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Supplementary Table1. Risk analysis of transition patterns. 
	
	Cases(%)
	HR(95%CI)
	P value

	Baseline → IHD
	24031(6.87%)
	2.415(2.359, 2.472)
	<0.001

	Baseline → Stroke
	10463(2.99%)
	1.051(1.023, 1.081)
	<0.001

	Baseline → T2DM
	12214(3.49%)
	1.227(1.195, 1.260)
	<0.001

	Baseline → CKD
	9951(2.84%)
	Ref
	


Abbreviations: CI, confidence interval; CKD, chronic kidney disease; HR, hazard ratio; IHD, ischemic heart disease; T2DM, type 2 diabetes mellitus.


Supplementary Table2. Subgroup analysis of the association between TyG-BMI and CRM multimorbidity.
	
	First CRM disease
	Double CRM diseases
	Triple CRM diseases

	
	HR(95%CI)
	P value
	HR(95%CI)
	P value
	HR(95%CI)
	P value

	Age group
	
	<0.001*
	
	<0.001*
	
	0.82*

	<60 years
	1.38(1.37, 1.40)
	<0.001
	1.60(1.55, 1.65)
	<0.001
	1.78(1.60, 1.99)
	<0.001

	≥60 years
	1.26(1.24, 1.27)
	<0.001
	1.50(1.46, 1.54)
	<0.001
	1.79(1.67, 1.92)
	<0.001

	Sex
	
	0.094*
	
	0.218*
	
	0.283*

	Female
	1.31(1.29, 1.32)
	<0.001
	1.49(1.45, 1.53)
	<0.001
	1.74(1.61, 1.88)
	<0.001

	Male
	1.34(1.32, 1.35)
	<0.001
	1.61(1.56, 1.65)
	<0.001
	1.88(1.72, 2.04)
	<0.001

	Race
	
	<0.001*
	
	<0.001*
	
	0.284*

	Asian
	1.49(1.40, 1.59)
	<0.001
	1.68(1.46, 1.93)
	<0.001
	1.89(1.22, 2.94)
	0.005

	Black
	1.43(1.34, 1.52)
	<0.001
	1.54(1.34, 1.78)
	<0.001
	1.25(0.76, 2.06)
	0.38

	Mixed
	1.35(1.21, 1.51)
	<0.001
	1.83(1.41, 2.36)
	<0.001
	36.79(7.85, 172.34)
	<0.001

	Others
	1.34(1.22, 1.47)
	<0.001
	1.42(1.14, 1.78)
	0.002
	2.16(1.13, 4.15)
	0.02

	White
	1.32(1.31, 1.33)
	<0.001
	1.54(1.51, 1.57)
	<0.001
	1.80(1.69, 1.91)
	<0.001

	Education level
	
	<0.001*
	
	<0.001*
	
	0.479*

	High
	1.35(1.33, 1.36)
	<0.001
	1.61(1.56, 1.67)
	<0.001
	1.96(1.76, 2.17)
	<0.001

	Intermediate
	1.34(1.31, 1.36)
	<0.001
	1.54(1.49, 1.60)
	<0.001
	1.80(1.60, 2.02)
	<0.001

	Low
	1.28(1.24, 1.32)
	<0.001
	1.48(1.37, 1.60)
	<0.001
	1.82(1.45, 2.29)
	<0.001

	Other
	1.27(1.25, 1.30)
	<0.001
	1.49(1.44, 1.54)
	<0.001
	1.66(1.50, 1.82)
	<0.001

	Smoking status
	
	<0.001*
	
	0.034*
	
	0.513*

	Current
	1.22(1.20, 1.25)
	<0.001
	1.42(1.35, 1.49)
	<0.001
	1.61(1.39, 1.86)
	<0.001

	Never
	1.35(1.33, 1.37)
	<0.001
	1.57(1.52, 1.62)
	<0.001
	1.81(1.66, 1.98)
	<0.001

	Previous
	1.33(1.31, 1.35)
	<0.001
	1.57(1.52, 1.62)
	<0.001
	1.85(1.69, 2.02)
	<0.001

	Drinking status
	
	0.811*
	
	0.081*
	
	0.803*

	Current
	1.32(1.31, 1.34)
	<0.001
	1.56(1.52, 1.59)
	<0.001
	1.81(1.70, 1.93)
	<0.001

