (tertile)

T1 (<0.67) (n=728) 1.00 1.00 1.00 1.00 1.00 1.00

T2 (0.67–1.11) (n=752) 2.11 (0.95–4.70) 2.10 (0.94–4.70) 1.79 (0.77–4.19) 1.30 (0.96–1.75) 1.32 (0.98–1.79) 1.26 (0.91–1.75)

T3 (>1.11) (n=729) 7.58 (3.75–15.34) 7.21 (3.53–14.71) 3.60 (1.47–8.86) 2.08 (1.57–2.75) 2.05 (1.54–2.73) 1.61 (1.07–2.43)

p for trend <0.001 <0.001 0.003 <0.001 <0.001 0.025

METS-IR (tertile)

T1 (<37.39) (n=734) 1.00 1.00 1.00 1.00 1.00 1.00

T2 (37.39–43.37) (n=741) 7.46 (2.22–25.02) 7.66 (2.28–25.80) 12.75 (3.29–49.41) 1.99 (1.46–2.73) 2.00 (1.46–2.75) 2.95 (1.96–4.45)

T3 (>43.37) (n=734) 24.88 (7.79–79.44) 23.72 (7.39–76.12) 55.70 (11.58–267.78) 3.09 (2.29–4.17) 3.00 (2.21–406) 6.22 (3.42–11.32)

p for trend <0.001 <0.001 <0.001 <0.001 <0.001 <0.001

Notes: Test for trend based on variable containing median value for each tertile. Model 1, unadjusted; model 2, adjusted for age, sex, educational status, cigarette smoking, 
drinking, physical activity, and family history of hypertension and diabetes; model 3, adjusted for all the factors in model 2 and BMI, WC, SBP, TC, TG, and HDL-C. 
Abbreviations: IR, insulin resistance; T2DM, type 2 diabetes mellitus; IFG, impaired fasting glucose; OR, odds ratio; CI, confidence interval; TyG, triglyceride glucose; TG/ 
HDL-C, triglyceride/high-density lipoprotein cholesterol; METS-IR, metabolic score for insulin resistance.
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Longitudinal Relationship Between the Three Non-Insulin-Based IR Indices and IFG 
and T2DM
Cox proportional hazards regression analysis was conducted to assess the risk of the baseline TyG index, TG/HDL-C 
ratio, and METS-IR on incident IFG (Table 3) and T2DM (Table 4). We divided the participants into tertiles according to 
the baseline TyG index, TG/HDL-C ratio, and METS-IR. The risk of IFG was strongly associated with the baseline TyG 
index in the crude model (hazards ratio [HR], 1.78; 95% CI, 1.20–2.66; p for trend=0.004); however, the association was 
not significant after further adjustment in multivariate-adjusted models 2 (HR, 1.47; 95% CI, 0.98–2.20; p for 
trend=0.067) and 3 (HR, 1.06; 95% CI, 0.58–1.96; p for trend=0.784). In contrast, the risk of T2DM was strongly 
associated with the baseline TyG index. Compared with the lowest TyG tertile, the risk of incident T2DM increased 
significantly in tertiles 2 and 3, and the association remained after multivariate adjustment in models 2 (HR, 2.65; 95% 
CI, 1.53–4.59; p for trend <0.001) and 3 (HR, 2.84; 95% CI, 1.26–6.379; p for trend <0.001). However, the baseline TG/ 
HDL-C and METS-IR levels were not associated with the risk of incident T2DM or IFG after further adjustment in 
multivariate-adjusted models.

