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sMethods
1. Definition of CKM health stages 0-4
Stage 0 involves individuals without overweight/obesity, metabolic risk factors (hypertension, hypertriglyceridemia, metabolic syndrome, diabetes), CKD, or subclinical/clinical CVD;
 
Stage 1 included individuals with overweight/obesity, abdominal obesity, or dysfunctional adipose tissue without other metabolic risk factors or CKD: body mass index ≥ 25 kg/m2, waist circumference ≥ 88/102 cm female/male, and/or glycated hemoglobin between 5.7% and 6.4%;
 
Stage 2 included individuals with metabolic risk factors or CKD;
 
Stage 3 included patients with subclinical atherosclerotic CVD or subclinical heart failure who had excessive/dysfunctional obesity, other metabolic risk factors, or CKD. We used very high-risk Kidney Disease Improving Global Outcomes CKD stages (stage G4 or G5 CKD) (sTable m1) and a high-predicted 10-year CVD risk by the AHA Predicting Risk of CVD EVENTs (PREVENT) equations (base model) as risk equivalents for subclinical CVD 1,2.
 
sTable m1 GFR categories in CKD 3
	GFR category
	GFR (ml/min per 1.73 m2)
	Terms

	G1
	≥ 90
	Normal or high

	G2
	60-89
	Mildly decreased

	G3a
	45-59
	Mildly to moderately decreased

	G3b
	30-44
	Moderately to severely decreased

	G4
	15-29
	Severely decreased

	G5
	< 15
	Kidney failure


CKD, chronic kidney disease; GFR, glomerular filtration rate
 
High-predicted 10-year CVD risk was defined as ≥ 20% 10-year CVD risk by the American Heart Association Predicting Risk of CVD EVENTs (PREVENT) equations. The PREVENT equation 4 was developed and validated for adults aged 30-79 years old. In the UK Biobank, the baseline age range of participants was 40-69 years, and the 10-year CVD risk was calculated for all study population. In addition, the PREVENT equation was developed for variables with specific bounds (sTable m2). To approximate PREVENT risk strata, values for these variables above or below these bounds were set to the upper or lower bounds of allowable values respectively 2.
 
sTable m2 Variable bounds in the PREVENT equation 4
	Variables
	Lower bounds
	Upper bounds

	Total cholesterol, mg/dl
	130
	320

	High density lipoprotein cholesterol, mg/dl
	20
	100

	Systolic blood pressure, mmHg
	90
	200

	Estimated glomerular filtration rate, ml/min per 1.73 m2
	15
	140


 
Stage 4 includes patients with clinical CVD (coronary heart disease, heart failure, stroke, peripheral artery disease, atrial fibrillation) who had excessive/dysfunctional obesity, other metabolic risk factors, or CKD.












2. Assessment of CVH
According to the American Heart Association 5, CVH score consists of eight components: diet, physical activity, nicotine exposure, sleep health, body mass index, blood lipids, blood glucose, and blood pressure. The following was how these components are scored (sTable m3):

sTable m3 Definition and scoring approach for quantifying cardiovascular health, as per the American Heart Association’s Life’s Essential 8 score 5, and as applied in the study by Hind A. Beydoun et al. 6
	Domain
	CVH metric
	Method of measurement
	Quantification of CVH metric: adults (≥20 years of age)

	Health behaviors
	diet
	Measurement: Healthy Diet Index score (sTable m4)
	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
	Measurement: 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
	Measurement: Self-reported use of cigarettes
	Metric: Combustible tobacco use
Scoring:
Points Status
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

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

	Health factors
	body mass index
	Measurement: Body weight (kilograms) divided by height squared (meters squared)
	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
	Measurement: 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
	Measurement: casual HbA1c
	Metric: HbA1c (%)
Scoring:
Points Level
100   No history of diabetes and HbA1c < 5.7
60    No diabetes and HbA1c 5.7 - 6.4 (prediabetes)
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 pressure
	Measurement: Appropriately measured systolic and diastolic blood pressure
	Metric: Systolic and diastolic blood pressure (mmHg)
Scoring:
Points Level
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



sTable m4 Modified Healthy Diet Index in the UK biobank
	Food group
	Field id
	Definition of meeting 
criterion
	Criteria and scoring

