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[bookmark: OLE_LINK12]Table S1 Definition of Life’s Simple 7 metrics † .
	 
	Level of Cardiovascular Health

	
	Poor
	Intermediate
	Ideal

	Blood pressure
	BP ≥ 140/90 mmHg
	SBP 120 to 139 mmHg or DBP 80 to 89 mmHg or treated to < 120/80 mmHg
	< 120/80 mmHg and not on antihypertensive medication

	Glycemic status ‡
	HbA1c ≥ 6.5%
	HbA1c 5.7% to 6.4% or treated with insulin or oral medications to HbA1c < 5.7%
	HbA1c < 5.7% and not on glucose-lowering medication

	Total cholesterol
	≥ 240 mg/dL
	200 to 239 mg/dL or treated to < 200 mg/dL
	< 200 mg/dL and not on lipid-lowering medication

	Body mass index
	≥ 30 kg/m2
	25 to 29.9 kg/m2
	< 25 kg/m2

	Smoking§
	Current smoker who had smoked ≥ 100 cigarettes in their lifetime and currently smoke some days or every day
	Former smoker who had smoked ≥ 100 cigarettes in their lifetime but did not currently smoke
	Never smoker or had smoked < 100 cigarettes in their lifetime

	Diet 
	HEI < 50
	HEI 50 to 80
	HEI > 80

	Physical activity
	No activity 
	1 to 149 minutes moderate/vigorous per week
	≥ 150 minutes moderate/vigorous per week


† The American Heart Association definitions for poor, intermediate, and ideal health were used for blood pressure, cholesterol, BMI, and physical activity; however, modified definitions were used for glycemic status, smoking, and diet in NHANES
‡ Glycemic status: AHA defined poor health as FPG ≥126 mg/dL or HgbA1C ≥7%, intermediate health as FPG 100 to 125 mg/dL or HgbA1C <7%, and ideal health as FPG <100 mg/dL
§ Smoking: AHA defined poor health as current smoker, intermediate health as quit smoking <12 months, and ideal health as never smoker or quit smoking ≥12 months
﻿Abbreviation: BMI, body mass index; BP, blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; HbA1C, hemoglobin A1c; HEI ,Healthy Eating Index; SBP , systolic blood pressure








Table S2 Definition and scoring approach for the American Heart Association’s Life’s Essential 8 score.
	Domin
	CVH Metric
	Measurement
	Quantification and Scoring of CVH Metric

	Health Behaviors
	Diet
	Healthy Eating Index-2015 diet score percentile
	Quantiles of DASH-style diet adherence or HEI-2015 (population) 
Scoring (Population): 
Points  Quantile 
100   ≥ 95th percentile (top/ideal diet) 
80    75th- 94th percentile 
50    50th -74th percentile
25    25th -49th percentile 
0     1st-24th percentile (bottom/least ideal quartile)

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

	
	Nicotine 
exposure
	Self-reported use of cigarettes or inhaled nicotine- delivery system
	Metric: Combustible tobacco use and/or inhaled NDS use; 
or secondhand smoke exposure 
 
Scoring: 
Points  Status 
100    Never smoker 
75     Former smoker, quit ≥ 5 y 
50     Former smoker, quit 1 - < 5 y 
25     Former smoker, quit < 1 y, or currently using 
inhaled NDS 
0 Current smoker 
 
Subtract 20 points (unless score is 0) for living with active indoor smoker in home

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

	
	Body mass index
	Body weight (kg) divided by height squared (m2 )
	Metric: Body mass index (kg/m2) 
Scoring: 
Points   Level  
100     < 25 
70      25.0 - 29.9 
30      30.0 - 34.9 
15      35.0 - 39.9 
0       ≥ 40.0

	
	Blood lipids
	Plasma total and 
HDL-cholesterol 
with calculation of 
non-HDL
cholesterol
	Metric: Non-HDL-cholesterol (mg/dL) 
Scoring: 
Points  Level  
100   <130 
60    130 - 159 
40   160 - 189 
20   190 - 219 
0    ≥ 220

	
	
	
	If drug-treated level, subtract 20 points

	
	Blood 
glucose
	Fasting blood 
glucose or casual 
hemoglobin A1c
	Metric: Fasting blood glucose (mg/dL) or Hemoglobin A1c 
(%) 
Scoring: 
Points    Level 
100      No history of diabetes and FBG < 100 (or HbA1c < 5.7) 
60       No diabetes and FBG 100 - 125 (or HbA1c 5.7 - 6.4) (Pre-diabetes) 
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 Hb A1c 9.0 - 9.9 
0        Diabetes with HbA1c ≥ 10.0

	
	Blood 
pressure
	Appropriately 
measured systolic 
and diastolic blood 
pressure  
	Metric: Systolic and diastolic blood pressure (mm Hg) 
Scoring: 
Points    Level 
100      < 120/< 80 (Optimal) 
75       120 - 129/< 80 (Elevated) 
50       130 - 139 or 80 - 89 (Stage I HTN)
25       140 - 159 or 90 - 99 
0        ≥ 160 or ≥ 100 
Subtract 20 points if treated level



Abbreviations: CVH, cardiovascular health; FBG, Fasting blood glucose; HbA1c, Hemoglobin A1c




Table S3 Definition of Life's Crucial 9 metrics.
	CVH metric
	Quantification of CVH metric

	Dieta
	Points
	Healthy Eating Index-2015 (for population)

	
	100
80
50
25
0
	95th percentile (top/ideal diet)
75th-94th percentile
50th-74th percentile
25th-49th percentile
1st -24th percentile(bottom/least ideal quartole)

	Physical activityb
	Points
	Minutes of moderate to vigorous physical activity per week

	
	100
90
80
60
40
20
0
	≥150 minutes
120-149 minutes
90-119 minutes
60-89 minutes
30-59 minutes
1-29 minutes
0 minutes

	Tobacco/nicotine exposurec
	Points
	Combustible tobaco, inhaled NDS use; or secondhand smoke exposure

	
	100
75
50
25
0
	Never smoker
Former smoker, quit≥5 yrs
Former smoker, quit 1-5 yrs
Former smoker, quit <1 yrs, or currently using inhaled NDS
Current smoker

	
	Subtract 20 points (unless score is 0) for living with actine indoor smoker in home

	Sleep healthd
	Points
	Average hours of sleep per night

	
	100
90
70
40
20
0
	7-9 hours
9-10 hours
6-7 hours
5-6 hours
4-5 hours
<4 hours

	BMIe
	Points
	BMI

	
	100
70
30
15
0
	<25 kg/m2
25.0-29.9 kg/m2
30.0-34.9 kg/m2
35.0-39.9 kg/m2
≥40.0 kg/m2

	Blood lipidf
	Points
	Non-HDL cholesterol

	
	100
60
40
20
0
	＜130 mg/dL
130-159 mg/dL
160-189 mg/dL
190-219 mg/dL
≥ 220 mg/dL

	
	If drug-treated, subtract 20 points

	Blood glucoseg
	Points
	FBG or HbA1c

	
	100
80
60
40
30
20
10
0
	No history of diabetes and
FBG<100 mg/dL or HbA1c<5.7%
No diabetes and FBG 100-125 mg/dL or HbA1c 5.7-6.4%
Diabetes with HbA1c < 7.0%
Diabetes with HbA1c 7.0-7.9%
Diabetes with HbA1c 8.0-8.9%
Diabetes with HbA1c 9.0-9.9%
Diabetes with HbA1c ≥10.0%

	Blood pressureh
	Points
	Systolic and diastolic blood pressure

	
	100
75
50
25
0
	< 120/<80 mmHg
120-129/<80 mmHg
130-139 or 80-89 mmHg
140-159 or 90-99 mmHg
≥160 or ≥100 mmHg

