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eFigure 1. Participants included in the analyses
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eTable 1. Baseline Characteristics of the Study Participants and Participants Who were Excluded from the Analysis

	Characteristic
	Study Participants a
	Excluded 1 b
	Excluded 2 c

	Number of participants
	100,727
	62,632
	30,487

	Age, years
	56.7 ± 9.2
	57.4 ± 9.6
	57.3 ± 8.6

	Men, n (%)
	34,340 (34.1)
	22,950 (36.6)
	9,865 (32.4)

	Body-mass index, kg/m2
	24.7 ± 3.6
	24.7 ± 3.7
	24.8 ± 3.6

	Waist circumference, cm
	84.9 ± 9.9
	83.6 ± 10.1
	83.2 ± 9.4

	Systolic BP, mmHg
	132.0 ± 20.7
	138.4 ± 21.9
	130.5 ± 18.3

	Diastolic BP, mmHg
	78.2 ± 11.1
	80.4 ± 11.7
	75.8 ± 10.1

	Fasting glucose, mg/dl
	108.3 ± 29.8
	107.2 ± 30.8
	105.9 ± 29.1

	Post-load glucose, mg/dl
	150.6 ± 69.9
	148.5 ± 74.0
	149.7 ± 65.7

	HbA1c, %
	6.0 ± 1.0
	6.0 ± 1.1
	6.1 ± 1.0

	Total cholesterol, mg/dl
	188.3 ± 44.5
	199.2 ± 42.3
	199.1 ± 43.1

	LDL cholesterol, mg/dl
	108.3 ± 33.5
	115.4 ± 33.5
	120.0 ± 34.4

	HDL cholesterol, mg/dl
	50.1 ± 13.3
	54.8 ± 14.7
	53.1 ± 14.2

	Triglycerides, mg/dl
	118.7 (84.2-173.7)
	114.3 (80.6-165.7)
	116.1 (83.3-167.5)


Values are mean (SD) for continuous variables and number (proportion) for categorical variables. 
a Study participants included in the current analyses (N = 100,727; Please refer to the eFigure 1 for a flowchart of the study participants).
b Participants who were excluded due to missing data on CKM stage or any metric of CVH (N = 62,632; Please refer to the eFigure 1 for a flowchart of the study participants)
c Participants who were excluded for the analyses of incident CVD events due to lost-to-follow-up or missing data on incident CVD events during follow-up (N = 30,487; Please refer to the eFigure 1 for a flowchart of the study participants)




eTable 2. Definition of Metrics for Measurement and Quantitative Assessment of Cardiovascular Health Based on “Life Essential 8”

	CVH metric
	Method of measurement
	Quantification of CVH metrics

	Nicotine exposure
	Self-reported use of cigarettes
	Points   Tobacco use of secondhand smoke exposure
100:       Never smoker
75:        Former smoker, quit ≥5 years
50:        Former smoker, quit 1–<5 years
25:        Former smoker, quit <1 years
0:         Current smoker
Subtract 20 points (unless score is 0) for living with active indoor smoker in home

	Diet
	Self-reported healthy diet of 7 components*
	Points   Number of healthy diet components
100:       6 or 7
80:        5 or 4
50:        3
25:        2
0:         0 or 1

	Physical activity
	Self-reported physical activity 
	Points   Minutes of moderate or vigorous physical activity per week
100:       ≥150 
90:        120–149 
80:        90–119 
60:        60–89 
40:        30–59 
20:        1–29
0:         0 

	Sleep health
	Self-reported average hours of sleep per night
	Points   Hours of sleep per night
100:       7-<9
90:        9-<10
70:        6-<7
40:        5-<6 or ≥10
20:        4–<5
0:         <4

	BMI
	Objective measurement of weight and height
	Points   BMI (kg/m2)
100:       <23.0
75:        23.0-<25.0
50:        25.0-<30.0
25:        30.0-<35.0
0:         ≥35.0

	Blood lipids
	Fasting Plasma non–HDL cholesterol tested at the central laboratory
	Points   Non-HDL cholesterol (mg/dl)
100:       <130
60:        130-159
40:        160-189
20:         190-219
0:          ≥220
Subtract 20 points if treated level

	Blood glucose
	Fasting plasma glucose, 2h post-load plasma glucose tested locally, and Fasting HbA1c tested at the central laboratory
	Points   Glycemic status
100:        NGR: No history of diabetes and FPG<100 mg/dl and OGTT-2h PPG<140mg/dl and HbA1c<5.7%
60:         Prediabetes: No diabetes and (FPG 100-125mg/dl or OGTT-2h PPG 140-199mg/dl or HbA1c 5.7-6.4%)
40:         Diabetes with HbA1c<7.0%
30:         Diabetes with HbA1c: 7.0-7.9%
20:         Diabetes with HbA1c: 8.0-8.9%
10:         Diabetes with HbA1c: 9.0-9.9%
0:          Diabetes with HbA1c: ≥10.0%

	Blood pressures
	Objective measurement of SBP and DBP
	Points   SBP and DBP (mmHg)
100:       <120/80 (optimal)
75:        120-129/<80 (elevated)
50:        130-139 or 80-89 (stage 1 hypertension)
25:        140-159 or 90-99
0:         ≥160 or ≥100
Subtract 20 points if treated level


