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Material S1
Definitions of Study Variables

At baseline, trained interviewers administered standardized, computer-assisted questionnaires to collect information on sociodemographic characteristics, health-related behaviors, and self-reported medical history, following the official CHARLS study protocols.

Educational level was categorized as no formal education, primary school, middle school, or high school and above. Residency registration was classified as rural or non-rural (including non-agricultural residency registration, unified residency registration, and individuals without formal residency registration). Marital status was dichotomized as married or other, with the latter including separated, divorced, widowed, and never-married individuals. Smoking status was determined based on lifetime cigarette use. Participants who had smoked more than 100 cigarettes in their lifetime were defined as ever smokers and further categorized as never, former, or current smokers, in accordance with standard epidemiological definitions. Alcohol intake was classified into never drinkers (never or rarely consuming alcohol, defined as less than once per month), former drinkers (previously consuming alcohol more than once per month but having quit within the past year), and current drinkers (consuming alcohol more than once per month), consistent with CHARLS conventions. Self-reported physician-diagnosed medical conditions included diabetes mellitus, hypertension, heart disease, stroke, and hypertriglyceridaemia. Information on the use of antidiabetic, antihypertensive, and lipid-lowering medications was also collected based on participant report.

Anthropometric assessments were conducted by trained healthcare personnel using standardized procedures. Measurements included height, weight, and waist circumference (WC). Body mass index (BMI) was calculated as weight (kg) divided by height squared (m²). All measurements were subject to procedural quality control to minimize measurement error.

All variable definitions were harmonized with established CHARLS documentation and commonly used epidemiological standards to ensure consistency, reproducibility, and comparability with prior population-based studies.
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Material S2

Klemera–Doubal biological age (KDM-BA)

KDM-BA was computed following the Klemera–Doubal method as implemented in the BioAge R package. Briefly, the algorithm combines information from a set of (n) biomarkers by modelling chronological age (CA) as a function of each biomarker in an external reference population. For each biomarker , CA is regressed on the biomarker value,


yielding an intercept , slope , and residual standard deviation  (root mean squared error). For a given individual, with observed biomarker values  and chronological age CA, KDM-BA is obtained as


where sBA is a scaling term equal to the square root of the variance in CA explained by the full biomarker panel in the reference sample. In the BioAge implementation, the reference population consists of non-pregnant NHANES III participants aged 30–75 years, and all regression parameters  are estimated separately in men and women.

Light BioAge (Light-BA)

Light BioAge was calculated using a parsimonious linear model that combines CA with three routinely measured biomarkers reflecting kidney function, metabolic status, and systemic inflammation. For each participant, Light BioAge is given by

where CA is chronological age in years, serum creatinine is expressed in mg/dL, fasting glucose in mmol/L, and C-reactive protein (CRP) in mg/dL after natural log-transformation. The intercept  and regression coefficients (,) were taken from the original derivation of the Light BioAge model and are summarised in the following Table. In our analysis, we applied these sex-neutral coefficients directly to the CHARLS biomarker data without re-estimation, so that Light BioAge is expressed on the same scale as chronological age.
	Coefficients in the formula of Light BioAge

	Variable
	Category
	Units
	Coefficient

	Chronological age
	
	years
	1.0000 

	Serum creatinine
	Kidney
	mg/dL
	8.3313

	Glucose
	Metabolic
	mmol/L
	0.827

	Log CRP
	Inflammation
	mg/dL
	5.7305

	Constant (β0)
	
	
	-13.5298
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	Table S1 Distribution of Missing Data for Variables Used in Calculating IR Surrogate Indices at baseline

	Variables
	Missing, N (%)

	Waist Circumference
	4165 (23.5)

	Hypertension
	146 (0.8)

	SBPDBP
	3999 (22.6)

	Hba1c
	6002 (33.9)

	Glucose
	6072 (34.3)

	TG
	6052 (31.2)

	Height
	4044 (22.8)

	Weight
	3984 (22.5)

	HDL-C
	6045 (34.1)

	CRP
	6044 (34.1)






	Table S2 Baseline characteristics of participants in Analytic cohort and Excluded cohort

	Variables
	Analytic cohort (N = 6318)
	Total excluded cohort (N = 11390)
	IR-missing excluded cohort (N = 7987)

	Age (years), median (IQR)
	59.0 (52.0, 66.0)
	57.0 (50.0, 65.0)
	57.0 (50.0, 65.0)

	Gender, n (%)
	

	Male
	2987 (47.3)
	5484 (48.2)
	4085 (51.2)

	Female
	3331 (52.7)
	5890 (51.8)
	3896 (48.8)

	Residence, n (%)
	

	Rural
	5918 (93.7)
	9841 (86.7)
	6800 (85.3)

	Urban
	399 (6.3)
	1513 (13.3)
	1176 (14.7)

	Educational level, n (%)
	

	No formal education
	1877 (29.7)
	2926 (25.8)
	1994 (25.0)

	Primary school
	2608 (41.3)
	4344 (38.3)
	2917 (36.6)

	Middle or high school
	1760 (27.9)
	3709 (32.7)
	2747 (34.5)

	College or above
	73 (1.2)
	356 (3.1)
	303 (3.8)

	Marital Status, n (%)
	

	Married
	4485 (71.0)
	7270 (64.1)
	4911 (61.7)

	Other
	1833 (29.0)
	4065 (35.9)
	3050 (38.3)

	Smoking status, n (%)
	

	Current
	1985 (31.4)
	3529 (31.4)
	2642 (33.6)

	Ever
	528 (8.4)
	912 (8.1)
	593 (7.5)

	Never
	3805 (60.2)
	6800 (60.5)
	4635 (58.9)

	Drinking status, n (%)
	

	Current/Ever
	2130 (33.7)
	3663 (32.6)
	2689 (34.2)

	Never
	4188 (66.3)
	7571 (67.4)
	5173 (65.8)

	All values are presented as number and proportion for categorical variables, and median (IQR) for continuous variables.








	Table S3 Framingham Risk Score for Men and Women
	

	Points
	Age, years
	
	HDL (mg/dL)
	
	TC (mg/dL)
	
	SBP Not Treated (mmHg)
	
	SBP Treated (mmHg)
	
	Smoker
	
	Diabetic

	
	Men
	Women
	
	Men/
Women
	
	Men
	Women
	
	Men
	Women
	
	Men
	Women
	
	Men
	Women
	
	Men
	Women

	-3
	
	
	
	
	
	
	
	
	
	<120
	
	
	
	
	
	
	
	
	

	-2
	
	
	
	≥60
	
	
	
	
	<120
	
	
	
	
	
	
	
	
	
	

	-1
	
	
	
	[50,60)
	
	
	
	
	
	
	
	
	<120
	
	
	
	
	
	

	0
	30-34
	30-34
	
	[45-50)
	
	<160
	<160
	
	[120–129)
	[120–129)
	
	<120
	
	
	No
	No
	
	No
	No

	1
	
	
	
	[35-45)
	
	[160-200)
	[160-200)
	
	[130–139)
	[130–139)
	
	
	
	
	
	
	
	
	

	2
	35-39
	35-39
	
	<35
	
	[200-240)
	
	
	[140–159)
	[140–149)
	
	[120–129)
	[120–129)
	
	
	
	
	
	

	3
	
	
	
	
	
	[240-280)
	[200-240)
	
	≥160
	
	
	[130–139)
	[130–139)
	
	
	Yes
	
	Yes
	

	4
	
	40-44
	
	
	
	≥280
	[240-280)
	
	
	[150–159)
	
	[140–159)
	
	
	Yes
	
	
	
	Yes

	5
	40-44
	45-49
	
	
	
	
	≥280
	
	
	≥160
	
	≥160
	[140–149)
	
	
	
	
	
	

	6
	45-49
	
	
	
	
	
	
	
	
	
	
	
	[150–159)
	
	
	
	
	
	

	7
	
	50-54
	
	
	
	
	
	
	
	
	
	
	≥160
	
	
	
	
	
	

	8
	50-54
	55-59
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	9
	
	60-64
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	10
	55-59
	65-69
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	11
	60-64
	70-74
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	12
	65-69
	75+
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	13
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	14
	70-74
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	15
	75+
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Abbreviations: HDL: high-density lipoprotein cholesterol (mg/dL); TC: total cholesterol (mg/dL); SBP: systolic blood pressure (mmHg)






	Table S4 Methods for Evaluating CKM Stages 0-3

	CKM Stage
	Criteria Requirements
	Detailed Criteria

	Stage 0
	ALL criteria must be met
	• BMI < 23 kg/m²
• Waist circumference <80/90 cm (female/male)
• Fasting blood glucose < 100 mg/dL
• HbA1c < 5.7%
• No diabetes diagnosis or medication
• SBP <130 mmHg
• DBP <80 mmHg
• No hypertension diagnosis or medication
• HDL-C ≥50/40 mg/dL (female/male)
• TG < 150 mg/dL
• eGFR ≥ 60 ml/min/1.73m²
• No CKD diagnosis
• No subclinical CVD
• No clinical CVD

	Stage 1
	ANY of 3 metabolic criteria AND ALL other criteria
	METABOLIC (any one):
• Overweight/obesity
• Abdominal obesity
• Prediabetes

OTHER (all required):
• SBP <130 mmHg & DBP <80 mmHg
• No hypertension diagnosis/medication
• HDL-C <50/40 mg/dL (female/male)
• TG < 150 mg/dL
• eGFR ≥ 60 ml/min/1.73m²
• No CKD diagnosis
• No subclinical CVD
• No clinical CVD

	Stage 2
	ANY of 5 clinical criteria AND NO subclinical/clinical CVD
	CLINICAL (any one):
• Hypertriglyceridemia
• Hypertension
• Diabetes
• Metabolic syndrome
• eGFR 30-60 ml/min/1.73m² and/or CKD diagnosis

OTHER (all required):
• No subclinical CVD
• No clinical CVD

	Stage 3
	ANY of 2 advanced criteria AND ANY of 8 metabolic/clinical criteria AND NO clinical CVD
	ADVANCED (any one):
• eGFR <30 ml/min/1.73m²
• Subclinical CVD

METABOLIC/CLINICAL (any one):
• Overweight/obesity
• Abdominal obesity
• Prediabetes
• Hypertriglyceridemia
• Hypertension
• Diabetes
• Metabolic syndrome
• eGFR 30-60 ml/min/1.73m² and/or CKD diagnosis

OTHER (required):
• No clinical CVD

	Abbreviations: CVD: cardiovascular diseases; CKM: Cardio-Kidney-Metabolic Syndrome; CKD: chronic kidney disease; SBP: systolic blood pressure; DBP: diastolic blood pressure; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; eGFR: estimated glomerular filtration rate; TG: triglyceride; BMI: body mass index; HbA1c: glycated hemoglobin







	Table S5 Specific Definitions of Various Diseases

	Disease/Condition
	Definition Criteria

	Overweight/obesity
	BMI ≥ 23 kg/m²

	Abdominal obesity
	Waist circumference ≥ 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 ≥ 125 mg/dL OR HbA1c ≥ 6.5% OR self-reported diagnosis of diabetes, use of insulin, or oral hypoglycemic agents

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

	Chronic kidney disease
	Any of the two criteria is met:
• Self-reported history of chronic kidney disease
• eGFR < 60 ml/min/1.73m²

	Hypertriglyceridemia
	Triglycerides ≥ 135 mg/dL

	Metabolic syndrome
	Meet any three or more of the five criteria:
• Waist circumference ≥ 80/90 cm in female/male
• HDL cholesterol < 50/40 mg/dL in female/male
• Triglycerides ≥ 150 mg/dL
• Elevated blood pressure (SBP ≥ 130 mmHg OR DBP ≥ 80 mmHg and/or use of antihypertensive medications)
• Fasting blood glucose ≥ 100 mg/dL

	Clinical CVD
	Any of the two criteria is met:
• Self-reported diagnosis of heart disease (angina, heart attack, congestive heart failure, or other heart problems)
• Self-reported diagnosis of stroke

	Subclinical CVD
	Any of the two criteria is met:
• Very high-risk CKD in KDIGO classification: eGFR < 30 ml/min/1.73m²
• Framingham risk score ≥ 21.5/21.6 in female/male

	Abbreviations: CVD: cardiovascular diseases; CKD: chronic kidney disease; HbA1c: Glycated Hemoglobin; SBP: systolic blood pressure; DBP: diastolic blood pressure; TC: total cholesterol; HDL: high-density lipoprotein cholesterol; eGFR: estimated glomerular filtration rate; BMI: body mass index; KDIGO: Kidney Disease: Improving Global Outcomes









	Table S6 Baseline characteristics of participants by CKM stages 0-3

	Variables
	Total (N = 6318)
	Stage 0 (N = 587)
	Stage 1 (N = 281)
	Stage 2 (N = 5264)
	Stage 3 (N = 186)
	P value

	Age (years), mean (SD)
	59.49 (9.42)
	58.67 (9.25)
	55.68 (8.54)
	59.31 (9.16)
	72.95 (7.22)
	<0.001

	KDM-BA (years), mean (SD)
	56.53 (23.30)
	37.87 (13.87)
	34.30 (14.92)
	58.64 (21.63)
	89.21 (34.85)
	<0.001

	Biological aging acceleration, n (%)

	Biologically younger
	3841 (60.8)
	542 (92.3)
	266 (94.7)
	2971 (56.4)
	62 (33.3)
	<0.001

	Biologically older
	2477 (39.2)
	45 (7.7)
	15 (5.3)
	2293 (43.6)
	124 (66.7)
	

	Light-BA (years), mean (SD)
	58.75 (12.71)
	55.24 (11.93)
	53.18 (12.48)
	58.75 (12.15)
	78.25 (12.60)
	<0.001

	Light Biological aging acceleration, n (%)

	Biologically younger
	3731 (59.1)
	438 (74.6)
	195 (69.4)
	3039 (57.7)
	59 (31.7)
	<0.001

	Biologically older
	2587 (40.9)
	149 (25.4)
	86 (30.6)
	2225 (42.3)
	127 (68.3)
	

	Gender, n (%)

	Male
	2987 (47.3)
	378 (64.4)
	87 (31.0)
	2374 (45.1)
	148 (79.6)
	<0.001

	Female
	3331 (52.7)
	209 (35.6)
	194 (69.0)
	2890 (54.9)
	38 (20.4)
	

	Residence, n (%)

	Rural
	5348 (84.6)
	526 (89.6)
	240 (85.4)
	4435 (84.3)
	147 (79.0)
	0.004

	Urban
	970 (15.4)
	61 (10.4)
	41 (14.6)
	829 (15.7)
	39 (21.0)
	

	Educational level, n (%)

	No formal education
	1877 (29.7)
	145 (24.7)
	90 (32.0)
	1574 (29.9)
	68 (36.6)
	<0.001

	Primary school
	2608 (41.3)
	263 (44.8)
	116 (41.3)
	2140 (40.7)
	89 (47.8)
	

	Middle school
	1232 (19.5)
	112 (19.1)
	54 (19.2)
	1044 (19.8)
	22 (11.8)
	

	High school or above
	601 (9.5)
	67 (11.4)
	21 (7.5)
	506 (9.6)
	7 (3.8)
	

	Marital Status, n (%)

	Married
	4485 (71.0)
	408 (69.5)
	206 (73.3)
	3714 (70.6)
	157 (84.4)
	<0.001

	Other
	1833 (29.0)
	179 (30.5)
	75 (26.7)
	1550 (29.4)
	29 (15.6)
	

	Smoking status, n (%)

	Current
	1985 (31.4)
	255 (43.4)
	71 (25.3)
	1549 (29.4)
	110 (59.1)
	<0.001

	Ever
	528 (8.4)
	44 (7.5)
	13 (4.6)
	419 (8.0)
	52 (28.0)
	

	Never
	3805 (60.2)
	288 (49.1)
	197 (70.1)
	3296 (62.6)
	24 (12.9)
	

	Drinking status, n (%)

	Current/Ever
	2130 (33.7)
	252 (42.9)
	55 (19.6)
	1757 (33.4)
	66 (35.5)
	<0.001

	Never
	4188 (66.3)
	335 (57.1)
	226 (80.4)
	3507 (66.6)
	120 (64.5)
	

	WBC(10⁹/L), mean (SD)
	6.34 (2.32)
	5.97 (1.79)
	6.25 (2.28)
	6.37 (2.38)
	6.85 (2.08)
	<0.001

	MCV(fL), mean (SD)
	90.67 (8.49)
	91.12 (9.47)
	88.64 (10.55)
	90.67 (8.24)
	92.35 (7.94)
	<0.001

	Platelets(10⁹/L), mean (SD)
	212.65 (73.04)
	206.53 (74.20)
	221.22 (72.28)
	212.98 (72.60)
	209.58 (81.55)
	0.038

	BUN (mg/dl), mean (SD)
	15.72 (4.53)
	16.17 (4.57)
	15.04 (4.18)
	15.64 (4.43)
	17.64 (6.67)
	<0.001

	FPG (mg/dl), mean (SD)
	111.00 (38.89)
	90.51 (7.08)
	97.05 (15.57)
	113.38 (39.86)
	129.39 (61.55)
	<0.001

	Creatinine (mg/dl), mean (SD)
	0.79 (0.24)
	0.78 (0.16)
	0.71 (0.16)
	0.78 (0.19)
	1.04 (0.92)
	<0.001

	TC (mg/dl), mean (SD)
	194.44 (39.03)
	182.27 (31.90)
	170.45 (33.47)
	196.63 (38.98)
	207.11 (47.23)
	<0.001

	TG (mg/dl), median (IQR)
	114.2 (78.8, 165.5)
	71.7 (57.5, 93.8)
	94.7 (73.5, 115.1)
	125.7 (84.1, 177.9)
	131.9 (92.0, 182.1)
	<0.001

	HDL_C (mg/dl), mean (SD)
	49.91 (15.09)
	60.59 (12.92)
	41.06 (5.89)
	49.45 (15.09)
	42.51 (13.25)
	<0.001

	LDL_C (mg/dl), mean (SD)
	116.41 (35.65)
	108.79 (29.14)
	110.93 (31.04)
	117.10 (36.05)
	129.21 (43.18)
	<0.001

	CRP (mg/l), mean (SD)
	2.76 (7.46)
	2.09 (5.37)
	3.19 (8.38)
	2.67 (7.03)
	6.58 (16.79)
	<0.001

	HbA1c (%), mean (SD)
	5.28 (0.85)
	4.99 (0.35)
	5.08 (0.53)
	5.31 (0.87)
	5.64 (1.30)
	<0.001

	Uric Acid (mg/dl), mean (SD)
	4.50 (1.27)
	4.26 (1.07)
	3.93 (1.00)
	4.53 (1.28)
	5.20 (1.57)
	<0.001

	Hematocrit, mean (SD)
	41.78 (6.12)
	41.12 (6.03)
	40.17 (6.60)
	41.90 (6.08)
	42.74 (6.37)
	<0.001

	HGB (g/dl), mean (SD)
	14.40 (2.24)
	14.06 (2.02)
	13.68 (2.24)
	14.47 (2.24)
	14.59 (2.39)
	<0.001

	Cystatin C (mg/l), mean (SD)
	1.02 (0.30)
	1.03 (0.21)
	0.98 (0.40)
	1.01 (0.26)
	1.28 (0.72)
	<0.001

	eGFR (mL/min/173 m2), mean (SD)
	107.86 (29.30)
	110.61 (24.24)
	117.88 (31.44)
	107.62 (29.39)
	90.85 (30.06)
	<0.001

	Framingham score, mean (SD)
	12.94 (4.85)
	9.56 (4.56)
	8.90 (4.23)
	13.19 (4.40)
	22.66 (1.81)
	<0.001

	SBP (mmHg), mean (SD)
	133.64 (21.42)
	111.67 (9.65)
	113.03 (8.65)
	136.34 (20.45)
	157.45 (20.01)
	<0.001

	DBP (mmHg), mean (SD)
	77.33 (11.96)
	65.42 (7.45)
	67.50 (6.41)
	79.07 (11.61)
	80.49 (10.95)
	<0.001

	Height (cm), mean (SD)
	157.84 (8.60)
	159.15 (8.60)
	155.98 (8.33)
	157.77 (8.59)
	158.71 (8.39)
	<0.001