	
	If drug-treated, subtract 20 points

	Depressioni
	Points 
	PHQ-9 score

	
	100
75
50
25
0
	0-4
5-9
10-14
15-49
20-27



Abbreviations: CVH, cardiovascular health; FBG, Fasting blood glucose; HbA1c, Hemoglobin A1c; DASH, Dietary Approaches to Stop Hypertension; HDL, high‐density lipoprotein; Copyright © 2022 the American Heart Association, 
Inc.
Life’s Crucial 9 (LC9) includes all components of LE8 and adds depression, assessed using the Patient Health Questionnaire-9 (PHQ-9).
a Dietary intake was assessed through interviewer-administered 24-hour dietary recalls. The HEI-2015 is an updated measure of diet quality based on the 2015–2020 Dietary Guidelines for Americans. It consists of 13 components: nine adequacy components (total fruits, whole fruits, vegetables, greens and beans, whole grains, dairy, total protein foods, seafood and plant proteins, and fluids) and four moderation components (refined grains, sodium, added sugars, and saturated fats). Each component is scored from 0 to 10, with higher scores indicating better adherence to dietary recommendations. The total HEI-2015 score ranges from 0 to 100, with higher scores reflecting healthier diets that align more closely with the guidelines.
b Physical activity was assessed through self-reported weekly minutes of moderate or vigorous activity using a structured interview format. The classification was based on the recommended physical activity levels by the American Heart Association.
c Smoking and tobacco exposure were determined through self-reported use of cigarettes, inhaled nicotine delivery systems (NDS), or secondhand smoke exposure. A point penalty was applied if the participant lived with an active indoor smoker.
d Sleep duration was measured based on self-reported average hours of sleep per night. A more ideal sleep duration range (7-9 hours) was given the highest score.
e BMI was measured during study visits using standardized procedures and calculated as weight (kg) divided by the square of height (m²). The BMI categories were aligned with standard clinical thresholds.
f Total cholesterol and HDL cholesterol were measured using standard laboratory assays. Non-HDL cholesterol was calculated by subtracting HDL cholesterol from total cholesterol. Information on the use of lipid-lowering medications was obtained via self-report questionnaires.
g FBG was measured using standard colorimetric methods, and HbA1c was determined by high-performance liquid chromatography. Information on diabetes treatment was collected through self-report questionnaires, and the scoring was adjusted accordingly if treatment was reported. 
h Blood pressure was measured using standardized procedures, and the average of all available readings was used to calculate systolic and diastolic blood pressure. Information regarding the use of antihypertensive medications was obtained via self-report questionnaires. 
i The Patient Health Questionnaire-9 (PHQ-9) is avalidated self-administered questionnaire used to screen, diagnose, and monitor the severity of depression. It consists of 9 items, each corresponding to one of the DSM-IV criteria for major depressive disorder. 
Participants rate the frequency of depressive symptoms over the past two weeks on a scale from 0 ("Not at all") to 3 ("Nearly every day"), resulting in a total score ranging from 0 to 27. Higher scores indicate greater severity of depressive symptoms, with thresholds commonly used to categorize depression as mild (5–9), moderate (10–14), moderately severe (15–19), or severe (20–27).























Table S4 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
 BMI ≥25 kg/m2 (or ≥23 kg/m2 if Asian ancestry),
 Waist circumference ≥88/102 cm in women/men (or if Asian ancestry ≥80/90 cm in women/men), or
 Fasting blood glucose ≥100–124 mg/dL or HbA1c between 5.7% and 6.4% †

	Stage 2: Metabolic risk factors and CKD
	Individuals with metabolic risk factors (hypertriglyceridemia [≥135 mg/dL], hypertension, MetS ‡, diabetes), or CKD

	Stage 3: Subclinical CVD in CKM
	Subclinical ASCVD or subclinical HF among individuals with excess/dysfunctional adiposity, other metabolic risk factors, or CKD
 Subclinical ASCVD to be principally diagnosed by coronary artery calcification (subclinical atherosclerosis by coronary catheterization/CT angiography also meets criteria)
 Subclinical HF diagnosed by elevated cardiac biomarkers (NT-proBNP ≥125 pg/mL, hs-troponin T ≥14 ng/L for women and ≥22 ng/L for men, hs-troponin I ≥10 ng/L for women and ≥12 ng/L for men) or by echocardiographic parameters, with a combination of the 2 indicating highest HF risk.
Risk equivalents of subclinical CVD
 Very high-risk CKD (stage G4 or G5 CKD or very high risk per KDIGO classification)
 High predicted 10-y CVD risk

	Stage 4: Clinical CVD in CKM
	Clinical CVD (coronary heart disease, HF, stroke, peripheral artery disease, atrial fibrillation) among individuals with excess/dysfunctional adiposity, other CKM risk factors, or CKD
 Stage 4a: no kidney failure
 Stage 4b: kidney failure present


ASCVD indicates atherosclerotic cardiovascular disease; BMI, body mass index; CKD, chronic kidney disease; CKM, cardiovascular-kidney-metabolic;
CT, computed tomography; CVD, cardiovascular disease; HbA1c, hemoglobin A1c; HDL, high-density lipoprotein; HF, heart failure; hs-troponin, high-sensitivity troponin; KDIGO, Kidney Disease Improving Global Outcomes; MetS, metabolic syndrome; and NT-proBNP; N-terminal pro-B-type natriuretic peptide.
†Individuals with gestational diabetes should receive intensified screening for impaired glucose tolerance after pregnancy.
‡MetS is defined by the presence of 3 or more of the following: (1) waist circumference ≥88 cm for women and ≥102 cm for men (≥80 cm for women and ≥90 cm for men if Asian ancestry); (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 mm Hg or diastolic blood pressure ≥80 mm Hg and/or use of antihypertensive medications); and (5) fasting blood glucose ≥100 mg/dL.


























Table S5 Baseline Characteristics of Adults With Cardiovascular–Kidney–Metabolic (CKM) Syndrome, by Premature Mortality † Status, NHANES 2005–2018
	Variable ‡
	Total (n = 8,532)
	No premature mortality 
(n = 8,213)
	Premature mortality
 (n = 319)
	P value§

	Age, mean (SE), years
	45.29 (0.29)
	44.98 (0.29)
	54.65 (0.89)
	<0.001

	AST, median (Q1, Q3), U/L
	22.00 (19.00, 27.00)
	22.00 (19.00, 27.00)
	25.00 (20.00, 31.00)
	<0.001

	Uric acid, mean (SE), mg/dL
	5.50 (0.02)
	5.48 (0.02)
	5.85 (0.12)
	0.002

	White blood cell count, median (Q1, Q3), ×10³/µL
	6.40 (5.40, 7.80)
	6.40 (5.40, 7.80)
	7.00 (5.60, 8.70)
	0.008

	Platelet count, mean (SE), ×10³/µL
	245.30 (1.10)
	245.22 (1.10)
	247.77 (6.19)
	0.682

	Poverty income ratio, median (Q1, Q3)
	3.01 (1.48, 5.00)
	3.05 (1.49, 5.00)
	1.92 (1.08, 3.79)
	<0.001

	Energy intake, mean (SE), kcal/day
	2135.18 (11.39)
	2138.92 (11.18)
	2019.13 (71.12)
	0.093

	LS7, mean (SE)
	8.64 (0.05)
	8.69 (0.05)
	7.03 (0.18)
	<0.001

	LE8, mean (SE)
	71.45 (0.30)
	71.74 (0.30)
	62.67 (1.03)
	<0.001

	LC9, mean (SE)
	73.74 (0.28)
	74.01 (0.28)
	65.18 (0.99)
	<0.001

	Race/ethnicity, weighted n (%)
	
	
	
	0.005

	    Mexican American
	1381 (8.62)
	1342 (8.72)
	39 (5.49)
	

	    Other Hispanic
	922 (5.75)
	899 (5.83)
	23 (3.01)
	

	    Non-Hispanic White
	3403 (66.41)
	3246 (66.20)
	157 (72.72)
	

	    Non-Hispanic Black
	1826 (11.60)
	1744 (11.52)
	82 (14.04)
	

	    Other Race (including multi-racial) ¶
	1000 (7.63)
	982 (7.72)
	18 (4.73)
	

	CKM stage, weighted n (%)
	
	
	
	<0.001

	    Stage 0
	837 (11.05)
	833 (11.35)
	4 (1.94)
	

	    Stage 1
	1625 (21.57)
	1595 (21.95)
	30 (9.96)
	

	    Stage 2
	4918 (55.33)
	4742 (55.20)
	176 (59.47)
	

	    Stage 3
	458 (5.27)
	427 (5.16)
	31 (8.62)
	

	    Stage 4
	694 (6.77)
	616 (6.35)
	78 (20.00)
	

	Sex, weighted n (%)
	
	
	
	0.002

	   Male
	4233 (50.47)
	4042 (50.12)
	191 (61.38)
	

	   Female
	4299 (49.53)
	4171 (49.88)
	128 (38.62)
	

	Educational level, weighted n (%)
	
