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Supplementary Table S1. Detailed description and scoring of the 30 deficits used to construct the frailty index in the CHARLS cohort.
	No
	Description of the items
	Cut-off value

	1
	Self-reported physician-diagnosed hypertension
	Yes = 1; No = 0

	2
	Self-reported physician-diagnosed diabetes or high blood sugar
	Yes = 1; No = 0

	3
	Self-reported physician-diagnosed cancer or malignant tumor
	Yes = 1; No = 0

	4
	Self-reported physician-diagnosed arthritis or rheumatism
	Yes = 1; No = 0

	5
	Self-reported physician-diagnosed chronic lung disease
	Yes = 1; No = 0

	6
	Self-reported physician-diagnosed asthma
	Yes = 1; No = 0

	7
	Self-reported physician-diagnosed emotional, nervous, or psychiatric problems
	Yes = 1; No = 0

	8
	Self-reported physician-diagnosed memory-related disease
	Yes = 1; No = 0

	9
	Self-reported vision problems
	Yes = 1; No = 0

	10
	Self-reported hearing problems
	Yes = 1; No = 0

	11
	Self-rated general health status
	Fair or poor = 1; excellent, very good, or good = 0

	12
	Difficulty with dressing
	Any difficulty = 1; no difficulty = 0

	13
	Difficulty with bathing or showering
	Any difficulty = 1; no difficulty = 0

	14
	Difficulty with eating
	Any difficulty = 1; no difficulty = 0

	15
	Difficulty with getting in/out of bed and walking across a room
	Any difficulty = 1; no difficulty = 0

	16
	Difficulty with using the toilet
	Any difficulty = 1; no difficulty = 0

	17
	Difficulty with managing assets
	Any difficulty = 1; no difficulty = 0

	18
	Difficulty with taking medications
	Any difficulty = 1; no difficulty = 0

	19
	Difficulty with shopping for groceries
	Any difficulty = 1; no difficulty = 0

	20
	Difficulty with preparing hot meals
	Any difficulty = 1; no difficulty = 0

	21
	Difficulty with doing household chores
	Any difficulty = 1; no difficulty = 0

	22
	Mobility limitation: difficulty walking 1 km
	Any difficulty = 1; no difficulty = 0

	23
	Mobility limitation: difficulty stooping, kneeling, or crouching
	Any difficulty = 1; no difficulty = 0

	24
	Mobility limitation: difficulty getting up from a chair after sitting for a long period
	Any difficulty = 1; no difficulty = 0

	25
	Mobility limitation: difficulty climbing several flights of stairs without resting
	Any difficulty = 1; no difficulty = 0

	26
	Mobility limitation: difficulty lifting or carrying weights over 10 jin
	Any difficulty = 1; no difficulty = 0

	27
	Mobility limitation: difficulty picking up a small coin from a table
	Any difficulty = 1; no difficulty = 0

	28
	Mobility limitation: difficulty reaching or extending arms above shoulder level
	Any difficulty = 1; no difficulty = 0

	29
	Depressive symptoms assessed using the CESD-10 questionnaire
	CESD-10 score > 10 = 1; CESD-10 score <= 10 = 0

	30
	Cognitive deficit based on word recall and orientation tests
	Continuous score = (memory deficit + orientation deficit) / 14; range 0-1


Memory-related disease indicates Alzheimer’s disease or dementia, organic brain senility, or other serious memory impairment.Depression is evaluated using Center for Epidemiologic Studies Depression Scale (CESD). In the CHARLS, CESD-10 is used, and the total score ranges from 0 to 30. The higher score indicates more severe depressive symptoms. The memory score is the average of words that are not recalled in the immediate and delayed word recall tasks. The memory score ranges from 0 to 10. The orientation test comprises four questions about the day of the week, the month, the date of the month, and the year. One point is given for each wrong answer, and the range is from 0 to 4.