	Weight (Kg), mean (SD)
	58.84 (11.65)
	50.84 (7.27)
	58.03 (12.24)
	59.78 (11.66)
	58.82 (11.99)
	<0.001

	BMI (kg/m2), mean (SD)
	23.55 (3.95)
	20.00 (1.72)
	23.76 (4.22)
	23.95 (3.92)
	23.23 (3.67)
	<0.001

	Waist Circumference (cm), mean (SD)
	85.50 (10.07)
	75.63 (5.57)
	84.13 (8.66)
	86.60 (9.88)
	87.80 (11.10)
	<0.001

	TyG, mean (SD)
	8.75 (0.68)
	8.09 (0.34)
	8.38 (0.29)
	8.84 (0.67)
	9.03 (0.76)
	<0.001

	BRI, mean (SD)
	4.28 (1.39)
	2.94 (0.63)
	4.20 (1.11)
	4.43 (1.38)
	4.51 (1.48)
	<0.001

	ABSI, mean (SD)
	0.08 (0.01)
	0.08 (0.01)
	0.08 (0.01)
	0.08 (0.01)
	0.09 (0.01)
	<0.001

	WWI, mean (SD)
	11.21 (0.90)
	10.66 (0.71)
	11.12 (0.80)
	11.27 (0.91)
	11.50 (0.86)
	<0.001

	CVAI, mean (SD)
	98.93 (39.98)
	54.05 (21.90)
	91.74 (29.47)
	103.53 (38.48)
	121.30 (45.13)
	<0.001

	TyG-BMI, mean (SD)
	206.87 (42.18)
	161.72 (15.19)
	199.14 (36.89)
	212.19 (41.35)
	210.78 (44.04)
	<0.001

	TyG-WC, mean (SD)
	750.59 (120.81)
	611.72 (52.78)
	704.69 (73.99)
	766.94 (116.73)
	795.45 (140.04)
	<0.001

	TyG-WHtR, mean (SD)
	4.76 (0.78)
	3.85 (0.34)
	4.52 (0.46)
	4.87 (0.76)
	5.02 (0.87)
	<0.001

	TyG-BRI, mean (SD)
	37.76 (13.40)
	23.81 (5.26)
	35.12 (9.23)
	39.34 (13.22)
	41.11 (15.25)
	<0.001

	TyG-ABSI, mean (SD)
	0.73 (0.08)
	0.66 (0.05)
	0.69 (0.05)
	0.74 (0.08)
	0.78 (0.08)
	<0.001

	TyG-WWI, mean (SD)
	98.24 (11.91)
	86.20 (6.99)
	93.16 (7.08)
	99.65 (11.66)
	103.95 (12.58)
	<0.001

	TyG-CVAI, mean (SD)
	879.77 (392.41)
	439.32 (183.30)
	769.69 (253.07)
	926.62 (379.08)
	1110.19 (465.55)
	<0.001

	METS-IR, mean (SD)
	36.13 (8.72)
	27.23 (2.92)
	36.35 (6.81)
	37.05 (8.65)
	38.11 (9.58)
	<0.001

	CTI, mean (SD)
	4.81 (0.59)
	4.35 (0.47)
	4.58 (0.51)
	4.86 (0.57)
	5.17 (0.65)
	<0.001

	eGDR, mean (SD)
	8.28 (2.11)
	11.60 (0.54)
	10.79 (0.82)
	7.83 (1.83)
	6.92 (1.48)
	<0.001

	TG/HDL-C, median (IQR)
	2.4 (1.4, 3.9)
	1.2 (0.9, 1.6)
	2.3 (1.8, 2.8)
	2.6 (1.6, 4.3)
	3.3 (2.1, 4.7)
	<0.001

	Overweight Obesity, n (%)

	No
	3062 (48.5)
	587 (100.0)
	113 (40.2)
	2265 (43.0)
	97 (52.2)
	<0.001

	Yes
	3256 (51.5)
	0 (0.0)
	168 (59.8)
	2999 (57.0)
	89 (47.8)
	

	Abdominal obesity, n (%)

	No
	3030 (48.0)
	587 (100.0)
	125 (44.5)
	2220 (42.2)
	98 (52.7)
	<0.001

	Yes
	3288 (52.0)
	0 (0.0)
	156 (55.5)
	3044 (57.8)
	88 (47.3)
	

	Prediabetes, n (%)

	No
	3593 (56.9)
	587 (100.0)
	186 (66.2)
	2704 (51.4)
	116 (62.4)
	<0.001

	Yes
	2725 (43.1)
	0 (0.0)
	95 (33.8)
	2560 (48.6)
	70 (37.6)
	

	Diabetes, n (%)

	No
	6107 (96.7)
	587 (100.0)
	281 (100.0)
	5082 (96.5)
	157 (84.4)
	<0.001

	Yes
	211 (3.3)
	0 (0.0)
	0 (0.0)
	182 (3.5)
	29 (15.6)
	

	Hypertension, n (%)

	No
	2107 (33.3)
	587 (100.0)
	281 (100.0)
	1229 (23.3)
	10 (5.4)
	<0.001

	Yes
	4211 (66.7)
	0 (0.0)
	0 (0.0)
	4035 (76.7)
	176 (94.6)
	

	Chronic Kidney Disease, n (%)

	No
	5727 (91.2)
	586 (100.0)
	280 (100.0)
	4701 (89.9)
	160 (86.5)
	<0.001

	Yes
	555 (8.8)
	0 (0.0)
	0 (0.0)
	530 (10.1)
	25 (13.5)
	

	Hypertriglyceridemia, n (%)

	No
	3852 (61.0)
	587 (100.0)
	281 (100.0)
	2889 (54.9)
	95 (51.1)
	<0.001

	Yes
	2466 (39.0)
	0 (0.0)
	0 (0.0)
	2375 (45.1)
	91 (48.9)
	

	Metabolic Syndrome, n (%)

	No
	3162 (50.0)
	587 (100.0)
	281 (100.0)
	2224 (42.2)
	70 (37.6)
	<0.001

	Yes
	3156 (50.0)
	0 (0.0)
	0 (0.0)
	3040 (57.8)
	116 (62.4)
	

	Subclinical CVD, n (%)

	No
	6132 (97.1)
	587 (100.0)
	281 (100.0)
	5264 (100.0)
	0 (0.0)
	<0.001

	Yes
	186 (2.9)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	186 (100.0)
	

	CVD status, n (%)

	No
	5087 (80.5)
	528 (89.9)
	249 (88.6)
	4173 (79.3)
	137 (73.7)
	<0.001

	Yes
	1231 (19.5)
	59 (10.1)
	32 (11.4)
	1091 (20.7)
	49 (26.3)
	

	All values are presented as number and proportion for categorical variables, and mean (SD) or median (IQR) for continuous variables, as appropriate.

	Abbreviations: WBC: white blood cell count; MCV: mean corpuscular volume; WC: waist circumference; WHtR: waist-to-height ratio; BUN: blood urea nitrogen; FPG: fasting plasma glucose; TC: total cholesterol; TG: triglyceride; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; CRP: C-reactive protein; HbA1c: hemoglobin A1c; HGB: hemoglobin; eGFR: estimated glomerular filtration rate; SBP: systolic blood pressure; DBP: diastolic blood pressure; BMI: body mass index; TyG: triglyceride–glucose index; BRI: body roundness index; ABSI: a body shape index; WWI: weight-adjusted waist index; CVAI: Chinese visceral adiposity index; METS-IR: metabolic score for insulin resistance; CTI: CRP–triglyceride glucose index; eGDR: estimated glucose disposal rate; TG/HDL-C: TG to HDL-C ratio; CKM: Cardiovascular-Kidney-Metabolic; CVD: cardiovascular disease; SD, standard deviation; IQR, interquartile range.

	The P values marked in bold indicate statistical significance.







	Table S7 Formulas for Insulin Resistance and Adiposity Indices

	Variable
	Formula
	Description
	Units note

	BRI
	BRI = 364.2 - 365.5 × √[1 - (WC/(2π))² / (0.5 × Height)²]
	Body Roundness Index
	WC and Height in cm

	ABSI
	ABSI = WC / [BMI^(2/3) × Height^(1/2)]
	A Body Shape Index
	WC and Height converted to meters

	WWI
	WWI = WC / √Weight
	Weight-Waist Index
	WC in cm, Weight in kg

	CVAI
	Male: CVAI = -267.93 + 0.68 × Age + 0.03 × BMI + 4.00 × WC + 22.00 × log₁₀(TG) - 16.32 × HDL-C
Female: CVAI = -187.324 + 1.71 × Age + 4.23 × BMI + 1.12 × WC + 39.76 × log₁₀(TG) - 11.66 × HDL-C
	Chinese Visceral Adiposity Index
	Age in years, BMI in kg/m², WC in cm, TG and HDL-C converted to mmol/L. Note: TG_mmol/L = TG/88.57, HDL-C_mmol/L = HDL-C/38.67

	TyG
	TyG = ln[TG × FBG/2]
	Triglyceride-glucose index
	TG and Glucose in mg/dL

	TyG-BMI
	TyG-BMI = TyG × BMI
	TyG index multiplied by BMI
	TyG unitless, BMI in kg/m²

	TyG-WC
	TyG-WC = TyG × Waist Circumference
	TyG index multiplied by Waist Circumference
	TyG unitless, WC in cm

	TyG-WHtR
	TyG-WHtR = TyG × (WC / Height)
	TyG index multiplied by Waist-to-Height Ratio
	TyG unitless, WC and Height in cm

	TyG-BRI
	TyG-BRI = TyG × BRI
	TyG index multiplied by BRI
	TyG unitless, BRI unitless

	TyG-ABSI
	TyG-ABSI = TyG × ABSI
	TyG index multiplied by ABSI
	TyG unitless, ABSI unitless

	TyG-WWI
	TyG-WWI = TyG × WWI
	TyG index multiplied by WWI
	TyG unitless, WWI unitless

	TyG-CVAI
	TyG-CVAI = TyG × CVAI
	TyG index multiplied by CVAI
	TyG unitless, CVAI unitless

	METS-IR
	METS-IR = ln[(2 × FBG + TG) × BMI / ln(HDL-C)]
	Metabolic score for Insulin Resistance
	FBG and TG in mg/dL, BMI in kg/m², HDL-C in mg/dL

	CTI
	CTI = 0.412 × ln(CRP) + [ln(TG × FBG)] / 2
	C-reactive protein, Triglyceride, and Glucose Index
	CRP in mg/L, TG and Glucose in mg/dL

	TG/HDL-C
	TG/HDL-C ratio = TG / HDL-C
	Triglyceride to HDL-C ratio
	TG and HDL-C in mg/dL

	eGDR
	eGDR = 21.158 − (0.09 × WC) − (3.407 × hypertension) − (0.551 × HbA1c)
	estimated Glucose Disposal Rate
	WC (cm), hypertension (yes = 1/no = 0), and HbA1c (%)








	Table S8 Multicollinearity evaluation of for all terms included in each multivariable model through variance inflation factor (VIF) analysis

	Feature
	TyG
	TyG-BMI
	TyG-WC
	TyG-WHtR
	TyG-BRI
	TyG-ABSI
	TyG-WWI
	TyG-CVAI
	METS-IR
	CTI
	eGDR
	TG/HDL-C

	Model 1
	
	
	
	
	
	
	
	
	
	
	
	

	IR indices
	1.015
	1.064
	1.014
	1.098
	1.125
	1.071
	1.149
	1.036
	1.049
	1.007
	1.010
	1.017

	Age
	1.004
	1.038
	1.003
	1.001
	1.003
	1.044
	1.034
	1.024
	1.036
	1.006
	1.008
	1.012

	Gender
	1.013
	1.026
	1.012
	1.097
	1.124
	1.030
	1.119
	1.012
	1.014
	1.003
	1.003
	1.007

	Model 2
	
	
	
	
	
	
	
	
	
	
	
	

	IR indices
	1.022
	1.100
	1.036
	1.120
	1.147
	1.072
	1.153
	1.064
	1.085
	1.015
	1.021
	1.028

	Age
	1.201
	1.233
	1.200
	1.203
	1.205
	1.245
	1.233
	1.231
	1.231
	1.206
	1.211
	1.209

	Gender
	2.188
	2.172
	2.165
	2.236
	2.255
	2.214
	2.285
	2.167
	2.160
	2.176
	2.178
	2.179

	Marital status
	3.263
	3.261
	3.254
	3.258
	3.259
	3.262
	3.262
	3.259
	3.262
	3.266
	3.269
	3.267

	Residence
	1.131
	1.139
	1.133
	1.128
	1.125
	1.126
	1.126
	1.134
	1.140
	1.130
	1.123
	1.132

	Educational level
	3.737
	3.745
	3.735
	3.745
	3.740
	3.733
	3.735
	3.745
	3.744
	3.731
	3.749
	3.735

	Smoking status
	1.843
	1.844
	1.835
	1.847
	1.849
	1.846
	1.846
	1.836
	1.839
	1.845
	1.845
	1.843

	Drinking status
	1.312
	1.313
	1.316
	1.313
	1.312
	1.311
	1.314
	1.316
	1.311
	1.315
	1.324
	1.311

	Model 3
	
	
	
	
	
	
	
	
	
	
	
	

	IR indices
	2.730
	1.485
	1.458
	1.563
	1.375
	1.670
	1.766
	1.467
	1.429
	1.370
	2.607
	2.681

	Age
	1.235
	1.280
	1.235
	1.239
	1.237
	1.319
	1.296
	1.277
	1.272
	1.247
	1.232
	1.240

	Gender
	2.201
	2.193
	2.188
	2.253
	2.268
	2.221
	2.302
	2.192
	2.187
	2.195
	2.191
	2.200

	Marital status
	3.281
	3.278
	3.274
	3.277
	3.276
	3.281
	3.279
	3.277
	3.280
	3.279
	3.276
	3.282

	Residence
	1.133
	1.143
	1.136
	1.133
	1.132
	1.132
	1.131
	1.139
	1.143
	1.132
	1.132
	1.137

	Educational level
	3.753
	3.757
	3.751
	3.758
	3.752
	3.751
	3.752
	3.758
	3.758 
	3.745
	3.751
	3.750 

	Smoking status
	1.850
	1.859
	1.847
	1.859
	1.856
	1.848
	1.849
	1.847
	1.852
	1.847
	1.850
	1.847

	Drinking status
	1.335
	1.334
	1.335
	1.333
	1.334
	1.334
	1.335
	1.337
	1.336
	1.339
	1.334
	1.347

	Diabetes
	1.103
	1.042
	1.051
	1.048
	1.038
	1.073
	1.067
	1.038
	1.043
	1.049
	1.072
	1.026

	Hypertension
	1.040
	1.077
	1.074
	1.069
	1.076
	1.037
	1.046
	1.072
	1.059
	1.040
	2.519
	1.032

	Chronic kidney disease
	1.012
	1.013
	1.013
	1.013
	1.013
	1.012
	1.013
	1.013
	1.012
	1.012
	1.013
	1.012

	Hypertriglyceridemia
	2.585
	1.298
	1.348
	1.354
	1.165
	1.519
	1.494
	1.344
	1.281
	1.331
	1.063
	2.650







	Table S9 Supplementary baseline characteristics of participants

	Variables
	Total
(N = 6318)
	Non-CVD
(N = 5087)
	New-onset CVD
(N = 1231)
	P value

	WBC(10⁹/L), mean (SD)
	6.34 (2.32)
	6.32 (2.40)
	6.43 (1.95)
	0.145

	MCV(fL), mean (SD)
	90.67 (8.49)
	90.61 (8.57)
	90.93 (8.13)
	0.236

	Platelets(10⁹/L), mean (SD)
	212.65 (73.04)
	211.83 (71.70)
	216.05 (78.30)
	0.069

	BUN (mg/dl), mean (SD)
	15.72 (4.53)
	15.74 (4.55)
	15.62 (4.46)
	0.413

	FPG (mg/dl), mean (SD)
	111.00 (38.89)
	109.76 (36.33)
	116.15 (47.75)
	<0.001

	Creatinine (mg/dl), mean (SD)
	0.79 (0.24)
	0.79 (0.26)
	0.79 (0.18)
	0.937

	TC (mg/dl), mean (SD)
	194.44 (39.03)
	193.38 (38.89)
	198.85 (39.35)
	<0.001

	TG (mg/dl), median (IQR)
	114.2 (78.8, 165.5)
	112.4 (77.9, 164.6)
	120.4 (84.1, 172.6)
	0.002

	HDL-C (mg/dl)
	49.91 (15.09)
	49.96 (14.95)
	49.69 (15.65)
	0.574

	LDL-C (mg/dl), mean (SD)
	116.41 (35.65)
	115.45 (35.31)
	120.38 (36.78)
	<0.001

	CRP (mg/l), mean (SD)
	2.76 (7.46)
	2.74 (7.63)
	2.85 (6.75)
	0.635

	HbA1c (%), mean (SD)
	5.28 (0.85)
	5.25 (0.79)
	5.40 (1.05)
	<0.001

	Uric Acid (mg/dl), mean (SD)
	4.50 (1.27)
	4.50 (1.27)
	4.48 (1.31)
	0.728

	Hematocrit, mean (SD)
	41.78 (6.12)
	41.79 (6.11)
	41.72 (6.19)
	0.709

	HGB (g/dl), mean (SD)
	14.40 (2.24)
	14.39 (2.23)
	14.47 (2.24)
	0.236

	Cystatin C (mg/l), mean (SD)
	1.02 (0.30)
	1.02 (0.31)
	1.03 (0.24)
	0.569

	eGFR (mL/min/1.73 m2), mean (SD)
	107.86 (29.30)
	108.39 (29.46)
	105.70 (28.51)
	0.004 

	Framingham score, mean (SD)
	12.94 (4.85)
	12.74 (4.88)
	13.76 (4.67)
	<0.001

	SBP (mmHg), mean (SD)
	133.64 (21.42)
	132.73 (21.25)
	137.37 (21.72)
	<0.001

	DBP (mmHg), mean (SD)
	77.33 (11.96)
	76.92 (11.96)
	79.02 (11.85)
	<0.001

	Height (cm), mean (SD)
	157.84 (8.60)
	157.87 (8.60)
	157.75 (8.56)
	0.653 

	Weight (Kg), mean (SD)
	58.84 (11.65)
	58.45 (11.49)
	60.45 (12.19)
	<0.001

	BMI (kg/m2), mean (SD)
	23.55 (3.95)
	23.39 (3.88)
	24.22 (4.14)
	<0.001

	Waist Circumference (cm), mean (SD)
	85.50 (10.07)
	85.00 (9.92)
	87.60 (10.41)
	<0.001

	BRI, mean (SD)
	4.28 (1.39)
	4.21 (1.36)
	4.57 (1.46)
	<0.001

	ABSI, mean (SD)
	0.08 (0.01)
	0.08 (0.01)
	0.08 (0.01)
	0.001 

	WWI, mean (SD)
	11.21 (0.90)
	11.18 (0.90)
	11.33 (0.93)
	<0.001

	CVAI, mean (SD)
	98.93 (39.98)
	96.88 (39.55)
	107.43 (40.62)
	<0.001

	Metabolic Syndrome, n (%)

	No
	3162 (50.0)
	2658 (52.3)
	504 (40.9)
	<0.001

	Yes
	3156 (50.0)
	2429 (47.7)
	727 (59.1)
	

	Subclinical CVD, n (%)

	No
	6132 (97.1)
	4950 (97.3)
	1182 (96.0)
	0.021

	Yes
	186 (2.9)
	137 (2.7)
	49 (4.0)
	

	All values are presented as number and proportion for categorical variables, and mean (SD) or median (IQR) for continuous variables, as appropriate.

	Abbreviations: CVD, Cardiovascular Disease; WBC: white blood cell count; MCV: mean corpuscular volume; WC: waist circumference; WHtR: waist-to-height ratio; BUN: blood urea nitrogen; FPG: fasting plasma glucose; TC: total cholesterol; TG: triglyceride; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; CRP: C-reactive protein; HbA1c: hemoglobin A1c; HGB: hemoglobin; eGFR: estimated glomerular filtration rate; SBP: systolic blood pressure; DBP: diastolic blood pressure; BMI: body mass index; BRI: body roundness index; ABSI: a body shape index; WWI: weight-adjusted waist index; CVAI: Chinese visceral adiposity index; CKM: Cardiovascular-Kidney-Metabolic; SD, standard deviation; IQR, interquartile range.

