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Supplementary Table 1. Missing-data and preprocessing specification
	Component
	Specification
	Implementation detail

	Patient-level exclusion
	>10% missing candidate baseline predictors
	Applied before multiple imputation.

	Number of imputations
	m = 10
	Ten completed datasets.

	Iterations
	maxit = 20
	Per imputation chain; convergence checked using trace plots and chain distributions.

	Continuous variables
	Predictive mean matching
	donors = 5.

	Binary variables
	Logistic regression
	mice method: logreg.

	Unordered categorical variables
	Multinomial logistic regression
	mice method: polyreg.

	Ordered categorical variables
	Proportional-odds regression
	mice method: polr.

	Random seed
	2026
	Fixed for reproducibility.

	Excluded from imputation model
	Identifiers, outcomes, post-landmark data
	Prevents outcome and temporal leakage.

	Cross-validation
	Fold-specific imputation
	Only training-fold rows estimated imputation equations.

	Scale-sensitive models
	StandardScaler
	Fitted in each training fold for SVM, KNN, and ANN; tree models unscaled.

	Validation cohorts
	No rebalancing or threshold retuning
	Observed cohort event rates retained.




Supplementary Table 2. Hyperparameter search spaces
	Algorithm
	Prespecified grid
	Combinations

	ANN (MLPClassifier)
	hidden_layer_sizes: (50,), (100,), (100, 50); alpha: 0.0001, 0.001, 0.01; learning_rate_init: 0.001, 0.01, 0.1
	27

	Decision Tree
	criterion: gini, entropy; max_depth: None, 10, 20, 30; min_samples_split: 2, 5, 10; min_samples_leaf: 1, 2, 5
	72

	Extra Trees
	criterion: gini, entropy; max_depth: None, 10, 20, 30; min_samples_split: 2, 5, 10; min_samples_leaf: 1, 2, 5; n_estimators: 50, 100, 200
	216

	Gradient Boosting
	learning_rate: 0.01, 0.1, 0.2; max_depth: 3, 5, 10; min_samples_split: 2, 5, 10; min_samples_leaf: 1, 2, 5; n_estimators: 50, 100, 200
	243

	KNN
	n_neighbors: 3, 5, 10; weights: uniform, distance; metric: euclidean, manhattan, minkowski
	18

	LightGBM
	learning_rate: 0.01, 0.1, 0.2; max_depth: -1, 10, 20; min_child_samples: 10, 20, 30; num_leaves: 31, 50, 100; n_estimators: 50, 100, 200
	243

	Random Forest
	criterion: gini, entropy; max_depth: None, 10, 20, 30; min_samples_split: 2, 5, 10; min_samples_leaf: 1, 2, 5; n_estimators: 50, 100, 200
	216

	SVM
	C: 0.1, 1, 10; kernel: linear, rbf; gamma: scale, auto; class_weight: None, balanced (18 valid combinations: 6 linear + 12 RBF)
	18

	XGBoost
	learning_rate: 0.01, 0.1, 0.2; max_depth: 3, 5, 10; n_estimators: 50, 100, 200; colsample_bytree: 0.8, 1; subsample: 0.8, 1
	108




Supplementary Table 3. Performance Evaluation of the 28-Day Sepsis Mortality Prediction Model on the MIMIC-Sepsis Training Set
	ML models
	ANN
	Decision
Tree
	Extra
Trees
	Gradient
Boosting
	KNN