	
	
	0.003

	   Less than high school
	1831 (14.13)
	1730 (13.91)
	101 (20.76)
	

	   High school or equivalent
	1914 (22.58)
	1830 (22.47)
	84 (25.99)
	

	   College or above
	4787 (63.30)
	4653 (63.62)
	134 (53.25)
	

	Marital status, weighted n (%)
	
	
	
	<0.001

	   Married or living with partner
	5248 (65.33)
	5086 (65.65)
	162 (55.52)
	

	   Single (widowed/divorced/separated)
	1609 (15.51)
	1494 (15.01)
	115 (31.01)
	

	   Never married
	1675 (19.16)
	1633 (19.34)
	42 (13.47)
	

	Daily sedentary time, weighted n (%)
	
	
	
	0.529

	    <7 hours/day
	5335 (58.26)
	5155 (58.33)
	180 (55.99)
	

	    ≥7 hours/day
	3197 (41.74)
	3058 (41.67)
	139 (44.01)
	


Abbreviations: NHANES, National Health and Nutrition Examination Survey; SE, standard error; Q1, first quartile; Q3, third quartile; AST, aspartate aminotransferase; LS7, Life’s Simple 7; LE8, Life’s Essential 8; LC9, Life’s Crucial 9; PIR, poverty income ratio.
† Premature mortality was defined as death before 75 years of age. Mortality status was determined via linkage with the National Death Index through December 31, 2019.
‡ Continuous variables are presented as weighted mean (SE) for normally distributed variables or weighted median (Q1, Q3) for non‑normally distributed variables; categorical variables are presented as weighted frequencies (weighted percentages). All estimates account for the complex multistage sampling design of NHANES and are representative of the non‑institutionalized civilian U.S. population.
§ P values were calculated using weighted t‑tests (normally distributed continuous variables), weighted Mann–Whitney U tests (non‑normally distributed continuous variables), or weighted chi‑square tests (categorical variables), comparing the premature mortality group with the non‑premature mortality group.
¶ Percentages may not sum to 100% due to rounding. “Other Race” includes multi‑racial individuals.

	Table S6 Weighted multivariable Cox regression for the association of LS7, LE8, and LC9 with premature mortality using pre‑imputation data (without imputing missing covariate values)

	
	
	Model 1 †
	Model 2 ‡
	Model 3§

	Variables
	
	HR (95% CI)
	P
	HR (95% CI
	P
	HR (95% CI)
	P

	CKM (Overall)

	LS7
	Continuous
	0.736 (0.691 - 0.783)
	<.001
	0.844 (0.783 - 0.910)
	<.001
	0.854 (0.786 - 0.928)
	<.001

	
	Q1
	1.000 (Reference)
	
	1.000 (Reference)
	
	1.000 (Reference)
	

	
	Q2
	0.319 (0.220 - 0.464)
	<.001
	0.422 (0.286 - 0.623)
	<.001
	0.462 (0.304 - 0.702)
	<.001

	
	Q3
	0.300 (0.192 - 0.467)
	<.001
	0.518 (0.306 - 0.877)
	0.014
	0.585 (0.323 - 1.061)
	0.077

	
	Q4
	0.151 (0.100 - 0.230)
	<.001
	0.381 (0.247 - 0.588)
	<.001
	0.438 (0.263 - 0.731)
	0.002

	
	P trend
	
	<.001
	
	<.001
	
	<.001

	LE8
	Continuous
	0.955 (0.946 - 0.964)
	<.001
	0.970 (0.960 - 0.981)
	<.001
	0.972 (0.961 - 0.984)
	<.001

	
	Q1
	1.000 (Reference)
	
	1.000 (Reference)
	
	1.000 (Reference)
	

	
	Q2
	0.568 (0.391 - 0.824)
	0.003
	0.773 (0.534 - 1.119)
	0.173
	0.836 (0.564 - 1.239)
	0.372

	
	Q3
	0.334 (0.217 - 0.514)
	<.001
	0.524 (0.334 - 0.823)
	0.005
	0.425 (0.257 - 0.702)
	<.001

	
	Q4
	0.171 (0.097 - 0.301)
	<.001
	0.325 (0.189 - 0.558)
	<.001
	0.297 (0.157 - 0.563)
	<.001

	
	P trend
	
	<.001
	
	<.001
	
	<.001

	LC9
	Continuous
	0.951 (0.942 - 0.960)
	<.001
	0.967 (0.955 - 0.979)
	<.001
	0.968 (0.956 - 0.981)
	<.001

	
	Q1
	1.000 (Reference)
	
	1.000 (Reference)
	
	1.000 (Reference)
	

	
	Q2
	0.624 (0.428 - 0.909)
	0.014
	0.856 (0.587 - 1.247)
	0.417
	0.927 (0.623 - 1.380)
	0.710

	
	Q3
	0.306 (0.200 - 0.468)
	<.001
	0.487 (0.307 - 0.772)
	0.002
	0.424 (0.262 - 0.687)
	<.001

	
	Q4
	0.158 (0.085 - 0.294)
	<.001
	0.295 (0.161 - 0.541)
	<.001
	0.255 (0.117 - 0.555)
	<.001

	
	P trend
	
	<.001
	
	<.001
	
	<.001

	CKM（Stages 0-3 ）

	LS7
	Continuous
	0.740 (0.687 - 0.796)
	<.001
	0.838 (0.769 - 0.913)
	<.001
	0.855 (0.783 - 0.934)
	<.001

	
	Q1
	1.000 (Reference)
	
	1.000 (Reference)
	
	1.000 (Reference)
	

	
	Q2
	0.369 (0.238 - 0.573)
	<.001
	0.464 (0.299 - 0.719)
	<.001
	0.496 (0.316 - 0.779)
	0.002

	
	Q3
	0.361 (0.220 - 0.592)
	<.001
	0.568 (0.316 - 1.021)
	0.059
	0.629 (0.327 - 1.209)
	0.165

	
	Q4
	0.154 (0.092 - 0.260)
	<.001
	0.343 (0.197 - 0.595)
	<.001
	0.408 (0.220 - 0.754)
	0.004

	
	P trend
	
	<.001
	
	<.001
	
	0.002

	LE8
	Continuous
	0.958 (0.946 - 0.969)
	<.001
	0.972 (0.959 - 0.985)
	<.001
	0.975 (0.962 - 0.988)
	<.001

	
	Q1
	1.000 (Reference)
	
	1.000 (Reference)
	
	1.000 (Reference)
	

	
	Q2
	0.653 (0.428 - 0.996)
	0.048
	0.849 (0.558 - 1.293)
	0.446
	0.974 (0.644 - 1.476)
	0.903

	
	Q3
	0.377 (0.229 - 0.621)
	<.001
	0.551 (0.323 - 0.941)
	0.029
	0.450 (0.250 - 0.813)
	0.008

	
	Q4
	0.170 (0.084 - 0.344)
	<.001
	0.285 (0.143 - 0.566)
	<.001
	0.273 (0.127 - 0.585)
	<.001

	
	P trend
	
	<.001
	
	<.001
	
	<.001

	LC9
	Continuous
	0.953 (0.941 - 0.965)
	<.001
	0.968 (0.954 - 0.983)
	<.001
	0.971 (0.956 - 0.985)
	<.001

	
	Q1
	1.000 (Reference)
	
	1.000 (Reference)
	
	1.000 (Reference)
	

	
	Q2
	0.680 (0.446 - 1.036)
	0.073
	0.915 (0.589 - 1.422)
	0.694
	1.048 (0.674 - 1.629)
	0.836

	
	Q3
	0.322 (0.197 - 0.528)
	<.001
	0.479 (0.278 - 0.824)
	0.008
	0.420 (0.237 - 0.745)
	0.003

	
	Q4
	0.161 (0.076 - 0.340)
	<.001
	0.268 (0.127 - 0.565)
	<.001
	0.252 (0.107 - 0.597)
	0.002

	
	P trend
	
	<.001
	
	<.001
	
	<.001

	CKM（Stage 4 ）

	LS7
	Continuous
	0.842 (0.726 - 0.977)
	0.024
	0.868 (0.731 - 1.030)
	0.104
	0.835 (0.683 - 1.021)
	0.078

	
	Q1
	1.000 (Reference)
	
	1.000 (Reference)
	
	1.000 (Reference)
	