*The healthy diet score included the following 7 components: fruits and vegetables ≥4.5 cups/day, fish ≥two 3.5-oz servings/week, livestock and poultry meat: 40-75g/day, sweets/sugar-sweetened beverages ≤450 kcal/week, soy protein ≥25 g/day, milk or yogurt ≥3 cups/week, alcohol ≤ 2 servings per day for men or ≤ 1 serving per day for women.
CVH: cardiovascular health; BMI: body mass index; HDL: high-density lipoprotein; NGR: normal glucose regulation; FPG: fasting plasma glucose; OGTT: oral glucose tolerant test; PPG: post-load plasma glucose; HbA1c: glycated hemoglobin; SBP: systolic blood pressure; DBP: diastolic blood pressure.




eTable 3. Definitions of CKM Syndrome Stages

	CKM Syndrome Stages
	Definition

	Stage 0: No CKM risk factors
	Individuals with normal BMI and waist circumference, normoglycemia, normotension, a normal lipid profile, and no evidence of CKD or subclinical or clinical CVD

	Stage 1: Excess or dysfunctional adiposity 

	Individuals with overweight/obesity, abdominal obesity, or dysfunctional adipose tissue, without the presence of other metabolic risk factors or CKD e (moderate- or high- risk)
· BMI ≥23 kg/m2 
· Waist circumference ≥80/90 cm in women/ men, or 
· Prediabetes a

	Stage 2: Metabolic risk factors and CKD 
	Individuals with metabolic risk factors: 
· Diabetes a 
· Hypertension b, 
· MetS c, 
· Dyslipidemia d,
or CKD e (moderate- or high-risk) 

	Stage 3: Subclinical CVD f in CKM 
	Risk equivalents of subclinical CVD
· Very high-risk CKD e 
· High predicted 10-y CVD risk (≥20%) g 

	Stage 4: Clinical CVD in CKM 
	Clinical CVD (coronary heart disease, myocardial infarction, stroke, or peripheral artery disease)  


a Prediabetes and diabetes are defined according to the 2020 American Diabetes Association (ADA) criteria. Specifically, prediabetes is diagnosed if fasting plasma glucose 5.6–6.9 mmol/L, or 2 h-PG 7.8 to 11.0 mmol or HbA1c 5.7% to 6.4%; diabetes is diagnosed if fasting plasma glucose ≥ 7 mmol/L, or 2h-PG ≥ 11 mmol/L, or HbA1c ≥ 6.5%, or a prior diagnosis by physicians; other participants were considered to have normal glucose regulation (NGR).
b Hypertension is defined as systolic blood pressure≥130 mmHg or diastolic blood pressure ≥ 80 mmHg or under anti-hypertensive medication.
c Metabolic Syndrome (MetS) is defined by the presence of 3 or more of the following: (1) waist circumference≥80 cm for women and ≥90 cm for men; (2) HDL cholesterol <40 mg/dL for men and <50 mg/dL for women; (3) triglycerides ≥150 mg/dL; (4) elevated blood pressure (systolic blood pressure ≥130 mmHg or diastolic blood pressure ≥80 mmHg and/or use of antihypertensive medications); and (5) fasting blood glucose ≥100 mg/dL.
d Dyslipidemia is defined as total cholesterol≥ 240 mg/dL or low-density lipoprotein (LDL) cholesterol ≥ 160 mg/dL or high-density lipoprotein (HDL) cholesterol < 40 mg/dL or under lipid-lowering medication.
e CKD classification is defined according to Kidney Disease Improving Global Outcomes (KDIGO) 2012 recommendations. GFR contains a 5-stage classification (G1 to G5), while ACR was classified into 3 categories (A1 to A3) as shown below. Participants with G1–2 and A1 were defined at low risk for CKD; Participants with G1–2 and A2, or G3a and A1 were defined at moderate risk for CKD; Participants with G1–2 and A3, or G3a and A2, or G3b and A1 were defined at high risk for CKD; Participants with G4–5 and A1, or G3b–5 and A2, or G3a–5 and A3 were defined at very high risk for CKD. 
[bookmark: _Hlk152776340]f Given measurements to diagnose subclinical atherosclerotic cardiovascular disease (ASCVD) or heart failure are not available in our cohort, we use risk equivalents of subclinical CVD instead.
g Predicted 10-year CVD risk is calculated by the equation of PREVENT (AHA Predicting Risk of CVD Events)



[bookmark: _Hlk152779230]eTable 4. Incidence rates and HRs of incident CVD events according to CKM stages or CVH status in men (N = 34,340)
	
	No. of events / No. of participants
	Person-years
	Incidence rate,
 per 1000 person-years
	Unadjusted
HR (95% CI)
	Adjusted
HR (95% CI) a

	CKM stage

	Stage 0
	30 / 1,202
	11813.8
	2.5
	1.00
	1.00

	Stage 1
	254 / 6,466
	63785.9
	4.0
	1.57 (1.07-2.29)
	1.42 (0.97-2.07)

	Stage 2
	1,614 / 20,875
	200607.3
	8.0
	3.17 (2.21-4.54)
	2.82 (1.96-4.04)

	Stage 3
	862 / 3,432
	28606.6
	30.1
	11.45 (7.96-16.48)
	5.64 (3.88-8.19)

	Stage 4
	661 / 2,365
	20143.1
	32.8
	12.92 (8.96-18.63)
	8.00 (5.52-11.59)