	Accuracy
	83.05%
	79.27%
	81.57%
	83.80%
	80.01%

	Sensitivity
	67.03%
	62.24%
	74.31%
	70.22%
	66.45%

	Specificity
	86.00%
	82.40%
	82.90%
	86.30%
	82.50%

	Positive predictive value
	46.83%
	39.42%
	44.43%
	48.54%
	41.13%

	Negative predictive value
	93.41%
	92.22%
	94.61%
	94.03%
	93.04%

	F1 score
	55.14%
	48.27%
	55.61%
	57.40%
	50.81%

	Kappa score
	0.451
	0.361
	0.449
	0.478
	0.391

	ML models
	LightGBM
	Random
Forest
	SVM
	XGBoost
	

	Accuracy
	81.17%
	86.57%
	82.99%
	88.86%
	

	Sensitivity
	76.10%
	66.30%
	65.01%
	71.82%
	

	Specificity
	82.10%
	90.30%
	86.30%
	92.00%
	

	Positive predictive value
	43.89%
	55.70%
	46.61%
	62.29%
	

	Negative predictive value
	94.92%
	93.58%
	93.06%
	94.66%
	

	F1 score
	55.67%
	60.54%
	54.29%
	66.71%
	

	Kappa score
	0.448
	0.525
	0.442
	0.601
	


Abbreviations: ML, machine learning; ANN, artificial neural network; Extra Trees, extremely randomized trees; KNN, k-nearest neighbors; LightGBM, light gradient boosting machine; NPV, negative predictive value; SVM, support vector machine; XGBoost, extreme gradient boosting.


Supplementary Table 4. Performance Evaluation of the 28-Day Mortality Prediction Model for Sepsis on the MIMIC-Sepsis Internal Validation Set
	ML models
	ANN
	Decision
Tree
	Extra
Trees
	Gradient
Boosting
	KNN

	Accuracy
	82.30%
	78.67%
	80.95%
	83.04%
	79.25%

	Sensitivity
	65.93%
	61.67%
	73.59%
	69.08%
	65.42%

	Specificity
	85.31%
	81.80%
	82.30%
	85.60%
	81.80%

	Positive predictive value
	45.21%
	38.39%
	43.33%
	46.88%
	39.79%

	Negative predictive value
	93.16%
	92.07%
	94.43%
	93.77%
	92.79%

	F1 score
	53.64%
	47.32%
	54.55%
	55.85%
	49.48%

	Kappa score
	0.432
	0.348
	0.435
	0.458
	0.374

	ML models
	LightGBM
	Random
	SVM
	XGBoost
	

	Accuracy
	80.55%
	85.71%
	82.23%
	88.07%
	

	Sensitivity
	75.38%
	65.08%
	63.88%
	70.44%
	

	Specificity
	81.50%
	89.51%
	85.60%
	91.31%
	

	Positive predictive value
	42.84%
	53.28%
	44.94%
	59.84%
	

	Negative predictive value
	94.74%
	93.31%
	92.80%
	94.38%
	

	F1 score
	54.63%
	58.59%
	52.76%
	64.71%
	

	Kappa score
	0.434
	0.501
	0.422
	0.576
	


Abbreviations: ML, machine learning; ANN, artificial neural network; Extra Trees, extremely randomized trees; KNN, k-nearest neighbors; LightGBM, light gradient boosting machine; NPV, negative predictive value; SVM, support vector machine; XGBoost, extreme gradient boosting.


Supplementary Table 5. Performance Evaluation of the 28-Day Sepsis Mortality Prediction Model on the eICU-Sepsis External Validation Set
	ML models
	ANN
	Decision
Tree
	Extra
Trees
	Gradient
Boosting
	KNN

	Accuracy
	82.22%
	78.71%
	80.51%
	82.81%
	78.93%

	Sensitivity
	64.95%
	61.35%
	72.53%
	68.12%
	64.37%

	Specificity
	84.80%
	81.30%
	81.70%
	85.00%
	81.10%

	Positive predictive value
	38.94%
	32.88%
	37.17%
	40.40%
	33.70%

	Negative predictive value
	94.19%
	93.37%
	95.22%
	94.70%
	93.84%

	F1 score
	48.69%
	42.81%
	49.15%
	50.72%
	44.24%

	Kappa score
	0.387
	0.312
	0.386
	0.411
	0.328

	ML models
	LightGBM
	Random
Forest
	SVM
	XGBoost
	

	Accuracy
	79.87%
	86.08%
	82.02%
	87.81%
	

	Sensitivity
	74.35%
	67.84%
	62.75%
	69.12%
	

	Specificity
	80.70%
	88.80%
	84.90%
	90.60%
	

	Positive predictive value
	36.51%
	47.49%
	38.28%
	52.33%
	

	Negative predictive value
	95.47%
	94.87%
	93.85%
	95.16%
	

	F1 score
	48.97%
	55.87%
	47.55%
	59.56%
	

	Kappa score
	0.382
	0.479
	0.375
	0.525
	


Abbreviations: ML, machine learning; ANN, artificial neural network; Extra Trees, extremely randomized trees; KNN, k-nearest neighbors; LightGBM, light gradient boosting machine; NPV, negative predictive value; SVM, support vector machine; XGBoost, extreme gradient boosting.


