
Articles © The authors   |   Journal compilation © Cardiol Res and Elmer Press Inc™   |   https://cr.elmerpub.com
This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (CC BY 4.0), which permits unrestricted use,  

distribution, and reproduction in any medium, including commercial use, provided the original work is properly cited
136

Original Article Cardiol Res. 2026;17(2):136-148

The Association Between Cholesterol, High-Density 
Lipoprotein, and Glucose Index and Mortality in  
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Abstract

Background: This study aimed to investigate the association be-
tween cholesterol, high-density lipoprotein, and glucose (CHG) in-
dex and mortality among patients with diabetes or prediabetes and to 
determine whether this association changes with age.

Methods: From the National Health and Nutrition Examination Sur-
vey (1999–2018), 14,369 patients with diabetes or prediabetes were 
selected and divided into two age groups: 50 years and younger, and 
older than 50 years. The Cox proportional hazards models, restricted 
cubic spline (RCS) models and interaction test were employed to ana-
lyze the associations between CHG index and mortality.

Results: During a median follow-up of 96 months, 2,741 deaths from 
all causes and 899 deaths related to cardiovascular issues were re-
corded. Cox proportional hazards regression analysis found a positive 
correlation between the CHG index and mortality from all causes, as 
well as cardiovascular causes. According to the RCS model, there is a 
U-shaped correlation between the baseline CHG index and mortality, 
and age significantly interacts with this relationship. The study re-
vealed a significant correlation between increased CHG and a height-
ened risk of death in people aged 50 years and below.

Conclusions: We found that the CHG index is associated with mor-
tality in individuals younger than 50 years, underscoring the critical 
role of the CHG index in identifying and screening for mortality risk 
among those with early-onset diabetes.

Keywords: Cholesterol; High-density lipoprotein; Glucose index; 
Mortality; Diabetes; Prediabetes; NHANES

Introduction

Diabetes and prediabetes represent significant public health 
challenges worldwide, primarily due to their strong associa-
tion with cardiovascular disease (CVD). Statistics from the In-
ternational Diabetes Federation indicate that over 537 million 
adults around the world had diabetes in 2021, with expecta-
tions for this number to grow [1]. Significantly, the number of 
young individuals with diabetes is rising globally. Data from 
the International Diabetes Federation’s 2021 diabetes map in-
dicate that nearly 20% of people aged 20 to 40 worldwide have 
diabetes, with more than 90% of cases being type 2 diabetes 
mellitus (T2DM) [2]. Therefore, detecting high-risk popula-
tion and implementing effective primary prevention strategies 
is critical for reducing mortality.

Multiple studies have shown that hyperglycemia and insu-
lin resistance (IR) are key factors contributing to CV complica-
tions, such as myocardial infarction (MI), stroke, and peripheral 
artery disease [3]. IR is closely linked to various abnormalities 
associated with metabolic syndrome, including obesity and dys-
lipidemia. Collectively, these factors collectively increase the 
risk of coronary heart disease [4]. Studies indicate that IR is 
closely associated with the onset of CVD, especially during the 
prediabetes stage, where its presence notably increases the risk 
of CVD [5, 6]. In individuals with diabetes, lipid abnormalities 
are closely associated with an increased risk of atherosclerotic 
CVD [7]. In the context of prediabetes, a higher prevalence of 
dyslipidemia is typically observed, which may further exac-
erbate the risk of atherosclerosis [8]. In addition, individuals 
with prediabetes and diabetes should have lipid management 
approaches that specifically target the phenotype with high tri-
glycerides (TGs) and low high-density lipoprotein cholesterol 
(HDL-C), given its connection to a heightened risk of CVD [9].

