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Table 1. Baseline demographic and clinical characteristics stratified by diagnostic class (primary cohort, n = 8,296).
	Characteristic
	Non-ACS Chest Pain (n = 2,132)
	UAP (n = 1,943)
	NSTEMI (n = 2,087)
	STEMI (n = 2,134)

	Age (years), mean ± SD
	47.5 ± 14.5
	57.6 ± 11.9
	62.2 ± 12.2
	60.2 ± 12.4

	Male sex, n (%)a
	1,078 (50.6)
	1,149 (59.1)
	1,338 (64.1)
	1,536 (72.0)

	Hypertension, n (%)a
	864 (40.5)
	1,198 (61.7)
	1,432 (68.6)
	1,370 (64.2)

	Current smoking, n (%)a
	480 (22.5)
	595 (30.6)
	726 (34.8)
	884 (41.4)

	Systolic BP (mmHg), mean ± SD
	129.5 ± 23.7
	144.5 ± 24.2
	139.8 ± 24.3
	126.4 ± 24.1

	Heart rate (bpm), mean ± SD
	81.1 ± 17.7
	83.6 ± 17.8
	87.9 ± 17.9
	91.4 ± 18.7

	Initial troponin T (ng/L), mean ± SD
	5.5 ± 3.3
	7.2 ± 4.0
	238.1 ± 335.8
	2,686.4 ± 4,364.2

	eGFR (mL/min/1.73 m²), mean ± SD
	73.5 ± 27.6
	72.4 ± 28.4
	68.1 ± 29.8
	71.8 ± 28.6

	GRACE score, mean ± SD
	91.1 ± 34.9
	116.6 ± 35.9
	141.8 ± 36.3
	167.4 ± 35.6

	TIMI score, mean ± SD
	1.4 ± 1.2
	2.6 ± 1.5
	3.6 ± 1.5
	4.8 ± 2.5

	HEART score, mean ± SD
	2.5 ± 1.5
	4.5 ± 1.5
	5.5 ± 1.5
	6.5 ± 1.5


aValues are n (%). BP: blood pressure; eGFR: estimated glomerular filtration rate; GRACE: Global Registry of Acute Coronary Events; HEART: History, ECG, Age, Risk factors, Troponin; NSTEMI: non-ST-elevation myocardial infarction; SD: standard deviation; STEMI: ST-elevation myocardial infarction; TIMI: Thrombolysis in Myocardial Infarction; UAP: unstable angina pectoris.
Table 2. Dataset composition and class distribution across the primary development cohort (RSCM) and the external validation cohort (NCCHK).
	Diagnostic Class
	RSCM Primary Cohort, n
	%
	NCCHK External Cohort, n
	%
	Distribution Balance

	Non-ACS Chest Pain
	2,132
	25.7
	238
	28.0
	Balanced

	UAP
	1,943
	23.4
	196
	23.1
	Balanced

	NSTEMI
	2,087
	25.2
	199
	23.4
	Balanced

	STEMI
	2,134
	25.7
	217
	25.5
	Balanced

	Total
	8,296
	100.0
	850
	100.0
	–


NCCHK: National Cardiovascular Center Harapan Kita; NSTEMI: non-ST-elevation myocardial infarction; RSCM: Cipto Mangunkusumo National Referral Hospital; STEMI: ST-elevation myocardial infarction; UAP: unstable angina pectoris.
Table 3. Comparative performance of all evaluated algorithms on stratified 10-fold cross-validation (primary cohort, n = 8,296). The highlighted row (*) indicates the selected champion model.
	Algorithm
	Macro F1 (Mean)
	Macro F1 (SD)
	Accuracy (Mean)
	Accuracy (SD)

	Stacking Ensemble
	0.958
	0.010
	0.958
	0.010

	XGBoost
	0.958
	0.010
	0.958
	0.010

	Gradient Boosting Ensemble *
	0.957
	0.010
	0.957
	0.010

	Voting Ensemble (Soft)
	0.955
	0.010
	0.955
	0.010

	LightGBM
	0.952
	0.009
	0.952
	0.009

	Random Forest
	0.942
	0.013
	0.942
	0.013

	Extra Trees
	0.911
	0.010
	0.912
	0.010

	Logistic Regression
	0.903
	0.015
	0.905
	0.015

	SVM (RBF kernel)
	0.880
	0.015
	0.882
	0.015

	MLP Neural Network
	0.879
	0.016
	0.881
	0.016

	Decision Tree
	0.874
	0.012
	0.875
	0.012

	KNN
	0.754
	0.013
	0.762
	0.013


* Champion model selected for internal and external validation. SD: standard deviation; KNN: K-nearest neighbours; LightGBM: light gradient boosting machine; MLP: multilayer perceptron; SVM: support vector machine.
Table 4. Per-class classification performance of the Gradient Boosting Ensemble on the internal held-out test set (n = 1,245).
	Diagnostic Class
	Precision
	Recall
	F1-Score
	Support