Linear Relationship of the TyG Index with Risk of Incident T2DM
As the previous multivariable analysis suggested a linear correlation between the baseline TyG index and the risk of 
incident T2DM, restricted cubic spline curves based on the Cox regression model were used to examine the association 

Table 3 Cox Proportional Hazards Regression Analysis of Risk of Incident IFG by Tertile of Baseline TyG Index, TG/HDL-C Ratio and 
METS-IR (n=1205)

Events (n/Total) No. of Person-Years Incidence Rate* HR (95% CIs)

Model 1 Model 2 Model 3

TyG (tertile)

T1 (<6.63) 42/399 4333.11 9.69 1.00 1.00 1.00

T2 (6.63–7.03) 56/409 4183.77 13.39 1.44 (0.97–2.15) 1.28 (0.86–1.92) 1.21 (0.79–1.86)

T3 (>7.03) 59/397 3776.37 15.62 1.78 (1.20–2.66) 1.47 (0.98–2.20) 1.06 (0.58–1.96)

p for trend 0.004 0.067 0.784

TG/HDL-C (tertile)

T1 (<0.64) 48/401 4110.61 11.68 1.00 1.00 1.00

T2 (0.64–1.02) 54/401 4110.61 13.14 1.13 (0.76–1.67) 1.09 (0.74–1.61) 1.38 (0.88–2.16)

T3 (>1.02) 55/403 4072.03 13.51 1.17 (0.79–1.72) 1.06 (0.72–1.57) 1.12 (0.59–2.11)

p for trend 0.464 0.837 0.967

METS-IR (tertile)

T1 (<36.46) 61/401 3965.41 15.38 1.00 1.00 1.00

T2 (36.46–42.39) 40/403 4120.43 9.71 0.62 (0.41–0.92) 1.20 (0.83–1.74) 0.58 (0.35–0.96)

T3 (>42.39) 56/401 4207.41 13.31 0.83 (0.58–1.19) 0.69 (0.46–1.03) 0.47 (0.21–1.04)

p for trend 0.391 0.033 0.069

Notes: Test for trend based on variable containing median value for each tertile. *Per 1000 person-years. Model 1, unadjusted; model 2, adjusted for age, sex, educational 
status, cigarette smoking, drinking, physical activity, family history of hypertension and diabetes; model 3, adjusted for all the factors in model 2 and BMI, WC, FBG, SBP, TC, 
TG, LDL- C and HDL- C. 
Abbreviations: IFG, impaired fasting glucose; TyG, triglyceride glucose; TG/HDL-C, triglyceride/high-density lipoprotein cholesterol; METS-IR, metabolic score for insulin 
resistance; HR, hazard ratio; CI, confidence interval.
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between baseline indices and incident T2DM. The multivariate-adjusted baseline showed a linear relationship between 
the TyG index and the risk of incident T2DM (Figure 2).

Discussion
The baseline TyG index was significantly associated with a higher risk of developing T2DM in normoglycemic 
participants, indicating that a higher TyG index is an independent risk factor for T2DM, but this relationship did not 
occur between the baseline TyG index and IFG. In addition, we found that the baseline TG/HDL-C ratio and METS-IR 
were not associated with the risk of incident T2DM or IFG after controlling for potential confounding factors.

Our prospective study, which has a follow-up duration of 12.17 years, showed that the TyG index was associated with 
T2DM and had a linear relationship, which is consistent with most previous studies.14–16 A retrospective cohort study of 
obese participants with fasting normoglycemia showed that when participants had a BMI <25 kg/m2, the TyG index was 
independently associated with the incidence of T2DM after an average of 5.38 years of follow-up, which is a nearly 
linear relationship.22 Similarly, a prospective cohort study showed that the risk of incident T2DM increased with 
increasing TyG index in rural 5706 Chinese with normal weight, and the TyG index showed significant nonlinearity 
with T2DM risk.23 Another longitudinal cohort study of the Japanese population revealed a U-shaped association 
between the TyG index and incident T2DM.15 Results from a white European cohort with 4820 participants16 suggested 
that the TyG index was a better predictor of FPG risk than T2DM. Studies in Iranian24 and Korean populations25 reported 
similar results between the TyG index and incident T2DM. The reason underlying the association between the TyG index 
and the incidence of T2DM could be explained by the TyG index being a strong indicator of IR. In addition, a higher TyG 
index is independently associated with the incidence of cardiovascular disease.26 However, our study did not find 
a correlation between the TyG index and incident IFG.

