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Background

This study aimed to assess the association of baseline insulin resistance (IR) surrogates and their longitudinal trajectories with cardiovascular diseases (CVD) to provide a useful reference for preventing CVD.





Methods

This study was a prospective cohort study conducted in the 51st Regiment of the Third Division of Xinjiang Corps. A total of 6362 participants were recruited in 2016 to conduct the baseline survey, and the follow-up surveys in 2019, 2020, 2021, and 2022. The Kaplan–Meier method was used to estimate the cumulative incidence of CVD according to the baseline IR surrogates of metabolic insulin resistance score (METS-IR) and triglyceride-glucose (TyG) index. Cox regression models were used to assess the association between the baseline IR surrogates and CVD. The impact of the longitudinal trajectories of the IR surrogates on CVD was analyzed after excluding those with IR surrogate data measured ≤2 times. Based on the group-based trajectory model (GBTM), the trajectory patterns of IR surrogates were determined. The Kaplan-Meier method was used to estimate the cumulative incidence of CVD in each trajectory group of METS-IR and TyG index. Cox regression models were used to analyze the association between different trajectory groups of each index and CVD. In addition, the Framingham model was utilized to evaluate whether the addition of the baseline IR surrogates increased the predictive potential of the model.





Results

Baseline data analysis included 4712 participants. During a median follow-up of 5.66 years, 572 CVD events were recorded (mean age, 39.42 ± 13.67 years; males, 42.9%). The cumulative CVD incidence increased with the ascending baseline METS-IR and TyG index quartiles (Q1–Q4). The hazard ratio and 95% confidence interval for CVD risk in Q4 of the METS-IR and TyG index were 1.79 (1.25, 2.58) and 1.66 (1.28, 2.17), respectively, when compared with Q1. 4343 participants were included in the trajectory analysis, based on the longitudinal change patterns of the METS-IR and TyG index, the following three trajectory groups were identified: low-increasing, moderate-stable, and elevated-increasing groups. Multivariate Cox regression revealed that the hazard ratio (95% confidence interval) for CVD risk in the elevated-increasing trajectory group of the METS-IR and TyG index was 2.13 (1.48, 3.06) and 2.63 (1.68, 4.13), respectively, when compared with the low-rising group. The C-index, integrated discrimination improvement value, and net reclassification improvement value were enhanced after adding the baseline METS-IR and TyG index values to the Framingham model (P<0.05).





Conclusions

Elevated baseline IR surrogates and their higher long-term trajectories were strongly associated with a high risk of CVD incidence in Xinjiang’s rural areas. Regular METS-IR and TyG index monitoring can aid in the early detection of CVD-risk groups.
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1 Introduction

Cardiovascular diseases (CVD) are associated with high morbidity and mortality rates. Approximately one-third of deaths worldwide are attributable to CVD, which ranks first among chronic non-communicable diseases in terms of fatalities (1). With approximately 330 million people afflicted, the incidence of CVD is rising in China, as is the illness burden associated with CVD (2). Therefore, early detection of persons at risk for CVD through effective screening measures and the development of preventative and treatment strategies are critical.

Insulin resistance (IR) represents one of the key pathogenic mechanisms of CVD, which promotes CVD development through numerous physiological and biochemical pathways that accelerate and exacerbate the CVD processes (3). The homeostasis model assessment of insulin resistance (HOMA-IR) is a common approach for assessing IR; however, its practical application is restricted because insulin is not a conventional measure, and the test is expensive (4). The recently introduced metabolic score for insulin resistance (METS-IR) and triglyceride-glucose (TyG) index has the advantages of being less expensive and simpler than HOMA-IR and has been proven to be useful in assessing IR (5, 6). The correlations of METS-IR and TyG index with CVD risk have been validated in various cohorts (7–9). However, most of the previous studies analyzed the association of METS-IR and TyG index with CVD using single measurement data, neglecting the influence of their dynamic changes on CVD during the follow-up period.

Although the prevalence of CVD is substantial in the rural areas of Xinjiang, investigations involving IR surrogates in this population are limited (10). To provide a reference and theoretical foundation for CVD risk prediction and targeted prevention and control, this study used a prospective cohort to assess the relationship between the baseline and trajectories of IR surrogates with CVD.




2 Materials and methods



2.1 Study population

The 51st Regiment of the Third Division of Xinjiang Corps was chosen as the survey location using a typical sampling method. In total, 6567 adult residents of the 51st Regiment’s five squadrons for over a year were chosen as survey participants using a stratified cluster random sampling method. The baseline survey was conducted in 2016, and the follow-up surveys in 2019, 2020, 2021, and 2022. The contents of the follow-up survey were consistent with those of the baseline survey. At baseline, 6362 participants were surveyed after excluding the floating population, pregnant women, those unable to participate in the survey (n=158), and those with incomplete basic information (n=47). During the follow-up period, 414 participants were lost to follow-up (follow-up rate: 93.5%). After excluding baseline CVD participants (n=574), baseline METS-IR and TyG data incomplete participants (n=346), and baseline covariate information missing participants (n=316), 4712 participants were included in the study to look into the association between the baseline IR surrogates and CVD. To examine the impact of the longitudinal trajectories of the IR surrogates on CVD, 4343 participants were included after excluding those with METS-IR and TyG index data measured ≤2 times (n=369) (Figure 1).




Figure 1 | Flow chart of the inclusion and exclusion criteria of the rural Xinjiang population. (CVD, cardiovascular diseases; TyG index, triglyceride-glucose index; METS-IR, metabolic insulin resistance score).






2.2 Data collection



2.2.1 General information collection

Professionally trained personnel administered the questionnaire and conducted physical examinations for the participants. The face-to-face survey using a questionnaire was conducted to collect demographic information, lifestyle habits (including exercise frequency, smoking habits, and drinking habits), and family and personal medical histories. Physical examination was conducted using standard methods to measure height, weight, waist circumference (WC), and other health indicators. Height and weight measuring instrument was used to measure height and weight and the body mass index (BMI) was calculated. The participants in the measurement stood straight, leaned on the column, removed their shoes and bulky apparel, and fixed their gaze ahead while keeping both eyes flat. The WC was measured by a flexible ruler at the horizontal position of the axillary line between the lower edge of the costal arch and the midpoint of the iliac crest. The blood pressure was measured twice in the seated position at an interval of 5 mins using an electronic sphygmomanometer (OMRON HEM-7051, Omron, Dalian Co., Ltd.), and the average result was recorded.