	CVH status

	  Overall CVH

	Low
	1,443 / 9,902
	91,009.0
	15.9
	1.00
	1.00

	Moderate
	1,935 / 23,237
	222,024.9
	8.7
	0.55 (0.51-0.59)
	0.56 (0.52-0.60)

	High (Optimal)
	43 / 1,201
	11,922.8
	3.6
	0.23 (0.17-0.31)
	0.29 (0.22-0.39)

	Health behaviors

	Low
	1,663 / 15,944
	150,101.8
	11.1
	1.00
	1.00

	Moderate
	1,559 / 15,696
	148,675.9
	10.5
	0.95 (0.89-1.02)
	0.84 (0.79-0.91)

	High (Optimal)
	199 / 2,700
	26,179.0
	7.6
	0.69 (0.60-0.80)
	0.67 (0.58-0.78)

	Health factors

	Low
	1,319 / 8,198
	74,709.1
	17.7
	1.00
	1.00

	Moderate
	1,850 / 20,070
	190,643.1
	9.7
	0.55 (0.51-0.59)
	0.58 (0.54-0.63)

	High (Optimal)
	252 / 6,072
	59,604.5
	4.2
	0.24 (0.21-0.27)
	0.31 (0.27-0.35)


a HRs according to CKM stage or overall CVH status were adjusted for age, sex, and educational attainment (< 9 years vs. ≥ 9 years). For the analysis health behavior or health factor, other metrics of CVH were mutually adjusted.
Abbreviations: CVD, cardiovascular disease; CKM, cardiovascular-kidney-metabolic; CVH, cardiovascular health; HR, hazard ratio; CI, confidence interval.

eTable 5. Incidence rates and HRs of incident CVD events according to CKM stages or CVH status in women (N = 66,387)
	
	No. of events / No. of participants
	Person-years
	Incidence rate,
 per 1000 person-years
	Unadjusted
HR (95% CI)
	Adjusted
HR (95% CI) a

	CKM stage

	Stage 0
	53 / 2,966
	29613.3
	1.8
	1.00
	1.00

	Stage 1
	372 / 15,074
	150516.2
	2.5
	1.37 (1.03-1.83)
	1.06 (0.79-1.41)

	Stage 2
	2,583 / 41,019
	400526.6
	6.4
	3.59 (2.74-4.71)
	2.16 (1.64-2.83)

	Stage 3
	690 / 3,166
	27857.7
	24.8
	13.45 (10.18-17.79)
	3.66 (2.73-4.91)

	Stage 4
	772 / 4,162
	37520.6
	20.6
	11.48 (8.69-15.17)
	4.70 (3.53-6.24)

	CVH status

	  Overall CVH

	Low
	1,137 / 8,227
	76197.0
	14.9
	1.00
	1.00

	Moderate
	3,226 / 52,877
	516695.7
	6.2
	0.42 (0.39-0.45)
	0.57 (0.53-0.61)

	High (Optimal)
	107 / 5,283
	53141.7
	2.0
	0.13 (0.11-0.16)
	0.27 (0.22-0.33)

	Health behaviors

	Low
	681 / 8,487
	81912.7
	8.3
	1.00
	1.00

	Moderate
	3,301 / 48,653
	473029.1
	7.0
	0.84 (0.78-0.92)
	0.93 (0.85-1.01)

	High (Optimal)
	488 / 9,247
	91092.6
	5.4
	0.65 (0.57-0.73)
	0.82 (0.73-0.93)

	Health factors

	Low
	1,854 / 14,633
	136689.1
	13.6
	1.00
	1.00

	Moderate
	2,283 / 36,799
	359256.4
	6.4
	0.46 (0.44-0.49)
	0.59 (0.55-0.63)

	High (Optimal)
	333 / 14,955
	150088.9
	2.2
	0.16 (0.14-0.18)
	0.31 (0.27-0.35)


a HRs according to CKM stage or overall CVH status were adjusted for age, sex, and educational attainment (< 9 years vs. ≥ 9 years). For the analysis health behavior or health factor, other metrics of CVH were mutually adjusted.
Abbreviations: CVD, cardiovascular disease; CKM, cardiovascular-kidney-metabolic; CVH, cardiovascular health; HR, hazard ratio; CI, confidence interval.

[bookmark: _Hlk152779296]eTable 6. Incidence rates and HRs of incident CVD events according to CKM stages or CVH status after excluding participants diagnosed with cancer at baseline a
	
	No. of events / No. of participants
	Person-years
	Incidence rate,
 per 1000 person-years
	Unadjusted
HR (95% CI)
	Adjusted
HR (95% CI) b

	CKM stage

	Stage 0
	82 / 4,118
	40935.6
	2.0
	1.00
	1.00

	Stage 1
	614 / 21,199
	211035.7
	2.9
	1.45 (1.15-1.82)
	1.20 (0.95-1.51)

	Stage 2
	4,126 / 60,852
	591320.8
	7.0
	3.47 (2.79-4.32)
	2.45 (1.97-3.05)

	Stage 3
	1,522 / 6,437
	55069.8
	27.6
	13.34 (10.68-16.66)
	4.48 (3.56-5.64)

	Stage 4
	1,415 / 6,379
	56362.4
	25.1
	12.53 (10.03-15.65)
	6.05 (4.82-7.59)

	CVH status

	  Overall CVH

	Low
	2,548 / 17,838
	164547.5
	15.5
	1.00
	1.00

	Moderate
	5,064 / 74,770
	726182.6
	7.0
	0.45 (0.43-0.47)
	0.56 (0.53-0.59)