	
	Q2
	0.276 (0.134 - 0.565)
	<.001
	0.251 (0.111 - 0.567)
	<.001
	0.290 (0.138 - 0.607)
	0.001

	
	Q3
	0.184 (0.057 - 0.590)
	0.004
	0.295 (0.086 - 1.010)
	0.052
	0.404 (0.099 - 1.651)
	0.207

	
	Q4
	0.480 (0.211 - 1.089)
	0.079
	0.766 (0.300 - 1.960)
	0.579
	0.718 (0.206 - 2.504)
	0.603

	
	P trend
	
	0.009
	
	0.062
	
	0.081

	LE8
	Continuous
	0.968 (0.947 - 0.989)
	0.003
	0.966 (0.939 - 0.994)
	0.016
	0.961 (0.930 - 0.994)
	0.019

	
	Q1
	1.000 (Reference)
	
	1.000 (Reference)
	
	1.000 (Reference)
	

	
	Q2
	0.415 (0.209 - 0.824)
	0.012
	0.463 (0.211 - 1.016)
	0.055
	0.326 (0.142 - 0.747)
	0.008

	
	Q3
	0.446 (0.170 - 1.173)
	0.102
	0.447 (0.172 -  1.162)
	0.099
	0.407 (0.119 - 1.392)
	0.152

	
	Q4
	0.404 (0.154 - 1.058)
	0.065
	0.537 (0.160 - 1.803)
	0.315
	0.534 (0.115 - 2.472)
	0.422

	
	P trend
	
	0.022
	
	0.083
	
	0.067

	LC9
	Continuous
	0.968 (0.948 - 0.988)
	0.002
	0.965 (0.939 - 0.992)
	0.012
	0.959 (0.928 - 0.991)
	0.013

	
	Q1
	1.000 (Reference)
	
	1.000 (Reference)
	
	1.000 (Reference)
	

	
	Q2
	0.638 (0.308 - 1.320)
	0.225
	0.643 (0.304 - 1.361)
	0.248
	0.418 (0.183 - 0.955)
	0.038

	
	Q3
	0.613 (0.260 - 1.443)
	0.262
	0.706 (0.287 - 1.735)
	0.448
	0.678 (0.248 - 1.854)
	0.450

	
	Q4
	0.339 (0.102 - 1.128)
	0.078
	0.424 (0.119 - 1.513)
	0.186
	0.263 (0.050 - 1.377)
	0.114

	
	P trend
	
	0.038
	
	0.144
	
	0.042




  



























Abbreviation: LS7, Life's Simple 7; LE8, Life's Essential 8; LC9, Life's Crucial 9; CKM, cardiovascular-kidney-metabolic; PIR, poverty income ratio; HR, hazard ratio; CI, confidence interval. Q1–Q4 represent quartiles of the respective score, with Q1 as the reference group. Bold font indicates statistically significant differences (P < 0.05).
† Model 1: Crude model.
‡ Model 2: Adjusted for sex, age, race/ethnicity, PIR, education level, and marital status.
§ Model 3: Adjusted for sex, age, race/ethnicity, PIR, education level, marital status, daily sitting time, AST, white blood cell count, platelet count, uric acid, and total energy intake.
All models were weighted to account for the complex survey design of NHANES.

	Table S7 Weighted multivariable logistic regression for the association of LS7, LE8, and LC9 scores with premature mortality in adults with CKM syndrome (imputed data)

	
	
	Model 1 †
	Model 2 ‡
	Model 3§

	Variables
	
	OR (95% CI)
	P
	OR (95% CI)
	P
	OR (95% CI)
	P

	CKM (Overall)

	LS7
	Continuous
	0.747 (0.700 - 0.796)
	<.001
	0.828 (0.771 - 0.888)
	<.001
	0.852 (0.791 - 0.919)
	<.001

	
	Q1
	1.000 (Reference)
	
	1.000 (Reference)
	
	1.000 (Reference)
	

	
	Q2
	0.335 (0.229 - 0.488)
	<.001
	0.402 (0.276 - 0.585)
	<.001
	0.427 (0.296 - 0.617)
	<.001

	
	Q3
	0.331 (0.210 - 0.521)
	<.001
	0.499 (0.312 - 0.797)
	0.005
	0.566 (0.349 - 0.920)
	0.024

	
	Q4
	0.164 (0.108 - 0.250)
	<.001
	0.332 (0.214 - 0.514)
	<.001
	0.401 (0.249 - 0.648)
	<.001

	
	P trend
	
	<.001
	
	<.001
	
	<.001

	LE8
	Continuous
	0.955 (0.946 - 0.965)
	<.001
	0.967 (0.956 - 0.978)
	<.001
	0.971 (0.959 - 0.982)
	<.001

	
	Q1
	1.000 (Reference)
	
	1.000 (Reference)
	
	1.000 (Reference)
	

	
	Q2
	0.586 (0.403 - 0.851)
	0.006
	0.686 (0.471 - 0.998)
	0.052
	0.741 (0.515 - 1.066)
	0.109

	
	Q3
	0.341 (0.219 - 0.530)
	<.001
	0.455 (0.288 - 0.719)
	0.001
	0.501 (0.316 - 0.794)
	0.004

	
	Q4
	0.177 (0.099 - 0.315)
	<.001
	0.310 (0.175 - 0.551)
	<.001
	0.369 (0.194 - 0.703)
	0.003

	
	P trend
	
	<.001
	
	<.001
	
	<.001

	LC9
	Continuous
	0.951 (0.941 - 0.961)
	<.001
	0.963 (0.951 - 0.974)
	<.001
	0.966 (0.954 - 0.979)
	<.001

	
	Q1
	1.000 (Reference)
	
	1.000 (Reference)
	
	1.000 (Reference)
	

	
	Q2
	0.663 (0.456 - 0.963)
	0.033
	0.807 (0.553 - 1.178)
	0.269
	0.858 (0.595 - 1.236)
	0.413

	
	Q3
	0.309 (0.201 - 0.477)
	<.001
	0.418 (0.264 - 0.661)
	<.001
	0.454 (0.289 - 0.713)
	<.001

	
	Q4
	0.166 (0.088 - 0.313)
	<.001
	0.294 (0.156 - 0.556)
	<.001
	0.345 (0.168 - 0.708)
	0.005

	
	P trend
	
	<.001
	
	<.001
	
	<.001

	CKM（Stages 0-3 ）

	LS7
	Continuous
	0.747 (0.693 - 0.806)
	<.001
	0.818 (0.753 - 0.889)
	<.001
	0.839 (0.767 - 0.917)
	<.001

	
	Q1
	1.000 (Reference)
	
	1.000 (Reference)
	
	1.000 (Reference)
	

	
	Q2
	0.386 (0.247 - 0.601)
	<.001
	0.435 (0.281 - 0.674)
	<.001
	0.455 (0.296 - 0.702)
	<.001

	
	Q3
	0.395 (0.237 - 0.659)
	<.001
	0.555 (0.329 - 0.937)
	0.030
	0.615 (0.355 - 1.065)
	0.086

	
	Q4
	0.165 (0.098 - 0.278)
	<.001
	0.301 (0.174 - 0.519)
	<.001
	0.357 (0.196 - 0.652)
	0.001

	
	P trend
	
	<.001
	
	<.001
	
	<.001

	LE8
	Continuous
	0.958 (0.946 - 0.970)
	<.001
	0.968 (0.955 - 0.981)
	<.001
	0.972 (0.957 - 0.986)
	<.001

	
	Q1
	1.000 (Reference)
	
	1.000 (Reference)
	
	1.000 (Reference)
	

	
	Q2
	0.672 (0.441 - 1.026)
	0.068
	0.745 (0.483 - 1.147)
	0.185
	0.791 (0.522 - 1.200)
	0.273

	
	Q3
	0.387 (0.231 - 0.646)
	<.001
	0.481 (0.281 - 0.824)
	0.009
	0.518 (0.300 - 0.894)
	0.020

	
	Q4
	0.176 (0.086 - 0.357)
	<.001
	0.280 (0.139 - 0.566)
	<.001
	0.329 (0.148 - 0.734)
	0.008

	
	P trend
	
	<.001
	
	<.001
	
	<.001

	LC9
	Continuous
	0.953 (0.941 - 0.966)
	<.001
	0.964 (0.950 - 0.978)
	<.001
	0.967 (0.951 - 0.983)
	<.001

	
	Q1
	1.000 (Reference)
	
	1.000 (Reference)
	