Table 4 Cox Proportional Hazards Regression Analysis of Risk of Incident T2DM by Tertile of Baseline TyG Index, TG/HDL-C Ratio 
and METS-IR (n=1205)

Events (n/Total) No. of Person-Years Incidence Rate* HR (95% CIs)

Model 1 Model 2 Model 3

TyG (tertile)

T1 (<6.63) 19/399 4333.11 4.38 1.00 1.00 1.00

T2 (6.63–7.03) 34/409 4183.77 8.13 1.94 (1.11–3.40) 1.77 (1.01–3.12) 1.86 (1.02–3.39)

T3 (>7.03) 44/397 3776.37 11.65 2.96 (1.72–5.07) 2.65 (1.53–4.59) 2.84 (1.26–6.37)

p for trend <0.001 <0.001 0.011

T1 (<0.64) 22/401 4110.61 5.35 1.00 1.00 1.00

T2 (0.64–1.02) 33/401 4110.61 8.03 1.50 (0.88–2.57) 1.48 (0.86–2.54) 2.04 (1.10–3.79)

T3 (>1.02) 42/403 4072.03 10.31 1.95 (1.16–3.26) 1.87 (1.11–3.15) 2.59 (1.13–5.93)

p for trend 0.013 0.022 0.052

T1 (<36.46) 25/401 3965.41 6.30 1.00 1.00 1.00

T2 (36.46–42.39) 32/403 4120.43 7.77 1.21 (0.71–2.03) 1.25 (0.74–2.11) 1.18 (0.61–2.28)

T3 (>42.39) 40/401 4207.41 9.51 1.45 (0.88–2.38) 1.43 (0.87–2.37) 0.91 (0.33–2.54)

p for trend 0.144 0.167 0.786

Notes: Test for trend based on variable containing median value for each tertile. *Per 1000 person-years. Model 1, unadjusted; model 2, adjusted for age, sex, educational 
status, cigarette smoking, drinking, physical activity, family history of hypertension and diabetes; model 3, adjusted for all the factors in model 2 and BMI, WC, FBG, SBP, TC, 
TG, LDL- C and HDL- C. 
Abbreviations: IFG, impaired fasting glucose; TyG, triglyceride glucose; TG/HDL-C, triglyceride/high-density lipoprotein cholesterol; METS-IR, metabolic score for insulin 
resistance; HR, hazard ratio; CI, confidence interval.
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The TG/HDL-C ratio is a feasible alternative index for HOMA-IR. Liu et al12 found a nonlinear relationship between 
the TG/HDL-C ratio and T2DM incidence in a retrospective cohort study in China. Other studies on Chinese populations 
also showed that the TG/HDL-C ratio was strongly positively related to the incidence of T2DM, which had a dose- 
response association.27,28 Studies in Korean adults showed that increased TG/HDL-C was significantly associated with 
the incidence of T2DM after 5.9 years of follow-up,29 and a similar result was found in Chinese Singaporeans.30 In 
American adults,31 the TG/HDL-C ratio is a risk factor for IR, IGT, and DM. This association is mainly due to its 
potential as a marker of IR. A previous study recruited four ethnic groups and reported that, apart from that noted in 
South Asian individuals, the TG/HDL-C ratio could predict IR32 in Aboriginal, Chinese, and European individuals. Our 
study confirmed that the TG/HDL-C ratio was not associated with IFG or T2DM, which may be because of the relatively 
small sample size or that the TG/HDL-C ratio is a more appropriate surrogate marker for IR in overweight and obese 
participants, whereas our participants’ averaged BMI was 23.53 kg/m2. Therefore, there may be limitations in its use as 
a reliable marker in our group; thus, further analysis with a larger sample size and weight stratification is needed.

