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Supplementary Methods
CKM Stage 0 included participants with normal body mass index (BMI) (<23 kg/m2 for individuals with Asian ethnicity and <25 kg/m2 for other racial and ethnic groups), normal waist circumference (<80 and <90 cm for women and men with Asian race, respectively, and <88 and <102 cm for women and men in all other race and ethnicity categories, respectively) who did not meet criteria for the other stages. 
CKM Stage 1 identified individuals with an elevated BMI (≥23 kg/m2 for individuals with Asian race and >25 kg/m2 for all other race and ethnic groups), an elevated waist circumference (≥80 and ≥90 cm for women and men with Asian race, respectively, and ≥88 and ≥102 cm for women and men in other race and ethnicity categories, respectively), or prediabetes (defined as a glycated hemoglobin of 5.7% to <6.5% or a fasting blood glucose of 100 mg/dL to <126 mg/dL). 

CKM Stage 2 identified participants with metabolic risk factors or moderate-to-high-risk CKD per Kidney Disease Improving Global Outcomes (KDIGO) criteria, as recommended by the AHA [1]. Qualifying metabolic risk factors included elevated fasting serum triglycerides (≥135 mg/dL), hypertension, diabetes, or metabolic syndrome (≥3 of the following: elevated waist circumference, low high density lipoprotein cholesterol (HDL) level [<40 mg/dL or <50 mg/dL for men or women, respectively], fasting serum triglycerides ≥150 mg/dL, elevated blood pressure [systolic blood pressure ≥130, diastolic blood pressure ≥80 mmHg, and/or use of blood pressure-lowering medications], or prediabetes). CKD stages were identified based on GFR and urinary albumin-to-creatinine ratio [2,3]. 

CKM Stage 3 was identified based of the presence of very-high-risk KDIGO CKD stages or a high-predicted 10-year CVD risk. 10-year cardiovascular risk was estimated with the AHA Predicting Risk of CVD EVENTs (PREVENT) equations [4]. High risk was defined as ≥20% 10- year CVD risk (based on recommended thresholds. The PREVENT equations were developed and validated for adults 30-79 years of age. As such, risk was not estimated for adults <30 years. However, to minimize underestimation of CKD Stage 3, adults ≥80 years were not excluded from 10-year CVD risk. Instead, adults ≥80 years were assigned an age of 79 years when determining 10-year CVD risk to allow for conservative estimates. Further, PREVENT was developed for variables with the following ranges: total cholesterol 130-320 mg/dL, HDL 20-100 mg/dL, systolic blood pressure 90-200 mmHg, and GFR 14-140 mL/min/1.73m2. To approximate PREVENT risk strata, values for these variables above or below these bounds were set to the upper or lower bounds of allowable values respectively (for example, total cholesterol of 330 mg/dL was set as 320 mg/dL). Cardiac biomarkers and cardiovascular imaging were not available to identify subclinical CVD. 

CKM Stage 4 was identified based on self-reported established cardiovascular disease (coronary heart disease, angina, heart attack, heart failure, and stroke). Atrial fibrillation and peripheral artery disease were not included, as these data were not available.
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Table S1. Baseline characteristics of participants from the UK Biobank
	Characteristics
	UK Biobank
	P value

	CKM stage
	Total
	0
	1
	2
	3
	

	Participants, N
	259,714
	42,674
	42,955
	131,413
	42,672
	

	Age, years, median (IQR)
	57.0 [49.0-62.0]
	52.0 [46.0-60.0]
	55.0 [48.0-61.0]
	59.0 [53.0-64.0]
	52.0 [46.0-61.0]
	<0.001

	BMI, kg/m2, median (IQR)
	26.6 [24.0-29.6]
	22.8 [21.4-23.9]
	27.1 [25.8-29.4]
	27.1 [24.6-30.2]
	28.5 [26.3-31.2]
	<0.001

	FBG, mmol/l, median (IQR)
	4.9 [4.6-5.3]
	4.8 [4.5-5.1]
	4.9 [4.6-5.2]
	5.0 [4.6-5.3]
	5.0 [4.6-5.4]
	<0.001

	TC, mmol/l, median (IQR)
	5.7 [5.0-6.5]
	5.5 [4.8-6.1]
	5.6 [4.9-6.2]
	5.9 [5.2-6.7]
	5.6 [4.7-6.4]
	<0.001

	LDL-C, mmol/l, median (IQR)
	3.6 [3.0-4.2]
	3.3 [2.8-3.8]
	3.4 [3.0-4.0]
	3.7 [3.2-4.3]
	3.6 [2.9-4.3]
	<0.001

	HbA1c,mmol/mol, median (IQR)
	35.0 [32.5-37.5]
	33.6 [31.5-35.5]
	34.6 [32.2-37.2]
	35.4 [33.0-37.9]
	35.7 [33.1-38.9]
	<0.001

	TyG, median (IQR)
	8.7 [8.3-9.1]
	8.2 [8.0-8.4]
	8.3 [8.1-8.5]
	8.9 [8.6-9.2]
	9.1 [8.7-9.4]
	<0.001

	METS-IR, median (IQR)
	38.5 [33.2-44.8]
	30.2 [28.0-32.3]
	37.5 [34.8-41.1]
	40.0 [35.0-45.8]
	45.1 [40.5-50.9]
	<0.001

	eGDR, median (IQR)
	9.8 [7.8-10.9]
	11.4 [10.8-11.9]
	10.1 [9.2-10.8]
	9.5 [7.3-10.5]
	8.5 [5.9-9.7]
	<0.001

	FI, median (IQR)
	0.099 [0.061-0.148]
	0.082 [0.051-0.128]
	0.097 [0.061-0.143]
	0.102 [0.062-0.153]
	0.109
[0.069-0.158]
	<0.001

	TyG-FI, median (IQR)
	0.9 [0.5-1.3]
	0.7 [0.4-1.0]
	0.8 [0.5-1.2]
	0.9 [0.6-1.3]
	1.0 [0.6-1.5]
	<0.001

	METS-IR-FI, median (IQR)
	3.8 [2.2-5.9]
	2.5 [1.5-3.8]
	3.6 [2.2-5.5]
	4.1 [2.4-6.3]
	4.9 [3.0-7.5]
	<0.001

	eGDR-FI, median (IQR)
	0.011 [0.006-0.017]
	0.007 [0.004-0.011]
	0.010 [0.006-0.015]
	0.011 [0.007-0.019]
	0.014 [0.008-0.024]
	<0.001


Note: 
P-values less than 0.05 (p < 0.05) were considered significant.
Abbreviations: TyG=triglyceride-glucose, METS-IR=Metabolic score for insulin resistance, eGDR=estimated Glucose Disposal Rate, FI=frailty index, IQR=interquartile range; N=Number; CKM=cardiovascular-kidney-metabolic, BMI=body mass index, FBG=Fasting blood glucose, TC=Total cholesterol, LDL-C=Low density lipoprotein cholesterol, HbA1c=Glycated hemoglobin A1c.
Table S2. Baseline characteristics of participants from the CHINA CHARLS cohort
	Characteristics
	CHINA CHARLS
	P value

	CKM stage
	Total
	0
	1
	2
	3
	

	Participants, N
	2632
	548
	575
	1019
	490
	

	Age, years, median (IQR)
	59.0 [52.0, 66.0]
	59.0 [52.0, 65.0]
	55.0 [49.0, 61.0]
	58.0 [52.0, 64.0]
	70.0 [60.0, 76.0]
	<0.001

	BMI, kg/m2, median (IQR)
	23.1 [20.9, 26.0]
	20.4 [18.9, 21.6]
	24.6 [23.2, 26.7]
	24.7 [22.2, 27.5]
	22.4 [20.5, 24.9]
	<0.001

	FBG, mmol/l, median (IQR)
	5.7 [5.2, 6.3]
	5.5 [5.1, 6.0]
	5.5 [5.2, 6.1]
	5.8 [5.4, 6.5]
	5.8 [5.3, 6.8]
	<0.001

	TC, mmol/l, median (IQR)
	4.9 [4.3, 5.6]
	4.8 [4.3, 5.4]
	4.9 [4.3, 5.6]
	5.1 [4.5, 5.8]
	4.8 [4.3, 5.4]
	<0.001

	LDL-C, mmol/l, median (IQR)
	3.0 [2.4, 3.6]
	2.9 [2.4, 3.4]
	3.0 [2.4, 3.6]
	3.1 [2.5, 3.7]
	2.9 [2.4, 3.4]
	<0.001

	HbA1c,mmol/mol, median (IQR)
	32.2 [30.1, 35.5]
	32.2 [29.8, 35.5]
	32.2 [30.1, 35.5]
	33.3 [30.1, 36.6]
	33.3 [29.2, 36.6]
	<0.001

	TyG, median (IQR)
	8.6 [8.2, 9.0]
	8.4 [8.0, 8.7]
	8.6 [8.2, 8.9]
	8.8 [8.4, 9.2]
	8.6 [8.2, 9.1]
	<0.001

	METS-IR, median (IQR)
	34.2 [29.5, 40.4]
	28.5 [26.1, 30.9]
	36.2 [32.8, 41.0]
	38.0 [32.7, 43.6]
	33.4 [29.1, 39.9]
	<0.001

	eGDR, median (IQR)
	10.0 [7.3, 11.1]
	11.5 [11.1, 11.9]
	10.5 [9.8, 10.9]
	7.5 [6.5, 9.6]
	8.3 [6.9, 10.9]
	<0.001

	FI, median (IQR)
	0.107 [0.075, 0.142]
	0.092 [0.073, 0.133]
	0.085 [0.055, 0.122]
	0.107 [0.075, 0.142]
	0.117 [0.081, 0.173]
	<0.001

	TyG-FI, median (IQR)
	0.9 [0.6, 1.2]
	0.8 [0.6, 1.1]
	0.7 [0.5, 1.1]
	0.9 [0.6, 1.3]
	1.0 [0.7, 1.5]
	<0.001

	METS-IR-FI, median (IQR)
	3.4 [2.3, 5.1]
	2.7 [1.8, 3.7]
	3.3 [2.3, 4.7]
	3.7 [2.5, 5.6]
	4.2 [2.8, 6.1]
	<0.001

	eGDR-FI, median (IQR)
	0.011 [0.007, 0.017]
	0.008 [0.006, 0.012]
	0.008 [0.005, 0.013]
	0.013 [0.008, 0.020]
	0.014 [0.009, 0.024]
	<0.001


Note: 
P-values less than 0.05 (p < 0.05) were considered significant.
Abbreviations: TyG=triglyceride-glucose, METS-IR=Metabolic score for insulin resistance, eGDR=estimated Glucose Disposal Rate, FI=frailty index, IQR=interquartile range; N=Number; CKM=cardiovascular-kidney-metabolic, BMI=body mass index, FBG=Fasting blood glucose, TC=Total cholesterol, LDL-C=Low density lipoprotein cholesterol, HbA1c=Glycated hemoglobin A1c.


