Recently, the cholesterol, high-density lipoprotein, and 
glucose (CHG) index, a combined measure of cholesterol and 
glucose, has been introduced as a method for diagnosing type 2 
diabetes by assessing IR [10]. Research has shown that a high-
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er CHG index is significantly associated with a heightened risk 
of CVD among middle-aged people [11]. The predictive power 
of the CHG index in evaluating CVD risk is similar to that of 
the triglyceride-glucose (TyG) index, according to the avail-
able data. The prognostic value of the CHG index among the 
general population with diabetes, particularly across different 
age strata, has not been explored. The objective of the cur-
rent study was to: 1) investigate the association between the 
baseline CHG index and all-cause and cardiovascular mortal-
ity in adults with diabetes or prediabetes; 2) determine whether 
this association is modified by age, with a specific focus on 
younger versus older adults.

Materials and Methods

Study cohort and design

The National Health and Nutrition Examination Survey 
(NHANES) constitutes a critical research program aimed at 
evaluating the health and nutritional profiles of adults and chil-
dren across the United States. Conducted by the Centers for Dis-
ease Control and Prevention (CDC), NHANES generates vital 
health metrics that guide public health policies and scientific 
investigations. The survey’s procedures have received approval 
from the Research Ethics Review Board of the National Center 
for Health Statistics (NCHS). To ensure the protection of par-
ticipant rights, written informed consent was secured from all 
individuals taking part in the study. Furthermore, the datasets 

employed and examined in this research are publicly available 
through the official NHANES website. In this analysis, data 
from NHANES spanning 1999 to 2018 were extracted, and the 
study did not need the Institutional Review Board (IRB) approv-
al. The ethics statement was not applicable to this study. Based 
on the diagnostic guidelines set forth by the American Diabe-
tes Association (ADA), diabetes is defined as a self-reported 
diagnosis, the administration of insulin or oral hypoglycemic 
medications, fasting blood glucose (FBG) levels equal to or ex-
ceeding 126 mg/dL, or hemoglobin A1c (HbA1c) levels at or 
above 6.5%. Prediabetes is identified by a self-reported predia-
betes condition, FBG levels ranging from 100 mg/dL to 125 mg/
dL, or HbA1c values between 5.7% and 6.4% [12]. A cohort of 
26,954 adults diagnosed with either diabetes or prediabetes was 
assessed (including individuals aged 18 to 85 years). Following 
the exclusion of participants lacking data for the CHG index (n 
= 11,362), all-cause mortality dates, or baseline medical condi-
tions (n = 1,223), a total of 14,369 participants were ultimately 
incorporated into the present study (Fig. 1).

Assessment of covariates

Data pertaining to a comprehensive set of demographic and 
health-related variables were obtained via household inter-
views conducted as part of the NHANES. These variables 
included age, sex, race/ethnicity, educational background, 
household income, smoking history, existing medical condi-
tions, and prescription drug use. Body mass index (BMI) was 
derived by dividing an individual’s weight in kilograms by 

Figure 1. Flow chart of study participants. NHANES: National Health and Nutrition Examination Survey.
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the square of their height in meters. For analytical purposes, 
race/ethnicity was segmented into four distinct classifications: 
White, Black, Mexican, or other. Educational attainment was 
organized into a three-tiered system: less than a high school 
diploma, high school graduate or equivalent, and college-level 
education or higher. Smoking behavior was documented us-
ing three classifications: never smoker, former smoker, or 
current smoker. Alcohol intake was stratified into four catego-
ries: heavy drinker (characterized by consuming three or more 
drinks daily for women or four or more for men, or participat-
ing in binge drinking (defined as four or more drinks on one 
occasion for women or five or more for men) on five or more 
days per month), moderate drinker (defined as two or more 
drinks daily for women or three or more for men, or engaging 
in binge drinking on two or more days monthly), mild drinker 
(individuals not meeting the criteria for heavy or moderate 
drinking), and nondrinker. Furthermore, a series of clinical 
biomarkers—including fasting plasma glucose, HbA1c, TGs, 
total cholesterol (TC), low-density lipoprotein cholesterol 
(LDL-C), and HDL-C—were quantified through laboratory 
analyses performed within the NHANES framework.

Assessment of CHG index

The CHG index was determined using the formula: CHG in-
dex = Ln (TC (mg/dL) × FBG (mg/dL)/2 × HDL (mg/dL)). 
Participants were divided into four groups (Q1, Q2, Q3, Q4) 
based on the quartiles of the CHG index, with the Q1 group 
serving as the reference.

