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Chronic kidney disease (CKD) is characterized as a progressive dysfunction of the kidney. The estimated 
glucose disposal rate (eGDR) is widely recognized as a dependable marker of insulin resistance (IR). 
Nonetheless, the potential link between eGDR and CKD incidence remains insufficiently clarified. This 
study utilized data from the China Health and Retirement Longitudinal Study (CHARLS). The outcome 
of this study was CKD events. We performed adjusted Cox proportional hazards regression, restricted 
cubic splines (RCS), and mediation analyses. Among the 6,737 participants followed for a median of 
108 months, 1,356 (20.13%) developed CKD. Relative to the lowest quartile (Q1) of eGDR, the adjusted 
HR for the highest quartile (Q4) was 0.85 (95% CI: 0.72–0.99). Each standard deviation increase in 
eGDR was linked to a 7% reduction in CKD risk (HR: 0.93, 95% CI: 0.88–0.99). The RCS curve indicated 
a linear relationship between eGDR and CKD risk (threshold = 8.21). The cardiovascular disease (CVD) 
significantly mediated 27.0% of the association between eGDR and CKD risk. This study demonstrates 
a significant inverse correlation between eGDR levels and CKD risk in middle-aged and elderly 
individuals within the Chinese population. Moreover, CVD emerges as a key intermediary linking eGDR 
and the heightened risk of CKD.
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Chronic kidney disease (CKD) is marked by sustained and progressive impairment of renal function, resulting 
in structural and functional alterations. In advanced stages, patients often progress to end-stage renal disease 
(ESRD), requiring hemodialysis for survival1,2. In China, the CKD prevalence among adults stands at 10.8%3, 
while globally, it reaches 14.3%, with a 41.5% rise in CKD-related mortality4. In 2017, an estimated 697.5 million 
individuals were affected by CKD worldwide, with 1.2 million deaths from the disease5. CKD is projected to 
become the fifth leading global cause of mortality by 20406. Characterized by its asymptomatic onset, alongside 
high morbidity and mortality rates, CKD imposes significant health and economic burdens both in China and 
globally, escalating into a critical public health issue7,8. Early identification of high-risk populations is essential 
to mitigate the global impact of CKD; however, existing risk factor models are increasingly inadequate in 
addressing the growing CKD patient population. Consequently, there is an urgent need for the development of 
simplified and effective markers to improve risk prediction in CKD.

Insulin resistance (IR) refers to the diminished physiological response to insulin, which is strongly linked to 
the onset and progression of CKD9,10. Although the hyperinsulinemic-euglycemic clamp is considered the gold 
standard for assessing IR, its high cost limits its use in large-scale clinical settings11. Recently, eGDR has gained 
traction as a more practical alternative to evaluate IR. It offers lower costs, ease of measurement, and suitability 
for extensive clinical research, with comparable diagnostic accuracy to the hyperinsulinemic-euglycemic clamp 
technique12,13. Studies have identified IR as a significant risk factor for CKD and revealed a complex interplay 
between cardiovascular disease (CVD) and CKD14–17. Nevertheless, the association between eGDR and CKD 
remains unclear, particularly across varying glucose regulation states, and the potential mediating role of CVD 
in the relationship between eGDR and CKD warrants further investigation.

This study explored the association between eGDR and CKD utilizing data from the China Health and 
Retirement Longitudinal Study (CHARLS), while also evaluating the mediating role of CVD in this relationship. 
Additionally, it analyzed how glucose regulation status influenced the eGDR-CKD link, addressing the knowledge 
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gap on eGDR and CKD in a nationally representative cohort and reinforcing its potential for real-world clinical 
application.

Methods
Study population
Data for this cohort study were derived from the CHARLS, an ongoing nationwide longitudinal survey targeting 
Chinese residents18. CHARLS sampled participants from 450 communities across 150 districts in 28 provinces, 
ultimately enrolling 17,708 individuals from 10,257 households. The cohort encompassed detailed information 
on sociodemographic characteristics, lifestyle variables, and health-related metrics specific to this age group. 
Participants were followed every two to three years after baseline. The study initially enrolled 17,708 individuals 
from the 2011 (Wave 1) baseline survey, with data gathered through standardized questionnaires during personal 
interviews. Of these, 10,971 were excluded based on the following criteria: (1) presence of CKD or missing CKD 
data, (2) incomplete age data, age under 45, or absence of serum creatinine and gender data, (3) missing data on 
glycated hemoglobin (HbA1c), hypertension, and waist circumference, (4) Estimated glomerular filtration rate 
(eGFR) below 60 mL/min/1.73 m2. Ultimately, 6,737 participants remained for analysis and were stratified into 
four subgroups based on the quartiles (Q) of eGDR.

The Biomedical Ethics Review Committee of Peking University, China, granted approval for this study, with 
all participants providing written informed consent prior to enrollment. The study adhered to the Strengthening 
the Reporting of Observational Studies in Epidemiology (STROBE) guidelines19. We confirm that all methods 
were performed in accordance with the relevant guidelines. The subject registration process was illustrated in 
Fig. 1.

