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[bookmark: _Hlk237448751]Supplementary Table 1. Variables in the 38-Item Frailty Index and Their Respective Scorings
	Variable
	Scoring

	COGNITION

	1. Experience confusion/memory problems
	Yes=1, No=0

	DEPENDENCE

	2. Managing money
	Difficulty=1, No Difficulty=0

	3. Stooping, crouching, kneeling
	Difficulty=1, No Difficulty=0

	4. Lifting or carrying
	Difficulty=1, No Difficulty=0

	5. House chore 
	Difficulty=1, No Difficulty=0

	6. Preparing meals
	Difficulty=1, No Difficulty=0

	7. Standing up from armless chair 
	Difficulty=1, No Difficulty=0

	8. Getting in and out of bed difficulty
	Difficulty=1, No Difficulty=0

	9. Using fork, knife, drinking from cup
	Difficulty=1, No Difficulty=0

	10. Dressing yourself
	Difficulty=1, No Difficulty=0

	11. Standing for long periods difficulty
	Difficulty=1, No Difficulty=0

	12. Grasp/holding small objects
	Difficulty=1, No Difficulty=0

	13. Attending social event 
	Difficulty=1, No Difficulty=0

	14. Push or pull large objects
	Difficulty=1, No Difficulty=0

	15. Walking for a quarter mile difficulty
	Difficulty=1, No Difficulty=0

	16. Walking up ten steps difficulty
	Difficulty=1, No Difficulty=0

	DEPRESSIVE SYMPTOMS

	17. Have little interest in doing things
	Nearly every day=1, More than half the days= 0.66, Several days= 0.33, Not at all=0

	18. Feeling down, depressed, or hopeless
	Nearly every day=1, More than half the days= 0.66, Several days= 0.33, Not at all=0

	19. Trouble sleeping or sleeping too much
	Nearly every day=1, More than half the days= 0.66, Several days= 0.33, Not at all=0

	20. Feeling tired or having little energy
	Nearly every day=1, More than half the days= 0.66, Several days= 0.33, Not at all=0

	21. Poor appetite or overeating
	Nearly every day=1, More than half the days= 0.66, Several days= 0.33, Not at all=0

	22. Feeling bad about yourself
	Nearly every day=1, More than half the days= 0.66, Several days= 0.33, Not at all=0

	23. trouble concentrating on things
	Nearly every day=1, More than half the days= 0.66, Several days= 0.33, Not at all=0

	COMORBIDITIES

	24. Arthritis
	Yes=1, Suspect = 0.5 No=0

	25. Thyroid problems
	Yes=1, Suspect = 0.5 No=0

	26. Chronic Bronchitis 
	Yes=1, Suspect = 0.5 No=0

	27. Cancer
	Yes=1, Suspect = 0.5 No=0

	28. Congestive Heart Failure (Excluded)
	Yes=1, Suspect = 0.5 No=0

	29. Coronary Heart Disease (Excluded)
	Yes=1, Suspect = 0.5 No=0

	30. Angina (Excluded)
	Yes=1, Suspect = 0.5 No=0

	31. Heart Attack (Excluded)
	Yes=1, Suspect = 0.5 No=0

	32. Stroke (Excluded)
	Yes=1, Suspect = 0.5 No=0

	33. Blood Pressure (Excluded)
	Yes=1, Suspect = 0.5 No=0

	34. Diabetes (Excluded)
	Yes=1, Suspect = 0.5 No=0

	35. weak/failing kidneys (Excluded)
	Yes=1, Suspect = 0.5 No=0

	36. Urinary Leakage
	Yes=1, Suspect = 0.5 No=0

	Hospital Utilization & Access to Care

	37. Self Rated Health 
	Fair, poor=1, Excellent, Very good, good=0

	38. Health now compared with 1 year ago
	Worse=1, About the same, better =0

	39. Overnight hospital patient in last year
	Yes=1, No=0

	40. Frequency of health care use during last year.
	None=0, 1-5= 0,5, More than 5=1

	41. Number of Prescribed medications (Excluded)
	None=0, 1-4=0.5, Five and more= 1

	PHYSICAL PERFORMANCE AND ANTHROPOMETRY

	42. Body mass index (Excluded)
	<18.5, ≥ 30 =1
25-<30 = 0.5
18.5-25 =0

	43. Handgrip strength
	MALES:
For BMI ≤ 24, GS ≤ 29
For BMI 24.1–28, GS ≤ 30
For BMI >28, GS ≤ 32 =1
	FEMALES:
For BMI ≤ 23, GS ≤ 17
For BMI 23.1–26, GS ≤ 17.3
For BMI 26.1–29, GS ≤ 18
For BMI>29, GS ≤ 21 =1


	LAB VALUES

	44. Glycohemoglobin (%) (Excluded)
	0-5.7 % =0, >5.7% =1 

	45. Red blood cell count (million cells/μL)
	M: 4.7-6.1= 0, Other =1
	F: 4.2-5.4=0, Other =1

	46. Hemoglobin (g/dL)
	M: 13.5-18= 0, Other=1
	F: 12-16 =0, Other = 1

	47. Red cell distribution width (%)
	11.6-14.6 = 0, Other =1

	48. Lymphocyte percent (%)
	20- 40 = 0, Other=1

	49. Segmented neutrophils percent (%)
	40-80 = 0, Other=1






[bookmark: _Hlk220939514][bookmark: _Hlk237448830]Supplementary Table 2. Calculation of surrogate insulin resistance indices
	Index
	Formula

	TyG
	ln [TG (mg/dL) × FBG (mg/dL)/2]

	TyG-BMI
	TyG × [weight (kg) / height² (m²)]

	TyG-WC
	TyG × WC (cm)

	TyG-WHtR
	TyG × [WC (cm) / height(cm)]

	TyG-BRI
	TyG × [364.2 - 365.5 ×√1 - (WC (cm) /2π)2/ (height (cm) /2)2]

	TyG-ABSI
	TyG × [WC(m) / (BMI (kg/m2)2/3× height (m)1/2)]

	TyG-AIP
	TyG × log10 [TG (mg/dl) / HDL-C (mg/dl)]


Abbreviations: ABSI, abdominal shape index; AIP, atherogenic index of plasma; BMI, body mass index; BRI, body roundness index; TyG, triglyceride-glucose; WC, waist circumference; WHtR, waist-to-height ratio.
[bookmark: _Hlk220939740][bookmark: _Hlk237448834]Supplementary Table 3. Definitions of CKM conditions
	CKM conditions
	Definition
	CKM indicators
	Threshold for CKM indicators

	CVD
	Individuals with clinical CVD or subclinical CVD
	Clinical CVD
	History of chronic heart failure, coronary heart disease, heart attack, or stroke

	
	
	Subclinical CVD
	Any of the following criterion is met:
1) Very high-risk CKD in KDIGO classification: UACR ≥ 300 mg/g and eGFR ≤ 45-59 ml/min/1.73m2, UACR ≥ 30 mg/g and eGFR ≤ 30-44 ml/min/1.73m2, or eGFR ≤ 29 ml/min/1.73m2.
2) Predicted 10-year CVD risk ≥ 20% (PREVENT equations)*

	Kidney
diseases
	Individuals with CKD
	CKD
	Moderate-to-high-risk CKD in KDIGO classification: UACR ≥ 30 mg/g and eGFR ≥ 60 ml/min/1.73m2, UACR < 300 mg/g and eGFR ≤ 45-59 ml/min/1.73m2, or UACR < 30 mg/g and eGFR ≤ 30-44 ml/min/1.73m2.

	Metabolic disorders
	Individuals with overweight/obesity, abdominal obesity, prediabetes,
diabetes, hypertension,
hypertriglyceridemia or MetS
	Overweight/obesity
	BMI ≥25 kg/m2 (or ≥23 kg/m2 if Asian ancestry)*

	
	
	Abdominal obesity
	Waist circumference ≥88/102 cm in female/male (or if Asian ancestry ≥80/90 cm in female/male)

	
	
	Prediabetes
	Fasting blood glucose ≥ 100-124 mg/dL or HbA1c ≥ 5.7%-6.4% and without self-reported diagnosis of diabetes, use of insulin, or oral hypoglycemic agents

	
	
	Diabetes
	Fasting blood glucose ≥ 126 mg/dL or HbA1c ≥ 6.5% or self-reported diagnosis of diabetes, use of insulin, or oral hypoglycemic agents

	
	
	Hypertension
	SBP ≥130 mm Hg or DBP ≥80 mmHg or self-reported diagnosis of hypertension or use of antihypertensive medications

	
	
	Hypertriglyceridemia
	Triglycerides ≥ 135 mg/dL

	
	
	MetS
	MetS is defined by the presence of 3 or more of the following:
1) Waist circumference ≥88/102 cm in female/male (or if Asian ancestry ≥80/90 cm in female/male).
[bookmark: _Hlk237255290]2) HDL cholesterol <50/40 mg/dL in female/male.
3) Triglycerides ≥150 mg/dL.
4) Elevated blood pressure (SBP ≥130 mmHg or DBP ≥80 mmHg and/or use of antihypertensive medications)
5) Fasting blood glucose ≥100 mg/dL


BMI, body mass index; CKD, chronic kidney disease; CKM, cardiovascular-kidney-metabolic; CVD, cardiovascular disease; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; KDIGO, The Kidney Disease: Improving Global Outcomes; MetS, metabolic syndrome; SBP, systolic blood pressure; UACR, urinary albumin to creatinine ratio.
*10-year cardiovascular risk was estimated with the AHA Predicting Risk of CVD EVENTs (PREVENT) equations.High risk was defined as ≥20% 10-year CVD risk (based on recommended thresholds [https://professional.heart.org/en/guidelines and-statements/prevent-calculator]). 
[bookmark: OLE_LINK1]*Asian was not listed as a separate race/ethnicity until NHANES 2011-2012, therefore the uniform threshold for BMI and waist circumference was used in all participants in NHANES 1999-2010.



[bookmark: _Hlk237448839]Supplementary Table 4. Detailed algorithm of the simplified 10-year cardiovascular disease risk models 
	Sex
	Calculation

	Women 
	log-Odds = -3.307728 + 0.7939329 × (age – 55) /10 + 0.0305239 × ((TC – HDL-C) × 0.02586 – 3.5) – 0.1606857 × (HDL-C × 0.02586 – 1.3) /0.3 – 0.2394003 × (min(SBP, 110) – 110) /20 + 0.360078 × (max(SBP, 110) – 130) /20 + 0.8667604 × (if diabetes) + 0.5360739 × (if current smoker) + 0.6045917 × (min(eGFR, 60) – 60) / -15 + 0.0433769 × (max(eGFR, 60) – 90) / -15 + 0.3151672 × (if using anti-hypertensive medication) – 0.1477655 × (if using statin) – 0.0663612 × (if using anti-hypertensive medication) × (max(SBP, 110) – 130) /20 + 0.1197879 × (if using statin) × ((TC – HDL-C) × 0.02586 – 3.5) – 0.0819715 × (age – 55) /10 × ((TC – HDL-C) × 0.02586 – 3.5) + 0.0306769 × (age – 55) /10 × (HDL-C × 0.02586 – 1.3) /0.3 – 0.0946348 × (age – 55) /10 × (max(SBP, 110) – 130) /20 – 0.27057 × (age – 55) /10 × (if diabetes) – 0.078715 × (age – 55) /10 × (if current smoker) – 0.1637806 × (age – 55) /10 × (min(eGFR, 60) – 60) / -15 
Risk = exp(log-Odds) / (1 + exp(log-Odds)) 

	Men 
	log-Odds = -3.031168 + 0.7688528 × (age – 55) /10 + 0.0736174 × ((TC – HDL-C) × 0.02586 – 3.5) – 0.0954431 × (HDL-C × 0.02586 – 1.3) /0.3 – 0.4347345 × (min(SBP, 110) – 110) /20 + 0.3362658 × (max(SBP, 110) – 130) /20 + 0.7692857 × (if diabetes) + 0.4386871 × (if current smoker) + 0.5378979 × (min(eGFR, 60) – 60) / -15 + 0.0164827 × (max(eGFR, 60) – 90) / -15 + 0.288879 × (if using anti-hypertensive medication) – 0.1337349 × (if using statin) – 0.0475924 × (if using anti-hypertensive medication) × (max(SBP, 110) – 130) /20 + 0.150273 × (if using statin) × ((TC – HDL-C) × 0.02586 – 3.5) – 0.0517874 × (age – 55) /10 × ((TC – HDL-C) × 0.02586 – 3.5) + 0.0191169 × (age – 55) /10 × (HDL-C  × 0.02586 – 1.3) /0.3 – 0.1049477 × (age – 55) /10 × (max(SBP, 110) – 130) /20 – 0.2251948 × (age – 55) /10 × (if diabetes) – 0.0895067 × (age – 55) /10 × (if current smoker) – 0.1543702 × (age – 55) /10 × (min(eGFR, 60) – 60) / -15 
Risk = exp(log-Odds) / (1 + exp(log-Odds)) 


Abbreviations: eGFR, estimated glomerular filtration rate; HDL-C, high-density lipoprotein cholesterol; SBP, systolic blood pressure; TC, total cholesterol.


[bookmark: _Hlk237258152][bookmark: _Hlk237448843]Supplementary Table 5. Definition of CKM syndrome staging adjusted for data
	CKM syndrome stages
	Definition

	Stage 0: No CKM health risk factors
	Individuals without overweight/obesity, metabolic risk factors (hypertriglyceridemia, hypertension, diabetes, MetS, CKD or subclinical/clinical CVD
[bookmark: _Hlk237258191](1) BMI between 18.5 and 25 kg/m2, inclusive (or 23 kg/m2 if Asian ancestry)*
(2) WC <102 cm for men or <88 cm for women

	Stage 1: Excess or dysfunctional adiposity
	Individuals with overweight/obesity, abdominal obesity, or adipose tissue dysfunction without other metabolic risk factors, CKD, or subclinical/clinical CVD
[bookmark: _Hlk237258206](1) BMI ≥ 25 kg/m2 (or ≥23 kg/m2 if Asian ancestry)*
(2) WC ≥ 102 cm for men or ≥ 88 cm for women
(3) FBG levels ranging from 100 to 124 mg/dL, or HbA1c levels between 5.7 and 6.4 %

	Stage 2: Metabolic risk factors and moderate to high-risk CKD
	[bookmark: _Hlk186127369]Individuals with metabolic risk factors (hypertriglyceridemia, hypertension, diabetes, MeTS*) or moderate to high-risk CKD stage(The stage of CKD is determined by the KDIGO criteria, using eGFR and UACR(1). The eGFR was calculated using the 2021 race and ethnicity‐free Chronic Kidney Disease Epidemiology Collaboration creatinine equation(2).)
[bookmark: _Hlk237255423](1) TG≥135 mg/dL
(2) Hypertension is defined by an SBP of ≥130 mm Hg, a DBP of ≥80 mm Hg, a medical diagnosis, or taking antihypertensive medication(3).
[bookmark: _Hlk237255628](3) Diabetes is defined by FBG levels of ≥ 126 mg/dL, HbA1c levels of ≥ 6.5%, a medical diagnosis, or taking insulin or glucose-lowering medication(4).
(4) Moderate to high-risk CKD in the KDIGO classification is defined as UACR ≥ 30 mg/g and eGFR ≥ 60 ml/min/1.73m2, UACR < 300 mg/g and eGFR ≤ 45-59 ml/min/1.73m2, or UACR < 30 mg/g and eGFR ≤ 30-44 ml/min/1.73m2.

	Stage 3: Subclinical CVD in CKM
	Risk equivalents for subclinical CVD: high predicted 10-year CVD risk or very high-risk KDIGO CKD stage
(1) A high 10-year CVD risk is defined as a 20% or above risk, as determined by the basic Predicting Risk of CVD EVENTs (PREVENT) equation(5).
(2) Very high-risk CKD in the KDIGO classification is defined as UACR ≥ 300 mg/g and eGFR ≤ 45-59 ml/min/1.73 m2, UACR ≥ 30 mg/g and eGFR ≤ 30-44 ml/min/1.73 m2, or eGFR ≤ 29 ml/min/1.73 m2.

	Stage 4: Clinical CVD in CKM
	Clinical CVD (self-reported diagnosed cardiovascular disease, including heart failure, coronary heart disease, angina, heart attack, and stroke) in individuals


[bookmark: _Hlk186116490]Abbreviations: CKM syndrome, Cardiovascular-Kidney-Metabolic syndrome; NHANES, National Health and Nutrition Examination Survey; MeTS, metabolic syndrome; CKD, chronic kidney disease; CVD, cardiovascular disease; BMI, body mass index; WC, waist circumference; FBG, fasting blood glucose; HbA1c, glycated hemoglobin A1c; KDIGO, Kidney Disease Improving Global Outcomes; UACR, urine albumin-to-creatinine ratio; eGFR, estimated glomerular filtration rate; TG, triglycerides; SBP, systolic blood pressure; DBP, diastolic blood pressure.
* MeTS is defined by the presence of ≥3 of the following: (1) WC ≥ 102 cm for men or ≥ 88 cm for women; (2) HDL-C <40 mg/dL for men, <50 mg/dL for women; (3) TG ≥150 mg/dL; (4) Elevated blood pressure (SBP ≥130 mm Hg, DBP ≥80 mm Hg, a medical diagnosis, or taking antihypertensive medication); (5) FBG ≥100 mg/dL
[bookmark: _Hlk237258180]*Asian was not listed as a separate race/ethnicity until NHANES 2011-2012, therefore the uniform threshold for BMI and waist circumference was used in all participants in NHANES 1999-2010.

Reference
1.	KDIGO 2024 Clinical Practice Guideline for the Evaluation and Management of Chronic Kidney Disease. Kidney international. 2024;105(4s):S117-s314.
2.	Inker LA, Eneanya ND, Coresh J, Tighiouart H, Wang D, Sang Y, et al. New Creatinine- and Cystatin C-Based Equations to Estimate GFR without Race. The New England journal of medicine. 2021;385(19):1737-49.
3.	Whelton PK, Carey RM. The 2017 American College of Cardiology/American Heart Association Clinical Practice Guideline for High Blood Pressure in Adults. JAMA cardiology. 2018;3(4):352-3.
4.	2. Classification and Diagnosis of Diabetes: Standards of Medical Care in Diabetes-2022. Diabetes care. 2022;45(Suppl 1):S17-s38.
5.	Khan SS, Matsushita K, Sang Y, Ballew SH, Grams ME, Surapaneni A, et al. Development and Validation of the American Heart Association's PREVENT Equations. Circulation. 2024;149(6):430-49.