	Consume more
	
	
	

	Fruits, fresh or dried
	1309 and 1319
	≥ 3 servings per day
	1=meets criterion, 0=does not 
meet criterion

	Vegetables, salad or cooked
	1289 and 1299
	≥ 3 servings per day
	1=meets criterion, 0=does not 
meet criterion

	Whole grains
	1438, 1448, 1458, and 1468
	Bread: wholemeal/wholegrain bread
Cereal: bran/oat/muesli cereal
≥ 3 servings per day
	1=meets criterion, 0=does not 
meet criterion

	Fish shellfish
	1329 and 1339
	≥ 2 servings per week
	1=meets criterion, 0=does not 
meet criterion

	Dairy products
	1408 and 1418
	≥ 2 servings per day
	1=meets criterion, 0=does not 
meet criterion

	Vegetable oils
	1428 and 2654
	olive oil or polyunsaturated/sunflower oil
	1=meets criterion, 0=does not 
meet criterion

	Consume less
	
	
	

	Refined grains, starches, added sugars
	1438, 1448, 1458, and 1468
	Follow a similar coding scheme as for whole grains but select non-whole grains
≤ 2 servings per day
	1=meets criterion, 0=does not 
meet criterion

	Processed meats
	1349
	Once a week or less
	1=meets criterion, 0=does not 
meet criterion

	Unprocessed red meats
	1369, 1379, and 1389
	Summation of frequency of consumption across three types of red meats (lamb/mutton, beef or pork).
≤ 2 servings per week
	1=meets criterion, 0=does not 
meet criterion

	Industrial trans fat
	1428
	Never or rarely use spread
	1=meets criterion, 0=does not 
meet criterion

	Sugar-sweetened beverages
	6144
	Never eat sugar or food/drink containing sugar
	1=meets criterion, 0=does not 
meet criterion

	Sodium
	1478
	Never or rarely add salt to food

	1=meets criterion, 0=does not 
meet criterion
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sTable 1 Baseline characteristics of participants included or excluded from main analyses due to missing information
	Baseline characteristics
	Included (n=302,171)
	Excluded (n=200,221) a
	Effect size b

	Age, year
	56.1 ± 8.1
	57.2 ± 8.1
	-0.132 (SMD)

	Males, n (%)
	145,462 (48.1)
	83,616 (41.8)
	0.127 (h)

	White, n (%)
	289,528 (95.8)
	183,067 (92.7)
	0.134 (h)

	College/University degree, n (%)
	108,233 (35.8)
	52,884 (27.8)
	0.172 (h)

	Average total household income before tax, n (%)
	
	
	0.063 (v)

	Less than 18,000
	64,645 (21.4)
	32,533 (26.4)
	

	18,000 to 30,999
	76,158 (25.2)
	31,995 (26.0)
	

	31,000 to 51,999
	80,221 (26.6)
	30,529 (24.8)
	

	52,000 to 100,000
	63,880 (21.1)
	22,367 (18.2)
	

	Greater than 100,000
	17,267 (5.7)
	5,657 (4.6)
	

	Townsend deprivation index
	-2.2 (-3.7, 0.3)
	-2.0 (-3.6, 1.0)
	-0.048 (r)

	History of cancer, n (%)
	22,448 (7.4)
	16,163 (8.2)
	-0.030 (h)

	Medication use, n (%)
	
	
	0.039 (v)

	Blood pressure medication
	27,379 (9.1)
	20,142 (10.5)
	

	Cholesterol lowering medication
	18,495 (6.1)
	12,678 (6.6)
	

	Insulin
	415 (0.1)
	347 (0.2)
	

	Any combination
	47,164 (15.6)
	33,188 (17.3)
	

	None of the above
	208,718 (69.1)
	125,263 (65.4)
	

	Diet score
	25 (25, 50)
	25 (25, 50)
	0.012 (r)

	Healthy Diet Index score
	4.6 ± 1.7
	4.5 ± 1.7
	0.028 (SMD)