	1.000 (Reference)
	

	
	Q2
	0.721 (0.476 - 1.094)
	0.128
	0.836 (0.542 - 1.290)
	0.421
	0.878 (0.579 - 1.331)
	0.541

	
	Q3
	0.326 (0.197 - 0.540)
	<.001
	0.408 (0.239 - 0.699)
	0.002
	0.435 (0.254 - 0.747)
	0.003

	
	Q4
	0.169 (0.080 - 0.357)
	<.001
	0.271 (0.128 - 0.575)
	<.001
	0.315 (0.134 - 0.741)
	0.010

	
	P trend
	
	<.001
	
	<.001
	
	<.001

	CKM（Stage 4 ）

	LS7
	Continuous
	0.877 (0.742 - 1.037)
	0.129
	0.925 (0.778 - 1.100)
	0.382
	0.969 (0.801 - 1.171)
	0.745

	
	Q1
	1.000 (Reference)
	
	1.000 (Reference)
	
	1.000 (Reference)
	

	
	Q2
	0.272 (0.127 - 0.584)
	0.001
	0.330 (0.151 - 0.723)
	0.007
	0.358 (0.161 - 0.796)
	0.014

	
	Q3
	0.201 (0.060 - 0.667)
	0.010
	0.250 (0.070 - 0.900)
	0.037
	0.368 (0.102 - 1.331)
	0.132

	
	Q4
	0.597 (0.238 - 1.497)
	0.275
	1.021 (0.431 - 2.417)
	0.963
	1.433 (0.569 - 3.607)
	0.448

	
	P trend
	
	0.041
	
	0.147
	
	0.442

	LE8
	Continuous
	0.967 (0.944 - 0.990)
	0.006
	0.975 (0.948 - 1.002)
	0.069
	0.981 (0.954 - 1.009)
	0.183

	
	Q1
	1.000 (Reference)
	
	1.000 (Reference)
	
	1.000 (Reference)
	

	
	Q2
	0.446 (0.210 - 0.950)
	0.039
	0.551 (0.248 - 1.227)
	0.149
	0.660 (0.282 - 1.543)
	0.341

	
	Q3
	0.352 (0.132 - 0.942)
	0.041
	0.474 (0.192 - 1.170)
	0.110
	0.676 (0.283 - 1.615)
	0.382

	
	Q4
	0.455 (0.152 - 1.364)
	0.163
	0.763 (0.234 - 2.484)
	0.655
	1.025 (0.308 - 3.407)
	0.969

	
	P trend
	
	0.041
	
	0.224
	
	0.643

	LC9
	Continuous
	0.964 (0.942 - 0.987)
	0.003
	0.973 (0.946 - 1.000)
	0.056
	0.979 (0.951 - 1.008)
	0.167

	
	Q1
	1.000 (Reference)
	
	1.000 (Reference)
	
	1.000 (Reference)
	

	
	Q2
	0.657 (0.301 - 1.432)
	0.293
	0.791 (0.354 - 1.767)
	0.570
	0.887 (0.378 - 2.081)
	0.784

	
	Q3
	0.518 (0.220 - 1.221)
	0.137
	0.725 (0.322 - 1.629)
	0.439
	1.022 (0.452 - 2.310)
	0.959

	
	Q4
	0.381 (0.100 - 1.458)
	0.163
	0.632 (0.164 - 2.429)
	0.506
	0.863 (0.226 - 3.301)
	0.830

	
	P trend
	
	0.066
	
	0.363
	
	0.839





Abbreviation: LS7, Life's Simple 7; LE8, Life's Essential 8; LC9, Life's Crucial 9; CKM, cardiovascular-kidney-metabolic; PIR, poverty income ratio; OR, odds ratio; CI, confidence interval. Q1–Q4 represent quartiles of the respective score, with Q1 as the reference group. Bold font indicates statistically significant differences (P < 0.05).
† Model 1: Crude model.
‡ Model 2: Adjusted for sex, age, race/ethnicity, PIR, education level, and marital status.
§ Model 3: Adjusted for sex, age, race/ethnicity, PIR, education level, marital status, daily sitting time, AST, white blood cell count, platelet count, uric acid, and total energy intake.
All models were weighted to account for the complex survey design of NHANES.


Table S8 Multicollinearity assessment: variance inflation factors (VIF) for LS7, LE8, and LC9 in CKM stages 0–4, stages 0–3, and stage 4 populations 
(pre-imputation data)
	Variable
	GVIF
	Df
	GVIF^(1/(2*Df))