Ascertainment of mortality

The mortality status of the follow-up cohort was determined 
using the NHANES public-use linked mortality file, which 
was current as of December 31, 2019. A probabilistic match-
ing algorithm, overseen by the National Center for Health 
Statistics (NCHS), was used to integrate this dataset with the 
National Death Index (NDI). Moreover, the International Sta-
tistical Classification of Diseases, 10th Revision (ICD-10), 
was utilized to detect deaths related to cardiovascular issues, 
with the NCHS assigning heart diseases to codes 054–064 and 
cerebrovascular diseases to code 070 [13].

Statistical analysis

R software (version 4.2.2) was used to conduct the statistical 
analysis. In accordance with the NHANES complex sampling 
design, analyses were conducted using sample weights, clus-
tering, and stratification, as required for the correct analysis of 
NHANES data [14]. Normality of the CHG index was evalu-
ated using the Shapiro–Wilk test (Supplementary Material 1, 
cr.elmerpub.com). Participants in the research were organized 
into four groups using quartiles (Q1–Q4) of the CHG index 
among total cohort and two age subgroups (≤ 50 years or > 50 
years). Continuous variables were described using the mean 

and standard deviation (SD), while categorical variables were 
summarized as frequency and percentage. Baseline character-
istics across the CHG quartile groups were compared using 
one-way analysis of variance (ANOVA) for continuous vari-
ables and the Pearson Chi-square test for categorical variables. 
The incidence rates of mortality (all-cause and cardiovascular) 
for each CHG quartile group were calculated over the entire 
follow-up period. To assess the independent predictive value 
of the CHG index (continuous and categorical variables), we 
constructed both univariate and multivariate Cox proportional 
hazards regression models, adjusting for potential confound-
ing factors across three models. Model 1 did not include any 
adjustments. Model 2 accounted for age, race, gender, educa-
tion level, and the family income-poverty ratio. Model 3 in-
cluded all adjustments from model 2 and added factors such as 
hypertension, coronary heart disease, congestive heart failure 
(HF), MI, angina pectoris, stroke, smoking status, and alco-
hol consumption. The proportional hazards assumption for 
the Cox models was tested using scaled Schoenfeld residuals. 
No significant violations were detected (global test P > 0.05). 
For variables included in the Cox proportional hazards mod-
els, where the proportion of missing values was less than 10% 
(Supplementary Material 2, cr.elmerpub.com), multiple im-
putation using random forest algorithm (missForest package) 
was employed. Kaplan–Meier survival curves were employed 
to investigate the association between CHG and mortality 
using the log-rank test. Restricted cubic splines (RCSs) and 
smooth curve fitting with four knots (5%, 35%, 65%, 95%) 
were employed to explore the connection between the CHG 
index and mortality. Analyses were conducted by stratifying 
participants according to gender, age, race (White, Black, 
Mexican, or other), education level, hypertension status, and 
lifestyle factors like smoking and alcohol use. A model includ-
ing an age × CHG interaction term was also created to evaluate 
the interaction between age and CHG on a continuous scale. 
Using the R package interaction–RCS, splines were developed 
based on the estimated hazard ratios (HRs) from a Cox model 
that incorporated a CHG–age interaction term. HRs for mortal-
ity per 1-unit increase in CHG were also calculated according 
to age categories (≤ 50 years and > 50 years). Two separate 
sensitivity analyses were carried out: one excluding patients 
who died within the initial 24 months of follow-up and another 
excluding those with a history of CVD. Statistical significance 
was considered as a P value of less than 0.05.