Assessment of eGDR, eGFR and CVD
Participants were instructed to fast overnight, with venous blood samples collected by trained personnel the 
following morning and immediately transported to a local laboratory for storage at 4  °C. After processing, 
samples were transferred to the Chinese Center for Disease Control and Prevention in Beijing within two weeks 
for standardized testing. Waist circumference was measured by a qualified healthcare provider. The eGDR was 
calculated using the following formula20: eGDR (mg/kg/min) = 21.158 − (0.09 ∗ WC) − (3.407 ∗ HT) − (0.551 
∗ HbA1c) [where WC represented waist circumference in cm, HT referred to hypertension status (yes = 1/
no = 0), and HbA1c was expressed as a percentage]. The eGFR was derived using the Japanese-coefficient 
modified MDRD equation as follows21,22: eGFR (mL/min/1.73 m2) = 194 × (serum creatinine) −1.094 × (age)−0.287 
(multiplied by 0.739 for females).

CVD encompassed both heart disease and stroke, which were evaluated through two key questions: (1) 
“Have you ever been diagnosed by a physician with heart attack, coronary artery disease, angina, heart failure, or 
any other cardiac conditions?“; (2) “Have you ever been diagnosed with stroke by a physician?“.

Fig. 1.  Flow chart of the study population. CHARLS China Health and Retirement Longitudinal Study, CKD 
chronic kidney disease, HbA1c Hemoglobin A1c, eGFR estimated glomerular filtration rate.
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Assessment of incident CKD
The outcome of this study was the occurrence of CKD events, determined either by self-reported physician 
diagnosis or personal eGFR measurements from Wave 2 to Wave 5. CKD identification was based on respondents 
answering the question, “Have you ever been told by a doctor that you have kidney diseases?” A positive response, 
or an eGFR < 60 mL/min/1.73 m2, classified participants as having CKD. The date of CKD onset was defined as 
the period between the last interview and the interview in which the CKD event was first reported.

Covariates
Demographic data, health status, and functional capacity were gathered through standardized questionnaires 
administered by trained interviewers. Variables collected included gender, age, and place of residence (urban 
or rural), alongside marital status and education level, which was stratified into five categories: no formal 
education, primary school, middle school, and high school or higher. Marital status was grouped into two 
categories: married and non-married (never married, separated, divorced, or widowed). Health-related variables 
encompassed smoking and drinking status, both categorized as never, former, or current. Physician-diagnosed 
medical conditions such as hypertension, diabetes mellitus (DM), dyslipidemia, heart disease, stroke, and 
kidney disease were self-reported, along with the use of medications for hypertension, DM, and dyslipidemia. 
Laboratory assessments included fasting blood glucose (FBG), uric acid (UA), serum creatinine (SCR), blood 
urea nitrogen (BUN), total cholesterol (TC), triglycerides (TG), high-density lipoprotein cholesterol (HDL-C), 
low-density lipoprotein cholesterol (LDL-C), HbA1c, white blood cell count (WBC), platelet count (PLT), 
hemoglobin (HB), and C-reactive protein (CRP).

Hypertension was characterized by systolic blood pressure (SBP) ≥ 140 mmHg, diastolic blood pressure 
(DBP) ≥ 90 mmHg, the use of antihypertensive medication, or a physician-diagnosed history of hypertension23. 
Dyslipidemia was defined by TG ≥ 150 mg/dL, TC ≥ 240 mg/dL, HDL-C < 40 mg/dL, LDL-C ≥ 160 mg/dL, use of 
lipid-lowering medication, or a confirmed medical history of dyslipidemia24. Glucose regulation was categorized 
into normal glucose tolerance (NGT), prediabetes (Pre-DM), and DM. NGT was defined as FBG < 5.6 mmol/L 
or HbA1c < 5.7%. Pre-DM was classified as FBG 5.6–6.9 mmol/L or HbA1c 5.7–6.4%25.DM was defined by 
meeting at least one of the following criteria: (1) FPG ≥ 126 mg/dL, or (2) HbA1c ≥ 6.5%, (3) and/or current use 
of antidiabetic medications, (4) and/or self-reported diabetes diagnosed by a doctor26.

Statistical analysis
A total of 1.84% (124 out of 6737) of data points were missing, and the k-Nearest Neighbor (KNN) interpolation 
method was applied to address this issue and minimize potential bias. Continuous variables were presented as 
medians with interquartile ranges or as means ± standard deviations, while categorical variables were reported 
as frequencies with percentages. Group differences were assessed using one-way ANOVA, chi-square tests, and 
the Kruskal-Wallis test.

Kaplan–Meier curves were employed to estimate CKD survival probabilities. Collinearity among variables 
was evaluated using tolerance levels and variance inflation factor (VIF)27. The standardization process of eGDR 
involves subtracting the mean and dividing by the standard deviation. COX regression models assessed the 
association between eGDR and CKD risk, with three models constructed based on different covariate adjustments. 
Model 1 included no covariate adjustments. Model 2 adjusted for gender, age, residence, marital status, and 
education level. Model 3 further incorporated smoking status, drinking status, WBC, PLT, HB, HDL‑C, BUN, 
CRP, UA, and body mass index (BMI). After adjusting for covariates (Model 3), the dose-response relationship 
between eGDR and CKD was analyzed using restricted cubic splines (RCS). Mediation analysis of CVD’s role 
in the eGDR-CKD association was conducted via the R package “mediation.” The area under curve (AUC) of 
the receiver operating characteristic (ROC) curve was used to evaluate the incremental effect of incorporating 
the eGDR and CVD into the traditional risk model on diagnostic prediction. Predictive improvement beyond 
the base model was assessed using Net Reclassification Improvement (NRI) and Integrated Discrimination 
Improvement (IDI) indices28,29.The clinical benefits were compared using decision curve analysis (DCA). which 
plots net benefits against different threshold probabilities. Net benefit associated with any threshold can thus be 
calculated as follows: Net Benefit = Number of true positives/ Sample size – (Number of false positives/Sample 
size x Threshold/ 1-Threshold)30.