	High (Optimal)
	147 / 6,377
	63994.2
	2.3
	0.15 (0.13-0.18)
	0.27 (0.23-0.32)

	Health behaviors

	Low
	2,318 / 24,076
	228767.1
	10.1
	1.00
	1.00

	Moderate
	4,768 / 63,188
	610870.7
	7.8
	0.78 (0.74-0.82)
	0.87 (0.83-0.92)

	High (Optimal)
	673 / 11,721
	115086.5
	5.8
	0.58 (0.53-0.63)
	0.75 (0.69-0.82)

	Health factors

	Low
	3,123 / 22,426
	207715.5
	15.0
	1.00
	1.00

	Moderate
	4,062 / 55,883
	540660.0
	7.5
	0.50 (0.47-0.52)
	0.59 (0.56-0.61)

	High (Optimal)
	574 / 20,676
	206348.8
	2.8
	0.18 (0.17-0.20)
	0.31 (0.28-0.34)


a Participants who were diagnosed with cancer at baseline (N = 1,742) were excluded in this sensitivity analyses
b HRs according to CKM stage or overall CVH status were adjusted for age, sex, and educational attainment (< 9 years vs. ≥ 9 years). For the analysis health behavior or health factor, other metrics of CVH were mutually adjusted.
Abbreviations: CVD, cardiovascular disease; CKM, cardiovascular-kidney-metabolic; CVH, cardiovascular health; HR, hazard ratio; CI, confidence interval.

eTable 7. Incidence rates and HRs of incident CVD events according to CKM stages or CVH status after excluding participants who underwent CVD events or died within the first 2 years of observation time a
	
	No. of events / No. of participants
	Person-years
	Incidence rate,
 per 1000 person-years
	Unadjusted
HR (95% CI)
	Adjusted
HR (95% CI) b

	CKM stage

	Stage 0
	79 / 4,159
	41417.3
	1.9
	1.00
	1.00

	Stage 1
	549 / 21,426
	214173.7
	2.6
	1.34 (1.06-1.69)
	1.10 (0.87-1.39)

	Stage 2
	3,702 / 61,231
	600386.8
	6.2
	3.23 (2.59-4.04)
	2.26 (1.81-2.83)

	Stage 3
	1,336 / 6,298
	56137.0
	23.8
	12.32 (9.82-15.47)
	4.05 (3.20-5.13)

	Stage 4
	1,240 / 6,290
	57411.0
	21.6
	11.50 (9.16-14.44)
	5.48 (4.34-6.91)

	CVH status

	  Overall CVH

	Low
	2,231 / 17,707
	166744.7
	13.4
	1.00
	1.00

	Moderate
	4,539 / 75,237
	737746.8
	6.2
	0.46 (0.43-0.48)
	0.57 (0.54-0.60)

	High (Optimal)
	136 / 6,460
	65034.3
	2.1
	0.16 (0.13-0.18)
	0.28 (0.24-0.33)

	Health behaviors

	Low
	2,045 / 24,011
	231556.1
	8.8
	1.00
	1.00

	Moderate
	4,240 / 63,534
	620802.2
	6.8
	0.78 (0.74-0.82)
	0.87 (0.82-0.92)

	High (Optimal)
	621 / 11,859
	117167.5
	5.3
	0.60 (0.55-0.66)
	0.77 (0.70-0.85)

	Health factors

	Low
	2,740 / 22,323
	210843.3
	13.0
	1.00
	1.00

	Moderate
	3,649 / 56,179
	549124.1
	6.6
	0.51 (0.48-0.53)
	0.60 (0.57-0.63)

	High (Optimal)
	517 / 20,902
	209558.4
	2.5
	0.19 (0.17-0.21)
	0.31 (0.28-0.34)


a Participants who underwent CVD events or died within the first 2 years of observation time (N = 1,323) were excluded in this sensitivity analyses
b HRs according to CKM stage or overall CVH status were adjusted for age, sex, and educational attainment (< 9 years vs. ≥ 9 years). For the analysis health behavior or health factor, other metrics of CVH were mutually adjusted.
Abbreviations: CVD, cardiovascular disease; CKM, cardiovascular-kidney-metabolic; CVH, cardiovascular health; HR, hazard ratio; CI, confidence interval.

eTable 8. Sensitivity Analysis: Incidence rates and HRs of incident non-fatal CVD events according to CKM stages or CVH status
	
	No. of events / No. of participants
	Person-years
	Incidence rate,
 per 1000 person-years
	Unadjusted
HR (95% CI)
	Adjusted
HR (95% CI) a

	CKM syndrome stage

	Stage 0
	76 / 4,080
	40929.6
	1.9
	1.00
	1.00

	Stage 1
	552 / 21,010
	211093.8
	2.6
	1.40 (1.10-1.78)
	1.16 (0.91-1.48)

	Stage 2
	3,712 / 59,728
	588568.6
	6.3
	3.40 (2.71-4.26)
	2.41 (1.92-3.03)

	Stage 3
	1,140 / 5,470
	50020.5
	22.8
	12.35 (9.79-15.57)
	4.32 (3.40-5.49)

	Stage 4
	1,212 / 6,024
	47838.2
	25.3
	11.53 (9.14-14.55)
	5.72 (4.51-7.24)