Table S3. Baseline characteristics of participants from the PFI and FI population in the CHINA CHARLS
	Characteristics
	FI population
	PFI population
	P value

	Participants, N
	2632
	567
	

	Age, years, median (IQR)
	59.0 [52.0, 66.0]
	66.0 [62.0, 71.0]
	<0.001

	Sex, N(%)
	
	
	<0.001

	Male
	1086 (41.3)
	328 (57.8)
	

	Female
	1546 (58.7)
	239 (42.2)
	

	Residence, N(%)
	
	
	0.520

	Urban
	333 (12.7)
	78 (13.8)
	

	Rural
	2299 (87.3)
	489 (86.2)
	

	Marriage status, N(%)
	
	
	0.001

	Married or partnered
	2130 (80.9)
	424 (74.8)
	

	Other marital status
	502 (19.1)
	143 (25.2)
	

	Educational level, N(%)
	
	
	0.759

	Below high school
	2467 (93.7)
	534 (94.2)
	

	High school or above
	165 (6.3)
	33 (5.8)
	

	Smoking status, N(%)
	
	
	<0.001

	Never
	1689 (64.2)
	312 (55.0)
	

	Former
	209 (7.9)
	62 (10.9)
	

	Current
	734 (27.9)
	193 (34.0)
	

	Drinking status, N(%)
	
	
	<0.001

	Never
	1671 (63.5)
	302 (53.3)
	

	Former
	370 (14.1)
	99 (17.5)
	

	Current
	591 (22.5)
	166 (29.3)
	

	Hypertension, N(%)
	
	
	0.125

	No
	1603 (60.9)
	325 (57.3)
	

	Yes
	1029 (39.1)
	242 (42.7)
	

	Diabetes, N(%)
	
	
	0.477

	No
	2198 (83.5)
	481 (84.8)
	

	Yes
	434 (16.5)
	86 (15.2)
	

	Dyslipidemia, N(%)
	
	
	0.289

	No
	1200 (45.6)
	273 (48.1)
	

	Yes
	1432 (54.4)
	294 (51.9)
	

	Hypertension medications, N(%)
	
	
	0.106

	No
	2172 (82.5)
	451 (79.5)
	

	Yes
	460 (17.5)
	116 (20.5)
	

	Diabetes medications, N(%)
	
	
	1.000

	No
	2537 (96.4)
	546 (96.3)
	

	Yes
	95 (3.6)
	21 (3.7)
	

	Dyslipidemia medications, N(%)
	
	
	0.655

	No
	2516 (95.6)
	545 (96.1)
	

	Yes
	116 (4.4)
	22 (3.9)
	

	BMI, kg/m2, median (IQR)
	23.1 [20.9, 26.0]
	22.4 [20.6, 25.0]
	<0.001

	FBG, mmol/l, median (IQR)
	5.7 [5.2, 6.3]
	5.7 [5.3, 6.4]
	0.117

	TC, mmol/l, median (IQR)
	4.9 [4.3, 5.6]
	4.9 [4.4, 5.5]
	0.829

	LDL-C, mmol/l, median (IQR)
	3.0 [2.4, 3.6]
	3.0 [2.5, 3.5]
	0.886

	HbA1c,mmol/mol, median (IQR)
	32.2 [30.1, 35.5]
	33.3 [30.1, 36.1]
	0.138

	TyG, median (IQR)
	8.6 [8.2, 9.0]
	8.6 [8.2, 9.0]
	0.197

	METS-IR, median (IQR)
	34.2 [29.5, 40.4]
	32.9 [29.0, 39.2]
	0.001

	eGDR, median (IQR)
	10.0 [7.3, 11.1]
	9.9 [7.3, 11.2]
	0.889

	CKM syndrome status, N(%)
	
	
	<0.001

	0
	548 (20.8)
	131 (23.1)
	

	1
	575 (21.8)
	81 (14.3)
	

	2
	1019 (38.7)
	212 (37.4)
	

	3
	490 (18.6)
	143 (25.2)
	


Note: 
P-values less than 0.05 (p < 0.05) were considered significant.
Abbreviations: CHARLS=China Health and Retirement Longitudinal Study; TyG=triglyceride-glucose, METS-IR=Metabolic score for insulin resistance, eGDR=estimated Glucose Disposal Rate, FI=frailty index, PFI=physical frailty, s.d.=standard deviation; N=Number; CKM=cardiovascular-kidney-metabolic, BMI=body mass index, FBG=Fasting blood glucose, TC=Total cholesterol, LDL-C=Low density lipoprotein cholesterol, HbA1c=Glycated hemoglobin A1c.


Table S4. Associations of insulin resistance-frailty index with ASCVD in individuals with Cardiovascular-Kidney-Metabolic syndrome stages 0-3 in the UK Biobank
	Variable
	Range
	N (events)
	Model 1
	Model 2

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

	TyG
	
	
	
	
	
	

	T1
	6.3-8.4
	86,572 (7091)
	1
	Ref
	1
	Ref

	T2
	8.4-8.9
	86,571 (9949)
	1.00 (0.97,1.04)
	0.801
	0.98 (0.95,1.01)
	0.137

	T3
	8.9-12.5
	86,571 (13,134)
	1.02 (0.99,1.05)
	0.222
	0.99 (0.96,1.03)
	0.734

	METS-IR
	
	
	
	
	
	

	T1
	16.3-35
	86,572 (6643)
	1
	Ref
	1
	Ref

	T2
	35-42.4
	86,571 (9900)
	1.02 (0.99,1.06)
	0.260
	1.00 (0.96,1.03)
	0.837

	T3
	42.4-119.5
	86,571 (13,631)
	1.09 (1.05,1.14)
	<0.001
	1.06 (1.01,1.11)
	0.012

	eGDR
	
	
	
	
	
	

	T1
	0-8.9
	86,576 (15,641)
	1
	Ref
	1
	Ref

	T2
	8.9-10.5
	86,597 (9377)
	0.94 (0.90,0.98)
	0.007
	0.94 (0.90,0.98)
	0.003

	T3
	10.5-14.3
	86,541 (5156)
	0.82 (0.78,0.87)
	<0.001
	0.83 (0.79,0.88)
	<0.001

	FI-status
	
	
	
	
	
	

	Non-frail
	0-0.12
	161,613 (14,850)
	1
	Ref
	1
	Ref

	Pre-frail
	0.12-0.24
	87,357 (12,830)
	1.24 (1.21,1.27)
	<0.001
	1.27 (1.24,1.30)
	<0.001

	Frail
	0.24-0.49
	10,744 (2494)
	1.64 (1.57,1.72)
	<0.001
	1.71 (1.63,1.79)
	<0.001

	PFI-status
	
	
	
	
	
	

	Non-frail
	0
	115,715 (12,325)
	1
	Ref
	1
	Ref

	Pre-frail
	1-2
	136,532 (16,383)
	1.11 (1.08,1.14)
	<0.001
	1.11 (1.08,1.14)
	<0.001

	Frail
	3-5
	7467 (1466)
	1.39 (1.32,1.47)
	<0.001
	1.39 (1.31,1.47)
	<0.001

	TyG-FI
	
	
	
	
	
	

	T1
	0-0.6
	86,572 (6699)
	1
	Ref
	1
	Ref

	T2
	0.6-1.1
	86,571 (9276)
	1.12 (1.09,1.16)
	<0.001
	1.14 (1.10,1.18)
	<0.001

	T3
	1.1-4.7
	86,571 (14,199)
	1.38 (1.33,1.42)
	<0.001
	1.42 (1.38,1.47)
	<0.001

	METS-IR-FI
	
	
	
	
	
	

	T1
	0-2.7
	86,572 (6332)
	1
	Ref
	1
	Ref

	T2
	2.7-5.1
	86,571 (9222)
	1.15 (1.12,1.19)
	<0.001
	1.17 (1.13,1.21)
	<0.001

	T3
	5.1-39.4
	86,571 (14,620)
	1.40 (1.36,1.45)
	<0.001
	1.45 (1.40,1.50)
	<0.001

	eGDR-FI
	
	
	
	
	
	

	T1
	0-0.001
	86,572 (6120)
	1
	Ref
	1
	Ref

	T2
	0.001-0.015
	86,571 (8647)
	1.16 (1.13,1.20)
	<0.001
	1.18 (1.14,1.22)
	<0.001

	T3
	0.015-12.5
	86,571 (15,407)
	1.42 (1.37,1.47)
	<0.001
	1.47 (1.42,1.53)
	<0.001

	TyG-PFI
	
	
	
	
	
	

	T1
	0
	115,715 (12,325)
	1
	Ref
	1
	Ref

	T2
	0-8.7
	57,428 (5119)
	1.05 (1.02,1.08)
	0.004
	1.05 (1.02,1.09)
	0.002

	T3
	8.7-50.9
	86,571 (12,730)
	1.16 (1.13,1.19)
	<0.001
	1.16 (1.13,1.19)
	<0.001

	METS-IR-PFI
	
	
	
	
	
	

	T1
	0
	115,715 (12,325)
	1
	Ref
	1
	Ref

	T2
	0-39.7
	57,428 (4951)
	1.03 (0.99,1.06)
	0.103
	1.03 (1.00,1.07)
	0.059

	T3
	39.7-456.2
	86,571 (12,898)
	1.18 (1.15,1.21)
	<0.001
	1.18 (1.15,1.21)
	<0.001

	eGDR-PFI
	
	
	
	
	
	

	T1
	0
	115,715 (12,325)
	1
	Ref
	1
	Ref

	T2
	0-0.1
	57,429 (4174)
	1.00 (0.97,1.04)
	0.801
	1.01 (0.97,1.04)
	0.715

	T3
	0.1-127.3
	86,570 (13,675)
	1.18 (1.15,1.21)
	<0.001
	1.18 (1.15,1.21)
	<0.001


Note: 
Model 1: adjusted for sex, age, race, residence, marital status, education level, smoking status, drinking status, hypertension, diabetes, dyslipidemia, and BMI. 
Model 2: adjusted for sex, age, race, residence, marital status, education level, smoking status, drinking status, hypertension, diabetes, dyslipidemia, BMI, antihypertensive, antidiabetic, lipid-lowering medications, FBG, TC, LDL-C, and HbA1c.
P-values less than 0.05 (p < 0.05) were considered significant. 
Abbreviations: ref=reference, T=Tertile, N=number, TyG=triglyceride-glucose, METS-IR=Metabolic score for insulin resistance, eGDR=estimated Glucose Disposal Rate, FI=frailty index, PFI=physical frailty, ASCVD=Atherosclerotic Cardiovascular Disease, HR=hazard ratio, CI=confidence interval, BMI=body mass index, FBG=Fasting blood glucose, TC=Total cholesterol, LDL-C=Low density lipoprotein cholesterol, HbA1c=Glycated hemoglobin A1c.










Table S5. Associations of insulin resistance-frailty index with MACE in individuals with Cardiovascular-Kidney-Metabolic syndrome stages 0-3 in the UK Biobank
	Variable
	Range
	N (events)
	Model 1
	Model 2

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

	TyG
	
	
	
	
	
	

	T1
	6.3-8.4
	86,572 (5237)
	1
	Ref
	1
	Ref

	T2
	8.4-8.9
	86,571 (7577)
	1.01 (0.98,1.05)
	0.471
	0.97 (0.94,1.01)
	0.125

	T3
	8.9-12.5
	86,571 (10,427)
	1.06 (1.02,1.10)
	0.002
	1.01 (0.97,1.04)
	0.758

	METS-IR
	
	
	
	
	
	

	T1
	16.3-35
	86,572 (4724)
	1
	Ref
	1
	Ref

	T2
	35-42.4
	86,571 (7572)
	1.06 (1.02,1.11)
	0.002
	1.03 (0.99,1.07)
	0.213

	T3
	42.4-119.5
	86,571 (10,945)
	1.15 (1.10,1.21)
	<0.001
	1.10 (1.04,1.16)
	0.001

	eGDR
	
	
	
	
	
	

	T1
	0-8.9
	86,576 (12,285)
	1
	Ref
	1
	Ref

	T2
	8.9-10.5
	86,597 (7243)
	0.95 (0.90,0.99)
	0.024
	0.95 (0.91,1.00)
	0.048

	T3
	10.5-14.3
	86,541 (3713)
	0.81 (0.76,0.86)
	<0.001
	0.84 (0.79,0.90)
	<0.001

	FI-status
	
	
	
	
	
	

	Non-frail
	0-0.12
	161,613 (11,454)
	1
	Ref
	1
	Ref

	Pre-frail
	0.12-0.24
	87,357 (9825)
	1.21 (1.18,1.25)
	<0.001
	1.24 (1.21,1.28)
	<0.001

	Frail
	0.24-0.49
	10,744 (1962)
	1.61 (1.53,1.70)
	<0.001
	1.68 (1.60,1.77)
	<0.001

	PFI-status
	
	
	
	
	
	