Results

Baseline characteristics of study participants

The baseline characteristics of the study participants (n = 
14,369), categorized by CHG index quartiles and divided into 
age groups (≤ 50 years, n = 5,678; > 50 years, n = 8,691) were 
displayed (Supplementary Materials 3–5, cr.elmerpub.com). Ta-
ble 1 presented the initial characteristics of the younger cohort 
(n = 5,678) divided into quartiles based on the CHG index. The 
group of participants had a median age of 38 years, with 58.1% 
identified as male. Male predominance was more pronounced in 

https://cr.elmerpub.com
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higher CHG index (ranging from 42.1% to 69.9%), while BMI 
increased progressively (ranging from 26 to 31). The racial com-
position differed greatly among quartiles, with the percentage 
of Mexican participants rising from 18.7% to 26.1%, and Black 
participants decreasing from 31.9% to 15.7%. Educational at-
tainment demonstrated an inverse relationship with CHG index: 
higher proportions of less educated individuals were observed in 
the upper quartiles. CV comorbidities exhibited differing preva-
lence patterns across the quartile groups: HF (1.0% to 1.7%), 
MI (0.9% to 2.5%), angina pectoris (0.6% to 1.9%), congestive 
heart failure (CHD) (0.6% to 1.2%), and stroke (1.1% to 2.0%). 
Smoking status indicated upward trend in current smokers, in-
creasing from 21.1% to 32.1%, while the proportion of never 
smokers decreased from 63.9% to 49.6% as the CHG index rose. 
The prevalence of hypertension elevated from 17.8% to 32.7% 
across quartiles. Furthermore, significant differences were ob-
served across multiple biochemical parameters. Additionally, 
metabolic parameters and lipid profiles demonstrate particularly 
strong associations with the CHG index.

Mortality outcomes distributed across CHG quartiles

As CHG quartiles increase, there is a progressive rise in both 
all-cause and cardiovascular mortality, with all P values under 
0.001 (Supplementary Material 6, cr.elmerpub.com). Notably, 
Q4 of CHG shows significantly higher rates of all-cause mor-
tality and cardiovascular mortality, at 23.4% and 8.0%, respec-

tively. Both the younger and older groups showed a similar 
trend. In the total population, Cox proportional hazards regres-
sion models with RCSs and smooth curve fitting revealed U-
shaped associations between CHG index and both all-cause 
mortality (Fig. 2a) and cardiovascular (CV) mortality (Fig. 
2d). In a separate analysis of populations with diabetes and 
prediabetes (Supplementary Material 7, cr.elmerpub.com), we 
also observed that the U-shaped relationship between the CHG 
index and both all-cause and CV mortality persisted (both P 
for non-linear < 0.001). Among participants enrolled in the 
study, there was a significant interaction between CHG and 
age (CHG × age interaction P < 0.001), such that patients with 
lower age had higher hazards of death with higher CHG index 
(Supplementary Materials 8G, H, 9, 10, cr.elmerpub.com). Ac-
counting for the effects of age, additional RCS analyses indi-
cated a significant positive link between CHG and all mortality 
outcomes for those 50 years old or younger, without any non-
linear relationship detected (Fig. 2b, e). The U-shaped rela-
tionship was still present in those > 50 years of age (Fig. 2c, f).

Associations between CHG and mortality in diabetes and 
prediabetes patients

Among all individuals, the CHG index was associated with 
greater risk of mortality in all age groups but had a signifi-
cantly stronger association in the younger group. For patients 
with age ≤ 50 years, Table 2 shows that higher CHG index (per 

Figure 2. (a–f) Restricted cubic spline models analyzed the relationship between cholesterol, high-density lipoprotein, glucose 
index, and mortality. CHG: cholesterol, high-density lipoprotein, and glucose; CI: confidence interval; CV: cardiovascular.

https://cr.elmerpub.com
https://cr.elmerpub.com
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1-unit) was associated with greater risk of all-cause mortal-
ity (HR = 2.46; 95% confidence interval (CI), 1.94–3.12; P < 
0.001) and CV mortality (HR = 3.26; 95% CI, 2.11–5.04; P < 
0.001). The quartiles of the CHG index (Q4) were significantly 
associated with an increased risk of all-cause, and cardiovas-
cular mortality compared to Q1 of CHG (all-cause mortality: 
HR = 2.66; 95 % CI, 1.78–3.96; CV mortality: HR = 4.77; 95 
% CI, 1.84–12.3). The association between higher CHG and 
increased mortality risk was further supported by models 2 
and 3. However, the multivariable Cox proportional hazards 
regression models validated the absence of a direct connection 
between CHG and mortality among the older individuals. The 
Cox regression model results and subgroup analysis regarding 
the link between CHG and mortality in the study population 
aged 18–85 years are presented here (Supplementary Materials 
9–11, cr.elmerpub.com). The Kaplan–Meier survival curves 
revealed that patients in the Q4 of the CHG index had a sig-
nificantly higher risk of mortality across all age groups (Sup-
plementary Materials 8C, D, 12, cr.elmerpub.com).

