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Prior studies have validated a novel index, designated as the cholesterol-HDL-glucose (CHG) index, 
which has emerged as a promising biological marker for abnormalities in lipid metabolism and insulin 
resistance. At present, however, there is an absence of data demonstrating its capacity to predict 
the risk of CMD. The objective of this study is to evaluate the comparative efficacy of the CHG index 
and the triglyceride-glucose (TyG) index in predicting cardiovascular metabolic disease (CMD) risk. 
This study was conducted on a cohort of 6471 participants from CHARLS. A binary logistic regression 
analysis was performed using R software, utilizing restricted cubic spline techniques to evaluate the 
dose–response relationship. The evaluation of predictive performance was carried out through the use 
of receiver operating characteristic curves. To quantify the improvements in predictive capability, two 
important indices were calculated: Net Reclassification Improvement and Integrated Discrimination 
Improvement were used to assess the enhancements in our predictive models. Finally, a sensitivity 
analysis was conducted. An increase in each unit of CHG and TyG was associated with a 83% and 46% 
rise in the risk of CMD, respectively. The occurrence of CMD in the highest quartile for the CHG index 
(OR = 1.69, 95% CI 1.42–2.00) increased by 69%, while the TyG index (OR = 1.61, 95% CI 1.36–1.92) 
exhibited an increase of 61%. A linear correlation was identified between the two indices and the risk 
of CMD. The predictive capabilities and incremental predictive value of both indices were found to be 
analogous. The CHG index exhibited a substantial linear positive correlation with CMD, demonstrating 
assessment capabilities for CMD risk that were analogous to those of the TyG index.
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LDL-C	� Low-density lipoprotein cholesterol
CMD	� Cardiometabolic diseases
CVD	� Cardiovascular diseases
CHARLS	� China Health and Retirement Longitudinal Study
RCS	� Restricted cubic splines
ROC	� Receiver operating characteristic
CI	� Confidence interval
OR	� Odds ratio
NRI	� Net Reclassification Improvement
IDI	� Integrated Discrimination Improvement
AUC	� Area under curve
SD	� Standard deviation
IQR	� Interquartile range
IR	� Insulin resistance
HR	� Hazard ratio
TC	� Total cholesterol
HOMA-IR	� Homeostasis model assessment of insulin resistance
T2D	� Type 2 diabetes
DCA	� Decision Curve Analysis
VIF	� Variance inflation factor
RR	� Risk ratio

Cardiometabolic diseases (CMD) are a global public health concern1. With significant changes in economic 
development and lifestyle, the prevalence of these diseases is rapidly increasing in China2,3. CMD refers to 
a group of disorders that initially manifest as insulin resistance (IR), advancing to metabolic syndrome and 
prediabetes, and eventually leading to hypertension, type 2 diabetes (T2D), a range of cardiovascular diseases 
(CVD), and stroke4. The risk factors for this disease include unhealthy lifestyle choices (e.g., lack of exercise, low 
dietary fiber intake, alcohol consumption, smoking, and poor diet), hypertension, diabetes, and dyslipidemi4,5.
The identification of high-risk groups for CMD at an early stage, along with the execution of relevant preventive 
strategies, is essential for reducing the detrimental effects tied to CMD6–8. Consequently, recent studies have 
focused on identifying biomarkers that can facilitate the early detection of CMD.

It has been established that IR is a critical component in the pathogenesis of CMD4–9. Therefore, fasting 
plasma glucose(FPG) has been identified as a significant indicator for CMD10. However, the role of lipids should 
not be underestimated11. Consequently, the triglyceride-glucose (TyG) index, which integrates both triglycerides 
and glucose levels, has been frequently utilized to anticipate various associated diseases12,13. A study based on 
the NHANES database from 2001 to 2018 indicates that the TyG index is positively correlated with all-cause 
mortality and cardiovascular mortality. An increase in the TyG index by one unit was associated with a 16% 
rise in the probability of all-cause mortality (HR = 1.16, 95% CI 1.03–1.31, P = 0.017). Similarly, cardiovascular 
mortality exhibited a 39% surge (HR = 1.39, 95% CI 1.14–1.71, P = 0.001)14. The predictive value of the TyG 
index in metabolic-related diseases has been affirmed by numerous studies15. A recent study has validated a 
novel biomarker, designated as the cholesterol-HDL-glucose (CHG) index, which has been shown to possess 
superior diagnostic efficacy for T2D when compared to the TyG index16. Additionally, the CHG index has been 
observed to demonstrate a diagnostic value for CVD that is comparable to that of the TyG index. However, 
a distinguishing feature of the CHG index is its linear relationship, which differs from that observed in the 
TyG index17. It has been established that, in addition to the established framework of IR, the progression of 
CMD is increasingly recognized as being driven by oxidative stress18. The various components of the CHG 
index have been demonstrated to be effective promoters of systemic oxidative stress. This provides a rationale 
for the potential association between CHG and CMD. However, the extant literature has yet to investigate the 
comparison of the CHG index and the TyG index regarding their diagnostic effectiveness for CMD, in order to 
determine if the CHG index may be a superior option for diagnosing CMD compared to the TyG index.