2.2.2 Laboratory examination

Venous blood samples (5 mL) were collected from the anterior aspect of the participants’ elbows while they were fasting on the day of the physical examination. Biochemical indicators such as fasting plasma glucose (FPG), triglycerides (TG), total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), and high-density lipoprotein cholesterol (HDL-C) were measured using the OLYMPUS 2007 automatic biochemical analyzer. The METS-IR was calculated as “Ln [(2×FPG (mg/dL))+TG (mg/dL)]×BMI/Ln [HDL-C (mg/dL)]” (6); the TyG index was calculated as “Ln [TG (mg/dL)×FPG (mg/dL)/2]” (5).





2.3 Relevant definitions

	(1) Hypertension: systolic blood pressure ≥140 mmHg and/or diastolic blood pressure ≥90 mmHg, self-reported hypertension, or self-reported use of antihypertensive medications within 2 weeks (11);

	(2) Prediabetes and diabetes: prediabetes was defined as 5.6 mmol/L≤FPG≤ 7.0 mmol/L; diabetes was defined as FPG ≥7.0 mmol/L or history of diabetes (12);

	(3) Smoking: continuous or cumulative smoking for ≥6 months (13);

	(4) Drinking: ≥2 times/month for >6 months (14);

	(5) Exercise frequency: regular exercise (≥3 times/week, exercise time: ≥30 min/session); occasional exercise (<3 times/week, exercise time: <30 min/session); and almost no exercise (<1 time/week) (15).






2.4 Diagnostic criteria for cardiovascular disease

The study outcome events were new-onset coronary heart disease (International Classification of Diseases, Tenth Revision [ICD-10]: I20–I25) or stroke (ICD-10: I60–I64 and I69) during the follow-up period (16). Data on the outcome events were obtained from questionnaires, public primary hospital case files, and social security information. The time of the first outcome event was chosen as the end event if several outcome events occurred in the same participant. Those who self-reported the outcome events had to present documentation of the clinical diagnosis made at a county-level hospital or higher.




2.5 Statistical analysis



2.5.1 Descriptive analysis

Continuous variables are presented as means ± standard deviations, and the independent samples t-test was used for inter-group comparisons. Categorical variables are presented as frequencies and composition ratios, and the χ2-test was used for inter-group comparisons.




2.5.2 Analysis of the association between baseline IR surrogates and CVD

The Kaplan–Meier method was used to estimate the cumulative incidence of CVD in the quartile groups of the baseline METS-IR and TyG index, and the log-rank test was performed to determine any difference in the cumulative incidence of CVD in the quartile groups. Cox regression models were used to analyze the association between the quartile groups of each index and CVD onset. The covariates of the multivariate Cox regression model included age, sex, education level, exercise frequency, WC, smoking, drinking, family history of CVD, hypertension, HDL-C, and LDL-C. Subgroup analyses were for the following variables: sex, age (<45 and ≥45 years), BMI (<28 and ≥28 kg/m2), and hypertension (yes and no). The interaction between the subgroups was evaluated using the likelihood ratio test. Sensitivity analysis was performed to verify the consistency of the results. Initially, to reduce the possibility of reverse causality, the participants who experienced an outcome event within the first year of the follow-up were excluded. Secondly, the Cox regression analysis was repeated after excluding the population with hypertension, considering that this population might affect the findings. Third, sensitivity analysis was performed after excluding the population with dyslipidemia. Finally, a sensitivity analysis was conducted, excluding individuals with prediabetes and diabetes. The Framingham CVD risk score model (17) was used to evaluate the incremental predictive value of the baseline METS-IR and TyG index and to assess whether their addition could improve the predictive power of the model based on the C-index, net reclassification improvement (NRI), and integrated discrimination improvement (IDI).




2.5.3 Analysis of the association between IR surrogates’ trajectories and CVD

The group-based trajectory model (GBTM) (18) identifies population subgroups with similar development trends over time in the cohort based on multiple repeated measurement data and depicts the longitudinal development trajectory curve of each subgroup. In this study, the trajectory patterns of the METS-IR and TyG index of the participants were determined using the above model. We repeatedly tested models with groups ranging from 2 to 5 until the ideal group of trajectories was identified. Following this, the variation order of each trajectory (linear, quadratic, and cubic) was modified for repeated testing so that the estimated values of each parameter reached the significance level; this allowed for the determination of the curve shape of each trajectory group in the final model. The following criteria were used to determine which trajectory-fitting model was the best: (1) absolute Bayesian information criterion minimization; (2) average posterior probabilities of each trajectory subgroup >0.70; and (3) followed the explanation of the expert theory. The METS-IR and TyG index trajectories were subsequently divided into the following three groups based on the results of numerous iterations of the fit: low-rising group, moderate-stable group, and elevated-increasing group. This has been presented in the additional table files (Supplementary Table 1). To assess the effect of the METS-IR and TyG index trajectory groups on CVD, the Kaplan–Meier method was used to calculate the cumulative incidence of CVD in each trajectory group. The log-rank test was used for comparison between the groups, and the Cox regression model was used to examine the impact of the different trajectory groups of the METS-IR and TyG index on CVD. The sensitivity analysis method for the different trajectory groups of the METS-IR and TyG index was the same as that used for the baseline data analysis.

All data were analyzed using SPSS 26.0, Stata 17.0, and R 4.1.2; P-values <0.05 were considered statistically significant for all analyses.






3 Results



3.1 Baseline characteristics

Among the 4712 participants in this study, 42.9% were male, and the average age was 39.42 ± 13.02 years. The FPG, TG, TC, HDL-C, LDL-C, BMI, and WC differed significantly between the CVD and non-CVD groups (P<0.05). Smoking habits, family history of CVD, and hypertension were reported in 17.1%, 19.4%, and 40.9% of the participants in the CVD group, respectively, which were significantly higher than those reported in the non-CVD group participants (P<0.05). The percentage of the CVD group participants with no formal education and almost no exercise was higher than that of the whole population (Table 1).


Table 1 | Baseline characteristics of Xinjiang’s rural population according to the incidence of cardiovascular diseases.