	The P values marked in bold indicate statistical significance.





	Table S10 Baseline characteristics of participants by KDM BioAge acceleration

	Variables
	Total (N = 6318)
	KDM Biologically younger (N = 3841)
	KDM Biologically older (N = 2477)
	P value

	Age (years), mean (SD)
	59.49 (9.42)
	60.00 (9.69)
	58.69 (8.92)
	<0.001

	Light-BA (years), mean (SD)
	58.75 (12.71)
	57.64 (12.55)
	60.48 (12.75)
	<0.001

	Light Biological aging acceleration, n (%)

	Biologically younger
	3731 (59.1)
	2656 (69.1)
	1075 (43.4)
	<0.001

	Biologically older
	2587 (40.9)
	1185 (30.9)
	1402 (56.6)
	

	Gender, n (%)

	Male
	2987 (47.3)
	1624 (42.3)
	1363 (55.0)
	<0.001

	Female
	3331 (52.7)
	2217 (57.7)
	1114 (45.0)
	

	Residence, n (%)

	Rural
	5348 (84.6)
	3276 (85.3)
	2072 (83.6)
	0.185

	Urban
	970 (15.4)
	565 (14.7)
	405 (16.4)
	

	Educational level, n (%)

	No formal education
	1877 (29.7)
	1245 (32.4)
	632 (25.5)
	<0.001

	Primary school
	2608 (41.3)
	1565 (40.7)
	1043 (42.1)
	

	Middle school
	1232 (19.5)
	683 (17.8)
	549 (22.2)
	

	High school or above
	601 (9.5)
	348 (9.1)
	253 (10.2)
	

	Marital Status, n (%)

	Married
	4485 (71.0)
	2810 (73.2)
	1675 (67.6)
	<0.001

	Other
	1833 (29.0)
	1031 (26.8)
	802 (32.4)
	

	Smoking status, n (%)

	Current
	1985 (31.4)
	1084 (28.2)
	901 (36.4)
	<0.001

	Ever
	528 (8.4)
	293 (7.6)
	235 (9.5)
	

	Never
	3805 (60.2)
	2464 (64.1)
	1341 (54.1)
	

	Drinking status, n (%)

	Current/Ever
	2130 (33.7)
	1183 (30.8)
	947 (38.2)
	<0.001

	Never
	4188 (66.3)
	2658 (69.2)
	1530 (61.8)
	

	WBC(10⁹/L), mean (SD)
	6.34 (2.32)
	6.27 (2.56)
	6.45 (1.89)
	0.003

	MCV(fL), mean (SD)
	90.67 (8.49)
	89.51 (8.94)
	92.47 (7.37)
	<0.001

	Platelets(10⁹/L), mean (SD)
	212.65 (73.04)
	214.39 (74.97)
	209.94 (69.87)
	0.018

	BUN (mg/dl), mean (SD)
	15.72 (4.53)
	14.42 (3.66)
	17.72 (5.00)
	<0.001

	FPG (mg/dl), mean (SD)
	111.00 (38.89)
	100.81 (14.84)
	126.81 (55.74)
	<0.001

	Creatinine (mg/dl), mean (SD)
	0.79 (0.24)
	0.74 (0.16)
	0.85 (0.33)
	<0.001

	TC (mg/dl), mean (SD)
	194.44 (39.03)
	187.36 (35.69)
	205.43 (41.40)
	<0.001

	TG (mg/dl), median (IQR)
	114.2 (78.8, 165.5)
	108.9 (75.2, 154.0)
	124.8 (85.0, 190.3)
	<0.001

	HDL-C (mg/dl), mean (SD)
	49.91 (15.09)
	50.06 (14.59)
	49.66 (15.83)
	0.302

	LDL-C (mg/dl), mean (SD)
	116.41 (35.65)
	112.55 (32.47)
	122.42 (39.37)
	<0.001

	CRP (mg/l), mean (SD)
	2.76 (7.46)
	2.37 (6.84)
	3.36 (8.31)
	<0.001

	HbA1c (%), mean (SD)
	5.28 (0.85)
	5.07 (0.41)
	5.61 (1.18)
	<0.001

	Uric Acid (mg/dl), mean (SD)
	4.50 (1.27)
	4.26 (1.15)
	4.85 (1.37)
	<0.001

	Hematocrit, mean (SD)
	41.78 (6.12)
	41.06 (6.23)
	42.89 (5.79)
	<0.001

	HGB (g/dl), mean (SD)
	14.40 (2.24)
	14.15 (2.20)
	14.80 (2.24)
	<0.001

	Cystatin C (mg/l), mean (SD)
	1.02 (0.30)
	1.00 (0.25)
	1.06 (0.36)
	<0.001

	eGFR (mL/min/173 m2), mean (SD)
	107.86 (29.30)
	112.36 (28.13)
	100.89 (29.70)
	<0.001

	Framingham score, mean (SD)
	12.94 (4.85)
	11.71 (4.80)
	14.85 (4.28)
	<0.001

	SBP (mmHg), mean (SD)
	133.64 (21.42)
	125.29 (16.70)
	146.57 (21.50)
	<0.001

	DBP (mmHg), mean (SD)
	77.33 (11.96)
	73.18 (10.30)
	83.75 (11.52)
	<0.001

	Height (cm), mean (SD)
	157.84 (8.60)
	157.09 (8.45)
	159.02 (8.69)
	<0.001

	Weight (Kg), mean (SD)
	58.84 (11.65)
	56.97 (10.96)
	61.74 (12.09)
	<0.001

	BMI (kg/m2), mean (SD)
	23.55 (3.95)
	23.03 (3.81)
	24.35 (4.03)
	<0.001

	Waist Circumference (cm), mean (SD)
	85.50 (10.07)
	84.00 (9.76)
	87.84 (10.10)
	<0.001

	TyG, mean (SD)
	8.75 (0.68)
	8.61 (0.57)
	8.97 (0.78)
	<0.001

	BRI, mean (SD)
	4.28 (1.39)
	4.14 (1.36)
	4.50 (1.41)
	<0.001

	ABSI, mean (SD)
	0.08 (0.01)
	0.08 (0.01)
	0.08 (0.01)
	0.370

	WWI, mean (SD)
	11.21 (0.90)
	11.19 (0.92)
	11.24 (0.88)
	0.023

	CVAI, mean (SD)
	98.93 (39.98)
	93.54 (37.87)
	107.29 (41.69)
	<0.001

	TyG-BMI, mean (SD)
	206.87 (42.18)
	198.95 (38.51)
	219.16 (44.61)
	<0.001

	TyG-WC, mean (SD)
	750.59 (120.81)
	725.08 (108.50)
	790.14 (128.09)
	<0.001

	TyG-WHtR, mean (SD)
	4.76 (0.78)
	4.63 (0.72)
	4.98 (0.83)
	<0.001

	TyG-BRI, mean (SD)
	37.76 (13.40)
	35.87 (12.61)
	40.70 (14.04)
	<0.001

	TyG-ABSI, mean (SD)
	0.73 (0.08)
	0.72 (0.07)
	0.75 (0.09)
	<0.001

	TyG-WWI, mean (SD)
	98.24 (11.91)
	96.47 (10.93)
	100.98 (12.81)
	<0.001

	TyG-CVAI, mean (SD)
	879.77 (392.41)
	816.35 (357.05)
	978.12 (423.35)
	<0.001

	METS-IR, mean (SD)
	36.13 (8.72)
	34.76 (7.98)
	38.27 (9.38)
	<0.001

	CTI, mean (SD)
	4.81 (0.59)
	4.68 (0.53)
	5.00 (0.62)
	<0.001

	eGDR, mean (SD)
	8.28 (2.11)
	8.99 (2.08)
	7.19 (1.64)
	<0.001

	TG/HDL-C, median (IQR)
	2.4 (1.4, 3.9)
	2.3 (1.4, 3.6)
	2.6 (1.5, 4.5)
	<0.001

	Overweight/Obesity, n (%)

	No
	3062 (48.5)
	2103 (54.8)
	959 (38.7)
	<0.001

	Yes
	3256 (51.5)
	1738 (45.2)
	1518 (61.3)
	

	Abdominal obesity, n (%)

	No
	3030 (48.0)
	2001 (52.1)
	1029 (41.5)
	<0.001

	Yes
	3288 (52.0)
	1840 (47.9)
	1448 (58.5)
	

	Prediabetes, n (%)

	No
	3593 (56.9)
	2296 (59.8)
	1297 (52.4)
	<0.001

	Yes
	2725 (43.1)
	1545 (40.2)
	1180 (47.6)
	

	Diabetes, n (%)

	No
	6107 (96.7)
	3816 (99.3)
	2291 (92.5)
	<0.001

	Yes
	211 (3.3)
	25 (0.7)
	186 (7.5)
	

	Hypertension, n (%)

	No
	2107 (33.3)
	1788 (46.6)
	319 (12.9)
	<0.001

	Yes
	4211 (66.7)
	2053 (53.4)
	2158 (87.1)
	

	Chronic Kidney Disease, n (%)

	No
	5727 (91.2)
	3529 (92.4)
	2198 (89.3)
	<0.001

	Yes
	555 (8.8)
	291 (7.6)
	264 (10.7)
	

	Hypertriglyceridemia, n (%)

	No
	3852 (61.0)
	2503 (65.2)
	1349 (54.5)
	<0.001

	Yes
	2466 (39.0)
	1338 (34.8)
	1128 (45.5)
	

	Metabolic Syndrome, n (%)

	No
	3162 (50.0)
	2228 (58.0)
	934 (37.7)
	<0.001

	Yes
	3156 (50.0)
	1613 (42.0)
	1543 (62.3)
	

	Subclinical CVD, n (%)

	No
	6132 (97.1)
	3779 (98.4)
	2353 (95.0)
	<0.001

	Yes
	186 (2.9)
	62 (1.6)
	124 (5.0)
	

	CKM Stage, n (%)

	Stage 0
	587 (9.3)
	542 (14.1)
	45 (1.8)
	<0.001

	Stage 1
	281 (4.4)
	266 (6.9)
	15 (0.6)
	

	Stage 2
	5264 (83.3)
	2971 (77.3)
	2293 (92.6)
	

	Stage 3
	186 (2.9)
	62 (1.6)
	124 (5.0)
	

	CVD status, n (%)

	No
	5087 (80.5)
	3157 (82.2)
	1930 (77.9)
	<0.001

	Yes
	1231 (19.5)
	684 (17.8)
	547 (22.1)
	

	All values are presented as number and proportion for categorical variables, and mean (SD) or median (IQR) for continuous variables, as appropriate.

	Abbreviations: WBC: white blood cell count; MCV: mean corpuscular volume; WC: waist circumference; WHtR: waist-to-height ratio; BUN: blood urea nitrogen; FPG: fasting plasma glucose; TC: total cholesterol; TG: triglyceride; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; CRP: C-reactive protein; HbA1c: hemoglobin A1c; HGB: hemoglobin; eGFR: estimated glomerular filtration rate; SBP: systolic blood pressure; DBP: diastolic blood pressure; BMI: body mass index; TyG: triglyceride–glucose index; BRI: body roundness index; ABSI: a body shape index; WWI: weight-adjusted waist index; CVAI: Chinese visceral adiposity index; METS-IR: metabolic score for insulin resistance; CTI: CRP–triglyceride glucose index; eGDR: estimated glucose disposal rate; TG/HDL-C: TG to HDL-C ratio; CKM: Cardiovascular-Kidney-Metabolic; CVD: cardiovascular disease; SD, standard deviation; IQR, interquartile range.

	The P values marked in bold indicate statistical significance.





	Table S11 Baseline characteristics of participants by Light BioAge acceleration

	Variables
	Total (N = 6318)
	Light Biologically younger (N = 3731)
	Light Biologically older (N = 2587)
	P value

	Age (years), mean (SD)
	59.49 (9.42)
	58.42 (9.13)
	61.03 (9.60)
	<0.001

	KDM-BA (years), mean (SD)
	56.53 (23.30)
	49.55 (18.87)
	66.59 (25.30)
	<0.001

	KDM Biological aging acceleration, n (%)

	Biologically younger
	3841 (60.8)
	2656 (71.2)
	1185 (45.8)
	<0.001

	Biologically older
	2477 (39.2)
	1075 (28.8)
	1402 (54.2)
	

	Gender, n (%)

	Male
	2987 (47.3)
	1605 (43.0)
	1382 (53.4)
	<0.001

	Female
	3331 (52.7)
	2126 (57.0)
	1205 (46.6)
	

	Residence, n (%)

	Rural
	5348 (84.6)
	3252 (87.2)
	2096 (81.0)
	<0.001

	Urban
	970 (15.4)
	479 (12.8)
	491 (19.0)
	

	Educational level, n (%)

	No formal education
	1877 (29.7)
	1124 (30.1)
	753 (29.1)
	0.453

	Primary school
	2608 (41.3)
	1553 (41.6)
	1055 (40.8)
	

	Middle school
	1232 (19.5)
	709 (19.0)
	523 (20.2)
	

	High school or above
	601 (9.5)
	345 (9.2)
	256 (9.9)
	

	Marital Status, n (%)

	Married
	4485 (71.0)
	2677 (71.8)
	1808 (69.9)
	0.115

	Other
	1833 (29.0)
	1054 (28.2)
	779 (30.1)
	

	Smoking status, n (%)

	Current
	1985 (31.4)
	1084 (29.1)
	901 (34.8)
	<0.001

	Ever
	528 (8.4)
	257 (6.9)
	271 (10.5)
	

	Never
	3805 (60.2)
	2390 (64.1)
	1415 (54.7)
	

	Drinking status, n (%)

	Current/Ever
	2130 (33.7)
	1240 (33.2)
	890 (34.4)
	0.348

	Never
	4188 (66.3)
	2491 (66.8)
	1697 (65.6)
	

	WBC(10⁹/L), mean (SD)
	6.34 (2.32)
	6.01 (1.78)
	6.82 (2.87)
	<0.001

	MCV(fL), mean (SD)
	90.67 (8.49)
	90.71 (8.63)
	90.61 (8.28)
	0.638

	Platelets(10⁹/L), mean (SD)
	212.65 (73.04)
	210.57 (72.29)
	215.64 (74.03)
	0.007

	BUN (mg/dl), mean (SD)
	15.72 (4.53)
	15.57 (4.35)
	15.94 (4.77)
	0.001

	FPG (mg/dl), mean (SD)
	111.00 (38.89)
	102.85 (19.34)
	122.77 (54.05)
	<0.001

	Creatinine (mg/dl), mean (SD)
	0.79 (0.24)
	0.75 (0.16)
	0.84 (0.32)
	<0.001

	TC (mg/dl)
	194.44 (39.03)
	192.27 (37.44)
	197.57 (41.03)
	<0.001

	TG (mg/dl), median (IQR)
	114.2 (78.8, 165.5)
	107.1 (75.2, 154.0)
	126.6 (85.8, 185.0)
	<0.001

	HDL_C (mg/dl), mean (SD)
	49.91 (15.09)
	51.89 (15.04)
	47.05 (14.69)
	<0.001

	LDL_C (mg/dl), mean (SD)
	116.41 (35.65)
	115.37 (34.12)
	117.91 (37.71)
	0.005

	CRP (mg/l), mean (SD)
	2.76 (7.46)
	0.72 (0.39)
	5.69 (11.01)
	<0.001

	HbA1c (%), mean (SD)
	5.28 (0.85)
	5.13 (0.57)
	5.49 (1.10)
	<0.001

	Uric Acid (mg/dl), mean (SD)
	4.50 (1.27)
	4.24 (1.15)
	4.87 (1.35)
	<0.001

	Hematocrit, mean (SD)
	41.78 (6.12)
	41.49 (6.10)
	42.19 (6.14)
	<0.001

	HGB (g/dl), mean (SD)
	14.40 (2.24)
	14.30 (2.17)
	14.56 (2.31)
	<0.001

	Cystatin C (mg/l), mean (SD)
	1.02 (0.30)
	0.98 (0.21)
	1.09 (0.37)
	<0.001

	eGFR (mL/min/173 m2), mean (SD)
	107.86 (29.30)
	112.54 (28.96)
	101.11 (28.45)
	<0.001

	Framingham score, mean (SD)
	12.94 (4.85)
	11.93 (4.76)
	14.40 (4.61)
	<0.001

	SBP (mmHg), mean (SD)
	133.64 (21.42)
	131.63 (21.01)
	136.54 (21.67)
	<0.001

	DBP (mmHg), mean (SD)
	77.33 (11.96)
	76.61 (12.07)
	78.36 (11.74)
	<0.001

	Height (cm), mean (SD)
	157.84 (8.60)
	157.51 (8.56)
	158.33 (8.62)
	<0.001

	Weight (Kg), mean (SD)
	58.84 (11.65)
	57.38 (10.84)
	60.95 (12.44)
	<0.001

	BMI (kg/m2), mean (SD)
	23.55 (3.95)
	23.07 (3.64)
	24.24 (4.26)
	<0.001

	Waist Circumference (cm), mean (SD)
	85.50 (10.07)
	83.75 (9.45)
	88.04 (10.39)
	<0.001

	TyG, mean (SD)
	8.75 (0.68)
	8.63 (0.60)
	8.93 (0.75)
	<0.001

	BRI, mean (SD)
	4.28 (1.39)
	4.07 (1.31)
	4.58 (1.45)
	<0.001

	ABSI, mean (SD)
	0.08 (0.01)
	0.08 (0.01)
	0.08 (0.01)
	<0.001

	WWI, mean (SD)
	11.21 (0.90)
	11.12 (0.91)
	11.35 (0.88)
	<0.001

	CVAI, mean (SD)
	98.93 (39.98)
	90.66 (36.49)
	110.86 (41.74)
	<0.001

	TyG-BMI, mean (SD)
	206.87 (42.18)
	199.66 (37.55)
	217.28 (46.13)
	<0.001

	TyG-WC, mean (SD)
	750.59 (120.81)
	724.41 (107.65)
	788.33 (128.55)
	<0.001

	TyG-WHtR, mean (SD)
	4.76 (0.78)
	4.61 (0.70)
	4.99 (0.83)
	<0.001

	TyG-BRI, mean (SD)
	37.76 (13.40)
	35.36 (12.20)
	41.23 (14.26)
	<0.001

	TyG-ABSI, mean (SD)
	0.73 (0.08)
	0.71 (0.07)
	0.75 (0.08)
	<0.001

	TyG-WWI, mean (SD)
	98.24 (11.91)
	96.03 (10.96)
	101.41 (12.49)
	<0.001

	TyG-CVAI, mean (SD)
	879.77 (392.41)
	793.27 (347.93)
	1004.52 (418.54)
	<0.001

	METS-IR, mean (SD)
	36.13 (8.72)
	34.53 (7.54)
	38.44 (9.74)
	<0.001

	CTI, mean (SD)
	4.81 (0.59)
	4.47 (0.39)
	5.29 (0.47)
	<0.001

	eGDR, mean (SD)
	8.28 (2.11)
	8.66 (2.04)
	7.74 (2.10)
	<0.001

	TG/HDL-C, median (IQR)
	2.4 (1.4, 3.9)
	2.1 (1.3, 3.5)
	2.8 (1.7, 4.5)
	<0.001

	Overweight/Obesity, n (%)

	No
	3062 (48.5)
	2003 (53.7)
	1059 (40.9)
	<0.001

	Yes
	3256 (51.5)
	1728 (46.3)
	1528 (59.1)
	

	Abdominal obesity, n (%)

	No
	3030 (48.0)
	1973 (52.9)
	1057 (40.9)
	<0.001

	Yes
	3288 (52.0)
	1758 (47.1)
	1530 (59.1)
	

	Prediabetes, n (%)

	No
	3593 (56.9)
	2175 (58.3)
	1418 (54.8)
	0.006

	Yes
	2725 (43.1)
	1556 (41.7)
	1169 (45.2)
	

	Diabetes, n (%)

	No
	6107 (96.7)
	3681 (98.7)
	2426 (93.8)
	<0.001

	Yes
	211 (3.3)
	50 (1.3)
	161 (6.2)
	

	Hypertension, n (%)

	No
	2107 (33.3)
	1394 (37.4)
	713 (27.6)
	<0.001

	Yes
	4211 (66.7)
	2337 (62.6)
	1874 (72.4)
	

	Chronic Kidney Disease, n (%)

	No
	5727 (91.2)
	3426 (92.3)
	2301 (89.5)
	<0.001

	Yes
	555 (8.8)
	286 (7.7)
	269 (10.5)
	

	Hypertriglyceridemia, n (%)

	No
	3852 (61.0)
	2445 (65.5)
	1407 (54.4)
	<0.001

	Yes
	2466 (39.0)
	1286 (34.5)
	1180 (45.6)
	

	Metabolic Syndrome, n (%)

	No
	3162 (50.0)
	2165 (58.0)
	997 (38.5)
	<0.001

	Yes
	3156 (50.0)
	1566 (42.0)
	1590 (61.5)
	

	Subclinical CVD, n (%)

	No
	6132 (97.1)
	3672 (98.4)
	2460 (95.1)
	<0.001

	Yes
	186 (2.9)
	59 (1.6)
	127 (4.9)
	

	CKM Stage, n (%)

	Stage 0
	587 (9.3)
	438 (11.7)
	149 (5.8)
	<0.001

	Stage 1
	281 (4.4)
	195 (5.2)
	86 (3.3)
	

	Stage 2
	5264 (83.3)
	3039 (81.5)
	2225 (86.0)
	

	Stage 3
	186 (2.9)
	59 (1.6)
	127 (4.9)
	

	CVD status, n (%)

	No
	5087 (80.5)
	3081 (82.6)
	2006 (77.5)
	<0.001

	Yes
	1231 (19.5)
	650 (17.4)
	581 (22.5)
	

	All values are presented as number and proportion for categorical variables, and mean (SD) or median (IQR) for continuous variables, as appropriate.