This research intends to employ a comprehensive nationwide project known as the China Health and 
Retirement Longitudinal Study (CHARLS) to evaluate the predictive efficacy of the CHG and TyG indices 
concerning CMD within China’s middle-aged and elderly demographic. The aim of this study is to: First, it will 
evaluate the predictive capability of the CHG index for broader composite cardiovascular disease outcomes, 
including multiple components such as diabetes, hypertension, and stroke, in middle-aged and elderly Chinese 
populations. Second, it will directly compare the CHG index with the well-established TyG index to determine if 
the CHG index offers any advantages. These evaluations provide more comprehensive and universally applicable 
evidence to support the clinical application of the CHG index. Compared to existing studies, this research 
features broader outcome measures, a specific target population, and a longer follow-up period.

Method
Research population
The information utilized in this research was obtained exclusively from the CHARLS project, which has been 
collecting data since 2011 from more than 17,000 individuals throughout China. This encompasses fundamental 
demographic traits of the participants and their families, along with details regarding intra-family transfer 
payments, health conditions, and additional related factors13,19.The baseline data for this project began in 2011, 
with follow-up data released every 2–3 years. To date, the fifth follow-up data for the year 2020 has been publicly 
released. The oversight of this project is managed by Peking University, which has obtained approval from its 
Medical Ethics Committee (IRB00001052-11015) and adheres to the standards outlined in the Declaration of 
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Helsinki. All participants have provided their signatures on the informed consent forms. For additional details, 
please refer to the website http://charls.pku.edu.cn/. In 2011, the collection of blood data from participants 
engaged in the project took place, with trained personnel obtaining fasting venous blood samples from individuals 
who had refrained from eating for a minimum of 12 hours. All biomedical testing protocols were meticulously 
carried out by certified specialists, and the samples were maintained at optimal concentrations at 4 °C before 
being promptly dispatched to the Clinical Testing Center at You’anmen, Capital Medical University (Beijing 
Central Laboratory) for comprehensive diagnostic evaluation13,20,21. The present study constitutes a national 
cohort study. The data from respondents in 2011 (Wave 1) were selected as the baseline, with individuals under 
the age of 45 and those with a prior diagnosis of CMD (diabetes, stroke, hypertension, and heart problems) at 
the time of the interview excluded. The baseline data was associated with the corresponding ID numbers in the 
follow-up data (2020, Wave 5), and any missing data related to CMD was excluded. (Figure 1)

Assessment of the CHG index and TyG index
According to the extant research, the formula employed to calculate the CHG index is represented as follows: 
CHG index Ln {[TC (mg/dL)*FPG (mg/dL)]/[2*HDL (mg/dL)]}16,17. As indicated in the literature, the TyG 
index is determined using the following equation: Ln[FPG (mg/dL) * TG (mg/dL) / 2]22,23.

Assessment of new-onset CMD
This study used the baseline data from the CHARLS database from 2011(Wave1), and after a 10-year follow-up 
period, the data from 2020(Wave5) was used as follow-up data. These follow-up cohorts were linked together 
through ID numbers.The information regarding CMD was derived from the questionnaire “Has a doctor 
diagnosed you with any of the following conditions, which you should read one at a time?” If the respondent 
answered “yes,” the interviewer would inquire about each specific condition, allowing the respondent to choose 
“yes” or “no” for each question. We primarily focus on four key questions: the number one question pertains 

Fig. 1.  Flow chart for the selection of participants in the cohort study from CHARLS.
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to “hypertension,” the number three question involved “diabetes or hyperglycemia,” the number seven question 
targeted “myocardial infarction, coronary heart disease, angina, congestive heart failure, or other heart troubles,” 
and the number eight question related to “stroke.” If the patient answered “no” to all four of these questions, 
it can be determined that the patient did not have CMD. Conversely, if the patient answered “yes” to any one 
or more of these four questions, they were classified as having CMD. Cases that had already been diagnosed 
with CMD were excluded from the study in baseline data,and the research subjects were defined as the newly 
diagnosed CMD population up to the follow-up cutoff in 202024.

Assessment of covariates
The present study incorporated a range of demographic, lifestyle, and blood biochemical factors as covariates. 
These included gender, age, marital status (married/single), education level (middle school and above/middle 
school and low), smoking habits (yes/no), alcohol consumption (yes/no), and several parameters from venous 
blood tests. The body mass index (BMI) is calculated by dividing the weight (in kilograms) by the square of the 
height (in meters squared)10. .

