Additional file 2: Detailed Overview of XGBoost Modeling Stages and Reproducibility Assurance
1. Data Preprocessing:
· Missing numerical values were imputed using the mean, and categorical values were imputed using the mode (i.e. the most frequent category). 
· Numerical variables were normalized using MinMax scaling; categorical variables were one-hot encoded.
2. Model Training and Optimization:
· Data were split into training (80%) and test (20%) sets, stratified by the outcome variable.
· Extreme Gradient Boosting (XGBoost classifier was chosen for its robustness in handling imbalanced data.
· Class weights were applied to mitigate outcome imbalance.
· Hyperparameter tuning was conducted via Optuna (100 trials), optimizing parameters such as tree depth, learning rate, number of estimators, subsample ratio, and scale_pos_weight. 
· Best parameters for XGBoost: 'max_depth': 3, 'learning_rate': 0.076, 'n_estimators': 48, 'subsample': 0.92, 'colsample_bytree': 0.90, 'scale_pos_weight': 0.46
3. Evaluation Metrics:
· Model performance was evaluated using the area under the receiver operating characteristic curve (ROC-AUC), accuracy, precision, recall, and F1-score.
· Calibration was assessed using Brier scores and calibration plots.
4. Feature Importance:
· [bookmark: _Hlk194789206][bookmark: _Hlk204760176]SHAP (SHapley Additive exPlanations) values were used to quantify each feature's contribution to model predictions.
· Features were ranked by mean absolute SHAP values to identify the most influential predictors.
5. Visualizations
· ROC curves illustrated sensitivity-specificity trade-offs.
· SHAP summary plots visualized global feature importance and interactions.
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