	Abbreviations: WBC: white blood cell count; MCV: mean corpuscular volume; WC: waist circumference; WHtR: waist-to-height ratio; BUN: blood urea nitrogen; FPG: fasting plasma glucose; TC: total cholesterol; TG: triglyceride; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; CRP: C-reactive protein; HbA1c: hemoglobin A1c; HGB: hemoglobin; eGFR: estimated glomerular filtration rate; SBP: systolic blood pressure; DBP: diastolic blood pressure; BMI: body mass index; TyG: triglyceride–glucose index; BRI: body roundness index; ABSI: a body shape index; WWI: weight-adjusted waist index; CVAI: Chinese visceral adiposity index; METS-IR: metabolic score for insulin resistance; CTI: CRP–triglyceride glucose index; eGDR: estimated glucose disposal rate; TG/HDL-C: TG to HDL-C ratio; CKM: Cardiovascular-Kidney-Metabolic; CVD: cardiovascular disease; SD, standard deviation; IQR, interquartile range.

	The P values marked in bold indicate statistical significance.









Table S12 Association between various IR surrogate Indices and CVD incidence in individuals with CKM syndrome stages 0–3 using a competing risk model.
	IR surrogate Indices (Quartile)
	Crude Model
	
	Model 1
	
	Model 2
	
	Model 3

	
	SHR (95% CI)
	P
	
	SHR (95% CI)
	P
	
	SHR (95% CI)
	P
	
	SHR (95% CI)
	P

	TyG
	
	
	
	
	
	
	
	
	
	
	

	Standardized continuous
	1.12 (1.06, 1.17)
	<0.001
	
	1.13 (1.07, 1.18)
	<0.001
	
	1.12 (1.07, 1.18)
	<0.001
	
	1.05 (0.98, 1.14)
	0.180

	Q1
	1.00 (Reference)
	
	
	1.00 (Reference)
	
	
	1.00 (Reference)
	
	
	1.00 (Reference)
	

	Q2
	1.29 (1.11, 1.50)
	0.001
	
	1.27 (1.08, 1.48)
	0.003
	
	1.26 (1.08, 1.47)
	0.003
	
	1.20 (1.03, 1.41)
	0.018

	Q3
	1.38 (1.19, 1.61)
	<0.001
	
	1.36 (1.17, 1.59)
	<0.001
	
	1.35 (1.16, 1.58)
	<0.001
	
	1.27 (1.05, 1.53)
	0.012

	Q4
	1.44 (1.24, 1.68)
	<0.001
	
	1.47 (1.26, 1.71)
	<0.001
	
	1.46 (1.25, 1.70)
	<0.001
	
	1.29 (1.01, 1.64)
	0.039

	TyG-BMI
	
	
	
	
	
	
	

	Standardized continuous
	1.17 (1.12, 1.23)
	<0.001
	
	1.21 (1.15, 1.27)
	<0.001
	
	1.21 (1.15, 1.27)
	<0.001
	
	1.14 (1.08, 1.21)
	<0.001

	Q1
	1.00 (Reference)
	
	
	1.00 (Reference)
	
	
	1.00 (Reference)
	
	
	1.00 (Reference)
	

	Q2
	1.35 (1.15, 1.58)
	<0.001
	
	1.41 (1.21, 1.66)
	<0.001
	
	1.42 (1.21, 1.66)
	<0.001
	
	1.32 (1.13, 1.56)
	<0.001

	Q3
	1.32 (1.13, 1.55)
	<0.001
	
	1.42 (1.21, 1.67)
	<0.001
	
	1.42 (1.21, 1.67)
	<0.001
	
	1.29 (1.09, 1.53)
	0.004

	Q4
	1.62 (1.39, 1.88)
	<0.001
	
	1.80 (1.54, 2.10)
	<0.001
	
	1.81 (1.54, 2.11)
	<0.001
	
	1.54 (1.29, 1.85)
	<0.001

	TyG-WC
	
	
	
	
	
	
	

	Standardized continuous
	1.23 (1.17, 1.29)
	<0.001
	
	1.23 (1.17, 1.30)
	<0.001
	
	1.24 (1.17, 1.30)
	<0.001
	
	1.18 (1.11, 1.26)
	<0.001

	Q1
	1.00 (Reference)
	
	
	1.00 (Reference)
	
	
	1.00 (Reference)
	
	
	1.00 (Reference)
	

	Q2
	1.31 (1.11, 1.54)
	0.001
	
	1.31 (1.11, 1.53)
	0.001
	
	1.31 (1.11, 1.54)
	0.001
	
	1.24 (1.05, 1.46)
	0.009

	Q3
	1.39 (1.18, 1.63)
	<0.001
	
	1.39 (1.18, 1.63)
	<0.001
	
	1.38 (1.18, 1.62)
	<0.001
	
	1.29 (1.09, 1.52)
	0.003

	Q4
	1.77 (1.53, 2.06)
	<0.001
	
	1.80 (1.55, 2.09)
	<0.001
	
	1.80 (1.55, 2.10)
	<0.001
	
	1.59 (1.33, 1.90)
	<0.001

	TyG-WHtR
	
	
	
	
	
	
	

	Standardized continuous
	1.23 (1.17, 1.29)
	<0.001
	
	1.21 (1.15, 1.27)
	<0.001
	
	1.21 (1.15, 1.28)
	<0.001
	
	1.14 (1.07, 1.22)
	<0.001

	Q1
	1.00 (Reference)
	
	
	1.00 (Reference)
	
	
	1.00 (Reference)
	
	
	1.00 (Reference)
	

	Q2
	1.28 (1.08, 1.50)
	0.003
	
	1.29 (1.09, 1.51)
	0.002
	
	1.29 (1.10, 1.52)
	0.002
	
	1.21 (1.02, 1.43)
	0.025

	Q3
	1.44 (1.23, 1.69)
	<0.001
	
	1.43 (1.22, 1.67)
	<0.001
	
	1.42 (1.21, 1.67)
	<0.001
	
	1.31 (1.11, 1.55)
	0.002

	Q4
	1.73 (1.49, 2.02)
	<0.001
	
	1.69 (1.44, 1.98)
	<0.001
	
	1.70 (1.45, 1.99)
	<0.001
	
	1.45 (1.20, 1.74)
	<0.001

	TyG-BRI
	
	
	
	
	
	
	

	Standardized continuous
	1.24 (1.17, 1.31)
	<0.001
	
	1.21 (1.15, 1.28)
	<0.001
	
	1.22 (1.15, 1.29)
	<0.001
	
	1.13 (1.07, 1.21)
	<0.001

	Q1
	1.00 (Reference)
	
	
	1.00 (Reference)
	
	
	1.00 (Reference)
	
	
	1.00 (Reference)
	

	Q2
	1.20 (1.02, 1.41)
	0.031
	
	1.20 (1.02, 1.41)
	0.032
	
	1.20 (1.02, 1.41)
	0.032
	
	1.11 (0.94, 1.31)
	0.210

	Q3
	1.43 (1.22, 1.67)
	<0.001
	
	1.41 (1.20, 1.65)
	<0.001
	
	1.41 (1.20, 1.65)
	<0.001
	
	1.25 (1.07, 1.47)
	0.006

	Q4
	1.71 (1.47, 1.99)
	<0.001
	
	1.65 (1.41, 1.93)
	<0.001
	
	1.66 (1.41, 1.94)
	<0.001
	
	1.38 (1.16, 1.64)
	<0.001

	TyG-ABSI
	
	
	
	
	
	
	

	Standardized continuous
	1.18 (1.12, 1.24)
	<0.001
	
	1.13 (1.07, 1.19)
	<0.001
	
	1.13 (1.07, 1.19)
	<0.001
	
	1.06 (1.00, 1.13)
	0.056

	Q1
	1.00 (Reference)
	
	
	1.00 (Reference)
	
	
	1.00 (Reference)
	
	
	1.00 (Reference)
	

	Q2
	1.10 (0.94, 1.28)
	0.240
	
	1.05 (0.90, 1.23)
	0.530
	
	1.05 (0.90, 1.22)
	0.550
	
	0.99 (0.85, 1.16)
	0.940

	Q3
	1.29 (1.11, 1.49)
	<0.001
	
	1.20 (1.03, 1.39)
	0.016
	
	1.20 (1.03, 1.39)
	0.016
	
	1.11 (0.94, 1.30)
	0.220

	Q4
	1.47 (1.27, 1.70)
	<0.001
	
	1.30 (1.12, 1.51)
	<0.001
	
	1.29 (1.12, 1.50)
	<0.001
	
	1.09 (0.91, 1.31)
	0.350

	TyG-WWI
	
	
	
	
	
	
	

	Standardized continuous
	1.20 (1.14, 1.26)
	<0.001
	
	1.15 (1.09, 1.21)
	<0.001
	
	1.15 (1.09, 1.21)
	<0.001
	
	1.08 (1.01, 1.15)
	0.034

	Q1
	1.00 (Reference)
	
	
	1.00 (Reference)
	
	
	1.00 (Reference)
	
	
	1.00 (Reference)
	

	Q2
	1.12 (0.95, 1.31)
	0.160
	
	1.08 (0.92, 1.27)
	0.340
	
	1.08 (0.92, 1.27)
	0.320
	
	1.03 (0.88, 1.21)
	0.700

	Q3
	1.39 (1.20, 1.61)
	<0.001
	
	1.31 (1.13, 1.53)
	<0.001
	
	1.31 (1.13, 1.53)
	<0.001
	
	1.19 (1.01, 1.40)
	0.039

	Q4
	1.55 (1.34, 1.80)
	<0.001
	
	1.38 (1.18, 1.61)
	<0.001
	
	1.38 (1.18, 1.61)
	<0.001
	
	1.15 (0.95, 1.39)
	0.140

	TyG-CVAI
	
	
	
	
	
	
	

	Standardized continuous
	1.27 (1.19, 1.35)
	<0.001
	
	1.22 (1.14, 1.30)
	<0.001
	
	1.22 (1.14, 1.31)
	<0.001
	
	1.15 (1.07, 1.24)
	<0.001

	Q1
	1.00 (Reference)
	
	
	1.00 (Reference)
	
	
	1.00 (Reference)
	
	
	1.00 (Reference)
	

	Q2
	1.41 (1.20, 1.66)
	<0.001
	
	1.35 (1.15, 1.58)
	<0.001
	
	1.35 (1.15, 1.59)
	<0.001
	
	1.29 (1.10, 1.52)
	0.002

	Q3
	1.40 (1.19, 1.64)
	<0.001
	
	1.30 (1.10, 1.53)
	0.002
	
	1.30 (1.10, 1.53)
	0.002
	
	1.20 (1.02, 1.43)
	0.033

	Q4
	1.92 (1.65, 2.23)
	<0.001
	
	1.74 (1.50, 2.03)
	<0.001
	
	1.75 (1.50, 2.04)
	<0.001
	
	1.52 (1.27, 1.82)
	<0.001

	METS-IR
	
	
	
	
	
	
	

	Standardized continuous
	1.14 (1.08, 1.20)
	<0.001
	
	1.18 (1.12, 1.24)
	<0.001
	
	1.18 (1.12, 1.24)
	<0.001
	
	1.11 (1.05, 1.18)
	<0.001

	Q1
	1.00 (Reference)
	
	
	1.00 (Reference)
	
	
	1.00 (Reference)
	
	
	1.00 (Reference)
	

	Q2
	1.20 (1.03, 1.41)
	0.021
	
	1.27 (1.09, 1.49)
	0.003
	
	1.27 (1.09, 1.49)
	0.003
	
	1.20 (1.02, 1.41)
	0.024

	Q3
	1.21 (1.04, 1.42)
	0.015
	
	1.31 (1.12, 1.53)
	<0.001
	
	1.30 (1.11, 1.52)
	<0.001
	
	1.20 (1.02, 1.41)
	0.030

	Q4
	1.48 (1.28, 1.72)
	<0.001
	
	1.63 (1.41, 1.90)
	<0.001
	
	1.64 (1.41, 1.91)
	<0.001
	
	1.42 (1.19, 1.69)
	<0.001

	CTI
	
	
	
	
	
	
	

	Standardized continuous
	1.17 (1.11, 1.22)
	<0.001
	
	1.15 (1.09, 1.21)
	<0.001
	
	1.15 (1.09, 1.20)
	<0.001
	
	1.09 (1.03, 1.15)
	0.004

	Q1
	1.00 (Reference)
	
	
	1.00 (Reference)
	
	
	1.00 (Reference)
	
	
	1.00 (Reference)
	

	Q2
	1.30 (1.11, 1.53)
	0.001
	
	1.27 (1.09, 1.49)
	0.003
	
	1.27 (1.08, 1.49)
	0.003
	
	1.22 (1.04, 1.43)
	0.014

	Q3
	1.53 (1.31, 1.78)
	<0.001
	
	1.48 (1.27, 1.72)
	<0.001
	
	1.47 (1.26, 1.71)
	<0.001
	
	1.37 (1.16, 1.61)
	<0.001

	Q4
	1.62 (1.39, 1.88)
	<0.001
	
	1.55 (1.33, 1.80)
	<0.001
	
	1.54 (1.32, 1.79)
	<0.001
	
	1.37 (1.15, 1.63)
	<0.001

	eGDR
	
	
	
	
	
	
	

	Standardized continuous
	0.74 (0.70, 0.77)
	<0.001
	
	0.75 (0.72, 0.79)
	<0.001
	
	0.75 (0.72, 0.79)
	<0.001
	
	0.76 (0.70, 0.83)
	<0.001

	Q1
	1.00 (Reference)
	
	
	1.00 (Reference)
	
	
	1.00 (Reference)
	
	
	1.00 (Reference)
	

	Q2
	0.80 (0.71, 0.91)
	<0.001
	
	0.80 (0.70, 0.90)
	<0.001
	
	0.80 (0.70, 0.90)
	<0.001
	
	0.83 (0.73, 0.95)
	0.006

	Q3
	0.64 (0.56, 0.74)
	<0.001
	
	0.64 (0.56, 0.74)
	<0.001
	
	0.64 (0.56, 0.73)
	<0.001
	
	0.69 (0.58, 0.81)
	<0.001

	Q4
	0.46 (0.40, 0.54)
	<0.001
	
	0.49 (0.42, 0.58)
	<0.001
	
	0.49 (0.42, 0.57)
	<0.001
	
	0.58 (0.43, 0.77)
	<0.001

	TG/HDL-C
	
	
	
	
	
	
	

	Standardized continuous
	1.05 (1.00, 1.10)
	0.057
	
	1.07 (1.02, 1.12)
	0.008
	
	1.06 (1.01, 1.11)
	0.011
	
	0.99 (0.93, 1.07)
	0.880

	Q1
	1.00 (Reference)
	
	
	1.00 (Reference)
	
	
	1.00 (Reference)
	
	
	1.00 (Reference)
	

	Q2
	1.07 (0.92, 1.24)
	0.370
	
	1.08 (0.93, 1.26)
	0.310
	
	1.08 (0.93, 1.25)
	0.320
	
	1.07 (0.92, 1.24)
	0.390

	Q3
	1.23 (1.06, 1.42)
	0.005
	
	1.26 (1.09, 1.45)
	0.002
	
	1.25 (1.08, 1.45)
	0.002
	
	1.16 (0.97, 1.38)
	0.110

	Q4
	1.14 (0.99, 1.32)
	0.071
	
	1.20 (1.03, 1.39)
	0.016
	
	1.19 (1.02, 1.37)
	0.024
	
	1.01 (0.81, 1.27)
	0.910

	Q1: Quartile 1, Q2: Quartile 2, Q3: Quartile 3, Q4: Quartile 4.
Crude model: unadjusted for covariates; model 1: age, gender; model 2: age, gender, residence, smoking, alcohol consumption, marital status and educational attainment; model 3: age, gender, residence, smoking, alcohol consumption, marital status, educational attainment, diabetes, hypertension, hypertriglyceridaemia, and CKD.
The P values marked in bold indicate statistical significance.
Abbreviations: SHR: subdistribution hazard ratios; Cl: confidence interval.