Additionally, various subgroup and interaction analyses were conducted to assess the consistency of eGDR 
across demographic variables, including gender, age, residence, smoking and drinking status, hypertension, DM, 
dyslipidemia, and BMI. The relationship between eGDR and CKD was further explored under different glucose 
metabolic conditions. When eGDR was analyzed as a continuous variable, the eGDR was standardized. Three 
sensitivity analyses were performed to evaluate the robustness of the results. First, a COX regression analysis was 
repeated after removing missing data to verify consistency. Second, Wave 3 data, excluding participants from 
Wave 1, were used in a separate COX regression to determine alignment with the original findings. Finally, the 
E-value for eGDR was calculated to estimate the minimum strength of association required between unmeasured 
confounders and both eGDR and CKD to account for the observed relationships, E-value = RR + sqrt{RR x (RR-
1)}31. Statistical analyses were conducted using R software version 4.2.2, with P-values < 0.05 indicating statistical 
significance.

Results
Population characteristics
Baseline characteristics were compared across quartiles of eGDR: Q1 (≤ 7.37), Q2 (7.37 < eGDR ≤ 10.05), Q3 
(10.05 < eGDR ≤ 11.17), and Q4 (> 11.17). This study included 6,737 participants with a mean age of 57.97 ± 8.68 
years, of whom 3,258 (48.36%) were male. Participants in the higher eGDR quartiles were more likely to be 
male, reside in rural areas, and engage in current smoking and drinking. They also had lower prevalence rates 
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of hypertension, DM, heart disease, stroke, and exhibited lower BMI. Detailed baseline characteristics were 
presented in Table 1.

Associations of eGDR with incident CKD
During a median follow-up of 108 months, 1,356 participants (20.13%) developed CKD. Due to VIF values 
exceeding 5 for TC, TG, and LDL-C, these variables were excluded from the multivariate model (Table S1). 
Figure S1 illustrated the cumulative CKD incidence across eGDR quartiles (Q1 to Q4), with a statistically 
significant difference observed (Log rank test, P = 0.006). In Model 3, adjusted for variables including gender, 
age, residence, marital status, education, smoking, alcohol use, WBC, Plt, HB, HDL-C, BUN, CRP, UA, and BMI, 
treating eGDR as a categorical variable showed that participants in Q4 had a 15% lower risk of CKD compared to 
Q1 (adjusted HR: 0.85, 95% CI: 0.72–0.99). As a continuous variable, each (SD) increase in eGDR corresponded 
to a 7% reduction in CKD risk (HR: 0.93, 95% CI: 0.88–0.99) (Table 2).

The RCS analysis demonstrated a significant linear relationship between eGDR and CKD risk after adjusting 
for covariates (P = 0.023; P for non-linearity = 0.171). An inflection point was identified at an eGDR of 8.21 
(Fig. 2). Below this threshold, an increase in eGDR was associated with a gradual decline in CKD incidence, 
while above 8.21, the incidence of CKD remained relatively stable despite further increases in eGDR.

Mediation analyses
Mediation analysis revealed that CVD significantly mediated the relationship between eGDR and CKD. In 
Model 1, CVD explained 27.9% of the association between eGDR and CKD incidence. Model 2 showed a 
mediating proportion of 29.0%, while Model 3 indicated 27.0% mediation by CVD in this association. These 
results demonstrated that CVD consistently mediated the eGDR-CKD link, with the effect remaining robust 
even after adjusting for covariates (Table 3). The dose-response relationship between eGDR and CKD among 
participants with baseline CVD was assessed using RCS curves (Fig S2).

Incremental predictive performance of eGDR and CVD in the incident CKD
The predictive value of incorporating eGDR and CVD into model 3 for CKD was further assessed. The analysis 
demonstrated an enhancement in the model’s predictive performance for CKD with the inclusion of eGDR and 
CVD (AUC: 0.588 vs. 0.590 vs. 0.596) (Fig S3). Moreover, the NRI and IDI for CKD were statistically significant 
(all P < 0.001) (Table 4). Clinical utility was corroborated by DCA (Fig S4).

Subgroup analyses
Subgroup analyses were conducted to assess the consistency of eGDR across varying demographic profiles, 
along with interaction analyses to explore potential interactive effects across subgroups. Significant associations 
between eGDR and CKD were identified in participants aged 45–60 years, current smoker, never drinker, 
dyslipidemia, and BMI ≥ 28 kg/m2. Notably, interactions between eGDR, drinking status, and dyslipidemia were 
observed (Fig. 3).