[bookmark: _Hlk237448847][bookmark: _Hlk237011766]Supplementary Table 6. Detailed information on variables
	Covariate
	Definition
	Grouping for adjustment

	Race
	/
	  Mexican American

	
	
	  Non-Hispanic Black

	
	
	  Non-Hispanic White

	
	
	  Other Hispanic

	
	
	  Other Race

	
	
	

	Education level
	/
	  Less Than High School

	
	
	  High School Graduate or GED

	
	
	  Some college or above

	
	
	

	Marital Status
	/
	  Married/Living with a partner

	
	
	  Widowed/Divorced/Separated

	
	
	  Never Married

	
	
	

	Smoking status [1]
	/
	  Never

	
	
	  Former

	
	
	  Current

	
	
	

	Drinking status [2, 3]
	/
	  Never

	
	
	  Former

	
	
	  Current

	
	
	

	Hypertension [4]
	[bookmark: _Hlk237256038]1) average systolic blood pressure ≥130 mmHg or average diastolic blood pressure ≥80 mmHg by the mean value of at least three times of measurement.
2) or use of anti-hypertensive medications.
3) or self-reported diagnosis of hypertension.
	  Yes

	
	
	  No

	
	
	

	Hyperlipidemia [5]
	Total cholesterol ≥ 200 mg/dL, triglycerides ≥ 150 mg/dL, HDL‑C < 40 mg/dL (men) or < 50 mg/dL (women), LDL‑C ≥ 130 mg/dL, or current statin/other lipid‑lowering therapy
	  Yes

	
	
	  No

	
	
	

	DM [6]
	1) self-reported physician diagnosis 
2) use of glucose-lowering medication or insulin
3) laboratory results meeting any of the following thresholds: HbA1c ≥ 6.5%, random blood glucose ≥ 11.1 mmol/L, fasting glucose ≥ 7.0 mmol/L, or two-hour oral glucose tolerance test blood glucose ≥ 11.1 mmol/L
	  Yes

	
	
	  No

	
	
	

	CKD [7]
	1) eGFR < 60 mL/min/1.73 m²
	  Yes

	
	2) albuminuria (ACR ≥ 30 mg/g)
	  No


Reference:
[1] Yin, J., Wang, H., Li, S., Zhao, L., You, Y., Yang, J., & Liu, Y. (2023). Nonlinear relationship between sleep midpoint and depression symptoms: a cross-sectional study of US adults. BMC psychiatry, 23(1), 671. https://doi.org/10.1186/s12888-023-05130-y
[2] Hicks, C. W., Wang, D., Matsushita, K., Windham, B. G., & Selvin, E. (2021). Peripheral Neuropathy and All-Cause and Cardiovascular Mortality in U.S. Adults: A Prospective Cohort Study. Annals of internal medicine, 174(2), 167–174. https://doi.org/10.7326/M20-1340
[3] Rattan, P., Penrice, D. D., Ahn, J. C., Ferrer, A., Patnaik, M., Shah, V. H., Kamath, P. S., Mangaonkar, A. A., & Simonetto, D. A. (2022). Inverse Association of Telomere Length With Liver Disease and Mortality in the US Population. Hepatology communications, 6(2), 399–410. https://doi.org/10.1002/hep4.1803
[4] Goupil, R., Tsuyuki, R. T., Santesso, N., Terenzi, K. A., Habert, J., Cheng, G., Gysel, S. C., Bruneau, J., Leung, A. A., Campbell, N. R. C., Schiffrin, E. L., & Hundemer, G. L. (2025). Hypertension Canada guideline for the diagnosis and treatment of hypertension in adults in primary care. Canadian family physician Medecin de famille canadien, 71(7-8), 467–482. https://doi.org/10.46747/cfp.20250616001
[5] National Cholesterol Education Program (NCEP) Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel III) (2002). Third Report of the National Cholesterol Education Program (NCEP) Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel III) final report. Circulation, 106(25), 3143–3421.
[6] Qiu, Z., Geng, T., Wan, Z., Lu, Q., Guo, J., Liu, L., Pan, A., & Liu, G. (2022). Serum selenium concentrations and risk of all-cause and heart disease mortality among individuals with type 2 diabetes. The American journal of clinical nutrition, 115(1), 53–60. https://doi.org/10.1093/ajcn/nqab241
[7] Chapter 1: Definition and classification of CKD. (2013). Kidney international supplements, 3(1), 19–62. https://doi.org/10.1038/kisup.2012.64

[bookmark: _Hlk237297046][bookmark: _Hlk237448852]Supplementary Table 7. Cut-off values for the quartiles of TyG-FI and other insulin resistance indices.
	Index
	Quartile 1 (Q1)
	Quartile 2 (Q2)
	Quartile 3 (Q3)
	Quartile 4 (Q4)

	    TyG-FI
	≤0.708
	0.708 to 1.150
	1.150 to 1.809
	>1.809

	    TyG
	≤8.228
	8.228 to 8.624
	8.624 to 9.041
	>9.041

	    TyG-ABSI
	≤0.660
	0.660 to 0.708
	0.708 to 0.756
	>0.756

	    TyG-WHtR
	≤4.558
	4.558 to 5.152
	5.152 to 5.844
	> 5.844

	    TyG-BRI
	≤4.158
	4.158 to 5.285
	5.285 to 6.860
	>6.860

	    TyG-BMI
	≤214.244
	214.244 to 248.476
	248.476 to 291.690
	>291.690

	    TyG-WC
	≤763.697
	763.697 to 864.249
	864.249 to 978.964
	>978.964

	    TyG-AIP
	≤-2.100
	-2.100 to -0.379
	-0.379 to 1.525
	>1.525

	    METS-IR
	≤36.105
	36.105 to 42.604
	42.604 to 50.750
	>50.750


Values represent the numerical thresholds defining each quartile (Q1 to Q4) for the respective indices.
Abbreviations: ABSI, a body shape index; AIP, atherogenic index of plasma; BMI, body mass index; BRI, body roundness index; FI, frailty index; METS-IR, metabolic score for insulin resistance; TyG, triglyceride-glucose; WC, waist circumference; WHtR, waist-to-height ratio.



[bookmark: _Hlk237448855]Supplementary Table 8. Multicollinearity diagnostics for the key covariates using the Generalized Variance Inflation Factor (GVIF)
	Variable
	GVIF
	Df
	GVIF^(1/(2*Df))

	Age
	1.845587
	1
	1.358524

	Race
	2.494250
	4
	1.121031

	Sex
	1.421204
	1
	1.192143

	Marital Status
	2.092309
	2
	1.202698

	Education Level
	1.842351
	2
	1.165046

	PIR
	1.771318
	1
	1.330909

	Drinking status
	1.654190
	2
	1.134087

	Smoking status
	2.199927
	2
	1.217873


Abbreviations: GVIF, generalized variance inflation factor; PIR, poverty income ratio. 


[bookmark: OLE_LINK4][bookmark: _Hlk237448859]Supplementary Table 9. Schoenfeld residual test of multivariate adjusted Cox regression model
	Variable
	χ²
	P for value

	All-cause mortality

	Age
	2.91
	0.088

	Race/ethnicity
	6.03
	0.197

	Sex
	2.12
	0.145

	Marital status
	2.31
	0.315

	Education level
	0.60
	0.743

	PIR
	0.17
	0.684

	Drinking status
	2.35
	0.308

	Smoking status
	4.34
	0.114

	TyG-FI quartiles
	7.00
	0.072

	CVD mortality

	Age
	0.24
	0.623

	Race/ethnicity
	1.39
	0.846

	Sex
	2.12
	0.146

	Marital status
	1.77
	0.412

	Education level
	0.34
	0.845

	PIR
	0.14
	0.705

	Drinking status
	4.86
	0.088

	Smoking status
	4.98
	0.083

	TyG-FI quartiles
	5.57
	0.134

	All-cause mortality in CMM

	Age
	1.87
	0.171

	Race/ethnicity
	9.43
	0.051

	Sex
	2.08
	0.149

	Marital status
	1.31
	0.519

	Education level
	0.68
	0.712

	PIR
	1.18
	0.278

	Drinking status
	0.71
	0.701

	Smoking status
	2.34
	0.310

	TyG-FI quartiles
	4.76
	0.191


Abbreviations: CMM, cardiometabolic multimorbidity; CVD, cardiovascular disease; PIR, poverty income ratio; TyG-FI, Triglyceride-glucose-frailty index


[bookmark: _Hlk237006920][bookmark: _Toc218184811][bookmark: _Hlk237448862]Supplementary Table 10. Frequency and distribution of missing data among study variables 
	Variable
	Missing (n)
	Missing (%)

	Age
	0
	0

	Sex
	0
	0

	Race/Ethnicity
	0
	0

	PIR
	0
	0

	Marital Status
	0
	0

	Educational Level
	0
	0

	BMI
	0
	0

	Smoking Status
	0
	0

	Drinking Status
	0
	0

	Hypertension
	0
	0

	CKD
	0
	0

	DM
	0
	0

	Hyperlipidemia
	0
	0

	HDL-C
	3228
	20.86

	LDL-C
	3467
	22.41

	Total Cholesterol
	0
	0

	Triglycerides 
	0
	0

	Waist Circumference
	254
	1.64

	eGFR
	9
	0.06


Abbreviations: BMI, body mass index; CKD, chronic kidney disease; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; PIR, poverty income ratio. 

[bookmark: _Hlk237216296][bookmark: _Hlk237448951]Supplementary Table 11. Baseline characteristics of included participants versus those excluded for missing data
	Variable
	Excluded (n= 37710)
	Included (n= 11228)
	P value

	Age, (years)
	50.24 (18.50)
	51.03 (17.26)
	<0.001

	Sex, n (%)
	
	
	<0.001

	  Male
	49.00%
	51.10%
	

	  Female
	51.00%
	48.90%
	

	Race/ethnicity, n (%)
	
	
	<0.001

	  Mexican American
	16.50%
	15.70%
	

	  Non-Hispanic Black
	21.50%
	20.20%
	

	  Non-Hispanic White
	43.90%
	44.60%
	

	  Other Hispanic
	8.10%
	9.60%
	

	  Other Race
	10.00%
	9.80%
	

	Marital Status, n (%)
	
	
	<0.001

	  Married/Living with a partner
	58.10%
	61.80%
	

	  Widowed/Divorced/Separated
	23.50%
	22.60%
	

	  Never Married
	18.40%
	15.70%
	

	Education Level, n (%)
	
	
	<0.001

	  Less Than High School
	27.30%
	23.80%
	

	  High School Graduate or GED
	23.30%
	23.40%
	

	  Some college or above
	49.50%
	52.90%
	

	PIR
	2.12 [1.12, 4.08]
	2.18 [1.15, 4.10]
	0.015

	BMI, (kg/m2)
	28.72 (6.88)
	29.82 (6.67)
	<0.001

	Smoking status, n (%)
	
	
	<0.001

	  Never
	54.30%
	53.90%
	

	  Former
	24.10%
	26.10%
	

	  Current
	21.60%
	20.00%
	

	Drinking status, n (%)
	
	
	<0.001

	  Never
	15.00%
	13.30%
	

	  Former
	17.80%
	16.80%
	

	  Current
	67.20%
	69.90%
	

	TC (mg/dL)
	195.03 (42.72)
	192.98 (40.69)
	<0.001

	TG (mg/dL)
	105.00 [72.00, 160.00]
	106.00 [74.00, 153.00]
	0.249

	eGFR
	92.78 (24.32)
	93.29 (23.07)
	0.055

	TyG
	8.57 [8.14, 9.08]
	8.62 [8.23, 9.04]
	0.002

	TyG-FI
	1.21 [0.72, 1.96]
	1.15 [0.71, 1.81]
	<0.001


Mean ± SD or median [IQR] for continuous variables, and percentages (%) for categorical variables.
[bookmark: _Hlk220940169]Abbreviations:​ BMI, body mass index; eGFR, estimated glomerular filtration rate; PIR, poverty income ratio; TC, total cholesterol; TG, triglycerides; TyG, triglyceride-glucose; TyG-FI, triglyceride-glucose–frailty index.


[bookmark: _Hlk237448957][bookmark: _Hlk220940140]Supplementary Table 12. Demographics and characteristics of participants according to the CKM syndrome stage from NHANES 2001–2018
	variable
	CKM syndrome
	P value

	
	Overall
	Stage 1
	Stage 2
	Stage 3
	Stage 4
	

	Age, (years)
	48.56±0.28
	39.75±0.43
	48.15±0.32
	75.07±0.39
	64.46±0.49
	< 0.001

	Sex, n (%)
	
	
	
	
	
	0.002

	Male
	5736(50.99)
	1170(48.44)
	3369(50.96)
	451(57.79)
	746(55.37)
	

	  Female
	5492(49.01)
	1337(51.56)
	3334(49.04)
	261(42.21)
	560(44.63)
	

	Race/ethnicity, n (%)
	
	
	
	
	
	< 0.001

	  Mexican American
	1768(8.30)
	444(9.73)
	1137(8.58)
	71(4.94)
	116(3.96)
	

	  Non-Hispanic Black
	2272(10.97)
	482(10.65)
	1375(10.98)
	141(12.16)
	274(11.26)
	

	  Non-Hispanic White
	5011(68.95)
	1047(67.15)
	2813(68.26)
	402(74.09)
	749(76.17)
	

	  Other Hispanic
	1075(5.11)
	254(5.99)
	663(5.04)
	55(4.57)
	103(3.38)
	

	  Other Race
	1102(6.67)
	280(6.48)
	715(7.13)
	43(4.24)
	64(5.23)
	

	Marital Status, n (%)
	
	
	
	
	
	< 0.001

	  Married/Living with a partner
	6936(65.23)
	1563(64.81)
	4186(65.77)
	421(58.82)
	766(65.50)
	

	  Widowed/Divorced/Separated
	2534(18.87)
	333(12.64)
	1469(18.60)
	271(38.36)
	461(29.72)
	

	  Never Married
	1758(15.90)
	611(22.55)
	1048(15.63)
	20(2.81)
	79(4.78)
	

	Education Level, n (%)
	
	
	
	
	
	< 0.001

	  Less Than High School
	2672(15.76)
	447(11.49)
	1586(15.90)
	244(26.22)
	395(22.25)
	

	  High School Graduate or GED
	2622(23.75)
	499(20.76)
	1597(23.92)
	185(30.26)
	341(28.14)
	

	  Some college or above
	5934(60.49)
	1561(67.74)
	3520(60.17)
	283(43.52)
	570(49.61)
	

	PIR
	3.02±0.04
	3.14±0.05
	3.05±0.04
	2.54±0.07
	2.66±0.07
	< 0.001

	BMI, (kg/m2)
	29.85±0.10
	28.22±0.15
	30.54±0.14
	28.53±0.27
	30.40±0.30
	< 0.001

	Smoking status, n (%)
	
	
	
	
	
	< 0.001

	  Never
	6051(53.59)
	1545(58.98)
	3672(54.27)
	317(44.93)
	517(38.16)
	

	  Former
	2935(26.75)
	501(23.27)
	1644(25.46)
	290(41.70)
	500(38.37)
	

	  Current
	2242(19.66)
	461(17.75)
	1387(20.27)
	105(13.37)
	289(23.47)
	

	Drinking status, n (%)
	
	
	
	
	
	< 0.001

	  Never
	1493(10.37)
	272(8.88)
	910(10.43)
	138(18.57)
	173(10.85)
	

	  Former
	1889(13.78)
	256(8.55)
	1044(13.20)
	213(26.83)
	376(26.36)
	

	  Current
	7846(75.85)
	1979(82.57)
	4749(76.37)
	361(54.61)
	757(62.79)
	

	Hypertension, n (%)
	
	
	
	
	
	< 0.001

	  Yes
	5146(41.52)
	0(0.00)
	3571(51.71)
	563(79.22)
	1012(74.41)
	

	  No
	6082(58.48)
	2507(100.00)
	3132(48.29)
	149(20.78)
	294(25.59)
	

	CKD, n (%)
	
	
	
	
	
	< 0.001

	  Yes
	2071(14.43)
	5(0.23)
	1086(14.33)
	418(57.20)
	562(36.58)
	

	  No
	9157(85.57)
	2502(99.77)
	5617(85.67)
	294(42.80)
	744(63.42)
	

	DM, n (%)
	
	
	
	
	
	< 0.001

	  Yes
	2488(16.82)
	0(0.00)
	1508(18.12)
	402(55.85)
	578(38.69)
	

	  No
	8740(83.18)
	2507(100.00)
	5195(81.88)
	310(44.15)
	728(61.31)
	

	Hyperlipidemia, n (%)
	
	
	
	
	
	< 0.001

	  Yes
	8460(74.88)
	1307(53.48)
	5435(81.24)
	551(77.60)
	1167(91.40)
	

	  No
	2768(25.12)
	1200(46.52)
	1268(18.76)
	161(22.40)
	139(8.60)
	

	LDL-C (mg/dL)
	116.06±0.46
	114.35±0.89
	119.65±0.64
	107.67±1.82
	101.31±1.29
	< 0.001

	HDL-C (mg/dL)
	53.40±0.25
	57.42±0.45
	51.94±0.28
	52.12±0.68
	52.24±0.75
	< 0.001

	TC (mg/dL)
	194.03±0.61
	187.79±1.06
	199.49±0.81
	185.78±1.94
	179.79±1.56
	< 0.001

	TG (mg/dL)
	122.88±1.03
	80.06±0.75
	139.44±1.40
	130.00±2.65
	131.21±2.90
	< 0.001

	WC, (cm)
	101.58±0.24
	95.92±0.34
	103.14±0.32
	103.10±0.70
	106.34±0.70
	< 0.001

	METS-IR
	44.43±0.19
	39.63±0.23
	46.25±0.25
	43.48±0.53
	46.32±0.58
	< 0.001

	eGFR
	94.02±0.35
	102.10±0.61
	95.41±0.43
	62.54±0.97
	75.92±0.75
	< 0.001

	TyG
	8.63±0.01
	8.21±0.01
	8.78±0.01
	8.83±0.02
	8.79±0.03
	< 0.001

	FI
	0.15±0.00
	0.12±0.00
	0.15±0.00
	0.18±0.00
	0.22±0.00
	< 0.001

	TyG-FI
	1.29±0.01
	1.02±0.02
	1.29±0.01
	1.59±0.04
	1.92±0.04
	< 0.001

	All-cause mortality
	
	
	
	
	
	< 0.001

	  Yes
	1220(7.89)
	64(1.77)
	418(5.24)
	308(42.52)
	430(27.53)
	

	  No
	10008(92.11)
	2443(98.23)
	6285(94.76)
	404(57.48)
	876(72.47)
	

	Cardiovascular mortality
	
	
	
	
	
	< 0.001

	  Yes
	379(2.32)
	11(0.30)
	105(1.26)
	94(13.01)
	169(10.24)
	

	  No
	10849(97.68)
	2496(99.70)
	6598(98.74)
	618(86.99)
	1137(89.76)
	


Continuous variables (mean ± SD): P value was calculated by the weighted linear regression model.
Categorical variables [unweighted n (weighted %)]: P value was calculated by the Rao-Scott chi-square test.
Abbreviations: BMI, body mass index; CKD, chronic kidney disease; CKM, cardiovascular-kidney-metabolic; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate; FI, frailty index; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; METS-IR, metabolic score for insulin resistance; NHANES, National Health and Nutrition Examination Survey; PIR, poverty income ratio; TC, total cholesterol; TG, triglycerides; TyG, triglyceride-glucose; WC, waist circumference.