	Non-frail
	0
	115,715 (9381)
	1
	Ref
	1
	Ref

	Pre-frail
	1-2
	136,532 (12,715)
	1.12 (1.09,1.16)
	<0.001
	1.13 (1.10,1.16)
	<0.001

	Frail
	3-5
	7467 (1145)
	1.40 (1.32,1.49)
	<0.001
	1.40 (1.31,1.49)
	<0.001

	TyG-FI
	
	
	
	
	
	

	T1
	0-0.6
	86,572 (5170)
	1
	Ref
	1
	Ref

	T2
	0.6-1.1
	86,571 (7107)
	1.11 (1.07,1.15)
	<0.001
	1.13 (1.09,1.17)
	<0.001

	T3
	1.1-4.7
	86,571 (10,964)
	1.35 (1.30,1.40)
	<0.001
	1.39 (1.34,1.44)
	<0.001

	METS-IR-FI
	
	
	
	
	
	

	T1
	0-2.7
	86,572 (4803)
	1
	Ref
	1
	Ref

	T2
	2.7-5.1
	86,571 (7022)
	1.15 (1.11,1.19)
	<0.001
	1.16 (1.12,1.21)
	<0.001

	T3
	5.1-39.4
	86,571 (11,416)
	1.38 (1.33,1.44)
	<0.001
	1.43 (1.37,1.48)
	<0.001

	eGDR-FI
	
	
	
	
	
	

	T1
	0-0.001
	86,572 (4701)
	1
	Ref
	1
	Ref

	T2
	0.001-0.015
	86,571 (6544)
	1.14 (1.10,1.18)
	<0.001
	1.15 (1.11,1.20)
	<0.001

	T3
	0.015-12.5
	86,571 (11,996)
	1.38 (1.33,1.44)
	<0.001
	1.43 (1.38,1.49)
	<0.001

	TyG-PFI
	
	
	
	
	
	

	T1
	0
	115,715 (9381)
	1
	Ref
	1
	Ref

	T2
	0-8.7
	57,428 (3846)
	1.05 (1.01,1.09)
	0.013
	1.07 (1.03,1.11)
	0.001

	T3
	8.7-50.9
	86,571 (10,014)
	1.18 (1.15,1.22)
	<0.001
	1.18 (1.14,1.21)
	<0.001

	METS-IR-PFI
	
	
	
	
	
	

	T1
	0
	115,715 (9381)
	1
	Ref
	1
	Ref

	T2
	0-39.7
	57,428 (3660)
	1.03 (0.99,1.08)
	0.095
	1.04 (1.00,1.09)
	0.033

	T3
	39.7-456.2
	86,571 (10,200)
	1.19 (1.16,1.23)
	<0.001
	1.19 (1.16,1.23)
	<0.001

	eGDR-PFI
	
	
	
	
	
	

	T1
	0
	115,715 (9381)
	1
	Ref
	1
	Ref

	T2
	0-0.1
	57,429 (3101)
	1.01 (0.97,1.05)
	0.679
	1.02 (0.97,1.06)
	0.456

	T3
	0.1-127.3
	86,570 (10,759)
	1.19 (1.16,1.23)
	<0.001
	1.19 (1.16,1.23)
	<0.001


Note: 
Model 1: adjusted for sex, age, race, residence, marital status, education level, smoking status, drinking status, hypertension, diabetes, dyslipidemia, and BMI. 
Model 2: adjusted for sex, age, race, residence, marital status, education level, smoking status, drinking status, hypertension, diabetes, dyslipidemia, BMI, antihypertensive, antidiabetic, lipid-lowering medications, FBG, TC, LDL-C, and HbA1c.
P-values less than 0.05 (p < 0.05) were considered significant. 
Abbreviations: ref=reference, T=Tertile, N=number, TyG=triglyceride-glucose, METS-IR=Metabolic score for insulin resistance, eGDR=estimated Glucose Disposal Rate, FI=frailty index, PFI=physical frailty, MACE=major adverse cardiovascular events, HR=hazard ratio, CI=confidence interval, BMI=body mass index, FBG=Fasting blood glucose, TC=Total cholesterol, LDL-C=Low density lipoprotein cholesterol, HbA1c=Glycated hemoglobin A1c.










Table S6. Associations of insulin resistance-frailty index with ASCVD and MACE in individuals with Cardiovascular-Kidney-Metabolic syndrome stages 0-3 in the UK Biobank in model 2 without adjustment for TC
	Variable
	Range
	ASCVD
	MACE

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

	TyG
	
	
	
	
	

	T1
	6.3-8.4
	1
	Ref
	1
	Ref

	T2
	8.4-8.9
	0.99 (0.96,1.02)
	0.386
	0.98 (0.95,1.02)
	0.380

	T3
	8.9-12.5
	0.99 (0.96,1.03)
	0.694
	1.00 (0.97,1.04)
	0.810

	METS-IR
	
	
	
	
	

	T1
	16.3-35
	1
	Ref
	1
	Ref

	T2
	35-42.4
	1.02 (0.99,1.06)
	0.181
	1.06 (1.02,1.10)
	0.005

	T3
	42.4-119.5
	1.10 (1.06,1.16)
	<0.001
	1.15 (1.09,1.21)
	<0.001

	eGDR
	
	
	
	
	

	T1
	0-8.9
	1
	Ref
	1
	Ref

	T2
	8.9-10.5
	0.94 (0.90,0.98)
	0.004
	0.95 (0.91,1.00)
	0.054

	T3
	10.5-14.3
	0.83 (0.78,0.87)
	<0.001
	0.84 (0.79,0.89)
	<0.001

	TyG-FI
	
	
	
	
	

	T1
	0-0.6
	1
	Ref
	1
	Ref

	T2
	0.6-1.1
	1.14 (1.11,1.18)
	<0.001
	1.13 (1.09,1.17)
	<0.001

	T3
	1.1-4.7
	1.43 (1.38,1.47)
	<0.001
	1.39 (1.34,1.44)
	<0.001

	METS-IR-FI
	
	
	
	
	

	T1
	0-2.7
	1
	Ref
	1
	Ref

	T2
	2.7-5.1
	1.17 (1.14,1.21)
	<0.001
	1.17 (1.12,1.21)
	<0.001

	T3
	5.1-39.4
	1.46 (1.41,1.51)
	<0.001
	1.44 (1.39,1.50)
	<0.001

	eGDR-FI
	
	
	
	
	

	T1
	0-0.001
	1
	Ref
	1
	Ref

	T2
	0.001-0.015
	1.18 (1.14,1.22)
	<0.001
	1.15 (1.11,1.20)
	<0.001

	T3
	0.015-12.5
	1.48 (1.43,1.53)
	<0.001
	1.44 (1.38,1.50)
	<0.001

	TyG-PFI
	
	
	
	
	

	T1
	0
	1
	Ref
	1
	Ref

	T2
	0-8.7
	1.06 (1.02,1.09)
	0.001
	1.07 (1.03,1.11)
	0.001

	T3
	8.7-50.9
	1.16 (1.13,1.19)
	<0.001
	1.18 (1.15,1.22)
	<0.001

	METS-IR-PFI
	
	
	
	
	

	T1
	0
	1
	Ref
	1
	Ref

	T2
	0-39.7
	1.03 (0.99,1.06)
	0.104
	1.04 (1.00,1.08)
	0.065

	T3
	39.7-456.2
	1.18 (1.15,1.21)
	<0.001
	1.20 (1.16,1.24)
	<0.001

	eGDR-PFI
	
	
	
	
	

	T1
	0
	1
	Ref
	1
	Ref

	T2
	0-0.1
	1.01 (0.97,1.05)
	0.657
	1.02 (0.98,1.06)
	0.412

	T3
	0.1-127.3
	1.18 (1.15,1.21)
	<0.001
	1.20 (1.16,1.23)
	<0.001


Note: 
Model: Adjusted for sex, age, race, residence, marital status, education level, smoking status, drinking status, hypertension, diabetes, dyslipidemia, BMI, antihypertensive, antidiabetic, lipid-lowering medications, FBG, LDL-C, and HbA1c.
P-values less than 0.05 (p < 0.05) were considered significant. 
Abbreviations: ref=reference, T=Tertile, N=number, TyG=triglyceride-glucose, METS-IR=Metabolic score for insulin resistance, eGDR=estimated Glucose Disposal Rate, FI=frailty index, PFI=physical frailty, HR=hazard ratio, CI=confidence interval, BMI=body mass index, FBG=Fasting blood glucose, TC=Total cholesterol, LDL-C=Low density lipoprotein cholesterol, HbA1c=Glycated hemoglobin A1c.




















Table S7. Associations of insulin resistance-frailty index with stroke and heart disease in individuals with Cardiovascular-Kidney-Metabolic syndrome stages 0-3 in the UK Biobank
	Variable
	Range
	Stroke
	Heart disease

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

	TyG-FI
	
	
	
	
	

	T1
	0-0.6
	1
	Ref
	1
	Ref

	T2
	0.6-1.1
	0.99 (0.93,1.06)
	0.848
	1.14 (1.11,1.18)
	<0.001

	T3
	1.1-4.7
	1.03 (0.96,1.11)
	0.417
	1.40 (1.36,1.44)
	<0.001

	METS-IR-FI
	
	
	
	
	

	T1
	0-2.7
	1
	Ref
	1
	Ref

	T2
	2.7-5.1
	1.01 (0.94,1.09)
	0.712
	1.15 (1.12,1.18)
	<0.001

	T3
	5.1-39.4
	1.06 (0.98,1.14)
	0.131
	1.41 (1.37,1.45)
	<0.001

	eGDR-FI
	
	
	
	
	

	T1
	0-0.001
	1
	Ref
	1
	Ref

	T2
	0.001-0.015
	1.04 (0.97,1.12)
	0.302
	1.16 (1.13,1.19)
	<0.001

	T3
	0.015-12.5
	1.07 (0.99,1.16)
	0.087
	1.45 (1.41,1.49)
	<0.001

	TyG-PFI
	
	
	
	
	

	T1
	0
	1
	Ref
	1
	Ref

	T2
	0-8.7
	1.06 (0.98,1.14)
	0.122
	1.06 (1.03,1.09)
	<0.001

	T3
	8.7-50.9
	1.09 (1.03,1.16)
	0.004
	1.10 (1.08,1.13)
	<0.001

	METS-IR-PFI
	
	
	
	
	

	T1
	0
	1
	Ref
	1
	Ref

	T2
	0-39.7
	1.03 (0.96,1.11)
	0.412
	1.05 (1.02,1.08)
	0.003

	T3
	39.7-456.2
	1.11 (1.04,1.18)
	0.001
	1.11 (1.09,1.14)
	<0.001

	eGDR-PFI
	
	
	
	
	

	T1
	0
	1
	Ref
	1
	Ref

	T2
	0-0.1
	1.03 (0.94,1.11)
	0.550
	1.00 (0.97,1.03)
	0.999

	T3
	0.1-127.3
	1.11 (1.04,1.17)
	0.001
	1.13 (1.10,1.15)
	<0.001


Note: 
Model: Adjusted for sex, age, race, residence, marital status, education level, smoking status, drinking status, hypertension, diabetes, dyslipidemia, BMI, antihypertensive, antidiabetic, lipid-lowering medications, FBG, TC, LDL-C, and HbA1c.
P-values less than 0.05 (p < 0.05) were considered significant. 
Abbreviations: ref=reference, T=Tertile, N=number, TyG=triglyceride-glucose, METS-IR=Metabolic score for insulin resistance, eGDR=estimated Glucose Disposal Rate, FI=frailty index, PFI=physical frailty, HR=hazard ratio, CI=confidence interval, BMI=body mass index, FBG=Fasting blood glucose, TC=Total cholesterol, LDL-C=Low density lipoprotein cholesterol, HbA1c=Glycated hemoglobin A1c.






