Statistical analysis
Initially, normality tests were performed on continuous variables. The subjects that satisfied the criteria for 
a normal distribution were reported as means, accompanied by their respective standard deviations (SD). 
Conversely, for variables that failed to exhibit a normal distribution, medians were indicated with interquartile 
ranges (IQR). Categorical variables were represented as percentages.For comparisons between groups of 
normally distributed variables, the t-test was employed; for variables with a skewed distribution, the Mann–
Whitney U test was utilized; and for categorical variables, chi-square tests were applied. A comprehensive 
analysis was conducted using a binary logistic regression model to explore the variations in the relationships 
between the CHG index and the TyG index in relation to the incidence of newly developed CMD. To assess 
multicollinearity among independent variables, we calculated the variance inflation factor (VIF) for all models. 
Conventional wisdom dictates that a VIF less than 5 indicates an acceptable level of multicollinearity, a VIF less 
than 10 indicates a moderate level, and a VIF greater than 10 suggests that severe multicollinearity may affect 
the stability of parameter estimates. Furthermore, we conducted stratified multivariable regression analyses to 
evaluate subgroups, as well as interaction analyses. We employed the restricted cubic spline (RCS) method as 
a means to visually represent the dose–response relationship between the CHG index and the TyG index with 
the incidence of new-onset CMD. In order to compare the incremental predictive values of both indices, the 
incremental predictive models of the CHG index and the TyG index were integrated into the traditional model. 
The objective of this study was to determine whether the predictive efficacy for CMD could be improved by 
including these relevant indices alongside traditional risk factors. To this end, a comparison was made between 
the two sets of models. The values for were computed as follows: Net Reclassification Improvement (NRI) and 
Integrated Discrimination Improvement (IDI). To evaluate the models’ predictive performance after adjusting 
for covariates, adjusted ROC curves were generated using multivariable logistic regression models. This analysis 
was performed using the pROC package (version 1.19.0.1) in R, and for each model the area under the curve 
(AUC) was calculated with 95% confidence intervals using DeLong’s method. The optimal cut-off points were 
determined using the Youden index. The corresponding sensitivity and specificity at the optimal cut-off point 
are reported for each model. Finally, separate sensitivity analyses were conducted on each component of CMD 
(diabetes, stroke, heart attack, and hypertension). The results were validated using the E-value method and 
Rosenbaum sensitivity analysis to ensure the robustness of the findings. All statistical operations were executed 
using R version 4.5.1 (2025–06-13 ucrt). For the missing data, the mice package was employed for multiple 
imputations. During this process, we employed a range of packages, including forestploter, nortest, rms, tidyverse, 
and ggplot2. A two-sided p-value of less than 0.05 was considered to indicate significant statistical significance.

Results
Participant baseline characteristics
This study included 6471 individuals. By the conclusion of the 10-year follow-up in 2020, 1515 participants 
were identified as having CMD, which resulted in an incidence rate of 23.41%. The median age of the affected 
population was significantly higher at 57 years compared to 55 years in the non-affected group, with a higher 
prevalence among females than males.As shown in Table 1, the proportion of single individuals in the CMD 
group was significantly higher. Additionally, this group exhibited higher levels in indicators such as BMI, TyG, 
triglyceride(TG),C-reactive protein(CRP), CHG and so on, apart from having lower levels of HDL-cholesterol 
(HDL-C) compared to the non-CMD population,all P < 0.05.In addition, we conducted a quartile analysis of 
the CHG and TyG indices.The findings indicated a significant correlation between higher TyG index levels and 
an increased proportion of females, as well as a greater number of smokers and drinkers, elevated levels of total 
cholesterol (TC), BMI, FPG and TG, alongside a reduction in HDL-C levels and a higher incidence of CMD, 
with all P values being less than 0.05. (Table S1).The quartile analysis results of the CHG index indicated that 
elevated CHG levels were significantly associated with an increase in the number of drinkers, a rise in urban 
population, and higher levels of TC, BMI, FPG, TG, LDL-C, and CRP, as well as a decrease in HDL-C levels and 
an increased incidence of CMD,all P < 0.05, (Table S2).

Association between CHG and TyG indices and new-onset CMD
Table 2 illustrates that significant correlations exist between both the CHG index and the TyG index with CMD, 
where the correlation for the CHG index is marginally greater than that of the TyG index.In the fully adjusted 
model, for each one-unit increase in CHG, the risk of CMD increases by 83%, while a one-unit increase in TyG 
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corresponds to a 46% increase in the risk of CMD. In Model 3, when comparing Group Q4 to Group Q1, the 
occurrence of CMD for the CHG index rose by 69% (OR = 1.69, 95%CI 1.42–2.00, P < 0.001), whereas the TyG 
index demonstrated an increase of 61% (OR = 1.61, 95%CI 1.36–1.92, P < 0.001).Figu’re. 2 illustrates the RCS 
curves of the CHG index and the TyG index . The results indicated that after adjusting the full model (Model 
3), both the TyG index (Poverall < 0.001, Pnon−linear = 0.179) and the CHG index (Poverall < 0.001, Pnon−linear = 0.126) 
exhibited significant linear relationships with the incidence of CMD.The results of the multicollinearity diagnosis 
indicated that the VIF values for all models were significantly below the critical value of 10. (Table S3,Figure S1).

