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Abstract 

Despite widespread exposure to COVID-19, the combined influence of social, environmental, and behavioral factors 
on long-term chronic illness vulnerability remains poorly understood. This study introduces a unified, interpretable 
framework that integrates multi-domain data to generate actionable vulnerability scores at a county level. A weighted 
approach was utilized to combine variables in a normalized form to obtain a score for vulnerability. Among various 
models, Random Forest and XGBoost classification models performed well in classifying the level of vulnerability. 
Among them, XGBoost had a high accuracy of 93.6%. To further analyze the predictions, SHAP was utilized to 
identify the most important factors contributing to the prediction. From the findings, it is clear that health conditions, 
environmental exposure, and behavioral factors are crucial in determining vulnerability. 
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