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Methods
Subjects 
OCEA cohort-Aute coronary syndrome (ACS) patients
This is a prospective, consecutive cohort study consisting of 5936 patients assigned to coronary angiogram in Chinese People's Liberation Army (PLA) General Hospital between 2010 and 2018. Eligible patients were those with a diagnosis of period and patients with a diagnosis of ACS within the study period [unstable angina or acute MI (AMI)]. MI was classiﬁed into ST-elevation MI (STEMI) and non-ST-elevation MI (NSTEMI) where MI type was recorded. Patients with a primary diagnosis of ACS and referred for immediate invasive management. Exclusion criteria included stable angina, systemic infectious, inflammatory or autoimmune disease, known severe renal dysfunction (serum creatinine >220 μmol/L), known severe hepatic dysfunction (3×upper limit of normal for liver function tests), cancer or other life-threatening disease with a life expectancy <1 year. Diagnoses were identiﬁed in CPRD, HES, or MINAP records according to deﬁnitions in the CALIBER data manual.1 In order to evaluate the performance of clinical risk factors and biomarkers available to predict cardiovascular outcome in ACS patients, all subjects were followed until their death or at least for 10 years. Death registry ICD-10 codes indicative of AMI, atherosclerotic cardiovascular disease or ischemic heart disease, (I21-I25) were used for the identification of cases. This study was approved by ethics committee of Chinese PLA general hospital. All participating subjects signed informed consent in accordance with the Declaration of Helsinki.
[bookmark: OLE_LINK4]MRCH cohort-ACS patients
The validation cohort were MRCH cohort, a single-center, observational, prospective study of subjects enrolled on a voluntary basis in 2018–2021, aimed to develop precision management for the patients with ACS in Beijing Chao-Yang Hospital Capital Medical University. The subjects were enrolled in the study underwent periodic visits. Data about clinical, pathological, familial, and pharmacological history and lifestyle habits were collected based on medical records and self-reporting during these visits. Patients with a primary diagnosis of ACS and referred for immediate invasive management. The study included 981 patients of both genders, aged ≥ 18 years and presenting within five days (preferably within 72 hours) after pain onset with a main diagnosis of STEMI, NSTEMI or unstable angina. Exclusion criteria included stable angina, systemic infectious, inflammatory or autoimmune disease, known severe renal dysfunction (serum creatinine >220 μmol/L), known severe hepatic dysfunction (3×upper limit of normal for liver function tests), cancer or other life-threatening disease with a life expectancy <1 year. All subjects were followed until their death or at least for 10 years, including assessment of vital status and medical history by questionnaire, and cause of death by death certiﬁcate. This study was approved by the Beijing Chao Yang ethics committee. All participating subjects signed informed consent in accordance with the Declaration of Helsinki.
Outcomes 
Clinical events refer to cardiovascular events and non-cardiovascular death. Cardiovascular events were defined as a combined endpoint of MI, ischemic stroke, cardiovascular death and heart failure for hospital. All clinical outcomes were deﬁned according to the Academic Research Consortium, including the addendum to the deﬁnition of MI.2 All deaths were considered cardiac in nature unless an undisputable noncardiac cause was present. Cardiac death in patients with multivessel interrogation was assigned to each of the interrogated vessels. MI was deﬁned as third universal deﬁnition of MI with a combination of criteria with mandated elevation of a cardiac biomarker, preferably high-sensitivity cardiac troponin, and at least 1 of the following: symptoms of ischemia, signiﬁcant ST- to T-wave changes, pathological Q waves, imaging evidence of new regional wall motion abnormality, or intracoronary thrombus. Periprocedural MI was not included as a clinical outcome. New or worsening heart failure was defined as rehospitalization or prolongation of the index hospitalization (>24 h) in an acute care facility primarily for the treatment of heart failure along with an objective sign of heart failure. Stroke did not include transient ischemic attack, and symptoms had to be present for 24 hours. Death registry ICD-10 codes indicative of AMI, atherosclerotic cardiovascular disease or ischemic heart disease, (I21-I25) were used for the identification of cases. All clinical events were confirmed by a review of medical records and centrally adjudicated by a blinded outcomes committee unaware of the patients’ status, biochemical values, or treatment allocation.