	Never
	1.31(1.27, 1.35)
	<0.001
	1.51(1.40, 1.62)
	<0.001
	1.77(1.46, 2.14)
	<0.001

	Previous
	1.30(1.26, 1.35)
	<0.001
	1.41(1.30, 1.52)
	<0.001
	1.59(1.29, 1.97)
	<0.001

	Hypertension history
	
	<0.001*
	
	<0.001*
	
	0.114*

	No
	1.36(1.34, 1.39)
	<0.001
	1.62(1.54, 1.70)
	<0.001
	1.94(1.64, 2.30)
	<0.001

	Yes
	1.30(1.29, 1.32)
	<0.001
	1.52(1.49, 1.55)
	<0.001
	1.77(1.66, 1.88)
	<0.001


*. P for interaction
[bookmark: _Hlk189158241]Abbreviations: CI, confidence interval; CRM, cardio-renal-metabolic; CKD, chronic kidney disease; HR, hazard ratio; IHD, ischemic heart disease; T2DM, type 2 diabetes mellitus; TyG-BMI, triglyceride glucose-body mass index. All models were adjusted for age, sex, race, education, Townsend deprivation index, smoking status, drinking status, hypertension history, LDL cholesterol, HDL cholesterol, and creatinine, except when these variables were used in the subgroup analysis.
Supplementary Table3. Sensitivity analysis of the association between the TyG-BMI index and the trajectory of CRM multimorbidity using a multistate model: calculating the entry date of the prior state with different time intervals (0.5 years, 1 years, 5 years, or excluded directly) for participants entering different states on the same day.
	Transition
	0.5 years
	1 years
	5 years
	Excluded directly

	
	HR(95%CI)
	P value
	HR(95%CI)
	P value
	HR(95%CI)
	P value
	HR(95%CI)
	P value

	Model 1: Baseline → First CRM disease → Double CRM diseases → Triple CRM diseases

	Baseline → First CKM diseases
	1.32(1.31, 1.33)
	<0.001
	1.32(1.31, 1.33)
	<0.001
	1.32(1.31, 1.33)
	<0.001
	1.32(1.31, 1.33)
	<0.001

	First CRM diseases → Double CRM diseases
	1.24(1.21, 1.26)
	<0.001
	1.23(1.21, 1.26)
	<0.001
	1.23(1.21, 1.26)
	<0.001
	1.24(1.21, 1.27)
	<0.001

	Double CRM diseases → Triple CRM diseases
	1.23(1.15, 1.31)
	<0.001
	1.23(1.15, 1.30)
	<0.001
	1.22(1.15, 1.30)
	<0.001
	1.26(1.17, 1.35)
	<0.001

	Model 2: Baseline → First CRM disease subtypes (IHD, Stroke, T2DM, and CKD) → Double CRM diseases → Triple CRM diseases

	Baseline → IHD
	1.12(1.10, 1.14)
	<0.001
	1.12(1.10, 1.14)
	<0.001
	1.12(1.10, 1.14)
	<0.001
	1.12(1.1, 1.14)
	<0.001

	Baseline → Stroke
	0.99(0.97, 1.02)
	0.534
	0.99(0.97, 1.02)
	0.534
	0.99(0.97, 1.02)
	0.534
	0.99(0.97, 1.02)
	0.534

	Baseline → T2DM
	1.91(1.89, 1.94)
	<0.001
	1.91(1.89, 1.94)
	<0.001
	1.91(1.89, 1.94)
	<0.001
	1.91(1.89, 1.94)
	<0.001

	Baseline → CKD
	1.26(1.23, 1.29)
	<0.001
	1.26(1.23, 1.29)
	<0.001
	1.26(1.23, 1.29)
	<0.001
	1.26(1.23, 1.29)
	<0.001

	IHD → Double CRM diseases
	1.30(1.26, 1.34)
	<0.001
	1.3(1.25, 1.34)
	<0.001
	1.29(1.25, 1.33)
	<0.001
	1.26(1.21, 1.32)
	<0.001

	Stroke → Double CRM diseases
	1.42(1.34, 1.51)
	<0.001
	1.42(1.34, 1.50)
	<0.001
	1.40(1.32, 1.49)
	<0.001
	1.40(1.3, 1.51)
	<0.001