	Table S13 Association between various Insulin Resistance Indices and CVD incidence in individuals with CKM syndrome stages 0–3 by KDM Biological aging acceleration

	Insulin Resistance Indices (Quartile)
	KDM Biologically younger
	KDM Biologically older
	P for interaction

	
	RR(95% CI)
	P
	RR(95% CI)
	P
	

	TyG

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.25 (1.03, 1.51)
	0.021
	1.29 (1.00, 1.68)
	0.053
	0.866

	Q3
	1.17 (0.96, 1.42)
	0.116
	1.39 (1.08, 1.79)
	0.011
	0.383

	Q4
	1.36 (1.10, 1.67)
	0.003
	1.34 (1.06, 1.71)
	0.018
	0.960

	TyG- BMI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.47 (1.21, 1.78)
	<0.001
	1.23 (0.94, 1.63)
	0.140 
	0.168

	Q3
	1.34 (1.09, 1.65)
	0.005
	1.32 (1.01, 1.73)
	0.043
	0.572

	Q4
	1.63 (1.32, 2.01)
	<0.001
	1.70 (1.32, 2.20)
	<0.001
	0.680

	TyG- WC

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.32 (1.08, 1.60)
	0.006
	1.23 (0.93, 1.63)
	0.156
	0.595

	Q3
	1.31 (1.07, 1.60)
	0.008
	1.35 (1.04, 1.78)
	0.03
	0.868

	Q4
	1.70 (1.39, 2.07)
	<0.001
	1.63 (1.27, 2.12)
	<0.001
	0.557

	TyG- WHtR

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.41 (1.15, 1.72)
	<0.001
	1.00 (0.76, 1.32)
	0.993
	0.119

	Q3
	1.41 (1.15, 1.73)
	0.001
	1.37 (1.07, 1.76)
	0.014
	0.599

	Q4
	1.56 (1.26, 1.94)
	<0.001
	1.48 (1.17, 1.90)
	0.002
	0.467

	TyG- BRI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.24 (1.01, 1.51)
	0.037
	1.11 (0.84, 1.46)
	0.477
	0.363

	Q3
	1.31 (1.07, 1.61)
	0.01
	1.51 (1.18, 1.96)
	0.001
	0.628

	Q4
	1.48 (1.20, 1.83)
	<0.001
	1.63 (1.27, 2.11)
	<0.001
	0.823

	TyG- ABSI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.04 (0.86, 1.25)
	0.707
	0.99 (0.76, 1.28)
	0.911
	0.549

	Q3
	1.06 (0.88, 1.29)
	0.538
	1.31 (1.03, 1.66)
	0.027
	0.264

	Q4
	1.09 (0.88, 1.33)
	0.428
	1.25 (0.99, 1.58)
	0.064
	0.401

	TyG- WWI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.06 (0.87, 1.29)
	0.592
	1.07 (0.83, 1.39)
	0.616
	0.885

	Q3
	1.28 (1.05, 1.55)
	0.014
	1.27 (1.00, 1.63)
	0.053
	0.751

	Q4
	1.18 (0.95, 1.47)
	0.125
	1.29 (1.02, 1.66)
	0.037
	0.673

	TyG- CVAI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.41 (1.15, 1.73)
	<0.001
	1.22 (0.94, 1.60)
	0.137
	0.289

	Q3
	1.32 (1.07, 1.63)
	0.010
	1.15 (0.89, 1.50)
	0.283
	0.292

	Q4
	1.66 (1.34, 2.05)
	<0.001
	1.64 (1.30, 2.09)
	<0.001
	0.821

	METS- IR

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.26 (1.04, 1.53)
	0.016
	1.16 (0.89, 1.51)
	0.274
	0.361

	Q3
	1.22 (0.99, 1.49)
	0.056
	1.28 (1.00, 1.65)
	0.054
	0.875

	Q4
	1.56 (1.28, 1.91)
	<0.001
	1.53 (1.21, 1.96)
	<0.001
	0.483

	CTI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.21 (1.00, 1.46)
	0.052
	1.29 (0.98, 1.71)
	0.071
	0.609

	Q3
	1.35 (1.12, 1.64)
	0.002
	1.36 (1.05, 1.77)
	0.022
	0.937

	Q4
	1.40 (1.14, 1.71)
	0.001
	1.35 (1.06, 1.75)
	0.019
	0.899

	eGDR

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	0.89 (0.73, 1.07)
	0.216
	0.76 (0.64, 0.90)
	0.002
	0.232

	Q3
	0.70 (0.57, 0.85)
	<0.001
	0.62 (0.50, 0.77)
	<0.001
	0.442

	Q4
	0.57 (0.46, 0.69)
	<0.001
	0.47 (0.30, 0.70)
	<0.001
	0.344

	TG/HDL- C

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.06 (0.87, 1.29)
	0.560
	1.09 (0.86, 1.37)
	0.485
	0.961

	Q3
	1.14 (0.94, 1.38)
	0.184
	1.29 (1.04, 1.61)
	0.023
	0.485

	Q4
	1.16 (0.95, 1.42)
	0.134
	1.13 (0.91, 1.41)
	0.277
	0.685

	Q1: Quartile 1, Q2: Quartile 2, Q3: Quartile 3, Q4: Quartile 4.

	Adjusted for age, gender, residence, smoking, alcohol consumption, marital status, educational attainment,diabetes, hypertension, hypertriglyceridaemia, and CKD.

	The P values marked in bold indicate statistical significance.







	Table S14 Association between various Insulin Resistance Indices and CVD incidence in individuals with CKM syndrome stages 0–3 by Light Biological aging acceleration

	Insulin Resistance Indices (Quartile)
	Light Biologically younger
	Light Biologically older
	P for interaction

	
	RR(95% CI)
	P
	RR(95% CI)
	P
	

	TyG

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.23 (1.01, 1.50)
	0.036
	1.30 (1.02, 1.67)
	0.033
	0.723

	Q3
	1.32 (1.08, 1.61)
	0.006
	1.19 (0.94, 1.53)
	0.155
	0.553

	Q4
	1.29 (1.04, 1.60)
	0.021
	1.35 (1.08, 1.71)
	0.009
	0.587

	TyG- BMI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.44 (1.19, 1.75)
	<0.001
	1.36 (1.04, 1.78)
	0.026
	0.803

	Q3
	1.30 (1.06, 1.60)
	0.013
	1.48 (1.14, 1.93)
	0.003
	0.375

	Q4
	1.53 (1.23, 1.91)
	<0.001
	1.87 (1.46, 2.41)
	<0.001
	0.133

	TyG- WC

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.31 (1.08, 1.60)
	0.006
	1.28 (0.97, 1.69)
	0.081
	0.809

	Q3
	1.37 (1.13, 1.68)
	0.002
	1.32 (1.01, 1.73)
	0.042
	0.788

	Q4
	1.54 (1.25, 1.90)
	<0.001
	1.76 (1.38, 2.27)
	<0.001
	0.448

	TyG- WHtR

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.33 (1.09, 1.63)
	0.004
	1.14 (0.87, 1.51)
	0.339
	0.239

	Q3
	1.35 (1.10, 1.66)
	0.004
	1.45 (1.13, 1.89)
	0.004
	0.985

	Q4
	1.45 (1.16, 1.81)
	<0.001
	1.62 (1.27, 2.09)
	<0.001
	0.856

	TyG- BRI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.20 (0.98, 1.47)
	0.081
	1.19 (0.91, 1.57)
	0.216
	0.790

	Q3
	1.28 (1.04, 1.57)
	0.018
	1.58 (1.23, 2.05)
	<0.001
	0.381

	Q4
	1.45 (1.17, 1.79)
	<0.001
	1.65 (1.28, 2.14)
	<0.001
	0.789

	TyG- ABSI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	0.97 (0.80, 1.18)
	0.794
	1.07 (0.84, 1.38)
	0.573
	0.902

	Q3
	1.10 (0.90, 1.33)
	0.353
	1.23 (0.97, 1.56)
	0.092
	0.885

	Q4
	1.10 (0.89, 1.35)
	0.392
	1.21 (0.97, 1.53)
	0.103
	0.836

	TyG- WWI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	0.99 (0.81, 1.21)
	0.887
	1.21 (0.94, 1.57)
	0.147
	0.485

	Q3
	1.21 (0.99, 1.47)
	0.060
	1.37 (1.08, 1.76)
	0.012
	0.894

	Q4
	1.18 (0.95, 1.46)
	0.144
	1.32 (1.04, 1.69)
	0.026
	0.888

	TyG- CVAI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.37 (1.13, 1.67)
	0.002
	1.23 (0.93, 1.63)
	0.149
	0.317

	Q3
	1.31 (1.06, 1.61)
	0.011
	1.14 (0.87, 1.51)
	0.361
	0.233

	Q4
	1.41 (1.13, 1.76)
	0.002
	1.78 (1.40, 2.29)
	<0.001
	0.422

	METS- IR

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.12 (0.93, 1.36)
	0.233
	1.53 (1.16, 2.02)
	0.002
	0.061

	Q3
	1.19 (0.98, 1.45)
	0.084
	1.50 (1.15, 1.98)
	0.003
	0.112

	Q4
	1.29 (1.04, 1.60)
	0.018
	1.96 (1.53, 2.56)
	<0.001
	0.004

	CTI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.18 (1.00, 1.40)
	0.044
	2.45 (0.85, 14.34)
	0.191
	0.301

	Q3
	1.35 (1.11, 1.62)
	0.002
	2.28 (0.81, 13.23)
	0.225
	0.409

	Q4
	1.30 (0.90, 1.80)
	0.14
	2.33 (0.83, 13.47)
	0.214
	0.366

	eGDR

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	0.98 (0.81, 1.19)
	0.832
	0.73 (0.61, 0.87)
	<0.001
	0.026

	Q3
	0.83 (0.68, 1.02)
	0.069
	0.56 (0.43, 0.66)
	<0.001
	0.002

	Q4
	0.58 (0.47, 0.73)
	<0.001
	0.53 (0.44, 0.70)
	<0.001
	0.970

	TG/HDL- C

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	0.99 (0.82, 1.20)
	0.928
	1.18 (0.93, 1.50)
	0.181
	0.164

	Q3
	1.14 (0.94, 1.38)
	0.192
	1.27 (1.01, 1.61)
	0.042
	0.307

	Q4
	1.06 (0.86, 1.30)
	0.578
	1.21 (0.96, 1.53)
	0.105
	0.191

	Q1: Quartile 1, Q2: Quartile 2, Q3: Quartile 3, Q4: Quartile 4.

	Adjusted for age, gender, residence, smoking, alcohol consumption, marital status, educational attainment,diabetes, hypertension, hypertriglyceridaemia, and CKD.

	The P values marked in bold indicate statistical significance.







	Table S15 Association between various Insulin Resistance Indices and CVD incidence in individuals with CKM syndrome stages 0–3 by gender

	Insulin Resistance Indices (Quartile)
	Male
	Female
	P for interaction

	
	RR(95% CI)
	P
	RR(95% CI)
	P
	

	TyG

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.21 (0.97, 1.51)
	0.083
	1.37 (1.10, 1.70)
	0.005
	0.399

	Q3
	1.36 (1.09, 1.69)
	0.006
	1.27 (1.03, 1.59)
	0.028
	0.802

	Q4
	1.30 (1.03, 1.62)
	0.024
	1.53 (1.24, 1.89)
	<0.001
	0.207

	TyG- BMI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.34 (1.07, 1.67)
	0.010
	1.68 (1.27, 2.22)
	<0.001
	0.366

	Q3
	1.45 (1.15, 1.84)
	0.002
	1.55 (1.18, 2.05)
	0.002
	0.802

	Q4
	1.91 (1.52, 2.40)
	<0.001
	2.10 (1.61, 2.75)
	<0.001
	0.979

	TyG- WC

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.24 (0.99, 1.56)
	0.061
	1.40 (1.12, 1.76)
	0.004
	0.367

	Q3
	1.27 (1.00, 1.61)
	0.052
	1.50 (1.21, 1.88)
	<0.001
	0.124

	Q4
	1.84 (1.48, 2.30)
	<0.001
	1.80 (1.47, 2.23)
	<0.001
	0.771

	TyG- WHtR

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.24 (1.01, 1.53)
	0.043
	1.46 (1.08, 2.00)
	0.016
	0.465

	Q3
	1.41 (1.13, 1.75)
	0.002
	1.73 (1.29, 2.33)
	<0.001
	0.357

	Q4
	1.76 (1.39, 2.21)
	<0.001
	1.95 (1.47, 2.61)
	<0.001
	0.886

	TyG- BRI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.11 (0.90, 1.37)
	0.329
	1.51 (1.10, 2.08)
	0.011
	0.138

	Q3
	1.41 (1.14, 1.74)
	0.001
	1.78 (1.32, 2.43)
	<0.001
	0.318

	Q4
	1.77 (1.40, 2.22)
	<0.001
	1.98 (1.48, 2.67)
	<0.001
	0.899

	TyG- ABSI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	0.99 (0.80, 1.23)
	0.936
	1.10 (0.88, 1.37)
	0.404
	0.368

	Q3
	1.19 (0.96, 1.47)
	0.114
	1.25 (1.01, 1.54)
	0.039
	0.719

	Q4
	1.16 (0.92, 1.45)
	0.201
	1.30 (1.06, 1.61)
	0.012
	0.329

	TyG- WWI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.03 (0.83, 1.26)
	0.802
	1.21 (0.94, 1.57)
	0.135
	0.265

	Q3
	1.33 (1.08, 1.64)
	0.006
	1.42 (1.12, 1.81)
	0.004
	0.636

	Q4
	1.21 (0.95, 1.54)
	0.118
	1.47 (1.17, 1.87)
	0.001
	0.199

	TyG- CVAI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.12 (0.89, 1.41)
	0.318
	1.64 (1.29, 2.10)
	<0.001
	0.019

	Q3
	1.15 (0.90, 1.46)
	0.259
	1.52 (1.20, 1.96)
	<0.001
	0.059

	Q4
	1.76 (1.43, 2.16)
	<0.001
	1.96 (1.55, 2.52)
	<0.001
	0.316

	METS- IR

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.32 (1.05, 1.65)
	0.016
	1.27 (0.97, 1.65)
	0.08
	0.716

	Q3
	1.38 (1.09, 1.75)
	0.008
	1.32 (1.02, 1.71)
	0.033
	0.834

	Q4
	1.85 (1.47, 2.33)
	<0.001
	1.73 (1.35, 2.24)
	<0.001
	0.442

	CTI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.38 (1.10, 1.75)
	0.007
	1.20 (0.93, 1.55)
	0.162
	0.287

	Q3
	1.43 (1.13, 1.82)
	0.003
	1.53 (1.20, 1.96)
	0.001
	0.966

	Q4
	1.51 (1.20, 1.92)
	<0.001
	1.55 (1.22, 1.99)
	<0.001
	0.765

	eGDR

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	0.70 (0.57, 0.85)
	<0.001
	0.87 (0.74, 1.02)
	0.087
	0.111

	Q3
	0.66 (0.53, 0.81)
	<0.001
	0.60 (0.50, 0.73)
	<0.001
	0.405

	Q4
	0.43 (0.33, 0.54)
	<0.001
	0.57 (0.46, 0.69)
	<0.001
	0.101

	TG/HDL- C

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.16 (0.93, 1.44)
	0.193
	1.02 (0.83, 1.25)
	0.854
	0.436

	Q3
	1.25 (1.00, 1.57)
	0.049
	1.18 (0.98, 1.43)
	0.088
	0.828

	Q4
	1.26 (1.01, 1.58)
	0.043
	1.12 (0.92, 1.36)
	0.262
	0.592

	Q1: Quartile 1, Q2: Quartile 2, Q3: Quartile 3, Q4: Quartile 4.

	Adjusted for age, residence, smoking, alcohol consumption, marital status, educational attainment,diabetes, hypertension, hypertriglyceridaemia, and CKD.

	The P values marked in bold indicate statistical significance.







	Table S16 Association between various Insulin Resistance Indices and CVD incidence in individuals with CKM syndrome stages 0–3 by smoking status

	Insulin Resistance Indices (Quartile)
	Current/Ever
	Never
	P for interaction

	
	RR(95% CI)
	P
	RR(95% CI)
	P
	

	TyG

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.28 (0.98, 1.67)
	0.071
	1.32 (1.08, 1.62)
	0.008
	0.749

	Q3
	1.42 (1.09, 1.86)
	0.010
	1.26 (1.03, 1.54)
	0.028
	0.546

	Q4
	1.27 (0.95, 1.69)
	0.100
	1.50 (1.24, 1.83)
	<0.001
	0.301

	TyG- BMI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.39 (1.08, 1.80)
	0.011
	1.56 (1.25, 1.96)
	<0.001
	0.509

	Q3
	1.54 (1.17, 2.01)
	0.002
	1.53 (1.23, 1.93)
	<0.001
	0.897

	Q4
	1.69 (1.26, 2.25)
	<0.001
	1.99 (1.61, 2.48)
	<0.001
	0.289

	TyG- WC

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.04 (0.80, 1.37)
	0.755
	1.53 (1.23, 1.91)
	<0.001
	0.121

	Q3
	1.35 (1.03, 1.76)
	0.028
	1.58 (1.28, 1.98)
	<0.001
	0.296

	Q4
	1.61 (1.23, 2.11)
	<0.001
	1.97 (1.61, 2.44)
	<0.001
	0.125

	TyG- WHtR

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.30 (1.01, 1.67)
	0.037
	1.42 (1.12, 1.82)
	0.004
	0.517

	Q3
	1.44 (1.10, 1.87)
	0.007
	1.58 (1.26, 2.00)
	<0.001
	0.44

	Q4
	1.62 (1.20, 2.16)
	0.001
	1.81 (1.46, 2.28)
	<0.001
	0.351

	TyG- BRI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.09 (0.85, 1.40)
	0.499
	1.43 (1.12, 1.84)
	0.004
	0.103

	Q3
	1.39 (1.07, 1.80)
	0.012
	1.67 (1.33, 2.12)
	<0.001
	0.218

	Q4
	1.70 (1.26, 2.25)
	<0.001
	1.81 (1.45, 2.29)
	<0.001
	0.477

	TyG- ABSI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	0.96 (0.73, 1.25)
	0.741
	1.16 (0.94, 1.42)
	0.169
	0.637

	Q3
	1.21 (0.93, 1.58)
	0.153
	1.27 (1.04, 1.55)
	0.017
	0.753

	Q4
	1.19 (0.91, 1.56)
	0.207
	1.32 (1.09, 1.62)
	0.006
	0.857

	TyG- WWI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.06 (0.82, 1.37)
	0.647
	1.22 (0.97, 1.53)
	0.091
	0.417

	Q3
	1.30 (1.01, 1.68)
	0.043
	1.39 (1.12, 1.73)
	0.003
	0.513

	Q4
	1.27 (0.95, 1.69)
	0.098
	1.46 (1.18, 1.82)
	<0.001
	0.323

	TyG- CVAI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	0.97 (0.73, 1.27)
	0.820
	1.76 (1.39, 2.24)
	<0.001
	0.101

	Q3
	1.20 (0.91, 1.57)
	0.181
	1.63 (1.29, 2.08)
	<0.001
	0.129

	Q4
	1.59 (1.24, 2.04)
	<0.001
	2.17 (1.73, 2.76)
	<0.001
	0.070

	METS- IR

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.58 (1.23, 2.05)
	<0.001
	1.17 (0.95, 1.45)
	0.148
	0.154

	Q3
	1.34 (1.00, 1.79)
	0.045
	1.31 (1.07, 1.61)
	0.010
	0.969

	Q4
	1.88 (1.41, 2.49)
	<0.001
	1.65 (1.36, 2.01)
	<0.001
	0.643

	CTI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.68 (1.26, 2.27)
	<0.001
	1.17 (0.96, 1.43)
	0.121
	0.074

	Q3
	1.74 (1.29, 2.36)
	<0.001
	1.35 (1.12, 1.64)
	0.002
	0.204

	Q4
	1.81 (1.35, 2.45)
	<0.001
	1.41 (1.17, 1.70)
	<0.001
	0.254

	eGDR

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	0.53 (0.38, 0.73)
	<0.001
	0.93 (0.80, 1.09)
	0.367
	0.120

	Q3
	0.56 (0.41, 0.77)
	<0.001
	0.63 (0.53, 0.75)
	<0.001
	0.793

	Q4
	0.34 (0.24, 0.47)
	<0.001
	0.55 (0.45, 0.67)
	<0.001
	0.197

	TG/HDL- C

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.19 (0.91, 1.55)
	0.208
	1.03 (0.85, 1.25)
	0.785
	0.433

	Q3
	1.17 (0.89, 1.54)
	0.258
	1.24 (1.03, 1.49)
	0.024
	0.664

	Q4
	1.22 (0.93, 1.61)
	0.150
	1.19 (0.98, 1.43)
	0.077
	0.908

	Q1: Quartile 1, Q2: Quartile 2, Q3: Quartile 3, Q4: Quartile 4.

	Adjusted for age, gender, residence, alcohol consumption, marital status, educational attainment,diabetes, hypertension, hypertriglyceridaemia, and CKD.

	The P values marked in bold indicate statistical significance.









