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Supplementary Figure. Selection process of the study population. Flowchart illustrating the selection process of the study population for the frailty risk prediction models based on 13 specific diseases. The diagram outlines participant inclusion for both baseline frailty status and frailty transitions. FI: frailty index.
Study designs of the CHARLS
The China Health and Retirement Longitudinal Study (CHARLS) is a prospective cohort study initiated in 2011, designed to investigate the health and socioeconomic status of middle-aged and older adults in China. In the baseline survey (wave1), a nationally representative sample of 17,708 individuals aged 40 years and above was recruited using a multistage, stratified probability sampling method across 28 provinces. All participants completed in-person interviews conducted by trained personnel using standardized questionnaires to obtain detailed information on sociodemographic characteristics, lifestyle factors, and health status.
Among the total participants, 13,978 underwent physical examinations that included measurements of height, weight, waist and hip circumference, blood pressure, and grip strength, among other indicators. Additionally, blood specimens were collected from 11,847 participants and analyzed for a range of biochemical markers, including total cholesterol, high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), glycated hemoglobin (HbA1c), fasting plasma glucose, and C-reactive protein (CRP).
Follow-up assessments were conducted in 2013 (wave2), 2015 (wave3), and 2018 (wave4), during which participants were re-interviewed and re-examined for anthropometric data. Blood samples were collected again in the 2015 follow-up, allowing for repeated measurement of key biochemical indicators.
Chronic disease assessment in CHARLS
[bookmark: _GoBack]In the CHARLS study, chronic disease status was determined through self-reported physician diagnoses. During face-to-face interviews, participants were asked the following standardized question: “Have you ever been diagnosed with any of the following conditions by a doctor?” Response options were binary (1 = yes, 2 = no). The list of conditions included: Hypertension; Dyslipidaemia, defined as elevated low-density lipoprotein (LDL), triglycerides, or total cholesterol levels, or decreased high-density lipoprotein (HDL) levels; Diabetes or high blood glucose; Chronic lung diseases (e.g., chronic bronchitis or emphysema; excluding neoplasms and malignancies); Liver diseases (excluding fatty liver, tumours, or cancer); Cardiovascular diseases, including myocardial infarction, coronary heart disease, angina, congestive heart failure, or other heart conditions; Stroke; Kidney diseases (excluding tumours or cancer); Gastrointestinal diseases (excluding tumours or cancer); Emotional, nervous, or psychiatric disorders; Memory-related disorders; Arthritis or rheumatism; Asthma. These self-reported conditions were used to define baseline chronic disease burden and to explore associations with frailty status and transitions over time.
Sensitivity analyses
We conducted a series of sensitivity analyses using 6-month and 2-year landmark approaches to evaluate the robustness of our primary findings by mitigating concerns related to reverse causality and immortal time bias. These analyses excluded participants who developed the outcome or were lost to follow-up within the specified landmark time windows, thereby ensuring that the exposure (baseline frailty status or frailty transition) preceded the outcome assessment.
The associations between baseline frailty status and incident disease risks remained largely consistent in both the 6-month and 2-year landmark analyses, supporting the robustness of our primary observations. In the 6-month landmark analysis, frail individuals continued to exhibit significantly elevated risks across nearly all chronic disease outcomes compared with robust participants, with particularly strong associations observed for psychiatric problems (HR 5.71, 95% CI 3.62-8.99), asthma (HR 3.63, 95% CI 2.45-5.39), memory-related diseases (HR 3.58, 95% CI 2.60-4.93), and kidney diseases (HR 2.51, 95% CI 1.97-3.21). Pre-frail individuals also maintained increased risks, with the highest hazards noted for asthma (HR 2.51, 95% CI 1.79-3.52), heart disease (HR 1.93, 95% CI 1.66-2.24), and memory-related diseases (HR 1.69, 95% CI 1.26-2.26) (Supplemental Tables 99-111).
The 2-year landmark analysis yielded similar patterns, although some estimates were slightly attenuated, likely reflecting the longer exclusion window and reduced sample size. Frail status remained strongly predictive of psychiatric problems (HR 5.75, 95% CI 3.40-9.74), asthma (HR 3.79, 95% CI 2.35-6.09), memory-related diseases (HR 3.14, 95% CI 2.17-4.53), and kidney diseases (HR 2.57, 95% CI 1.91-3.46). Pre-frail individuals continued to show significantly elevated risks for most outcomes, including asthma (HR 2.33, 95% CI 1.54-3.51), heart disease (HR 1.79, 95% CI 1.50-2.13), and diabetes (HR 1.62, 95% CI 1.34-1.96) (Supplemental Tables 112-124). Notably, the association between pre-frailty and hypertension was attenuated and no longer significant only in the 2-year analysis (HR 1.15, 95% CI 1.03-1.28 for pre-frail; HR 1.12, 95% CI 0.96-1.32 for frail), suggesting that the relationship between frailty and hypertension may be more sensitive to the timing of exposure assessment.