Clinical laboratory analyses
Total cholesterol (TC), high-density lipoprotein (HDL) cholesterol, triglyceride (TG), and glucose levels were determined in serum samples. The Friedewald formula was used for the calculation of low-density lipoprotein (LDL) cholesterol levels.3 Plasma levels N-terminal pro B-type natriuretic peptide (NT-proBNP) were determined using electro chemiluminescence immunoassays. D-dimer levels were measured by microparticle enzyme immunoassay (Abbott Diagnostics) in the biomarker laboratory. Growth differentiation factor 15 (GDF-15) was measured with a GDF-15 pre-commercial assay. Additional biomarkers in stored plasma samples were chosen to reflect the range of pathobiological considered important in the development of atherothrombotic disease: lipoprotein (a), cystatin C, fibrinogen, Pregnancy-associated plasma protein-A (PAPP-A), Soluble suppression of tumorigenesis-2 (sST2), Hemoglobin A1c (HbA1c), uric acid (UA). Plasma fibrinogen was determined by STA-R (Diagnostica Stago, Germany) with reagents (STA-Fibrinogen, Diagnostica Stago).4 Plasma sST2 and PAPP-A were determined by use of quantitative sandwich ELISA kit (R&D Systems, Minneapolis, Minnesota). The intra-assay and inter-assay coefficients of variations for all immunoassays mentioned above ranged between 1.8% and 14%. Minimum detection limit for GDF-15, sST2 and PAPP-A was 23.4 pg/mL, 31.3 pg/mL and 0.78 ng/mL. Plasma NT-proBNP was determined with an electrochemiluminescence sandwich immunoassay (ECLIA, Roche Diagnostics, Mannheim, Germany) on an Elecsys System 2010. The linear range of detection of this assay was 5 to 35 000 pg/mL. D-dimer was determined using the STA Liatest D-DI. The automated plasma D-dimer assay was performed by using an STA Compact Diagnostica Stago assay instrument (Diagnostica Stago).5 The manufacturer’s normal reference range is 0.22 to 4.0 μg/mL, with most normal people’s values being <0.5 μg/mL. Plasma UA levels were measured by uricase-peroxidase method with a type 7020 Autoanalyzer (Hitachi, Tokyo, Japan).6 Fasting baseline glucose and creatinine were determined by use of routine methods of the respective study centers. All biochemical analyses were performed blinded to patient status. These biomarker assays were performed at the Clinical Research Center Laboratory at Beijing Chao-Yang hospital.
Model development and Internal performance to evaluate short-term mortality
In the training cohort, this model demonstrated excellent discrimination for 6-month mortality with a C-index of 0.88 (95% CI: 0.82–0.93), which was significantly higher than the GRACE 2.0 score (0.74, P<0.001) (Supplementary Figure 4), as well as good calibration for 6-month mortality (Supplementary Figure 5). The calibration plot showed a calibration intercept of 0.00 and a slope of 1.01, indicating that the model’s predicted probabilities were highly consistent with the observed outcomes. This suggests that the model not only ranks risk accurately but also provides reliable absolute risk estimates for clinical decision-making. To rigorously assess the model's performance and potential overfitting, we conducted a bootstrap resampling procedure with 1,000 repetitions. This method allowed us to estimate the optimism in the model's discrimination ability. The results demonstrate that our model has strong internal validity. Specifically: The bootstrap corrected C-index is 0.87. The estimated optimism (Overfitting Degree) is only 0.01. These findings indicate that the model maintains robust predictive performance with minimal overfitting when applied to the development cohort.
We attempted to validate these findings using an independent external cohort. However, the sample size of the validation cohort was relatively small with the number of observed death events within the first 6 months been extremely limited (n=3), which limited the statistical power for outcome assessment. As statistical guidelines indicate that performance metrics (such as C-index) are highly unstable and unreliable with such a low number of events, we did not calculate the external C-index to avoid misleading interpretations. Consequently, the performance assessment for this short-term outcome is currently based on the robust internal training cohort analysis.
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Supplementary Table 1 Missing data in the derivation and validation cohort.
	Variables
	Proportion of missing data（%）