3.2 Association between baseline IR surrogates and CVD

The cohort had a cumulative CVD incidence of 12.1% during a median follow-up period of 5.66 years. In total, 572 participants had their first CVD event during 23,614.71 person-years of follow-up (24.22/1000 person-years). With the ascending baseline METS-IR and TyG index quartiles, the cumulative incidence of CVD increased considerably and peaked in the Q4 group (Figure 2). After controlling for the baseline age, sex, education level, exercise frequency, WC, smoking, drinking, family history of CVD, hypertension, HDL-C, and LDL-C, the METS-IR and TyG index were found to be associated with an increased risk of CVD. Compared to Q1, the hazard ratio (HR) (95% confidence intervals [CI]) for the risk of CVD in Q4 of the METS-IR and TyG index was 1.79 (1.25, 2.58) and 1.66 (1.28, 2.17), respectively (Table 2).




Figure 2 | Cumulative cardiovascular diseases incidence by baseline metabolic insulin resistance score (A) and triglyceride-glucose index (B). (METS-IR, metabolic insulin resistance score; TyG index, triglyceride-glucose index; CVD, cardiovascular disease; Q1, Quartile 1; Q2, Quartile 2; Q3, Quartile 3; Q4, Quartile 4).




Table 2 | Risk of cardiovascular diseases by baseline insulin resistance surrogates in Xinjiang’s rural population.



The results of the sensitivity analyses were unchanged substantially after excluding those with an outcome event within the first year of follow-up, those with hypertension, those with dyslipidemia, and those with pre-diabetes and diabetes, in that order. This suggests that the results of this study are robust (Figure 3). The subgroup analysis indicated that the relationship between METS-IR and CVD was consistent with the main results, with an interaction elucidated between sex and METS-IR (P<0.05), males have a higher risk of CVD than females. The TyG index showed a positive association with the CVD risk in the subgroups of sex, age (<45 and ≥45 years), BMI (<28 and ≥28 kg/m2), and non-hypertensive population; however, in the hypertensive population, no connection between the TyG index and CVD was found to be statistically significant, as shown in an additional table file (Supplementary Table 2).




Figure 3 | Sensitivity analyses of baseline metabolic insulin resistance score (A) and triglyceride-glucose index (B). Sensitivity analysis 1 excluded the participants who experienced an outcome event within the first year of the follow-up (n=4602); Sensitivity analysis 2 excluded the population with hypertension (n=3609); Sensitivity analysis 3 excluded the population with dyslipidemia (n=3624); Sensitivity analysis 4 excluded the population with pre-diabetes and diabetes (n=4130). (HR, hazard ratio; CI, confidence interval; Q1, Quartile 1; Q2, Quartile 2; Q3, Quartile 3; Q4, Quartile 4).






3.3 Characterization of the IR surrogates’ trajectories

The trajectory analysis included 4343 participants, of which 1871 (43.1%) were male, and the average age was 39.09 ± 12.85 years, as shown in an additional table file (Supplementary Table 3). Based on the change trajectory patterns of METS-IR and TyG index from 2016 to 2022, this study revealed three distinct trajectories (Figure 4). According to the best-fitting trajectory model, the trajectory of METS-IR can be classified into the low-rising trajectory group (n=1985, 45.7%), moderate-stable trajectory group (n=2114, 48.7%), and elevated-increasing trajectory group (n=244, 5.6%). The trajectory of the TyG index can be classified into the low-rising trajectory group (n=556, 12.8%), moderate-stable trajectory group (n=3579, 82.4%), and elevated-increasing trajectory group (n=208, 4.8%). The average values of the observations at each time point for the different trajectory groups of the METS-IR and TyG index are shown in an additional table file (Supplementary Table 4).




Figure 4 | Trajectories of metabolic insulin resistance score (A) and triglyceride-glucose index (B) from 2016 to 2022. (METS-IR, metabolic insulin resistance score; TyG index, triglyceride-glucose index).






3.4 Relationship between the IR surrogates’ trajectories and CVD

The cumulative CVD incidence in the low-rising group of the METS-IR and TyG index was 5.9% and 5.6% respectively. The cumulative CVD incidence was 16.7% and 12.4% in the moderate-stable group and 25.8% and 27.4% in the elevated-increasing group of the METS-IR and TyG index, respectively. The elevated-increasing group had a greater cumulative incidence of CVD than the other trajectory groups according to the Kaplan–Meier curves (Figure 5). Using the low-rising group as a reference, the multifactorial analysis revealed that the HR (95% CI) for CVD risk in the moderate-stable group of the METS-IR and TyG index trajectories was 1.65 (1.30, 2.08) and 1.62 (1.12, 2.34), respectively. Moreover, the HR (95% CI) for CVD risk in the elevated-increasing group of the METS-IR and TyG index trajectories was 2.13 (1.48, 3.06) and 2.63 (1.68, 4.13), respectively (Table 3).




Figure 5 | Cumulative cardiovascular diseases incidence by metabolic insulin resistance score (A) and triglyceride-glucose index (B) trajectories. (METS-IR, metabolic insulin resistance score; TyG index, triglyceride-glucose index; CVD, cardiovascular diseases).




Table 3 | Risk of incident cardiovascular diseases by the trajectory groups of the insulin resistance surrogates.



Sensitivity analyses proved that on excluding individuals who experienced a CVD event within the first year of follow-up, those with hypertension, those with dyslipidemia, and those with pre-diabetes and diabetes, in that order, the relationship between the TyG index trajectory and CVD remained consistent with the primary results. The relationship between the METS-IR trajectory and CVD did not significantly change after excluding individuals experiencing a CVD event within the first year of follow-up and those with dyslipidemia. After excluding those with hypertension, no significant correlation was observed between the METS-IR trajectory and CVD incidence in the elevated-increasing group (Figure 6).




Figure 6 | Sensitivity analyses of the metabolic insulin resistance score (A) and triglyceride-glucose index (B) trajectory groups. Sensitivity analysis 1 excluded the participants who experienced an outcome event within the first year of the follow-up (n=4242); Sensitivity analysis 2 excluded the population with hypertension (n=3334); Sensitivity analysis 3 excluded the population with dyslipidemia (n=3359); Sensitivity analysis 4 excluded the population with pre-diabetes and diabetes (n=3814). (HR, hazard ratio; CI, confidence interval).






