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Abstract: Objective To address regional heterogeneity in multicenter studies, and to explore the association between sleep

duration and cardiovascular disease (CVD) risk in the Chinese elderly population using a federated causal learning framework.

Methods Data was obtained from the 2020 China Health and Retirement Longitudinal Study (CHARLS). A total of 10 638

adults aged 60 and above were included. To simulate multi — center collaboration scenarios with real regional heterogeneity, the

original dataset was divided into seven geographically distributed datasets. A federated augmented inverse probability weighting

(AIPW) estimator was used to estimate causal effects with comparison to centralized models. Subgroup analyses by gender were

conducted to explore effect heterogeneity. The robustness of the method was explored by a sensitivity analysis. Results

Estimations from the federated causal learning models were consistent with those from the centralized model. Abnormal sleep

duration was a significant factor influencing CVD risk. Compared to normal sleepers, short sleepers had a significantly
increased risk of CVD (OR =1.029, 95% CI;1.016 —1.042). Long sleepers also showed elevated risk (OR =1.019, 95%

CI.1.005 - 1.034). The subgroup analysis revealed significant gender differences, and the sensitivity analysis also validated

the robustness of the model. Conclusion  In multicenter research, the federated causal learning systematically controls for

confounders and regional heterogeneity. It provides methodological support for future privacy — preserving cross — center

collaborative research.
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Table 1 Baseline characteristics of the study participants with different sleep duration
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HEKF(%) 0.028
BB TERKHE MU 4188(95.29) 3590(94.67) 2352(95.96)
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Table 2 Association between sleep duration and CVD risk estimated by federated AIPW
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Table 3  Subgroup analysis of the association between sleep duration and CVD risk
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Table 4 Sensitive analysis of the association between sleep duration and CVD risk

LAY AhTHE FrifEiR P1H OR(95% CI) Efg
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