Sensitivity analyses

In sensitivity analyses, the significant association between 
CHG and mortality outcomes persisted even after excluding 
participants who died within the first 24 months of follow-up 
and those with a history of CVD at baseline (Supplementary 
Materials 13, 14, cr.elmerpub.com).

Subgroup analysis of CHG in predicting mortality

Tables 3 and 4 present subgroup analyses evaluating the associa-
tion between CHG and the risk of all-cause mortality and CV 
mortality, respectively, in younger individuals. The interactions 
between CHG and various covariates—including gender, age, 
race, education level, history of cerebrovascular disease, smok-
ing status, hypertension, and alcohol consumption—were not 
statistically significant (P > 0.05 for interaction). Similarly, the 
relationship between CHG quartiles and mortality risk was not 
significantly modified by these factors (P > 0.05 for interaction; 
Supplementary Materials 15, 16, cr.elmerpub.com).

Discussion

In this study, we initially demonstrated the association between 
the CHG index and both all-cause and cardiovascular mortal-
ity, showing a U-shaped relationship in those with diabetes 
or prediabetes. There was a significant association between a 
higher CHG index and increased mortality among those aged 
50 years or below. The findings of this study highlight the criti-
cal role of the CHG index in identifying younger diabetic or 
prediabetic patients who are at increased risk of mortality, thus 
supporting further assessments and more proactive treatment 
measures.

Early-onset diabetes mellitus has an earlier risk of compli-
cations and a higher risk of early death [15, 16]. The Framing-

ham study found that as the onset of diabetes occurs at younger 
ages, the mortality rates of CVDs and non-CVDs increase ac-
cordingly [17]. Patients with early-onset T2DM experience 
quicker β-cell dysfunction, faster development of diabetic 
complications, and a greater occurrence of obesity and related 
health issues compared to those with late-onset T2DM. Pa-
tients diagnosed with early-onset diabetes exhibit an elevated 
risk for complications affecting both small and large blood ves-
sels [18]. Studies show that the CHG index predicts short-term 
stroke mortality and long-term CVD risk and outperforms TyG 
and lipid accumulation product (LAP) for diabetic retinopathy 
[11, 19, 20]. This suggests that the CHG index is a promising 
biomarker for systemic metabolic dysregulation, with links to 
cardiovascular and metabolic disease outcomes like stroke, 
aortic stenosis, and metabolic syndrome [21–23]. Our results 
might broaden our comprehension of the link between the 
CHG index and mortality risk in people with early-onset dia-
betes, offering new perspectives for future research. Similarly, 
a study showed that CHG index were positively correlated 
with metabolic dysfunction-associated steatotic liver disease 
(MASLD) in young people [24]. This suggests that our find-
ings are intentional: young people may be more susceptible to 
metabolic disorders due to their active metabolic processes. 
Changes in the CHG index can significantly affect their health, 
as they typically have fewer chronic diseases. Specifically, an 
increase of one unit in the baseline CHG index was associated 
with an 86% higher risk of death from all causes and a 154% 
higher risk of cardiovascular death, underscoring the unique-
ness and importance of our findings.

Currently, the precise biological mechanisms by which the 
CHG index predicts the risk of CVD remain to be fully eluci-
dated. In our study, we constructed comprehensive evaluation 
models, including Cox regression and RCS models, to further 
explore the association between the CHG index and CVD risk. 
It is widely recognized that cholesterol levels substantially in-
fluence CVD risk [25]. Higher TC and LDL levels are linked 
to a higher mortality rate from CVD, whereas HDL shows a 
negative correlation with CVD risk [26, 27]. Furthermore, our 
research found a positive association between the CHG index 
and BMI, HbA1c, TG, and LDL-C. These findings imply that 
the link between the CHG index and adverse clinical outcomes 
may be mediated by established traditional CVD risk factors.

