Supplementary Materials
Association Between Non-Cardiovascular Frailty Trajectories and Incident Stroke in Middle-Aged and Older Chinese Women
All statistics in this supplement are generated from the v6 analysis pipeline (build_v6.py, analyses_v6.py, figures_v6.py) in the independent v6_rebuild workspace.
Text S1. Cohort Flow and Exclusions
Of 8,645 women in CHARLS Waves 1-4, 2,029 were excluded for prevalent cardiovascular disease (heart disease or stroke) at Waves 1-3, leaving 6,616. Of these, 562 had fewer than two valid 14-item non-cardiovascular frailty index measurements across Waves 1-3, and 100 had incomplete covariate data, yielding an analytic sample of 4,954 women with 219 stroke events.
Text S2. Frailty Index Construction Details
The primary 14-item non-cardiovascular frailty index comprised: (i) six activities of daily living (bathing, dressing, eating, getting in/out of bed, controlling urination, walking 1 km), coded as deficit if the respondent reported any difficulty; (ii) five non-cardiovascular chronic conditions (lung disease, liver disease, kidney disease, psychiatric problems, arthritis), coded as deficit if the respondent reported a physician diagnosis; and (iii) three cognitive tests (self-rated memory [deficit if score >=4 on 1-5 scale], orientation [deficit if score <4 on 0-10 scale], figure drawing [deficit if score = 0]). The 18-item full frailty index additionally included hypertension, diabetes, heart disease, and stroke.
Text S3. K-means Seed Stability
The two-step clustering was repeated with 100 random seeds (42-141). Mean adjusted Rand index versus the primary classification (seed 42) was 0.952 (SD 0.049). The rapid-progression class proportion ranged from 13.5% to 20.0% across seeds. The high stability supports the reproducibility of the classification.
Text S4. Competing Mortality Sensitivity
Between Waves 3 and 4, 198 women died without a stroke event (3.3%). Stroke risk ratios with deaths censored versus excluded were: Low progressing 2.72% vs 2.77%; Moderate stable 4.09% vs 4.22%; High stable 7.23% vs 7.92%; Rapidly progressing 6.62% vs 6.97%. The minimal shift suggests that competing mortality does not materially bias the results.
Text S5. Class-Number Sensitivity (k=3, k=5)
With k=3, a rapidly progressing class emerged (n=1,358, 22.4%; stroke rate 6.4%) with fully adjusted HR 1.60 (95% CI: 1.23-2.08) versus all others. With k=5, the corresponding class (n=888, 14.7%; stroke rate 6.0%) showed HR 1.47 (95% CI: 1.08-2.01). The high-risk phenotype and its approximately 1.5-fold hazard are invariant to the number of classes.
Text S6. Mediation Analysis Details
Baron-Kenny mediation analysis was performed for baseline hypertension and diabetes as potential mediators of the Rapidly progressing association. The a-path (rapid vs low progressing -> mediator) was estimated by logistic regression controlling for all Model 3 covariates. The c-path (total effect) and c'-path (direct effect) were estimated by Cox regression without and with the mediator, respectively. Proportion mediated = (log(HR_c) - log(HR_c')) / log(HR_c). Results: hypertension mediated 2.4% and diabetes 1.2% of the association, indicating that the frailty trajectory-stroke link is largely independent of these baseline risk factors.
Text S7. Exploratory Screening Threshold
The individual FI slope (per year) achieved AUC 0.554 for stroke discrimination, and rapid class membership achieved AUC 0.545. A rule flagging women with slope > 0.03/year flagged 23.4% of the cohort (sensitivity 31.1%, specificity 77.0%). Flagged women had 5.7% three-year stroke incidence versus 3.8% among unflagged women (PPV 5.7%, NPV 96.2%).
Text S8. E-value Interpretation
E-values were computed as RR + sqrt(RR x (RR - 1)) (VanderWeele & Ding 2017). For Rapidly progressing (HR 1.83): E-value = 3.06 for the point estimate and 1.95 for the lower confidence limit. For High stable (HR 1.57): E-value = 2.53 (point estimate) and 1.27 (lower limit). An unmeasured confounder would need to be associated with both trajectory membership and stroke by a risk ratio exceeding 3.0 to fully explain the rapid-progression association.
Figure Legends
Figure 1. Frailty trajectory classes and three-year stroke incidence. (A) Mean frailty index trajectories from Wave 1 (2011) to Wave 3 (2015) for the four K-means classes identified from standardized individual slopes and mean levels. Error bars represent 95% confidence intervals. (B) Three-year stroke incidence by trajectory class between Wave 3 and Wave 4 (2018), with the number of women and events shown above each bar.