The relationship between eGDR and CKD in different glucose regulation states
Three models were developed for NGT participants by adjusting for different covariates. In Model 1, compared 
to Q1 of eGDR, the adjusted HR for Q4 was 0.77 (95% CI: 0.61, 0.97). Each SD increase in eGDR correlated with 
an 11% reduction in CKD risk (HR: 0.89, 95% CI: 0.83, 0.96). In Model 2, the adjusted HR for Q4 relative to 
Q1 was 0.81 (95% CI: 0.64, 1.01), with a 9% decrease in CKD risk per SD increase in eGDR (HR: 0.91, 95% CI: 
0.84, 0.99). In Model 3, the adjusted HR for Q4 compared to Q1 was 0.82 (95% CI: 0.64, 1.04), though the result 
was not statistically significant. Nonetheless, each SD increase in eGDR still corresponded to a 9% reduction in 
CKD risk (HR: 0.91, 95% CI: 0.84, 0.99). When eGDR (standardized) is analyzed as a continuous variable, no 
significant association was observed between eGDR and CKD risk in individuals with Pre-DM or DM (Table 5).

Sensitivity analysis
The robustness of the results was confirmed through three sensitivity analyses. First, after removing missing 
values, the COX regression analysis demonstrated consistency with the primary findings (Table S2). Second, 
an independent analysis using Wave 3 data, excluding participants from Wave 1, yielded results in agreement 
with the original study (Table S3). Finally, the E-value for the eGDR-CKD association, based on Model 3, was 
calculated to quantify the minimum strength of association required between unmeasured confounders and 
CKD to account for the observed relationship. An E-value of 1.36 suggested that a relatively strong unmeasured 
confounding effect would be necessary to explain the observed risk ratio.

Discussion
This large-scale study is the first to establish a significant link between lower eGDR levels and an increased risk 
of CKD in a middle-aged and elderly Chinese population, with the association remaining robust after adjusting 
for covariates. Cox regression analysis demonstrated that each SD increase in eGDR was associated with a 7% 
reduction in CKD risk. The RCS curve indicated a linear relationship between eGDR and CKD, identifying 
eGDR < 8.21 as an independent risk factor for CKD. Additionally, CVD mediated the relationship between 
eGDR and CKD risk, with mediation proportions of 27.9%, 29.0%, and 27.0% across different adjusted models. 
Incorporating eGDR and CVD into the baseline model significantly enhanced its predictive accuracy for CKD. 
Additionally, all NRI and IDI values for CKD showed statistical significance. Subgroup analysis revealed strong 
associations between eGDR and CKD in participants aged 45–60, current smoker, never drinker, those with 
dyslipidemia, and participants with a BMI ≥ 28  kg/m2. Further examination of the eGDR-CVD relationship 
across different glucose regulation statuses indicated a significant association between eGDR and CKD in NGT 
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Characteristic

eGDR quartiles

Overall Q1 Q2 Q3 Q4

No. of subjects 6,737 1,684 1,684 1,685 1,684

Gender

 Male 3,258 (48.4%) 746 (44.3%) 822 (48.8%) 828 (49.1%) 862 (51.2%)

 Female 3,479 (51.6%) 938 (55.7%) 862 (51.2%) 857 (50.9%) 822 (48.8%)

Age, year 57.97 ± 8.68 59.33 ± 8.49 58.99 ± 9.00 56.49 ± 8.25 57.07 ± 8.62

Residence

 Rural 4,516 (67.0%) 1,035 (61.5%) 1,114 (66.2%) 1,151 (68.3%) 1,216(72.2%)

 Urban 2,221 (33.0%) 649 (38.5%) 570 (33.9%) 534 (31.7%) 468 (27.8%)

Marital status

 Marred 6,040 (89.7%) 1,494 (88.7%) 1,469 (87.2%) 1,551 (92.1%) 1,526 (90.6%)

 Others 697 (10.4%) 190 (11.3%) 215 (12.8%) 134 (8.0%) 158 (9.4%)

Educational level

 No formal education 3,141 (46.6%) 803 (47.7%) 801 (47.6%) 729 (43.3%) 808 (48.0%)

 Primary school 1,479 (22.0%) 358 (21.3%) 386 (22.9%) 368 (21.8%) 367 (21.8%)

 Middle school 1,436 (21.3%) 351 (20.8%) 350 (20.8%) 403 (23.9%) 332 (19.7%)

 High school or above 681 (10.1%) 172 (10.2%) 147 (8.7\%) 185 (11.0%) 177 (10.5%)

Smoking status

 Never 4,053 (60.2%) 1,090 (64.7%) 1,002 (59.5%) 1,018 (60.4%) 943 (56.0%)

 Former 546 (8.1%) 170 (10.1%) 150 (8.9%) 132 (7.8%) 94 (5.6%)

 Current 2,138 (31.7%) 424 (25.2%) 532 (31.6%) 535 (31.8%) 647 (38.4%)

Drinking status

 Never 4,013 (59.6%) 1,025 (60.9%) 982 (58.3%) 1,021 (60.6%) 985 (58.5%)

 Former 520 (7.7%) 162 (9.6%) 151 (9.0%) 99 (5.9%) 108 (6.4%)

