



Table S1 Definition of Cardiovascular–Kidney–Metabolic (CKM) Stages Based on NHANES Data
	CKM Stage
	Definition
	NHANES-based Operational Criteria

	Stage 0
	No cardiometabolic risk factors
	- Body mass index (BMI) < 30 kg/m²
 - No prediabetes (fasting plasma glucose < 100 mg/dL, HbA1c < 5.7%, and no self-reported prediabetes or diabetes) 
- No hypertension (systolic blood pressure < 130 mmHg and diastolic blood pressure < 80 mmHg, with no self-reported diagnosis or antihypertensive medication use) 
- No dyslipidemia (triglycerides < 150 mg/dL, HDL cholesterol ≥ 40 mg/dL in men or ≥ 50 mg/dL in women, total cholesterol < 200 mg/dL, and no lipid-lowering medication use) 
- No kidney damage (estimated glomerular filtration rate ≥ 90 mL/min/1.73 m² and urinary albumin–creatinine ratio < 30 mg/g) 
- No history of cardiovascular disease (no self-reported coronary heart disease, heart failure, myocardial infarction, or stroke)

	Stage 1
	Obesity and/or prediabetes
	Presence of at least one of the following: 
- Obesity: BMI ≥ 30 kg/m² or elevated waist circumference (≥ 102 cm in men or ≥ 88 cm in women) 
- Prediabetes: fasting plasma glucose 100–125 mg/dL, HbA1c 5.7–6.4%, or self-reported “borderline diabetes”

	Stage 2
	Established metabolic disease
	Presence of at least one of the following: 
- Diabetes mellitus: fasting plasma glucose ≥ 126 mg/dL, HbA1c ≥ 6.5%, or self-reported physician diagnosis or glucose-lowering medication use 
- Hypertension: systolic blood pressure ≥ 130 mmHg or diastolic blood pressure ≥ 80 mmHg, or self-reported diagnosis or antihypertensive medication use
 - Dyslipidemia: triglycerides ≥ 200 mg/dL, HDL cholesterol < 40 mg/dL, LDL cholesterol ≥ 160 mg/dL, total cholesterol ≥ 240 mg/dL, or lipid-lowering medication use 
- Chronic kidney disease: estimated glomerular filtration rate < 60 mL/min/1.73 m² or urinary albumin–creatinine ratio ≥ 30 mg/g






TableS2. Assessment of multicollinearity among covariates
	[bookmark: _Hlk212455308]Variable
	VIF

	Age
	1.397974

	Gender
	1.516994

	Race
	1.070899

	Education
	1.148155

	SBP
	1.355553

	DBP
	1.112759

	HbA1c
	1.364974

	TC
	4.469326

	HDL-C
	2.022231

	LDL-C
	3.978423

	ACR
	1.024186

	Hypertension
	1.306526

	Diabetes
	1.363743

	Dyslipidemia
	1.309126

	Smoking
	1.083450

	Drinking
	1.102149

	HF–related mortality
	1.018193

	Follow_up(years)  
	1.046757


Abbreviations: SBP: systolic blood pressure; DBP: diastolic blood pressure; HbA1c: glycosylated hemoglobin; TC: total cholesterol; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; ACR, urine albumin-to-creatinine ratio. HF: heart failure; VIF: variance inflation factor;








Table S3. Cox model including CKM stage (Model 4)
	Variable
	HR (95%CI)
	P

	TyG
	
	

	TyG (per 1 SD)
	1.47(1.23–1.76)
	0.017

	TyG
	
	

	Quartile 1
	Reference
	

	Quartile 2
	1.27(0.58–2.80)
	0.547

	Quartile 3
	1.27(0.58–2.78)
	0.553

	Quartile 4
	1.59(0.69–3.67)
	0.279

	TyG-BMI
	
	

	TyG-BMI (per 1 SD)
	3.35(1.01–11.10)
	0.048

	TyG-BMI
	
	

	Quartile 1
	Reference
	

	Quartile 2
	1.62(0.84–3.15)
	0.150

	Quartile 3
	1.70(0.91–3.17)
	0.099

	Quartile 4
	2.18(1.07–4.44)
	0.031

	TyG-WC
	
	

	TyG-WC (per 1 SD)
	2.27(1.30–3.97)
	0.004

	TyG-WC
	
	

	Quartile 1
	Reference
	

	Quartile 2
	1.75(0.81–3.80)
	0.156

	Quartile 3
	1.46(0.70–3.06)
	0.314

	Quartile 4
	3.02(1.22–7.52)
	0.017

	TyG-WHtR
	
	

	TyG-WHtR (per 1 SD)
	2.93(1.64–5.24)
	<0.001

	TyG-WHtR
	
	

	Quartile 1
	Reference
	

	Quartile 2
	1.37(0.63–2.96)
	0.429

	Quartile 3
	2.06(0.80–5.27)
	0.132

	Quartile 4
	2.79(1.05–7.37)
	0.039


Model 4: Adjusted for gender, age, educational levels, race, SBP, smoking, drinking, TC, HDL-C, diabetes, dyslipidemia and CKM stage; 
Abbreviations: Q1: the lowest quartile; Q4: the highest quartile; HF: heart failure, HR: Hazard ratio; CI: Confidence interval; SD: standard deviation; TyG: ln [TG (mg/dL) × fasting glucose (mg/dL) / 2]; TyG-BMI: TyG × BMI; TyG-WC: TyG × WC (cm); TyG-WHtR: TyG × [WC (cm) / height (cm)]; SBP: systolic blood pressure, TC: total cholesterol; HDL-C: high-density lipoprotein cholesterol; CKM: cardiovascular-kidney-metabolic;
Table S4. Predictive performance of TyG and related indicators for HF–related mortality.
	Variable
	Cutoff point
	Sensitivity
	Specificity