	
	derivation cohort
	validation cohort

	HbA1c, (%)
	49.71
	48.15

	Lp(a), mg/dL
	54.32
	1.29 

	Cystatin C, mg/L
	71.28
	66.42

	eGFR, ml/min/1.73 m2
	14.5
	-

	WBC , 10e9/L
	0.07
	0.12

	PLT, 10e9/L
	0.33
	0.20

	LVEDd, mm
	8.46
	11.07

	LVEDs, mm
	9.78
	12.18

	Smoker, n (%)
	0.04
	-

	DBP, mmHg
	0.04
	-

	Hyperlipidemia, n (%)
	0.07
	-

	PAD, n (%)
	0.04
	-

	TC, mmol/L
	0.07
	1.29

	HDL-C, mmol/L
	0.07
	1.29

	LDL-C, mmol/L
	0.04
	1.29

	ACE-inhibitors, n (%)
	0.11
	0.18

	Statins, n (%)
	0.04
	-

	Beta-blocker, n (%)
	0.29
	0.37

	Hemoglobin, g/L
	0.04
	0.19

	Glucose, mmol/L
	-
	6.64

	Multivessel disease, n (%)
	-
	1.11

	Hypertension, n (%)
	-
	0.18 

	BMI，kg/m²
	-
	0.18 

	UA，mg/dL
	-
	0.18 


Abbreviations: DBP: diastolic blood pressure; BMI, body mass index; MI: myocardial infarction; PCI, percutaneous coronary intervention; CABG, coronary artery bypass graft; PAD: peripheral atherosclerosis disease; WBC: white blood cell; PLT: platelet; TC: total cholesterol; TG: total triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; eGFR: estimated glomerular filtration rate; HbA1c: glycated hemoglobin; LVEDd: left ventricular end diastolic diameter; LVEDs: left ventricular end systolic diameter; ACE: angiotensin converting enzyme
Supplementary Table 2. Variables included in the model construction analysis for ACS prognosis 
	Clinical risk factors (C)
	Age, Sex, SBP, DBP, Hypertension, Diabetes, Hyperlipidemia, Smoker, BMI, Stroke, PCI/CABG, Prior MI, PAD, Multivessel disease, Aspirin, Statins, Beta-blocker, Clopidogrel, ACE-inhibitors

	Biomarkers of plasma (B)
	WBC, Hemoglobin, PLT, TC, TG, LDL-C, HDL-C, Glucose, GDF-15, NT-proBNP, Fibrinogen, Cystatin C, D-dimer, sST2 PAPPA, UA, HbA1c, Lp (a), eGFR, LVEDd, LVEDs, EF


Abbreviations: SBP: systolic blood pressure; DBP: diastolic blood pressure; BMI, body mass index; MI: myocardial infarction; PCI, percutaneous coronary intervention; CABG, coronary artery bypass graft; PAD: peripheral atherosclerosis disease; WBC: white blood cell; PLT: platelet; TC: total cholesterol; TG: total triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; GDF-15: growth differentiation factor 15; NT-proBNP: N-terminal pro brain natriuretic peptide; eGFR: estimated glomerular filtration rate; UA: uric acid; HbA1c: glycated hemoglobin; LVEDd: left ventricular end diastolic diameter; LVEDs: left ventricular end systolic diameter; EF: ejection fraction; ACE: angiotensin converting enzyme
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	Characteristic
	HR
	95% CI
	p-value

	NT-proBNP
	1.4
	1.32- 1.49
	<0.001

	D-dimer
	1.83
	1.64- 2.05
	<0.001

	eGFR
	0.77
	0.66- 0.89
	<0.001

	GDF15
	1.32
	1.20-1.46
	<0.001

	EF
	0.98
	0.97-0.98
	<0.001

	Age
	1.02
	1.01-1.02
	<0.001

	Hemoglobin
	0.99
	0.99-1.00
	<0.001

	Abbreviations: CI = Confidence Interval, HR = Hazard Ratio. Other abbreviations as in the table above.


Supplementary Table 4  Performance Evaluation of the Integrated Brier Score and Calibration for RSF and Cox Models in External Validation ACS Patients (MRCH cohort).
	Model
	Integrated Brier (t=3 years)
	Calibration intercept
	Calibration slope
	IPA (%)

	RSF Model
	6.7 [5.0;8.5]
	−0.001
	0.638
	14.79

	Cox Nomogram
	5.1 [3.5;6.7]
	0.098
	0.885
	35.11


Abbreviations: IPA, Integrated Predictive Accuracy; RSF, Random Survival Forest. Data are presented as value [95% CI] 
Supplementary Table 5 Subdistribution Hazard Ratios (sHR) for Predictors of Adverse Clinical Events Based on Fine-Gray Model in OCEA cohort
	Variable
	sHR
	95% CI
	P_value

	NTPROBNP
	1.402
	1.316-1.493
	<0.001

	DIMER
	1.838
	1.534-2.203
	<0.001

	eGFR
	0.767
	0.656-0.898
	0.001

	GDF15
	1.319
	1.197-1.453
	<0.001

	EF
	0.975
	0.967-0.984
	<0.001

	AGE
	1.016
	1.010-1.023
	<0.001

	HEMOGLOBIN
	0.992
	0.988-0.997
	0.001


[bookmark: _GoBack]Abbreviations: CI = Confidence Interval, HR = Hazard Ratio. Other abbreviations as in the table above.
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