The CHG index, which includes TC, FBG, and HDL-C, 
might offer benefits in evaluating IR and metabolic disorders 
by integrating these additional lipid parameters. Furthermore, 
IR is a prevalent metabolic disorder in obese patients and plays 
a significant role in progression of dyslipidemia [27]. IR con-
tributes to CVD development in both the general population 
and early-onset diabetes patients, and it also predicts CV prog-
nosis in individuals with CVD [28–31]. The raised lipid and 
glucose levels are considered significant risk factors for CVD, 
and they are known to be associated with inflammation [32–
34]. Elevated TyG index levels have been found to be associ-
ated with inflammatory and oxidative conditions, which might 
shed light on the greater risks of T2DM and CVD, according to 
one study [35]. The CHG index may have a notable benefit over 
the TyG index due to its incorporation of a wider array of lipid 
parameters, particularly TC and HDL-C. However, there is a 
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current shortage of studies investigating how the CHG index 
relates to inflammation.

In alignment with previous research [29, 36], our study 
corroborated a U-shaped relationship between the CHG index 
and mortality from all causes and cardiovascular issues in peo-
ple with diabetes and prediabetes. This finding suggests that 
patients face higher mortality risks with both very high and 
very low CHG indices, while maintaining a balanced CHG 
index is vital. There are likely multiple mechanisms for this 
finding. Abnormal blood glucose levels can adversely affect 
the prognosis of patients with diabetes. Elevated FBG levels 
have been linked to an increased long-term absolute risk of 

CVD, and lower FBG levels might be associated with a higher 
occurrence of negative outcomes [37–39]. HDL-C also has an-
tioxidant and anti-inflammatory effects and improves vascular 
endothelial function [40]. Low HDL-C levels may weaken its 
protective effect on the cardiovascular system [41]. Mean-
while, studies on large populations have shown that individu-
als carrying one copy of the P376L variant have notably higher 
plasma HDL-C levels, potentially increasing the risk of athero-
sclerosis [42]. Extremely low levels of CHG index (high HDL 
cholesterol and low fasting glucose) may suggest inadequate 
nutritional status and have been linked to increased long-term 
mortality from all causes [43]. These possibilities remain un-

Table 3.  Subgroup Analysis of CHG Index in Predicting All-Cause Mortality in Individuals With Diabetes or Prediabetes ≤ 50 Years

Subgroup N HR (95% CI) P value P for interaction
Overall 5,678 2.46 (1.94–3.12) < 0.001
Age (years) 0.054
    < 35 2,283 3.54 (2.05–6.09) < 0.001
    ≥ 35 3,395 1.94 (1.46–2.56) < 0.001
Gender 0.641
    Female 2,380 2.66 (1.77–4.00) < 0.001
    Male 3,298 2.34 (1.73–3.16) < 0.001
Race 0.75
    Mexican American 1,321 2.89 (1.50–5.58) 0.001
    Non-Hispanic Black 1,241 2.17 (1.42–3.32) < 0.001
    Non-Hispanic White 1,955 2.90 (2.03–4.15) < 0.001
    Other race 1,161 2.25 (1.01–4.99) 0.047
Education level 0.2
    Less than 9th grade 525 1.26 (0.52–3.09) 0.611
    9th–11th grade 895 1.96 (1.21–3.18) 0.006
    High school graduate or equivalent 1,244 3.24 (1.97–5.32) < 0.001
    Some college or above 2,594 2.64 (1.75–3.97) < 0.001
Cerebrovascular disease 0.051
    No 5,482 2.50 (1.93–3.24) < 0.001
    Yes 196 1.23 (0.63–2.42) 0.543
Smoking status 0.206
    Current 1,430 2.01 (1.41–2.87) < 0.001
    Former 914 1.75 (0.93–3.31) 0.082
    Never 3,040 3.15 (2.04–4.84) < 0.001
Hypertension 0.3
    No 4,298 2.49 (1.79–3.45) < 0.001
    Yes 1,357 1.91 (1.31–2.77) 0.001
Alcohol consumption 0.283
    Heavy 319 0.88 (0.08–10.12) 0.92
    Moderate 2,102 1.98 (1.30–3.03) 0.001
    Mild 2,276 2.67 (1.88–3.80) < 0.001
    Never 609 3.93 (2.12–7.28) < 0.001