	CVH status

	  Overall CVH

	Low
	2,181 / 16,939
	158045.3
	13.8
	1.00
	1.00

	Moderate
	4,383 / 73,025
	716201.5
	6.1
	0.45 (0.42-0.47)
	0.55 (0.52-0.58)

	High (Optimal)
	128 / 6,348
	64203.9
	2.0
	0.15 (0.12-0.18)
	0.25 (0.21-0.30)

	Health behaviors

	Low
	1,937 / 22,897
	221137.6
	8.8
	1.00
	1.00

	Moderate
	4,146 / 61,804
	602602.2
	6.9
	0.79 (0.75-0.84)
	0.87 (0.83-0.93)

	High (Optimal)
	609 / 11,611
	114710.9
	5.3
	0.62 (0.56-0.68)
	0.77 (0.70-0.85)

	Health factors

	Low
	2,796 / 21,538
	200665.8
	13.9
	1.00
	1.00

	Moderate
	3,491 / 54,338
	531855.0
	6.6
	0.49 (0.46-0.51)
	0.57 (0.54-0.60)

	High (Optimal)
	495 / 20,436
	205929.9
	2.4
	0.18 (0.16-0.20)
	0.29 (0.26-0.32)


a HRs according to CKM stage or overall CVH status were adjusted for age, sex, and educational attainment (< 9 years vs. ≥ 9 years). For the analysis health behavior or health factor, other metrics of CVH were mutually adjusted.
Abbreviations: CVD, cardiovascular disease; CKM, cardiovascular-kidney-metabolic; CVH, cardiovascular health; HR, hazard ratio; CI, confidence interval.
eTable 9. Sensitivity Analysis: Incidence rates and HRs of CVD mortality according to CKM stages or CVH status
	
	No. of events / No. of participants
	Person-years
	Incidence rate,
 per 1000 person-years
	Unadjusted
HR (95% CI)
	Adjusted
HR (95% CI) a

	CKM syndrome stage

	Stage 0
	12 / 4,168
	41717.1
	0.3
	1.00
	1.00

	Stage 1
	106 / 21,540
	216540.6
	0.5
	1.70 (0.94-3.09)
	1.25 (0.69-2.27)

	Stage 2
	754 / 61,894
	616380.2
	1.2
	4.24 (2.40-7.50)
	2.50 (1.41-4.42)

	Stage 3
	619 / 6,598
	61021
	10.1
	33.98 (19.19-60.18)
	5.97 (3.33-10.73)

	Stage 4
	391 / 6,527
	62617.2
	6.2
	21.46 (12.08-38.13)
	6.72 (3.76-12.03)

	CVH status

	  Overall CVH

	Low
	653 / 18,129
	176367.3
	3.7
	1.00
	1.00

	Moderate
	1,199 / 76,114
	756373.6
	1.6
	0.43 (0.39-0.47)
	0.59 (0.54-0.65)

	High (Optimal)
	30 / 6,484
	65535.2
	0.5
	0.13 (0.09-0.18)
	0.33 (0.23-0.48)

	Health behaviors

	Low
	640 / 24,431
	239827.1
	2.7
	1.00
	1.00

	Moderate
	1,116 / 64,349
	638753.7
	1.7
	0.66 (0.60-0.73)
	0.82 (0.74-0.91)

	High (Optimal)
	126 / 11,947
	119695.3
	1.1
	0.40 (0.33-0.48)
	0.62 (0.51-0.75)

	Health factors

	Low
	785 / 22,831
	222665.4
	3.5
	1.00
	1.00

	Moderate
	958 / 56,869
	564060.9
	1.7
	0.48 (0.44-0.53)
	0.60 (0.54-0.66)

	High (Optimal)
	139 / 21,027
	211549.8
	0.7
	0.19 (0.16-0.22)
	0.38 (0.32-0.46)


a HRs according to CKM stage or overall CVH status were adjusted for age, sex, and educational attainment (< 9 years vs. ≥ 9 years). For the analysis health behavior or health factor, other metrics of CVH were mutually adjusted.
Abbreviations: CVD, cardiovascular disease; CKM, cardiovascular-kidney-metabolic; CVH, cardiovascular health; HR, hazard ratio; CI, confidence interval.
eTable 10. Sensitivity Analysis: Incidence rates and HRs of incident CVD events according to CKM stages or CVH status in multiple imputation data sets imputed for missing baseline information and outcome a
	
	No. of events / No. of participants
	Person-years
	Incidence rate,
 per 1000 person-years
	Unadjusted
HR (95% CI)
	Adjusted
HR (95% CI) b

	CKM stage

	Stage 0
	255 / 9,636
	95784.3
	2.7
	1.00
	1.00

	Stage 1
	1,356 / 44,810
	443748.8
	3.1
	1.14 (1.001-1.31)
	1.03 (0.90-1.18)

	Stage 2
	7,343 / 107,579
	1045000.0
	7.0
	2.63 (2.32-2.98)
	2.03 (1.79-2.30)

	Stage 3
	2,998 / 15,940
	140774.2
	21.3
	7.75 (6.82-8.81)
	3.01 (2.64-3.43)

	Stage 4
	2,916 / 15,881
	142871
	20.4
	7.60 (6.69-8.64)
	4.10 (3.60-4.67)

	CVH status

	  Overall CVH

	Low
	5,146 / 39,120
	364205.1
	14.1
	1.00
	1.00

	Moderate
	9,461 / 143,425
	1391126.7
	6.8
	0.48 (0.47-0.50)
	0.60 (0.58-0.62)