[bookmark: _Hlk237448963]Supplementary Table 13. Demographics and characteristics of participants with cardiometabolic multimorbidity from NHANES 2001–2018
	variable
	TyG-FI
	P value

	
	Overall
	Q1
	Q2
	Q3
	Q4
	

	Age, (years)
	66.37±0.62
	65.22±1.96
	69.09±1.36
	65.97±1.43
	66.19±0.80
	0.240

	Sex, n (%)
	
	
	
	
	
	< 0.001

	Male
	366(54.85)
	31(86.98)
	49(70.15)
	92(62.53)
	194(43.37)
	

	  Female
	283(45.15)
	10(13.02)
	20(29.85)
	49(37.47)
	204(56.63)
	

	Race/ethnicity, n (%)
	
	
	
	
	
	0.002

	  Mexican American
	63(4.26)
	4(1.60)
	4(2.13)
	13(3.96)
	42(5.25)
	

	  Non-Hispanic Black
	144(13.06)
	5(5.14)
	10(8.29)
	38(13.96)
	91(15.01)
	

	  Non-Hispanic White
	340(73.27)
	24(76.68)
	40(80.82)
	65(72.61)
	211(71.46)
	

	  Other Hispanic
	65(4.26)
	1(0.22)
	8(3.68)
	14(3.28)
	42(5.45)
	

	  Other Race
	37(5.16)
	7(16.35)
	7(5.08)
	11(6.20)
	12(2.84)
	

	Marital Status, n (%)
	
	
	
	
	
	0.001

	  Married/Living with a partner
	374(63.47)
	33(84.40)
	51(73.98)
	95(75.32)
	195(53.25)
	

	  Widowed/Divorced/Separated
	243(32.31)
	6(6.71)
	17(21.56)
	42(23.20)
	178(42.32)
	

	  Never Married
	32(4.23)
	2(8.89)
	1(4.47)
	4(1.48)
	25(4.43)
	

	Education Level, n (%)
	
	
	
	
	
	0.001

	  Less Than High School
	221(24.27)
	9(12.30)
	14(12.94)
	39(17.96)
	159(30.96)
	

	  High School Graduate or GED
	176(31.19)
	12(32.60)
	23(35.40)
	32(23.39)
	109(33.12)
	

	  Some college or above
	252(44.54)
	20(55.10)
	32(51.66)
	70(58.64)
	130(35.92)
	

	PIR
	2.52±0.10
	3.64±0.27
	3.22±0.22
	2.84±0.18
	2.06±0.12
	< 0.001

	BMI, (kg/m2)
	31.88±0.44
	32.15±1.19
	29.86±0.69
	31.47±0.95
	32.39±0.59
	0.050

	Smoking status, n (%)
	
	
	
	
	
	0.270

	  Never
	268(37.79)
	16(34.93)
	34(47.55)
	60(36.70)
	158(36.80)
	

	  Former
	261(41.55)
	21(53.87)
	29(42.92)
	49(37.88)
	162(40.56)
	

	  Current
	120(20.66)
	4(11.20)
	6(9.52)
	32(25.42)
	78(22.64)
	

	Drinking status, n (%)
	
	
	
	
	
	0.100

	  Never
	105(13.95)
	10(22.34)
	9(7.88)
	18(8.91)
	68(15.62)
	

	  Former
	204(30.96)
	7(17.95)
	14(25.94)
	42(30.41)
	141(34.39)
	

	  Current
	340(55.09)
	24(59.71)
	46(66.18)
	81(60.68)
	189(49.98)
	

	Hypertension, n (%)
	
	
	
	
	
	0.420

	  Yes
	545(82.62)
	34(85.88)
	59(83.04)
	113(75.92)
	339(84.55)
	

	  No
	104(17.38)
	7(14.12)
	10(16.96)
	28(24.08)
	59(15.45)
	

	CKD, n (%)
	
	
	
	
	
	0.010

	  Yes
	335(46.78)
	13(28.23)
	28(39.33)
	64(38.69)
	230(54.53)
	

	  No
	314(53.22)
	28(71.77)
	41(60.67)
	77(61.31)
	168(45.47)
	

	DM, n (%)
	
	
	
	
	
	0.610

	  Yes
	574(86.42)
	35(86.87)
	64(93.42)
	126(85.75)
	349(85.23)
	

	  No
	75(13.58)
	6(13.13)
	5(6.58)
	15(14.25)
	49(14.77)
	

	Hyperlipidemia, n (%)
	
	
	
	
	
	0.200

	  Yes
	595(92.78)
	35(89.33)
	60(90.17)
	125(89.50)
	375(95.15)
	

	  No
	54(7.22)
	6(10.67)
	9(9.83)
	16(10.50)
	23(4.85)
	

	LDL-C (mg/dL)
	98.11±1.78
	98.73±5.68
	95.61±3.94
	99.80±3.57
	97.85±2.34
	0.900

	HDL-C (mg/dL)
	49.28±0.88
	47.56±3.45
	50.80±1.71
	50.01±1.56
	49.00±0.95
	0.760

	TC (mg/dL)
	175.57±2.13
	177.73±6.83
	170.97±4.60
	175.96±4.20
	175.94±2.67
	0.810

	TG (mg/dL)
	140.92±4.32
	157.09±21.48
	122.82± 7.75
	130.83± 7.33
	145.53± 4.75
	0.030

	WC, (cm)
	110.19±1.07
	112.22±2.87
	107.17±2.04
	110.13±2.65
	110.46±1.37
	0.500

	METS-IR
	50.18±0.85
	49.09±1.57
	47.79±1.19
	49.39±1.59
	55.47±1.28
	< 0.001

	eGFR
	72.79±1.23
	83.35±2.76
	75.65±3.00
	73.88±2.15
	69.98±1.70
	< 0.001

	TyG
	9.00±0.04
	9.14±0.20
	8.91±0.09
	8.91±0.08
	9.04±0.04
	0.240

	FI
	0.24±0.01
	0.05±0.00
	0.11±0.00
	0.16±0.00
	0.32±0.01
	< 0.001

	TyG-FI
	2.14±0.07
	0.50±0.03
	0.95±0.02
	1.43±0.02
	2.92±0.05
	< 0.001

	All-cause mortality
	
	
	
	
	
	< 0.001

	  Yes
	239(32.39)
	8(10.36)
	21(31.93)
	40(25.06)
	170(39.09)
	

	  No
	410(67.61)
	33(89.64)
	48(68.07)
	101(74.94)
	228(60.91)
	

	Cardiovascular mortality
	
	
	
	
	
	0.020

	  Yes
	87(11.41)
	2(1.80)
	12(19.28)
	18(10.10)
	55(12.04)
	

	  No
	562(88.59)
	39(98.20)
	57(80.72)
	123(89.90)
	343(87.96)
	


[bookmark: _Hlk237263417]Continuous variables (mean ± SD): P value was calculated by the weighted linear regression model.
Categorical variables [unweighted n (weighted %)]: P value was calculated by the Rao-Scott chi-square test.
Abbreviations: BMI, body mass index; CKD, chronic kidney disease; CKM, cardiovascular-kidney-metabolic; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate; FI, frailty index; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; METS-IR, metabolic score for insulin resistance; NHANES, National Health and Nutrition Examination Survey; PIR, poverty income ratio; TC, total cholesterol; TG, triglycerides; TyG, triglyceride-glucose; WC, waist circumference.


[bookmark: _Hlk237448967]Supplementary Table 14. Associations between surrogate insulin resistance indices and advanced CKM syndrome
	Exposure
	Model 1
OR (95%CI)
	P value
	Model 2
OR (95%CI)
	P value
	Model 3
OR (95%CI)
	P value

	TyG

	Per 1-SD increase
	1.39(1.29,1.49)
	<0.001
	1.34(1.21,1.48)
	<0.001
	1.27(1.14,1.40)
	<0.001

	    Q1
	Reference
	
	Reference
	
	Reference
	

	    Q2
	1.30 (1.09, 1.54)
	0.004
	1.03 (0.83, 1.27)
	0.784
	0.96 (0.78, 1.19)
	0.709

	    Q3
	1.63 (1.35, 1.96)
	<0.001
	1.25 (0.98, 1.59)
	0.074
	1.12 (0.87, 1.44)
	0.391

	    Q4
	2.26 (1.87, 2.73)
	<0.001
	1.86 (1.47, 2.35)
	<0.001
	1.60 (1.26, 2.03)
	<0.001

	P for trend
	　
	<0.001
	　
	0.137
	　
	0.452

	TyG-BMI

	Per 1-SD increase
	1.10(1.03,1.18)
	0.006
	1.32(1.21,1.45)
	<0.001
	1.34(1.23,1.47)
	<0.001

	    Q1
	Reference
	
	Reference
	
	Reference
	

	    Q2
	0.93 (0.77, 1.11)
	0.407
	0.91 (0.75, 1.10)
	0.332
	0.94 (0.77, 1.15)
	0.546

	    Q3
	1.10 (0.91, 1.31)
	0.320
	1.18 (0.96, 1.44)
	0.108
	1.21 (0.98, 1.50)
	0.072

	    Q4
	1.25 (1.03, 1.52)
	0.027
	1.81 (1.42, 2.30)
	<0.001
	1.85 (1.47, 2.32)
	<0.001

	P for trend
	　
	0.010
	　
	<0.001
	　
	<0.001

	TyG-WC

	Per 1-SD increase
	1.39(1.31,1.49)
	<0.001
	1.43(1.30,1.56)
	<0.001
	1.41(1.29,1.54)
	<0.001

	    Q1
	Reference
	
	Reference
	
	Reference
	

	    Q2
	1.41 (1.16, 1.72)
	<0.001
	1.11 (0.89, 1.40)
	0.349
	1.12 (0.89, 1.41)
	0.331

	    Q3
	1.66 (1.40, 1.95)
	<0.001
	1.20 (0.98, 1.47)
	0.083
	1.18 (0.96, 1.45)
	0.107

	    Q4
	2.63 (2.16, 3.20)
	<0.001
	2.27 (1.78, 2.90)
	<0.001
	2.19 (1.72, 2.78)
	<0.001

	P for trend
	　
	0.019
	　
	0.051
	　
	0.061

	TyG-WHtR

	Per 1-SD increase
	1.47(1.38,1.56)
	<0.001
	1.45(1.33,1.59)
	<0.001
	1.42(1.30,1.55)
	<0.001

	    Q1
	Reference
	
	Reference
	
	Reference
	

	    Q2
	1.76 (1.44, 2.14)
	<0.001
	1.19 (0.95, 1.49)
	0.126
	1.22 (0.96, 1.53)
	0.100

	    Q3
	2.03 (1.68, 2.46)
	<0.001
	1.28 (1.03, 1.60)
	0.028
	1.27 (1.02, 1.58)
	0.034

	    Q4
	3.24 (2.67, 3.92)
	<0.001
	2.42 (1.88, 3.11)
	<0.001
	2.29 (1.80, 2.91)
	<0.001

	P for trend
	　
	0.016
	　
	0.046
	　
	0.045

	TyG-BRI

	Per 1-SD increase
	1.39(1.31,1.47)
	<0.001
	1.41(1.30,1.54)
	<0.001
	1.40(1.28,1.52)
	<0.001

	    Q1
	Reference
	
	Reference
	
	Reference
	

	    Q2
	1.70 (1.41, 2.05)
	<0.001
	1.25 (1.01, 1.55)
	0.045
	1.27 (1.02, 1.58)
	0.035

	    Q3
	2.05 (1.67, 2.52)
	<0.001
	1.26 (1.00, 1.58)
	0.047
	1.29 (1.03, 1.62)
	0.030

	    Q4
	2.89 (2.36, 3.53)
	<0.001
	2.26 (1.76, 2.90)
	<0.001
	2.23 (1.76, 2.83)
	<0.001

	P for trend
	　
	0.039
	　
	<0.001
	　
	<0.001

	TyG-ABSI

	Per 1-SD increase
	2.18(2.02,2.36)
	<0.001
	1.53(1.40,1.68)
	<0.001
	1.40(1.27,1.54)
	<0.001

	    Q1
	Reference
	
	Reference
	
	Reference
	

	    Q2
	2.23 (1.75, 2.84)
	<0.001
	1.30 (0.97, 1.76)
	0.082
	1.14 (0.83, 1.56)
	0.410

	    Q3
	3.95 (3.13, 4.98)
	<0.001
	1.59 (1.19, 2.13)
	0.002
	1.35 (1.01, 1.82)
	0.045

	    Q4
	7.67 (6.10, 9.66)
	<0.001
	2.52 (1.92, 3.33)
	<0.001
	1.93 (1.44, 2.58)
	<0.001

	P for trend
	　
	<0.001
	　
	<0.001
	　
	<0.001

	TyG-AIP

	Per 1-SD increase
	1.18(1.10,1.26)
	<0.001
	1.36(1.24,1.48)
	<0.001
	1.26(1.15,1.39)
	<0.001

	    Q1
	Reference
	
	Reference
	
	Reference
	

	    Q2
	1.10 (0.93, 1.31)
	0.265
	1.16 (0.94, 1.44)
	0.171
	1.06 (0.84, 1.32)
	0.633

	    Q3
	1.33 (1.10, 1.61)
	0.003
	1.49 (1.18, 1.87)
	<0.001
	1.27 (1.00, 1.62)
	0.053

	    Q4
	1.48 (1.24, 1.76)
	<0.001
	2.09 (1.66, 2.63)
	<0.001
	1.72 (1.35, 2.18)
	<0.001

	P for trend
	　
	0.139
	　
	0.032
	　
	0.266

	METS-IR

	Per 1-SD increase
	1.11(1.03,1.19)
	0.005
	1.41(1.29,1.55)
	<0.001
	1.42(1.30,1.55)
	<0.001

	    Q1
	Reference
	
	Reference
	
	Reference
	

	    Q2
	0.90 (0.75, 1.08)
	0.254
	0.94 (0.78, 1.14)
	0.549
	0.97 (0.80, 1.18)
	0.779

	    Q3
	1.00 (0.82, 1.22)
	0.973
	1.17 (0.92, 1.47)
	0.196
	1.16 (0.91, 1.49)
	0.229

	    Q4
	1.26 (1.03, 1.54)
	0.028
	2.18 (1.71, 2.78)
	<0.001
	2.16 (1.71, 2.73)
	<0.001

	P for trend
	　
	0.078
	　
	<0.001
	　
	0.001


Model 1: no covariates were adjusted.
Model 2: age, sex and race were adjusted.
Model 3: further adjusted for PIR, education level, marital status, smoking, and drinking status.
Abbreviations:​ ABSI, a body shape index; AIP, atherogenic index of plasma; BMI, body mass index; BRI, body roundness index; CKM, cardiovascular-kidney-metabolic; METS-IR, metabolic score for insulin resistance; OR, odds ratio; PIR, poverty income ratio; TyG, triglyceride-glucose; WC, waist circumference; WHtR, waist-to-height ratio.