 Current 2,204 (32.7%) 497 (29.5%) 551 (32.7%) 565 (33.5%) 591 (35.1%)

Hypertension

 No 4,144 (61.5%) 14 (0.8%) 804 (47.7%) 1,683 (99.9%) 1,643 (97.6%)

 Yes 2,593 (38.5%) 1,670 (99.2%) 880 (52.3%) 2 (0.1%) 41 (2.4%)

Diabetes

 No 5,688 (84.4%) 1,240 (73.6%) 1,379 (81.9%) 1,512 (89.7%) 1,557 (92.5%)

 Yes 1,049 (15.6%) 444 (26.4%) 305 (18.1%) 173 (10.3%) 127 (7.5%)

Dyslipidemia

 No 3,648 (54.2%) 618 (36.7%) 866 (51.4%) 981 (58.2%) 1,183 (70.3%)

 Yes 3,089 (45.9%) 1,066 (63.3%) 818 (48.6%) 704 (41.8%) 501 (29.8%)

Heart disease

 No 6,077 (90.2%) 1,414 (84.0%) 1,513 (89.9%) 1,572 (93.3%) 1,578 (93.7%)

 Yes 660 (9.8%) 270 (16.0%) 171 (10.2%) 113 (6.7%) 106 (6.3%)

Stroke

 No 6,601 (98.0%) 1,628 (96.7%) 1,640 (97.4%) 1,669 (99.1%) 1,664 (98.8%)

 Yes 136 (2.0%) 56 (3.3%) 44 (2.6%) 16 (1.0%) 20 (1.2%)

Hypertensive medications

 No 5,579 (82.8%) 855 (50.8%) 1,373 (81.5%) 1,685 (100.0%) 1,666 (98.9%)

 Yes 1,158 (17.2%) 829 (49.2%) 311 (18.5%) 0 (0.0%) 18 (1.1%)

Diabetic medications

 No 6,494 (96.4%) 1,546 (91.8%) 1,609 (95.6%) 1,671 (99.2%) 1,668 (99.1%)

 Yes 243 (3.6%) 138 (8.2%) 75 (4.5%) 14 (0.8%) 16 (1.0%)

Dyslipidemia medications

 No 6,409 (95.1%) 1,491 (88.5%) 1,610 (95.6%) 1,644 (97.6%) 1,664 (98.8%)

 Yes 328 (4.9%) 193 (11.5%) 74 (4.4%) 41 (2.4%) 20 (1.2%)

WBC, 109 6.24 ± 2.246 6.47 ± 1.905 6.27 ± 3.119 6.17 ± 1.821 6.04 ± 1.850

PLT, 109/ 213.96 ± 75.51 218.49 ± 73.33 213.79 ± 84.92 212.65 ± 70.82 210.91 ± 72.00

HB, g/L 14.41 ± 2.22 14.81 ± 2.35 14.52 ± 2.19 14.34 ± 2.20 13.99 ± 2.04

CRP, mg/d 2.64 ± 7.77 3.15 ± 8.24 2.43 ± 6.55 2.45 ± 7.41 2.53 ± 8.68

BUN, mg/d 15.24 ± 4.21 15.08 ± 4.16 15.23 ± 4.14 15.28 ± 4.27 15.38 ± 4.26

UA, mg/dL 4.25 ± 1.14 4.43 ± 1.20 4.31 ± 1.18 4.18 ± 1.07 4.09 ± 1.08

FBG, mg/dl 109.60 ± 35.96 120.37 ± 48.54 113.91 ± 42.66 103.36 ± 19.99 100.78 ± 18.65

Continued
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participants, while no significant association was found in Pre-DM or DM individuals. Lastly, three sensitivity 
analyses confirmed the robustness of the results.

The association between IR and CKD is well-established, yet the link between eGDR and CKD has been 
scarcely explored. Studies indicate that CKD patients with T1DM exhibit lower eGDR values compared to those 
without CKD, reflecting higher insulin resistance in this population32. However, the study’s cross-sectional 
design and the specific characteristics of the cohort limit the ability to assess causality, and the findings may not 
be generalizable to broader populations. A total of 6,737 participants were enrolled in a nationwide prospective 
cohort study in China. The analysis revealed a significant association between lower baseline eGDR levels and 
increased CKD incidence. The RCS curve demonstrated a linear relationship between eGDR and CKD risk. 
When baseline eGDR was below 8.21, CKD incidence decreased as eGDR increased, while above 8.21, the 
incidence remained relatively stable. These results suggest that maintaining eGDR above 8.21 may reduce CKD 
risk, highlighting the need for clinicians to closely monitor individuals with baseline eGDR levels below this 
threshold. This study is the first to establish the eGDR threshold for identifying high-risk CKD populations, 
offering a valuable dynamic monitoring marker for clinicians in guiding preventive strategies.

