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Supplementary Figure 1. Bootstrap-LASSO feature-selection procedure within the outer cross-validation framework. The dataset was partitioned using outer 10-fold cross-validation. Within each outer training fold, 1,000 bootstrap resamples were generated exclusively from the outer training data. For each bootstrap resample, LASSO regression with internal 10-fold cross-validation for selection of the regularization parameter was performed, and the selection frequency of each of the 59 candidate variables was recorded across the 1,000 resamples. The 12 variables with the highest selection frequencies within each outer training fold were retained for subsequent model development. All subsequent model tuning and feature-number selection were likewise confined to the corresponding outer training data through inner cross-validation. The held-out outer fold was not used for feature selection, feature ranking, hyperparameter tuning, or model selection and was used only for performance evaluation.
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Supplementary Figure 2. Detailed cross-validated performance of the selected five-feature logistic regression strategy. The rose plot summarizes the discriminatory and classification performance of the selected five-feature LR strategy based on pooled predictions from the held-out outer folds of the nested 10-fold cross-validation, including ROC-AUC, PR-AUC, sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and F1-score.
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Supplementary Figure 3. LightGBM-based importance ranking of the 12 candidate redictors for final model specification. After the Bootstrap-LASSO procedure was reapplied to the complete dataset, the resulting 12 candidate predictors were ranked according to normalized gain-based feature importance derived from LightGBM. Higher values indicate a greater contribution to improvement in the LightGBM objective function. Because a five-predictor model size had already been selected during nested cross-validated model development, the five highest-ranked variables—age, ESACS_endo, ALS, LDH, and CK-MB—were retained for specification of the final fixed five-variable LR model. This complete-dataset analysis was performed solely to specify the final fixed model for interpretation and research demonstration and was not used to estimate cross-validated model performance.
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Supplementary Figure 4. Pairwise Spearman correlation matrix of the 12 candidate predictors for final model specification. The heatmap shows pairwise Spearman rank correlation coefficients (ρ) among the 12 candidate predictors identified by the Bootstrap-LASSO procedure using the complete dataset. Correlation coefficients range from −1 to 1, with positive and negative values indicating positive and inverse associations, respectively; the absolute magnitude of ρ reflects the strength of the monotonic association. This analysis was performed to characterize the interrelationships among the selected predictors and to assess potential feature redundancy
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