Supplementary Table S2. Comprehensive performance metrics of the ten machine-learning models across the training, internal test, and external validation cohorts.
	Model
	Dataset
	Accuracy
	Sensitivity
	Specificity
	Precision
	F1 Score
	AUC
	Brier score
	Threshold

	CatBoost
	Training
	0.710
	0.904
	0.615
	0.533
	0.670
	0.875
	0.138 (0.125 – 0.151)
	0.2473

	CatBoost
	Testing
	0.700
	0.803
	0.650
	0.525
	0.635
	0.819
	0.156 (0.129 – 0.185)
	0.2473

	CatBoost
	External
	0.762
	0.655
	0.797
	0.514
	0.576
	0.769
	0.150 (0.120 – 0.179)
	0.2473

	GBM
	Training
	0.663
	0.904
	0.547
	0.492
	0.637
	0.852
	0.148
	0.2105

	GBM
	Testing
	0.670
	0.833
	0.591
	0.495
	0.621
	0.802
	0.163
	0.2105

	GBM
	External
	0.711
	0.672
	0.723
	0.443
	0.534
	0.777
	0.149
	0.2105

	KNN
	Training
	0.967
	1.000
	0.951
	0.908
	0.952
	0.989
	0.065
	0.4416

	KNN
	Testing
	0.714
	0.561
	0.788
	0.561
	0.561
	0.723
	0.201
	0.4416

	KNN
	External
	0.723
	0.276
	0.870
	0.410
	0.330
	0.650
	0.198
	0.4416

	LR
	Training
	0.604
	0.904
	0.458
	0.448
	0.599
	0.807
	0.162
	0.1719

	LR
	Testing
	0.616
	0.833
	0.511
	0.451
	0.585
	0.809
	0.157
	0.1719

	LR
	External
	0.694
	0.655
	0.706
	0.422
	0.514
	0.741
	0.154
	0.1719

	LightGBM
	Training
	0.739
	0.909
	0.657
	0.563
	0.695
	0.883
	0.138
	0.2711

	LightGBM
	Testing
	0.719
	0.773
	0.693
	0.548
	0.642
	0.799
	0.163
	0.2711

	LightGBM
	External
	0.728
	0.552
	0.785
	0.457
	0.500
	0.747
	0.157
	0.2711

	NaiveBayes
	Training
	0.571
	0.904
	0.409
	0.426
	0.579
	0.780
	0.182
	0.0869

	NaiveBayes
	Testing
	0.576
	0.848
	0.445
	0.424
	0.566
	0.787
	0.176
	0.0869

	NaiveBayes
	External
	0.783
	0.431
	0.898
	0.581
	0.495
	0.770
	0.186
	0.0869

	NeuralNetwork
	Training
	0.850
	0.904
	0.824
	0.713
	0.797
	0.934
	0.138
	0.3827

	NeuralNetwork
	Testing
	0.655
	0.621
	0.672
	0.477
	0.539
	0.677
	0.214
	0.3827

	NeuralNetwork
	External
	0.634
	0.448
	0.695
	0.325
	0.377
	0.596
	0.214
	0.3827

	RF
	Training
	0.711
	0.904
	0.618
	0.534
	0.672
	0.856
	0.151
	0.1401

	RF
	Testing
	0.714
	0.864
	0.642
	0.538
	0.663
	0.832
	0.165
	0.1401

	RF
	External
	0.668
	0.707
	0.655
	0.402
	0.513
	0.755
	0.155
	0.1401

	SVM
	Training
	0.751
	0.904
	0.676
	0.576
	0.703
	0.860
	0.145
	0.2079

	SVM
	Testing
	0.675
	0.833
	0.599
	0.500
	0.625
	0.815
	0.159
	0.2079

	SVM
	External
	0.655
	0.724
	0.633
	0.393
	0.509
	0.721
	0.157
	0.2079

	XGB
	Training
	0.625
	0.904
	0.490
	0.463
	0.612
	0.827
	0.156
	0.1970

	XGB
	Testing
	0.670
	0.909
	0.555
	0.496
	0.642
	0.822
	0.157
	0.1970

	XGB
	External
	0.715
	0.707
	0.718
	0.451
	0.550
	0.754
	0.148
	0.1970


Note. For classification metrics, LVSD was treated as the positive class. Thresholds were selected in the training set using a sensitivity-oriented criterion and then applied unchanged to the internal test and external validation cohorts.
LVSD, left ventricular systolic dysfunction; AUC, area under the receiver operating characteristic curve; GBM, gradient boosting machine; KNN, k-nearest neighbors; LR, logistic regression; LightGBM, light gradient boosting machine; RF, random forest; SVM, support vector machine; XGB, extreme gradient boosting. Brier score 95% confidence intervals are reported for the final selected CatBoost model and were estimated by nonparametric bootstrap with 1000 resamples using the percentile method and random seed 2025.