Table S8. Associations of insulin resistance-frailty index with incident CVD in individuals with Cardiovascular-Kidney-Metabolic syndrome stages 0-3 in CHARLS
	Variable
	Range
	N (events)
	Model 1
	Model 2

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

	TyG
	
	
	
	
	
	

	T1
	5.2-8.3
	790 (180)
	1
	Ref
	1
	Ref

	T2
	8.3-8.7
	790 (209)
	1.12 (0.92,1.38)
	0.260
	1.14 (0.93,1.40)
	0.199

	T3
	8.7-12.3
	1052 (322)
	1.14 (0.93,1.40)
	0.199
	1.15 (0.93,1.43)
	0.204

	METS-IR
	
	
	
	
	
	

	T1
	17.6-30.6
	790 (177)
	1
	Ref
	1
	Ref

	T2
	30.6-36.3
	789 (182)
	0.94 (0.76,1.18)
	0.609
	0.97 (0.77,1.21)
	0.757

	T3
	36.3-108.9
	1053 (352)
	1.22 (0.94,1.58)
	0.136
	1.25 (0.96,1.64)
	0.099

	eGDR
	
	
	
	
	
	

	T1
	2.3-7.7
	790 (290)
	1
	Ref
	1
	Ref

	T2
	7.7-10.5
	790 (217)
	0.75 (0.56,1.00)
	0.048
	0.80 (0.59,1.07)
	0.125

	T3
	10.5-17.8
	1052 (204)
	0.56 (0.39,0.80)
	0.002
	0.59 (0.40,0.85)
	0.005

	FI-status
	
	
	
	
	
	

	T1
	0-0.1
	800 (161)
	1
	Ref
	1
	Ref

	T2
	0.1
	805 (219)
	1.40 (1.14,1.72)
	0.001
	1.37 (1.11,1.68)
	0.003

	T3
	0.1-0.6
	1027 (331)
	1.59 (1.30,1.94)
	<0.001
	1.54 (1.26,1.89)
	<0.001

	PFI-status
	
	
	
	
	
	

	Non-frail
	0
	156 (37)
	1
	Ref
	1
	Ref

	Pre-frail
	1-2
	357 (114)
	1.49 (1.02,2.19)
	0.041
	1.47 (1.00,2.16)
	0.050

	Frail
	3-4
	54 (13)
	1.24 (0.65,2.37)
	0.518
	1.22 (0.63,2.35)
	0.550

	TyG-FI
	
	
	
	
	
	

	T1
	0-0.7
	790 (166)
	1
	Ref
	1
	Ref

	T2
	0.7-1
	789 (194)
	1.12 (0.91,1.38)
	0.278
	1.10 (0.89,1.35)
	0.389

	T3
	1-5.9
	1053 (351)
	1.50 (1.24,1.83)
	<0.001
	1.44 (1.18,1.76)
	<0.001

	METS-IR-FI
	
	
	
	
	
	

	T1
	0.2-2.6
	790 (166)
	1
	Ref
	1
	Ref

	T2
	2.6-3.9
	789 (182)
	1.04 (0.84,1.28)
	0.746
	1.02 (0.83,1.27)
	0.841

	T3
	3.9-25.4
	1053 (363)
	1.43 (1.17,1.74)
	<0.001
	1.37 (1.12,1.68)
	0.002

	eGDR-FI
	
	
	
	
	
	

	T1
	0-0.008
	790 (155)
	1
	Ref
	1
	Ref

	T2
	0.008-0.013
	789 (190)
	1.18 (0.95,1.46)
	0.130
	1.17 (0.94,1.45)
	0.149

	T3
	0.013-0.132
	1053 (366)
	1.56 (1.25,1.94)
	<0.001
	1.49 (1.19,1.87)
	<0.001

	TyG-PFI
	
	
	
	
	
	

	T1
	0-7.9
	170 (41)
	1
	Ref
	1
	Ref

	T2
	7.9-9.1
	170 (45)
	1.13 (0.73,1.74)
	0.578
	1.11 (0.72,1.72)
	0.641

	T3
	9.1-34.9
	227 (78)
	1.66 (1.12,2.46)
	0.012
	1.66 (1.12,2.47)
	0.012

	METS-IR-PFI
	
	
	
	
	
	

	T1
	0-24.9
	170 (39)
	1
	Ref
	1
	Ref

	T2
	24.9-39.7
	170 (48)
	1.31 (0.85,2.03)
	0.226
	1.29 (0.83,2.01)
	0.257

	T3
	39.8-204
	227 (77)
	1.60 (1.07,2.38)
	0.021
	1.59 (1.06,2.37)
	0.024

	eGDR-PFI
	
	
	
	
	
	

	T1
	0-0.083
	170 (45)
	1
	Ref
	1
	Ref

	T2
	0.084-0.147
	170 (42)
	1.04 (0.67,1.60)
	0.868
	1.03 (0.67,1.59)
	0.902

	T3
	0.148-0.644
	227 (77)
	1.34 (0.91,1.98)
	0.135
	1.36 (0.92,2.01)
	0.127


Note: 
Model 1: adjusted for sex, age, residence, marital status, education level, smoking status, drinking status, hypertension, diabetes, dyslipidemia, and BMI. 
Model 2: adjusted for sex, age, residence, marital status, education level, smoking status, drinking status, hypertension, diabetes, dyslipidemia, BMI, antihypertensive, antidiabetic, lipid-lowering medications, FBG, TC, LDL-C, and HbA1c.
P-values less than 0.05 (p < 0.05) were considered significant. 
Abbreviations: CHARLS=China Health and Retirement Longitudinal Study, Ref=reference, T=Tertile, N=number, TyG=triglyceride-glucose, METS-IR=Metabolic score for insulin resistance, eGDR=estimated Glucose Disposal Rate, FI=frailty index, PFI=physical frailty, CVD=Cardiovascular Disease, HR=hazard ratio, CI=confidence interval, BMI=body mass index, FBG=Fasting blood glucose, TC=Total cholesterol, LDL-C=Low density lipoprotein cholesterol, HbA1c=Glycated hemoglobin A1c.









Table S9. Associations of insulin resistance-frailty index with heart disease in individuals with Cardiovascular-Kidney-Metabolic syndrome stages 0-3 in CHARLS
	Variable
	Range
	N (events)
	Model 1
	Model 2

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

	TyG
	
	
	
	
	
	

	T1
	5.2-8.3
	790 (147)
	1
	Ref
	1
	Ref

	T2
	8.3-8.7
	790 (162)
	1.05 (0.84,1.32)
	0.677
	1.07 (0.85,1.34)
	0.581

	T3
	8.7-12.3
	1052 (254)
	1.08 (0.86,1.36)
	0.485
	1.11 (0.87,1.41)
	0.412

	METS-IR
	
	
	
	
	
	

	T1
	17.6-30.6
	790 (141)
	1
	Ref
	1
	Ref

	T2
	30.6-36.3
	789 (142)
	0.91 (0.71,1.17)
	0.468
	0.93 (0.72,1.19)
	0.566

	T3
	36.3-108.9
	1053 (280)
	1.17 (0.88,1.56)
	0.282
	1.20 (0.90,1.62)
	0.219

	eGDR
	
	
	
	
	
	

	T1
	2.3-7.7
	790 (233)
	1
	Ref
	1
	Ref

	T2
	7.7-10.5
	790 (163)
	0.74 (0.54,1.02)
	0.070
	0.78 (0.56,1.08)
	0.138

	T3
	10.5-17.8
	1052 (167)
	0.63 (0.42,0.94)
	0.025
	0.66 (0.43,1.00)
	0.048

	FI-status
	
	
	
	
	
	

	T1
	0-0.1
	800 (129)
	1
	Ref
	1
	Ref

	T2
	0.1
	805 (173)
	1.38 (1.09,1.74)
	0.007
	1.35 (1.07,1.70)
	0.012

	T3
	0.1-0.6
	1027 (261)
	1.56 (1.25,1.95)
	<0.001
	1.52 (1.21,1.91)
	<0.001

	TyG-FI
	
	
	
	
	
	

	T1
	0-0.7
	790 (138)
	1
	Ref
	1
	Ref

	T2
	0.7-1
	789 (149)
	1.02 (0.81,1.29)
	0.839
	1.01 (0.80,1.27)
	0.955

	T3
	1-5.9
	1053 (276)
	1.41 (1.13,1.75)
	0.002
	1.36 (1.09,1.70)
	0.006

	METS-IR-FI
	
	
	
	
	
	

	T1
	0.2-2.6
	790 (133)
	1
	Ref
	1
	Ref

	T2
	2.6-3.9
	789 (142)
	1.01 (0.80,1.29)
	0.916
	1.00 (0.79,1.27)
	0.988

	T3
	3.9-25.4
	1053 (288)
	1.40 (1.12,1.75)
	0.003
	1.36 (1.08,1.70)
	0.009

	eGDR-FI
	
	
	
	
	
	

	T1
	0-0.008
	790 (128)
	1
	Ref
	1
	Ref

	T2
	0.008-0.013
	789 (148)
	1.12 (0.88,1.42)
	0.373
	1.11 (0.87,1.41)
	0.405

	T3
	0.013-0.132
	1053 (287)
	1.45 (1.13,1.85)
	0.003
	1.39 (1.09,1.79)
	0.009



Note: 
Model 1: adjusted for sex, age, residence, marital status, education level, smoking status, drinking status, hypertension, diabetes, dyslipidemia, and BMI. 
Model 2: adjusted for sex, age, residence, marital status, education level, smoking status, drinking status, hypertension, diabetes, dyslipidemia, BMI, antihypertensive, antidiabetic, lipid-lowering medications, FBG, TC, LDL-C, and HbA1c.
P-values less than 0.05 (p < 0.05) were considered significant. 
Abbreviations: CHARLS=China Health and Retirement Longitudinal Study, Ref=reference, T=Tertile, N=number, TyG=triglyceride-glucose, METS-IR=Metabolic score for insulin resistance, eGDR=estimated Glucose Disposal Rate, FI=frailty index, HR=hazard ratio, CI=confidence interval, BMI=body mass index, FBG=Fasting blood glucose, TC=Total cholesterol, LDL-C=Low density lipoprotein cholesterol, HbA1c=Glycated hemoglobin A1c.


























Table S10. Associations of insulin resistance-frailty index with stroke in individuals with Cardiovascular-Kidney-Metabolic syndrome stages 0-3 in CHARLS
	Variable
	Range
	N (events)
	Model 1
	Model 2

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

	TyG
	
	
	
	
	
	

	T1
	5.2-8.3
	790 (50)
	1
	Ref
	1
	Ref

	T2
	8.3-8.7
	790 (73)
	1.44 (1.00,2.08)
	0.050
	1.47 (1.02,2.12)
	0.041

	T3
	8.7-12.3
	1052 (114)
	1.50 (1.04,2.17)
	0.030
	1.53 (1.04,2.25)
	0.031

	METS-IR
	
	
	
	
	
	

	T1
	17.6-30.6
	790 (52)
	1
	Ref
	1
	Ref

	T2
	30.6-36.3
	789 (65)
	1.23 (0.83,1.81)
	0.306
	1.22 (0.82,1.81)
	0.325

	T3
	36.3-108.9
	1053 (120)
	1.59 (0.99,2.55)
	0.056
	1.56 (0.96,2.54)
	0.072

	eGDR
	
	
	
	
	
	

	T1
	2.3-7.7
	790 (93)
	1
	Ref
	1
	Ref

	T2
	7.7-10.5
	790 (79)
	0.88 (0.54,1.43)
	0.607
	0.96 (0.58,1.58)
	0.867

	T3
	10.5-17.8
	1052 (65)
	0.59 (0.32,1.11)
	0.104
	0.64 (0.33,1.22)
	0.174

	FI-status
	
	
	
	
	
	

	T1
	0-0.1
	800 (49)
	1
	Ref
	1
	Ref

	T2
	0.1
	805 (73)
	1.48 (1.02,2.13)
	0.038
	1.43 (0.99,2.07)
	0.056

	T3
	0.1-0.6
	1027 (115)
	1.72 (1.20,2.45)
	0.003
	1.66 (1.16,2.37)
	0.006

	TyG-FI
	
	
	