[bookmark: _Hlk237448973]Supplementary Table 15. Associations between surrogate insulin resistance indices and cardiometabolic multimorbidity
	Exposure
	Model 1
OR (95%CI)
	P value
	Model 2
OR (95%CI)
	P value
	Model 3
OR (95%CI)
	P value

	TyG

	Per 1-SD increase
	1.89(1.66, 2.16)
	<0.001
	1.92(1.65, 2.24)
	<0.001
	1.85(1.58, 2.17)
	<0.001

	    Q1
	Reference
	
	Reference
	
	Reference
	

	    Q2
	1.25 (0.92, 1.71)
	0.156
	1.05 (0.76, 1.44)
	0.784
	0.99 (0.72, 1.37)
	0.972

	    Q3
	2.12 (1.54, 2.91)
	<0.001
	1.74 (1.26, 2.42)
	0.001
	1.61 (1.15, 2.25)
	0.006

	    Q4
	3.90 (2.80, 5.44)
	<0.001
	3.30 (2.33, 4.67)
	<0.001
	2.92 (2.04, 4.18)
	<0.001

	P for trend
	　
	<0.001
	　
	0.046
	　
	0.132

	TyG-BMI

	Per 1-SD increase
	1.49(1.36, 1.64)
	<0.001
	1.82(1.62, 2.05)
	<0.001
	1.82(1.62, 2.05)
	<0.001

	    Q1
	Reference
	
	Reference
	
	Reference
	

	    Q2
	1.40 (0.96, 2.04)
	0.081
	1.48 (1.03, 2.12)
	0.035
	1.51 (1.05, 2.19)
	0.027

	    Q3
	1.78 (1.24, 2.56)
	0.002
	1.98 (1.37, 2.87)
	<0.001
	1.98 (1.36, 2.88)
	<0.001

	    Q4
	3.44 (2.33, 5.07)
	<0.001
	5.02 (3.36, 7.51)
	<0.001
	5.03 (3.38, 7.48)
	<0.001

	P for trend
	　
	<0.001
	　
	<0.001
	　
	<0.001

	TyG-WC

	Per 1-SD increase
	1.87(1.67, 2.08)
	<0.001
	2.05(1.79, 2.34)
	<0.001
	2.02(1.77, 2.31)
	<0.001

	    Q1
	Reference
	
	Reference
	
	Reference
	

	    Q2
	1.47 (0.99, 2.17)
	0.054
	1.22 (0.83, 1.79)
	0.313
	1.22 (0.83, 1.81)
	0.307

	    Q3
	2.05 (1.41, 2.99)
	<0.001
	1.62 (1.08, 2.42)
	0.019
	1.56 (1.05, 2.33)
	0.030

	    Q4
	5.31 (3.63, 7.76)
	<0.001
	4.72 (3.22, 6.91)
	<0.001
	4.45 (3.05, 6.47)
	<0.001

	P for trend
	　
	0.729
	　
	0.032
	　
	0.027

	TyG-WHtR

	Per 1-SD increase
	1.96(1.78, 2.16)
	<0.001
	2.08(1.83, 2.36)
	<0.001
	2.03(1.79, 2.31)
	<0.001

	    Q1
	Reference
	
	Reference
	
	Reference
	

	    Q2
	2.42 (1.44, 4.08)
	0.001
	1.74 (1.04, 2.91)
	0.035
	1.76 (1.04, 2.96)
	0.035

	    Q3
	4.02 (2.55, 6.33)
	<0.001
	2.78 (1.74, 4.44)
	<0.001
	2.73 (1.71, 4.36)
	<0.001

	    Q4
	8.37 (4.91, 14.25)
	<0.001
	6.31 (3.63, 10.97)
	<0.001
	5.93 (3.41, 10.30)
	<0.001

	P for trend
	　
	0.192
	　
	0.318
	　
	0.313

	TyG-BRI

	Per 1-SD increase
	1.72(1.59, 1.87)
	<0.001
	1.85(1.67, 2.05)
	<0.001
	1.82(1.65, 2.05)
	<0.001

	    Q1
	Reference
	
	Reference
	
	Reference
	

	    Q2
	1.77 (1.16, 2.69)
	0.008
	1.32 (0.86, 2.03)
	0.199
	1.32 (0.86, 2.03)
	0.199

	    Q3
	3.01 (2.03, 4.48)
	<0.001
	1.99 (1.33, 2.98)
	0.001
	1.99 (1.34, 2.95)
	<0.001

	    Q4
	5.63 (3.80, 8.35)
	<0.001
	4.33 (2.85, 6.57)
	<0.001
	4.18 (2.80, 6.25)
	<0.001

	P for trend
	　
	<0.001
	　
	<0.001
	　
	<0.001

	TyG-ABSI

	Per 1-SD increase
	2.61(2.29, 2.98)
	<0.001
	2.07(1.78, 2.42)
	<0.001
	1.95(1.66, 2.29)
	<0.001

	    Q1
	Reference
	
	Reference
	
	Reference
	

	    Q2
	2.91 (1.76, 4.82)
	<0.001
	1.95 (1.16, 3.27)
	0.012
	1.75 (1.04, 2.94)
	0.037

	    Q3
	4.19 (2.58, 6.78)
	<0.001
	2.09 (1.26, 3.45)
	0.005
	1.82 (1.09, 3.03)
	0.023

	    Q4
	12.49 (7.60, 20.50)
	<0.001
	5.17 (3.09, 8.65)
	<0.001
	4.17 (2.45, 7.12)
	<0.001

	P for trend
	　
	<0.001
	　
	<0.001
	　
	<0.001

	TyG-AIP

	Per 1-SD increase
	1.40(1.24, 1.58)
	<0.001
	1.58(1.39, 1.80)
	<0.001
	1.48(1.29, 1.71)
	<0.001

	    Q1
	Reference
	
	Reference
	
	Reference
	

	    Q2
	1.30 (0.97, 1.75)
	0.078
	1.38 (1.01, 1.89)
	0.043
	1.28 (0.93, 1.75)
	0.128

	    Q3
	1.68 (1.27, 2.23)
	<0.001
	1.81 (1.39, 2.36)
	<0.001
	1.58 (1.19, 2.10)
	0.002

	    Q4
	2.23 (1.55, 3.18)
	<0.001
	2.89 (1.99, 4.21)
	<0.001
	2.42 (1.63, 3.59)
	<0.001

	P for trend
	　
	0.023
	　
	0.008
	　
	0.042

	METS-IR

	Per 1-SD increase
	1.50(1.37, 1.66)
	<0.001
	1.90(1.70, 2.13)
	<0.001
	1.89(1.69, 2.11)
	<0.001

	    Q1
	Reference
	
	Reference
	
	Reference
	

	    Q2
	1.64 (1.12, 2.38)
	0.011
	1.85 (1.30, 2.63)
	<0.001
	1.87 (1.32, 2.66)
	<0.001

	    Q3
	1.80 (1.21, 2.70)
	0.004
	2.17 (1.46, 3.21)
	<0.001
	2.09 (1.40, 3.14)
	<0.001

	    Q4
	3.62 (2.44, 5.38)
	<0.001
	6.10 (4.10, 9.08)
	<0.001
	5.85 (3.94, 8.68)
	<0.001

	P for trend
	　
	0.002
	　
	<0.001
	　
	<0.001


Model 1: no covariates were adjusted.
Model 2: age, sex and race were adjusted.
Model 3: further adjusted for PIR, education level, marital status, smoking, and drinking status.
Abbreviations:​ ABSI, a body shape index; AIP, atherogenic index of plasma; BMI, body mass index; BRI, body roundness index; METS-IR, metabolic score for insulin resistance; OR, odds ratio; PIR, poverty income ratio; TyG, triglyceride-glucose; WC, waist circumference; WHtR, waist-to-height ratio.

[bookmark: _Hlk237448977][bookmark: _Hlk195366317]Supplementary Table 16. Associations between surrogate insulin resistance indices and all-cause mortality
	Exposure
	Model 1
HR (95%CI)
	P value
	Model 2
HR (95%CI)
	P value
	Model 3
HR (95%CI)
	P value

	TyG

	Per 1-SD increase
	1.22 (1.14, 1.32)
	<0.001
	1.10 (1.01, 1.19)
	0.022
	1.03 (0.95, 1.12)
	0.443

	    Q1
	Reference
	
	Reference
	
	Reference
	

	    Q2
	1.21 (0.97, 1.52)
	0.096
	0.92 (0.74, 1.16)
	0.497
	0.89 (0.72, 1.11)
	0.309

	    Q3
	1.43 (1.16, 1.76)
	<0.001
	1.02 (0.82, 1.27)
	0.849
	0.94 (0.76, 1.16)
	0.562

	    Q4
	1.62 (1.29, 2.04)
	<0.001
	1.12 (0.90, 1.39)
	0.302
	0.97 (0.79, 1.19)
	0.750

	P for trend
	　
	0.086
	　
	0.631
	　
	0.387

	TyG-BMI

	Per 1-SD increase
	0.93 (0.86, 1.00)
	0.062
	1.01 (0.93, 1.10)
	0.781
	1.00 (0.92, 1.08)
	0.933

	    Q1
	Reference
	
	Reference
	
	Reference
	

	    Q2
	0.81 (0.68, 0.97)
	0.019
	0.82 (0.71, 0.95)
	0.008
	0.84 (0.72, 0.97)
	0.017

	    Q3
	0.89 (0.75, 1.06)
	0.202
	0.87 (0.73, 1.03)
	0.096
	0.85 (0.72, 1.00)
	0.050

	    Q4
	0.85 (0.70, 1.04)
	0.111
	1.04 (0.86, 1.27)
	0.660
	0.99 (0.82, 1.21)
	0.935

	P for trend
	　
	0.687
	　
	0.588
	　
	0.967

	TyG-WC

	Per 1-SD increase
	1.17 (1.09, 1.25)
	<0.001
	1.07 (0.99, 1.16)
	0.109
	1.03 (0.95, 1.11)
	0.511

	    Q1
	Reference
	
	Reference
	
	Reference
	

	    Q2
	1.12 (0.90, 1.40)
	0.322
	0.84 (0.68, 1.04)
	0.106
	0.85 (0.70, 1.05)
	0.128

	    Q3
	1.27 (1.05, 1.53)
	0.012
	0.86 (0.71, 1.04)
	0.120
	0.85 (0.71, 1.01)
	0.064

	    Q4
	1.51 (1.23, 1.85)
	<0.001
	1.04 (0.85, 1.26)
	0.732
	0.93 (0.78, 1.13)
	0.471

	P for trend
	　
	0.199
	　
	0.012
	　
	0.033

	TyG-WHtR

	Per 1-SD increase
	1.25 (1.17, 1.34)
	<0.001
	1.11 (1.02, 1.20)
	0.013
	1.05 (0.97, 1.13)
	0.258

	    Q1
	Reference
	
	Reference
	
	Reference
	

	    Q2
	1.31 (1.06, 1.63)
	0.014
	0.85 (0.69, 1.05)
	0.136
	0.85 (0.69, 1.05)
	0.123

	    Q3
	1.54 (1.23, 1.94)
	<0.001
	0.89 (0.73, 1.10)
	0.273
	0.86 (0.71, 1.04)
	0.122

	    Q4
	1.99 (1.64, 2.42)
	<0.001
	1.19 (0.97, 1.46)
	0.091
	1.03 (0.86, 1.25)
	0.728

	P for trend
	　
	0.597
	　
	0.802
	　
	0.907

	TyG-BRI

	Per 1-SD increase
	1.22 (1.14, 1.29)
	<0.001
	1.11 (1.03, 1.20)
	0.007
	1.06 (0.98, 1.14)
	0.157

	    Q1
	Reference
	
	Reference
	
	Reference
	

	    Q2
	1.24 (1.01, 1.51)
	0.039
	0.84 (0.68, 1.03)
	0.098
	0.84 (0.69, 1.03)
	0.097

	    Q3
	1.49 (1.22, 1.83)
	<0.001
	0.89 (0.73, 1.08)
	0.229
	0.87 (0.72, 1.05)
	0.145

	    Q4
	1.79 (1.47, 2.19)
	<0.001
	1.14 (0.93, 1.39)
	0.221
	1.03 (0.85, 1.24)
	0.779

	P for trend
	　
	0.303
	　
	0.002
	　
	0.039

	TyG-ABSI

	Per 1-SD increase
	1.85 (1.70, 2.01)
	<0.001
	1.24 (1.13, 1.36)
	<0.001
	1.12 (1.02, 1.23)
	0.019

	    Q1
	Reference
	
	Reference
	
	Reference
	

	    Q2
	2.16 (1.54, 3.02)
	<0.001
	1.34 (0.97, 1.85)
	0.080
	1.20 (0.87, 1.65)
	0.261

	    Q3
	3.34 (2.41, 4.63)
	<0.001
	1.33 (0.95, 1.86)
	0.095
	1.12 (0.81, 1.55)
	0.479

	    Q4
	5.85 (4.29, 7.99)
	<0.001
	1.75 (1.26, 2.42)
	<0.001
	1.34 (0.98, 1.84)
	0.071

	P for trend
	　
	<0.001
	　
	<0.001
	　
	0.013

	TyG-AIP

	Per 1-SD increase
	1.22(1.14,1.32)
	<0.001
	1.10(1.01,1.19)
	<0.001
	1.03(0.95,1.12)
	0.443

	    Q1
	Reference
	
	Reference
	
	Reference
	

	    Q2
	1.00 (0.82, 1.22)
	0.998
	0.99 (0.81, 1.21)
	0.914
	0.94 (0.76, 1.15)
	0.522

	    Q3
	1.03 (0.86, 1.24)
	0.746
	1.03 (0.83, 1.27)
	0.785
	0.89 (0.71, 1.11)
	0.288

	    Q4
	1.02 (0.83, 1.25)
	0.847
	1.14 (0.94, 1.40)
	0.187
	0.96 (0.79, 1.16)
	0.651

	P for trend
	　
	0.955
	　
	0.869
	　
	0.786

	METS-IR

	Per 1-SD increase
	0.92 (0.85, 0.99)
	0.026
	1.05 (0.97, 1.14)
	0.252
	1.02 (0.94, 1.11)
	0.617

	    Q1
	Reference
	
	Reference
	
	Reference
	

	    Q2
	0.82 (0.68, 0.98)
	0.030
	0.87 (0.75, 1.02)
	0.082
	0.88 (0.76, 1.02)
	0.085

	    Q3
	0.80 (0.66, 0.96)
	0.018
	0.84 (0.70, 1.01)
	0.058
	0.81 (0.69, 0.97)
	0.020

	    Q4
	0.81 (0.67, 0.98)
	0.032
	1.14 (0.95, 1.38)
	0.170
	1.04 (0.87, 1.25)
	0.672

	P for trend
	　
	0.300
	　
	0.972
	　
	0.528


Model 1: no covariates were adjusted.
Model 2: age, sex and race were adjusted.
Model 3: further adjusted for PIR, education level, marital status, smoking, and drinking status.
Abbreviations:​ ABSI, a body shape index; AIP, atherogenic index of plasma; BMI, body mass index; BRI, body roundness index; METS-IR, metabolic score for insulin resistance; HR, hazard ratio; PIR, poverty income ratio; TyG, triglyceride-glucose; WC, waist circumference; WHtR, waist-to-height ratio.

[bookmark: _Hlk237448982]Supplementary Table 17. Associations between surrogate insulin resistance indices and cardiovascular mortality
	Exposure
	Model 1
HR (95%CI)
	P value
	Model 2
HR (95%CI)
	P value
	Model 3
HR (95%CI)
	P value

	TyG

	Per 1-SD increase
	1.26 (1.12, 1.42)
	<0.001
	1.16 (1.00, 1.34)
	0.053
	1.11 (0.96, 1.29)
	0.155

	    Q1
	Reference
	
	Reference
	
	Reference
	

	    Q2
	1.87 (1.28, 2.73)
	0.001
	1.38 (0.94, 2.02)
	0.099
	1.38 (0.92, 2.07)
	0.122

	    Q3
	1.85 (1.29, 2.66)
	<0.001
	1.32 (0.91, 1.92)
	0.139
	1.27 (0.86, 1.89)
	0.234

	    Q4
	2.34 (1.60, 3.42)
	<0.001
	1.65 (1.12, 2.43)
	0.011
	1.54 (1.06, 2.25)
	0.025

	P for trend
	　
	<0.001
	　
	0.061
	　
	0.074

	TyG-BMI

	Per 1-SD increase
	0.98 (0.86, 1.12)
	0.777
	1.13 (0.97, 1.33)
	0.124
	1.11 (0.95, 1.29)
	0.196

	    Q1
	Reference
	
	Reference
	
	Reference
	

	    Q2
	0.87 (0.62, 1.23)
	0.424
	0.90 (0.64, 1.28)
	0.566
	0.90 (0.63, 1.28)
	0.544

	    Q3
	1.04 (0.73, 1.46)
	0.844
	1.03 (0.70, 1.51)
	0.882
	1.01 (0.67, 1.52)
	0.955

	    Q4
	0.94 (0.66, 1.34)
	0.714
	1.30 (0.87, 1.92)
	0.198
	1.23 (0.82, 1.85)
	0.312

	P for trend
	　
	0.384
	　
	0.258
	　
	0.330

	TyG-WC

	Per 1-SD increase
	1.24 (1.11, 1.38)
	<0.001
	1.16 (0.99, 1.36)
	0.060
	1.12 (0.96, 1.32)
	0.146

	    Q1
	Reference
	
	Reference
	
	Reference
	

	    Q2
	1.32 (0.94, 1.86)
	0.113
	0.96 (0.68, 1.34)
	0.787
	0.96 (0.68, 1.36)
	0.828

	    Q3
	1.41 (1.01, 1.95)
	0.041
	0.93 (0.63, 1.36)
	0.691
	0.92 (0.62, 1.37)
	0.687

	    Q4
	1.88 (1.32, 2.69)
	<0.001
	1.29 (0.87, 1.91)
	0.210
	1.20 (0.80, 1.80)
	0.385

	P for trend
	　
	0.280
	　
	0.184
	　
	0.268

	TyG-WHtR

	Per 1-SD increase
	1.34 (1.20, 1.50)
	<0.001
	1.22 (1.05, 1.43)
	0.012
	1.17 (0.99, 1.37)
	0.060

	    Q1
	Reference
	
	Reference
	
	Reference
	

	    Q2
	1.67 (1.12, 2.48)
	0.011
	1.02 (0.71, 1.46)
	0.918
	1.01 (0.69, 1.47)
	0.966

	    Q3
	1.91 (1.30, 2.82)
	0.001
	1.04 (0.72, 1.49)
	0.833
	1.01 (0.69, 1.47)
	0.978

	    Q4
	2.66 (1.76, 4.04)
	<0.001
	1.57 (1.03, 2.41)
	0.037
	1.42 (0.91, 2.22)
	0.125

	P for trend
	　
	0.367
	　
	0.435
	　
	0.465

	TyG-BRI

	Per 1-SD increase
	1.29 (1.16, 1.43)
	<0.001
	1.22 (1.05, 1.42)
	0.009
	1.17 (1.00, 1.36)
	0.048