	CKM overall Population

	LS7
	1.522
	1
	1.234

	Race
	1.298
	4
	1.033

	Sex
	1.530
	1
	1.237

	Education
	1.389
	2
	1.086

	Marital Status
	1.353
	2
	1.079

	Daily Sitting Time
	1.075
	1
	1.037

	AST
	1.028
	1
	1.014

	Uric Acid
	1.352
	1
	1.163

	White Blood Cell Count
	1.258
	1
	1.121

	Platelet Count
	1.232
	1
	1.110

	Age
	1.593
	1
	1.262

	Poverty Income Ratio
	1.359
	1
	1.166

	Energy intake
	1.206
	1
	1.098

	LE8
	1.359
	1
	1.166

	Race
	1.301
	4
	1.033

	Sex
	1.53
	1
	1.237

	Education
	1.396
	2
	1.087

	Marital Status
	1.356
	2
	1.079

	Daily Sitting Time
	1.075
	1
	1.037

	AST
	1.027
	1
	1.013

	Uric Acid
	1.348
	1
	1.161

	White Blood Cell Count
	1.264
	1
	1.124

	Platelet Count
	1.232
	1
	1.110

	Age
	1.391
	1
	1.179

	Poverty Income Ratio
	1.38
	1
	1.175

	Energy intake
	1.206
	1
	1.098

	LC9
	1.365
	1
	1.169

	Race
	1.298
	4
	1.033

	Sex
	1.531
	1
	1.237

	Education
	1.397
	2
	1.087

	Marital Status
	1.357
	2
	1.079

	Daily Sitting Time
	1.076
	1
	1.037

	AST
	1.027
	1
	1.013

	Uric Acid
	1.345
	1
	1.16

	White Blood Cell Count
	1.263
	1
	1.124

	Platelet Count
	1.232
	1
	1.11

	Age
	1.388
	1
	1.178

	Poverty Income Ratio
	1.389
	1
	1.178

	Energy intake
	1.206
	1
	1.098

	CKM Stages 0-3 Population

	LS7
	1.498
	1
	1.224

	Race
	1.294
	4
	1.033

	Sex
	1.555
	1
	1.247

	Education
	1.389
	2
	1.086

	Marital Status
	1.341
	2
	1.076

	Daily Sitting Time
	1.079
	1
	1.039

	AST
	1.029
	1
	1.015

	Uric Acid
	1.368
	1
	1.170

	White Blood Cell Count
	1.26
	1
	1.122

	Platelet Count
	1.24
	1
	1.114

	Age
	1.574
	1
	1.254

	Poverty Income Ratio
	1.354
	1
	1.164

	Energy intake
	1.207
	1
	1.098

	LE8
	1.341
	1
	1.158

	Race
	1.296
	4
	1.033

	Sex
	1.554
	1
	1.247

	Education
	1.396
	2
	1.087

	Marital Status
	1.343
	2
	1.077

	Daily Sitting Time
	1.078
	1
	1.038

	AST
	1.028
	1
	1.014

	Uric Acid
	1.363
	1
	1.168

	White Blood Cell Count
	1.266
	1
	1.125

	Platelet Count
	1.24
	1
	1.114

	Age
	1.377
	1
	1.174

	Poverty Income Ratio
	1.373
	1
	1.172

	Energy intake
	1.207
	1
	1.099

	LC9
	1.345
	1
	1.160

	Race
	1.294
	4
	1.033

	Sex
	1.555
	1
	1.247

	Education
	1.397
	2
	1.087

	Marital Status
	1.345
	2
	1.077

	Daily Sitting Time
	1.080
	1
	1.039

	AST
	1.028
	1
	1.014

	Uric Acid
	1.361
	1
	1.166

	White Blood Cell Count
	1.264
	1
	1.124

	Platelet Count
	1.24
	1
	1.114

	Age
	1.373
	1
	1.172

	Poverty Income Ratio
	1.381
	1
	1.175

	Energy intake
	1.207
	1
	1.099

	CKM Stage 4 Population

	LS7
	1.234
	1
	1.111

	Race
	1.515
	4
	1.053

	Sex
	1.413
	1
	1.189

	Education
	1.438
	2
	1.095

	Marital Status
	1.374
	2
	1.083

	Daily Sitting Time
	1.085
	1
	1.042

	AST
	1.096
	1
	1.047

	Uric Acid
	1.155
	1
	1.075

	White Blood Cell Count
	1.339
	1
	1.157

	Platelet Count
	1.204
	1
	1.097

	Age
	1.196
	1
	1.093

	Poverty Income Ratio
	1.556
	1
	1.247

	Energy intake
	1.243
	1
	1.115

	LE8
	1.369
	1
	1.17

	Race
	1.518
	4
	1.054

	Sex
	1.413
	1
	1.188

	Education
	1.443
	2
	1.096

	Marital Status
	1.384
	2
	1.085

	Daily Sitting Time
	1.089
	1
	1.043

	AST
	1.095
	1
	1.047

	Uric Acid
	1.157
	1
	1.076

	White Blood Cell Count
	1.355
	1
	1.164

	Platelet Count
	1.204
	1
	1.097

	Age
	1.190
	1
	1.091

	Poverty Income Ratio
	1.587
	1
	1.260

	Energy intake
	1.243
	1
	1.115

	LC9
	1.412
	1
	1.188

	Race
	1.504
	4
	1.052

	Sex
	1.416
	1
	1.190

	Education
	1.445
	2
	1.096

	Marital Status
	1.387
	2
	1.085

	Daily Sitting Time
	1.091
	1
	1.045

	AST
	1.095
	1
	1.046

	Uric Acid
	1.095
	1
	1.073

	White Blood Cell Count
	1.360
	1
	1.166

	Platelet Count
	1.204
	1
	1.097

	Age
	1.193
	1
	1.092

	Poverty Income Ratio
	1.603
	1
	1.266

	Energy intake
	1.243
	1
	1.115


Abbreviation: chisq, chi-square statistic; df, degrees of freedom; CKM, cardiovascular-kidney-metabolic; LS7, Life's Simple 7; LE8, Life's Essential 8; LC9, Life's Crucial 9. P values were derived from the Schoenfeld residuals test. P > 0.05 indicates that the proportional hazards assumption is satisfied. All P values were > 0.05, suggesting no violation of the proportional hazards assumption for any of the models.

















Table S9 Proportional hazards assumption test (Schoenfeld residuals) for premature mortality with LS7, LE8, and LC9 in CKM stages 0–4, stages 0–3, and stage 4 populations (pre-imputation data)