	Table S17 Association between various Insulin Resistance Indices and CVD incidence in individuals with CKM syndrome stages 0–3 by drinking status

	Insulin Resistance Indices (Quartile)
	Current/Ever
	Never
	P for interaction

	
	RR(95% CI)
	P
	RR(95% CI)
	P
	

	TyG

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.38 (1.01, 1.89)
	0.043
	1.27 (1.05, 1.54)
	0.013
	0.926

	Q3
	1.46 (1.06, 2.01)
	0.022
	1.27 (1.06, 1.54)
	0.012
	0.783

	Q4
	1.48 (1.08, 2.02)
	0.015
	1.43 (1.19, 1.72)
	<0.001
	0.652

	TyG- BMI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.51 (1.11, 2.06)
	0.009
	1.56 (1.23, 1.99)
	<0.001
	0.761

	Q3
	1.22 (0.87, 1.71)
	0.248
	1.71 (1.35, 2.18)
	<0.001
	0.054

	Q4
	1.83 (1.31, 2.56)
	<0.001
	2.23 (1.77, 2.83)
	<0.001
	0.192

	TyG- WC

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.45 (1.06, 1.99)
	0.021
	1.30 (1.07, 1.59)
	0.010
	0.903

	Q3
	1.28 (0.92, 1.79)
	0.144
	1.47 (1.21, 1.79)
	<0.001
	0.156

	Q4
	1.81 (1.31, 2.51)
	<0.001
	1.86 (1.55, 2.24)
	<0.001
	0.190

	TyG- WHtR

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.31 (0.97, 1.77)
	0.077
	1.32 (1.07, 1.64)
	0.011
	0.644

	Q3
	1.39 (1.01, 1.90)
	0.044
	1.58 (1.29, 1.95)
	<0.001
	0.151

	Q4
	1.53 (1.10, 2.14)
	0.012
	1.80 (1.48, 2.21)
	<0.001
	0.094

	TyG- BRI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.08 (0.80, 1.47)
	0.606
	1.33 (1.08, 1.65)
	0.008
	0.155

	Q3
	1.56 (1.15, 2.13)
	0.005
	1.53 (1.25, 1.88)
	<0.001
	0.446

	Q4
	1.60 (1.13, 2.25)
	0.008
	1.76 (1.45, 2.16)
	<0.001
	0.165

	TyG- ABSI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.18 (0.86, 1.60)
	0.302
	0.97 (0.80, 1.18)
	0.789
	0.398

	Q3
	1.28 (0.93, 1.76)
	0.135
	1.17 (0.98, 1.40)
	0.081
	0.814

	Q4
	1.34 (0.98, 1.84)
	0.068
	1.20 (1.00, 1.44)
	0.049
	0.807

	TyG- WWI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	0.97 (0.72, 1.32)
	0.863
	1.17 (0.95, 1.44)
	0.135
	0.296

	Q3
	1.48 (1.10, 2.00)
	0.011
	1.33 (1.10, 1.62)
	0.004
	0.859

	Q4
	1.20 (0.85, 1.67)
	0.298
	1.42 (1.17, 1.73)
	<0.001
	0.200

	TyG- CVAI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.35 (0.99, 1.85)
	0.059
	1.42 (1.16, 1.76)
	<0.001
	0.502

	Q3
	1.14 (0.81, 1.59)
	0.462
	1.41 (1.15, 1.74)
	0.001
	0.132

	Q4
	1.72 (1.26, 2.33)
	0.001
	1.93 (1.59, 2.37)
	<0.001
	0.087

	METS- IR

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.20 (0.89, 1.64)
	0.236
	1.40 (1.10, 1.78)
	0.006
	0.352

	Q3
	1.24 (0.89, 1.71)
	0.208
	1.49 (1.18, 1.89)
	0.001
	0.189

	Q4
	1.72 (1.24, 2.39)
	0.001
	1.97 (1.57, 2.49)
	<0.001
	0.277

	CTI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.23 (0.90, 1.69)
	0.199
	1.29 (1.07, 1.57)
	0.009
	0.618

	Q3
	1.46 (1.06, 2.01)
	0.020
	1.44 (1.19, 1.73)
	<0.001
	0.711

	Q4
	1.42 (1.03, 1.96)
	0.032
	1.54 (1.28, 1.85)
	<0.001
	0.360

	eGDR

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	0.84 (0.62, 1.13)
	0.250
	0.78 (0.67, 0.90)
	0.001
	0.328

	Q3
	0.65 (0.48, 0.89)
	0.008
	0.61 (0.52, 0.72)
	<0.001
	0.165

	Q4
	0.49 (0.35, 0.68)
	<0.001
	0.49 (0.41, 0.59)
	<0.001
	0.367

	TG/HDL- C

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.15 (0.84, 1.55)
	0.383
	1.06 (0.88, 1.28)
	0.518
	0.791

	Q3
	1.17 (0.85, 1.60)
	0.324
	1.25 (1.05, 1.50)
	0.013
	0.455

	Q4
	1.15 (0.84, 1.56)
	0.393
	1.20 (1.00, 1.45)
	0.046
	0.441

	Q1: Quartile 1, Q2: Quartile 2, Q3: Quartile 3, Q4: Quartile 4.

	Adjusted for age, gender, residence, smoking, marital status, educational attainment,diabetes, hypertension, hypertriglyceridaemia, and CKD.

	The P values marked in bold indicate statistical significance.







	Table S18 Association between various Insulin Resistance Indices and CVD incidence in individuals with CKM syndrome stages 0–3 by prediabetes

	Insulin Resistance Indices (Quartile)
	No
	Yes
	P for interaction

	
	RR(95% CI)
	P
	RR(95% CI)
	P
	

	TyG

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.27 (1.05, 1.54)
	0.014
	1.28 (0.99, 1.66)
	0.062
	0.975

	Q3
	1.31 (1.08, 1.60)
	0.007
	1.26 (0.99, 1.63)
	0.073
	0.689

	Q4
	1.50 (1.24, 1.82)
	<0.001
	1.32 (1.03, 1.71)
	0.030
	0.344

	TyG- BMI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.46 (1.20, 1.78)
	<0.001
	1.40 (1.02, 1.93)
	0.038
	0.492

	Q3
	1.38 (1.11, 1.70)
	0.003
	1.49 (1.09, 2.05)
	0.012
	0.867

	Q4
	1.97 (1.62, 2.40)
	<0.001
	1.78 (1.30, 2.46)
	<0.001
	0.105

	TyG- WC

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.37 (1.12, 1.67)
	0.002
	1.30 (0.94, 1.79)
	0.111
	0.618

	Q3
	1.46 (1.19, 1.80)
	<0.001
	1.36 (1.00, 1.87)
	0.053
	0.431

	Q4
	1.88 (1.55, 2.27)
	<0.001
	1.86 (1.37, 2.55)
	<0.001
	0.365

	TyG- WHtR

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.41 (1.15, 1.72)
	<0.001
	1.07 (0.82, 1.41)
	0.625
	0.165

	Q3
	1.41 (1.14, 1.74)
	0.002
	1.41 (1.10, 1.83)
	0.008
	0.852

	Q4
	1.82 (1.49, 2.22)
	<0.001
	1.42 (1.10, 1.85)
	0.009
	0.159

	TyG- BRI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.26 (1.03, 1.55)
	0.025
	1.13 (0.87, 1.49)
	0.377
	0.568

	Q3
	1.39 (1.13, 1.71)
	0.002
	1.50 (1.17, 1.95)
	0.002
	0.533

	Q4
	1.76 (1.44, 2.15)
	<0.001
	1.48 (1.15, 1.93)
	0.003
	0.333

	TyG- ABSI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.07 (0.88, 1.30)
	0.506
	0.99 (0.77, 1.27)
	0.908
	0.732

	Q3
	1.21 (1.00, 1.47)
	0.054
	1.17 (0.93, 1.48)
	0.195
	0.941

	Q4
	1.28 (1.06, 1.55)
	0.011
	1.16 (0.91, 1.48)
	0.234
	0.718

	TyG- WWI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.13 (0.93, 1.38)
	0.215
	1.03 (0.79, 1.35)
	0.808
	0.669

	Q3
	1.28 (1.05, 1.56)
	0.016
	1.37 (1.08, 1.77)
	0.012
	0.584

	Q4
	1.37 (1.13, 1.67)
	0.002
	1.28 (0.99, 1.67)
	0.062
	0.821

	TyG- CVAI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.45 (1.19, 1.78)
	<0.001
	1.23 (0.90, 1.70)
	0.201
	0.327

	Q3
	1.42 (1.15, 1.75)
	0.001
	1.14 (0.83, 1.57)
	0.423
	0.266

	Q4
	1.95 (1.60, 2.38)
	<0.001
	1.68 (1.24, 2.29)
	0.001
	0.210

	METS- IR

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.31 (1.08, 1.60)
	0.007
	1.17 (0.86, 1.60)
	0.311
	0.344

	Q3
	1.34 (1.09, 1.65)
	0.005
	1.27 (0.94, 1.72)
	0.128
	0.401

	Q4
	1.81 (1.49, 2.19)
	<0.001
	1.58 (1.17, 2.15)
	0.003
	0.072

	CTI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.36 (1.11, 1.66)
	0.003
	1.10 (0.86, 1.43)
	0.439
	0.214

	Q3
	1.43 (1.16, 1.75)
	<0.001
	1.36 (1.08, 1.73)
	0.011
	0.789

	Q4
	1.64 (1.35, 1.99)
	<0.001
	1.28 (1.01, 1.63)
	0.045
	0.116

	eGDR

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	0.73 (0.58, 0.92)
	0.007
	0.78 (0.61, 0.99)
	0.039
	0.733

	Q3
	0.49 (0.38, 0.62)
	<0.001
	0.67 (0.52, 0.86)
	0.002
	0.081

	Q4
	0.38 (0.30, 0.48)
	<0.001
	0.53 (0.38, 0.72)
	<0.001
	0.166

	TG/HDL- C

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.05 (0.86, 1.27)
	0.653
	1.10 (0.88, 1.40)
	0.405
	0.848

	Q3
	1.21 (1.00, 1.47)
	0.049
	1.20 (0.97, 1.50)
	0.105
	0.766

	Q4
	1.30 (1.07, 1.57)
	0.008
	1.05 (0.84, 1.33)
	0.666
	0.092

	Q1: Quartile 1, Q2: Quartile 2, Q3: Quartile 3, Q4: Quartile 4.

	Adjusted for age, gender, residence, smoking, alcohol consumption, marital status, educational attainment,diabetes, hypertension, hypertriglyceridaemia, and CKD.

	The P values marked in bold indicate statistical significance.








	Table S19 Association between various Insulin Resistance Indices and CVD incidence in individuals with CKM syndrome stages 0–3 by hypertension

	Insulin Resistance Indices (Quartile)
	No
	Yes
	P for interaction

	
	RR(95% CI)
	P
	RR(95% CI)
	P
	

	TyG

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.13 (0.82, 1.56)
	0.441
	1.27 (1.07, 1.51)
	0.008
	0.613

	Q3
	1.20 (0.89, 1.63)
	0.234
	1.29 (1.08, 1.54)
	0.005
	0.843

	Q4
	1.38 (1.03, 1.86)
	0.033
	1.37 (1.15, 1.63)
	<0.001
	0.984

	TyG- BMI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.34 (1.00, 1.80)
	0.05
	1.35 (1.12, 1.64)
	0.002
	0.78

	Q3
	1.37 (1.01, 1.87)
	0.044
	1.29 (1.07, 1.56)
	0.009
	0.932

	Q4
	1.59 (1.16, 2.18)
	0.004
	1.64 (1.36, 1.97)
	<0.001
	0.684

	TyG- WC

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.10 (0.81, 1.49)
	0.532
	1.32 (1.10, 1.60)
	0.004
	0.262

	Q3
	1.44 (1.08, 1.93)
	0.012
	1.27 (1.05, 1.54)
	0.015
	0.481

	Q4
	1.59 (1.17, 2.15)
	0.003
	1.64 (1.38, 1.97)
	<0.001
	0.858

	TyG- WHtR

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.21 (0.90, 1.63)
	0.214
	1.23 (1.02, 1.50)
	0.033
	0.97

	Q3
	1.38 (1.02, 1.86)
	0.034
	1.37 (1.14, 1.65)
	0.001
	0.74

	Q4
	1.39 (1.00, 1.91)
	0.047
	1.55 (1.29, 1.87)
	<0.001
	0.9

	TyG- BRI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.13 (0.84, 1.51)
	0.424
	1.17 (0.96, 1.42)
	0.125
	0.997

	Q3
	1.27 (0.94, 1.72)
	0.118
	1.38 (1.15, 1.67)
	<0.001
	0.852

	Q4
	1.35 (0.97, 1.87)
	0.069
	1.52 (1.26, 1.84)
	<0.001
	0.688

	TyG- ABSI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	0.98 (0.72, 1.32)
	0.888
	1.03 (0.86, 1.23)
	0.749
	0.986

	Q3
	1.01 (0.74, 1.36)
	0.97
	1.22 (1.04, 1.45)
	0.018
	0.482

	Q4
	1.18 (0.87, 1.59)
	0.286
	1.20 (1.01, 1.42)
	0.037
	0.575

	TyG- WWI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.00 (0.74, 1.35)
	0.987
	1.08 (0.90, 1.30)
	0.395
	0.872

	Q3
	1.12 (0.83, 1.51)
	0.460
	1.32 (1.11, 1.58)
	0.002
	0.754

	Q4
	1.11 (0.81, 1.51)
	0.528
	1.32 (1.10, 1.58)
	0.003
	0.92

	TyG- CVAI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.30 (0.97, 1.74)
	0.078
	1.30 (1.07, 1.58)
	0.008
	0.756

	Q3
	1.21 (0.88, 1.65)
	0.241
	1.21 (1.00, 1.47)
	0.056
	0.676

	Q4
	1.59 (1.16, 2.18)
	0.004
	1.61 (1.35, 1.93)
	<0.001
	0.576

	METS- IR

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	0.98 (0.72, 1.34)
	0.915
	1.28 (1.07, 1.54)
	0.008
	0.089

	Q3
	1.32 (0.98, 1.77)
	0.062
	1.20 (1.00, 1.45)
	0.050
	0.792

	Q4
	1.41 (1.04, 1.91)
	0.025
	1.56 (1.31, 1.86)
	<0.001
	0.387

	CTI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.27 (0.93, 1.75)
	0.129
	1.22 (1.02, 1.46)
	0.032
	0.717

	Q3
	1.69 (1.26, 2.29)
	<0.001
	1.26 (1.06, 1.50)
	0.010
	0.053

	Q4
	1.38 (1.00, 1.91)
	0.048
	1.40 (1.18, 1.66)
	<0.001
	0.929

	eGDR

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	0.67 (0.45, 1.00)
	0.048
	0.74 (0.60, 0.90)
	0.003
	0.717

	Q3
	0.47 (0.32, 0.70)
	<0.001
	0.60 (0.46, 0.76)
	<0.001
	0.334

	Q4
	0.34 (0.23, 0.50)
	<0.001
	0.52 (0.38, 0.71)
	<0.001
	0.158

	TG/HDL- C

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	0.84 (0.60, 1.16)
	0.289
	1.14 (0.96, 1.35)
	0.131
	0.848

	Q3
	1.00 (0.74, 1.35)
	0.994
	1.31 (1.11, 1.54)
	0.001
	0.766

	Q4
	1.12 (0.84, 1.51)
	0.450
	1.19 (1.00, 1.41)
	0.045
	0.092

	Q1: Quartile 1, Q2: Quartile 2, Q3: Quartile 3, Q4: Quartile 4.

	Adjusted for age, gender, residence, smoking, alcohol consumption, marital status, educational attainment,diabetes, hypertriglyceridaemia, and CKD.

	The P values marked in bold indicate statistical significance.







	Table S20 Association between various Insulin Resistance Indices and CVD incidence in individuals with CKM syndrome stages 0–3 by Chronic Kidney Disease

	Insulin Resistance Indices (Quartile)
	No
	Yes
	P for interaction

	
	RR(95% CI)
	P
	RR(95% CI)
	P
	

	TyG

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.29 (1.10, 1.53)
	0.002
	1.26 (0.73, 2.19)
	0.415
	0.749

	Q3
	1.33 (1.13, 1.57)
	<0.001
	1.06 (0.59, 1.91)
	0.845
	0.26

	Q4
	1.47 (1.25, 1.72)
	<0.001
	0.96 (0.51, 1.77)
	0.895
	0.138

	TyG- BMI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.48 (1.21, 1.82)
	<0.001
	1.82 (1.05, 3.19)
	0.033
	0.462

	Q3
	1.53 (1.24, 1.88)
	<0.001
	1.37 (0.74, 2.54)
	0.317
	0.87

	Q4
	2.15 (1.75, 2.63)
	<0.001
	1.55 (0.83, 2.90)
	0.170
	0.379

	TyG- WC

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.36 (1.15, 1.62)
	<0.001
	1.00 (0.58, 1.75)
	0.990
	0.267

	Q3
	1.42 (1.20, 1.69)
	<0.001
	1.26 (0.70, 2.25)
	0.437
	0.438

	Q4
	1.87 (1.59, 2.20)
	<0.001
	1.24 (0.61, 2.09)
	0.686
	0.075

	TyG- WHtR

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.30 (1.09, 1.54)
	0.003
	1.23 (0.70, 2.16)
	0.461
	0.726

	Q3
	1.50 (1.27, 1.78)
	<0.001
	1.12 (0.60, 2.08)
	0.720
	0.224

	Q4
	1.70 (1.44, 2.02)
	<0.001
	1.44 (0.78, 2.65)
	0.235
	0.299

	TyG- BRI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.27 (1.07, 1.52)
	0.007
	0.83 (0.47, 1.45)
	0.513
	0.149

	Q3
	1.55 (1.31, 1.84)
	<0.001
	1.22 (0.47, 1.57)
	0.628
	0.137

	Q4
	1.73 (1.46, 2.05)
	<0.001
	1.15 (0.63, 2.11)
	0.645
	0.106

	TyG- ABSI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.05 (0.89, 1.24)
	0.531
	0.86 (0.49, 1.49)
	0.586
	0.408

	Q3
	1.24 (1.06, 1.46)
	0.007
	0.80 (0.43, 1.44)
	0.457
	0.122

	Q4
	1.27 (1.09, 1.49)
	0.003
	0.86 (0.47, 1.57)
	0.622
	0.112

	TyG- WWI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.11 (0.93, 1.31)
	0.249
	0.99 (0.57, 1.71)
	0.958
	0.616

	Q3
	1.38 (1.17, 1.62)
	<0.001
	0.99 (0.54, 1.78)
	0.970
	0.204

	Q4
	1.39 (1.18, 1.65)
	<0.001
	0.98 (0.42, 1.50)
	0.493
	0.145

	TyG- CVAI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.40 (1.18, 1.67)
	<0.001
	1.15 (0.66, 2.01)
	0.616
	0.325

	Q3
	1.36 (1.14, 1.62)
	<0.001
	0.88 (0.48, 1.61)
	0.686
	0.081

	Q4
	1.85 (1.57, 2.18)
	<0.001
	1.37 (0.74, 2.52)
	0.306
	0.086

	METS- IR

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.32 (1.08, 1.61)
	0.007
	1.29 (0.73, 2.25)
	0.377
	0.976

	Q3
	1.40 (1.15, 1.72)
	0.001
	1.20 (0.66, 2.19)
	0.542
	0.725

	Q4
	1.93 (1.59, 2.36)
	<0.001
	1.50 (0.82, 2.74)
	0.184
	0.459

	CTI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.29 (1.10, 1.53)
	0.002
	0.95 (0.52, 1.71)
	0.861
	0.260

	Q3
	1.45 (1.24, 1.71)
	<0.001
	1.17 (0.64, 2.13)
	0.602
	0.169

	Q4
	1.50 (1.28, 1.76)
	<0.001
	1.31 (0.75, 2.31)
	0.349
	0.277

	eGDR

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	0.80 (0.70, 0.91)
	<0.001
	0.93 (0.50, 1.72)
	0.804
	0.505

	Q3
	0.62 (0.53, 0.71)
	<0.001
	0.93 (0.56, 1.90)
	0.936
	0.152

	Q4
	0.50 (0.42, 0.59)
	<0.001
	0.54 (0.29, 0.99)
	0.045
	0.333

	TG/HDL- C

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.10 (0.94, 1.30)
	0.225
	0.87 (0.50, 1.50)
	0.613
	0.326

	Q3
	1.25 (1.07, 1.46)
	0.004
	1.05 (0.59, 1.86)
	0.854
	0.297

	Q4
	1.14 (1.06, 1.45)
	0.008
	0.69 (0.37, 1.28)
	0.251
	0.079

	Q1: Quartile 1, Q2: Quartile 2, Q3: Quartile 3, Q4: Quartile 4.

	Adjusted for age, gender, residence, smoking, alcohol consumption, marital status, educational attainment,diabetes, hypertension, and hypertriglyceridaemia.

	The P values marked in bold indicate statistical significance.