The association between IR and CKD is well-established, and literature has confirmed the predictive value 
of IR for CVD, with a complex and interrelated connection between CKD and CVD33–35 To investigate whether 
CVD mediates the relationship between IR, as estimated by eGDR, and the risk of incident CKD in a middle-aged 
and elderly Chinese population, a mediation analysis was conducted. The results revealed that CVD mediated 
27.9%, 29.0%, and 27.0% of the association between eGDR and CKD risk across various adjusted models, 
respectively. In 2023, the American Heart Association (AHA) introduced the concept of Cardiovascular-Kidney-
Metabolic (CKM) syndrome. This syndrome is a health condition that arises from the connections between 
CKD, obesity, diabetes, CVD36.This fully demonstrates the complex relationship between insulin resistance and 

Characteristic Event, n

Model 1 Model 2 Model 3

HR (95% CI) HR (95% CI) HR (95% CI)

eGDR

 Per SD increment 1,356 0.91 (0.94, 0.98) 0.93 (0.88, 0.98) 0.93 (0.88, 0.99)

Quartiles

 Q1 382 Ref Ref Ref

 Q2 337 0.87 (0.75, 1.01) 0.87 (0.75, 1.01) 0.87 (0.75, 1.01)

 Q3 323 0.83 (0.71, 0.96) 0.87 (0.75, 1.01) 0.88 (0.75, 1.03)

 Q4 314 0.80 (0.69, 0.93) 0.83 (0.71, 0.97) 0.85 (0.72, 0.99)

Table 2.  The HR (95% CI) of CKD according to eGDR in the three models. HR Hazard Ratio, CI Confidence 
Interval. Model 1: no covariates were adjusted. Model 2: adjusted for gender, age, residence, marital status, and 
educational level. Model 3: adjusted for gender, age, residence, marital status, educational level, smoking status, 
drinking status, WBC, PLT, HB, HDL‑C, BUN, CRP, UA, and BMI. eGDR estimated glucose disposal rate, 
CKD chronic kidney disease, WBC white blood cell, PLT platelet, HB hemoglobin, CRP C-reactive protein, 
BUN blood urea nitrogen, UA uric acid, HDL-C high-density lipoprotein cholesterol, BMI body mass index.

 

Characteristic

eGDR quartiles

Overall Q1 Q2 Q3 Q4

SCR, mg/dl 0.72 ± 0.14 0.72 ± 0.14 0.72 ± 0.14 0.72 ± 0.14 0.72 ± 0.13

TC, mg/dl 191.37 ± 37.74 199.85 ± 39.89 191.94 ± 37.04 190.24 ± 36.54 183.44 ± 35.55

TG, mg/dL 129.78 ± 106.47 165.23 ± 146.58 133.07 ± 103.11 118.85 ± 82.55 101.99 ± 65.39

HDL‑C, mg/dl 51.45 ± 15.39 46.56 ± 13.89 50.92 ± 15.57 52.06 ± 14.69 56.24 ± 15.79

LDL‑C, mg/dl 114.84 ± 34.29 120.12 ± 37.73 115.14 ± 34.05 115.43 ± 32.97 108.67 ± 31.13

HbA1c, % 5.26 ± 0.80 5.56 ± 1.11 5.34 ± 0.92 5.15 ± 0.40 5.00 ± 0.42

Height, m 1.58 ± 0.09 1.59 ± 0.09 1.58 ± 0.10 1.59 ± 0.09 1.57 ± 0.08

Weight, kg 59.06 ± 11.44 65.99 ± 11.16 60.14 ± 12.12 58.69 ± 8.05 51.42 ± 8.91

Waist, cm 84.02 ± 12.54 93.85 ± 7.64 86.14 ± 10.61 84.99 ± 4.08 71.11 ± 13.15

BMI, kg/m2 23.78 ± 12.52 26.18 ± 3.80 24.35 ± 15.60 23.89 ± 18.58 20.71 ± 2.90

SBP, mmHg 129.37 ± 20.74 146.89 ± 19.58 135.32 ± 20.58 118.51 ± 11.28 116.77 ± 12.98

DBP, mmHg 75.71 ± 12.07 84.58 ± 11.53 78.36 ± 11.67 70.87 ± 8.71 69.05 ± 9.22

Table 1.  Patient demographics and baseline characteristics. eGDR estimated glucose disposal rate, WBC white 
blood cell, PLT platelet, HB hemoglobin, CRP C-reactive protein, BUN blood urea nitrogen, UA uric acid, 
FBG fasting blood glucose, SCR serum creatinine, TC total cholesterol, TG triglycerides, HDL-C high-density 
lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, HbA1c Hemoglobin A1c, BMI body mass 
index, SBP systolic blood pressure, DBP diastolic blood pressure.
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Model NRI (95%CI) IDI (95%CI)

CKD

 Basic model Ref Ref

 +eGDR 0.0697 (0.0106,0.1289) 0.0008 (0.0001,0.0015)

 +eGDR and CVD 0.0960 (0.0400,0.1520) 0.0034 (0.0018,0.0049)

Table 4.  Improvement in discrimination and risk reclassification for CKD after adding eGDR and CVD. eGDR 
estimated glucose disposal rate, CKD chronic kidney disease, CVD cardiovascular disease, Ref reference.