	Physical activity score
	100 (40, 100)
	100 (40, 100)
	0.036 (r)

	Nicotine exposure score
	100 (75, 100)
	100 (75, 100)
	0.001 (r)

	Sleep health score
	100 (70, 100)
	100 (70, 100)
	0.038 (r)

	Body mass index score
	70 (70, 100)
	70 (30, 100)
	0.033 (r)

	Body mass index, kg/m2
	27.3 ± 4.7
	27.7 ± 5.0
	-0.078 (SMD)

	Blood lipids score
	40 (20, 60)
	40 (20, 60)
	0.015 (r)

	Non-HDL cholesterol, mg/dl
	163.9 ± 41.3
	164.8 ± 42.5
	-0.021 (SMD)

	Blood glucose score
	100 (100, 100)
	100 (100, 100)
	0.040 (r)

	Blood glucose, mg/dl
	91.6 ± 20.4
	94.2 ± 26.5
	-0.112 (SMD)

	Glycated hemoglobin, %
	5.4 ± 0.6
	5.5 ± 0.7
	-0.169 (SMD)

	Blood pressure score
	50 (25, 75)
	30 (25, 55)
	0.035 (r)

	Systolic blood pressure, mmHg
	137.3 ± 18.5
	138.7 ± 19.0
	-0.072 (SMD)

	Diastolic blood pressure, mmHg
	82.2 ± 10.1
	82.3 ± 10.2
	-0.009 (SMD)


a For excluded participants, the number of individuals with non-missing data varied by variable; percentages were calculated based on the available sample for each variable.
b For normally distributed continuous variables, standardized mean difference (SMD) was reported. For skewed continuous variables, rank-biserial correlation coefficient (r) was reported. For binary variables, Cohen’s h was reported. For multi-category variables, Cramer’s V was reported. Due to the very large sample sizes, all traditional p-values were <0.001; effect sizes quantify the practical magnitude of differences. Conventionally, |SMD| < 0.1, |r| < 0.1, |h| < 0.2, and V < 0.1 indicate negligible differences.









sTable 2 Variable importance ranking for all-cause and cardiovascular mortality
	Rank
	All-cause mortality
	Cardiovascular mortality

	
	Variable
	Relative influence (%)
	Variable
	Relative influence (%)

	1
	age
	34.36
	cardiovascular-kidney-metabolic stage
	34.34

	2
	cardiovascular-kidney-metabolic stage
	15.79
	age
	14.46

	3
	nicotine exposure score
	12.22
	Townsend deprivation index
	14.46

	4
	Townsend deprivation index
	7.33
	blood glucose score
	7.01

	5
	history of cancer
	6.51
	nicotine exposure score
	6.72

	6
	average total household income before tax
	6.21
	sex
	5.94

	7
	sex
	5.21
	medication use
	4.92

	8
	blood glucose score
	5.20
	average total household income before tax
	4.90

	9
	medication use
	1.47
	body mass index score
	1.65

	10
	physical activity score
	1.41
	blood pressure score
	1.44

	11
	body mass index score
	1.16
	education
	1.02

	12
	sleep health score
	0.86
	sleep health score
	0.99

	13
	blood pressure score
	0.72
	physical activity score
	0.94

	14
	blood lipids score
	0.54
	blood lipids score
	0.53

	15
	education
	0.51
	ethnicity
	0.32

	16
	diet score
	0.29
	history of cancer
	0.19

	17
	ethnicity
	0.23
	diet score
	0.17


Gradient boosting machine models were implemented using the gbm package in R with a Cox proportional hazards loss function. Key parameters were: n.trees = 3000, interaction.depth = 3, shrinkage = 0.01. The optimal number of trees was selected by 5-fold cross-validation via the gbm.perf function. Model performance was assessed by the C-index (0.764 for all-cause mortality and 0.828 for cardiovascular mortality). Variable importance was measured by relative influence, defined as the reduction in squared error attributed to each variable, reflecting predictive contribution within the model. For categorical variables with more than two levels (e.g., medication use, ethnicity), the relative influence of all dummy indicators was summed to obtain the total importance of the original variable.
[bookmark: _GoBack]sTable 3 Combined associations of CVH scores and non-advanced/advanced CKM health stages with the risk of mortality
	Combined group
	All-cause mortality
	Cardiovascular mortality