Figure 2. Association between frailty trajectory class and cardiovascular outcomes. Forest plot showing hazard ratios (reference: Low progressing) for incident stroke (primary outcome), composite cardiovascular disease, and heart disease. Squares represent point estimates and horizontal lines represent 95% confidence intervals. Models are fully adjusted for age, education, marital status, residence, smoking, alcohol, body mass index, hypertension, and diabetes.
Figure 3. Directed acyclic graph depicting hypothesised relationships between frailty trajectory class and incident stroke. Age, education, marital status, residence, smoking, alcohol, and body mass index are treated as confounders and adjusted for in all models. Baseline hypertension, diabetes, heart disease, and stroke are excluded from the frailty index (non-cardiovascular FI) to reduce collider bias. The DAG was drawn using DAGitty.
Supplementary Figure Legends
Figure S1. Incremental predictive value analysis. (A) ROC curves comparing the base model (age, education, marital status, residence, smoking, alcohol, BMI, hypertension, diabetes) with the enhanced model adding trajectory class indicators. (B) Calibration plot (deciles) for the enhanced model, showing predicted versus observed stroke risk.
Figure S2. Competing risk sensitivity. Stacked bar chart showing the distribution of outcomes (incident stroke, death without stroke, censored alive) between Waves 3 and 4 by trajectory class.
Figure S3. Subgroup analyses. Forest plot showing fully adjusted hazard ratios (reference: Low progressing) for Moderate stable, High stable, and Rapidly progressing classes across age groups and urban/rural residence.
Figure S4. Mediation analysis path diagram. Estimated a-paths (trajectory class to mediator), b-paths (mediator to stroke; HR 1.86 for hypertension, HR 1.75 for diabetes), c-paths (total effect), and c'-paths (direct effect) for baseline hypertension and diabetes as potential mediators.
Text S9. Incremental Predictive Value Analysis
We compared a base logistic model (age, education, marital status, residence, smoking, alcohol, BMI, hypertension, diabetes) with an enhanced model adding the three trajectory class indicators. Because follow-up was uniform (3 years), logistic regression approximates the Cox proportional hazards model under a rare-outcome assumption. The base model AUC was 0.655; the enhanced model AUC was 0.665 (ΔAUC = 0.0095, 95% CI: -0.0083 to 0.0300). The integrated discrimination improvement was 0.0047 (95% CI: 0.0023 to 0.0076), and the continuous net reclassification improvement was 0.232 (95% CI: 0.107 to 0.376). Categorical NRI at 5% and 10% risk thresholds was 0.0691 and 0.0659, respectively. The small and non-significant ΔAUC suggests that trajectory class adds limited incremental discriminative ability beyond conventional risk factors.
Text S10. Gaussian Mixture Model Validation
As a model-based cross-validation of the K-means clustering, we fitted Gaussian mixture models (GMM) to the standardized trajectory features. The BIC favored 4 components (BIC = -32654) over 3 (BIC = -31395). The GMM 4-class solution identified a rapid-progression class (16.2% of women; stroke rate 8.4%) with a fully adjusted hazard ratio of 1.79 (95% CI: 1.35-2.37) versus all others, closely matching the K-means estimate (HR 1.83). Exact class boundaries differed substantially between GMM and K-means (Cohen's kappa = 0.039), which is expected because GMM assigns probabilistic memberships whereas K-means uses hard partitioning. However, the high-risk phenotype and its approximately 1.8-fold hazard were recovered under both approaches, indicating that the central finding is not an artifact of the clustering algorithm. The low kappa indicates that individual-level class assignments are not interchangeable between methods, but the high-risk phenotype—the substantive target of inference—is consistently recovered. Researchers should therefore interpret trajectory class labels as approximate phenotypes rather than discrete entities.
Text S11. Explanation of the 'Protective' Moderate Stable Association under the 18-Item Full FI
In the sensitivity analysis using the 18-item full frailty index (which includes hypertension, diabetes, heart disease, and stroke as deficits), the Moderate stable class showed an apparently protective association with stroke (HR 0.64, 95% CI: 0.48-0.87). This counterintuitive finding is not a genuine protective effect but a classification artifact. When cardiovascular conditions are included as deficits, women with hypertension or diabetes are pushed into the 'Low progressing' class because these conditions inflate their total deficit count. Consequently, the 18-item 'Low progressing' class had a hypertension prevalence of 25.3% and diabetes prevalence of 5.7%, versus only 8.4% and 1.5% in the 'Moderate stable' class. Because hypertension and diabetes are strong independent predictors of stroke, their redistribution across classes creates an artificial 'protective' association for Moderate stable. This underscores why excluding cardiovascular components is essential when studying cardiovascular outcomes.