	
	
	

	T1
	0-0.7
	790 (44)
	1
	Ref
	1
	Ref

	T2
	0.7-1
	789 (73)
	1.56 (1.07,2.27)
	0.021
	1.52 (1.04,2.22)
	0.030

	T3
	1-5.9
	1053 (120)
	1.83 (1.27,2.63)
	0.001
	1.76 (1.22,2.54)
	0.003

	METS-IR-FI
	
	
	
	
	
	

	T1
	0.2-2.6
	790 (49)
	1
	Ref
	1
	Ref

	T2
	2.6-3.9
	789 (61)
	1.16 (0.80,1.70)
	0.435
	1.13 (0.77,1.66)
	0.529

	T3
	3.9-25.4
	1053 (127)
	1.64 (1.15,2.34)
	0.007
	1.56 (1.09,2.24)
	0.016

	eGDR-FI
	
	
	
	
	
	

	T1
	0-0.008
	790 (45)
	1
	Ref
	1
	Ref

	T2
	0.008-0.013
	789 (65)
	1.36 (0.93,2.00)
	0.115
	1.35 (0.92,1.98)
	0.130

	T3
	0.013-0.132
	1053 (127)
	1.82 (1.23,2.69)
	0.003
	1.74 (1.17,2.59)
	0.007



Note: 
Model 1: adjusted for sex, age, residence, marital status, education level, smoking status, drinking status, hypertension, diabetes, dyslipidemia, and BMI. 
Model 2: adjusted for sex, age, residence, marital status, education level, smoking status, drinking status, hypertension, diabetes, dyslipidemia, BMI, antihypertensive, antidiabetic, lipid-lowering medications, FBG, TC, LDL-C, and HbA1c.
P-values less than 0.05 (p < 0.05) were considered significant. 
Abbreviations: CHARLS=China Health and Retirement Longitudinal Study, Ref=reference, T=Tertile, N=number, TyG=triglyceride-glucose, METS-IR=Metabolic score for insulin resistance, eGDR=estimated Glucose Disposal Rate, FI=frailty index, HR=hazard ratio, CI=confidence interval, BMI=body mass index, FBG=Fasting blood glucose, TC=Total cholesterol, LDL-C=Low density lipoprotein cholesterol, HbA1c=Glycated hemoglobin A1c.


Table S11. Concordance Index (C-index) and Its 95% Confidence Interval of Insulin Resistance Indices Combined with Frailty Indexes for Cardiovascular Disease Risk Prediction
	Variables
	C index (95%CI)
	C index (95%CI)
	C index (95%CI)
	C index (95%CI)

	
	Stroke
	Heart Disease
	ASCVD
	MACE

	FI
	0.707 (0.701-0.714)
	0.701 (0.699-0.704)
	0.710 (0.708-0.713)
	0.715 (0.712-0.718)

	PFI
	0.703 (0.697-0.710)
	0.687 (0.685-0.689)
	0.694 (0.691-0.697)
	0.700 (0.697-0.703)

	TyG
	0.703 (0.697-0.710)
	0.685 (0.683-0.688)
	0.694 (0.691-0.697)
	0.701 (0.698-0.704)

	TyG + FI
	0.709 (0.702-0.715)
	0.702 (0.700-0.705)
	0.713 (0.710-0.716)
	0.719 (0.716-0.722)

	TyG + PFI
	0.705 (0.699-0.712)
	0.689 (0.687-0.692)
	0.699 (0.696-0.701)
	0.707 (0.703-0.710)

	METS_IR
	0.705 (0.699-0.712)
	0.694 (0.692-0.697)
	0.700 (0.697-0.703)
	0.710 (0.707-0.713)

	METS_IR + FI
	0.709 (0.703-0.716)
	0.706 (0.704-0.709)
	0.715 (0.712-0.718)
	0.723 (0.720-0.726)

	METS_IR + PFI
	0.707 (0.700-0.713)
	0.696 (0.694-0.699)
	0.703 (0.700-0.706)
	0.713 (0.710-0.716)

	eGDR
	0.711 (0.705-0.718)
	0.699 (0.696-0.701)
	0.706 (0.703-0.708)
	0.713 (0.710-0.716)

	eGDR + FI
	0.713 (0.707-0.720)
	0.708 (0.705-0.710)
	0.717 (0.714-0.720)
	0.723 (0.720-0.726)

	eGDR + PFI
	0.712 (0.706-0.719)
	0.700 (0.698-0.703)
	0.708 (0.706-0.711)
	0.716 (0.713-0.719)



Note: 
Model: Adjusted for sex, age, race.

















Table S12 Joint associations of insulin resistance and frailty index with cardiovascular events in individuals with Cardiovascular-Kidney-Metabolic syndrome stages 0-3 in the UK Biobank.
	Variable
	N (events)
	HR (95% CI)
	P value
	P for interaction

	ASCVD

	TyG
	
	
	
	<0.001

	low-index&low-FI
	71,292 (4930)
	1
	Reference
	

	high-index&high-FI
	70,612 (11,978)
	1.28 (1.23,1.33)
	<0.001
	

	low-index&high-FI
	58,565 (6826)
	1.34 (1.29,1.39)
	<0.001
	

	high-index&low-FI
	59,245 (6440)
	1.02 (0.98,1.06)
	0.322
	

	METS-IR
	
	
	
	<0.001

	low-index&low-FI
	74,011 (5014)
	1
	Reference
	

	high-index&high-FI
	73,331 (12,619)
	1.35 (1.29,1.40)
	<0.001
	

	low-index&high-FI
	55,846 (6185)
	1.35 (1.30,1.41)
	<0.001
	

	high-index&low-FI
	56,526 (6356)
	1.08 (1.04,1.13)
	<0.001
	

	eGDR
	
	
	
	<0.001

	low-index&low-FI
	77,249 (4658)
	1
	Reference
	

	high-index&high-FI
	76,615 (14,162)
	1.43 (1.37,1.50)
	<0.001
	

	low-index&high-FI
	52,562 (4642)
	1.33 (1.28,1.39)
	<0.001
	

	high-index&low-FI
	53,288 (6712)
	1.14 (1.09,1.19)
	<0.001
	

	MACE

	TyG
	
	
	
	<0.001

	low-index&low-FI
	71,292 (3660)
	1
	Reference
	

	high-index&high-FI
	70,612 (9431)
	1.29 (1.24,1.35)
	<0.001
	

	low-index&high-FI
	58,565 (5059)
	1.33 (1.27,1.39)
	<0.001
	

	high-index&low-FI
	59,245 (5091)
	1.05 (1.00,1.10)
	0.034
	

	METS-IR
	
	
	
	<0.001

	low-index&low-FI
	74,011 (3666)
	1
	Reference
	

	high-index&high-FI
	73,331 (9986)
	1.35 (1.29,1.42)
	<0.001
	

	low-index&high-FI
	55,846 (4504)
	1.36 (1.30,1.42)
	<0.001
	

	high-index&low-FI
	56,526 (5085)
	1.11 (1.06,1.17)
	<0.001
	

	eGDR
	
	
	
	<0.001

	low-index&low-FI
	77,249 (3455)
	1
	Reference
	

	high-index&high-FI
	76,615 (11,112)
	1.42 (1.36,1.50)
	<0.001
	

	low-index&high-FI
	52,562 (3378)
	1.31 (1.25,1.38)
	<0.001
	

	high-index&low-FI
	53,288 (5296)
	1.14 (1.09,1.20)
	<0.001
	

	Stroke

	TyG
	
	
	
	0.002

	low-index&low-FI
	71,292 (1080)
	1
	Reference
	

	high-index&high-FI
	70,612 (1994)
	1.02 (0.94,1.10)
	0.709
	

	low-index&high-FI
	58,565 (1241)
	1.10 (1.02,1.20)
	0.020
	

	high-index&low-FI
	59,245 (1343)
	1.04 (0.96,1.13)
	0.359
	

	METS-IR
	
	
	
	0.015

	low-index&low-FI
	74,011 (1172)
	1
	Reference
	

	high-index&high-FI
	73,331 (2073)
	1.01 (0.92,1.11)
	0.831
	

	low-index&high-FI
	55,846 (1162)
	1.07 (0.98,1.16)
	0.122
	

	high-index&low-FI
	56,526 (1251)
	1.01 (0.92,1.11)
	0.821
	

	eGDR
	
	
	
	0.220

	low-index&low-FI
	77,249 (1053)
	1
	Reference
	

	high-index&high-FI
	76,615 (2423)
	1.13 (1.03,1.25)
	0.013
	

	low-index&high-FI
	52,562 (812)
	1.03 (0.94,1.13)
	0.581
	

	high-index&low-FI
	53,288 (1370)
	1.10 (1.00,1.21)
	0.048
	


Note: 
Model: adjusted for sex, age, race, residence, marital status, education level, smoking status, drinking status, hypertension, diabetes, dyslipidemia, BMI, antihypertensive, antidiabetic, lipid-lowering medications, FBG, TC, LDL-C, and HbA1c.
P-values less than 0.05 (p < 0.05) were considered significant. 
Abbreviations: TyG=triglyceride-glucose, METS-IR=Metabolic score for insulin resistance, eGDR=estimated Glucose Disposal Rate, FI=frailty index, ASCVD=Atherosclerotic Cardiovascular Disease, MACE=major adverse cardiovascular events, HR=hazard ratio, CI=confidence interval, N=number, BMI=body mass index, FBG=Fasting blood glucose, TC=Total cholesterol, LDL-C=Low density lipoprotein cholesterol, HbA1c=Glycated hemoglobin A1c.


Table S13. Additive Interaction of IR-related Indices and Frailty Index on Cardiovascular Events Using Cox Proportional Hazards Regression Models from the UK Biobank
	Outcome
	Exposure
	RERI (95%CI)
	P value

	ASCVD
	TyG
	-0.076 (-0.131, -0.02)
	0.008

	
	METS-IR
	-0.092 (-0.15, -0.034)
	0.002

	
	eGDR
	0.031 (-0.026, 0.088)
	0.290

	MACE
	TyG
	-0.082 (-0.146, -0.018)
	0.012

	
	METS-IR
	-0.118 (-0.186, -0.051)
	0.001

	
	eGDR
	0.029 (-0.036, 0.094)
	0.388


Note: 
P-values less than 0.05 (p < 0.05) were considered significant.
Additive interaction was considered statistically significant if the 95% CI of RERI and AP did not include 0, or the 95% CI of S did not include 1.
Model: adjusted for sex, age, residence, marital status, education level, smoking status, drinking status, hypertension, diabetes, dyslipidemia, BMI, antihypertensive, antidiabetic, lipid-lowering medications, FBG, TC, LDL-C, and HbA1c.
Abbreviations: TyG=triglyceride-glucose, METS-IR=Metabolic score for insulin resistance, eGDR=estimated Glucose Disposal Rate, FI=frailty index; BMI=body mass index, FBG=Fasting blood glucose, TC=Total cholesterol, LDL-C=Low density lipoprotein cholesterol, HbA1c=Glycated hemoglobin A1c.