	
	Events/
Participants
	Adjusted hazard ratio (95% confidence interval)
	Events/
Participants
	Adjusted hazard ratio (95% confidence interval)

	Advanced CKM + CVH score 0-49
	1,494/5,278
	1.00 (Ref)
	480/5,278
	1.00 (Ref)

	Advanced CKM + CVH score 50-79
	3,372/19,505
	0.61 (0.57, 0.65) ***
	1,069/19,505
	0.61 (0.55, 0.69) ***

	Advanced CKM + CVH score 80-100
	102/871
	0.50 (0.41, 0.61) ***
	33/871
	0.55 (0.38, 0.78) **

	Non-advanced CKM + CVH score 0-49
	2,212/21,887
	0.59 (0.55, 0.63) ***
	419/21,887
	0.42 (0.37, 0.48) ***

	Non-advanced CKM + CVH score 50-79
	12,185/219,304
	0.36 (0.34, 0.38) ***
	1,895/219,304
	0.22 (0.20, 0.25) ***

	Non-advanced CKM + CVH score 80-100
	917/35,326
	0.27 (0.25, 0.29) ***
	83/35,326
	0.11 (0.08, 0.13) ***


Hazard ratios were calculated by adjusting for age, sex, ethnicity, education, average total household income before tax, Townsend deprivation index, history of cancer, and medication use (for cholesterol/blood pressure/diabetes). CVH, cardiovascular health; CKM, cardiovascular-kidney-metabolic. *P < 0.05, **P < 0.01, ***P < 0.001













sTable 4 Association between CVH components and the risk of mortality in non-advanced cardiovascular-kidney-metabolic health stages (stages 0-2)
	CVH components
	All-cause mortality
	Cardiovascular mortality

	
	Events/Participants
	Adjusted hazard ratio
(95% confidence interval)
	Events/Participants
	Adjusted hazard ratio
(95% confidence interval)

	Diet score
	
	
	
	

	0-49
	11,051/193,680
	1.00 (Ref)
	1,746/193,680
	1.00 (Ref)

	50-79
	4,152/80,864
	0.92 (0.88, 0.95) ***
	637/80,864
	0.95 (0.86, 1.04)

	80-100
	111/1,973
	0.84 (0.70, 1.02)
	14/1,973
	0.69 (0.41, 1.16)

	Physical activity score
	
	
	
	

	0-49
	4,467/69,376
	1.00 (Ref)
	700/69,376
	1.00 (Ref)

	50-79
	975/17,769
	0.89 (0.83, 0.96) **
	136/17,769
	0.81 (0.68, 0.98) *

	80-100
	9,872/189,372
	0.83 (0.80, 0.86) ***
	1,561/189,372
	0.86 (0.78, 0.94) **

	Nicotine exposure score
	
	
	
	

	0-49
	2,794/28,544
	1.00 (Ref)
	503/28,544
	1.00 (Ref)

	50-79
	4,475/60,493
	0.54 (0.52, 0.57) ***
	673/60,493
	0.42 (0.37, 0.48) ***

	80-100
	8,045/187,480
	0.42 (0.40, 0.44) ***
	1,221/187,480
	0.36 (0.32, 0.40) ***

	Sleep health score
	
	
	
	

	0-49
	1,400/16,966
	1.00 (Ref)
	227/16,966
	1.00 (Ref)

	50-79
	2,910/52,376
	0.80 (0.75, 0.86) ***
	483/52,376
	0.84 (0.72, 0.99) *

	80-100
	11,004/207,175
	0.76 (0.72, 0.81) ***
	1,687/207,175
	0.74 (0.64, 0.85) ***

	Body mass index score
	
	
	
	

	0-49
	4,005/60,410
	1.00 (Ref)
	685/60,410
	1.00 (Ref)