3.5 Predicting the CVD risk according to the baseline IR surrogates

The inclusion of the baseline METS-IR and TyG index to the Framingham model significantly increased its prediction potential. In the diverse sex populations, the addition of METS-IR and the TyG index enhanced the C-index. In the male population, the addition of the METS-IR and TyG index increased the NRI by 10.7% and 14.6%, respectively, and the IDI by 10.8% and 10.8%, respectively. In the female population, the addition of the METS-IR and TyG index increased the NRI by 18.1% and 22.7%, respectively, and the IDI by 0.9% and 1.3%, respectively (Table 4).


Table 4 | Predictive value of baseline insulin resistance surrogates for cardiovascular diseases in Xinjiang’s rural population.







4 Discussion

This study investigated the association of the baseline IR surrogates and their longitudinal trajectories with the risk of CVD in this regional population based on the prospective cohort study conducted in the rural districts of Xinjiang. The primary results of this study are described below. First, IR surrogates (METS-IR and TyG index) are predictors of the likelihood of CVD incidence, independent of the traditional risk factors. The risk of CVD increased with the ascending quartiles of the baseline IR surrogates. Second, the IR surrogate trajectories were classified into low-rising, moderate-stable, and elevated-increasing groups. For the METS-IR and TyG index, the potential risk of CVD was higher in the group with an elevated-increasing trajectory and lower in the group with a low-rising trajectory. Third, the addition of the baseline METS-IR and TyG index to the Framingham model increased the predictive value of CVD events.

A complex combination of genetic, metabolic, and environmental factors contributes to CVD. IR is a critical risk factor for CVD, and the formation of atherosclerotic plaque as well as anomalies of ventricular hypertrophy and diastolic function produced by IR can hasten the progression of CVD (19). The METS-IR and TyG index, recently introduced as alternatives to IR, have garnered interest in epidemiological studies for their simplicity of measurement and cost-effectiveness. The METS-IR is based on routine biochemical tests and BMI calculations, and it can be used to screen insulin sensitivity and assess the cardiometabolic risk for the early detection of healthy and high-risk populations (6). The TyG index, derived from fasting glucose and TG levels, is also being used as a simple alternative to IR because it has higher sensitivity and specificity than the IR gold standard method and HOMA-IR (5, 20–22). In several populations, the TyG index has been proven as a CVD predictor (23–28). Currently, research associating the IR surrogates with new-onset CVD at a single time point is commonly available; however, the studies are restricted in their ability to adequately reflect the impact of the longitudinal temporal changes in the IR surrogates on the development of CVD. The group-based trajectory model proposed by Nagin et al. (18) provides a thorough overview of IR development over time in the study population, identifies population subgroups with comparable patterns across time, and facilitates the identification of groups with a greater risk of CVD. Therefore, this study examined the relationship between baseline IR surrogates and CVD as well as the impact of the longitudinal trajectories of the IR surrogates on CVD.



4.1 IR surrogates were independent predictors of CVD

This study demonstrated that the baseline IR surrogates were independent risk factors for CVD and that higher IR surrogate values substantially enhanced the cumulative incidence of CVD. After multifactor adjustment, the HR (95% CI) for the risk of CVD in Q4 of the METS-IR and TyG index was 1.79 (1.25, 2.58) and 1.66 (1.28, 2.17), respectively, when compared with Q1. The subgroup analysis by sex revealed a statistically significant difference in the interaction between sex and METS-IR (P<0.05). The higher likelihood of CVD in males with high METS-IR than in their female counterparts was mostly related to the variations in the IR, lipid metabolism, and obesity levels between them. First, visceral fat is closely associated with IR. Males have a higher tendency to accumulate visceral fat, which is more harmful to human health than other areas of fat accumulation (29). Second, the decline of male gonadal activity increases with increased visceral fat and IR, which ultimately disturbs fat metabolism (30). Furthermore, no substantial changes were observed in the results of the sensitivity analyses after consecutively excluding those who had a CVD outcome event within the first year of follow-up, those with hypertension, those with dyslipidemia, and those with pre-diabetes and diabetes indicating that the findings of this study were relatively robust.

According to the literature on the Eastern Chinese population, a 1-unit elevation in the METS-IR can outcome in a 17% increase in the risk of CVD (31). Numerous studies examining the connection between IR surrogates and coronary artery calcification have reached the same conclusion that METS-IR has the strongest predictive value (32, 33). The overall HRs (95% CIs) for CVD risk in Q2, Q3, and Q4 of the TyG index were 1.05 (1.00, 1.10), 1.05 (1.00, 1.10), and 1.19 (1.14, 1.25), respectively, when compared with Q1, according to the UK Biobank cohort study with a sample size of over 4,00,000 (34). The TyG index had a substantial correlation with the onset of CVD, which was an independent predictor of CVD risk in the Caucasian population, according to the findings of the VMCUN cohort (35). Although the average age of the participants in our study was lesser than that in the aforementioned studies, both METS-IR and TyG index were equally established as independent risk factors for CVD. The METS-IR and TyG index can be regarded as essential reference indicators to indicate the CVD risk in the rural areas of Xinjiang, but we should carefully implement them within clinical practice, and clinical factors, such as blood glucose and blood lipid indicators, should also be considered in the use process. Furthermore, CVD is a disease with a multitude of pathogenic factors, which should be considered in conjunction with factors such as obesity, blood glucose, and blood lipid when stratifying the management of at-risk populations.




4.2 Long-term trajectories of elevated IR surrogates were associated with a high risk of CVD

The trajectory characteristics for each subgroup of the IR surrogates in this population were determined for the first time in this study, and the trajectories of METS-IR and TyG index were classified into the low-rising, moderate-stable, and elevated-increasing groups. These three trajectory groups of the METS-IR had a cumulative CVD incidence of 5.9%, 16.7%, and 25.8%, respectively, while those of the TyG index had a cumulative CVD incidence of 5.6%, 12.4%, and 27.4%, respectively. According to the Kaplan–Meier curves, the elevated-increasing group had a higher cumulative incidence of CVD than the other trajectory groups. Based on the multifactorial Cox model results, the CVD risk was 1.65 and 2.13 times greater in the moderate-stable and elevated-increasing groups than in the low-rising group of the METS-IR, respectively. The risk of CVD was 1.62 and 2.63 times greater in the moderate-stable and elevated-increasing groups than in the low-rising group of the TyG index, respectively. The Hanzhong adolescent hypertension cohort study revealed three TyG index trajectories and concluded that long-term trajectories of elevated TyG index were independently related to increased arterial stiffness (36). The same conclusion was confirmed that continuously increasing TyG index trajectories are associated with a noticeably higher risk of CVD in populations with normal weight, hypertension, and diabetes (37–39). For the early detection of CVD in the rural population of Xinjiang, it is essential to complete relevant biochemical indicator measurements and conduct long-term follow-ups. Individuals with elevated immediate levels of METS-IR and TyG index, along with those with elevated longitudinal trajectory levels should be actively followed.