CHG: cholesterol, high-density lipoprotein, and glucose; HR: hazard ratio; CI: confidence interval.
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clear, and causal relationships are unestablished, making the 
mechanisms underlying the U-shaped curve hypothetical.

Limitations

This study is subject to several limitations. Firstly, it relies on 
data from the NHANES database, which, while representative, 
may not fully encompass the CVD risk factors and population 
characteristics found in other countries or regions. Secondly, 
the outcomes of the study were based on self-reported question-
naires, which may introduce bias in the data collection process. 
Thirdly, as an observational study, it cannot definitively estab-
lish causality. Despite efforts to control for confounding vari-
ables through multivariate adjustments and subgroup analyses, 

residual confounding factors—such as lipid-lowering drugs, 
diabetic therapy, duration of therapy, and compliance, for which 
information is lacking—may still influence patient prognosis. 
Finally, this analysis focuses exclusively on the prognostic val-
ue of the baseline CHG index, leaving the question of whether 
changes in the CHG index during follow-up can also predict 
mortality unanswered, necessitating further investigation.

Conclusions

An elevated CHG index represents a significant prognostic 
marker for predicting the risk of all-cause and CV mortality 
among young individuals with diabetes or prediabetes. Further 
research is warranted to investigate whether targeted interven-

Table 4.  Subgroup Analysis of CHG Index in Predicting Cardiovascular Mortality in Individuals With Diabetes or Prediabetes ≤ 50 
Years

Subgroup N HR (95% CI) P value P for interaction
Overall 5,678 3.26 (2.11–5.04) < 0.001
Age (years) 0.037
    < 35 2,283 6.57 (2.93–14.71) < 0.001
    ≥ 35 3,395 2.33 (1.36–3.99) 0.002
Gender 0.927
    Female 2,380 3.02 (1.08–8.42) 0.035
    Male 3,298 3.10 (1.89–5.10) < 0.001
Race 0.403
    Mexican American 1,321 6.05 (2.14–17.06) 0.001
    Non-Hispanic Black 1,241 2.33 (1.14–4.76) 0.02
    Non-Hispanic White 1,955 4.13 (2.00–8.55) < 0.001
    Other race 1,161 5.12 (1.09–24.09) 0.039
Education level 0.229
    Less than 9th grade 525 1.76 (0.18–17.05) 0.624
    9th–11th grade 895 1.68 (0.67–4.22) 0.27
    High school graduate or equivalent 1,244 5.26 (2.21–12.50) < 0.001
    Some college or above 2,594 4.05 (2.08–7.88) < 0.001
Cerebrovascular disease 0.082
    No 5,482 3.53 (2.19–5.69) < 0.001
    Yes 196 1.23 (0.40–3.73) 0.718
Smoking status 0.249
    Current 1,430 2.36 (1.16–4.83) 0.018
    Former 914 1.93 (0.54–6.89) 0.309
    Never 3,040 4.76 (2.47–9.14) < 0.001
Hypertension 0.096
    No 4,298 4.14 (2.34–7.34) < 0.001
    Yes 1,357 1.91 (0.94–3.88) 0.072
Alcohol consumption 0.725
    Moderate/heavy 2,421 2.58 (1.23–5.44) 0.013
    Mild 2,276 3.66 (1.84–7.27) < 0.001
    Never 609 3.77 (1.44–9.81) 0.007

CHG: cholesterol, high-density lipoprotein, and glucose; HR: hazard ratio; CI: confidence interval.
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tions designed to modify the CHG index may lead to improved 
clinical outcomes in this patient population.
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