Table S14. Joint associations of insulin resistance and frailty index with cardiovascular events in individuals with Cardiovascular-Kidney-Metabolic syndrome stages 0-3 in CHARLS
	Variable
	N (events)
	HR (95% CI)
	P value
	P for interaction

	CVD

	TyG
	
	
	
	0.305

	low-index&low-FI
	778 (163)
	1
	Reference
	

	high-index&high-FI
	533 (181)
	1.31 (1.04,1.67)
	0.024
	

	low-index&high-FI
	541 (156)
	1.30 (1.04,1.63)
	0.023
	

	high-index&low-FI
	780 (211)
	1.13 (0.91,1.41)
	0.274
	

	METS-IR
	
	
	
	0.274

	low-index&low-FI
	791 (152)
	1
	Reference
	

	high-index&high-FI
	534 (189)
	1.43 (1.11,1.86)
	0.006
	

	low-index&high-FI
	540 (148)
	1.32 (1.05,1.67)
	0.019
	

	high-index&low-FI
	767 (222)
	1.25 (0.98,1.59)
	0.077
	

	eGDR
	
	
	
	0.755

	low-index&low-FI
	895 (172)
	1
	Reference
	

	high-index&high-FI
	622 (229)
	1.68 (1.25,2.26)
	0.001
	

	low-index&high-FI
	452 (108)
	1.26 (0.99,1.61)
	0.061
	

	high-index&low-FI
	663 (202)
	1.40 (1.06,1.85)
	0.017
	

	Heart disease

	TyG
	
	
	
	0.333

	low-index&low-FI
	778 (132)
	1
	Reference
	

	high-index&high-FI
	533 (142)
	1.29 (0.98,1.68)
	0.065
	

	low-index&high-FI
	541 (124)
	1.29 (1.00,1.66)
	0.052
	

	high-index&low-FI
	780 (165)
	1.10 (0.86,1.41)
	0.455
	

	METS-IR
	
	
	
	0.101

	low-index&low-FI
	791 (121)
	1
	Reference
	

	high-index&high-FI
	534 (150)
	1.41 (1.06,1.88)
	0.020
	

	low-index&high-FI
	540 (116)
	1.31 (1.01,1.70)
	0.045
	

	high-index&low-FI
	767 (176)
	1.21 (0.92,1.60)
	0.163
	

	eGDR
	
	
	
	0.934

	low-index&low-FI
	895 (134)
	1
	Reference
	

	high-index&high-FI
	622 (179)
	1.63 (1.16,2.28)
	0.004
	

	low-index&high-FI
	452 (87)
	1.33 (1.01,1.75)
	0.039
	

	high-index&low-FI
	663 (163)
	1.41 (1.03,1.93)
	0.032
	

	Stroke

	TyG
	
	
	
	0.995

	low-index&low-FI
	778 (48)
	1
	Reference
	

	high-index&high-FI
	533 (66)
	1.57 (1.03,2.37)
	0.034
	

	low-index&high-FI
	541 (51)
	1.40 (0.93,2.11)
	0.103
	

	high-index&low-FI
	780 (72)
	1.32 (0.89,1.96)
	0.163
	

	METS-IR
	
	
	
	0.871

	low-index&low-FI
	791 (47)
	1
	Reference
	

	high-index&high-FI
	534 (67)
	1.58 (1.00,2.48)
	0.048
	

	low-index&high-FI
	540 (50)
	1.39 (0.92,2.10)
	0.115
	

	high-index&low-FI
	767 (73)
	1.33 (0.86,2.06)
	0.202
	

	eGDR
	
	
	
	0.704

	low-index&low-FI
	895 (59)
	1
	Reference
	

	high-index&high-FI
	622 (83)
	1.73 (1.05,2.83)
	0.030
	

	low-index&high-FI
	452 (34)
	1.11 (0.72,1.70)
	0.645
	

	high-index&low-FI
	663 (61)
	1.25 (0.77,2.02)
	0.366
	


Note: 
Model: adjusted for sex, age, residence, marital status, education level, smoking status, drinking status, hypertension, diabetes, dyslipidemia, BMI, antihypertensive, antidiabetic, lipid-lowering medications, FBG, TC, LDL-C, and HbA1c.
P-values less than 0.05 (p < 0.05) were considered significant. 
Abbreviations: CHARLS=China Health and Retirement Longitudinal Study, TyG=triglyceride-glucose, METS-IR= Metabolic score for insulin resistance, eGDR=estimated Glucose Disposal Rate, FI=frailty index, HR=hazard ratio, CI=confidence interval, N=number, BMI=body mass index, FBG=Fasting blood glucose, TC=Total cholesterol, LDL-C=Low density 
lipoprotein cholesterol, HbA1c=Glycated hemoglobin A1c.












Table S15. Additive Interaction of IR-related Indices and Frailty Index on Cardiovascular Events Using Cox Proportional Hazards Regression Models from the CHINA CHARLS cohort
	Outcome
	Exposure
	RERI (95%CI)
	P value

	CVD
	TyG
	0.053 (-0.286,0.392)
	0.759

	
	METS-IR
	-0.140 (-0.520,0.241)
	0.472

	
	eGDR
	0.053 (-0.250,0.356)
	0.732

	Heart disease
	TyG
	0.012 (-0.370,0.393)
	0.951

	
	METS-IR
	-0.082 (-0.491,0.327)
	0.695

	
	eGDR
	0.095 (-0.239,0.429)
	0.579

	Stroke
	TyG
	0.121 (-0.496,0.738)
	0.701

	
	METS-IR
	-0.260 (-0.991,0.471)
	0.486

	
	eGDR
	-0.062 (-0.636,0.512)
	0.833


Note: 
P-values less than 0.05 (p < 0.05) were considered significant.
Additive interaction was considered statistically significant if the 95% CI of RERI and AP did not include 0, or the 95% CI of S did not include 1.
Model: adjusted for sex, age, residence, marital status, education level, smoking status, drinking status, hypertension, diabetes, dyslipidemia, BMI, antihypertensive, antidiabetic, lipid-lowering medications, FBG, TC, LDL-C, and HbA1c.
Abbreviations: CHARLS=China Health and Retirement Longitudinal Study; TyG=triglyceride-glucose, METS-IR=Metabolic score for insulin resistance, eGDR=estimated Glucose Disposal Rate, FI=frailty index; BMI=body mass index, FBG=Fasting blood glucose, TC=Total cholesterol, LDL-C=Low density lipoprotein cholesterol, HbA1c=Glycated hemoglobin A1c.



Table S16. Associations of insulin resistance-frailty index with ASCVD and MACE in individuals with Cardiovascular-Kidney-Metabolic syndrome stages 0-3 in the UK Biobank
	Variable
	Range
	ASCVD
	MACE

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

	TyG
	
	
	
	
	

	T1
	6.3-8.4
	1
	Ref
	1
	Ref

	T2
	8.4-8.9
	1.03 (1.00,1.06)
	0.079
	1.05 (1.02,1.09)
	0.003

	T3
	8.9-12.5
	1.06 (1.03,1.10)
	<0.001
	1.14 (1.10,1.18)
	<0.001

	METS-IR
	
	
	
	
	

	T1
	16.3-35
	1
	Ref
	1
	Ref

	T2
	35-42.4
	1.08 (1.04,1.11)
	<0.001
	1.16 (1.12,1.20)
	<0.001

	T3
	42.4-119.5
	1.23 (1.19,1.27)
	<0.001
	1.40 (1.35,1.45)
	<0.001

	eGDR
	
	
	
	
	

	T1
	0-8.9
	1
	Ref
	1
	Ref

	T2
	8.9-10.5
	0.88 (0.85,0.92)
	<0.001
	0.84 (0.81,0.88)
	<0.001

	T3
	10.5-14.3
	0.73 (0.70,0.77)
	<0.001
	0.66 (0.62,0.69)
	<0.001

	TyG-FI
	
	
	
	
	

	T1
	0-0.6
	1
	Ref
	1
	Ref

	T2
	0.6-1.1
	1.15 (1.11,1.19)
	<0.001
	1.14 (1.10,1.18)
	<0.001

	T3
	1.1-4.7
	1.46 (1.41,1.50)
	<0.001
	1.45 (1.40,1.50)
	<0.001

	METS-IR-FI
	
	
	
	
	

	T1
	0-2.7
	1
	Ref
	1
	Ref

	T2
	2.7-5.1
	1.18 (1.15,1.22)
	<0.001
	1.19 (1.15,1.24)
	<0.001

	T3
	5.1-39.4
	1.51 (1.46,1.56)
	<0.001
	1.55 (1.49,1.61)
	<0.001

	eGDR-FI
	
	
	
	
	

	T1
	0-0.001
	1
	Ref
	1
	Ref

	T2
	0.001-0.015
	1.19 (1.15,1.23)
	<0.001
	1.17 (1.13,1.22)
	<0.001

	T3
	0.015-12.5
	1.53 (1.48,1.58)
	<0.001
	1.54 (1.48,1.60)
	<0.001

	TyG-PFI
	
	
	
	
	

	T1
	0
	1
	Ref
	1
	Ref

	T2
	0-8.7
	1.04 (1.01,1.08)
	0.010
	1.04 (1.00,1.08)
	0.050

	T3
	8.7-50.9
	1.19 (1.16,1.22)
	<0.001
	1.24 (1.20,1.27)
	<0.001

	METS-IR-PFI
	
	
	
	
	

	T1
	0
	1
	Ref
	1
	Ref

	T2
	0-39.7
	0.99 (0.96,1.03)
	0.736
	0.97 (0.94,1.01)
	0.162

	T3
	39.7-456.2
	1.22 (1.19,1.25)
	<0.001
	1.27 (1.24,1.31)
	<0.001

	eGDR-PFI
	
	
	
	
	

	T1
	0
	1
	Ref
	1
	Ref

	T2
	0-0.1
	0.98 (0.95,1.02)
	0.364
	0.97 (0.93,1.01)
	0.164

	T3
	0.1-127.3
	1.21 (1.18,1.24)
	<0.001
	1.25 (1.22,1.29)
	<0.001


Note: 
Model: Adjusted for sex, age, race, residence, marital status, education level, smoking status, drinking status, hypertension, diabetes, dyslipidemia, antihypertensive, antidiabetic, lipid-lowering medications.
P-values less than 0.05 (p < 0.05) were considered significant. 
Abbreviations: ref=reference, T=Tertile, N=number, TyG=triglyceride-glucose, METS-IR=Metabolic score for insulin resistance, eGDR=estimated Glucose Disposal Rate, FI=frailty index, PFI=physical frailty, HR=hazard ratio, CI=confidence interval.

























Table S17. Associations of insulin resistance-frailty index with ASCVD and MACE in individuals with Cardiovascular-Kidney-Metabolic syndrome stages 0-1 in the UK Biobank
	Variable
	Range
	N (events)
	ASCVD
	MACE

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

	TyG
	
	
	
	
	
	

	T1
	6.6-8.1
	28,543 (1748)
	1
	Ref
	1
	Ref

	T2
	8.1-8.4
	28,543 (2376)
	1.02 (0.96,1.09)
	0.540
	1.01 (0.94,1.09)
	0.783

	T3
	8.4-10.0
	28,543 (3012)
	1.01 (0.94,1.07)
	0.873
	0.99 (0.91,1.07)
	0.722

	METS-IR
	
	
	
	
	
	

	T1
	16.3-31.2
	28,543 (1733)
	1
	Ref
	1
	Ref

	T2
	31.2-36.0
	28,543 (2317)
	0.96 (0.90,1.03)
	0.284
	0.95 (0.87,1.03)
	0.232

	T3
	36.0-87.8
	28,543 (3086)
	0.91 (0.82,1.00)
	0.061
	0.89 (0.79,0.99)
	0.040

	eGDR
	
	
	
	
	
	

	T1
	0.4-10.3
	28,547 (3971)
	1
	Ref
	1
	Ref

	T2
	10.3-11.3
	28,543 (1949)
	0.85 (0.79,0.91)
	<0.001
	0.86 (0.80,0.93)
	<0.001

	T3
	11.3-13.9
	28,539 (1216)
	0.77 (0.70,0.84)
	<0.001
	0.79 (0.71,0.89)
	<0.001

	TyG-FI
	
	
	
	
	
	

	T1
	0.0-0.5
	28,543 (1674)
	1
	Ref
	1
	Ref

	T2
	0.5-1.0
	28,543 (2229)
	1.14 (1.07,1.21)
	<0.001
	1.14 (1.06,1.23)
	0.001

	T3
	1.0-4.2
	28,543 (3233)
	1.43 (1.34,1.52)
	<0.001
	1.37 (1.27,1.47)
	<0.001

	METS-IR-FI
	
	
	
	
	
	