Predictive value of CHG and TyG indices for newly diagnosed CMD
Figure 3 illustrates the ROC curves of the CHG index and the TyG index along with their AUC values. The 
results indicated that the AUC of both the CHG index and the TyG index was equal, both being 0.573. From the 
information in Table 3, it can be observed that the accuracy of the CHG index (Accuracy = 59.9%) was slightly 
higher than that of the TyG index (Accuracy = 50.4%).The DeLong test demonstrated that the discrepancy in the 
AUC of the CHG and TyG indices was not statistically significant (P > 0.05). The reasons for the reduced AUC of 
the TyG and CHG indices in the context of CMD may be attributed to the following factors: 1. The construct of 
CMD emerges from the interplay of multiple genetic and environmental factors, rendering a solitary biomarker 

Model 1 P Model 2 P Model 3 P

CHG(continuous) 2.03(1.75,2.35)  < 0.001 2.03(1.75,2.36)  < 0.001 1.83(1.57,2.14)  < 0.001

CHG (Events%)

Q1 (297, 18%) ref ref ref

Q2 (337 ,21%) 1.17(0.98, 1.39) 0.078 1.15(0.97, 1.38) 0.110 1.12 (0.94, 1.33) 0.200

Q3 (402, 25%) 1.47(1.24, 1.74)  < 0.001 1.47 (1.24, 1.75)  < 0.001 1.38 (1.16, 1.63)  < 0.001

Q4 (479, 30%) 1.87(1.59, 2.21)  < 0.001 1.87(1.59, 2.22)  < 0.001 1.69 (1.42, 2.00)  < 0.001

TyG(continuous) 1.55(1.41,1.70)  < 0.001 1.56(1.42,1.72)  < 0.001 1.46 (1.32, 1.61)  < 0.001

TyG (Events%)

Q1 (300, 19%) ref ref ref

Q2 (336, 21%) 1.15(0.97, 1.37) 0.110 1.14(0.96, 1.35) 0.150 1.09(0.92, 1.30) 0.300

Q3 (410, 25%) 1.49(1.26, 1.76)  < 0.001 1.48(1.25, 1.75)  < 0.001 1.37(1.15, 1.62)  < 0.001

Q4 (469, 29%) 1.80(1.53, 2.12)  < 0.001 1.82(1.54, 2.15)  < 0.001 1.61(1.36, 1.92)  < 0.001

Table 2.  The correlation between TyG、CHG and newly developed cardiometabolic diseases during the 
follow-up period in CHARLS. Model 1 was a crude model. Model 2 adjusted for age, gender, educational 
background, smoking status and alcohol consumption status. Model 3 further adjusted for residence, married 
status, sleep duration, BMI. Abbreviation: CHG, Cholesterol, high-density lipoprotein, and glucose index; TyG, 
triglyceride-glucose index; CI, Confidence Interval; OR, Odds Ratio.

 

Total Non-cardiometabolic diseases Cardiometabolic diseases P

6471 4956 1515

Age (median [IQR]),(years) 55.0 [49.0, 61.0] 55.0 [49.0, 61.0] 57.0 [51.0, 63.0]  < 0.001

Female, n(%) 3251 (50.2) 2452 (49.5) 799 (52.7) 0.028

Middle school and low, n (%) 6360 (98.3) 4871 (98.3) 1489 (98.3) 1

Ever smoker, n (%) 2610 (40.3) 2025 (40.9) 585 (38.6) 0.126

Ever drinker, n(%) 2386 (36.9) 1846 (37.2) 540 (35.6) 0.27

Urban Community, n(%) 1044 (16.1) 822 (16.6) 222 (14.7) 0.08

Married, n(%) 5894 (91.1) 4544 (91.7) 1350 (89.1) 0.002

Sleep duration (median [IQR]) 7.0 [5.0, 8.0] 7.0 [5.0, 8.0] 7.0 [5.0, 8.0] 0.059

BMI (median [IQR]) 23.1 [21.6, 25.0] 23.0 [21.4, 24.7] 23.6 [22.0, 25.9]  < 0.001

TyG (median [IQR]) 8.5 [8.2, 8.9] 8.5 [8.1, 8.9] 8.6 [8.3, 9.0]  < 0.001

CHG (median [IQR]) 5.2 [5.0, 5.5] 5.2 [5.0, 5.5] 5.3 [5.1, 5.6]  < 0.001

TC (median [IQR]),(mg/dl) 187.9 [165.5, 211.9] 186.0 [164.3, 210.3] 192.1 [169.9, 215.7]  < 0.001