	High (Optimal)
	261 / 11,301
	112846.5
	2.3
	0.17 (0.15-0.19)
	0.30 (0.27-0.34)

	Health behaviors

	Low
	5,038 / 51,382
	487773.4
	10.3
	1.00
	1.00

	Moderate
	8,616 / 120,244
	1163054.6
	7.4
	0.72 (0.70-0.75)
	0.84 (0.81-0.87)

	High (Optimal)
	1,214 / 22,220
	217350.3
	5.6
	0.55 (0.51-0.58)
	0.73 (0.68-0.78)

	Health factors

	Low
	5,987 / 46,574
	434284.1
	13.8
	1.00
	1.00

	Moderate
	7,792 / 110,760
	1071218.2
	7.3
	0.53 (0.51-0.54)
	0.61 (0.59-0.63)

	High (Optimal)
	1,089 / 36,512
	362676.0
	3.0
	0.22 (0.20-0.23)
	0.35 (0.33-0.38)


a Missing data for missing information were imputed. The number (percentage) of missing data was 4629 (2.4%) for BMI, 655 (0.3%) for blood lipids, 1693 (0.9%) for blood pressure, 6769 (3.5%) for blood glucose, 7288 (3.8%) for nicotine exposure, 39379 (20.3%) for diet, 15537 (8.0%) for physical activity, 26278 (13.6%) for sleep, 45015 (23.2%) for CKM stage, and 30487 (15.7%) for incident CVD event.
We employed multiple imputation by fully conditional specification (FCS) with arbitrary missing patterns to correct for response bias under the assumption of missing at random, and to maximally utilize existing risk factor data.
b HRs according to CKM stage or overall CVH status were adjusted for age, sex, and educational attainment (< 9 years vs. ≥ 9 years). For the analysis health behavior or health factor, other metrics of CVH were mutually adjusted.
Abbreviations: CVD, cardiovascular disease; CKM, cardiovascular-kidney-metabolic; CVH, cardiovascular health; HR, hazard ratio; CI, confidence interval.


eTable 11. Sensitivity Analysis: Incidence rates and HRs of incident CVD events according to individual optimal CVH metrics in multiple imputation data sets imputed for missing baseline information and outcome 
	
	No. of events / No. of participants
	Person-years
	Incidence rate,
 per 1000 person-years
	Model 1
HR (95% CI) a
	Model 2
HR (95% CI) b

	Nicotine exposure

	Suboptimal (0-79)
	4,442 / 47,100
	447405.5
	9.9
	1.00
	1.00

	Optimal (≥ 80)
	10,426 / 146,746
	1420772.8
	7.3
	0.91 (0.87-0.95)
	0.90 (0.87-0.95)

	Diet

	Suboptimal (0-79)
	12,082 / 147,776
	1423681.2
	8.5
	1.00
	1.00

	Optimal (≥ 80)
	2,786 / 46,070
	444497.1
	6.3
	0.79 (0.76-0.82)
	0.80 (0.77-0.84)

	Physical activity

	Suboptimal (0-79)
	11,853 / 148,861
	1431521.0
	8.3
	1.00
	1.00

	Optimal (≥ 80)
	3,015 / 44,985
	436657.3
	6.9
	0.92 (0.88-0.95)
	0.93 (0.89-0.97)

	Sleep

	Suboptimal (0-79)
	4,212 / 45,998
	437042.7
	9.6
	1.00
	1.00

	Optimal (≥ 80)
	10,656 / 147,848
	1431135.6
	7.4
	0.87 (0.84-0.90)
	0.87 (0.84-0.90)

	BMI

	Suboptimal (0-79)
	10,683 / 130,341
	1254732.5
	8.5
	1.00
	1.00

	Optimal (≥ 80)
	4,185 / 63,505
	613445.8
	6.8
	0.80 (0.78-0.83)
	0.88 (0.85-0.92)

	Blood lipids

	Suboptimal (0-79)
	9,688 / 115,713
	1110123.2
	8.7
	1.00
	1.00

	Optimal (≥ 80)
	5,180 / 78,133
	758055.1
	6.8
	0.83 (0.80-0.86)
	0.88 (0.85-0.91)

	Blood pressures

	Suboptimal (0-79)
	13,274 / 146,321
	1396116.8
	9.5
	1.00
	1.00

	Optimal (≥ 80)
	1,594 / 47,525
	472061.5
	3.4
	0.53 (0.50-0.56)
	0.56 (0.53-0.59)

	Blood glucose

	Suboptimal (0-79)
	12,666 / 151,439
	1452610.8
	8.7
	1.00
	1.00

	Optimal (≥ 80)
	2,202 / 42,407
	415567.5
	5.3
	0.81 (0.78-0.85)
	0.85 (0.81-0.89)


a Model 1 were adjusted for age, sex, and educational attainment; 
b Model 2 were further adjusted for other metrics of Life’s Essential 8 mutually.
CVD: cardiovascular disease; CVH, cardiovascular health; HR: hazard ratio; BMI, body mass index; CI: confidence interval.



eTable 12. Sensitivity Analysis: Incidence rates and HRs of incident CVD events for participants with CKM syndrome and different numbers of optimal CVH metric in multiple imputation data sets imputed for missing baseline information and outcome a
	
	No. of events /
No. of participants
	Person-years
	Incidence rate,
per 1000 person-years
	Adjusted HR (95%CI) a