	    Q1
	Reference
	
	Reference
	
	Reference
	

	    Q2
	1.36 (0.95, 1.94)
	0.095
	0.87 (0.62, 1.21)
	0.403
	0.87 (0.62, 1.22)
	0.411

	    Q3
	1.81 (1.22, 2.69)
	0.003
	1.00 (0.67, 1.48)
	0.994
	0.98 (0.66, 1.46)
	0.926

	    Q4
	2.28 (1.55, 3.35)
	<0.001
	1.40 (0.92, 2.12)
	0.116
	1.29 (0.83, 2.00)
	0.263

	P for trend
	　
	0.425
	　
	0.017
	　
	0.043

	TyG-ABSI

	Per 1-SD increase
	1.96 (1.75, 2.19)
	<0.001
	1.26 (1.08, 1.47)
	0.003
	1.18 (1.01, 1.38)
	0.037

	    Q1
	Reference
	
	Reference
	
	Reference
	

	    Q2
	3.14 (1.74, 5.69)
	<0.001
	1.82 (1.04, 3.20)
	0.038
	1.72 (0.98, 3.03)
	0.059

	    Q3
	6.76 (3.88, 11.77)
	<0.001
	2.37 (1.39, 4.05)
	0.002
	2.19 (1.28, 3.76)
	0.004

	    Q4
	10.10 (5.86, 17.40)
	<0.001
	2.61 (1.48, 4.60)
	<0.001
	2.26 (1.27, 4.03)
	0.006

	P for trend
	　
	<0.001
	　
	0.017
	　
	0.096

	TyG-AIP

	Per 1-SD increase
	1.02 (0.91, 1.15)
	0.715
	1.11 (0.96, 1.28)
	0.159
	1.05 (0.91, 1.21)
	0.476

	    Q1
	Reference
	
	Reference
	
	Reference
	

	[bookmark: _Hlk237085753]    Q2
	1.12 (0.81, 1.55)
	0.491
	1.12 (0.81, 1.55)
	0.499
	1.10 (0.79, 1.52)
	0.585

	    Q3
	1.18 (0.87, 1.58)
	0.284
	1.20 (0.87, 1.66)
	0.276
	1.10 (0.77, 1.57)
	0.616

	    Q4
	1.07 (0.72, 1.57)
	0.750
	1.27 (0.86, 1.89)
	0.226
	1.15 (0.78, 1.70)
	0.486

	P for trend
	　
	0.717
	　
	0.520
	　
	0.575

	METS-IR

	Per 1-SD increase
	0.96 (0.84, 1.09)
	0.506
	1.15 (0.98, 1.35)
	0.079
	1.12 (0.96, 1.30)
	0.155

	    Q1
	Reference
	
	Reference
	
	Reference
	

	    Q2
	0.70 (0.50, 0.99)
	0.041
	0.74 (0.53, 1.03)
	0.077
	0.73 (0.52, 1.04)
	0.083

	    Q3
	0.83 (0.60, 1.17)
	0.293
	0.89 (0.62, 1.28)
	0.529
	0.87 (0.59, 1.27)
	0.459

	    Q4
	0.83 (0.59, 1.17)
	0.289
	1.30 (0.90, 1.87)
	0.158
	1.20 (0.84, 1.71)
	0.331

	P for trend
	　
	0.589
	　
	0.213
	　
	0.316


Model 1: no covariates were adjusted.
Model 2: age, sex and race were adjusted.
Model 3: further adjusted for PIR, education level, marital status, smoking, and drinking status.
Abbreviations:​ ABSI, a body shape index; AIP, atherogenic index of plasma; BMI, body mass index; BRI, body roundness index; METS-IR, metabolic score for insulin resistance; HR, hazard ratio; PIR, poverty income ratio; TyG, triglyceride-glucose; WC, waist circumference; WHtR, waist-to-height ratio.

[bookmark: _Hlk237448987][bookmark: _Hlk220524944]Supplementary Table 18. Associations between surrogate insulin resistance indices and all-cause mortality in cardiometabolic multimorbidity
	Exposure
	Model 1
HR (95%CI)
	P value
	Model 2
HR (95%CI)
	P value
	Model 3
HR (95%CI)
	P value

	TyG

	Per 1-SD increase
	0.92(0.78, 1.08)
	0.292
	0.96(0.80, 1.15)
	0.657
	0.96(0.81, 1.13)
	0.623

	    Q1
	Reference
	
	Reference
	
	Reference
	

	    Q2
	0.64 (0.38, 1.05)
	0.079
	0.65 (0.41, 1.05)
	0.077
	0.68 (0.42, 1.09)
	0.105

	    Q3
	1.01 (0.65, 1.57)
	0.970
	0.89 (0.57, 1.39)
	0.600
	0.85 (0.56, 1.30)
	0.454

	    Q4
	0.78 (0.51, 1.20)
	0.262
	0.87 (0.56, 1.38)
	0.563
	0.88 (0.58, 1.34)
	0.561

	P for trend
	　
	0.087
	　
	0.251
	　
	0.458

	TyG-BMI

	Per 1-SD increase
	0.73(0.61, 0.87)
	<0.001
	0.80(0.65, 0.99)
	0.036
	0.82(0.68, 0.99)
	0.044

	    Q1
	Reference
	
	Reference
	
	Reference
	

	    Q2
	0.89 (0.60, 1.32)
	0.553
	0.80 (0.57, 1.13)
	0.210
	0.81 (0.56, 1.16)
	0.250

	    Q3
	0.65 (0.42, 1.02)
	0.059
	0.67 (0.43, 1.05)
	0.082
	0.69 (0.44, 1.09)
	0.112

	    Q4
	0.55 (0.37, 0.82)
	0.003
	0.78 (0.50, 1.21)
	0.261
	0.83 (0.54, 1.27)
	0.384

	P for trend
	　
	0.32
	　
	0.292
	　
	0.371

	TyG-WC

	Per 1-SD increase
	0.85(0.72, 1.00)
	0.045
	0.90(0.74, 1.09)
	0.272
	0.91(0.77, 1.09)
	0.302

	    Q1
	Reference
	
	Reference
	
	Reference
	

	    Q2
	0.96 (0.60, 1.52)
	0.850
	0.96 (0.60, 1.52)
	0.851
	0.93 (0.62, 1.40)
	0.734

	    Q3
	0.83 (0.54, 1.28)
	0.391
	0.91 (0.63, 1.33)
	0.631
	0.95 (0.66, 1.38)
	0.788

	    Q4
	0.60 (0.39, 0.93)
	0.022
	0.75 (0.47, 1.20)
	0.233
	0.75 (0.48, 1.16)
	0.198

	P for trend
	　
	0.423
	　
	0.649
	　
	0.480

	TyG-WHtR

	Per 1-SD increase
	0.86(0.73, 1.01)
	0.068
	0.90(0.75, 1.09)
	0.272
	0.90(0.75, 1.07)
	0.234

	    Q1
	Reference
	
	Reference
	
	Reference
	

	    Q2
	1.16 (0.73, 1.85)
	0.529
	1.05 (0.68, 1.62)
	0.817
	0.93 (0.62, 1.39)
	0.727

	    Q3
	0.91 (0.57, 1.47)
	0.707
	0.98 (0.60, 1.60)
	0.935
	1.04 (0.65, 1.68)
	0.859

	    Q4
	0.70 (0.47, 1.05)
	0.084
	0.83 (0.54, 1.26)
	0.380
	0.77 (0.50, 1.20)
	0.251

	P for trend
	　
	0.606
	　
	0.920
	　
	0.471

	TyG-BRI

	Per 1-SD increase
	0.86(0.73, 1.00)
	0.054
	0.91(0.75, 1.10)
	0.306
	0.90(0.76, 1.08)
	0.272

	    Q1
	Reference
	
	Reference
	
	Reference
	

	    Q2
	0.84 (0.52, 1.36)
	0.483
	0.69 (0.44, 1.08)
	0.108
	0.67 (0.43, 1.02)
	0.064

	    Q3
	0.85 (0.54, 1.35)
	0.497
	0.89 (0.59, 1.36)
	0.597
	0.91 (0.58, 1.43)
	0.691

	    Q4
	0.70 (0.48, 1.04)
	0.078
	0.77 (0.50, 1.20)
	0.247
	0.74 (0.49, 1.11)
	0.145

	P for trend
	　
	0.358
	　
	0.074
	　
	0.032

	TyG-ABSI

	Per 1-SD increase
	1.14(0.99, 1.32)
	0.075
	1.11(0.95, 1.30)
	0.195
	1.09(0.92, 1.27)
	0.319

	    Q1
	Reference
	
	Reference
	
	Reference
	

	    Q2
	1.21 (0.72, 2.03)
	0.483
	1.19 (0.72, 1.98)
	0.497
	1.10 (0.67, 1.81)
	0.694

	    Q3
	1.38 (0.84, 2.25)
	0.207
	1.23 (0.79, 1.93)
	0.357
	1.24 (0.83, 1.84)
	0.296

	    Q4
	1.28 (0.80, 2.04)
	0.310
	1.23 (0.75, 2.03)
	0.409
	1.19 (0.74, 1.91)
	0.472

	P for trend
	　
	0.954
	　
	0.859
	　
	0.980

	TyG-AIP

	Per 1-SD increase
	0.90(0.77, 1.05)
	0.179
	0.98(0.82, 1.17)
	0.812
	0.98(0.82, 1.16)
	0.780

	    Q1
	Reference
	
	Reference
	
	Reference
	

	    Q2
	0.56 (0.37, 0.87)
	0.009
	0.63 (0.41, 0.97)
	0.035
	0.73 (0.47, 1.13)
	0.154

	    Q3
	0.86 (0.56, 1.33)
	0.498
	0.92 (0.61, 1.39)
	0.686
	0.90 (0.60, 1.36)
	0.623

	    Q4
	0.75 (0.52, 1.08)
	0.125
	0.93 (0.61, 1.42)
	0.732
	0.99 (0.64, 1.54)
	0.973

	P for trend
	　
	0.036
	　
	0.065
	　
	0.164

	METS-IR

	Per 1-SD increase
	0.75(0.62, 0.90)
	0.002
	0.85(0.68, 1.07)
	0.171
	0.88(0.71, 1.09)
	0.230

	    Q1
	Reference
	
	Reference
	
	Reference
	

	    Q2
	0.82 (0.49, 1.36)
	0.446
	0.72 (0.45, 1.15)
	0.168
	0.72 (0.45, 1.16)
	0.172

	    Q3
	0.69 (0.43, 1.11)
	0.126
	0.63 (0.42, 0.95)
	0.029
	0.61 (0.42, 0.90)
	0.013

	    Q4
	0.54 (0.34, 0.86)
	0.009
	0.69 (0.43, 1.09)
	0.114
	0.71 (0.45, 1.11)
	0.133

	P for trend
	　
	0.334
	　
	0.436
	　
	0.501


Model 1: no covariates were adjusted.
Model 2: age, sex and race were adjusted.
Model 3: further adjusted for PIR, education level, marital status, smoking, and drinking status.
Abbreviations:​ ABSI, a body shape index; AIP, atherogenic index of plasma; BMI, body mass index; BRI, body roundness index; METS-IR, metabolic score for insulin resistance; HR, hazard ratio; PIR, poverty income ratio; TyG, triglyceride-glucose; WC, waist circumference; WHtR, waist-to-height ratio.


[bookmark: _Hlk237252152][bookmark: _Hlk237448991][bookmark: _Hlk237097563]Supplementary Table 19. Subgroup analysis of TyG-FI with advanced CKM syndrome stage and cardiometabolic multimorbidity
	TyG-FI
	Advanced CKM syndrome stage
	Cardiometabolic multimorbidity

	
	OR (95% CI) 
	P value
	P for interaction
	OR (95% CI) 
	P value
	P for interaction

	Age
	
	
	0.405
	
	
	0.009

	  <60
	1.78 (1.58, 2.00)
	<0.001
	
	2.09 (1.75, 2.48)
	<0.001
	

	  ≥60
	1.91 (1.66, 2.20)
	<0.001
	
	1.86 (1.64, 2.11)
	<0.001
	

	Sex
	
	
	0.066
	
	
	0.121

	  Male
	1.78 (1.58, 2.00)
	<0.001
	
	1.84 (1.55, 2.17)
	<0.001
	

	  Female
	1.91 (1.66, 2.20)
	<0.001
	
	2.02 (1.77, 2.30)
	<0.001
	

	BMI
	
	
	0.819
	
	
	0.867

	  <30
	1.79 (1.57, 2.04)
	<0.001
	
	1.83 (1.58, 2.12)
	<0.001
	

	  ≥30
	1.75 (1.54, 1.99)
	<0.001
	
	1.89 (1.63, 2.19)
	<0.001
	

	Hypertension
	
	
	0.439
	
	
	0.078

	  No
	1.72 (1.48, 2.00)
	<0.001
	
	2.16 (1.74, 2.68)
	<0.001
	

	  Yes
	1.75 (1.57, 1.94)
	<0.001
	
	1.77 (1.57, 1.99)
	<0.001
	

	CKD
	
	
	0.197
	
	
	0.776

	  No
	1.65 (1.49, 1.82)
	<0.001
	
	1.87 (1.62, 2.16)
	<0.001
	

	  Yes
	2.03 (1.68, 2.44)
	<0.001
	
	1.88 (1.63, 2.17)
	<0.001
	

	Hyperlipidemia
	
	
	0.663
	
	
	0.058

	  No
	1.64 (1.32, 2.05)
	<0.001
	
	1.45 (1.02, 2.07)
	0.040
	

	  Yes
	1.81 (1.66, 1.96)
	<0.001
	
	1.98 (1.78, 2.20)
	<0.001
	

	eGFR, mL/min/1.73 m²
	
	
	0.002
	
	
	0.287

	  <60
	2.73 (2.05, 3.64)
	<0.001
	
	1.93 (1.62, 2.29)
	<0.001
	

	  60-89
	1.72 (1.49, 1.99)
	<0.001
	
	1.86 (1.61, 2.14)
	<0.001
	

	  ≥90
	1.64 (1.43, 1.87)
	<0.001
	
	1.90 (1.54, 2.35)
	<0.001
	


Age, sex, race, PIR, education level, marital status, smoking and drinking status were adjusted, if not stratified.
Abbreviations: BMI, body mass index; CKD, chronic kidney disease; CKM, cardiovascular-kidney-metabolic; eGFR, estimated glomerular filtration rate; FI, frailty index; OR, odds ratio; PIR, poverty income ratio; TyG, triglyceride-glucose; 95% CI, 95% confidence interval.
[bookmark: _Hlk237449003][bookmark: _Hlk191415700]Supplementary Table 20. Subgroup analysis of TyG-FI and all-cause mortality, cardiovascular mortality, and all-cause mortality in individuals with cardiometabolic multimorbidity
	TyG-FI
	All-cause mortality
	Cardiovascular mortality
	All-cause mortality in CMM

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

	Age
	
	
	0.296
	
	
	0.685
	
	
	0.102

	  <60
	1.74 (1.32, 2.30)
	<0.001
	
	1.62 (1.38, 1.90)
	<0.001
	
	1.03 (0.66, 1.62)
	0.887
	

	  ≥60
	1.39 (1.21, 1.60)
	<0.001
	
	1.61 (1.45, 1.79)
	<0.001
	
	1.46 (1.14, 1.86)
	0.003
	

	Sex
	
	
	0.813
	
	
	0.062
	
	
	0.598

	  Male
	1.46 (1.24, 1.72)
	<0.001
	
	1.70 (1.51, 1.91)
	<0.001
	
	1.35 (1.05, 1.75)
	0.022
	

	  Female
	1.40 (1.15, 1.71)
	<0.001
	
	1.48 (1.30, 1.68)
	<0.001
	
	1.39 (0.97, 1.98)
	0.069
	

	BMI
	
	
	0.857
	
	
	0.204
	
	
	0.678

	  <30
	1.46 (1.21, 1.76)
	<0.001
	
	1.71 (1.51, 1.94)
	<0.001
	
	1.50 (1.07, 2.11)
	0.020
	

	  ≥30
	1.36 (1.11, 1.66)
	0.003
	
	1.47 (1.28, 1.70)
	<0.001
	
	1.32 (1.05, 1.65)
	0.017
	

	Hypertension
	
	
	0.263
	
	
	0.727
	
	
	0.344

	  No
	1.29 (1.01, 1.64)
	0.041
	
	1.51 (1.24, 1.84)
	<0.001
	
	1.00 (0.57, 1.75)
	0.987
	

	  Yes
	1.41 (1.21, 1.63)
	<0.001
	
	1.59 (1.43, 1.77)
	<0.001
	
	1.41 (1.15, 1.72)
	0.001
	

	CKD
	
	
	0.277
	
	
	0.973
	
	
	0.016

	  No
	1.43 (1.15, 1.79)
	0.002
	
	1.49 (1.33, 1.67)
	<0.001
	
	1.63 (1.21, 2.20)
	0.002
	

	  Yes
	1.32 (1.14, 1.53)
	<0.001
	
	1.58 (1.38, 1.80)
	<0.001
	
	1.12 (0.89, 1.42)
	0.325
	

	Hyperlipidemia
	
	
	0.870
	
	
	0.218
	
	
	0.062

	  No
	1.59 (1.17, 2.17)
	0.003
	
	1.84 (1.42, 2.38)
	<0.001
	
	1.72 (1.42, 2.08)
	<0.001
	

	  Yes
	1.40 (1.23, 1.61)
	<0.001
	
	1.55 (1.41, 1.70)
	<0.001
	
	1.76 (1.54, 2.02)
	<0.001
	

	eGFR, mL/min/1.73 m²
	0.375
	
	
	0.146
	
	
	

	  <60
	1.29 (1.05, 1.60)
	0.018
	
	1.86 (1.53, 2.26)
	<0.001
	
	1.35 (0.93, 1.97)
	0.109
	

	  60-89
	1.40 (1.17, 1.68)
	<0.001
	
	1.49 (1.31, 1.69)
	<0.001
	
	1.29 (1.01, 1.63)
	0.039
	

	  ≥90
	1.62 (1.13, 2.31)
	0.009
	
	1.57 (1.33, 1.86)
	<0.001
	
	1.05 (0.54, 2.03)
	0.867
	


Age, sex, race, PIR, education level, marital status, smoking, and drinking status were adjusted, if not stratified.
Abbreviations: BMI, body mass index; CKD, chronic kidney disease; CKM, cardiovascular-kidney-metabolic; eGFR, estimated glomerular filtration rate; FI, frailty index; HR, hazard ratio; PIR, poverty income ratio; TyG, triglyceride-glucose; 95% CI, 95% confidence interval.