FPG (median [IQR]),(mg/dl) 101.0 [93.4, 109.6] 100.1 [92.9, 108.5] 103.1 [95.6, 113.9]  < 0.001

TG (median [IQR]),(mg/dl) 99.1 [72.6, 142.5] 95.6 [70.8, 138.1] 108.9 [77.9, 154.9]  < 0.001

HDL-C (median [IQR]),(mg/dl) 51.0 [41.8, 61.5] 51.4 [42.1, 61.5] 49.5 [40.6, 61.1] 0.004

LDL-C (median [IQR]),(mg/dl) 112.9 [92.4, 135.3] 112.1 [91.6, 134.5] 116.0 [95.9, 138.6]  < 0.001

CRP (median [IQR]),(mg/l) 0.9 [0.5, 1.8] 0.8 [0.5, 1.8] 1.0 [0.5, 2.1]  < 0.001

Table 1.  Baseline characteristics of participants by Cardiometabolic diseases status at follow-up.
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an inadequate representation of its intricacy. 2. A substantial overlap existed in the distribution of TyG and CHG 
between the case and control groups, thereby impeding their discriminatory capacity.(Figure S2-C). We then 
constructed adjusted ROC curves to evaluate the predictive capabilities of each indicator and model, accounting 
for covariates. As shown in Figure S2-A, the baseline model adjusted for BMI, age, gender, smoking status and 
alcohol consumption status had an AUC value of 0.600 (95% CI 0.584–0.616, cut-off: 0.233, sensitivity: 0.558, 
specificity: 0.609). Adding the TyG and CHG indices to the baseline model increased the adjusted AUC to 

Fig. 2.  The linear dose–response relationship between CHG and TyG indices and the incidence of CMD is 
represented as follows: (A) represents CHG index; (B) represents TyG index;
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0.616 (95% CI 0.600–0.632, cut-off: 0.237, sensitivity: 0.554, specificity: 0.628), and incorporating the full model 
with 11 parameters yielded an AUC of 0.619(95% CI 0.603–0.636, cut-off: 0.235, sensitivity: 0.568, specificity: 
0.618). These results suggest that, even after comprehensive adjustment for demographic and lifestyle factors, 
both indices modestly improve the ability to discriminate between individuals at risk of CMD. Decision Curve 
Analysis (DCA) demonstrated that the addition of CHG and TyG provided incremental value, supporting 
their use in risk assessment models, particularly at low to moderate decision thresholds, and suitable for early 
intervention decisions.(Figure S2-B).We then calibrated the model, and the results indicated that the inclusion 
of the CHG or TyG index improved the calibration of the model, making its predictions more reliable. (Table 
S4, Figure S3).

Incremental predictive values of CHG index and TyG index for newly diagnosed CMD
The conventional model we evaluated was the fully adjusted version (Model 3), which included both the 
CHG index and the TyG index to determine if they improve the predictive capacity for CMD. The results of 
categorical NRI (0.10, 0.20, and 0.30) obtained using the bootstrap method with 1000 iterations were follows. 
The results indicated that the overall improvement in predictive value with the CHG index [IDI = 0.97(95% CI 
0.51–1.58),P < 0.001] was slightly superior to that of the TyG index [IDI = 0.88(95% CI 0.47–1.41)P < 0.001], 
while the reclassification ability of the TyG index [NRI = 6.89(95% CI 4.10–10.00),P < 0.001] was marginally 
higher than that of the CHG index [NRI = 6.12(95% CI 2.92–9.24),P < 0.001]. (Table 4). Figure 4 depicts the ROC 

Indicators Cut off value AUC (95% CI) Specificity (%) Sensitivity (%) Accuracy (%) Youden index (%) P value for DeLong test for AUC

TyG 8.409 0.573(0.556–0.589) 45.6 65.9 50.4 11.5
0.970

CHG 5.318 0.573(0.556–0.589) 63.6 47.6 59.9 11.2

Table 3.  ROC curve compared the predictive efficacy of the TyG index and CHG index for cardiometabolic 
diseases risk events. The optimal cutoff values presented in this table were determined by maximizing the 
Youden index; Youden index = Sensitivity + Specificity—1. Abbreviation: TyG, triglyceride-glucose index;CHG, 
Cholesterol, high-density lipoprotein, and glucose index; CI, Confidence Interval; AUC, area under the curve

 

Fig. 3.  The ROC curve for CHG and TyG indices in predicting the incidence of CMD.
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curve demonstrating the enhanced prediction of CMD incidence following the inclusion of the CHG and TyG 
indices, along with the visual outcomes of their IDI. However, the results of the categorical NRI suggested that 
this improvement was not fully captured within the predefined fixed risk threshold framework. The results of 
the continuous NRI (significantly positive) indicated that the new model consistently improved risk prediction 
overall. This did not negate the incremental value of the model; rather, it emphasized that continuous NRI may 
be more robust when evaluating such improvements. (Table S5, Figure S4).