METS-IR is a novel simple IR index that may be a vital indicator for identifying T2DM in different ethnic 
populations. A 2-year prospective cohort study in Mexico found that METS-IR is a novel score for screening for insulin 
sensitivity and that participants with incident T2DM had higher baseline METS-IR.33 In a rural Chinese population, 
increased METS-IR was positively associated with the risk of incident T2DM, demonstrating a significant dose 
response.34 The exact mechanism underlying the association between METS-IR and T2DM requires further exploration, 
which may be explained by FPG, TG, HDL-C, and BMI. As the glucose concentration increases, the level of reactive 
oxygen species in β-cells also increases, which may have toxic effects on β-cells and lead to functional impairment of 
islet β-cells, which, in turn, causes T2DM.34 TG, HDL-C, and BMI are indicators of obesity and are closely associated 
with T2DM. Our findings indicate that METS-IR is not a significant predictor of future T2DM or IFG development. This 
unexpected result also shows the need to further consider the role of METS-IR in increased FBG, especially in different 
obesity phenotypes. In addition, the close correlation between METS-IR and hypertension was only apparent in normal- 
weight individuals but not in overweight/obese participants, which is surprising because METS-IR calculations include 
BMI. In addition, some studies have found that METS-IR has a better predictive value for ischemic heart disease35 and 
prehypertension or hypertension among normoglycemic participants.36,37 This could help to analyze the association 
between METS-IR and other metabolic diseases.

Figure 2 Linear relationship of the TyG index with risk of incident diabetes (p for linear=0.011). The model was adjusted for age, sex, educational status, cigarette smoking, 
drinking, physical activity, family history of hypertension and diabetes, BMI, WC, FBGSBP, TC, TG, LDL and HDL-C. 
Abbreviations: T2DM, type 2 diabetes mellitus; TyG, triglyceride glucose; CI, confidence interval; BMI, body mass index; WC, waist circumference; FBG, fasting blood 
glucose; SBP, systolic blood pressure; TC, total cholesterol; TG, triglyceride; LDL and HDL-C, low- and high-density lipoprotein cholesterol.
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Our study may provide additional insight to the association between three non-insulin-based IR indices and T2DM or 
IFG risk. This study has some limitations. First, we could not measure insulin or evaluate HOMA-IR in this study, but 
some studies have shown a good correlation between HOMA-IR and three non-insulin-based IR indices. Second, all the 
participants in this study were recruited from a rural population in China, and the sample size was relatively small; 
therefore, our results may not be generalizable to other populations. IFG and T2DM were defined according to fasting 
glucose levels, history of disease, or self-report at baseline and follow-up, which may partially underestimate the 
incidence of IFG and T2DM. And finally, there may other predictors in the onset of IFG or T2DM,38 but our study 
did not involve and compare the predictive value, which needed to explore in future studies.

Conclusion
The TyG index is more useful than the TG/HDL-C ratio and METS-IR for predicting T2DM in the normoglycemic 
population.

Abbreviations
BMI, body mass index; CI, confidence interval; DBP, diastolic blood pressure; FBG, fasting blood glucose; FPG, fasting 
plasma glucose; HDL-C, high-density lipoprotein cholesterol; HOMA-IR, insulin-based homeostasis model assessment 
index; HR, hazards ratio; IFG, impaired fasting glucose; IR, insulin resistance; LDL-C, low-density lipoprotein 
cholesterol; METS-IR, metabolic score for insulin resistance; OR, odds ratio; SBP, systolic blood pressure; T2DM, 
type 2 diabetes mellitus; TC, total cholesterol; TG, triglyceride; TG/HDL-C, triglyceride-to-high-density lipoprotein 
cholesterol; TyG, triglyceride-glucose; WC, waist circumference; WHtR, waist-to-height ratio.
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