	T1
	0.0-2.2
	28,543 (1607)
	1
	Ref
	1
	Ref

	T2
	2.2-4.0
	28,543 (2203)
	1.15 (1.08,1.23)
	<0.001
	1.15 (1.06,1.24)
	<0.001

	T3
	4.0-29.7
	28,543 (3326)
	1.42 (1.33,1.52)
	<0.001
	1.37 (1.27,1.47)
	<0.001

	eGDR-FI
	
	
	
	
	
	

	T1
	0.0-0.0
	28,543 (1544)
	1
	Ref
	1
	Ref

	T2
	0.0-0.0
	28,543 (2010)
	1.11 (1.04,1.19)
	0.002
	1.13 (1.04,1.22)
	0.002

	T3
	0.0-0.4
	28,543 (3582)
	1.47 (1.38,1.57)
	<0.001
	1.43 (1.32,1.54)
	<0.001

	TyG-PFI
	
	
	
	
	
	

	T1
	0.0-0.0
	39,085 (3152)
	1
	Ref
	1
	Ref

	T2
	0.0-8.3
	18,001 (1146)
	1.01 (0.94,1.08)
	0.874
	1.06 (0.98,1.14)
	0.178

	T3
	8.3-44.2
	28,543 (2838)
	1.12 (1.07,1.18)
	<0.001
	1.11 (1.05,1.18)
	0.001

	METS-IR-PFI
	
	
	
	
	
	

	T1
	0.0-0.0
	39,085 (3152)
	1
	Ref
	1
	Ref

	T2
	0.0-33.8
	18001 (1107)
	1.02 (0.95,1.10)
	0.551
	0.99 (0.91,1.08)
	0.796

	T3
	33.8-275.7
	28,543 (2877)
	1.12 (1.06,1.18)
	<0.001
	1.14 (1.08,1.22)
	<0.001

	eGDR-PFI
	
	
	
	
	
	

	T1
	0.0-0.0
	39,085 (3152)
	1
	Ref
	1
	Ref

	T2
	0.0-0.1
	18,009 (815)
	0.92 (0.85,1.00)
	0.038
	0.90 (0.81,0.99)
	0.028

	T3
	0.1-1.2
	28,535 (3169)
	1.14 (1.09,1.20)
	<0.001
	1.16 (1.09,1.23)
	<0.001



Note: 
Model: Adjusted for sex, age, race, residence, marital status, education level, smoking status, drinking status, hypertension, diabetes, dyslipidemia, BMI, antihypertensive, antidiabetic, lipid-lowering medications, FBG, TC, LDL-C, and HbA1c.
P-values less than 0.05 (p < 0.05) were considered significant. 
Abbreviations: ref=reference, T=Tertile, N=number, TyG=triglyceride-glucose, METS-IR=Metabolic score for insulin resistance, eGDR=estimated Glucose Disposal Rate, FI=frailty index, PFI=physical frailty, MACE=major adverse cardiovascular events, HR=hazard ratio, CI=confidence interval, BMI=body mass index, FBG=Fasting blood glucose, TC=Total cholesterol, LDL-C=Low density lipoprotein cholesterol, HbA1c=Glycated hemoglobin A1c.

















Table S18. Subdistribution hazard ratios for the association of exposures with CVD, estimated using the Fine-Gray competing risks model, with non-cardiovascular mortality as the competing event

	Variable
	sHR (95% CI)
	P

	TyG-FI
	1.214 (1.156, 1.275)
	<0.001

	METS-IR-FI
	1.035 (1.025, 1.044)
	<0.001

	eGDR-FI
	1.135 (1.002, 1.286)
	0.046

	TyG-PFI
	1.019 (1.015, 1.023)
	<0.001

	METS-IR-PFI
	1.003 (1.003, 1.004)
	<0.001

	eGDR-PFI
	1.021 (1.006, 1.035)
	0.004


Note: 
P-values less than 0.05 (p < 0.05) were considered significant.
Model: adjusted for sex, age, residence, marital status, education level, smoking status, drinking status, hypertension, diabetes, dyslipidemia, BMI, antihypertensive, antidiabetic, lipid-lowering medications, FBG, TC, LDL-C, and HbA1c.
Abbreviations: TyG=triglyceride-glucose, METS-IR=Metabolic score for insulin resistance, eGDR=estimated Glucose Disposal Rate, FI=frailty index; BMI=body mass index, FBG=Fasting blood glucose, TC=Total cholesterol, LDL-C=Low density lipoprotein cholesterol, HbA1c=Glycated hemoglobin A1c.






Table S19. Associations of insulin resistance-frailty index with ASCVD and MACE in individuals with Cardiovascular-Kidney-Metabolic syndrome stages 0, 1, 2, 3 in the UK Biobank

	Variable
	Stage 0
	Stage 1
	Stage 2
	Stage 3

	
	ASCVD

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

	TyG-FI
	
	
	
	
	
	
	
	

	T1
	1
	Ref
	1
	Ref
	1
	Ref
	1
	Ref

	T2
	1.15 (1.04,1.28)
	0.006
	1.08 (1.00,1.18)
	0.053
	1.14 (1.09,1.19)
	<0.001
	1.13 (1.06,1.21)
	<0.001

	T3
	1.41 (1.28,1.55)
	<0.001
	1.37 (1.27,1.49)
	<0.001
	1.45 (1.39,1.51)
	<0.001
	1.35 (1.26,1.45)
	<0.001

	METS-IR-FI
	
	
	
	
	
	
	
	

	T1
	1
	Ref
	1
	Ref
	1
	Ref
	1
	Ref

	T2
	1.10 (0.99,1.22)
	0.076
	1.17 (1.07,1.26)
	<0.001
	1.19 (1.14,1.24)
	<0.001
	1.12 (1.05,1.20)
	0.001

	T3
	1.39 (1.26,1.54)
	<0.001
	1.40 (1.29,1.52)
	<0.001
	1.51 (1.44,1.58)
	<0.001
	1.35 (1.26,1.45)
	<0.001

	eGDR-FI
	
	
	
	
	
	
	
	

	T1
	1
	Ref
	1
	Ref
	1
	Ref
	1
	Ref

	T2
	1.12 (1.00,1.24)
	0.043
	1.13 (1.03,1.23)
	0.007
	1.18 (1.13,1.24)
	<0.001
	1.14 (1.06,1.22)
	0.001

	T3
	1.44 (1.30,1.60)
	<0.001
	1.46 (1.34,1.59)
	<0.001
	1.51 (1.44,1.59)
	<0.001
	1.37 (1.26,1.49)
	<0.001

	TyG-PFI
	
	
	
	
	
	
	
	

	T1
	1
	Ref
	1
	Ref
	1
	Ref
	1
	Ref

	T2
	1.05 (0.94,1.18)
	0.384
	1.02 (0.94,1.11)
	0.564
	1.06 (1.01,1.11)
	0.009
	1.07 (1.00,1.14)
	0.045

	T3
	1.12 (1.03,1.21)
	0.007
	1.11 (1.03,1.18)
	0.004
	1.19 (1.15,1.24)
	<0.001
	1.16 (1.09,1.22)
	<0.001

	METS-IR-PFI
	
	
	
	
	
	
	
	

	T1
	1
	Ref
	1
	Ref
	1
	Ref
	1
	Ref

	T2
	0.97 (0.86,1.09)
	0.616
	0.97 (0.89,1.05)
	0.458
	1.04 (1.00,1.09)
	0.078
	1.05 (0.99,1.12)
	0.131

	T3
	1.16 (1.07,1.26)
	0.001
	1.15 (1.07,1.23)
	<0.001
	1.21 (1.17,1.26)
	<0.001
	1.17 (1.10,1.23)
	<0.001

	eGDR-PFI
	
	
	
	
	
	
	
	

	T1
	1
	Ref
	1
	Ref
	1
	Ref
	1
	Ref

	T2
	0.89 (0.78,1.03)
	0.113
	0.91 (0.82,1.00)
	0.047
	1.08 (1.02,1.13)
	0.003
	1.10 (1.02,1.19)
	0.014

	T3
	1.16 (1.07,1.26)
	<0.001
	1.15 (1.08,1.23)
	<0.001
	1.18 (1.14,1.23)
	<0.001
	1.13 (1.07,1.19)
	<0.001

	
	MACE

	TyG-FI
	
	
	
	
	
	
	
	

	T1
	1
	Ref
	1
	Ref
	1
	Ref
	1
	Ref

	T2
	1.18 (1.04,1.33)
	0.010
	1.10 (1.00,1.21)
	0.045
	1.11 (1.06,1.17)
	<0.001
	1.11 (1.03,1.19)
	0.009

	T3
	1.34 (1.19,1.51)
	<0.001
	1.36 (1.24,1.49)
	<0.001
	1.41 (1.34,1.48)
	<0.001
	1.33 (1.23,1.43)
	<0.001

	METS-IR-FI
	
	
	
	
	
	
	
	

	T1
	1
	Ref
	1
	Ref
	1
	Ref
	1
	Ref

	T2
	1.10 (0.97,1.24)
	0.148
	1.19 (1.08,1.31)
	<0.001
	1.17 (1.11,1.23)
	<0.001
	1.13 (1.05,1.22)
	0.002

	T3
	1.33 (1.18,1.50)
	<0.001
	1.41 (1.28,1.55)
	<0.001
	1.47 (1.40,1.55)
	<0.001
	1.34 (1.24,1.45)
	<0.001

	eGDR-FI
	
	
	
	
	
	
	
	

	T1
	1
	Ref
	1
	Ref
	1
	Ref
	1
	Ref

	T2
	1.13 (1.00,1.28)
	0.052
	1.14 (1.04,1.26)
	0.007
	1.17 (1.11,1.23)
	<0.001
	1.14 (1.05,1.24)
	0.001

	T3
	1.35 (1.20,1.53)
	<0.001
	1.45 (1.31,1.60)
	<0.001
	1.49 (1.41,1.58)
	<0.001
	1.39 (1.27,1.52)
	<0.001

	TyG-PFI
	
	
	
	
	
	
	
	

	T1
	1
	Ref
	1
	Ref
	1
	Ref
	1
	Ref

	T2
	0.99 (0.85,1.14)
	0.838
	1.09 (1.00,1.20)
	0.059
	1.07 (1.02,1.13)
	0.007
	1.09 (1.01,1.17)
	0.022

	T3
	1.11 (1.01,1.23)
	0.035
	1.12 (1.03,1.21)
	0.005
	1.21 (1.16,1.26)
	<0.001
	1.18 (1.11,1.26)
	<0.001

	METS-IR-PFI
	
	
	
	
	
	
	
	

	T1
	1
	Ref
	1
	Ref
	1
	Ref
	1
	Ref

	T2
	0.98 (0.84,1.13)
	0.740
	1.03 (0.93,1.13)
	0.559
	1.06 (1.01,1.12)
	0.022
	1.07 (0.99,1.15)
	0.073

	T3
	1.12 (1.01,1.23)
	0.029
	1.17 (1.07,1.26)
	<0.001
	1.22 (1.17,1.27)
	<0.001
	1.20 (1.12,1.27)
	<0.001

	eGDR-PFI
	
	
	
	
	
	
	
	

	T1
	1
	Ref
	1
	Ref
	1
	Ref
	1
	Ref

	T2
	0.81 (0.68,0.96)
	0.016
	0.96 (0.86,1.07)
	0.463
	1.07 (1.01,1.13)
	0.015
	1.11 (1.02,1.20)
	0.020

	T3
	1.15 (1.05,1.26)
	0.004
	1.17 (1.09,1.27)
	<0.001
	1.20 (1.15,1.25)
	<0.001
	1.16 (1.09,1.24)
	<0.001


Note: 
Model: Adjusted for sex, age, race, residence, marital status, education level, smoking status, drinking status, hypertension, diabetes, dyslipidemia, BMI, antihypertensive, antidiabetic, lipid-lowering medications, FBG, LDL-C, and HbA1c.
P-values less than 0.05 (p < 0.05) were considered significant. 
Abbreviations: ref=reference, T=Tertile, N=number, TyG=triglyceride-glucose, METS-IR=Metabolic score for insulin resistance, eGDR=estimated Glucose Disposal Rate, FI=frailty index, PFI=physical frailty, HR=hazard ratio, CI=confidence interval, BMI=body mass index, FBG=Fasting blood glucose, TC=Total cholesterol, LDL-C=Low density lipoprotein cholesterol, HbA1c=Glycated hemoglobin A1c.
Table S20. Associations of insulin resistance-frailty index with ASCVD and MACE in individuals with Cardiovascular-Kidney-Metabolic syndrome stages 0-3 in the UK Biobank using MICE multiple imputation
	Variable
	ASCVD
	MACE