Subgroup analysis
To clarify whether the aforementioned correlation results were influenced by other factors such as age, gender, 
BMI, smoking, alcohol consumption and education and so on, we conducted a subgroup analysis. Further 
interaction tests indicated that no significant interactions were found between the subgroups and the CHG and 
TyG indices, all P > 0.05 (Fig. 5).

Sensitivity analysis
To evaluate the reliability of the research results, we performed an E-value analysis. The findings suggested 
that the strength of the CHG index’s robustness surpassed that of the TyG index.The increase in CMD risk by 
approximately 43% associated with the CHG index was robust. and the CHG indicators yield E values for the 
three models of 2.199, 2.200, and 2.222, while the minimum E values were 1.973, 1.973, and 1.992. This indicated 
that in order for the observed associations to become statistically non-significant, an unmeasured confounding 
factor must be concurrently associated with both CHG and newly developed CMD, with each associated risk 
ratio (RR) being at least 2.199, 2.200, and 2.222 respectively. Similarly, the E values given by the TyG index for the 
three models were 1.796, 1.808, and 1.813, while the minimum E values were 1.659, 1.668, and 1.673, respectively. 
(Table S6).The Rosenbaum sensitivity analysis further validated the robustness of our research findings(Figure 
S5).In addition, we conducted a separate sensitivity analysis of the components of CMD(diabetes stroke,heart 
attack and hypertension), and the results indicated that the CHG and TyG indices have the strongest and most 
consistent association with type 2 diabetes, which aligns with their biological mechanisms as surrogate markers 
of insulin resistance. There is also a significant and robust positive correlation with hypertension. However, the 
association with stroke and myocardial infarction is much weaker. (Table S7).

Discussion
Previous research has established that there is a connection between the TyG index and several type of CMD. 
A study conducted by Yanjuan Chen and colleagues revealed a notable link between the TyG index and CMD 
(HR = 1.41, 95% CI 1.27–1.57), diabetes (HR = 1.51, 95% CI 1.34–1.70), stroke (HR = 1.36, 95% CI 1.22–1.51), and 
coronary artery disease (HR = 1.35, 95% CI 1.22–1.50). Moreover, the research indicated a linear dose–response 
association with the risk of CMD (P_non−linear = 0.358)25. In our study, the likelihood of CMD increased by 46% 
for every unit increase in TyG. In the fully adjusted model, the Q4 group exhibited a notable positive association 
with the TyG index of 61% compared to the Q1 group (OR = 1.61, 95% CI 1.36–1.92, P < 0.001). Additionally, 
a significant linear dose–response relationship concerning the risk of CMD was observed (Poverall < 0.001, 
Pnon−linear = 0.179). However, the existence of this positive linear relationship remains controversial. Research by 
Amirhossein Yadegar and his colleagues found that, in individuals with T2D, the relationship between the TyG 
index and the risk of coronary artery disease (CAD) was characterised by a U-shaped curve rather than a linear 
dose–response pattern. This suggests that extremely low or exceedingly high TyG levels are associated with a 
higher likelihood of CAD than moderate levels. It is well understood that a high level of TyG increases the risk 
of CAD due to elevated blood glucose and lipids. In contrast, the authors suggested that low TyG levels may lead 
to sympathetic nervous system activation, increased adrenaline and vasoconstriction due to hypoglycaemia. 
However, a consensus has yet to be reached on this matter26. A separate study confirmed a linear correlation 
between obesity status, as indicated by the TyG index, and the likelihood of adverse long-term cardiovascular 
outcomes in young and middle-aged individuals in the United States27. Therefore, the authors speculate that the 
correlation between the TyG index and CMD is indisputable; however, the strength and type of this association 
may also be influenced by the population of the sample, disease classification, and certain confounding factors. 
Further validation through large-scale global multicenter studies with unified standards is needed.