	Table S21 Association between various Insulin Resistance Indices and CVD incidence in individuals with CKM syndrome stages 0–3 by hypertriglyceridemia

	Insulin Resistance Indices (Quartile)
	No
	Yes
	P for interaction

	
	RR(95% CI)
	P
	RR(95% CI)
	P
	

	TyG

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.29 (1.11, 1.51)
	<0.001
	1.23 (0.92, 1.64)
	0.161
	0.290

	Q3
	1.27 (1.05, 1.54)
	0.014
	1.24 (0.94, 1.64)
	0.126
	0.144

	Q4
	1.86 (1.24, 2.62)
	<0.001
	1.22 (0.93, 1.61)
	0.152
	0.134

	TyG- BMI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.40 (1.17, 1.67)
	<0.001
	1.40 (0.93, 2.24)
	0.134
	0.968

	Q3
	1.40 (1.16, 1.70)
	<0.001
	1.33 (0.90, 2.12)
	0.190
	0.727

	Q4
	1.93 (1.57, 2.37)
	<0.001
	1.67 (1.14, 2.63)
	0.017
	0.427

	TyG- WC

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.50 (1.22, 1.85)
	<0.001
	0.96 (0.56, 1.68)
	0.870
	0.137

	Q3
	1.38 (1.10, 1.75)
	0.006
	1.32 (0.81, 2.25)
	0.284
	0.826

	Q4
	2.61 (2.00, 3.39)
	<0.001
	1.55 (0.96, 2.61)
	0.086
	0.068

	TyG- WHtR

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.34 (1.12, 1.60)
	0.001
	1.10 (0.71, 1.82)
	0.697
	0.490

	Q3
	1.48 (1.22, 1.78)
	<0.001
	1.33 (0.88, 2.16)
	0.218
	0.751

	Q4
	1.81 (1.45, 2.25)
	<0.001
	1.44 (0.96, 2.34)
	0.106
	0.493

	TyG- BRI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.36 (1.09, 1.71)
	0.006
	1.04 (0.74, 1.49)
	0.822
	0.277

	Q3
	1.51 (1.19, 1.90)
	0.001
	1.40 (1.03, 1.96)
	0.041
	0.881

	Q4
	2.20 (1.70, 2.85)
	<0.001
	1.34 (0.99, 1.88)
	0.068
	0.155

	TyG- ABSI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.05 (0.89, 1.24)
	0.563
	0.86 (0.55, 1.43)
	0.534
	0.520

	Q3
	1.20 (1.00, 1.45)
	0.048
	1.05 (0.71, 1.69)
	0.827
	0.734

	Q4
	1.19 (0.92, 1.52)
	0.163
	1.03 (0.70, 1.64)
	0.899
	0.838

	TyG- WWI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.10 (0.92, 1.31)
	0.282
	1.03 (0.65, 1.76)
	0.906
	0.948

	Q3
	1.40 (1.16, 1.69)
	<0.001
	1.19 (0.78, 1.98)
	0.469
	0.699

	Q4
	1.35 (1.04, 1.72)
	0.018
	1.18 (0.77, 1.96)
	0.492
	0.566

	TyG- CVAI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.37 (1.15, 1.64)
	<0.001
	1.48 (0.94, 2.47)
	0.112
	0.686

	Q3
	1.20 (0.98, 1.47)
	0.070
	1.53 (1.00, 2.53)
	0.071
	0.269

	Q4
	1.95 (1.59, 2.38)
	<0.001
	1.87 (1.23, 3.06)
	0.007
	0.929

	METS- IR

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.29 (1.09, 1.54)
	0.004
	0.94 (0.66, 1.40)
	0.766
	0.133

	Q3
	1.19 (0.98, 1.44)
	0.078
	1.15 (0.82, 1.68)
	0.435
	0.798

	Q4
	1.91 (1.57, 2.33)
	<0.001
	1.24 (0.90, 1.80)
	0.215
	0.109

	CTI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.39 (1.12, 1.71)
	0.002
	0.92 (0.61, 1.46)
	0.710
	0.167

	Q3
	1.63 (1.30, 2.03)
	<0.001
	1.05 (0.72, 1.64)
	0.796
	0.181

	Q4
	1.53 (1.17, 1.99)
	0.002
	1.16 (0.80, 1.80)
	0.449
	0.471

	eGDR

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	0.79 (0.63, 0.99)
	0.039
	0.72 (0.56, 0.93)
	0.012
	0.748

	Q3
	0.60 (0.48, 0.76)
	<0.001
	0.54 (0.41, 0.71)
	<0.001
	0.714

	Q4
	0.40 (0.31, 0.52)
	<0.001
	0.50 (0.38, 0.66)
	<0.001
	0.167

	TG/HDL- C

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.04 (0.89, 1.21)
	0.643
	0.51 (0.14, 1.69)
	0.275
	0.630

	Q3
	1.18 (0.99, 1.41)
	0.064
	1.10 (0.40, 3.09)
	0.856
	0.517

	Q4
	0.89 (0.40, 1.62)
	0.752
	2.01 (0.80, 5.38)
	0.147
	0.102

	Q1: Quartile 1, Q2: Quartile 2, Q3: Quartile 3, Q4: Quartile 4.

	Adjusted for age, gender, residence, smoking, alcohol consumption, marital status, educational attainment,diabetes, hypertension, and CKD.

	The P values marked in bold indicate statistical significance.








	Table S22 Association between various Insulin Resistance Indices and CVD incidence in individuals with CKM syndrome stages 0–3 by Metabolic Syndrome

	Insulin Resistance Indices (Quartile)
	No
	Yes
	P for interaction

	
	RR(95% CI)
	P
	RR(95% CI)
	P
	

	TyG

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.22 (1.01, 1.48)
	0.037
	1.17 (0.89, 1.55)
	0.281
	0.874

	Q3
	1.25 (1.00, 1.54)
	0.044
	1.04 (0.80, 1.37)
	0.789
	0.296

	Q4
	1.08 (0.72, 1.56)
	0.681
	1.09 (0.85, 1.43)
	0.505
	0.914

	TyG- BMI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.39 (1.15, 1.68)
	<0.001
	1.18 (0.84, 1.71)
	0.359
	0.446

	Q3
	1.24 (0.97, 1.58)
	0.082
	1.13 (0.82, 1.61)
	0.492
	0.699

	Q4
	1.76 (1.25, 2.39)
	<0.001
	1.36 (1.00, 1.94)
	0.068
	0.338

	TyG- WC

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.24 (1.03, 1.49)
	0.024
	1.14 (0.77, 1.82)
	0.548
	0.815

	Q3
	1.34 (1.07, 1.68)
	0.011
	1.07 (0.73, 1.70)
	0.738
	0.395

	Q4
	1.78 (1.24, 2.45)
	<0.001
	1.35 (0.93, 2.12)
	0.156
	0.315

	TyG- WHtR

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.26 (1.05, 1.51)
	0.013
	1.09 (0.71, 1.80)
	0.730
	0.635

	Q3
	1.27 (0.99, 1.60)
	0.054
	1.19 (0.80, 1.93)
	0.445
	0.863

	Q4
	1.43 (0.95, 2.04)
	0.065
	1.29 (0.87, 2.09)
	0.256
	0.808

	TyG- BRI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.20 (1.00, 1.45)
	0.054
	1.07 (0.73, 1.64)
	0.759
	0.598

	Q3
	1.21 (0.94, 1.52)
	0.125
	1.27 (0.90, 1.92)
	0.208
	0.759

	Q4
	1.57 (1.13, 2.13)
	0.006
	1.33 (0.94, 2.00)
	0.140
	0.547

	TyG- ABSI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	0.99 (0.82, 1.20)
	0.924
	0.90 (0.68, 1.20)
	0.451
	0.681

	Q3
	1.00 (0.80, 1.24)
	0.995
	1.03 (0.80, 1.36)
	0.835
	0.820

	Q4
	0.85 (0.60, 1.18)
	0.358
	0.99 (0.77, 1.30)
	0.929
	0.462

	TyG- WWI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.08 (0.90, 1.30)
	0.409
	0.88 (0.63, 1.27)
	0.458
	0.331

	Q3
	1.06 (0.84, 1.34)
	0.601
	1.10 (0.81, 1.56)
	0.567
	0.789

	Q4
	0.92 (0.62, 1.31)
	0.658
	1.02 (0.75, 1.44)
	0.911
	0.647

	TyG- CVAI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.24 (1.03, 1.49)
	0.025
	1.47 (0.95, 2.43)
	0.106
	0.415

	Q3
	1.22 (0.96, 1.54)
	0.095
	1.19 (0.78, 1.95)
	0.460
	0.965

	Q4
	1.59 (1.11, 2.19)
	0.008
	1.59 (1.05, 2.60)
	0.043
	0.995

	METS- IR

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.21 (1.01, 1.46)
	0.041
	0.95 (0.69, 1.35)
	0.744
	0.263

	Q3
	1.19 (0.93, 1.50)
	0.162
	0.92 (0.68, 1.29)
	0.609
	0.282

	Q4
	1.70 (1.19, 2.33)
	0.002
	1.10 (0.82, 1.54)
	0.569
	0.083

	CTI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.29 (1.06, 1.57)
	0.011
	1.00 (0.77, 1.32)
	0.983
	0.125

	Q3
	1.32 (1.05, 1.64)
	0.014
	1.14 (0.89, 1.48)
	0.316
	0.399

	Q4
	1.17 (0.88, 1.54)
	0.269
	1.17 (0.93, 1.51)
	0.205
	0.946

	eGDR

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	0.81 (0.62, 1.09)
	0.149
	0.83 (0.71, 0.96)
	0.014
	0.927

	Q3
	0.70 (0.54, 0.92)
	0.009
	0.64 (0.52, 0.78)
	<0.001
	0.683

	Q4
	0.50 (0.38, 0.67)
	<0.001
	0.68 (0.52, 0.87)
	0.003
	0.107

	TG/HDL- C

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.03 (0.85, 1.24)
	0.763
	0.99 (0.76, 1.30)
	0.918
	0.805

	Q3
	0.96 (0.76, 1.19)
	0.698
	1.10 (0.87, 1.43)
	0.433
	0.343

	Q4
	1.02 (0.67, 1.48)
	0.912
	0.92 (0.73, 1.18)
	0.492
	0.720

	Q1: Quartile 1, Q2: Quartile 2, Q3: Quartile 3, Q4: Quartile 4.

	Adjusted for age, gender, residence, smoking, alcohol consumption, marital status, educational attainment,diabetes, hypertension, hypertriglyceridaemia, and CKD.

	The P values marked in bold indicate statistical significance.








	Table S23 Association between various Insulin Resistance Indices and CVD incidence in individuals with CKM syndrome stages 0–3 by Subclinical CVD

	Insulin Resistance Indices (Quartile)
	No
	Yes
	P for interaction

	
	RR(95% CI)
	P
	RR(95% CI)
	P
	

	TyG

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.25 (1.08, 1.47)
	0.004
	3.56 (0.91, 18.61)
	0.091
	0.154

	Q3
	1.27 (1.09, 1.49)
	0.002
	1.93 (0.50, 9.93)
	0.374
	0.310

	Q4
	1.39 (1.19, 1.62)
	<0.001
	1.94 (0.48, 10.18)
	0.383
	0.295

	TyG- BMI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.49 (1.23, 1.81)
	<0.001
	3.20 (0.97, 12.80)
	0.071
	0.153

	Q3
	1.48 (1.22, 1.80)
	<0.001
	3.09 (0.89, 12.78)
	0.090
	0.179

	Q4
	2.00 (1.65, 2.43)
	<0.001
	5.16 (1.43, 22.36)
	0.017
	0.070

	TyG- WC

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.33 (1.13, 1.56)
	<0.001
	0.83 (0.20, 3.68)
	0.794
	0.656

	Q3
	1.35 (1.15, 1.59)
	<0.001
	2.54 (0.75, 10.30)
	0.154
	0.272

	Q4
	1.74 (1.50, 2.04)
	<0.001
	1.95 (0.55, 8.14)
	0.322
	0.522

	TyG- WHtR

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.28 (1.08, 1.50)
	0.004
	1.13 (0.32, 4.30)
	0.848
	0.924

	Q3
	1.42 (1.21, 1.67)
	<0.001
	2.10 (0.68, 7.37)
	0.216
	0.364

	Q4
	1.62 (1.38, 1.90)
	<0.001
	2.01 (0.59, 7.62)
	0.276
	0.471

	TyG- BRI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.20 (1.02, 1.42)
	0.024
	1.70 (0.50, 6.36)
	0.406
	0.663

	Q3
	1.43 (1.22, 1.68)
	<0.001
	1.99 (0.65, 6.98)
	0.247
	0.493

	Q4
	1.60 (1.37, 1.89)
	<0.001
	2.16 (0.66, 7.86)
	0.216
	0.482

	TyG- ABSI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.02 (0.87, 1.19)
	0.801
	1.42 (0.34, 7.42)
	0.646
	0.556

	Q3
	1.17 (1.01, 1.36)
	0.042
	2.09 (0.57, 10.15)
	0.301
	0.292

	Q4
	1.21 (1.04, 1.41)
	0.012
	0.99 (0.25, 4.95)
	0.990
	0.691

	TyG- WWI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.08 (0.92, 1.27)
	0.344
	1.14 (0.30, 4.94)
	0.847
	0.829

	Q3
	1.30 (1.11, 1.51)
	0.001
	1.94 (0.59, 7.64)
	0.302
	0.342

	Q4
	1.31 (1.12, 1.54)
	<0.001
	0.77 (0.20, 3.38)
	0.718
	0.923

	TyG- CVAI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.37 (1.17, 1.61)
	<0.001
	0.49 (0.09, 2.32)
	0.374
	0.132

	Q3
	1.28 (1.09, 1.52)
	0.003
	0.98 (0.29, 3.65)
	0.969
	0.709

	Q4
	1.73 (1.48, 2.02)
	<0.001
	1.90 (0.62, 6.58)
	0.278
	0.920

	METS- IR

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.30 (1.08, 1.58)
	0.006
	1.66 (0.47, 6.89)
	0.450
	0.499

	Q3
	1.36 (1.12, 1.65)
	0.002
	1.95 (0.58, 8.00)
	0.309
	0.291

	Q4
	1.82 (1.50, 2.20)
	<0.001
	2.83 (0.75, 12.58)
	0.141
	0.139

	CTI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.24 (1.06, 1.45)
	0.008
	1.36 (0.33, 6.97)
	0.683
	0.578

	Q3
	1.39 (1.20, 1.63)
	<0.001
	1.40 (0.35, 7.13)
	0.65
	0.745

	Q4
	1.45 (1.25, 1.69)
	<0.001
	1.11 (0.30, 5.42)
	0.884
	0.828

	eGDR

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	0.81 (0.71, 0.93)
	0.002
	0.75 (0.33, 1.67)
	0.480
	0.539

	Q3
	0.66 (0.58, 0.76)
	<0.001
	0.28 (0.09, 0.81)
	0.025
	0.099

	Q4
	0.52 (0.45, 0.61)
	<0.001
	0.33 (0.01, 3.05)
	0.394
	0.919

	TG/HDL- C

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.06 (0.91, 1.23)
	0.440
	2.21 (0.51, 12.11)
	0.312
	0.258

	Q3
	1.19 (1.03, 1.38)
	0.018
	1.93 (0.50, 9.90)
	0.376
	0.228

	Q4
	1.15 (0.99, 1.34)
	0.067
	2.02 (0.51, 10.49)
	0.347
	0.177

	Q1: Quartile 1, Q2: Quartile 2, Q3: Quartile 3, Q4: Quartile 4.

	Adjusted for age, gender, residence, smoking, alcohol consumption, marital status, educational attainment,diabetes, hypertension, hypertriglyceridaemia, and CKD.

	The P values marked in bold indicate statistical significance.






	Table S24 Association between various Insulin Resistance Indices and CVD incidence in individuals with CKM syndrome stages 0–3 by CKM Stage

	Insulin Resistance Indices (Quartile)
	Stage 0/1
	Stage 2/3
	P for interaction

	
	RR(95% CI)
	P
	RR(95% CI)
	P
	

	TyG

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.07 (0.66, 1.70)
	0.790
	1.30 (1.06, 1.60)
	0.012
	0.458

	Q3
	0.76 (0.25, 1.85)
	0.577
	1.20 (0.98, 1.47)
	0.072
	0.504

	Q4
	-
	-
	1.29 (1.06, 1.57)
	0.013
	-

	TyG- BMI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.10 (0.63, 1.85)
	0.734
	1.44 (1.16, 1.78)
	0.001
	0.324

	Q3
	0.83 (0.33, 1.85)
	0.674
	1.35 (1.09, 1.67)
	0.006
	0.289

	Q4
	2.76 (0.94, 7.15)
	0.046
	1.78 (1.44, 2.21)
	<0.001
	0.508

	TyG- WC

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.17 (0.69, 1.94)
	0.543
	1.25 (1.01, 1.55)
	0.037
	0.769

	Q3
	1.37 (0.60, 2.86)
	0.426
	1.26 (1.03, 1.56)
	0.029
	0.918

	Q4
	3.77 (0.80, 13.60)
	0.058
	1.70 (1.39, 2.09)
	<0.001
	0.323

	TyG- WHtR

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.11 (0.65, 1.86)
	0.695
	1.21 (0.97, 1.50)
	0.086
	0.815

	Q3
	1.23 (0.57, 2.49)
	0.578
	1.34 (1.09, 1.66)
	0.006
	0.986

	Q4
	1.43 (0.22, 5.66)
	0.649
	1.56 (1.26, 1.93)
	<0.001
	0.888

	TyG- BRI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	0.93 (0.54, 1.55)
	0.784
	1.20 (0.97, 1.49)
	0.099
	0.363

	Q3
	1.10 (0.53, 2.12)
	0.781
	1.43 (1.16, 1.77)
	<0.001
	0.448

	Q4
	1.39 (0.40, 3.75)
	0.558
	1.63 (1.32, 2.01)
	<0.001
	0.742

	TyG- ABSI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	0.86 (0.51, 1.42)
	0.567
	0.97 (0.79, 1.19)
	0.786
	0.669

	Q3
	0.94 (0.46, 1.83)
	0.870
	1.08 (0.89, 1.32)
	0.418
	0.991

	Q4
	-
	-
	1.11 (0.91, 1.35)
	0.312
	-

	TyG- WWI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	0.82 (0.48, 1.37)
	0.451
	1.01 (0.82, 1.25)
	0.915
	0.548

	Q3
	0.92 (0.43, 1.84)
	0.816
	1.23 (1.00, 1.50)
	0.048
	0.756

	Q4
	-
	-
	1.20 (0.98, 1.48)
	0.078 
	-

	TyG- CVAI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	0.94 (0.54, 1.58)
	0.811
	1.35 (1.09, 1.67)
	0.006
	0.226

	Q3
	1.21 (0.56, 2.40)
	0.607
	1.18 (0.95, 1.47)
	0.129
	0.996

	Q4
	1.77 (0.39, 5.89)
	0.396
	1.74 (1.42, 2.14)
	<0.001
	0.952

	METS- IR

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	0.86 (0.35, 1.17)
	0.172
	1.28 (1.04, 1.58)
	0.018
	0.027

	Q3
	0.83 (0.28, 1.28)
	0.228
	1.29 (1.05, 1.59)
	0.017
	0.086

	Q4
	1.58 (0.85, 4.63)
	0.086
	1.78 (1.34, 2.32)
	<0.001
	0.642

	CTI

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	1.23 (0.72, 2.09)
	0.439
	1.21 (0.99, 1.48)
	0.067
	0.865

	Q3
	2.21 (1.21, 3.94)
	0.008
	1.31 (1.08, 1.60)
	0.007
	0.086

	Q4
	0.80 (0.27, 1.95)
	0.651
	1.40 (1.15, 1.71)
	<0.001
	0.291

	eGDR

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	-
	-
	0.75 (0.64, 0.89)
	<0.001
	-

	Q3
	-
	-
	0.57 (0.48, 0.68)
	<0.001
	-

	Q4
	0.63 (0.31, 1.40)
	0.229
	0.55 (0.44, 0.68)
	<0.001
	0.330

	TG/HDL- C

	Q1
	1.00 (Reference)
	
	1.00 (Reference)
	
	

	Q2
	0.75 (0.45, 1.24)
	0.268
	1.11 (0.91, 1.35)
	0.317
	0.168

	Q3
	0.83 (0.43, 1.52)
	0.553
	1.20 (0.99, 1.46)
	0.059
	0.263

	Q4
	-
	-
	1.08 (0.89, 1.31)
	0.421
	-

	Q1: Quartile 1, Q2: Quartile 2, Q3: Quartile 3, Q4: Quartile 4.