	Variable
	chisq
	df
	P

	CKM Overall Population

	LS7
	0.00000263
	1
	1.00

	Race
	0.00049
	4
	1.00

	Sex
	0.0000635
	1
	0.99

	Education
	0.0000595
	2
	1.00

	Marital Status
	0.0000361
	2
	1.00

	Daily Sitting Time
	0.0000797
	1
	0.99

	AST
	0.0000425
	1
	0.99

	Uric Acid
	0.000485
	1
	0.98

	White Blood Cell Count
	0.000244
	1
	0.99

	Platelet Count
	0.0000375
	1
	1.00

	Age
	0.000202
	1
	0.99

	Poverty Income Ratio
	0.000128
	1
	0.99

	Energy intake
	0.0000919
	1
	0.99

	GLOBAL
	0.00221
	18
	1.00

	LE8
	0.00000401
	1
	1.00 

	Race
	0.000472
	4
	1.00 

	Sex
	0.0000688
	1
	0.99

	Education
	0.000059
	2
	1.00 

	Marital Status
	0.0000336
	2
	1.00 

	Daily Sitting Time
	0.0000778
	1
	0.99

	AST
	0.0000459
	1
	0.99

	Uric Acid
	0.000524
	1
	0.98

	White Blood Cell Count
	0.000183
	1
	0.99

	Platelet Count
	0.0000503
	1
	0.99

	Age
	0.000199
	1
	0.99

	Poverty Income Ratio
	0.000128
	1
	0.99

	Energy intake
	0.000092
	1
	0.99

	GLOBAL
	0.00218
	18
	1.00 

	LC9
	0.0000434
	1
	0.99

	Race
	0.000477
	4
	1.00 

	Sex
	0.0000739
	1
	0.99

	Education
	0.0000588
	2
	1.00 

	Marital Status
	0.0000332
	2
	1.00 

	Daily Sitting Time
	0.0000763
	1
	0.99

	AST
	0.0000459
	1
	0.99

	Uric Acid
	0.000529
	1
	0.98

	White Blood Cell Count
	0.00017
	1
	0.99

	Platelet Count
	0.0000542
	1
	0.99

	Age
	0.000199
	1
	0.99

	Poverty Income Ratio
	0.000123
	1
	0.99

	Energy intake
	0.0000979
	1
	0.99

	GLOBAL
	0.0023
	18
	1.00 

	CKM Stages 0-3 Population

	LS7
	0.0000152
	1
	1.00 

	Race
	0.00103
	4
	1.00 

	Sex
	0.0000857
	1
	0.99

	Education
	0.000154
	2
	1.00 

	Marital Status
	0.0000327
	2
	1.00 

	Daily Sitting Time
	0.000213
	1
	0.99

	AST
	0.0000246
	1
	1.00 

	Uric Acid
	0.000873
	1
	0.98

	White Blood Cell Count
	0.00029
	1
	0.99

	Platelet Count
	0.000000325
	1
	1.00 

	Age
	0.0000227
	1
	1.00 

	Poverty Income Ratio
	0.0000911
	1
	0.99

	Energy intake
	0.000144
	1
	0.99

	GLOBAL
	0.00301
	18
	1.00 

	LE8
	0.0000193
	1
	1.00 

	Race
	0.00101
	4
	1.00 

	Sex
	0.0000932
	1
	0.99

	Education
	0.000144
	2
	1.00 

	Marital Status
	0.0000331
	2
	1.00 

	Daily Sitting Time
	0.000206
	1
	0.99

	AST
	0.0000254
	1
	1.00 

	Uric Acid
	0.000902
	1
	0.98

	White Blood Cell Count
	0.000259
	1
	0.99

	Platelet Count
	0.00000145
	1
	1.00 

	Age
	0.0000228
	1
	1.00 

	Poverty Income Ratio
	0.0000915
	1
	0.99

	Energy intake
	0.000144
	1
	0.99

	GLOBAL
	0.00296
	18
	1.00 

	LC9
	0.000000424
	1
	1.00 

	Race
	0.00102
	4
	1.00 

	Sex
	0.0001
	1
	0.99

	Education
	0.000142
	2
	1.00 

	Marital Status
	0.0000332
	2
	1.00 

	Daily Sitting Time
	0.000207
	1
	0.99

	AST
	0.0000251
	1
	1.00 

	Uric Acid
	0.000901
	1
	0.98

	White Blood Cell Count
	0.000243
	1
	0.99

	Platelet Count
	0.00000204
	1
	1.00 

	Age
	0.0000217
	1
	1.00 

	Poverty Income Ratio
	0.0000901
	1
	0.99

	Energy intake
	0.000147
	1
	0.99

	GLOBAL
	0.00302
	18
	1.00 

	CKM Stage 4 Population

	LS7
	0.00467
	1
	0.95

	Race
	0.00917
	4
	1.00 

	Sex
	0.0000439
	1
	0.99

	Education
	0.0000787
	2
	1.00 

	Marital Status
	0.00307
	2
	1.00 

	Daily Sitting Time
	0.00355
	1
	0.95

	AST
	0.0000721
	1
	0.99

	Uric Acid
	0.001
	1
	0.97

	White Blood Cell Count
	0.000147
	1
	0.99

	Platelet Count
	7.98E-08
	1
	1.00 

	Age
	0.00205
	1
	0.96

	Poverty Income Ratio
	0.0000129
	1
	1.00 

	Energy intake
	0.000167
	1
	0.99

	GLOBAL
	0.0289
	18
	1.00 

	LE8
	0.0113
	1
	0.92

	Race
	0.0104
	4
	1.00 

	Sex
	0.000109
	1
	0.99

	Education
	0.000033
	2
	1.00 

	Marital Status
	0.00279
	2
	1.00 

	Daily Sitting Time
	0.0032
	1
	0.95

	AST
	0.0000306
	1
	1.00 

	Uric Acid
	0.000712
	1
	0.98

	White Blood Cell Count
	0.000208
	1
	0.99

	Platelet Count
	0.0000165
	1
	1.00 

	Age
	0.00206
	1
	0.96

	Poverty Income Ratio
	0.00003
	1
	1.00 

	Energy intake
	0.000151
	1
	0.99

	GLOBAL
	0.0365
	18
	1.00 

	LC9
	0.0111
	1
	0.92

	Race
	0.0108
	4
	1.00 

	Sex
	0.000137
	1
	0.99

	Education
	0.0000526
	2
	1.00 

	Marital Status
	0.00287
	2
	1.00 

	Daily Sitting Time
	0.0033
	1
	0.95

	AST
	0.0000219
	1
	1.00 

	Uric Acid
	0.0007
	1
	0.98

	White Blood Cell Count
	0.00022
	1
	0.99

	Platelet Count
	0.0000305
	1
	1.00 

	Age
	0.0022
	1
	0.96

	Poverty Income Ratio
	0.0000267
	1
	1.00 

	Energy intake
	0.000189
	1
	0.99

	GLOBAL
	0.0362
	18
	1.00 



Abbreviation: chisq, chi-square statistic; df, degrees of freedom; CKM, cardiovascular-kidney-metabolic; LS7, Life's Simple 7; LE8, Life's Essential 8; LC9, Life's Crucial 9. P values were derived from the Schoenfeld residuals test. P > 0.05 indicates that the proportional hazards assumption is satisfied. All P values were > 0.05, suggesting no violation of the proportional hazards assumption for any of the models.
Table S10 Multicollinearity assessment: variance inflation factors (VIF) for LS7, LE8, and LC9 in CKM stages 0–4, stages 0–3, and stage 4 populations (imputed data)

	Variable
	GVIF
	Df
	GVIF^(1/(2*Df))

	CKM Overall Population

	LS7
	1.493
	1
	1.222

	Race
	1.311
	4
	1.034

	Sex
	1.531
	1
	1.237

	Education
	1.400
	2
	1.088

	Marital Status
	1.356
	2
	1.079

	Daily Sitting Time
	1.068
	1
	1.034

	AST
	1.028
	1
	1.014

	Uric Acid
	1.343
	1
	1.159

	White Blood Cell Count
	1.255
	1
	1.120

	Platelet Count
	1.222
	1
	1.105

	Age
	1.591
	1
	1.261

	Poverty Income Ratio
	1.359
	1
	1.166

	Energy intake
	1.220
	1
	1.104

	LE8
	1.333
	1
	1.155

	Race
	1.315
	4
	1.035

	Sex
	1.531
	1
	1.237

	Education
	1.404
	2
	1.089

	Marital Status
	1.358
	2
	1.079

	Daily Sitting Time
	1.068
	1
	1.034

	AST
	1.027
	1
	1.014

	Uric Acid
	1.341
	1
	1.158

	White Blood Cell Count
	1.261
	1
	1.123

	Platelet Count
	1.222
	1
	1.105

	Age
	1.395
	1
	1.181

	Poverty Income Ratio
	1.376
	1
	1.173

	Energy intake
	1.220
	1
	1.105

	LC9
	1.339
	1
	1.157

	Race
	1.312
	4
	1.035

	Sex
	1.532
	1
	1.238

	Education
	1.406
	2
	1.089

	Marital Status
	1.359
	2
	1.080

	Daily Sitting Time
	1.069
	1
	1.034

	AST
	1.027
	1
	1.014

	Uric Acid
	1.337
	1
	1.157

	White Blood Cell Count
	1.260
	1
	1.123

	Platelet Count
	1.222
	1
	1.105

	Age
	1.392
	1
	1.180

	Poverty Income Ratio
	1.384
	1
	1.176

	Energy intake
	1.220
	1
	1.105

	CKM Stages 0-3 Population

	LS7
	1.467
	1
	1.211

	Race
	1.308
	4
	1.034

	Sex
	1.552
	1
	1.552

	Education
	1.402
	2
	1.088

	Marital Status
	1.345
	2
	1.077

	Daily Sitting Time
	1.070
	1
	1.035

	AST
	1.030
	1
	1.015

	Uric Acid
	1.357
	1
	1.165

	White Blood Cell Count
	1.256
	1
	1.121

	Platelet Count
	1.224
	1
	1.107

	Age
	1.573
	1
	1.254

	Poverty Income Ratio
	1.353
	1
	1.163

	Energy intake
	1.218
	1
	1.104

	LE8
	1.316
	1
	1.147

	Race
	1.312
	4
	1.035

	Sex
	1.552
	1
	1.246

	Education
	1.406
	2
	1.089

	Marital Status
	1.347
	2
	1.077

	Daily Sitting Time
	1.070
	1
	1.034

	AST
	1.029
	1
	1.014

	Uric Acid
	1.354
	1
	1.163

	White Blood Cell Count
	1.261
	1
	1.123

	Platelet Count
	1.225
	1
	1.107

	Age
	1.383
	1
	1.176

	Poverty Income Ratio
	1.370
	1
	1.170

	Energy intake
	1.219
	1
	1.104

	LC9
	1.319
	1
	1.148

	Race
	1.310
	4
	1.034

	Sex
	1.553
	1
	1.246

	Education
	1.407
	2
	1.089

	Marital Status
	1.348
	2
	1.077

	Daily Sitting Time
	1.071
	1
	1.035

	AST
	1.029
	1
	1.014

	Uric Acid
	1.351
	1
	1.162

	White Blood Cell Count
	1.260
	1
	1.123

	Platelet Count
	1.225
	1
	1.107

	Age
	1.379
	1
	1.174

	Poverty Income Ratio
	1.377
	1
	1.173

	Energy intake
	1.219
	1
	1.104

	CKM Stage 4 Population

	LS7
	1.232
	1
	1.110

	Race
	1.545
	4
	1.056

	Sex
	1.454
	1
	1.206

	Education
	1.423
	2
	1.092

	Marital Status
	1.401
	2
	1.088

	Daily Sitting Time
	1.090
	1
	1.044

	AST
	1.098
	1
	1.048

	Uric Acid
	1.178
	1
	1.085

	White Blood Cell Count
	1.340
	1
	1.157

	Platelet Count
	1.228
	1
	1.108

	Age
	1.202
	1
	1.096

	Poverty Income Ratio
	1.548
	1
	1.244

	Energy intake
	1.255
	1
	1.120

	LE8
	1.343
	1
	1.159

	Race
	1.540
	4
	1.055

	Sex
	1.454
	1
	1.206

	Education
	1.425
	2
	1.093

	Marital Status
	1.407
	2
	1.089

	Daily Sitting Time
	1.092
	1
	1.045

	AST
	1.098
	1
	1.048

	Uric Acid
	1.182
	1
	1.087

	White Blood Cell Count
	1.358
	1
	1.166

	Platelet Count
	1.228
	1
	1.108

	Age
	1.195
	1
	1.093

	Poverty Income Ratio
	1.578
	1
	1.256

	Energy intake
	1.256
	1
	1.121

	LC9
	1.378
	1
	1.174

	Race
	1.527
	4
	1.054

	Sex
	1.458
	1
	1.208

	Education
	1.425
	2
	1.093

	Marital Status
	1.409
	2
	1.090

	Daily Sitting Time
	1.093
	1
	1.045

	AST
	1.097
	1
	1.047

	Uric Acid
	1.177
	1
	1.085

	White Blood Cell Count
	1.364
	1
	1.168

	Platelet Count
	1.228
	1
	1.108

	Age
	1.197
	1
	1.094

	Poverty Income Ratio
	1.591
	1
	1.261

	Energy intake
	1.255
	1
	1.120


Abbreviation: GVIF, generalized variance inflation factor; Df, degrees of freedom; CKM, cardiovascular-kidney-metabolic; LS7, Life's Simple 7; LE8, Life's Essential 8; LC9, Life's Crucial 9. For categorical variables with Df > 1, GVIF^(1/(2×Df)) is the adjusted VIF comparable across variables with different degrees of freedom; for continuous variables (Df = 1), GVIF equals the traditional VIF. VIF values < 10 indicate no significant multicollinearity. All VIF values were well below 10, suggesting no significant multicollinearity among the covariates.

