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

	TyG-FI
	
	
	
	

	T1
	1
	Reference
	1
	Reference

	T2
	1.16 (1.12,1.19)
	<0.001
	1.14 (1.10,1.17)
	<0.001

	T3
	1.46 (1.42,1.50)
	<0.001
	1.43 (1.38,1.47)
	<0.001

	METS-IR-FI
	
	
	
	

	T1
	1
	Reference
	1
	Reference

	T2
	1.18 (1.15,1.21)
	<0.001
	1.17 (1.13,1.21)
	<0.001

	T3
	1.49 (1.44,1.53)
	<0.001
	1.47 (1.42,1.52)
	<0.001

	eGDR-FI
	
	
	
	

	T1
	1
	Reference
	1
	Reference

	T2
	1.20 (1.16,1.23)
	<0.001
	1.17 (1.13,1.21)
	<0.001

	T3
	1.52 (1.47,1.57)
	<0.001
	1.49 (1.43,1.54)
	<0.001

	TyG-PFI
	
	
	
	

	T1
	1
	Reference
	1
	Reference

	T2
	1.06 (1.03,1.09)
	<0.001
	1.06 (1.03,1.10)
	<0.001

	T3
	1.18 (1.16,1.21)
	<0.001
	1.21 (1.18,1.24)
	<0.001

	METS-IR-PFI
	
	
	
	

	T1
	1
	Reference
	1
	Reference

	T2
	1.04 (1.01,1.07)
	0.009
	1.05 (1.01,1.08)
	0.006

	T3
	1.20 (1.17,1.23)
	<0.001
	1.22 (1.19,1.25)
	<0.001

	eGDR-PFI
	
	
	
	

	T1
	1
	Reference
	1
	Reference

	T2
	1.02 (0.99,1.05)
	0.289
	1.03 (0.99,1.06)
	0.165

	T3
	1.20 (1.17,1.23)
	<0.001
	1.22 (1.19,1.25)
	<0.001


Note: 
Model: Adjusted for sex, age, race, residence, marital status, education level, smoking status, drinking status, hypertension, diabetes, dyslipidemia, BMI, antihypertensive, antidiabetic, lipid-lowering medications, FBG, LDL-C, and HbA1c.
P-values less than 0.05 (p < 0.05) were considered significant. 
Abbreviations: ref=reference, T=Tertile, N=number, TyG=triglyceride-glucose, METS-IR=Metabolic score for insulin resistance, eGDR=estimated Glucose Disposal Rate, FI=frailty index, PFI=physical frailty, HR=hazard ratio, CI=confidence interval, BMI=body mass index, FBG=Fasting blood glucose, TC=Total cholesterol, LDL-C=Low density lipoprotein cholesterol, HbA1c=Glycated hemoglobin A1c.















Table S21. Associations of insulin resistance-frailty index with incident CVD in individuals with Cardiovascular-Kidney-Metabolic syndrome stages 0-3 in CHARLS using MICE multiple imputation
	Variable
	Range
	N (events)
	Model 1
	Model 2

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

	PFI-status
	
	
	
	
	
	

	Non-frail
	0
	236 (58)
	1
	Ref
	1
	Ref

	Pre-frail
	1-2
	548 (170)
	1.39 (1.02,1.88)
	0.036
	1.38 (1.02,1.87)
	0.040

	Frail
	3-4
	80 (23)
	1.46 (0.89,2.39)
	0.137
	1.49 (0.91,2.47)
	0.116

	TyG-PFI
	
	
	
	
	
	

	T1
	0-7.9
	259 (64)
	1
	Ref
	1
	Ref

	T2
	7.9-9.1
	259 (66)
	1.10 (0.77,1.56)
	0.604
	1.08 (0.76,1.53)
	0.672

	T3
	9.1-34.9
	346 (121)
	1.60 (1.17,2.19)
	0.004
	1.61 (1.17,2.22)
	0.003

	METS-IR-PFI
	
	
	
	
	
	

	T1
	0-24.6
	259 (63)
	1
	Ref
	1
	Ref

	T2
	24.6-40.1
	259 (67)
	1.12 (0.79,1.59)
	0.521
	1.12 (0.79,1.59)
	0.538

	T3
	40.2-204
	346 (121)
	1.59 (1.16,2.18)
	0.004
	1.60 (1.16,2.19)
	0.004

	eGDR-PFI
	
	
	
	
	
	

	T1
	0-0.083
	259 (68)
	1
	Ref
	1
	Ref

	T2
	0.083-0.143
	259 (63)
	1.04 (0.73,1.48)
	0.820
	1.04 (0.73,1.47)
	0.831

	T3
	0.143-0.644
	346 (120)
	1.39 (1.02,1.90)
	0.035
	1.40 (1.03,1.92)
	0.034


Note: 
Model 1: adjusted for sex, age, residence, marital status, education level, smoking status, drinking status, hypertension, diabetes, dyslipidemia, and BMI. 
Model 2: adjusted for sex, age, residence, marital status, education level, smoking status, drinking status, hypertension, diabetes, dyslipidemia, BMI, antihypertensive, antidiabetic, lipid-lowering medications, FBG, TC, LDL-C, and HbA1c.
P-values less than 0.05 (p < 0.05) were considered significant. 
Abbreviations: CHARLS=China Health and Retirement Longitudinal Study, Ref=reference, T=Tertile, N=number, TyG=triglyceride-glucose, METS-IR=Metabolic score for insulin resistance, eGDR=estimated Glucose Disposal Rate, FI=frailty index, PFI=physical frailty, CVD=Cardiovascular Disease, HR=hazard ratio, CI=confidence interval, BMI=body mass index, FBG=Fasting blood glucose, TC=Total cholesterol, LDL-C=Low density lipoprotein cholesterol, HbA1c=Glycated hemoglobin A1c.
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Figure S1. Flow chart of UK Biobank
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Figure S2. Flow chart of CHARLS
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Figure S3. Restricted cubic spline curve illustrating the associations of insulin resistance-physical frailty index with ASCVD and MACE in the UK Biobank
Note: The Model was adjusted by for sex, age, race, residence, marital status, education level, smoking status, drinking status, hypertension, diabetes, dyslipidemia, BMI, antihypertensive, antidiabetic, lipid-lowering medications, FBG, TC, LDL-C, and HbA1c.
P-values less than 0.05 (p < 0.05) were considered significant. 
Abbreviations: UKB=UK Biobank, TyG=triglyceride-glucose, METS-IR= Metabolic score for insulin resistance, eGDR=estimated Glucose Disposal Rate, PFI=physical frailty, ASCVD=Atherosclerotic Cardiovascular Disease, MACE=major adverse cardiovascular events,
HR=hazard ratio, CI=confidence interval.



[image: FIgure SS1]
Figure S4. Restricted cubic spline curve illustrating the associations of insulin resistance-frailty index with cardiovascular events in individuals with Cardiovascular-Kidney-Metabolic syndrome Stages 0-3 in the UK Biobank
Note: The model was adjusted by for sex, age, race, residence, marital status, education level, smoking status, drinking status, hypertension, diabetes, dyslipidemia, BMI, antihypertensive, antidiabetic, lipid-lowering medications, FBG, TC, LDL-C, HbA1c.
Abbreviations: TyG=triglyceride-glucose, METS-IR=Metabolic score for insulin resistance, eGDR=estimated Glucose Disposal Rate, FI=frailty index ASCVD=Atherosclerotic Cardiovascular Disease, MACE=major adverse cardiovascular events, HR=hazard ratio, CI=confidence interval, BMI=body mass index, FBG=Fasting blood glucose, TC=Total cholesterol, LDL-C=Low density lipoprotein cholesterol, HbA1c=Glycated hemoglobin A1c.


[image: RCS阈值表-FI+PFI「CHARLS」]Figure S5. Restricted cubic spline curve illustrating the associations of insulin resistance-frailty index with cardiovascular events in individuals with Cardiovascular-Kidney-Metabolic syndrome Stages 0-3 in the CHARLS
Note: The model was adjusted by for sex, age, residence, marital status, education level, smoking status, drinking status, hypertension, diabetes, dyslipidemia, BMI, antihypertensive, antidiabetic, lipid-lowering medications, FBG, TC, LDL-C, HbA1c.
Abbreviations: CHARLS=China Health and Retirement Longitudinal Study, TyG=triglyceride-glucose, METS-IR=Metabolic score for insulin resistance, eGDR=estimated Glucose Disposal Rate, FI=frailty index, HR=hazard ratio, CI=confidence interval, BMI=body mass index, FBG=Fasting blood glucose, TC=Total cholesterol, LDL-C=Low density lipoprotein cholesterol, HbA1c=Glycated hemoglobin A1c.
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Figure S6. Cumulative incidence of ASCVD and MACE stratified by insulin resistance-frailty index: A Kaplan-Meier analysis in the UK Biobank
Note: P-values less than 0.05 (p < 0.05) were considered significant. 
Abbreviations: TyG=triglyceride-glucose, METS-IR=Metabolic score for insulin resistance, eGDR=estimated Glucose Disposal Rate, FI=frailty index, ASCVD=Atherosclerotic Cardiovascular Disease, MACE=major adverse cardiovascular events.
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Figure S7. Cumulative incidence of CVD, heart disease and stroke stratified by insulin resistance-frailty index: A Kaplan-Meier analysis in CHARLS
Note: P-values less than 0.05 (p < 0.05) were considered significant. 
Abbreviations: CVD=Cardiovascular Disease, CHARLS=China Health and Retirement Longitudinal Study, TyG=triglyceride-glucose, METS-IR=Metabolic score for insulin resistance, eGDR=estimated Glucose Disposal Rate, FI=frailty index.
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Figure S8. Time-dependent ROC curves of insulin resistance-frailty index for predicting 5 years-cardiovascular events
Note: The model was adjusted by for sex, age.
Abbreviations: ROC=Receiver Operating Characteristic, AUC=Area Under the Curve, UKB=UK Biobank, CHARLS=China Health and Retirement Longitudinal Study, TyG=triglyceride-glucose, METS-IR=Metabolic score for insulin resistance, eGDR=estimated Glucose Disposal Rate, FI=frailty index ASCVD=Atherosclerotic Cardiovascular Disease, MACE=major adverse cardiovascular events, HR=hazard ratio, CI=confidence interval.
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Figure S9. Mediation analysis of insulin resistance-frailty index and cardiovascular events in the UK Biobank
Note: The model was adjusted by for sex, age, race, residence, marital status, education level, smoking status, drinking status, hypertension, diabetes, dyslipidemia, BMI, antihypertensive, antidiabetic, lipid-lowering medications, FBG, TC, LDL-C, HbA1c.
*, P < 0.05; **, P < 0.01; ***, P < 0.001.
Abbreviations: TyG=triglyceride-glucose, METS-IR=Metabolic score for insulin resistance, eGDR=estimated Glucose Disposal Rate, FI=frailty index ASCVD=Atherosclerotic Cardiovascular Disease, MACE=major adverse cardiovascular events, CRP=C-reactive protein, BMI=body mass index, FBG=Fasting blood glucose, TC=Total cholesterol, LDL-C=Low density lipoprotein cholesterol, HbA1c=Glycated hemoglobin A1c.
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