The dynamic associations between frailty transitions and disease risk observed in the primary analysis were consistently reproduced in both landmark sensitivity analyses, further strengthening the evidence for a potential causal relationship.
In the 6-month landmark analysis, the overall pattern for frailty transitions was broadly consistent with the primary transition analysis, although some contrasts showed wider confidence intervals and occasional loss of statistical significance. Using stable pre-frail as the reference within the corresponding transition stratum, deterioration from pre-frail to frail remained associated with higher risks across multiple outcomes, including arthritis (HR 1.42, 95% CI 1.12-1.79), asthma (HR 1.80, 95% CI 1.21-2.68), heart disease (HR 1.37, 95% CI 1.12-1.68), hypertension (HR 1.39, 95% CI 1.19-1.62), kidney disease (HR 1.52, 95% CI 1.13-2.04), digestive disease (HR 1.42, 95% CI 1.12-1.79), and stroke (HR 1.69, 95% CI 1.31-2.18) (Supplemental Tables 138-150). Conversely, improvement from pre-frail to robust was consistently associated with lower risks for several endpoints, including arthritis (HR 0.64, 95% CI 0.50-0.81), chronic lung disease (HR 0.67, 95% CI 0.50-0.89), diabetes (HR 0.51, 95% CI 0.38-0.69), memory-related disease (HR 0.32, 95% CI 0.16-0.64), heart disease (HR 0.48, 95% CI 0.37-0.63), hypertension (HR 0.83, 95% CI 0.70-0.97), kidney disease (HR 0.41, 95% CI 0.26-0.64), and stroke (HR 0.54, 95% CI 0.37-0.79) (Supplemental Tables 138-150). For transitions originating from the stable robust stratum, several estimates were imprecise; however, worsening transitions generally did not contradict the direction observed in the primary analysis (e.g., frail to pre-frail remained associated with elevated risks for asthma (HR 3.64, 95% CI 1.21-10.96) and heart disease (HR 3.90, 95% CI 2.35-6.47)) (Supplemental Tables 139 and 141).
In the 2-year landmark analysis, the transition results showed similar directions but further attenuation for some outcomes, consistent with the longer exclusion window and reduced numbers of events within certain transition categories. Relative to stable pre-frail, deterioration from pre-frail to frail remained associated with higher risks of liver disease (HR 1.87, 95% CI 1.23-2.85), asthma (HR 1.98, 95% CI 1.20-3.26), hypertension (HR 1.27, 95% CI 1.04-1.55), kidney disease (HR 1.80, 95% CI 1.26-2.55), digestive disease (HR 1.39, 95% CI 1.04-1.86), and stroke (HR 1.47, 95% CI 1.09-1.98), while associations for some outcomes (e.g., arthritis, diabetes, heart disease, and memory-related disease) were directionally similar but not consistently statistically significant (Supplemental Tables 151-163). Improvement from pre-frail to robust continued to show protective associations for several outcomes, including diabetes (HR 0.63, 95% CI 0.45-0.87), memory-related disease (HR 0.43, 95% CI 0.22-0.87), heart disease (HR 0.59, 95% CI 0.44-0.79), kidney disease (HR 0.41, 95% CI 0.24-0.72), and stroke (HR 0.58, 95% CI 0.38-0.87) (Supplemental Tables 153-156 and 160-163). For transitions within the stable frail stratum, estimates were again limited by subgroup size; nevertheless, frail to robust was associated with lower risks for selected outcomes in this analysis (e.g., arthritis HR 1.54, 95% CI 1.15-2.05; diabetes HR 1.56, 95% CI 1.12-2.18; heart disease HR 2.10, 95% CI 1.55-2.85; and hypertension HR 1.23, 95% CI 1.04-1.46, each compared with stable frail as the reference) (Supplemental Tables 151, 153-155). These stratum-specific comparisons should be interpreted with caution due to limited numbers in certain transition categories, as reflected by wide confidence intervals for some estimates (Supplemental Tables 151-163).
Collectively, these landmark sensitivity analyses indicate that our primary results are robust to alternative analytical timepoints and are unlikely to be materially driven by reverse causality or immortal time bias. Across both the 6-month and 2-year landmark approaches, the overall directions and magnitudes of associations for baseline frailty status and frailty transitions were largely consistent with the main analysis, despite some attenuation and reduced precision for a subset of estimates with longer exclusion windows or smaller transition subgroups. Taken together, these findings strengthen confidence in the validity of the observed relationships and support a potential causal link between frailty (and changes in frailty status) and the subsequent development of multiple chronic conditions.
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