[bookmark: _Hlk237449020]
[bookmark: _Hlk237449052]Supplementary Table 21. ROC analysis comparing the performance of the TyG-FI and surrogate insulin resistance indices in identifying advanced CKM syndrome stage and cardiometabolic multimorbidity
	[bookmark: _Hlk237297849]Test
	AUC (95%CI)
	Best threshold
	Specificity
	Sensitivity
	P value†

	Advanced CKM syndrome stage

	TyG
	0.581 (0.568-0.595)
	8.4647
	0.4117
	0.7061
	<0.001

	TyG-ABSI
	0.691 (0.679-0.704)
	1.3550
	0.6471
	0.6373
	0.386

	TyG-WHtR
	0.605 (0.592-0.619)
	5.4471
	0.6453
	0.5104
	<0.001

	TyG-BRI
	0.601 (0.588-0.614)
	46.4384
	0.5389
	0.6194
	<0.001

	TyG-BMI
	0.514 (0.500-0.528)
	258.7502
	0.5759
	0.4544
	<0.001

	TyG-WC
	0.598 (0.584-0.611)
	900.7122
	0.6225
	0.5307
	<0.001

	TyG-AIP
	0.545 (0.531-0.559)
	-1.4149
	0.3591
	0.7161
	<0.001

	METS-IR
	0.518 (0.503-0.532)
	45.7549
	0.6176
	0.4207
	<0.001

	TyG-FI
	0.699 (0.687-0.712)
	0.7182
	0.6064
	0.6878
	-

	Cardiometabolic multimorbidity

	TyG
	0.645 (0.623-0.667)
	8.5577
	0.4655
	0.7381
	<0.001

	TyG-ABSI
	0.727 (0.707-0.746)
	0.7287
	0.6330
	0.6934
	0.024

	TyG-WHtR
	0.695 (0.674-0.715)
	5.4554
	0.6384
	0.6626
	<0.001

	TyG-BRI
	0.686 (0.666-0.706)
	48.4761
	0.5739
	0.7211
	<0.001

	TyG-BMI
	0.619 (0.597-0.641)
	255.6212
	0.5598
	0.6210
	<0.001

	TyG-WC
	0.684 (0.664-0.705)
	904.3435
	0.6216
	0.6703
	<0.001

	TyG-AIP
	0.580 (0.558-0.602)
	-0.8809
	0.4332
	0.6949
	<0.001

	METS-IR
	0.624 (0.603-0.646)
	48.3351
	0.6986
	0.4900
	<0.001

	TyG-FI
	0.756 (0.736-0.775)
	1.7941
	0.7692
	0.6225
	-


† Delong's test p value comparing each index with TyG-FI, with Bonferroni correction applied for multiple comparisons (adjusted significance threshold α = 0.006).
Abbreviations: ABSI, a body shape index; AIP, atherogenic index of plasma; BMI, body mass index; BRI, body roundness index; CKM, cardiovascular-kidney-metabolic; CMM, cardiometabolic multimorbidity; FI, frailty index; METS-IR, metabolic score for insulin resistance; ROC, receiver operating characteristic; AUC, area under the curve; TyG, triglyceride-glucose; WC, waist circumference; WHtR, waist-to-height ratio.

[bookmark: _Hlk237449065]
Supplementary Table 22. Time-dependent predictive performance of surrogate insulin resistance indices and mortality
	
	Time（months）
	AUC (95%CI)
	[bookmark: _Hlk237297845]Best threshold
	[bookmark: _Hlk237253601]delta.AUC※
	NRI (continuous)*
	P value†

	All-cause mortality in CKM 1-4

	TyG
	36
	0.524 (0.493, 0.556)
	8.11
	0.216
	73.5% (58.4%-87.3%)
	<0.001

	TyG
	72
	0.528 (0.506, 0.551)
	8.91
	0.180
	63.2% (54.3%-69.0%)
	<0.001

	TyG
	108
	0.528 (0.508, 0.548)
	8.91
	0.180
	61.4% (54.4%-68.4%)
	<0.001

	TyG
	144
	0.529 (0.508, 0.550)
	8.91
	0.183
	62.4% (56.4%-68.6%)
	<0.001

	TyG-ABSI
	36
	0.659 (0.631, 0.687)
	0.71
	0.081
	27.4% (7.3%-48.0%)
	<0.001

	TyG-ABSI
	72
	0.670 (0.650, 0.691)
	0.72
	0.038
	14.5% (0.5%-25.4%)
	0.005

	TyG-ABSI
	108
	0.674 (0.656, 0.693)
	0.72
	0.034
	6.6% (-4.3%-18.5%)
	0.002

	TyG-ABSI
	144
	0.676 (0.657, 0.695)
	0.71
	0.037
	11.6% (-2.6%-23.7%)
	0.004

	TyG-WHtR
	36
	0.537 (0.504, 0.569)
	5.28
	0.203
	78.1% (65.7%-88.0%)
	<0.001

	TyG-WHtR
	72
	0.548 (0.525, 0.570)
	5.28
	0.161
	60.0% (50.9%-68.0%)
	<0.001

	TyG-WHtR
	108
	0.556 (0.536, 0.576)
	5.28
	0.152
	55.1% (48.1%-63.6%)
	<0.001

	TyG-WHtR
	144
	0.555 (0.534, 0.576)
	5.07
	0.158
	59.2% (50.9%-65.5%)
	<0.001

	TyG-BRI
	36
	0.536 (0.503, 0.568)
	49.72
	0.204
	78.8% (68.4%-89.1%)
	<0.001

	TyG-BRI
	72
	0.547 (0.524, 0.569)
	49.58
	0.161
	61.5% (51.8%-68.3%)
	<0.001

	TyG-BRI
	108
	0.557 (0.537, 0.577)
	49.58
	0.151
	54.9% (47.8%-63.0%)
	<0.001

	TyG-BRI
	144
	0.555 (0.534, 0.576)
	49.42
	0.157
	58.7% (50.7%-66.8%)
	<0.001

	TyG-BMI
	36
	0.443 (0.410, 0.475)
	399.13
	0.297
	72.0% (57.2%-83.9%)
	<0.001

	TyG-BMI
	72
	0.449 (0.426, 0.472)
	425.03
	0.259
	57.7% (47.5%-66.0%)
	<0.001

	TyG-BMI
	108
	0.457 (0.436, 0.477)
	427.37
	0.252
	58.4% (48.8%-66.2%)
	<0.001

	TyG-BMI
	144
	0.450 (0.429, 0.471)
	471.47
	0.263
	56.9% (49.7%-67.0%)
	<0.001

	TyG-WC
	36
	0.524 (0.492, 0.556)
	870.99
	0.216
	78.7% (67.6%-88.2%)
	<0.001

	TyG-WC
	72
	0.537 (0.515, 0.560)
	854.22
	0.171
	60.7% (51.3%-67.6%)
	<0.001

	TyG-WC
	108
	0.545 (0.525, 0.565)
	864.97
	0.163
	57.7% (49.8%-65.6%)
	<0.001

	TyG-WC
	144
	0.538 (0.517, 0.559)
	923.15
	0.175
	61.4% (52.3%-67.3%)
	<0.001

	TyG-AIP
	36
	0.501 (0.469, 0.532)
	-2.64
	0.240
	78.5% (65.0%-87.3%)
	<0.001

	TyG-AIP
	72
	0.488 (0.465, 0.511)
	0.54
	0.220
	60.1% (52.4%-68.6%)
	<0.001

	TyG-AIP
	108
	0.485 (0.464, 0.505)
	4.37
	0.224
	60.2% (52.7%-66.6%)
	<0.001

	TyG-AIP
	144
	0.484 (0.463, 0.505)
	5.32
	0.229
	61.5% (53.2%-68.7%)
	<0.001

	METS-IR
	36
	0.452 (0.419, 0.484)
	71.12
	0.288
	74.3% (56.8%-86.3%)
	<0.001

	METS-IR
	72
	0.453 (0.430, 0.476)
	71.11
	0.255
	57.9% (47.6%-67.9%)
	<0.001

	METS-IR
	108
	0.460 (0.440, 0.481)
	71.11
	0.248
	58.8% (51.1%-65.7%)
	<0.001

	METS-IR
	144
	0.452 (0.431, 0.473)
	74.55
	0.261
	57.4% (47.1%-65.7%)
	<0.001

	TyG-FI
	36
	0.740 (0.713, 0.767)
	1.53
	-
	-
	-

	TyG-FI
	72
	0.708 (0.689, 0.728)
	1.50
	-
	-
	-

	TyG-FI
	108
	0.708 (0.691, 0.726)
	1.50
	-
	-
	-

	TyG-FI
	144
	0.713 (0.694, 0.731)
	1.36
	-
	-
	-

	CVD mortality in CKM 1-4

	TyG
	36
	0.523 (0.464, 0.581)
	8.88
	0.200
	63.2% (33.3%-88.3%)
	<0.001

	TyG
	72
	0.546 (0.507, 0.585)
	9.03
	0.165
	51.1% (34.1%-67.9%)
	<0.001

	TyG
	108
	0.543 (0.510, 0.577)
	8.92
	0.168
	57.8% (38.4%-71.0%)
	<0.001

	TyG
	144
	0.537 (0.505, 0.569)
	8.36
	0.177
	59.0% (46.3%-69.4%)
	<0.001

	TyG-ABSI
	36
	0.677 (0.628, 0.726)
	0.71
	0.047
	9.2% (-20.1%-42.4%)
	0.183

	TyG-ABSI
	72
	0.696 (0.662, 0.729)
	0.71
	0.015
	-2.4% (-24.0%-15.9%)
	0.544

	TyG-ABSI
	108
	0.692 (0.663, 0.720)
	0.71
	0.020
	-9.0% (-20.3%-13.8%)
	0.301

	TyG-ABSI
	144
	0.690 (0.662, 0.719)
	0.71
	0.023
	-0.4% (-21.6%-19.9%)
	0.273

	TyG-WHtR
	36
	0.548 (0.488, 0.608)
	5.28
	0.175
	78.8% (46.4%-95.2%)
	<0.001

	TyG-WHtR
	72
	0.567 (0.529, 0.605)
	5.64
	0.144
	55.1% (41.3%-68.3%)
	<0.001

	TyG-WHtR
	108
	0.568 (0.535, 0.601)
	5.64
	0.144
	54.2% (37.6%-65.1%)
	<0.001

	TyG-WHtR
	144
	0.569 (0.537, 0.601)
	5.06
	0.144
	52.6% (34.3%-66.7%)
	<0.001

	TyG-BRI
	36
	0.549 (0.489, 0.610)
	52.18
	0.174
	77.7% (52.5%-98.5%)
	<0.001

	TyG-BRI
	72
	0.564 (0.525, 0.603)
	47.31
	0.147
	58.8% (48.3%-71.2%)
	<0.001

	TyG-BRI
	108
	0.566 (0.533, 0.600)
	47.31
	0.145
	58.4% (41.7%-68.6%)
	<0.001

	TyG-BRI
	144
	0.569 (0.537, 0.601)
	47.31
	0.144
	56.7% (43.4%-67.6%)
	<0.001

	TyG-BMI
	36
	0.445 (0.385, 0.505)
	122.72
	0.278
	70.3% (43.7%-89.7%)
	<0.001

	TyG-BMI
	72
	0.460 (0.420, 0.500)
	425.03
	0.251
	61.0% (47.3%-76.0%)
	<0.001

	TyG-BMI
	108
	0.465 (0.430, 0.499)
	471.47
	0.246
	63.5% (45.1%-74.8%)
	<0.001

	TyG-BMI
	144
	0.459 (0.426, 0.492)
	161.91
	0.254
	60.8% (43.5%-71.2%)
	<0.001

	TyG-WC
	36
	0.535 (0.478, 0.593)
	854.22
	0.188
	77.8% (50.4%-92.2%)
	<0.001

	TyG-WC
	72
	0.557 (0.519, 0.595)
	869.45
	0.154
	56.5% (34.5%-67.8%)
	<0.001

	TyG-WC
	108
	0.559 (0.526, 0.593)
	872.70
	0.152
	53.4% (39.4%-67.7%)
	<0.001

	TyG-WC
	144
	0.551 (0.519, 0.584)
	806.72
	0.162
	55.2% (42.4%-68.2%)
	<0.001

	TyG-AIP
	36
	0.531 (0.476, 0.586)
	-1.71
	0.192
	69.5% (41.9%-91.9%)
	<0.001

	TyG-AIP
	72
	0.515 (0.476, 0.555)
	-0.33
	0.196
	66.6% (50.5%-77.9%)
	<0.001

	TyG-AIP
	108
	0.502 (0.468, 0.535)
	-0.86
	0.210
	63.1% (50.2%-74.9%)
	<0.001

	TyG-AIP
	144
	0.491 (0.459, 0.524)
	-0.86
	0.222
	63.9% (48.6%-72.3%)
	<0.001

	METS-IR
	36
	0.459 (0.401, 0.518)
	21.78
	0.264
	68.5% (40.4%-91.3%)
	<0.001

	METS-IR
	72
	0.460 (0.420, 0.500)
	74.67
	0.251
	61.2% (47.6%-75.0%)
	<0.001

	METS-IR
	108
	0.467 (0.432, 0.502)
	65.39
	0.244
	64.1% (49.4%-74.2%)
	<0.001

	METS-IR
	144
	0.458 (0.424, 0.491)
	65.30
	0.256
	59.4% (44.1%-72.2%)
	<0.001

	TyG-FI
	36
	0.723 (0.675, 0.772)
	1.58
	-
	-
	-

	TyG-FI
	72
	0.711 (0.678, 0.744)
	1.50
	-
	-
	-

	TyG-FI
	108
	0.711 (0.682, 0.740)
	1.50
	-
	-
	-

	TyG-FI
	144
	0.713 (0.685, 0.741)
	1.50
	-
	-
	-

	All-cause mortality in CMM

	TyG
	36
	0.429 (0.363, 0.494)
	7.63
	0.183
	15.3% (-19.6%-47.6%)
	<0.001

	TyG
	72
	0.437 (0.380, 0.493)
	-Inf
	0.151
	3.7% (-25.7%-34.2%)
	<0.001

	TyG
	108
	0.497 (0.438, 0.555)
	8.95
	0.111
	33.9% (2.6%-51.6%)
	0.005

	TyG
	144
	0.478 (0.395, 0.560)
	8.87
	0.139
	32.8% (-3.4%-72.5%)
	0.004

	TyG-ABSI
	36
	0.507 (0.444, 0.569)
	0.73
	0.105
	31.4% (2.7%-53.3%)
	0.008

	TyG-ABSI
	72
	0.522 (0.466, 0.577)
	0.75
	0.065
	22.2% (-0.6%-42.9%)
	0.043

	TyG-ABSI
	108
	0.584 (0.526, 0.642)
	0.75
	0.023
	5.0% (-29.1%-37.5%)
	0.534

	TyG-ABSI
	144
	0.597 (0.511, 0.683)
	0.78
	0.020
	12.6% (-39.0%-59.8%)
	0.744

	TyG-WHtR
	36
	0.410 (0.347, 0.474)
	3.31
	0.201
	10.3% (-21.4%-40.6%)
	<0.001

	TyG-WHtR
	72
	0.419 (0.363, 0.474)
	3.31
	0.169
	1.2% (-31.4%-25.5%)
	<0.001

	TyG-WHtR
	108
	0.484 (0.425, 0.542)
	7.33
	0.124
	33.8% (0.1%-50.2%)
	<0.001

	TyG-WHtR
	144
	0.483 (0.395, 0.571)
	5.55
	0.134
	37.0% (-17.9%-74.8%)
	0.011

	TyG-BRI
	36
	0.419 (0.355, 0.483)
	19.67
	0.192
	13.4% (-29.5%-38.7%)
	<0.001

	TyG-BRI
	72
	0.425 (0.369, 0.480)
	117.65
	0.162
	-2.5% (-30.3%-26.8%)
	<0.001

	TyG-BRI
	108
	0.484 (0.425, 0.543)
	87.35
	0.123
	33.6% (-6.2%-49.8%)
	0.001

	TyG-BRI
	144
	0.487 (0.398, 0.575)
	68.40
	0.130
	40.3% (-7.4%-72.6%)
	0.011

	TyG-BMI
	36
	0.375 (0.313, 0.437)
	145.01
	0.236
	-0.1% (-38.6%-28.7%)
	<0.001

	TyG-BMI
	72
	0.377 (0.322, 0.431)
	136.98
	0.211
	-11.1% (-42.0%-20.9%)
	<0.001

	TyG-BMI
	108
	0.430 (0.372, 0.488)
	448.65
	0.177
	19.6% (-15.1%-45.9%)
	<0.001

	TyG-BMI
	144
	0.420 (0.332, 0.509)
	136.98
	0.197
	28.5% (-31.3%-72.6%)
	<0.001

	TyG-WC
	36
	0.409 (0.345, 0.473)
	588.48
	0.202
	4.9% (-29.0%-43.9%)
	<0.001

	TyG-WC
	72
	0.418 (0.362, 0.474)
	1216.25
	0.169
	2.6% (-29.6%-24.0%)
	<0.001

	TyG-WC
	108
	0.485 (0.426, 0.543)
	1133.18
	0.122
	32.6% (0.7%-51.6%)
	0.002

	TyG-WC
	144
	0.472 (0.384, 0.559)
	1128.30
	0.145
	39.5% (-14.6%-77.1%)
	0.007

	TyG-AIP
	36
	0.453 (0.388, 0.517)
	-2.33
	0.159
	17.7% (-21.4%-45.6%)
	<0.001

	TyG-AIP
	72
	0.449 (0.393, 0.505)
	0.54
	0.138
	3.1% (-19.0%-30.9%)
	<0.001

	TyG-AIP
	108
	0.495 (0.436, 0.554)
	-0.75
	0.112
	31.9% (3.7%-53.7%)
	0.009

	TyG-AIP
	144
	0.517 (0.434, 0.599)
	0.30
	0.100
	32.8% (-1.9%-71.3%)
	0.065

	METS-IR
	36
	0.393 (0.331, 0.456)
	23.94
	0.218
	-8.9% (-39.0%-34.7%)
	<0.001

	METS-IR
	72
	0.387 (0.332, 0.442)
	74.45
	0.200
	-11.9% (-36.6%-19.0%)
	<0.001

	METS-IR
	108
	0.442 (0.384, 0.500)
	69.19
	0.165
	23.5% (-21.6%-49.3%)
	<0.001

	METS-IR
	144
	0.438 (0.349, 0.528)
	24.72
	0.179
	36.9% (-31.2%-66.9%)
	<0.001

	TyG-FI
	36
	0.611 (0.553, 0.670)
	1.68
	-
	-
	-

	TyG-FI
	72
	0.587 (0.533, 0.641)
	1.43
	-
	-
	-

	TyG-FI
	108
	0.607 (0.549, 0.665)
	1.57
	-
	-
	-

	TyG-FI
	144
	0.617 (0.520, 0.714)
	1.41
	-
	-
	-


※The increase in the AUC value for the TyG-FI compared with each indicator at the same time point.
*The NRI increase in the TyG-FI compared with each indicator at the same time point.
† P values for comparisons between each index and the TyG-FI were derived at the same time point, with Bonferroni correction applied for multiple comparisons (adjusted significance threshold α = 0.006).
Abbreviations: ABSI, a body shape index; AIP, atherogenic index of plasma; AUC, area under the curve; BMI, body mass index; BRI, body roundness index; CKM, cardiovascular-kidney-metabolic; CMM, cardiometabolic multimorbidity; CVD, cardiovascular disease; FI, frailty index; METS-IR, metabolic score for insulin resistance; NRI, net reclassification improvement; ROC, receiver operating characteristic; TyG, triglyceride-glucose; WC, waist circumference; WHtR, waist-to-height ratio.