4.3 IR surrogates had predictive value for the risk of CVD

Based on the Framingham risk score model, the predictive power of the baseline IR surrogates for CVD risk was evaluated in this study. After including the baseline METS-IR and TyG index in the Framingham model, significant improvements were observed in the new models of C-index, NRI, and IDI (P<0.05). The C-index increased by 0.009 in the investigation of METS-IR and coronary artery calcification in asymptomatic adults when the METS-IR was introduced to the prior model (P<0.001) (32). According to research on the population without diabetes in the East China region, the TyG index considerably enhanced the predictive value of CVD in the new model, when it was included in one that previously comprised only the traditional risk variables (40). Wang et al. (41) proved that the addition of the TyG index to a model with conventional risk factors could enhance its predictive ability of the risk of CVD. The results of this study corroborate the findings of the aforementioned studies.





5 Benefits and limitations

The primary strengths of this study are based on the aspects described below. The prospective cohort study approach showed high strength for causal justifications. It was representative of the general situation of the population of rural Xinjiang. It considered the implications of the dynamic changes in the METS-IR and TyG index on CVD during follow-up and revealed the regularity of the development of the METS-IR and TyG index in this study population. Multiple confounding factor adjustments were made regarding the association of the baseline METS-IR and TyG index along with their longitudinal trajectories with new-onset CVD. Moreover, sensitivity analyses were conducted to validate the study results.

This study has some limitations. First, with the characteristics of a long onset, complex course, lifelong nature, and uncertainty, CVD should be followed up over an extended period to validate the study findings. Second, there were some potential residual confounders, and the effects of economic income and nutritional intake on the study were not considered. Third, since fasting insulin levels in the study population were not evaluated, the effects of the IR surrogates on CVD risk could not be compared to those of HOMA-IR. Finally, since this study was limited to the population of the rural areas of Xinjiang, the generalization of its findings to other groups should be conducted cautiously.




6 Conclusion

Elevated baseline METS-IR and TyG index values were independent risk factors for new-onset CVD in the Xinjiang rural population. Furthermore, METS-IR and TyG index trajectory patterns were intimately linked to an increased risk of CVD. Glucose metabolism status can be assessed by utilizing METS-IR and TyG index in large-scale epidemiological surveys for identifying individuals at a high risk of CVD, considering its user-friendly assessment, simplicity of calculation, and low cost.





Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.





Ethics statement

The studies involving humans were approved by The Institutional Ethics Review Board of the First Affiliated Hospital of Shihezi University Medical College. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.





Author contributions

SW: Investigation, Conceptualization, Data curation, Methodology, Software, Visualization, Writing – original draft. XZ: Conceptualization, Data curation, Investigation, Writing – original draft. MK: Conceptualization, Data curation, Investigation, Writing – review & editing. HG: Data curation, Investigation, Project administration, Resources, Writing – review & editing. JH: Investigation, Methodology, Resources, Writing – review & editing. ReM: Conceptualization, Data curation, Investigation, Writing – review & editing. XW: Conceptualization, Data curation, Investigation, Writing – review & editing. RuM: Investigation, Supervision, Writing – review & editing. SG: Funding acquisition, Investigation, Project administration, Resources, Supervision, Writing – review & editing.





Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This study was funded by the Science and Technology Project of Xinjiang Production and Construction Corps (NO. 2021AB030) and the Shihezi University Innovation Outstanding Young Talents Program (Natural Science) (NO. CXPY202004).




Acknowledgments

We sincerely thank the participants from rural areas who participated in this study for their willingness to participate in this study.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fendo.2023.1259062/full#supplementary-material




References

1. Roth, GA, Mensah, GA, and Fuster, V. The global burden of cardiovascular diseases and risks: A compass for global action. J Am Coll Cardiol (2020) 76(25):2980–1. doi: 10.1016/j.jacc.2020.11.021

2. Writing committee of the report on cardiovascular health and diseases in china. Report on cardiovascular health and diseases in China 2021: an updated summary. BioMed Environ Sci (2022) 35(7):573–603. doi: 10.3967/bes2022.079

3. Hill, MA, Yang, Y, Zhang, L, Sun, Z, Jia, G, Parrish, AR, et al. Insulin resistance, cardiovascular stiffening and cardiovascular disease. Metabolism (2021) 119:154766. doi: 10.1016/j.metabol.2021.154766

4. Bonora, E, Targher, G, Alberiche, M, Bonadonna, RC, Saggiani, F, Zenere, MB, et al. Homeostasis model assessment closely mirrors the glucose clamp technique in the assessment of insulin sensitivity: studies in subjects with various degrees of glucose tolerance and insulin sensitivity. Diabetes Care (2000) 23(1):57–63. doi: 10.2337/diacare.23.1.57

5. Simental-Mendía, LE, Rodríguez-Morán, M, and Guerrero-Romero, F. The product of fasting glucose and triglycerides as surrogate for identifying insulin resistance in apparently healthy subjects. Metab Syndr Relat Disord (2008) 6(4):299–304. doi: 10.1089/met.2008.0034

6. Bello-Chavolla, OY, Almeda-Valdes, P, Gomez-Velasco, D, Viveros-Ruiz, T, Cruz-Bautista, I, Romo-Romo, A, et al. Mets-ir, a novel score to evaluate insulin sensitivity, is predictive of visceral adiposity and incident type 2 diabetes. Eur J Endocrinol (2018) 178(5):533–44. doi: 10.1530/EJE-17-0883

7. Wu, Z, Cui, H, Li, W, Zhang, Y, Liu, L, Liu, Z, et al. Comparison of three non-insulin-based insulin resistance indexes in predicting the presence and severity of coronary artery disease. Front Cardiovasc Med (2022) 9:918359. doi: 10.3389/fcvm.2022.918359