	TyG
	8.916
	0.459
	0.716

	TyG-BMI
	202.555
	0.843
	0.267

	TyG-WC
	782.843
	0.811
	0.395

	TyG-WHtR
	5.059
	0.686
	0.533


Abbreviations: TyG: ln [TG (mg/dL) × fasting glucose (mg/dL) / 2]; TyG-BMI: TyG × BMI; TyG-WC: TyG × WC (cm); TyG-WHtR: TyG × [WC (cm) / height (cm)]; HF: heart failure;

Table S5. Sensitivity analysis of the association between TyG-related indices and cardiovascular mortality using Fine–Gray competing risk models
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	Model 1
sHR (95%CI)
	P
	Model 2
sHR (95%CI)
	P
	Model 3
sHR (95%CI)
	P

	TyG
	
	
	
	
	
	

	TyG
(per 1 SD)
	1.32(1.20–1.45)
	<0.001
	1.20 (1.05–1.37)
	0.007
	1.26(1.05–1.51)
	0.014

	TyG
	
	
	
	
	
	

	Quartile 1
	Reference
	
	Reference
	
	Reference
	

	Quartile 2
	2.21 (1.39–3.54)
	0.001
	1.30 (0.81–2.06)
	0.270
	1.40 (0.86–2.26)
	0.170

	Quartile 3
	2.89 (1.84–4.54)
	<0.001
	1.56 (1.00–2.44)
	0.052
	1.81 (1.11–2.96)
	0.018

	Quartile 4
	3.06 (1.96–4.79)
	<0.001
	1.62 (1.04–2.53)
	0.034
	1.77 (1.03–3.01)
	0.038

	TyG-BMI
	
	
	
	
	
	

	TyG-BMI
(per 1 SD)
	1.12 (1.01–1.23)
	0.028
	1.20 (1.06–1.36)
	0.004
	1.18 (1.02–1.35)
	0.021

	TyG-BMI
	
	
	
	
	
	

	Quartile 1
	Reference
	
	Reference
	
	Reference
	

	Quartile 2
	1.68 (1.16–2.43)
	0.006
	1.18 (0.81–1.70)
	0.390
	1.21(0.82–1.77)
	0.340

	Quartile 3
	1.25 (0.85–1.85)
	0.260
	0.93 (0.64–1.37)
	0.730
	0.94 (0.61–1.42)
	0.750

	Quartile 4
	1.69 (1.17–2.45)
	0.005
	1.61 (1.12–2.32)
	0.010
	1.59 (1.02–2.49)
	0.041

	TyG-WC
	
	
	
	
	
	

	TyG-WC
(per 1 SD)
	1.38 (1.25–1.53)
	<0.001
	1.22(1.06–1.39)
	0.005
	1.22 (1.03–1.45)
	0.022

	TyG-WC
	
	
	
	
	
	

	Quartile 1
	Reference
	
	Reference
	
	Reference
	

	Quartile 2
	2.30 (1.44–3.67)
	0.001
	1.31 (0.82–2.08)
	0.260
	1.31 (0.81–2.10)
	0.270

	Quartile 3
	2.53 (1.59–4.02)
	<0.001
	1.17 (0.74–1.86)
	0.500
	1.22 (0.75–2.00)
	0.430

	Quartile 4
	3.57 (2.28–5.57)
	<0.001
	1.77 (1.13–2.77)
	0.012
	1.82 (1.09–3.04)
	0.022

	TyG-WHtR
	
	
	
	
	
	

	TyG-WHtR
(per 1 SD)
	1.44 (1.30–1.58)
	<0.001
	1.24 (1.08–1.42)
	0.002
	1.28(1.08–1.52)
	0.005

	TyG-WHtR
	
	
	
	
	
	

	Quartile 1
	Reference
	
	Reference
	
	Reference
	

	Quartile 2
	2.76 (1.67–4.56)
	<0.001
	1.32 (0.80–2.19)
	0.290
	1.36(0.81–2.29)
	0.250

	Quartile 3
	3.26 (1.99–5.35)
	<0.001
	1.34 (0.81–2.21)
	0.250
	1.43 (0.83–2.48)
	0.200

	Quartile 4
	4.40 (2.72–7.11)
	<0.001
	1.76 (1.08–2.86)
	0.024
	1.86 (1.06–3.27)
	0.031


Model 1: Unadjusted;
Model 2: Adjusted for gender and age;
Model 3: Adjusted for gender, age, educational levels, race, SBP, smoking, drinking, TC, HDL-C, diabetes and dyslipidemia;
Abbreviations: Q1: the lowest quartile; Q4: the highest quartile; CVD: cardiovascular death, sHR: Subdistribution hazard ratios; CI: Confidence interval; SD: standard deviation; TyG: ln [TG (mg/dL) × fasting glucose (mg/dL) / 2]; TyG-BMI: TyG × BMI; TyG-WC: TyG × WC (cm); TyG-WHtR: TyG × [WC (cm) / height (cm)]; SBP: systolic blood pressure, TC: total cholesterol; HDL-C, high-density lipoprotein cholesterol; 
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