[bookmark: TableS2]Supplementary Table S2. Detailed description and scoring of the 30 deficits used to construct the frailty index in the ELSA cohort.
	No
	Description of the items
	Cut-off value

	1
	Self-rated general health status
	Fair or poor = 1; excellent, very good, or good = 0

	2
	Self-reported physician-diagnosed high blood pressure
	Yes = 1; No = 0

	3
	Self-reported physician-diagnosed diabetes
	Yes = 1; No = 0

	4
	Self-reported physician-diagnosed cancer
	Yes = 1; No = 0

	5
	Self-reported physician-diagnosed lung disease
	Yes = 1; No = 0

	6
	Self-reported physician-diagnosed psychiatric problems
	Yes = 1; No = 0

	7
	Self-reported physician-diagnosed arthritis
	Yes = 1; No = 0

	8
	Self-reported physician-diagnosed depression
	Yes = 1; No = 0

	9
	Difficulty with activities of daily living
	Any difficulty = 1; no difficulty = 0

	10
	Difficulty with instrumental activities of daily living
	Any difficulty = 1; no difficulty = 0

	11
	Mobility limitation
	Any difficulty = 1; no difficulty = 0

	12
	Gross motor limitation
	Any difficulty = 1; no difficulty = 0

	13
	Fine motor limitation
	Any difficulty = 1; no difficulty = 0

	14
	Lower mobility limitation
	Any difficulty = 1; no difficulty = 0

	15
	Upper mobility limitation
	Any difficulty = 1; no difficulty = 0

	16
	Frequent problems with pain
	Yes = 1; No = 0

	17
	Urinary incontinence
	Yes = 1; No = 0

	18
	Self-rated eyesight
	Fair or poor = 1; excellent, very good, or good = 0

	19
	Self-rated hearing
	Fair or poor = 1; excellent, very good, or good = 0

	20
	Fall in the past two years
	Yes = 1; No = 0

	21
	Orientation deficit
	Fewer than 4 correct orientation items = 1; 4 correct items = 0

	22
	Word recall deficit
	Total word recall score = 0 coded as 1; total word recall score = 1 coded as 0 in the screening script

	23
	Depressive symptoms assessed using the CESD score
	CESD score >= 4 = 1; CESD score < 4 = 0

	24
	CESD item: everything was an effort
	Yes = 1; No = 0

	25
	CESD item: restless sleep
	Yes = 1; No = 0

	26
	CESD item: unhappy
	Yes = 1; No = 0

	27
	CESD item: felt lonely
	Yes = 1; No = 0

	28
	CESD item: felt sad
	Yes = 1; No = 0

	29
	CESD item: could not get going
	Yes = 1; No = 0

	30
	CESD item: did not enjoy life
	Yes = 1; No = 0




Supplementary Table S3. Detailed description and scoring of the 26 laboratory deficits used to construct the laboratory-based frailty index 
	No
	Laboratory item
	Deficit criterion

