[bookmark: OLE_LINK2]Development and validation of multi-scenario models for individualized dementia risk trajectory prediction in type 2 diabetes: a multi-center prospective cohort study

[bookmark: OLE_LINK3][bookmark: OLE_LINK1]Aims: Type 2 diabetes (T2D) increased the risk of dementia, but existing models rarely predict dementia risk trajectories across different clinical scenarios. This study aims to develop and validate a multi-scenario machine-learning (ML) framework for individualized dementia risk trajectory prediction in T2D.
Methods: T2D individuals without dementia at baseline were included. Data from the prospective UK Biobank cohort were used for model development and internal testing, while the Health and Retirement Study (HRS) and the China Health and Retirement Longitudinal Study (CHARLS) were used for external validation. Four survival ML algorithms were employed across three clinical scenarios: home-based model using questionnaire variables only, community-based model additionally incorporating physical measurements, and hospital-based model further including laboratory measurements. 
Results: A multi-scenario framework across three scenarios was established, with gradient boosting survival identified as the optimal algorithm. Key predictors included age, diabetes duration, education level, handgrip strength, weight-adjusted waist circumference, HbA1c, and the cholesterol-to-HDL ratio. In internal testing, AUCs were 0.82 (95% CI:0.78-0.86) for the home-based model, 0.85 (0.8-0.91) for the community-based model, and 0.87 (0.8-0.94) for the hospital-based model. External validation in HRS showed robust external validity, with AUCs of 0.75-0.76. Validation in CHARLS supported moderate cross-ethnic transportability, with AUCs exceeding 0.67. A publicly accessible web-based tool was developed to support implementation. 
Conclusion: This multi-scenario framework enables individualized dementia risk trajectory prediction in T2D across home, community, and hospital settings and may support flexible risk stratification under different levels of data availability.
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Figure 1. Time-dependent AUC curves for the home-, community-, and
hospital-based models in the UK Biobank internal test set and the HRS and
CHARLS external test sets. Fifteen-year AUCs were calculated for the UK
Biobank and HRS cohorts, and 10-year AUCs were calculated for the CHARLS
cohort. AUC, area under the curve; CHARLS, China Health and Retirement
Longitudinal Study; HRS, Health and Retirement Study; UKB, UK Biobank.