8. Wang, Z, Li, W, Li, J, and Liu, N. The nonlinear correlation between a novel metabolic score for insulin resistance and subclinical myocardial injury in the general population. Front Endocrinol (Lausanne) (2022) 13:889379. doi: 10.3389/fendo.2022.889379

9. Barzegar, N, Tohidi, M, Hasheminia, M, Azizi, F, and Hadaegh, F. The impact of triglyceride-glucose index on incident cardiovascular events during 16 years of follow-up: tehran lipid and glucose study. Cardiovasc Diabetol (2020) 19(1):155. doi: 10.1186/s12933-020-01121-5

10. Wang, W, He, J, Hu, Y, Song, Y, Zhang, X, Guo, H, et al. Comparison of the incidence of cardiovascular diseases in weight groups with healthy and unhealthy metabolism. Diabetes Metab Syndr Obes (2021) 14:4155–63. doi: 10.2147/dmso.S330212

11. Joint Committee for Guideline Revision. 2018 chinese guidelines for prevention and treatment of hypertension-a report of the revision committee of chinese guidelines for prevention and treatment of hypertension. J Geriatr Cardiol (2019) 16(3):182–241. doi: 10.11909/j.issn.1671-5411.2019.03.014

12. American Diabetes Association. Classification and diagnosis of diabetes: standards of medical care in diabetes-2018. Diabetes Care (2018) 41(Suppl 1):S13–s27. doi: 10.2337/dc18-S002

13. Centers for Disease Control and Prevention (CDC). Cigarette smoking among adults–United States, 1992, and changes in the definition of current cigarette smoking. MMWR Morb Mortal Wkly Rep (1994) 43(19):342–6.

14. Sun, K, Ren, M, Liu, D, Wang, C, Yang, C, and Yan, L. Alcohol consumption and risk of metabolic syndrome: A meta-analysis of prospective studies. Clin Nutr (2014) 33(4):596–602. doi: 10.1016/j.clnu.2013.10.003

15. Health China Action Promotion Committee. Healthy China initiative (2019-2030) (2019). Available at: http://www.gov.cn/xinwen/2019-07/15/content_5409694.htm (Accessed July 15, 2019).

16. Tsao, CW, Aday, AW, Almarzooq, ZI, Alonso, A, Beaton, AZ, Bittencourt, MS, et al. Heart disease and stroke statistics-2022 update: A report from the American heart association. Circulation (2022) 145(8):e153–639. doi: 10.1161/cir.0000000000001052

17. D'Agostino, RB, Vasan, RS, Pencina, MJ, Wolf, PA, Cobain, M, Massaro, JM, et al. General cardiovascular risk profile for use in primary care: the framingham heart study. Circulation (2008) 117(6):743–53. doi: 10.1161/circulationaha.107.699579

18. Nagin, DS, and Odgers, CL. Group-based trajectory modeling in clinical research. Annu Rev Clin Psychol (2010) 6:109–38. doi: 10.1146/annurev.clinpsy.121208.131413

19. Ormazabal, V, Nair, S, Elfeky, O, Aguayo, C, Salomon, C, and Zuñiga, FA. Association between insulin resistance and the development of cardiovascular disease. Cardiovasc Diabetol (2018) 17(1):122. doi: 10.1186/s12933-018-0762-4

20. Vega-Cárdenas, M, Flores-Sánchez, J, Torres-Rodriguez, ML, Sánchez-Armáss Capello, O, Vargas-Morales, JM, Cossío-Torres, PE, et al. [Distribution of triglycerides and glucose (Tyg) index and homeostasis model assessment insulin resistance for the evaluation of insulin sensitivity on late adolescence in Mexicans]. Nutr Hosp (2022) 39(6):1349–56. doi: 10.20960/nh.04120

21. Won, KB, Kim, YS, Lee, BK, Heo, R, Han, D, Lee, JH, et al. The relationship of insulin resistance estimated by triglyceride glucose index and coronary plaque characteristics. Med (Baltimore) (2018) 97(21):e10726. doi: 10.1097/md.0000000000010726

22. Tam, CS, Xie, W, Johnson, WD, Cefalu, WT, Redman, LM, and Ravussin, E. Defining insulin resistance from hyperinsulinemic-euglycemic clamps. Diabetes Care (2012) 35(7):1605–10. doi: 10.2337/dc11-2339

23. Ding, X, Wang, X, Wu, J, Zhang, M, and Cui, M. Triglyceride-glucose index and the incidence of atherosclerotic cardiovascular diseases: A meta-analysis of cohort studies. Cardiovasc Diabetol (2021) 20(1):76. doi: 10.1186/s12933-021-01268-9

24. Xu, X, Huang, R, Lin, Y, Guo, Y, Xiong, Z, Zhong, X, et al. High triglyceride-glucose index in young adulthood is associated with incident cardiovascular disease and mortality in later life: insight from the cardia study. Cardiovasc Diabetol (2022) 21(1):155. doi: 10.1186/s12933-022-01593-7

25. Zhao, S, Yu, S, Chi, C, Fan, X, Tang, J, Ji, H, et al. Association between macro- and microvascular damage and the triglyceride glucose index in community-dwelling elderly individuals: the northern Shanghai study. Cardiovasc Diabetol (2019) 18(1):95. doi: 10.1186/s12933-019-0898-x

26. Jung, MH, Yi, SW, An, SJ, Yi, JJ, Ihm, SH, Han, S, et al. Associations between the triglyceride-glucose index and cardiovascular disease in over 150,000 cancer survivors: A population-based cohort study. Cardiovasc Diabetol (2022) 21(1):52. doi: 10.1186/s12933-022-01490-z

27. Hong, S, Han, K, and Park, CY. The triglyceride glucose index is a simple and low-cost marker associated with atherosclerotic cardiovascular disease: A population-based study. BMC Med (2020) 18(1):361. doi: 10.1186/s12916-020-01824-2

28. Won, KB, Park, EJ, Han, D, Lee, JH, Choi, SY, Chun, EJ, et al. Triglyceride glucose index is an independent predictor for the progression of coronary artery calcification in the absence of heavy coronary artery calcification at baseline. Cardiovasc Diabetol (2020) 19(1):34. doi: 10.1186/s12933-020-01008-5

29. Geer, EB, and Shen, W. Gender differences in insulin resistance, body composition, and energy balance. Gend Med (2009) 6 Suppl 1(Suppl 1):60–75. doi: 10.1016/j.genm.2009.02.002