This research presents CHG as a new marker and evaluates its effectiveness in diagnosing CMD, compared 
to the TyG index, among the middle-aged and elderly Chinese population. Previous research on the CHG index 
is scarce. To the best of the authors’ knowledge, it was first applied by Amin Mansoori et al., who utilized the 

Model NRI, % Estimate 95% CI P IDI, % Estimate95% CI P

Base model

 Base model + CHG 6.12(2.92–9.24)  < 0.001 0.97(0.51–1.58)  < 0.001

 Base model + TyG 6.89(4.10–10.00)  < 0.001 0.88(0.47–1.41)  < 0.001

Table 4.  Incremental predictive values of TyG index and CHG index for cardiometabolic_diseases. Base 
cmodel adjusted for age and gender, smoking status, alcohol consumption status, and educational background, 
residence, married status, sleep duration, BMI. Abbreviation: TyG, triglyceride-glucose index; CHG, 
Cholesterol, high-density lipoprotein, and glucose index; CI, Confidence Interval; NRI, Net Reclassification 
Improvement; IDI, Integrated Discrimination Improvement.
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CHG index for the diagnosis of type 2 diabetes, demonstrating its diagnostic value that surpasses that of the 
TyG index16. As CHG includes the TC to HDL ratio, this factor has been confirmed as an important predictor 
of type 2 diabetes28,29, reflecting the significant impact of obesity and dyslipidaemia on the development of the 
condition30,31. In contrast, although the fasting FPG utilized in the TyG index is recognized as a risk element for 
T2D32, it is considerably affected by multiple influences, including diet and medication.Thanks to its potential to 
better reflect glycemia-driven microvascular damage, the CHG index demonstrated a diagnostic value distinct 
from the TyG index regarding diabetic microvascular complications33. Another study focused on diagnosing 
CVD found that the CHG index considers not only lipid parameters, but also blood glucose levels. Cox 
regression analysis showed that the CHG index had a higher hazard ratio (HR) than the TyG index, suggesting 
that the CHG index might be a better predictor of CVD risk17. Therefore, compared to other indices, the CHG 
index is a simple and cost-effective measure that serves as a suitable indicator for identifying IR and abnormal 

Fig. 4.  The respective ROC curve for the incremental predictive value of the base model and the base model 
plus CHG and TyG indices for predicting the incidence of CMD and the distribution map of IDI and its 
95%CI .(A) represents ROC curve of base model vs base model plus CHG and TyG indices; (B) represents 
the distribution map of IDI for TyG; (C) represents the distribution map of IDI for CHG . (D) represents the 
Comparison of different model performance; E and F Reclassification Heatmap of Base Model vs Base + CHG 
by Predicted Risk Categories in Events(E) and Non-events(F).
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lipids metabolism which also demonstrates good economic effects. In a fasting condition, CHG is obtained 
and does not necessitate the evaluation of the Homeostasis Model Assessment of Insulin Resistance (HOMA-
IR) or insulin levels, which makes it an effective option for evaluating insulin resistance and dyslipidemia16,17. 
Furthermore, oxidative stress and inflammatory responses are also involved in the progression of CMD34,35.
Studies show a link between high TyG index levels and diseases characterized by pro-inflammatory and pro-
oxidative conditions36. Although current research on the relationship between the CHG index and inflammation 
in vivo is still insufficient, it can be inferred that this correlation is inevitable17. This is because, compared to 
the TyG index (which is based on triglycerides and blood glucose), the CHG index integrates a broader range 
of metabolic pathways. These include: 1.glucose metabolism homeostasis; 2. atherogenic lipid burden(through 
total cholesterol, which is upregulated in states of energy surplus); and 3. impaired reverse cholesterol transport 
capacity (through high-density lipoprotein cholesterol, which decreases in states of insulin resistance and 
inflammation).

Moreover, our research is the inaugural study to evaluate the predictive significance of the CHG index in 
comparison to the TyG index for CMD. Although their AUCs are equal, the accuracy of the CHG index was 
higher than that of the TyG index. Furthermore, under the premise of fully adjusting the model as a conventional 
model, we first calculated the NRI and IDI to compare the incremental predictive value of the CHG index and 
the TyG index for CMD. The results showed that the predictive value of the CHG index [IDI = 0.97 (95% CI 
0.51–1.58), P < 0.001] was slightly superior to that of the TyG index [IDI = 0.88 (95% CI 0.47–1.41), P < 0.001]. 
However, the reclassification ability of the TyG index [NRI = 6.89 (95% CI 4.10–10.00), P < 0.001] was slightly 
higher than that of the CHG index [NRI = 6.12 (95% CI 2.92–9.24), P < 0.001].Due to the lack of prior research 
data as a reference, we cannot be completely certain that the CHG index had a predictive value for CMD that 
surpasses that of the TyG index. However, it can be confirmed that the CHG index was at least comparable to 
the TyG index. The importance of this is that the CHG index could improve the diagnostic potential of CMD 
when used alongside other metrics, much like the TyG index.Previous studies have confirmed that the TyG 
index, when combined with obesity indicators such as BMI, waist circumference (WC), and waist-to-height ratio 
(WHtR), demonstrated superior predictive performance for various health outcomes in the general population 
compared to the TyG index alone. A global study with a 10-year follow-up involving a multi-ethnic population 
revealed that among the female cohort, the HR for the occurrence of CMD in the highest quartiles of TyG index, 
triglyceride-glucose-body mass index(TyG-BMI), triglyceride-glucose-waist circumference (TyG-WC) index, 
and triglyceride-glucose-waist to height ratio(TyG-WHtR) index were 1.78 (95% CI 1.41–2.25), 3.26 (95% CI 

