
Supplementary methods 1. Calculation of KDM-BA 

The Klemera–Doubal Method for estimating biological age (KDM-BA) is designed to minimize error 

propagation and collinearity by integrating multiple biomarkers with their respective regression 

parameters relative to chronological age (1). The following formula was used to compute the KDM-BA: 

 

Where: 

- BAEC is the estimated biological age 

- xⱼ: observed value of biomarker j 

- qⱼ: intercept of biomarker j regressed on chronological age 

- kⱼ: slope of biomarker j regressed on chronological age 

- sⱼ: standard deviation of residuals for biomarker j 

- CA: chronological age 

- sBA: standard deviation of biological age residuals 

- m: number of biomarkers used in the model 

NHANES cohort: 

In the NHANES cohort, KDM-BA was calculated using the original Klemera–Doubal method, 

incorporating eight biomarkers: hemoglobin A1c, systolic blood pressure, C-reactive protein, serum 

albumin, total cholesterol, alkaline phosphatase, serum creatinine, and blood urea nitrogen (BUN). 

Regression coefficients were derived from internal NHANES population-level models. 

CHARLS cohort: 

For the CHARLS cohort, an adapted KDM-BA algorithm validated for the Chinese population was 

used (2). This version included eight biomarkers: total cholesterol, triglycerides, hemoglobin A1c, urea, 

creatinine, high-sensitivity C-reactive protein (hs-CRP), platelet count, and systolic blood pressure. 



Model coefficients were derived using age-stratified regressions based on CHARLS baseline 

participants. 

  



Supplementary methods 2. Calculation of PhenoAge 

Phenotypic Age (PhenoAge) is a composite measure of biological aging developed by Levine et al. (3), 

which estimates an individual's physiological age based on their risk of mortality. Unlike traditional 

chronological age (CA), PhenoAge is derived from a multivariate Cox proportional hazards model 

trained on 10-year mortality data from the U.S. NHANES III cohort, incorporating both age and 

selected clinical biomarkers. 

PhenoAge was calculated using a weighted linear combination of nine biomarkers and chronological 

age, optimized to predict mortality. The biomarkers included are: 

- Glucose 

- Alkaline phosphatase 

- Serum albumin 

- Serum creatinine 

- C-reactive protein 

- White blood cell count 

- Lymphocyte percentage 

- Mean corpuscular volume 

- Red cell distribution width 

The composite mortality score (m) is first calculated using the following formula: 

    m = β₀ + ∑ (βᵢ × xᵢ) + β_CA × CA 

where βᵢ are the coefficients derived from the original Cox regression, xᵢ are the individual biomarker 

values, and CA is chronological age. 

Then, PhenoAge is calculated using the Gompertz proportional hazard transformation: 

    PhenoAge = 141.5 + ln[ -0.00553 × ln(1 - m) ] / 0.090165 

  



Supplementary methods 3. Calculation of allostatic load 

The Allostatic Load (AL) score was computed as the sum of 14 dichotomized physiological risk 

markers (4), each assigned a score of 1 if the value exceeded a predefined clinical cutoff and 0 

otherwise. The following indicators and thresholds were used: 

• Systolic blood pressure ≥ 140 mmHg 

• Diastolic blood pressure ≥ 90 mmHg 

• Body mass index ≤ 18.5 or ≥ 25 kg/m² 

• High-density lipoprotein cholesterol < 40 mg/dL 

• Low-density lipoprotein cholesterol > 160 mg/dL 

• Total cholesterol ≥ 240 mg/dL 

• Triglycerides ≥ 200 mg/dL 

• Hemoglobin A1c ≥ 6.5% 

• Fasting plasma glucose ≥ 126 mg/dL 

• Hemoglobin < 13 g/dL for females or < 12 g/dL for males 

• C-reactive protein > 3 mg/L 

• Serum creatinine > 1.4 mg/dL 

• Cystatin C > 1.03 mg/L 

• Blood urea nitrogen > 20 mg/dL 
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