	Adjusted for age, gender, residence, smoking, alcohol consumption, marital status, educational attainment,diabetes, hypertension, hypertriglyceridaemia, and CKD.

	The P values marked in bold indicate statistical significance.






	Table S25 Mediation effects of Aging Acceleration in the association of Insulin Resistance Indices with new-onset CVD

	Aging Acceleration
	ACMEa
	
	ADEb
	
	Total effectc
	PEd

	
	Estimate (95% CI)
	P value
	
	Estimate (95% CI)
	P value
	
	Estimate (95% CI)
	P value
	

	KDM BioAgeAccel

	TyG
	1.79E-05 (-6.64E-06, 3.40E-05)
	0.312
	
	0.008 (0.005, 0.009)
	0.002
	
	0.008 (0.005, 0.009)
	0.002
	0.002

	TyG-BMI
	-2.79E-06 (-1.13E-04, 1.38E-04)
	0.846
	
	3.38E-04 (2.96E-04, 3.61E-04)
	<0.001
	
	3.35E-04 (2.04E-04, 4.65E-04)
	<0.001
	-0.008

	TyG-WC
	1.64E-05 (-5.09E-05, 4.97E-05)
	0.994
	
	9.15E-05 (8.04E-05, 9.82E-05)
	<0.001
	
	1.08E-04 (4.02E-05, 1.41E-04)
	0.008
	0.152

	TyG-WHtR
	2.11E-04 (7.39E-05, 4.83E-04)
	0.002
	
	0.016 (0.014, 0.017)
	<0.001
	
	0.017 (0.015, 0.018)
	<0.001
	0.013

	TyG-BRI
	1.92E-04 (-1.93E-04, 4.39E-04)
	0.446
	
	0.002 (0.001, 0.002)
	<0.001
	
	0.002 (0.001, 0.002)
	<0.001
	0.112

	TyG-ABSI
	2.95E-02 (1.49E-02, 4.45E-02)
	<0.001
	
	0.151 (0.049, 0.236)
	0.004
	
	0.180 (0.084, 0.259)
	<0.001
	0.164

	TyG-WWI
	8.54E-07 (-4.84E-05, 5.90E-05)
	0.832
	
	0.001 (0.000, 0.001)
	0.002
	
	0.001 (0.000, 0.001)
	<0.001
	0.001

	TyG-CVAI
	2.45E-05 (-3.65E-04, 3.96E-04)
	0.98
	
	5.75E-05 (4.33E-05, 6.79E-05)
	<0.001
	
	8.21E-05 (-3.07E-04, 4.50E-04)
	0.698
	0.299

	METS-IR
	3.20E-04 (-1.52E-04, 4.02E-04)
	0.414
	
	0.002 (0.001, 0.002)
	<0.001
	
	0.002 (0.001, 0.002)
	<0.001
	0.157

	CTI
	1.97E-04 (5.34E-05, 3.81E-04)
	<0.001
	
	0.015 (0.008, 0.017)
	0.002
	
	0.015 (0.008, 0.017)
	0.002
	0.013

	eGDR
	-1.55E-04 (-7.14E-04, 3.99E-04)
	0.584
	
	-0.04 (-0.049, -0.03)
	<0.001
	
	-0.040 (-0.049, -0.03)
	<0.001
	0.004

	TG/HDL-C
	8.47E-04 (-1.19E-04, 1.81E-03)
	0.086
	
	-2.12E-04 (-1.98E-03, 1.48E-03)
	0.788
	
	0.001 (-0.001, 0.002)
	0.586
	1.334

	Light BioAgeAccel

	TyG
	2.24E-05 (-3.21E-06, 7.73E-05)
	0.108
	
	0.008 (0.005, 0.009)
	<0.001
	
	0.008 (0.005, 0.009)
	<0.001
	0.003

	TyG-BMI
	-2.12E-05 (-1.12E-04, 1.33E-04)
	0.858
	
	3.39E-04 (3.04E-04, 3.63E-04)
	<0.001
	
	3.18E-04 (2.14E-04, 4.63E-04)
	<0.001
	-0.066

	TyG-WC
	1.99E-05 (-5.13E-05, 5.16E-05)
	0.950
	
	9.14E-05 (8.02E-05, 9.92E-05)
	<0.001
	
	1.11E-04 (3.84E-05, 1.44E-04)
	0.006
	0.179

	TyG-WHtR
	2.11E-04 (6.99E-05, 5.09E-04)
	0.002
	
	0.016 (0.015, 0.017)
	<0.001
	
	0.017 (0.015, 0.018)
	<0.001
	0.013

	TyG-BRI
	-1.53E-04 (-1.34E-04, 4.12E-04)
	0.402
	
	0.002 (0.001, 0.002)
	<0.001
	
	0.001 (0.001, 0.002)
	<0.001
	-0.110

	TyG-ABSI
	2.73E-02 (1.31E-02, 4.15E-02)
	<0.001
	
	0.156 (0.066, 0.24)
	0.002
	
	0.183 (0.096, 0.263)
	<0.001
	0.149

	TyG-WWI
	-3.62E-05 (-6.07E-05, 6.65E-05)
	0.866
	
	6.98E-04 (4.83E-04, 7.48E-04)
	<0.001
	
	6.61E-04 (4.92E-04, 7.63E-04)
	<0.001
	-0.055

	TyG-CVAI
	-3.52E-05 (-3.04E-04, 3.48E-04)
	0.946
	
	5.79E-05 (4.36E-05, 6.94E-05)
	<0.001
	
	2.27E-05 (-2.50E-04, 3.99E-04)
	0.616
	-1.551

	METS-IR
	7.69E-05 (-1.02E-04, 3.28E-04)
	0.400
	
	0.002 (0.001, 0.002)
	<0.001
	
	0.002 (0.001, 0.002)
	<0.001
	0.043

	CTI
	0.00E+00 (0.00E+00, 0.00E+00)
	1.000
	
	0.012 (-0.005, 0.017)
	0.094
	
	0.012 (-0.005, 0.017)
	0.094
	0.000

	eGDR
	-1.68E-03 (-3.04E-03, -3.43E-04)
	0.014
	
	-0.039 (-0.048, -0.029)
	<0.001
	
	-0.04 (-0.049, -0.031)
	<0.001
	0.042

	TG/HDL-C
	1.11E-03 (-6.14E-05, 1.91E-03)
	0.074
	
	-2.10E-04 (-2.08E-03, 1.25E-03)
	0.81
	
	0.001 (-0.001, 0.002)
	0.546
	1.232

	The CIs in brackets were 95% CIs from 1000 nonparametric bootstrap replicates. The analysis was adjusted for age, sex, residence, marital status, education, smoking status and drinking status.

	aACME, average causal mediation effect.

	bADE, average direct effect.

	cTotal effect, represents the sum of ACME and ADE.

	dPE describes the proportion of the effect of insulin resistance indices on the new-onset CVD mediated by BioAgeAccel; PE=ACME/[ADE + ACME].






	Table S26 Mediation effects of Aging Acceleration in the association of Insulin Resistance Indices with new-onset CVD for CKM 0/1 stage

	Aging Acceleration
	ACMEa
	　
	ADEb
	　
	Total effectc
	PEd

	
	Estimate (95% CI)
	P value
	
	Estimate (95% CI)
	P value
	
	Estimate (95% CI)
	P value
	

	KDM BioAgeAccel

	TyG
	-3.60e-04 (-0.007, 0.009)
	0.946
	
	-0.065 (-0.086, 0.006)
	0.430
	
	-0.065 (-0.085, 0.006)
	0.440
	0.006

	TyG-BMI
	1.38e-06 (-0.001, 0.002)
	1.000
	
	2.15e-06 (-0.002, 2.38e-04)
	1.000
	
	3.54e-06 (-0.003, 0.001)
	0.996
	0.391

	TyG-WC
	2.27e-05 (-0.001, 0.002)
	0.996
	
	3.32e-05 (-7.54e-04, 6.69e-05)
	0.870
	
	5.59e-05 (-0.002, 0.002)
	0.894
	0.406

	TyG-WHtR
	-3.87e-05 (-0.006, 0.007)
	0.894
	
	-0.004 (-0.128, 0.012)
	0.898
	
	-0.004 (-0.126, 0.012)
	0.906
	0.010

	TyG-BRI
	-2.99e-05 (-0.001, 0.001)
	0.982
	
	1.37e-04 (-0.005, 0.001)
	0.940
	
	1.07e-04 (-0.005, 0.002)
	0.948
	-0.278

	TyG-ABSI
	-3.07e-04 (-0.036, 0.040)
	0.996
	
	-0.087 (-0.620, 0.213)
	0.680
	
	-0.087 (-0.622, 0.213)
	0.668
	0.004

	TyG-WWI
	9.44e-05 (-0.003, 0.003)
	0.996
	
	-0.001 (-0.007, 4.73e-04)
	0.516
	
	-0.001 (-0.008, 0.001)
	0.546
	-0.074

	TyG-CVAI
	4.53e-05 (-0.002, 0.001)
	0.966
	
	1.08e-05 (-1.14e-04, 5.94e-05)
	0.858
	
	5.62e-05 (-0.002, 0.001)
	0.960
	0.807

	METS-IR
	1.01e-04 (-0.002, 0.002)
	0.976
	
	-4.29e-04 (-0.010, 0.001)
	0.812
	
	-3.28e-04 (-0.010, 0.002)
	0.834
	-0.307

	CTI
	1.28e-05 (-4.32e-04, 5.63e-04)
	0.954
	
	0.010 (-0.026, 0.011)
	0.310
	
	0.010 (-0.025, 0.011)
	0.308
	0.001

	eGDR
	-5.20e-04 (-0.006, 0.008)
	0.992
	
	-0.004 (-0.058, 0.005)
	0.850
	
	-0.004 (-0.059, 0.005)
	0.872
	0.116

	TG/HDL-C
	-8.10e-05 (-0.004, 0.005)
	1.000
	
	-0.018 (-0.061, 0.010)
	0.234
	
	-0.018 (-0.060, 0.009)
	0.226
	0.004

	Light BioAgeAccel

	TyG
	0.002 (-0.003, 0.003)
	0.474
	
	-0.074 (-0.087, 0.005)
	0.348
	
	-0.072 (-0.087, 0.005)
	0.354
	-0.032

	TyG-BMI
	-1.98e-04 (-0.003, 0.003)
	0.964
	
	9.51e-07 (-0.002, 2.41e-04)
	0.962
	
	-1.97e-04 (-0.004, 0.003)
	0.986
	1.005

	TyG-WC
	0.001 (-0.003, 0.002)
	0.990
	
	2.81e-05 (-7.06e-04, 6.87e-05)
	0.804
	
	0.001 (-0.003, 0.002)
	0.952
	0.976

	TyG-WHtR
	0.001 (-0.001, 0.006)
	0.262
	
	-0.007 (-0.137, 0.011)
	0.798
	
	-0.005 (-0.135, 0.012)
	0.844
	-0.273

	TyG-BRI
	1.97e-04 (-0.002, 0.003)
	0.906
	
	1.36e-05 (-0.005, 0.001)
	0.994
	
	2.11e-04 (-0.005, 0.002)
	0.922
	0.936

	TyG-ABSI
	0.028 (-0.002, 0.065)
	0.078
	
	-0.124 (-0.738, 0.216)
	0.580
	
	-0.096 (-0.713, 0.235)
	0.656
	-0.290

	TyG-WWI
	-7.75e-04 (-0.002, 0.003)
	0.930
	
	-0.002 (-0.007, 4.16e-04)
	0.438
	
	-0.003 (-0.008, 9.24e-04)
	0.520
	0.290

	TyG-CVAI
	2.49e-04 (-0.002, 0.002)
	0.980
	
	7.09e-06 (-1.08e-04, 5.48e-05)
	0.852
	
	2.56e-04 (-0.002, 0.002)
	0.976
	0.972

	METS-IR
	4.23e-04 (-0.003, 0.003)
	0.900
	
	-5.71e-04 (-0.009, 0.001)
	0.740
	
	-1.47e-04 (-0.010, 0.002)
	0.804
	-2.874

	CTI
	0.000 (0.000, 0.000)
	1.000
	
	-0.051 (-0.179, 0.009)
	0.334
	
	-0.051 (-0.179, 0.009)
	0.334
	<0.001

	eGDR
	0.002 (-0.007, 0.003)
	0.602
	
	-0.003 (-0.056, 0.004)
	0.872
	
	-0.002 (-0.059, 0.004)
	0.844
	-1.111

	TG/HDL-C
	0.002 (-0.002, 0.006)
	0.362
	
	-0.021 (-0.070, 0.007)
	0.214
	
	-0.019 (-0.066, 0.008)
	0.258
	-0.103

	The CIs in brackets were 95% CIs from 1000 nonparametric bootstrap replicates. The analysis was adjusted for age, sex, residence, marital status, education, smoking status and drinking status.
aACME, average causal mediation effect.
bADE, average direct effect.
cTotal effect, represents the sum of ACME and ADE.
dPE describes the proportion of the effect of insulin resistance indices on the new-onset CVD mediated by BioAgeAccel; PE=ACME/[ADE + ACME].




	Table S27 Mediation effects of Aging Acceleration in the association of Insulin Resistance Indices with new-onset CVD for CKM 2/3 stage

	Aging Acceleration
	ACMEa
	
	ADEb
	
	Total effectc
	PEd

	
	Estimate (95% CI)
	P value
	
	Estimate (95% CI)
	P value
	
	Estimate (95% CI)
	P value
	

	KDM BioAgeAccel

	TyG
	1.19e-04 (-1.28e-08, 1.75e-04)
	0.054
	
	0.007 (-0.008, 0.009)
	0.228
	
	0.007 (-0.007, 0.009)
	0.222
	0.018

	TyG-BMI
	-1.17e-04 (-1.47e-04, 1.66e-04)
	0.870
	
	3.34e-04 (2.27e-04, 3.81e-04)
	<0.001
	
	2.18e-04 (1.44e-04, 4.97e-04)
	0.010
	-0.536

	TyG-WC
	1.77e-05 (-9.23e-05, 8.80e-05)
	0.898
	
	1.02e-04 (8.92e-05, 1.08e-04)
	<0.001
	
	1.20e-04 (2.61e-06, 1.84e-04)
	0.048
	0.148

	TyG-WHtR
	2.99e-04 (-1.78e-05, 8.65e-04)
	0.050
	
	0.017 (0.014, 0.019)
	<0.001
	
	0.018 (0.014, 0.019)
	<0.001
	0.017

	TyG-BRI
	1.94e-04 (-2.09e-04, 3.99e-04)
	0.606
	
	0.002 (0.001, 0.002)
	<0.001
	
	0.002 (0.001, 0.002)
	<0.001
	0.112

	TyG-ABSI
	0.016 (0.004, 0.030)
	0.004
	
	0.139 (0.026, 0.229)
	0.018
	
	0.155 (0.047, 0.245)
	0.006
	0.104

	TyG-WWI
	8.14e-06 (-9.19e-05, 1.47e-04)
	0.782
	
	7.38e-04 (3.45e-04, 8.12e-04)
	0.008
	
	7.46e-04 (3.41e-04, 8.59e-04)
	0.008
	0.011

	TyG-CVAI
	1.17e-05 (-3.55e-04, 3.17e-04)
	0.958
	
	5.81e-05 (4.16e-05, 7.10e-05)
	<0.001
	
	6.97e-05 (-2.96e-04, 3.76e-04)
	0.564
	0.168

	METS-IR
	9.79e-05 (-1.89e-04, 4.46e-04)
	0.448
	
	0.002 (7.84e-04, 0.002)
	0.002
	
	0.002 (8.37e-04, 0.002)
	0.002
	0.061

	CTI
	2.71e-04 (3.37e-05, 6.25e-04)
	0.020
	
	0.015 (0.003, 0.018)
	0.018
	
	0.015 (0.004, 0.018)
	0.014
	0.018

	eGDR
	-4.67e-05 (-7.90e-04, 6.86e-04)
	0.850
	
	-0.038 (-0.048, -0.026)
	<0.001
	
	-0.038 (-0.048, -0.027)
	<0.001
	0.001

	TG/HDL-C
	6.17e-04 (-2.46e-04, 0.001)
	0.284
	
	-0.001 (-0.003, 6.38e-04)
	0.234
	
	-4.11e-04 (-0.003, 0.001)
	0.496
	-1.501

	Light BioAgeAccel

	TyG
	4.36e-05 (-5.72e-08, 2.08e-04)
	0.052
	
	0.005 (-0.010, 0.009)
	0.344
	
	0.005 (-0.010, 0.009)
	0.342
	0.008

	TyG-BMI
	-4.80e-05 (-2.04e-04, 2.30e-04)
	0.910
	
	3.15e-04 (2.01e-04, 3.64e-04)
	<0.001
	
	2.67e-04 (6.83e-05, 5.33e-04)
	0.014
	-0.180

	TyG-WC
	1.20e-05 (-8.34e-05, 9.14e-05)
	0.912
	
	9.85e-05 (8.27e-05, 1.05e-04)
	<0.001
	
	1.10e-04 (1.11e-05, 1.84e-04)
	0.036
	0.108

	TyG-WHtR
	3.53e-04 (6.89e-05, 6.51e-04)
	0.004
	
	0.016 (0.012, 0.018)
	<0.001
	
	0.017 (0.012, 0.019)
	<0.001
	0.021

	TyG-BRI
	-2.28e-05 (-1.58e-04, 4.64e-04)
	0.444
	
	0.001 (9.58e-04, 0.002)
	<0.001
	
	0.001 (0.001, 0.002)
	<0.001
	-0.016

	TyG-ABSI
	0.029 (0.013, 0.048)
	<0.001
	
	0.115 (-0.020, 0.209)
	0.104
	
	0.144 (0.014, 0.237)
	0.038
	0.201

	TyG-WWI
	-2.19e-05 (-6.81e-05, 8.24e-05)
	0.820
	
	6.68e-04 (1.53e-04, 7.88e-04)
	0.022
	
	6.46e-04 (1.53e-04, 7.98e-04)
	0.020
	-0.034

	TyG-CVAI
	-4.83e-05 (-3.53e-04, 3.56e-04)
	0.944
	
	5.36e-05 (3.52e-05, 6.83e-05)
	<0.001
	
	5.32e-06 (-3.05e-04, 4.02e-04)
	0.640
	-9.077

	METS-IR
	-3.91e-06 (-1.95e-04, 5.09e-04)
	0.444
	
	0.001 (5.46e-04, 0.002)
	0.002
	
	0.001 (6.05e-04, 0.002)
	0.004
	-0.003

	CTI
	0.000 (0.000, 0.000)
	1.000
	
	0.003 (-0.027, 0.016)
	0.792
	
	0.003 (-0.027, 0.016)
	0.792
	<0.001

	eGDR
	-0.002 (-0.003, -3.00e-04)
	0.014
	
	-0.035 (-0.046, -0.025)
	<0.001
	
	-0.037 (-0.048, -0.027)
	<0.001
	0.043

	TG/HDL-C
	7.93e-04 (-3.07e-04, 0.002)
	0.194
	
	-0.001 (-0.004, 4.00e-04)
	0.160
	
	-4.50e-04 (-0.003, 0.001)
	0.544
	-1.763

	The CIs in brackets were 95% CIs from 1000 nonparametric bootstrap replicates. The analysis was adjusted for age, sex, residence, marital status, education, smoking status and drinking status.
aACME, average causal mediation effect.
bADE, average direct effect.
cTotal effect, represents the sum of ACME and ADE.
dPE describes the proportion of the effect of insulin resistance indices on the new-onset CVD mediated by BioAgeAccel; PE=ACME/[ADE + ACME].
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Fig. S1. Comparisons of KDM-BA and Light-BA between participants with and without metabolic disorders.
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Fig. S2. Relative contribution of insulin resistance surrogate indices to incident CVD risk in CKM stages 0–3. (A) Quantile g-computation (Qgcomp)–derived weights and (B) weighted quantile sum (WQS) regression–derived weights for 12 IR surrogate indices in relation to incident CVD. Bars represent the relative contribution (standardized weights) of each IR surrogate index to CVD risk prediction in fully adjusted models, with larger weights indicating greater influence on overall risk. Both mixture modelling approaches consistently identified CTI, TyG-BMI and TyG-WC as the dominant contributors to future CVD risk.
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