	T2DM → Double CRM diseases
	1.05(1.01, 1.10)
	0.0099
	1.05(1.01, 1.1)
	0.0103
	1.05(1.01, 1.10)
	0.0113
	1.06(1.01, 1.10)
	0.0138

	CKD → Double CRM diseases
	1.18(1.13, 1.24)
	<0.001
	1.18(1.13, 1.24)
	<0.001
	1.18(1.13, 1.24)
	<0.001
	1.18(1.13, 1.24)
	<0.001

	Double CRM diseases → Triple CRM diseases
	1.23(1.15, 1.31)
	<0.001
	1.23(1.15, 1.30)
	<0.001
	1.22(1.15, 1.30)
	<0.001
	1.26(1.17, 1.35)
	<0.001


Abbreviations: CI, confidence interval; CRM, cardio-renal-metabolic; CKD, chronic kidney disease; HR, hazard ratio; IHD, ischemic heart disease; T2DM, type 2 diabetes mellitus; TyG-BMI, triglyceride glucose-body mass index. All models were adjusted for age, sex, race, education, Townsend deprivation index, smoking status, drinking status, hypertension history, LDL cholesterol, HDL cholesterol, and creatinine.

Supplementary Table4. Sensitivity analysis of the association between TyG-BMI and CRM multimorbidity: expanding the definition to include additional cardiac (atrial fibrillation: I48, heart failure: I50, peripheral vascular diseases: I70, I73) and metabolic (diabetes: E10-E14, obesity: E66, dyslipidemia: E78) outcomes.
	
	Crude Model
	Adjusted model

	
	HR(95%CI)
	P value
	C statistic(95%CI)
	HR(95%CI)
	P value
	C statistic(95%CI)

	CRM multimorbidity
	
	
	
	
	
	

	First CRM disease
	1.54(1.53, 1.55)
	<0.001
	0.635(0.633, 0.637)
	1.43(1.42, 1.44)
	<0.001
	0.698(0.696, 0.700)

	Double CRM diseases
	1.57(1.56, 1.59)
	<0.001
	0.656(0.652, 0.659)
	1.44(1.42, 1.46)
	<0.001
	0.756(0.753, 0.758)

	Triple CRM diseases
	1.72(1.67, 1.77)
	<0.001
	0.691(0.681, 0.702)
	1.59(1.53, 1.65)
	<0.001
	0.834(0.827, 0.841)


[bookmark: _Hlk189158192]Abbreviations: CI, confidence interval; CRM, cardio-renal-metabolic; HR, hazard ratio; TyG-BMI, triglyceride glucose-body mass index. TyG-BMI was entered as a continuous variable per standard deviation increase. The crude model did not account for covariates, while the adjusted model accounted for age, sex, race, education, Townsend deprivation index, smoking status, drinking status, hypertension history, LDL cholesterol, HDL cholesterol, and creatinine.

Supplementary Table5. Sensitivity analysis of the association between the TyG-BMI index and the trajectory of CRM multimorbidity using a multistate model: expanding the definition to include additional cardiac (atrial fibrillation: I48, heart failure: I50, peripheral vascular diseases: I70, I73) and metabolic (diabetes: E10-E14, obesity: E66, dyslipidemia: E78) outcomes.
	Transition
	Case/Total
	HR(95%CI)
	P value

	Model 1: Baseline → First CRM disease → Double CRM diseases → Triple CRM diseases

	Baseline → First CRM diseases
	85331/ 303543
	1.43(1.42, 1.44)
	<0.001

	First CRM diseases → Double CRM diseases
	22618/85331
	1.07(1.05, 1.08)
	<0.001

	Double CRM diseases → Triple CRM diseases
	2417/22618
	1.18(1.13, 1.22)
	<0.001


[bookmark: _Hlk189380910]Abbreviations: CI, confidence interval; CRM, cardio-renal-metabolic; HR, hazard ratio; TyG-BMI, triglyceride glucose-body mass index. TyG-BMI was entered as a continuous variable per standard deviation increase. All models were adjusted for age, sex, race, education, Townsend deprivation index, smoking status, drinking status, hypertension history, LDL cholesterol, HDL cholesterol, and creatinine.