[bookmark: _Hlk237449072]Supplementary Table 23. Association of TyG-FI with advanced CKM syndrome stage and cardiometabolic multimorbidity in CKM syndrome stage 0–4
	Exposure
	Model 1
OR (95%CI) 
	P value
	Model 2
OR (95%CI) 
	P value
	Model 3
OR (95%CI) 
	P value

	Advanced CKM syndrome
	
	
	
	

	Per 1-SD increase
	1.96 (1.86, 2.06)
	<0.001
	1.92 (1.80, 2.05)
	<0.001
	1.73 (1.62, 1.86)
	<0.001

	    Q1
	Reference
	
	Reference
	
	Reference
	

	    Q2
	1.62 (1.32, 1.99)
	<0.001
	1.39 (1.10, 1.75)
	0.006
	1.38 (1.09, 1.75)
	0.008

	    Q3
	2.62 (2.19, 3.13)
	<0.001
	2.44 (1.97, 3.03)
	<0.001
	2.27 (1.82, 2.84)
	<0.001

	    Q4
	6.47 (5.39, 7.77)
	<0.001
	5.69 (4.61, 7.03)
	<0.001
	4.55 (3.64, 5.68)
	<0.001

	P for trend
	　
	<0.001
	　
	<0.001
	　
	<0.001

	Cardiometabolic multimorbidity
	
	
	
	

	Per 1-SD increase
	2.17 (2.02, 2.33)
	<0.001
	2.00 (1.84, 2.17)
	<0.001
	1.85 (1.70, 2.02)
	<0.001

	    Q1
	Reference
	
	Reference
	
	Reference
	

	    Q2
	1.38 (0.80, 2.39)
	0.244
	1.17 (0.67, 2.04)
	0.572
	1.17 (0.67, 2.03)
	0.584

	    Q3
	2.98 (1.74, 5.09)
	<0.001
	2.45 (1.42, 4.21)
	0.001
	2.26 (1.32, 3.88)
	0.003

	    Q4
	10.03 (5.97, 16.83)
	<0.001
	6.86 (4.08, 11.54)
	<0.001
	5.65 (3.37, 9.49)
	<0.001

	P for trend
	　
	<0.001
	　
	<0.001
	　
	<0.001


[bookmark: _Hlk220678861]Model 1: no covariates were adjusted.
Model 2: adjusted for age, sex and race.
Model 3: further adjusted for PIR, education level, marital status, smoking, and drinking status.
Abbreviations: CKM, cardiovascular-kidney-metabolic; FI, frailty index; OR, odds ratio; PIR, poverty income ratio; TyG, triglyceride-glucose; 95% CI, 95% confidence interval.






[bookmark: _Hlk237449076]Supplementary Table 24. The association of TyG-FI and mortality in CKM syndrome stage 0–4
	Exposure
	Model 1
HR (95%CI)
	P value
	Model 2
HR (95%CI)
	P value
	Model 3
HR (95%CI)
	P value

	All-cause mortality
	
	
	

	Per 1-SD increase
	1.72 (1.65, 1.79)
	<0.001
	1.55 (1.48, 1.63)
	<0.001
	1.43 (1.36, 1.50)
	<0.001

	    Q1
	Reference
	
	Reference
	
	Reference
	

	    Q2
	1.64 (1.34, 2.02)
	<0.001
	1.35 (1.09, 1.67)
	0.005
	1.34 (1.09, 1.65)
	0.006

	    Q3
	2.35 (1.93, 2.87)
	<0.001
	1.86 (1.52, 2.29)
	<0.001
	1.71 (1.40, 2.10)
	<0.001

	    Q4
	5.57 (4.68, 6.64)
	<0.001
	3.70 (3.07, 4.46)
	<0.001
	3.02 (2.52, 3.63)
	<0.001

	P for trend
	　
	<0.001
	　
	<0.001
	　
	<0.001

	Cardiovascular mortality
	
	
	

	[bookmark: _Hlk237441635]Per 1-SD increase
	1.74 (1.65, 1.85)
	<0.001
	1.57 (1.46, 1.70)
	<0.001
	1.48 (1.36, 1.61)
	<0.001

	    Q1
	Reference
	
	Reference
	
	Reference
	

	    Q2
	2.04 (1.50, 2.77)
	<0.001
	1.63 (1.18, 2.26)
	0.003
	1.61 (1.16, 2.25)
	0.005

	    Q3
	3.07 (2.18, 4.33)
	<0.001
	2.36 (1.66, 3.35)
	<0.001
	2.22 (1.56, 3.16)
	<0.001

	    Q4
	6.65 (4.90, 9.03)
	<0.001
	4.26 (3.08, 5.89)
	<0.001
	3.62 (2.58, 5.08)
	<0.001

	P for trend
	　
	<0.001
	　
	<0.001
	　
	<0.001


Model 1: no covariates were adjusted.
Model 2: age, sex and race were adjusted.
Model 3: further adjusted for PIR, education level, marital status, smoking, and drinking status.
Abbreviations: CKM, cardiovascular-kidney-metabolic; FI, frailty index; HR, hazard ratio; PIR, poverty income ratio; TyG, triglyceride-glucose; 95% CI, 95% confidence interval.



[bookmark: _Hlk237449081]Supplementary Table 25. Association of TyG-FI with advanced CKM syndrome stage and cardiometabolic multimorbidity After Outlier Exclusion
	Exposure
	Model 1
OR (95%CI)
	P value
	Model 2
OR (95%CI)
	P value
	Model 3
OR (95%CI)
	P value

	Advanced CKM syndrome
	
	
	
	

	Per 1-SD increase
	1.82 (1.72, 1.92)
	<0.001
	1.88 (1.74, 2.02)
	<0.001
	1.70 (1.57, 1.84)
	<0.001

	    Q1
	Reference
	
	Reference
	
	Reference
	

	    Q2
	1.55 (1.22, 1.98)
	<0.001
	1.42 (1.08, 1.87)
	0.013
	1.43 (1.07, 1.90)
	0.015

	    Q3
	2.74 (2.19, 3.41)
	<0.001
	2.86 (2.19, 3.73)
	<0.001
	2.62 (1.98, 3.47)
	<0.001

	    Q4
	5.45 (4.38, 6.79)
	<0.001
	5.53 (4.30, 7.11)
	<0.001
	4.39 (3.35, 5.75)
	<0.001

	P for trend
	　
	<0.001
	　
	<0.001
	　
	<0.001

	Cardiometabolic multimorbidity
	
	
	
	

	Per 1-SD increase
	2.07 (1.88, 2.29)
	<0.001
	1.95 (1.75, 2.18)
	<0.0001
	1.83 (1.63, 2.05)
	<0.001

	    Q1
	Reference
	
	Reference
	
	Reference
	

	    Q2
	1.17 (0.65, 2.11)
	0.607
	1.03 (0.56, 1.87)
	0.936
	1.02 (0.56, 1.87)
	0.938

	    Q3
	2.54 (1.41, 4.60)
	0.002
	2.19 (1.21, 3.97)
	0.010
	1.99 (1.09, 3.63)
	0.026

	    Q4
	7.36 (4.12, 13.16)
	<0.001
	5.68 (3.16, 10.18)
	<0.001
	4.74 (2.62, 8.58)
	<0.001

	P for trend
	　
	<0.001
	　
	<0.001
	　
	<0.001


Model 1: no covariates were adjusted.
Model 2: adjusted for age, sex and race.
Model 3: further adjusted for PIR, education level, marital status, smoking, and drinking status.
Abbreviations: CKM, cardiovascular-kidney-metabolic; FI, frailty index; OR, odds ratio; PIR, poverty income ratio; TyG, triglyceride-glucose; 95% CI, 95% confidence interval.



[bookmark: _Hlk237449085]Supplementary Table 26. The association of TyG-FI and mortality After Outlier Exclusion
	Exposure
	Model 1
HR (95%CI)
	P value
	Model 2
HR (95%CI)
	P value
	Model 3
HR (95%CI)
	P value

	All-cause mortality
	
	
	

	Per 1-SD increase
	1.85 (1.74, 1.96)
	<0.001
	1.75 (1.63, 1.87)
	<0.001
	1.58 (1.48, 1.70)
	<0.001

	    Q1
	Reference
	
	Reference
	
	Reference
	

	    Q2
	1.76 (1.28, 2.41)
	<0.001
	1.50 (1.09, 2.05)
	0.012
	1.51 (1.12, 2.02)
	0.007

	    Q3
	2.63 (1.99, 3.47)
	<0.001
	2.14 (1.63, 2.81)
	<0.001
	1.88 (1.46, 2.43)
	<0.001

	    Q4
	6.60 (4.97, 8.78)
	<0.001
	4.95 (3.66, 6.67)
	<0.001
	3.92 (2.96, 5.18)
	<0.001

	P for trend
	　
	<0.001
	　
	<0.001
	　
	<0.001

	Cardiovascular mortality
	
	
	

	Per 1-SD increase
	1.89 (1.72, 2.07)
	<0.001
	1.77 (1.58, 2.00)
	<0.001
	1.67 (1.47, 1.89)
	<0.001

	    Q1
	Reference
	
	Reference
	
	Reference
	

	    Q2
	2.56 (1.68, 3.90)
	<0.001
	2.13 (1.38, 3.29)
	<0.001
	2.15 (1.40, 3.31)
	<0.001

	    Q3
	4.11 (2.50, 6.77)
	<0.001
	3.25 (1.99, 5.29)
	<0.001
	3.03 (1.86, 4.92)
	<0.001

	    Q4
	9.56 (5.81, 15.75)
	<0.001
	6.96 (4.05, 11.95)
	<0.001
	6.02 (3.47, 10.44)
	<0.001

	P for trend
	　
	<0.001
	　
	<0.001
	　
	<0.001


[bookmark: _Hlk220678663][bookmark: _Hlk232950965]Model 1: no covariates were adjusted.
Model 2: age, sex and race were adjusted.
[bookmark: _Hlk220673148]Model 3: further adjusted for PIR, education level, marital status, smoking, and drinking status.
Abbreviations: CKM, cardiovascular-kidney-metabolic; FI, frailty index; HR, hazard ratio; PIR, poverty income ratio; TyG, triglyceride-glucose; 95% CI, 95% confidence interval.


[bookmark: _Hlk237352075][bookmark: _Hlk237449090]Supplementary Table 27. Association of TyG-FI with advanced CKM syndrome stage and cardiometabolic multimorbidity after multiple imputation
	Exposure
	Model 1
OR (95%CI)
	P value
	Model 2
OR (95%CI)
	P value
	Model 3
OR (95%CI)
	P value

	Advanced CKM syndrome
	
	
	
	

	Per 1-SD increase
	1.91 (1.81, 2.01)
	<0.001
	1.93 (1.80, 2.06)
	<0.001
	1.74 (1.62, 1.87)
	<0.001

	    Q1
	Reference
	
	Reference
	
	Reference
	

	    Q2
	1.60 (1.32, 1.95)
	<0.001
	1.37 (1.08, 1.73)
	0.009
	1.36 (1.07, 1.72)
	0.013

	    Q3
	2.71 (2.25, 3.25)
	<0.001
	2.59 (2.09, 3.21)
	<0.001
	2.38 (1.90, 2.98)
	<0.001

	    Q4
	5.89 (4.90, 7.09)
	<0.001
	5.65 (4.53, 7.05)
	<0.001
	4.50 (3.56, 5.69)
	<0.001

	P for trend
	　
	<0.001
	　
	<0.001
	　
	<0.001

	Cardiometabolic multimorbidity
	
	
	
	

	Per 1-SD increase
	2.13 (1.98, 2.29)
	<0.001
	2.00 (1.85, 2.18)
	<0.001
	1.86 (1.71, 2.03)
	<0.001

	    Q1
	Reference
	
	Reference
	
	Reference
	

	    Q2
	1.14 (0.41, 3.18)
	0.795
	0.96 (0.35, 2.67)
	0.943
	0.95 (0.34, 2.61)
	0.914

	    Q3
	4.13 (1.52, 11.25)
	0.006
	3.29 (1.23, 8.80)
	0.018
	2.79 (1.06, 7.36)
	0.038

	    Q4
	14.79 (6.31, 34.66)
	<0.001
	9.72 (4.21, 22.42)
	<0.001
	6.99 (3.08, 15.85)
	<0.001

	P for trend
	　
	<0.001
	　
	<0.001
	　
	<0.001


Model 1: no covariates were adjusted.
Model 2: adjusted for age, sex and race.
Model 3: further adjusted for PIR, education level, marital status, smoking, and drinking status.
Abbreviations: CKM, cardiovascular-kidney-metabolic; FI, frailty index; OR, odds ratio; PIR, poverty income ratio; TyG, triglyceride-glucose; 95% CI, 95% confidence interval.



[bookmark: _Hlk237449095]Supplementary Table 28. Association of TyG-FI with mortality across CKM syndrome stages and cardiometabolic multimorbidity after multiple imputation
	Exposure
	Model 1
HR (95%CI)
	P value
	Model 2
HR (95%CI)
	P value
	Model 3
HR (95%CI)
	P value

	All-cause mortality
	
	
	

	Per 1-SD increase
	1.69 (1.63, 1.75)
	<0.001
	1.57 (1.51, 1.62)
	<0.001
	1.44 (1.38, 1.50)
	<0.001

	    Q1
	Reference
	
	Reference
	
	Reference
	

	    Q2
	1.73 (1.30, 2.31)
	<0.001
	1.43 (1.10, 1.85)
	0.008
	1.40 (1.07, 1.83)
	0.014

	    Q3
	2.43 (1.88, 3.14)
	<0.001
	1.95 (1.54, 2.48)
	<0.001
	1.78 (1.40, 2.26)
	<0.001

	    Q4
	5.32 (4.17, 6.80)
	<0.001
	3.85 (3.08, 4.80)
	<0.001
	3.14 (2.50, 3.94)
	<0.001

	P for trend
	　
	0.001
	　
	0.528
	　
	0.703

	Cardiovascular mortality
	
	
	

	Per 1-SD increase
	1.71 (1.63, 1.78)
	<0.001
	1.59 (1.50, 1.68)
	<0.001
	1.48 (1.39, 1.58)
	<0.001

	    Q1
	Reference
	
	Reference
	
	Reference
	

	    Q2
	2.22 (1.34, 3.67)
	0.002
	1.78 (1.12, 2.84)
	0.015
	1.74 (1.08, 2.79)
	0.022

	    Q3
	3.22 (2.08, 4.97)
	<0.001
	2.51 (1.67, 3.78)
	<0.001
	2.33 (1.55, 3.50)
	<0.001

	    Q4
	6.38 (4.17, 9.76)
	<0.001
	4.50 (3.03, 6.69)
	<0.001
	3.79 (2.54, 5.66)
	<0.001

	P for trend
	　
	<0.001
	　
	<0.001
	　
	<0.001

	All-cause mortality in cardiometabolic multimorbidity
	
	
	

	Per 1-SD increase
	1.28 (1.17, 1.41)
	<0.001
	1.41 (1.26, 1.58)
	<0.001
	1.37 (1.21, 1.54)
	<0.001

	    Q1
	Reference
	
	Reference
	
	Reference
	

	    Q2
	1.64 (1.14, 2.36)
	0.008
	1.51 (1.05, 2.17)
	0.026
	1.30 (0.91, 1.87)
	0.155

	    Q3
	1.73 (1.18, 2.54)
	0.005
	1.86 (1.28, 2.70)
	0.001
	1.68 (1.18, 2.40)
	0.004

	    Q4
	2.33 (1.61, 3.39)
	<0.001
	2.93 (1.91, 4.49)
	<0.001
	2.49 (1.59, 3.90)
	<0.001

	P for trend
	　
	<0.001
	　
	<0.001
	　
	<0.001


Model 1: no covariates were adjusted.
Model 2: age, sex and race were adjusted.
Model 3: further adjusted for PIR, education level, marital status, smoking, and drinking status.
Abbreviations: CKM, cardiovascular-kidney-metabolic; FI, frailty index; HR, hazard ratio; PIR, poverty income ratio; TyG, triglyceride-glucose; 95% CI, 95% confidence interval.