	50-79
	6,482/118,108
	0.86 (0.82, 0.89) ***
	1,056/118,108
	0.85 (0.77, 0.94) **

	80-100
	4,827/97,999
	0.92 (0.88, 0.97) **
	656/97,999
	0.87 (0.78, 0.98) *

	Blood lipids score
	
	
	
	

	0-49
	8,877/158,444
	1.00 (Ref)
	1,471/158,444
	1.00 (Ref)

	50-79
	3,144/65,570
	1.06 (1.02, 1.11) **
	424/65,570
	0.90 (0.80, 1.00)

	80-100
	3,293/52,503
	1.19 (1.13, 1.24) ***
	502/52,503
	0.94 (0.84, 1.05)

	Blood glucose score
	
	
	
	

	0-49
	952/8,870
	1.00 (Ref)
	193/8,870
	1.00 (Ref)

	50-79
	2,666/32,881
	0.73 (0.68, 0.80) ***
	433/32,881
	0.62 (0.51, 0.74) ***

	80-100
	11,696/234,766
	0.65 (0.60, 0.70) ***
	1,771/234,766
	0.54 (0.45, 0.64) ***

	Blood pressure score
	
	
	
	

	0-49
	9,181/130,989
	1.00 (Ref)
	1,641/130,989
	1.00 (Ref)

	50-79
	4,557/101,328
	0.93 (0.89, 0.96) ***
	587/101,328
	0.73 (0.66, 0.81) ***

	80-100
	1,576/44,200
	0.95 (0.89, 1.00)
	169/44,200
	0.67 (0.57, 0.80) ***


Hazard ratios were calculated by adjusting for age, sex, ethnicity, education, average total household income before tax, Townsend deprivation index, history of cancer, medication use (for cholesterol/blood pressure/diabetes), diet score, nicotine exposure score, physical activity score, sleep health score, body mass index score, blood glucose score, blood lipids score, and blood pressure score. CVH, cardiovascular health. *P < 0.05, **P < 0.01, ***P < 0.001












sTable 5 Association between CVH components and the risk of mortality in advanced cardiovascular-kidney-metabolic health stages (stages 3-4)
	CVH components
	All-cause mortality
	Cardiovascular mortality

	
	Events/Participants
	Adjusted hazard ratio
(95% confidence interval)
	Events/Participants
	Adjusted hazard ratio
(95% confidence interval)

	Diet score
	
	
	
	

	0-49
	3,581/17,619
	1.00 (Ref)
	1,118/17,619
	1.00 (Ref)

	50-79
	1,333/7,759
	0.90 (0.84, 0.96) **
	451/7,759
	0.98 (0.88, 1.10)

	80-100
	54/276
	0.99 (0.76, 1.30)
	13/276
	0.78 (0.45, 1.35)

	Physical activity score
	
	
	
	

	0-49
	1,867/8,048
	1.00 (Ref)
	573/8,048
	1.00 (Ref)

	50-79
	300/1,613
	0.85 (0.75, 0.96) **
	104/1,613
	0.96 (0.78, 1.18)

	80-100
	2,801/15,993
	0.79 (0.74, 0.84) ***
	905/15,993
	0.84 (0.76, 0.94) **

	Nicotine exposure score
	
	
	
	

	0-49
	1,118/3,882
	1.00 (Ref)
	334/3,882
	1.00 (Ref)

	50-79
	2,054/9,362
	0.70 (0.65, 0.76) ***
	675/9,362
	0.73 (0.63, 0.83) ***

	80-100
	1,796/12,410
	0.53 (0.49, 0.57) ***
	573/12,410
	0.55 (0.48, 0.64) ***

	Sleep health score
	
	
	
	

	0-49
	684/2,806
	1.00 (Ref)
	210/2,806
	1.00 (Ref)

	50-79
	911/4,878
	0.83 (0.75, 0.92) ***
	295/4,878
	0.86 (0.72, 1.03)

	80-100
	3,373/17,970
	0.82 (0.75, 0.89) ***
	1,077/17,970
	0.83 (0.72, 0.97) *

	Body mass index score
	
	
	
	

	0-49
	2,061/9,875
	1.00 (Ref)
	701/9,875
	1.00 (Ref)