Supplementary Table 6. Performance Evaluation of the 28-Day Sepsis Mortality Prediction Model on the DRECC-Sepsis External Validation Set
	ML models
	ANN
	Decision
Tree
	Extra
Trees
	Gradient
Boosting
	KNN

	Accuracy
	79.15%
	75.82%
	78.78%
	80.10%
	76.19%

	Sensitivity
	64.82%
	61.40%
	72.15%
	67.59%
	64.01%

	Specificity
	83.99%
	80.69%
	81.02%
	84.32%
	80.31%

	Positive predictive value
	57.76%
	51.79%
	56.22%
	59.29%
	52.33%

	Negative predictive value
	87.61%
	86.09%
	89.60%
	88.51%
	86.85%

	F1 score
	61.09%
	56.18%
	63.20%
	63.17%
	57.58%

	Kappa score
	0.469
	0.397
	0.486
	0.496
	0.413

	ML models
	LightGBM
	Random
Forest
	SVM
	XGBoost
	

	Accuracy
	78.33%
	82.77%
	78.70%
	84.54%
	

	Sensitivity
	73.94%
	67.26%
	62.38%
	68.73%
	

	Specificity
	79.81%
	88.01%
	84.21%
	89.88%
	

	Positive predictive value
	55.30%
	65.45%
	57.16%
	69.64%
	

	Negative predictive value
	90.07%
	88.84%
	86.89%
	89.49%
	

	F1 score
	63.28%
	66.35%
	59.66%
	69.18%
	

	Kappa score
	0.484
	0.548
	0.452
	0.589
	


Abbreviations: ML, machine learning; ANN, artificial neural network; Extra Trees, extremely randomized trees; KNN, k-nearest neighbors; LightGBM, light gradient boosting machine; NPV, negative predictive value; SVM, support vector machine; XGBoost, extreme gradient boosting.


Supplementary Table 7. AUROC and approximate 95% confidence intervals
	Model
	MIMIC training
	MIMIC internal validation
	eICU external validation
	DRECC external validation

	Random Forest
	0.867 (0.860-0.874)
	0.861 (0.847-0.875)
	0.856 (0.851-0.861)
	0.853 (0.833-0.873)

	LightGBM
	0.873 (0.866-0.880)
	0.869 (0.856-0.882)
	0.863 (0.858-0.868)
	0.861 (0.842-0.880)

	Gradient Boosting
	0.863 (0.856-0.870)
	0.857 (0.843-0.871)
	0.852 (0.846-0.858)
	0.849 (0.829-0.869)

	XGBoost
	0.890 (0.884-0.896)
	0.884 (0.871-0.897)
	0.877 (0.872-0.882)
	0.875 (0.856-0.894)

	SVM
	0.834 (0.827-0.841)
	0.828 (0.813-0.843)
	0.822 (0.816-0.828)
	0.820 (0.798-0.842)

	KNN
	0.819 (0.811-0.827)
	0.813 (0.798-0.828)
	0.807 (0.801-0.813)
	0.805 (0.783-0.827)

	Decision Tree
	0.786 (0.778-0.794)
	0.783 (0.767-0.799)
	0.781 (0.775-0.787)
	0.781 (0.758-0.804)

	Extra Trees
	0.861 (0.854-0.868)
	0.857 (0.843-0.871)
	0.851 (0.845-0.857)
	0.849 (0.829-0.869)

	ANN
	0.842 (0.835-0.849)
	0.836 (0.821-0.851)
	0.831 (0.825-0.837)
	0.830 (0.809-0.851)


Note: Intervals are analytical approximations calculated from the reported AUROC and cohort event counts using the Hanley-McNeil large-sample method. Exact bootstrap intervals require patient-level predictions.