30. Simon, D, Charles, MA, Nahoul, K, Orssaud, G, Kremski, J, Hully, V, et al. Association between plasma total testosterone and cardiovascular risk factors in healthy adult men: the telecom study. J Clin Endocrinol Metab (1997) 82(2):682–5. doi: 10.1210/jcem.82.2.3766

31. Wu, Z, Cui, H, Zhang, Y, Liu, L, Zhang, W, Xiong, W, et al. The impact of the metabolic score for insulin resistance on cardiovascular disease: A 10-year follow-up cohort study. J Endocrinol Invest (2023) 46(3):523–33. doi: 10.1007/s40618-022-01925-0

32. Wang, Z, Hui, X, Huang, X, Li, J, and Liu, N. Relationship between a novel non-insulin-based metabolic score for insulin resistance (Mets-ir) and coronary artery calcification. BMC Endocr Disord (2022) 22(1):274. doi: 10.1186/s12902-022-01180-7

33. Zhang, Y, Wang, R, Fu, X, and Song, H. Non-insulin-based insulin resistance indexes in predicting severity for coronary artery disease. Diabetol Metab Syndr (2022) 14(1):191. doi: 10.1186/s13098-022-00967-x

34. Che, B, Zhong, C, Zhang, R, Pu, L, Zhao, T, Zhang, Y, et al. Triglyceride-glucose index and triglyceride to high-density lipoprotein cholesterol ratio as potential cardiovascular disease risk factors: an analysis of Uk Biobank data. Cardiovasc Diabetol (2023) 22(1):34. doi: 10.1186/s12933-023-01762-2

35. Sánchez-Íñigo, L, Navarro-González, D, Fernández-Montero, A, Pastrana-Delgado, J, and Martínez, JA. The Tyg index may predict the development of cardiovascular events. Eur J Clin Invest (2016) 46(2):189–97. doi: 10.1111/eci.12583

36. Yan, Y, Wang, D, Sun, Y, Ma, Q, Wang, K, Liao, Y, et al. Triglyceride-glucose index trajectory and arterial stiffness: results from Hanzhong adolescent hypertension cohort study. Cardiovasc Diabetol (2022) 21(1):33. doi: 10.1186/s12933-022-01453-4

37. Huang, Z, Ding, X, Yue, Q, Wang, X, Chen, Z, Cai, Z, et al. Triglyceride-glucose index trajectory and stroke incidence in patients with hypertension: A prospective cohort study. Cardiovasc Diabetol (2022) 21(1):141. doi: 10.1186/s12933-022-01577-7

38. Tian, X, Zuo, Y, Chen, S, Meng, X, Chen, P, Wang, Y, et al. Distinct triglyceride-glucose trajectories are associated with different risks of incident cardiovascular disease in normal-weight adults. Am Heart J (2022) 248:63–71. doi: 10.1016/j.ahj.2022.02.014

39. Tai, S, Fu, L, Zhang, N, Zhou, Y, Xing, Z, and Wang, Y. Impact of baseline and trajectory of triglyceride-glucose index on cardiovascular outcomes in patients with type 2 diabetes mellitus. Front Endocrinol (Lausanne) (2022) 13:858209. doi: 10.3389/fendo.2022.858209

40. Liu, L, Wu, Z, Zhuang, Y, Zhang, Y, Cui, H, Lu, F, et al. Association of triglyceride-glucose index and traditional risk factors with cardiovascular disease among non-diabetic population: A 10-year prospective cohort study. Cardiovasc Diabetol (2022) 21(1):256. doi: 10.1186/s12933-022-01694-3

41. Wang, A, Tian, X, Zuo, Y, Chen, S, Meng, X, Wu, S, et al. Change in triglyceride-glucose index predicts the risk of cardiovascular disease in the general population: A prospective cohort study. Cardiovasc Diabetol (2021) 20(1):113. doi: 10.1186/s12933-021-01305-7




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Copyright © 2023 Wang, Zhang, Keerman, Guo, He, Maimaitijiang, Wang, Ma and Guo. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Impact of the baseline insulin resistance surrogates and their longitudinal trajectories on cardiovascular disease (coronary heart disease and stroke): a prospective cohort study in rural China

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          1 Introduction

        



        		

          2 Materials and methods

        

          		

            2.1 Study population

          



          		

            2.2 Data collection

          

            		

              2.2.1 General information collection

            



            		

              2.2.2 Laboratory examination

            



          



          



          		

            2.3 Relevant definitions

          



          		

            2.4 Diagnostic criteria for cardiovascular disease

          



          		

            2.5 Statistical analysis

          

            		

              2.5.1 Descriptive analysis

            



            		

              2.5.2 Analysis of the association between baseline IR surrogates and CVD

            



            		

              2.5.3 Analysis of the association between IR surrogates’ trajectories and CVD

            



          



          



        



        



        		

          3 Results

        

          		

            3.1 Baseline characteristics

          



          		

            3.2 Association between baseline IR surrogates and CVD

          



          		

            3.3 Characterization of the IR surrogates’ trajectories

          



          		

            3.4 Relationship between the IR surrogates’ trajectories and CVD

          



          		

            3.5 Predicting the CVD risk according to the baseline IR surrogates

          



        



        



        		

          4 Discussion

        

          		

            4.1 IR surrogates were independent predictors of CVD

          



          		

            4.2 Long-term trajectories of elevated IR surrogates were associated with a high risk of CVD

          



          		

            4.3 IR surrogates had predictive value for the risk of CVD

          



        



        



        		

          5 Benefits and limitations

        



        		

          6 Conclusion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fendo-14-1259062-g002.jpg
Cumulative incidence of CVD events, %