	50-79
	2,095/11,796
	0.94 (0.88, 1.00)
	663/11,796
	0.87 (0.78, 0.98) *

	80-100
	812/3,983
	1.16 (1.07, 1.26) **
	218/3,983
	0.94 (0.80, 1.10)

	Blood lipids score
	
	
	
	

	0-49
	2,075/11,546
	1.00 (Ref)
	654/11,546
	1.00 (Ref)

	50-79
	372/2,147
	1.00 (0.89, 1.13)
	99/2,147
	0.99 (0.79, 1.25)

	80-100
	2,521/11,961
	1.09 (1.02, 1.16) **
	829/11,961
	1.04 (0.93, 1.15)

	Blood glucose score
	
	
	
	

	0-49
	1,620/5,749
	1.00 (Ref)
	534/5,749
	1.00 (Ref)

	50-79
	1,137/5,341
	0.74 (0.69, 0.80) ***
	354/5,341
	0.76 (0.66, 0.87) ***

	80-100
	2,211/14,564
	0.62 (0.58, 0.67) ***
	694/14,564
	0.65 (0.58, 0.74) ***

	Blood pressure score
	
	
	
	

	0-49
	3,604/17,685
	1.00 (Ref)
	1,154/17,685
	1.00 (Ref)

	50-79
	821/5,181
	1.00 (0.92, 1.08)
	246/5,181
	0.98 (0.85, 1.14)

	80-100
	543/2,788
	1.21 (1.10, 1.32) ***
	182/2,788
	1.26 (1.08, 1.48) **


Hazard ratios were calculated by adjusting for age, sex, ethnicity, education, average total household income before tax, Townsend deprivation index, history of cancer, medication use (for cholesterol/blood pressure/diabetes), diet score, nicotine exposure score, physical activity score, sleep health score, body mass index score, blood glucose score, blood lipids score, and blood pressure score. CVH, cardiovascular health. *P < 0.05, **P < 0.01, ***P < 0.001












sTable 6 Subgroup analysis of the association between CVH scores and the risk of mortality
	CVH scores
	All-cause mortality
	Cardiovascular mortality

	
	Events/Participants
	Adjusted hazard ratio (95% confidence interval)
	Events/Participants
	Adjusted hazard ratio (95% confidence interval)

	Sex group
	
	
	
	

	Males
	
	
	
	

	0-49
	2,440/15,476
	1.00 (Ref)
	664/15,476
	1.00 (Ref)

	50-79
	9,806/119,326
	0.62 (0.60, 0.65) ***
	2,212/119,326
	0.59 (0.54, 0.65) ***

	80-100
	439/10,660
	0.43 (0.39, 0.48) ***
	71/10,660
	0.34 (0.26, 0.44) ***

	Females
	
	
	
	

	0-49
	1,266/11,689
	1.00 (Ref)
	235/11,689
	1.00 (Ref)

	50-79
	5,751/119,483
	0.56 (0.52, 0.60) ***
	752/119,483
	0.46 (0.39, 0.53) ***

	80-100
	580/25,537
	0.45 (0.40, 0.50) ***
	45/25,537
	0.31 (0.22, 0.43) ***

	P for interaction
	-
	0.718
	-
	0.004

	Age group
	
	
	
	

	Age < 65 years
	
	
	
	

	0-49
	2,370/22,036
	1.00 (Ref)
	570/22,036
	1.00 (Ref)

	50-79
	9,164/194,202
	0.63 (0.60, 0.66) ***
	1,634/194,202
	0.57 (0.52, 0.63) ***

	80-100
	736/33,303
	0.43 (0.39, 0.47) ***
	70/33,303
	0.29 (0.22, 0.38) ***

	Age ≥ 65 years
	
	
	
	

	0-49
	1,336/5,129
	1.00 (Ref)
	329/5,129
	1.00 (Ref)