[bookmark: _Hlk237251882][bookmark: _Hlk237449112][bookmark: _Hlk237251868]Supplementary Table 29. Association Between TyG-FI and Cardiovascular Mortality Based on Fine–Gray Subdistribution Hazard Model
	Subgroup
	Total Sample Size
	Events (n, %)
	Crude HR (95% CI)
	Crude P-value
	Adjusted HR (95% CI)
	Adjusted P-value

	CKM syndrome (stage 1–4)
	11,228
	379 (2.32%)
	1.53 (1.43–1.64)
	< 0.001
	1.29 (1.18–1.40)
	< 0.001

	Early CKM syndrome (stage 1–2)
	9,210
	100 (2.21%)
	1.57 (1.37–1.80)
	< 0.001
	1.34 (1.17–1.54)
	< 0.001

	Advanced CKM syndrome (stage 3–4)
	2,018
	279(7.63%)
	1.03 (0.94–1.13)
	0.550
	1.15 (1.03–1.27)
	0.011

	CMM
	649
	87 (11.41%)
	0.94 (0.80–1.09)
	0.390
	0.96 (0.80–1.15)
	0.670


[bookmark: _Hlk236951277]Adjusted for sex, age, race, PIR, education level, marital status, smoking, and drinking status.
Abbreviations: CKM, cardiovascular-kidney-metabolic; CMM, cardiometabolic multimorbidity; FI, frailty index; HR, hazard ratio; PIR, poverty income ratio; TyG, triglyceride-glucose; 95% CI, 95% confidence interval.



[bookmark: _Hlk237449117]Supplementary Table 30. Association of TyG-FI with advanced CKM syndrome stage and cardiometabolic multimorbidity using survey-weighted quasi-Poisson regression models
	Exposure
	Model 1
PR (95% CI)
	P value
	Model 2
PR (95%CI)
	P value
	Model 3
PR (95%CI)
	P value

	Advanced CKM syndrome
	
	
	
	

	Per 1-SD increase
	1.59 (1.54, 1.65)
	< 0.001
	1.40 (1.35, 1.46)
	< 0.001
	1.32 (1.28, 1.37)
	< 0.001

	    Q1
	Reference
	
	Reference
	
	Reference
	

	    Q2
	1.50 (1.20, 1.88)
	< 0.001
	1.30 (1.06, 1.61)
	0.014
	1.29 (1.05, 1.60)
	0.017

	    Q3
	2.48 (2.02, 3.04)
	< 0.001
	2.01 (1.65, 2.44)
	< 0.001
	1.86 (1.52, 2.27)
	< 0.001

	    Q4
	4.50 (3.68, 5.49)
	< 0.001
	2.91 (2.42, 3.50)
	< 0.001
	2.49 (2.05, 3.02)
	< 0.001

	P for trend
	
	< 0.001
	
	< 0.001
	
	< 0.001

	Cardiometabolic multimorbidity
	
	
	
	

	Per 1-SD increase
	1.90 (1.78, 2.02)
	< 0.001
	1.71 (1.60, 1.83)
	< 0.001
	1.61 (1.51, 1.73)
	< 0.001

	    Q1
	Reference
	
	Reference
	
	Reference
	

	    Q2
	1.16 (0.65, 2.08)
	0.608
	1.04 (0.58, 1.84)
	0.903
	1.03 (0.58, 1.83)
	0.910

	    Q3
	2.48 (1.39, 4.44)
	0.002
	2.09 (1.19, 3.68)
	0.011
	1.91 (1.08, 3.37)
	0.026

	    Q4
	7.23 (4.12, 12.68)
	< 0.001
	4.98 (2.87, 8.63)
	< 0.001
	4.16 (2.39, 7.26)
	< 0.001

	P for trend
	
	< 0.001
	
	< 0.001
	
	< 0.001


Model 1: no covariates were adjusted.
Model 2: adjusted for age, sex and race.
Model 3: further adjusted for PIR, education level, marital status, smoking, and drinking status.
Abbreviations: CKM, cardiovascular-kidney-metabolic; FI, frailty index; PR, prevalence ratio; PIR, poverty income ratio; TyG, triglyceride-glucose; 95% CI, 95% confidence interval.


[bookmark: _Hlk237449121]Supplementary Table 31. Association of TyG-FI with advanced CKM syndrome stage and cardiometabolic multimorbidity excluding participants with PREVENT-defined CKM stage 3
	Exposure
	Model 1
OR (95%CI)
	P value
	Model 2
OR (95%CI)
	P value
	Model 3
OR (95%CI)
	P value

	Advanced CKM syndrome
	
	
	
	

	Per 1-SD increase
	2.01 (1.88, 2.14)
	<0.001
	2.00 (1.85, 2.17)
	<0.001
	1.81 (1.67, 1.96)
	<0.001

	    Q1
	Reference
	
	Reference
	
	Reference
	

	    Q2
	1.89 (1.36, 2.63)
	<0.001
	1.77 (1.27, 2.48)
	<0.001
	1.78 (1.28, 2.50)
	<0.001

	    Q3
	3.09 (2.29, 4.16)
	<0.001
	3.21 (2.33, 4.41)
	<0.001
	2.93 (2.11, 4.09)
	<0.001

	    Q4
	7.88 (5.94, 10.44)
	<0.001
	7.51 (5.59, 10.11)
	<0.001
	5.96 (4.36, 8.14)
	<0.001

	P for trend
	　
	<0.001
	　
	<0.001
	　
	<0.001

	Cardiometabolic multimorbidity
	
	
	
	

	Per 1-SD increase
	2.09 (1.91, 2.27)
	<0.001
	1.99 (1.80, 2.20)
	<0.001
	1.82 (1.64, 2.01)
	<0.001

	    Q1
	Reference
	
	Reference
	
	Reference
	

	    Q2
	1.36 (0.73, 2.53)
	0.325
	1.19 (0.64, 2.22)
	0.576
	1.20 (0.64, 2.23)
	0.566

	    Q3
	2.68 (1.43, 5.02)
	0.002
	2.43 (1.29, 4.58)
	0.007
	2.17 (1.14, 4.10)
	0.018

	    Q4
	8.89 (4.87, 16.25)
	<0.001
	6.90 (3.77, 12.65)
	<0.001
	5.49 (2.98, 10.13)
	<0.001

	P for trend
	　
	<0.001
	　
	<0.001
	　
	<0.001


Model 1: no covariates were adjusted.
Model 2: adjusted for age, sex and race.
Model 3: further adjusted for PIR, education level, marital status, smoking, and drinking status.
Abbreviations: CKM, cardiovascular-kidney-metabolic; FI, frailty index; OR, odds ratio; PIR, poverty income ratio; TyG, triglyceride-glucose; 95% CI, 95% confidence interval.
[bookmark: _Hlk237449126]
Supplementary Table 32. The association of TyG-FI and mortality excluding participants with PREVENT-defined CKM stage 3
	Exposure
	Model 1
HR (95%CI)
	P value
	Model 2
HR (95%CI)
	P value
	Model 3
HR (95%CI)
	P value

	All-cause mortality
	
	
	

	Per 1-SD increase
	1.80 (1.70, 1.90)
	<0.001
	1.65 (1.55, 1.75)
	<0.001
	1.49 (1.39, 1.59)
	<0.001

	    Q1
	Reference
	
	Reference
	
	Reference
	

	    Q2
	1.68 (1.16, 2.43)
	0.006
	1.46 (1.02, 2.10)
	0.039
	1.45 (1.03, 2.04)
	0.033

	    Q3
	2.43 (1.78, 3.32)
	<0.001
	2.12 (1.53, 2.93)
	<0.001
	1.83 (1.35, 2.49)
	<0.001

	    Q4
	7.14 (5.26, 9.70)
	<0.001
	5.39 (3.92, 7.41)
	<0.001
	4.11 (3.03, 5.57)
	<0.001

	P for trend
	　
	<0.001
	　
	<0.001
	　
	<0.001

	Cardiovascular mortality
	
	
	
	

	Per 1-SD increase
	1.82 (1.68, 1.96)
	<0.001
	1.65 (1.51, 1.80)
	<0.001
	1.54 (1.38, 1.71)
	<0.001

	    Q1
	Reference
	
	Reference
	
	Reference
	

	    Q2
	2.62 (1.51, 4.53)
	<0.001
	2.26 (1.27, 4.00)
	0.005
	2.22 (1.25, 3.93)
	0.007

	    Q3
	3.97 (2.20, 7.17)
	<0.001
	3.38 (1.85, 6.18)
	<0.001
	3.05 (1.67, 5.57)
	<0.001

	    Q4
	11.46 (6.51, 20.17)
	<0.001
	8.26 (4.40, 15.49)
	<0.001
	6.88 (3.55, 13.35)
	<0.001

	P for trend
	　
	<0.001
	　
	<0.001
	　
	<0.001


Model 1: no covariates were adjusted.
Model 2: age, sex and race were adjusted.
Model 3: further adjusted for PIR, education level, marital status, smoking, and drinking status.
Abbreviations: CKM, cardiovascular-kidney-metabolic; FI, frailty index; HR, hazard ratio; PIR, poverty income ratio; TyG, triglyceride-glucose; 95% CI, 95% confidence interval.


[bookmark: _Hlk237293469][bookmark: _Hlk237449130]Supplementary Table 33. Association of TyG-FI with advanced CKM syndrome stage and cardiometabolic multimorbidity exclude deaths within the first year
	Exposure
	Model 1
OR (95%CI)
	P value
	Model 2
OR (95%CI)
	P value
	Model 3
OR (95%CI)
	P value

	Advanced CKM syndrome
	
	
	
	

	Per 1-SD increase
	1.84 (1.74, 1.95)
	<0.001
	1.91 (1.76, 2.06)
	<0.001
	1.71 (1.58, 1.85)
	<0.001

	    Q1
	Reference
	
	Reference
	
	Reference
	

	    Q2
	1.57 (1.23, 2.00)
	<0.001
	1.44 (1.09, 1.89)
	0.011
	1.44 (1.08, 1.91)
	0.012

	    Q3
	2.73 (2.18, 3.41)
	<0.001
	2.83 (2.17, 3.70)
	<0.001
	2.60 (1.96, 3.46)
	<0.001

	    Q4
	5.71 (4.58, 7.12)
	<0.001
	5.83 (4.54, 7.49)
	<0.001
	4.59 (3.50, 6.02)
	<0.001

	P for trend
	　
	<0.001
	　
	<0.001
	　
	<0.001

	Cardiometabolic multimorbidity
	
	
	
	

	Per 1-SD increase
	2.06 (1.89, 2.25)
	<0.001
	1.99 (1.80, 2.19)
	<0.001
	1.85 (1.68, 2.04)
	<0.001

	    Q1
	Reference
	
	Reference
	
	Reference
	

	    Q2
	1.17 (0.64, 2.12)
	0.609
	1.03 (0.56, 1.88)
	0.923
	1.03 (0.56, 1.89)
	0.923

	    Q3
	2.47 (1.36, 4.48)
	0.003
	2.14 (1.18, 3.89)
	0.013
	1.95 (1.07, 3.56)
	0.031

	    Q4
	7.82 (4.38, 13.96)
	<0.001
	6.10 (3.41, 10.91)
	<0.001
	5.03 (2.79, 9.09)
	<0.001

	P for trend
	　
	<0.001
	　
	<0.001
	　
	<0.001


Model 1: no covariates were adjusted.
Model 2: adjusted for age, sex and race.
Model 3: further adjusted for PIR, education level, marital status, smoking, and drinking status.
Abbreviations: CKM, cardiovascular-kidney-metabolic; FI, frailty index; OR, odds ratio; PIR, poverty income ratio; TyG, triglyceride-glucose; 95% CI, 95% confidence interval.












[bookmark: _Hlk237449136]Supplementary Table 34. The association of TyG-FI and mortality exclude deaths within the first year
	Exposure
	Model 1
HR (95%CI)
	P value
	Model 2
HR (95%CI)
	P value
	Model 3
HR (95%CI)
	P value

	All-cause mortality
	
	
	

	Per 1-SD increase
	1.69 (1.60, 1.79)
	<0.001
	1.58 (1.49, 1.68)
	<0.001
	1.44 (1.35, 1.53)
	<0.001

	    Q1
	Reference
	
	Reference
	
	Reference
	

	    Q2
	1.77 (1.26, 2.49)
	<0.001
	1.50 (1.07, 2.10)
	0.018
	1.52 (1.10, 2.08)
	0.010

	    Q3
	2.63 (1.94, 3.56)
	<0.001
	2.13 (1.58, 2.87)
	<0.001
	1.87 (1.42, 2.47)
	<0.001

	    Q4
	6.30 (4.66, 8.51)
	<0.001
	4.65 (3.40, 6.34)
	<0.001
	3.66 (2.75, 4.87)
	<0.001

	P for trend
	　
	<0.001
	　
	<0.001
	　
	<0.001

	Cardiovascular mortality
	
	
	

	Per 1-SD increase
	1.70 (1.58, 1.83)
	<0.001
	1.58 (1.44, 1.73)
	<0.001
	1.48 (1.35, 1.63)
	<0.001

	    Q1
	Reference
	
	Reference
	
	Reference
	

	    Q2
	2.62 (1.74, 3.95)
	<0.001
	2.15 (1.40, 3.28)
	<0.001
	2.17 (1.43, 3.31)
	<0.001

	    Q3
	4.28 (2.58, 7.09)
	<0.001
	3.29 (2.01, 5.40)
	<0.001
	3.09 (1.89, 5.04)
	<0.001

	    Q4
	9.41 (5.81, 15.26)
	<0.001
	6.52 (3.86, 11.01)
	<0.001
	5.65 (3.33, 9.59)
	<0.001

	P for trend
	　
	<0.001
	　
	<0.001
	　
	<0.001

	All-cause mortality in cardiometabolic multimorbidity
	
	
	

	Per 1-SD increase
	1.30 (1.14, 1.48)
	<0.001
	1.47 (1.23, 1.75)
	<0.0001
	1.38 (1.18, 1.62)
	<0.0001

	    Q1
	Reference
	
	Reference
	
	Reference
	

	    Q2
	1.60 (0.97, 2.64)
	0.065
	1.39 (0.86, 2.25)
	0.184
	1.08 (0.66, 1.78)
	0.765

	    Q3
	1.91 (1.20, 3.03)
	0.006
	2.00 (1.26, 3.18)
	0.004
	1.69 (1.09, 2.62)
	0.020

	    Q4
	2.33 (1.45, 3.72)
	<0.001
	2.97 (1.76, 5.01)
	<0.001
	2.25 (1.39, 3.66)
	0.001

	P for trend
	　
	<0.001
	　
	<0.001
	　
	  <0.001


Model 1: no covariates were adjusted.
Model 2: age, sex and race were adjusted.
Model 3: further adjusted for PIR, education level, marital status, smoking, and drinking status.
Abbreviations: CKM, cardiovascular-kidney-metabolic; FI, frailty index; HR, hazard ratio; PIR, poverty income ratio; TyG, triglyceride-glucose; 95% CI, 95% confidence interval.


[image: ]
[bookmark: _Hlk237449162]Supplementary Figure 1. Directed acyclic graph (DAG) of the proposed causal model between Triglyceride-glucose-frailty index and advanced CKM syndrome, CMM, and mortality.
Abbreviations: CKM: cardiovascular-kidney-metabolic; CMM: cardiometabolic multimorbidity; DAG: directed acyclic graph; PIR: poverty income ratio; TyG-FI: triglyceride-glucose-frailty index.
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[bookmark: _Hlk237449189]Supplementary Figure 2. Assessment of the Proportional-Hazards Assumption via Schoenfeld Residual Plots. Schoenfeld residuals for all covariates were plotted against survival time to verify the proportional hazards assumption for (A) all-cause mortality, (B) CVD mortality, and (C) all-cause mortality in individuals with CMM.
Abbreviations: CMM, cardiometabolic multimorbidity; CVD, cardiovascular disease; PIR, poverty income ratio; TyG-FI, triglyceride-glucose-frailty index.


[bookmark: _Hlk237254239][bookmark: _Hlk237449285][image: ]Supplementary Figure 3. Calibration curves for predicting (A) all-cause mortality, (B) cardiovascular mortality, and (C) all-cause mortality in individuals with cardiometabolic multimorbidity across multiple follow-up years using the fully adjusted model (Model 3). 
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[bookmark: _Hlk237449358]Supplementary Figure 4. Decision curve analysis (DCA) for predicting (A) 10-year all-cause mortality, (B) 10-year cardiovascular mortality, and (C) 5-year all-cause mortality in individuals with cardiometabolic multimorbidity across different models.
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[bookmark: _Hlk237449527]Supplementary Figure 5. Kaplan–Meier survival curves for all-cause mortality according to surrogate insulin resistance indices quartiles.
Abbreviations:​ ABSI, a body shape index; AIP, atherogenic index of plasma; BMI, body mass index; BRI, body roundness index; METS-IR, metabolic score for insulin resistance; TyG, triglyceride-glucose; WC, waist circumference; WHtR, waist-to-height ratio.
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[bookmark: _Hlk237449555]Supplementary Figure 6. Kaplan–Meier survival curves for cardiovascular mortality according to surrogate insulin resistance indices quartiles.
Abbreviations:​ ABSI, a body shape index; AIP, atherogenic index of plasma; BMI, body mass index; BRI, body roundness index; METS-IR, metabolic score for insulin resistance; TyG, triglyceride-glucose; WC, waist circumference; WHtR, waist-to-height ratio.
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[bookmark: _Hlk237449566][bookmark: _Hlk223087433]Supplementary Figure 7. Kaplan–Meier survival curves for all-cause mortality in participants with cardiometabolic multimorbidity according to surrogate insulin resistance indices quartiles.
Abbreviations:​ ABSI, a body shape index; AIP, atherogenic index of plasma; BMI, body mass index; BRI, body roundness index; METS-IR, metabolic score for insulin resistance; TyG, triglyceride-glucose; WC, waist circumference; WHtR, waist-to-height ratio.
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