 

Exposures

Total effect Indirect effect Direct effect

Proportion mediated, % (95% CI)Coefficient (95% CI) Coefficient (95% CI) Coefficient (95% CI)

Model 1 13.6472 (7.7463, 18.13437) 3.8082 (1.6693, 6.9807) 9.8391 (3.5433, 14.2050) 27.9 (11.6, 60.7)

Model 2 11.5522 (4.6451, 16.7955) 3.3463 (1.2726, 6.5860) 8.2059 (0.1275, 13.6302) 29.0 (10.1, 83.3)

Model 3 11.1947 (2.3719, 16.7998) 3.0204 (0.9809, 5.8693) 8.1744 (− 1.0257, 14.0674) 27.0 (6.4, 100.8)

Table 3.  Mediation of CVD for the associations between eGDR and CKD. HR Hazard Ratio, CI Confidence 
Interval. Model 1: no covariates were adjusted. Model 2: adjusted for gender, age, residence, marital status, and 
educational level. Model 3: adjusted for gender, age, residence, marital status, educational level, smoking status, 
drinking status, WBC, PLT, HB, HDL‑C, BUN, CRP, UA, and BMI. eGDR estimated glucose disposal rate, 
CKD chronic kidney disease, CVD cardiovascular disease, WBC white blood cell, PLT platelet, HB hemoglobin, 
CRP C-reactive protein, BUN blood urea nitrogen, UA uric acid, HDL-C high-density lipoprotein cholesterol, 
BMI body mass index.

 

Fig. 2.  The RCS curve was used to assess the dose-response relationship between eGDR and the risk of CKD. 
Adjusted for gender, age, residence, marital status, educational level, smoking status, drinking status, WBC, 
PLT, HB, HDL‑C, BUN, CRP, UA, and BMI. The results suggest that maintaining eGDR above 8.21 may reduce 
CKD risk. eGDR estimated glucose disposal rate, CKD chronic kidney disease, WBC white blood cell, PLT 
platelet, HB hemoglobin, CRP C-reactive protein, BUN blood urea nitrogen, UA uric acid, HDL-C high-density 
lipoprotein cholesterol, BMI body mass index, RCS restricted cubic splines.
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CKD, CVD. Insulin resistance can directly cause damage to renal function through metabolic effects, endothelial 
cell dysfunction, inflammation, and oxidative stress37–39. Moreover, insulin resistance has been proven to be 
an independent influencing factor of CVD40.The interaction between CVD and CKD is bidirectional. Insulin 
resistance not only increases the risk of CVD, but also leads to cardiovascular complications that further 
damage kidney function, such as left ventricular hypertrophy and heart failure associated with cardiovascular 
disease, which can cause renal hypoperfusion and worsen kidney function38,41. These may partially explain the 
mediating role of CVD in the correlation between eGDR and CKD. This result indicates that although our 
model has weak predictive ability for CKD, considering the complexity of this population and multiple potential 
confounding factors, AUC values between 0.5 and 0.6 can still be considered to have certain predictive value. 
We believe that possible reasons include sample heterogeneity, variables that were not fully considered in the 
model (such as genes, environmental factors, etc.)42,43, and the fact that early warning indicators for CKD may 
be difficult to accurately predict through a single indicator43,44. One study showed that the AUC value of major 
adverse cardiovascular events (MACEs) in non-diabetes patients with chronic total inclusion disease predicted 
by eGDR was 0.68445. Another study showed that the predicted AUC for MACEs in patients with non-ST-
segment elevation acute coronary syndrome and non-diabetic patients after percutaneous coronary intervention 
was 0.69928. The predicted value is also less than 0.7. This indicates the importance of combining eGDR with 
other clinical indicators to improve prediction accuracy. Significant NRI and IDI values for CKD were observed, 

Fig. 3.  Exploratory stratified analysis of the associations between eGDR and the risk of CKD. Adjusted for 
gender, age, residence, marital status, educational level, smoking status, drinking status, WBC, PLT, HB, 
HDL‑C, BUN, CRP, UA, and BMI. Significant associations between eGDR and CKD were identified in 
participants aged 45–60 years, current smoker, never drinker, dyslipidemia, and BMI ≥ 28 kg/m2. Notably, 
interactions between eGDR, drinking status, and dyslipidemia were observed. eGDR estimated glucose 
disposal rate, CKD chronic kidney disease, WBC white blood cell, PLT platelet, HB hemoglobin, CRP 
C-reactive protein, BUN blood urea nitrogen, UA uric acid, HDL-C high-density lipoprotein cholesterol, BMI 
body mass index.
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with DCA supporting its clinical applicability. The analysis demonstrated a substantial mediating effect of CVD, 
which persisted even after adjusting for covariates. CVD accounted for 27.0% of the total association between 
eGDR and CKD among middle-aged and older Chinese adults. Targeting CVD in public health strategies may 
reduce CKD risk related to IR, alleviating the overall burden of CKD.

Subgroup analyses were conducted to assess the consistency of eGDR across various demographic 
characteristics. Significant associations between eGDR and CKD were identified in participants aged 45–60 
years, current smoker, never drinker, those with dyslipidemia, and individuals with BMI ≥ 28  kg/m2. These 
data indicate the need for increased clinical attention to patients within these specific groups. Evaluating the 
impact of eGDR levels on CKD in middle-aged and elderly populations across varying glucose regulation states 
holds considerable clinical importance. This study aimed to address existing gaps in the field through further 
investigation. The results indicate a significant inverse association between eGDR and CKD in participants with 
NGT, with each SD increase in eGDR associated with a 9% reduction in CKD risk. In contrast, no significant 
relationship was observed between eGDR and CKD in individuals with Pre-DM or DM. These results suggest 
that early intervention to optimize eGDR levels is essential for minimizing CKD risk, as adjusting eGDR during 
the Pre-DM or DM stages may have limited impact on CKD development.