	Stage 0
	255 / 9,636
	95784.3
	2.7
	1.00

	Stage 1 with various numbers of optimal CVH metrics

	≤ 2
	399 / 7,685
	74910.6
	5.3
	1.47 (1.25-1.72)

	3
	371 / 11,140
	110010.2
	3.4
	1.06 (0.90-1.24)

	4
	336 / 12,706
	126010.4
	2.7
	0.92 (0.78-1.09)

	5
	176 / 8,943
	89439.3
	2.0
	0.78 (0.65-0.95)

	≥ 6
	74 / 4,336
	43378.3
	1.7
	0.75 (0.58-0.97)

	Stage 2 with various numbers of optimal CVH metrics

	≤ 2
	3,505 / 42,656
	410960.0
	8.5
	2.31 (2.04-2.63)

	3
	2,191 / 32,750
	318312.7
	6.9
	1.98 (1.74-2.26)

	4
	1,171 / 20,304
	198339.5
	5.9
	1.80 (1.57-2.06)

	5
	388 / 8,732
	86122.5
	4.5
	1.49 (1.27-1.75)

	≥ 6
	88 / 3,137
	31265.3
	2.8
	1.09 (0.85-1.38)

	Stage 3 with various numbers of optimal CVH metrics

	≤ 2
	1,540 / 7,349
	64050.8
	24.0
	3.48 (3.04-3.99)

	3
	884 / 4,812
	42624.6
	20.7
	2.94 (2.55-3.39)

	4
	402 / 2,572
	23203.0
	17.3
	2.49 (2.12-2.92)

	5
	146 / 983
	8816.2
	16.6
	2.43 (1.97-2.99)

	≥ 6
	26 / 224
	2079.6
	12.5
	2.00 (1.34-2.96)

	Stage 4 with various numbers of optimal CVH metrics

	≤ 2
	1,529 / 7,097
	62786.1
	24.4
	4.75 (4.15-5.43)

	3
	812 / 4,822
	43686.6
	18.6
	3.77 (3.27-4.35)

	4
	421 / 2,715
	24728.3
	17.0
	3.66 (3.13-4.28)

	5
	116 / 977
	9138.9
	12.7
	2.83 (2.26-3.53)

	≥ 6
	38 / 270
	2531.1
	15.0
	3.59 (2.56-5.03)


HRs (95%CI) for incident CVD events for participants with CKM syndrome in relation to the number of optimal CVH metrics, compared with participants in CKM stage 0 in multiple imputation data sets.
a HRs were adjusted for age, sex, and educational attainment (< 9 years vs. ≥ 9 years). 
Abbreviations: CVD, cardiovascular disease; CKM, cardiovascular-kidney-metabolic; CVH, cardiovascular health; HR, hazard ratio; CI, confidence interval.



eTable 13. Sensitivity Analysis: Associations of specific CVH domains on CVD events among different stages of CKM syndrome in multiple imputation data sets imputed for missing baseline information and outcome a
	
	No. of events /
No. of participants
	Person-years
	Incidence rate,
per 1000 person-years
	Adjusted HR (95%CI) a

	Health behavior

	  Participants in CKM syndrome stage 0-2

	Suboptimal (0-79)
	8,089 / 142,308
	1390312.4
	5.8
	1.00

	Optimal (≥ 80)
	865 / 19,717
	194220.7
	4.5
	0.86 (0.81-0.93)

	Per 10-points increment
	/
	/
	/
	0.95 (0.93-0.96)

	  Participants in CKM syndrome stage 3-4

	Suboptimal (0-79)
	5,565 / 29,318
	260515.6
	21.4
	1.00

	Optimal (≥ 80)
	349 / 2,503
	23129.6
	15.1
	0.78 (0.70-0.86)

	Per 10-points increment
	/
	/
	/
	0.94 (0.92-0.95)

	P for interaction behavior score*CKM group: 0.006

	Health factor

	Participants in CKM syndrome stage 0-2

	Suboptimal (0-79)
	8,118 / 127,448
	1239673.2
	6.5
	1.00

	Optimal (≥ 80)
	836 / 34,577
	344859.9
	2.4
	0.50 (0.47-0.54)

	Per 10-points increment
	/
	/
	/
	0.81 (0.80-0.82)

	Participants in CKM syndrome stage 3-4

	Suboptimal (0-79)
	5,661 / 29,886
	265829.1
	21.3
	1.00

	Optimal (≥ 80)
	253 / 1,935
	17816.1
	14.2
	0.69 (0.61-0.78)

	Per 10-points increment
	/
	/
	/
	0.88 (0.86-0.89)

	P for interaction behavior score*CKM group< 0.0001


a Models were adjusted for age, sex, educational attainment (< 9 years vs. ≥ 9 years), BMI, blood pressure, blood lipids, and blood glucose status for analysis of health behavior; Models were adjusted for age, sex, educational attainment (< 9 years vs. ≥ 9 years), nicotine exposure, diet, physical activity, and sleep status for analysis of health factor.
Abbreviations: CVD, cardiovascular disease; CKM, cardiovascular-kidney-metabolic; CVH, cardiovascular health; HR, hazard ratio; CI, confidence interval.