0.13

0.43

0.51

Fig. 5.  Forest plot of subgroup analysis regarding the risk associated with CHG and TyG indices and CMD.
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2.51–4.24), 3.13 (95% CI 2.41–4.06), and 3.19 (95% CI 2.47–4.12), respectively. The AUC of the ROC curve for 
the TyG combined index was significantly higher than that of the TyG index alone, demonstrating excellent 
performance in identifying individuals at risk for CMD37.Similar situations have also been observed with the 
triglyceride-glucose-body roundness index(TyG-BRI) index. Some studies have integrated TyG index and 
body roundness index (BRI) into a composite index that can capture metabolic status and obesity-related risks. 
Compared to using any single component alone, this dual biomarker shows a stronger association with CVD 
risk38.The study by Amin Mansoori et al. also compared the predictive values of Cholesterol-HDL-Glucose-body 
mass index(CHG-BMI), Cholesterol-HDL-Glucose-waist circumference (CHG-WC) index, and the individual 
CHG index for T2D, yielding contrasting results. The AUC for diagnosing T2D using CHG-BMI was 0.735 
(95% CI 0.726, 0.744), while the AUC for CHG-WC was 0.790 (95% CI 0.781, 0.798), both of which were lower 
than that of the individual CHG index, which had an AUC of 0.864 (95% CI 0.857, 0.871)16.Amin Mansoori et 
al. did not provide a detailed explanation for this phenomenon in their work. We speculate that the core of the 
TyG index is to assess IR, with obesity (especially abdominal obesity) being the primary cause of IR. In contrast, 
the CHG index focuses more on disturbances in cholesterol metabolism and abnormal blood glucose levels. 
Although it is related to metabolic syndrome, its direct association with obesity is not as strong and direct as 
that of TyG with obesity. Therefore, CHG and obesity appear to be two related but relatively independent risk 
dimensions. Of course, this hypothesis should be further validated by subsequent research. The CHG index can 
be calculated using low-cost routine blood tests, providing a practical tool for the early identification of high-
risk individuals for CMD in community and primary healthcare settings in China. Incorporating it into basic 
public health screening will assist community doctors or general practitioners in implementing targeted lifestyle 
interventions and enhancing follow-up, thereby supporting nationwide primary prevention efforts for CMD and 
alleviating its associated medical burden.

This study has several strengths: First, it is the first to validate the correlation and predictive value of the CHG 
index with CMD, and by comparing it with the TyG index, it confirms that the CHG index may become a new 
biomarker for assessing CMD. Secondly, this study employed a prospective research methodology and various 
statistical methods to develop a comprehensive assessment model, which included binary logistic regression, 
RCS, ROC, NRI, and IDI models. This multifaceted approach not only diversified the analysis and deepened 
the conclusions but also enhanced the reliability of the research findings through employing various types of 
sensitivity analysis, including E-values, Rosenbaum, and others. In addition, the data we used came from the 
CHARLS project, which was based on a nationwide random survey in China and provides up to 10 years of 
follow-up tracking. This data accurately represents the current situation of the elderly population in China. 
Of course, our research also has some limitations. Firstly, the information regarding CMD from CHARLS is 
based on self-reports from participants and lacks clear diagnostic criteria. For various reasons, there may be a 
certain degree of deviation from the actual prevalence of the disease. This misclassification is likely to be non-
differential, meaning that participants’ understanding of their future disease status is unlikely to be influenced 
by their baseline biomarker levels. Additionally, due to the lack of detailed information on the participants’ 
medication history, physical activity and diet, we cannot rule out the potential impact of these factors on the 
research results. Secondly, due to the limitations of the CHARLS database survey population, we need to further 
investigate whether these results are applicable to other populations and younger demographics. Thirdly, the 
exclusion of certain biomarkers, such as renal function indicators and FPG levels, from the model is due to 
considerations of causality and over-adjustment. However, this still constitutes a methodological limitation that 
may affect the comprehensiveness of the model. Finally the discriminatory power of the TyG and CHG indices 
was relatively low, severely limiting their utility as standalone screening tools. Further development of combined 
indices may be necessary.

Conclusions
The CHG index has been linked to an increased risk of CMD in middle-aged and older adults in China, with a 
clear linear correlation observed. Although the CHG and TyG indices have different strengths and weaknesses 
when it comes to assessing the risk of newly developed CMD, the CHG index is still comparable to the TyG index 
in this respect.

Data availability
The datasets generated and/or analysed during the current study are available in the CHARLS offial website: 
https://charls.pku.edu.cn/.
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