	Non-ACS Chest Pain
	0.952
	0.922
	0.937
	320

	UAP
	0.917
	0.949
	0.933
	292

	NSTEMI
	0.959
	0.959
	0.959
	313

	STEMI
	0.959
	0.959
	0.959
	320

	Macro average
	0.947
	0.947
	0.947
	1,245

	Overall accuracy
	–
	–
	0.947
	1,245


NSTEMI: non-ST-elevation myocardial infarction; STEMI: ST-elevation myocardial infarction; UAP: unstable angina pectoris.
Table 5. Comparison of ensemble strategy performance on the internal held-out test set (n = 1,245). The highlighted row (*) indicates the champion model.
	Ensemble Strategy
	Macro F1-Score
	Accuracy
	Macro AUC

	Gradient Boosting Ensemble *
	0.947
	0.947
	0.996

	Soft Voting Ensemble
	0.946
	0.946
	0.995

	Stacking Ensemble
	0.945
	0.945
	0.996


* Selected champion model. AUC: area under the receiver operating characteristic curve; macro AUC computed using one-versus-rest macro-averaging across four diagnostic classes.
Table 6. Per-class classification performance of the Gradient Boosting Ensemble on the external validation cohort from the National Cardiovascular Center Harapan Kita (n = 850).
	Diagnostic Class
	Precision
	Recall
	F1-Score
	Support

	Non-ACS Chest Pain
	0.973
	0.908
	0.939
	238

	UAP
	0.896
	0.969
	0.931
	196

	NSTEMI
	0.946
	0.965
	0.955
	199

	STEMI
	0.967
	0.949
	0.958
	217

	Macro average
	0.946
	0.948
	0.946
	850

	Overall accuracy
	–
	–
	0.946
	850


NSTEMI: non-ST-elevation myocardial infarction; STEMI: ST-elevation myocardial infarction; UAP: unstable angina pectoris.
Table 7. Top 20 predictive features ranked by XGBoost feature importance, with clinical category assignments and interpretations.
	Rank
	Feature Variable
	Category
	Score
	Clinical Interpretation

	1
	ecg_st_elevation
	Electrocardiography
	0.411
	Primary STEMI vs. non-STEMI discriminator

	2
	lab_troponin_t_initial
	Laboratory biomarker
	0.151
	Myocardial necrosis marker; key for NSTEMI

	3
	intervention*
	Clinical management
	0.059
	Documented treatment type; retrospective proxy only

	4
	score_heart
	Risk score
	0.026
	Composite HEART score for chest pain stratification

	5
	ecg_st_segment
	Electrocardiography
	0.020
	ST segment morphological classification

	6
	ecg_territory
	Electrocardiography
	0.020
	Ischaemic myocardial territory on ECG

	7
	symptom_chest_pain_character
	Symptom
	0.018
	Quality of chest pain (typical vs. atypical)

	8
	lab_troponin_t_serial
	Laboratory biomarker
	0.016
	Serial troponin for delta kinetics assessment

	9
	score_timi
	Risk score
	0.014
	TIMI score for ACS risk quantification

	10
	hx_prior_cad
	Medical history
	0.014
	Prior coronary artery disease history

	11
	ecg_t_inversion
	Electrocardiography
	0.013
	T-wave inversions as ischaemia marker

	12
	hx_prior_pci
	Medical history
	0.013
	Prior percutaneous coronary intervention

	13
	hx_prior_mi
	Medical history
	0.013
	Prior myocardial infarction history

	14
	age
	Demographics
	0.012
	Age as a modifier of ACS pretest probability

	15
	hx_hypertension
	Medical history
	0.012
	Hypertension as a cardiovascular risk factor

	16
	score_grace
	Risk score
	0.010
	GRACE score for in-hospital mortality prediction

	17
	hx_dyslipidaemia
	Medical history
	0.009
	Dyslipidaemia as a cardiovascular risk factor

	18
	systolic_bp
	Vital signs
	0.008
	Systolic blood pressure at initial presentation

	19
	ecg_q_wave_new
	Electrocardiography
	0.007
	New pathological Q waves on ECG

	20
	symptom_diaphoresis
	Symptom
	0.007
	Diaphoresis as an associated ACS symptom


* The intervention variable encodes the clinical management type as documented retrospectively; it reflects diagnostic certainty as a post-hoc proxy and should be excluded from prospective deployment configurations. ECG: electrocardiogram; GRACE: Global Registry of Acute Coronary Events; HEART: History, ECG, Age, Risk factors, Troponin; TIMI: Thrombolysis in Myocardial Infarction.