[bookmark: _Hlk146118547]eTable 14. Baseline characteristics of participants according to CKM stages
	[bookmark: _Hlk146118563]Characteristics
	Stage 0
(n=4,168, 4.1%)
	Stage 1
(n=21,540, 21.4%)
	Stage 2
(n=61,894, 61.5%)
	Stage 3
(n=6,598, 6.5%)
	Stage 4
(n=6,527, 6.5%)

	Age, years
	49.7 ± 7.6
	53.2 ± 8.3
	56.3 ± 8.2
	69.4 ± 8.0
	63.7 ± 8.1

	Men, n (%)
	1,202 (28.8)
	6,466 (30.0)
	20,875 (33.7)
	3,432 (52.0)
	2,365 (36.2)

	Education ≥ 9 years, n (%)
	1,796 (43.1)
	8,393 (39.0)
	21,728 (35.1)
	1,812 (27.5)
	2,349 (36.0)

	BMI, kg/m2
	20.7 ± 1.5
	23.4 ± 3.2
	25.2 ± 3.5
	25.4 ± 3.8
	25.8 ± 3.7

	Waist circumference, cm
	72.8 ± 5.4
	80.8 ± 8.5
	86.3 ± 9.4
	89.4 ± 10.1
	88.7 ± 9.9

	SBP, mmHg
	114.8 ± 11.6
	116.8 ± 11.4
	135.2 ± 19.3
	152.7 ± 23.2
	141.0 ± 21.7

	DBP, mmHg
	70.3 ± 8.1
	71.4 ± 7.7
	80.6 ± 10.8
	81.3 ± 12.9
	79.2 ± 11.4

	Fasting glucose, mg/dl
	90.8 ± 6.3
	96.2 ± 8.6
	109.6 ± 27.5
	139.7 ± 56.9
	115.8 ± 34.9

	Post-load glucose, mg/dl
	100.7 ± 19.3
	117.1 ± 27.7
	154.5 ± 66.5
	227.3 ± 107.9
	179.9 ± 83.6

	HbA1c, %
	5.3 ± 0.3
	5.7 ± 0.4
	6.1 ± 0.9
	7.3 ± 2.0
	6.4 ± 1.2

	Total cholesterol, mg/dl
	174.0 ± 30.0
	178.0 ± 40.9
	192.6 ± 45.3
	187.1 ± 47.0
	192.6 ± 45.3

	LDL cholesterol, mg/dl
	95.3 ± 24.3
	103.2 ± 31.4
	110.8 ± 34.1
	107.3 ± 34.7
	111.2 ± 35.1

	HDL cholesterol, mg/dl
	58.4 ± 11.6
	54.1 ± 13.8
	48.9 ± 12.9
	45.7 ± 12.5
	48.0 ± 12.4

	Triglycerides, mg/dl
	77.1 (61.1-95.7)
	85.9 (67.3-106.3)
	143.5 (98.3-198.5)
	135.6 (93.9-201.1)
	132.9 (95.7-190.5)

	eGFR, ml/min/1.73m2
	102.3 (95.2-107.7)
	99.8 (92.1-106.1)
	95.9 (87.3-102.7)
	82.3 (67.9-90.5)
	89.4 (78.7-96.3)

	Urinary ACR, mg/g
	4.7 (3.2-7.1)
	4.9 (3.1-7.5)
	6.3 (3.8-12.2)
	24.9 (9.9-84.0)
	8.3 (4.7-18.9)

	CKM staging factors

	Overweight or obesity, n (%)
	0
	11,971 (55.6)
	45,487 (73.5)
	4,882 (74.0)
	5,120 (78.4)

	Central obesity, n (%)
	0
	8,677 (40.3)
	39,654 (64.1)
	4,368 (66.2)
	4,591 (70.3)

	Prediabetes, n (%)
	0
	16,252 (75.5)
	34,113 (55.1)
	1,829 (27.7)
	2,951 (45.2)

	Diabetes, n (%)
	0
	0
	17,716 (28.6)
	4,399 (66.7)
	2,874 (44.0)

	Hypertension, n (%)
	0
	0
	31,367 (50.7)
	5,304 (80.4)
	4,182 (64.1)

	Hypertriglyceridemia, n (%)
	0
	0
	34,405 (55.6)
	3,292 (49.9)
	3,175 (48.6)

	Metabolic syndrome, n (%)
	0
	0
	39,980 (64.6)
	4,883 (74.0)
	4.354 (66.7)

	KDIGO moderate risk, n (%)
	0
	0
	6,229 (10.1)
	2,240 (34.0)
	1,010 (15.5)

	KDIGO high risk, n (%)
	0
	0
	548 (0.9)
	720 (10.9)
	209 (3.2)

	KDIGO very high risk, n (%)
	0
	0
	0
	473 (7.2)
	122 (1.9)

	ASCVD risk ≥ 20%, n (%)
	0
	0
	0
	6,504 (98.6)
	1,462 (22.4)

	Pre-existing CVD, n (%)
	0
	0
	0
	0
	6,527 (100.0)


Values are means (SDs), or medians with interquartile ranges, or number of participants and percentages.
Abbreviations: CKM, cardiovascular-kidney-metabolic; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; HbA1c, glycated hemoglobin; LDL, low density lipoprotein; HDL, high density lipoprotein; eGFR, estimated glomerular filtration rate; ACR, albumin-creatinine ratio; KDIGO, Kidney Disease Improving Global Outcomes; ASCVD, subclinical atherosclerotic cardiovascular disease; CVD, cardiovascular disease; SD: standard deviation.
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