20%

15%

10%1

5%

0%

METS-R == Q1 + Q2 -+ Q3 -+ Q4

p-value for Log-rank test <0.001

Cumulative incidence of CVD events, %

20%1

15%

10%

5%

0%

TyGindex == Q1 == Q2 =+~ Q3 =~ Q4

p-value for Log-rank test <0.001

0 1 2 3 4

follow-up time, years

0 1 2 3 4 5
follow-up time, years





OEBPS/Images/table2.jpg
Model 1 Model 2 Model 3

Variables

HR (95% ClI) P value HR (95% Cl) P value HR (95% CI) P value
METS-IR
Continuous (per unit) 1.06 (1.05, 1.07) <0.001 1.03 (1.02, 1.04) <0.001 1.02 (1.01, 1.04) 0.005
Ql (£33.24) Reference Reference Reference
Q2 (33.25~) 2.16 (1.57, 2.98) <0.001 1.58 (1.14, 2.18) 0.005 1.46 (1.05, 2.03) 0.026
Q3 (37.83~) 3.11 (229, 4.22) <0.001 1.94 (1.42, 2.64) <0.001 1.71 (1.23, 2.39) 0.002
Q4 (242.40) 477 (3.56, 6.40) <0.001 2.24 (1.65, 3.04) <0.001 1.79 (1.25, 2.58) 0.002
P for trend <0.001 <0.001 0.004
TyG index 7 7 )
Continuous (per unit) 2.12 (1.81, 2.48) <0.001 1.70 (1.4, 2.01) <0.001 1.64 (1.38, 1.94) <0.001
Ql (<8.13) Reference Reference Reference
Q2 (8.14~) 1.60 (1.22, 2.11) 0.001 147 (1.12, 1.93) 0.006 1.49 (1.13, 1.96) 0.004
Q3 (8.50~) 1.77 (1.35, 2.31) <0.001 1.42 (1.09, 1.86) 0.010 1.40 (1.06, 1.83) 0.016
Q4 (28.81) 247 (191, 3.18) <0.001 179 (1.38, 2.31) <0.001 1.66 (1.28, 2.17) <0.001
P for trend <0.001 <0.001 <0.001

Model 1: non-adjusted model.
Model 2: adjusted by baseline age and sex.

Model 3: adjusted by Model 2 and the baseline education level, exercise frequency, waist circumference, smoking, drinking, family history of cardiovascular disease, hypertension, high-density
lipoprotein cholesterol, and low-density lipoprotein cholesterol.

Q1, Q2, Q3, and Q4 represent the four quartiles.

(HR, hazard ratio; CI, confidence interval; METS-IR, metabolic insulin resistance score; TyG index, triglyceride-glucose index).
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<0.001
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0.013 (0.009, 0.016)

P value

<0.001

<0.001
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(NRI, net reclassification improvement; IDI, integrated discrimination improvement; CI, confidence interval; METS-IR, metabolic insulin resistance score; TyG index, triglyceride-glucose index).





OEBPS/Images/table3.jpg
Model 1 Model 2 Model 3

Variables Case/Total

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value
METS-IR
Low-increasing 118/1985 Reference Reference Reference
Moderate-stable 352/2114 2.97 (241, 3.66) <0.001 1.80 (1.45, 2.24) <0.001 1.65 (130, 2.08) <0.001
Elevated-increasing 63/244 4.95 (3.64, 6.72) <0.001 2.55 (1.86, 3.49) <0.001 2.13 (148, 3.06) <0.001
TyG index
Low-increasing 31/556 Reference Reference Reference
Moderate-stable 445/3579 221 (154, 3.19) <0.001 1.75 (1.22, 2.53) 0.003 1.62 (112, 2.34) 0011
Elevated-increasing 57/208 5.23 (3.38, 8.10) <0.001 2.85 (1.83, 4.45) <0.001 2.63 (1.68, 4.13) <0.001

Model 1: non-adjusted model.
Model 2: adjusted by baseline age and sex.

Model 3: adjusted by Model 2 and the baseline education level, exercise frequency, waist circumference, smoking, drinking, family history of cardiovascular disease, hypertension, high-density
lipoprotein cholesterol, and low-density lipoprotein cholesterol.

(HR, hazard ratio; CI, confidence interval; METS-IR, metabolic insulin resistance score; TyG index, triglyceride-glucose index).
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Variables C\(/r?:g;g;m Nor};‘(zl\‘/‘li‘%r)oup (n1(31t7a112) t/x? value P value
Male (%) 205 (35.8) 1816 (43.9) 2021 (42.9) 13215 <0.001
Age (years) 49.79 + 12.93 37.98 £ 12.36 3942 +13.02 20.581 <0.001
Education level 33.749 <0.001
Illiterate/semi-illiterate (%) 284 (49.7) 1564 (37.8) 1848 (39.2)
Junior high school and below (%) 242 (42.3) 2278 (55.0) 2520 (53.5)
High School and above (%) 46 (8.0) 298 (7.2) 344 (7.3)
Exercise frequency 16.816 <0.001
Regular exercise (%) 171 (29.9) 1449 (35.0) 1620 (34.3)
Occasional exercise (%) 28 (4.9) 338 (8.2) 366 (7.8)
Almost no exercise (%) 373 (65.2) 2353 (56.8) 2726 (57.9)
Systolic blood pressure (mmHg) 137.86 + 24.59 126.37 £ 19.16 127.77 £ 20.24 10.736 <0.001
Diastolic blood pressure(mmHg) 80.96 + 15.55 74.98 £ 11.82 7571 £ 1249 8.844 <0.001
FPG (mmol/L) 497 £ 1.27 4.68 + 0.98 472 +1.03 5.105 <0.001
TG (mmol/L) 1.59 + 0.63 1.38 + 0.64 141 +0.64 7.207 <0.001
TC (mmol/L) 4.76 + 1.06 4.62 + 1.04 4.64 +1.04 3.044 0.002
HDL-C (mmol/L) 1.34 £ 0.36 1.42 £ 038 141 +£0.38 -5.078 <0.001
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TyG index 8.65 + 0.46 8.43 £0.53 846 +0.52 10.379 <0.001
METS-IR 41.67 £ 7.14 37.83 £7.15 38.30 +£7.26 12.021 <0.001
Smoking (%) 98 (17.1) 571 (13.8) 669 (14.2) 4.604 0.032
Drinking (%) 27 (4.7) 156 (3.8) 183 (3.9) 1221 0.269
Hypertension (%) 234 (40.9) 869 (21.0) 1103 (23.4) 111215 <0.001
Family history of CVD (%) 111 (19.4) 478 (11.5) 589 (12.5) 28.385 <0.001

(CVD, cardiovascular diseases; FPG, fasting plasma glucose; TG, triglycerides; TC, total cholesterols LDL-C, low-density lipoprotein cholesterols HDL-C, high-density lipoprotein cholesterol;
BMI, body mass index, WC, waist circumference; METS-IR, metabolic insulin resistance score; TyG index, triglyceride-glucose index).
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