Table S11 Proportional hazards assumption test (Schoenfeld residuals) for premature mortality with LS7, LE8, and LC9 in CKM stages 0–4, stages 0–3, and stage 4 populations (imputed data)

	Variable
	chisq
	df
	P

	CKM Overall Population

	LS7
	0.000216
	1
	0.99

	Race
	0.0000815
	4
	1.00

	Sex
	0.00011
	1
	0.99

	Education
	0.0000365
	2
	1.00

	Marital Status
	0.000225
	2
	1.00

	Daily Sitting Time
	0.000177
	1
	0.99

	AST
	0.0000462
	1
	0.99

	Uric Acid
	0.000081
	1
	0.99

	White Blood Cell Count
	0.0000194
	1
	1.00

	Platelet Count
	0.00000157
	1
	1.00

	Age
	0.000115
	1
	0.99

	Poverty Income Ratio
	0.0000135
	1
	1.00

	Energy intake
	0.00000273
	1
	1.00

	GLOBAL
	0.00173
	18
	1.00

	LE8
	0.000315
	1
	0.99

	Race
	0.0000716
	4
	1.00

	Sex
	0.0000964
	1
	0.99

	Education
	0.0000338
	2
	1.00

	Marital Status
	0.000196
	2
	1.00

	Daily Sitting Time
	0.000182
	1
	0.99

	AST
	0.0000563
	1
	0.99

	Uric Acid
	0.0000974
	1
	0.99

	White Blood Cell Count
	0.00000922
	1
	1.00

	Platelet Count
	0.00000371
	1
	1.00

	Age
	0.0000981
	1
	0.99

	Poverty Income Ratio
	0.0000161
	1
	1.00

	Energy intake
	0.00000287
	1
	1.00

	GLOBAL
	0.00172
	18
	1.00

	LC9
	0.000411
	1
	0.98

	Race
	0.0000708
	4
	1.00

	Sex
	0.0000911
	1
	0.99

	Education
	0.0000325
	2
	1.00

	Marital Status
	0.000193
	2
	1.00

	Daily Sitting Time
	0.000186
	1
	0.99

	AST
	0.0000548
	1
	0.99

	Uric Acid
	0.0000995
	1
	0.99

	White Blood Cell Count
	0.0000047
	1
	1.00

	Platelet Count
	0.00000543
	1
	1.00

	Age
	0.0000947
	1
	0.99

	Poverty Income Ratio
	0.0000149
	1
	1.00

	Energy intake
	0.00000481
	1
	1.00

	GLOBAL
	0.00186
	18
	1.00

	CKM Stages 0-3 Population

	LS7
	0.0000818
	1
	0.99

	Race
	0.000378
	4
	1.00

	Sex
	0.0000744
	1
	0.99

	Education
	0.000126
	2
	1.00

	Marital Status
	0.000405
	2
	1.00

	Daily Sitting Time
	0.000273
	1
	0.99

	AST
	0.0000326
	1
	1.00

	Uric Acid
	0.000422
	1
	0.98

	White Blood Cell Count
	0.000000106
	1
	1.00

	Platelet Count
	0.00000385
	1
	1.00

	Age
	0.0000235
	1
	1.00

	Poverty Income Ratio
	0.000000276
	1
	1.00

	Energy intake
	0.0000409
	1
	0.99

	GLOBAL
	0.0022
	18
	1.00

	LE8
	0.000115
	1
	0.99

	Race
	0.000358
	4
	1.00

	Sex
	0.0000617
	1
	0.99

	Education
	0.000114
	2
	1.00

	Marital Status
	0.00037
	2
	1.00

	Daily Sitting Time
	0.000265
	1
	0.99

	AST
	0.0000405
	1
	0.99

	Uric Acid
	0.000446
	1
	0.98

	White Blood Cell Count
	0.000000434
	1
	1.00

	Platelet Count
	0.00000301
	1
	1.00

	Age
	0.0000182
	1
	1.00

	Poverty Income Ratio
	0.0000000783
	1
	1.00

	Energy intake
	0.0000403
	1
	0.99

	GLOBAL
	0.00217
	18
	1.00

	LC9
	0.000179
	1
	0.99

	Race
	0.000358
	4
	1.00

	Sex
	0.000058
	1
	0.99

	Education
	0.000113
	2
	1.00

	Marital Status
	0.000363
	2
	1.00

	Daily Sitting Time
	0.000276
	1
	0.99

	AST
	0.0000385
	1
	1.00

	Uric Acid
	0.000446
	1
	0.98

	White Blood Cell Count
	0.000000015
	1
	1.00

	Platelet Count
	0.00000206
	1
	1.00

	Age
	0.0000167
	1
	1.00

	Poverty Income Ratio
	0.000000113
	1
	1.00

	Energy intake
	0.0000365
	1
	1.00

	GLOBAL
	0.00224
	18
	1.00

	CKM Stage 4 Population

	LS7
	0.00593
	1
	0.94

	Race
	0.0099
	4
	1.00

	Sex
	0.000368
	1
	0.98

	Education
	0.00118
	2
	1.00

	Marital Status
	0.000258
	2
	1.00

	Daily Sitting Time
	0.000794
	1
	0.98

	AST
	0.000592
	1
	0.98

	Uric Acid
	0.00299
	1
	0.96

	White Blood Cell Count
	0.00152
	1
	0.97

	Platelet Count
	0.000309
	1
	0.99

	Age
	0.000423
	1
	0.98

	Poverty Income Ratio
	0.0000979
	1
	0.99

	Energy intake
	0.00115
	1
	0.97

	GLOBAL
	0.0318
	18
	1.00

	LE8
	0.010222
	1
	0.92

	Race
	0.011604
	4
	1.00

	Sex
	0.000272
	1
	0.99

	Education
	0.001006
	2
	1.00

	Marital Status
	0.000344
	2
	1.00

	Daily Sitting Time
	0.000699
	1
	0.98

	AST
	0.000543
	1
	0.98

	Uric Acid
	0.00245
	1
	0.96

	White Blood Cell Count
	0.001196
	1
	0.97

	Platelet Count
	0.000247
	1
	0.99

	Age
	0.000388
	1
	0.98

	Poverty Income Ratio
	0.000102
	1
	0.99

	Energy intake
	0.001246
	1
	0.97

	GLOBAL
	0.037447
	18
	1.00

	LC9
	0.0107
	1
	0.92

	Race
	0.012
	4
	1.00

	Sex
	0.000223
	1
	0.99

	Education
	0.000942
	2
	1.00

	Marital Status
	0.000359
	2
	1.00

	Daily Sitting Time
	0.000746
	1
	0.98

	AST
	0.000481
	1
	0.98

	Uric Acid
	0.0024
	1
	0.96

	White Blood Cell Count
	0.00119
	1
	0.97

	Platelet Count
	0.000172
	1
	0.99

	Age
	0.000383
	1
	0.98

	Poverty Income Ratio
	0.0000953
	1
	0.99

	Energy intake
	0.00143
	1
	0.97

	GLOBAL
	0.038
	18
	1.00



Abbreviation: chisq, chi-square statistic; df, degrees of freedom; CKM, cardiovascular-kidney-metabolic; LS7, Life's Simple 7; LE8, Life's Essential 8; LC9, Life's Crucial 9. P values were derived from the Schoenfeld residuals test. P > 0.05 indicates that the proportional hazards assumption is satisfied. All P values were > 0.05, suggesting no violation of the proportional hazards assumption for any of the models.








Table S12 Distribution of missing data for covariates in the study population.
	Variables
	Total
	   Freq
	Miss (Percent)

	AST
	8,532
	8,486
	46 (0.54)

	Uric Acid
	8,532
	8,501
	31 (0.36)

	White Blood Cell Count
	8,532
	8,508
	24 (0.28)

	Platelet Count
	8,532
	8,507
	25 (0.29)

	Race
	8,532
	8,532
	0 (0.00)

	Marital Status
	8,532
	8,531
	1 (0.01)

	Sex
	8,532
	8,532
	0 (0.00)

	Age
	8,532
	8,532
	0 (0.00)

	Education
	8,532
	8,529
	3 (0.04)

	Poverty Income Ratio
	8,532
	7,894
	638 (7.48)

	Energy intake
	8,532
	8,532
	0 (0.00)

	Daily sitting time
	8,532
	7,897
	635 (7.44)


Missing percentages were calculated using the total number of participants (n=8,532) as the denominator. Abbreviations: AST, aspartate aminotransferase; PIR, poverty income ratio.
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