The exact mechanism linking eGDR to CKD remains unclear, but it is likely influenced by IR. First, eGDR 
serves as a reliable marker for IR, which promotes atherosclerosis, potentially resulting in renal artery stenosis or 
occlusion, ultimately contributing to CKD events46–48. Additionally, IR disrupts glucose metabolism, leading to 
hyperglycemia, which triggers inflammation, oxidative stress, metabolic acidosis, and endothelial damage, all of 
which contribute to CKD progression49–52. Moreover, individuals with IR often present with chronic conditions 
such as hypertension, DM, and obesity—well-established risk factors for CKD53–55. Consequently, IR may induce 
structural and functional renal abnormalities, increasing the likelihood of CKD development.

This study presents several strengths. First, a prospective longitudinal cohort design was employed using the 
CHALRS database, confirming a linear association between eGDR and CKD in the middle-aged and elderly 
Chinese population. Moreover, the study identified an inflection point at 8.21, refining the threshold for risk 
assessment. Additionally, the mediating role of CVD in the eGDR-CKD relationship was clarified, offering 
important insights into the interplay between eGDR and CKD.

Despite the significant breakthroughs achieved in this study, several limitations remain. First, the study 
focused solely on the association between baseline eGDR and CKD without investigating the impact of dynamic 
changes in eGDR on CKD, which warrants exploration in future research. Second, although adjustments were 
made for numerous covariates, potential bias from unmeasured confounders, such as dietary habits, cannot be 
entirely ruled out. Nevertheless, the calculated E-value supports the robustness of the results. Lastly, the study 
population was limited to middle-aged and elderly Chinese individuals, which may restrict the generalizability 
of the results to younger populations or other nationalities and ethnic groups.

Glucose regulation state Characteristic Event, n

Model 1 Model 2 Model 3

HR (95% CI) HR (95%CI) HR (95%CI)

NGT

eGDR (standardized) 609 0.89 (0.83, 0.96) 0.91 (0.84, 0.99) 0.91 (0.84, 0.99)

Q1 166 Ref Ref Ref

Q2 170 1.04 (0.84, 1.29) 1.08 (0.87, 1.34) 1.08 (0.87, 1.33)

Q3 141 0.82 (0.66, 1.03) 0.87 (0.70, 1.09) 0.87 (0.69, 1.10)

Q4 132 0.77 (0.61, 0.97) 0.81 (0.64, 1.01) 0.82 (0.64, 1.04)

Pre-DM

eGDR(standardized) 535 0.93 (0.85, 1.01) 0.95 (0.87, 1.03) 0.99 (0.89, 1.09)

Q1 145 Ref Ref Ref

Q2 134 0.91 (0.72, 1.16) 0.91 (0.72, 1.15) 0.95 (0.74, 1.22)

Q3 133 0.90 (0.71, 1.14) 0.94 (0.74, 1.20) 1.02 (0.79, 1.31)

Q4 123 0.83 (0.65, 1.05) 0.86 (0.67, 1.09) 0.95 (0.71, 1.27)

DM

eGDR(standardized) 212 0.93 (0.81, 1.06) 0.94 (0.82, 1.08) 0.91 (0.79, 1.06)

Q1 63 Ref Ref Ref

Q2 54 0.84 (0.59, 1.21) 0.81 (0.56, 1.17) 0.76 (0.53, 1.11)

Q3 43 0.66 (0.45, 0.97) 0.67 (0.45, 0.99) 0.62 (0.42, 0.93)

Q4 52 0.79 (0.55, 1.14) 0.81 (0.56, 1.17) 0.73 (0.49, 1.08)

Table 5.  Association between eGDR and CKD according to glucose regulation state. HR Hazard Ratio, CI 
Confidence Interval. Model 1: no covariates were adjusted. Model 2: adjusted for gender, age, residence, 
marital status, and educational level. Model 3: adjusted for gender, age, residence, marital status, educational 
level, smoking status, drinking status, WBC, PLT, HB, HDL‑C, BUN, CRP, UA, and BMI. eGDR estimated 
glucose disposal rate, CKD chronic kidney disease, WBC white blood cell, PLT platelet, HB hemoglobin, CRP 
C-reactive protein, BUN blood urea nitrogen, UA uric acid, HDL-C high-density lipoprotein cholesterol, BMI 
body mass index, NGT normal glucose tolerance, Pre-DM prediabetes mellitus, DM diabetes mellitus.
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Conclusion
In middle-aged and elderly Chinese populations, reduced eGDR levels are strongly associated with an elevated 
risk of CKD, particularly in those with normal glucose regulation. CVD serves as a critical mediator in the 
relationship between eGDR and CKD risk. A linear association has been identified, with a threshold of 8.21 for 
eGDR. This metric holds potential as a reliable tool for dynamic CKD screening.

Data availability
The data supporting this study are accessible via the CHARLS website (http://charls.pku.edu.cn/).
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