	50-79
	6,393/44,607
	0.63 (0.59, 0.67) ***
	1,330/44,607
	0.60 (0.53, 0.68) ***

	80-100
	283/2,894
	0.48 (0.42, 0.55) ***
	46/2,894
	0.42 (0.30, 0.59) ***

	P for interaction
	-
	<0.001
	-
	<0.001


Hazard ratios were calculated by adjusting for age, sex, ethnicity, education, average total household income before tax, Townsend deprivation index, history of cancer, medication use (for cholesterol/blood pressure/diabetes), and cardiovascular-kidney-metabolic health stages. CVH, cardiovascular health. *P < 0.05, **P < 0.01, ***P < 0.001

























sTable 7 Sensitivity analysis of the association between CVH scores and the risk of mortality
	CVH scores
	Adjusted hazard ratio (95% confidence interval)

	
	All-cause mortality
	Cardiovascular mortality

	Sensitivity analysis 1: Excluding participants whose outcomes occurred within 5 years after baseline (n=297,506)

	0-49
	1.00 (Ref)
	1.00 (Ref)

	50-79
	0.59 (0.57, 0.62) ***
	0.56 (0.51, 0.61) ***

	80-100
	0.46 (0.42, 0.50) ***
	0.35 (0.28, 0.45) ***

	Sensitivity analysis 2: Using multiple imputation method to deal with missing covariates (n=349,740)

	0-49
	1.00 (Ref)
	1.00 (Ref)

	50-79
	0.60 (0.58, 0.62) ***
	0.54 (0.50, 0.58) ***

	80-100
	0.44 (0.41, 0.48) ***
	0.31 (0.26, 0.38) ***

	Sensitivity analysis 3: Using other grouping methods of CVH scores (n=302,171)

	Tertile 1
	1.00 (Ref)
	1.00 (Ref)

	Tertile 2
	0.70 (0.68, 0.72) ***
	0.65 (0.61, 0.70) ***

	Tertile 3
	0.58 (0.56, 0.61) ***
	0.47 (0.42, 0.52) ***

	Sensitivity analysis 4: Using other grouping methods of CVH scores (n=302,171)

	0-49
	1.00 (Ref)
	1.00 (Ref)

	50-74
	0.61 (0.59, 0.64) ***
	0.57 (0.53, 0.62) ***

	75-100
	0.46 (0.44, 0.49) ***
	0.34 (0.30, 0.39) ***

	Sensitivity analysis 5: Using weighted CVH scores (n=302,171)

	Tertile 1
	1.00 (Ref)
	1.00 (Ref)

	Tertile 2
	0.61 (0.59, 0.63) ***
	0.59 (0.54, 0.63) ***

	Tertile 3
	0.53 (0.51, 0.55) ***
	0.46 (0.42, 0.52) ***

	Sensitivity analysis 6: Using Fine-Gray competing risks regression for cardiovascular mortality (n=302,171)

	0-49
	1.00 (Ref)
	1.00 (Ref)

	50-79
	-
	0.75 (0.58, 0.97) *

	80-100
	-
	0.22 (0.09, 0.51) ***

	Sensitivity analysis 7: Repeating main analyses in participants with CKM syndrome (stages 1-4) (n=259,143)

	0-49
	1.00 (Ref)
	1.00 (Ref)

	50-79
	0.60 (0.58, 0.62) ***
	0.55 (0.51, 0.60) ***

	80-100
	0.47 (0.43, 0.52) ***
	0.34 (0.26, 0.43) ***

	Sensitivity analysis 8: Using robust standard errors to confirm the robustness of the findings (n=302,171) a

	0-49
	1.00 (Ref)
	1.00 (Ref)

	50-79
	0.60 (0.58, 0.62) ***
	0.55 (0.51, 0.60) ***

	80-100
	0.45 (0.42, 0.49) ***
	0.33 (0.27, 0.41) ***


a DFBETA statistics were used to assess influential observations. Despite a small proportion of observations exceeding the conventional threshold 2/√N, all maximum DFBETA values were of low magnitude, indicating limited individual influence on model results.
Hazard ratios were calculated by adjusting for age, sex, ethnicity, education, average total household income before tax, Townsend deprivation index, history of cancer, medication use (for cholesterol/blood pressure/diabetes), and cardiovascular-kidney-metabolic health stages. CVH, cardiovascular health. *P < 0.05, **P < 0.01, ***P < 0.001












sFigure 1 Study flow chart
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