	1
	White blood cell count
	Outside 4.0-10.0 x10^9/L = 1; otherwise = 0

	2
	Absolute lymphocyte count
	Outside 1.0-4.0 x10^9/L = 1; otherwise = 0

	3
	Hemoglobin
	Men: outside 13.5-17.5 g/dL = 1; women: outside 12.0-15.5 g/dL = 1; otherwise = 0

	4
	Mean corpuscular volume
	Outside 80-100 fL = 1; otherwise = 0

	5
	Red blood cell distribution width
	>14.5% = 1; otherwise = 0

	6
	Platelet count
	Outside 150-450 x10^9/L = 1; otherwise = 0

	7
	Mean platelet volume
	Outside 7.5-12.0 fL = 1; otherwise = 0

	8
	Albumin
	Outside 3.5-5.0 g/dL = 1; otherwise = 0

	9
	Alkaline phosphatase
	Outside 44-147 U/L = 1; otherwise = 0

	10
	Alanine aminotransferase
	Outside 7-56 U/L = 1; otherwise = 0

	11
	Aspartate aminotransferase
	Outside 10-40 U/L = 1; otherwise = 0

	12
	Bicarbonate
	Outside 22-29 mmol/L = 1; otherwise = 0

	13
	Blood urea nitrogen
	Outside 7-20 mg/dL = 1; otherwise = 0

	14
	Calcium
	Outside 8.6-10.2 mg/dL = 1; otherwise = 0

	15
	Chloride
	Outside 98-107 mmol/L = 1; otherwise = 0

	16
	Estimated glomerular filtration rate
	<60 mL/min/1.73 m2 = 1; otherwise = 0

	17
	Gamma-glutamyl transferase
	Men: outside 8-61 U/L = 1; women: outside 5-36 U/L = 1; otherwise = 0

	18
	Serum iron
	Men: outside 65-175 ug/dL = 1; women: outside 50-170 ug/dL = 1; otherwise = 0

	19
	Serum osmolality
	Outside 275-295 mOsm/kg = 1; otherwise = 0

	20
	Phosphorus
	Outside 2.5-4.5 mg/dL = 1; otherwise = 0

	21
	Potassium
	Outside 3.5-5.1 mmol/L = 1; otherwise = 0

	22
	Sodium
	Outside 135-145 mmol/L = 1; otherwise = 0

	23
	Total bilirubin
	>1.2 mg/dL = 1; otherwise = 0

	24
	Total protein
	Outside 6.0-8.3 g/dL = 1; otherwise = 0

	25
	Uric acid
	Men: outside 3.4-7.0 mg/dL = 1; women: outside 2.4-6.0 mg/dL = 1; otherwise = 0

	26
	Globulin
	Outside 2.0-3.9 g/dL = 1; otherwise = 0
















[bookmark: TableS3]Supplementary Table S4. Assessment of multicollinearity among covariates included in the fully adjusted models for incident cardiovascular disease in CHARLS and ELSA
	Variable Name
	GVIF
	Df
	GVIF^(1/(2×Df))

	CHARLS Cohort
	
	
	

	WC-FI phenotype
	1.3677
	3
	1.0536

	Age
	1.3395
	1
	1.1574

	Sex
	2.5344
	1
	1.5920

	Education level
	1.5175
	2
	1.1099

	Marital status
	1.1591
	1
	1.0766

	Residence
	1.2600
	1
	1.1225

	Socioeconomic status
	1.1696
	2
	1.0400

	Smoking status
	1.9753
	1
	1.4055

	Alcohol consumption
	1.3910
	1
	1.1794

	ELSA Cohort
	
	
	

	WC-FI phenotype
	1.1843
	3
	1.0286

	Age
	1.2541
	1
	1.1199

	Sex
	1.1247
	1
	1.0605

	Education level
	1.2969
	2
	1.0671

	Marital status
	1.2107
	1
	1.1003

	Region
	1.1268
	3
	1.0201

	Socioeconomic status
	1.3847
	2
	1.0848

	Smoking status
	1.1010
	2
	1.0244

	Alcohol consumption
	1.0487
	1
	1.0241

	Hospital Cohort
	
	
	

	WC-FI-Lab phenotype
	1.0906
	3
	1.0146

	Age
	1.0327
	1
	1.0162

	Sex
	1.2375
	1
	1.1124

	Education level
	1.0347
	2
	1.0086

	Marital status
	1.0702
	1
	1.0345

	Smoking status
	1.1347
	1
	1.0652

	Alcohol consumption
	1.1477
	1
	1.0713


Abbreviations: GVIF, generalized variance inflation factor; Df, degrees of freedom; WC-FI, waist circumference-frailty index phenotype.
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Supplementary Table S5. Proportional hazards assumption tests for the cause-specific Cox models in CHARLS and ELSA
	Model
	Variable Name
	CHARLS χ²
	CHARLS P value
	ELSA χ²
	ELSA P value

	WC-FI model
	WC-FI phenotype (Main exposure)
	4.29
	0.232
	3.06
	0.383

	
	Age
	0.32
	0.572
	2.92
	0.088

	
	Sex
	2.19
	0.139
	3.27
	0.070

	
	Education level
	1.78
	0.411
	2.13
	0.345

	
	Marital status
	1.11
	0.293
	0.40
	0.527

	
	Residence/region
	0.00
	0.962
	5.33
	0.149

	
	Socioeconomic status
	0.64
	0.726
	0.06
	0.969

	
	Smoking status
	1.05
	0.306
	1.95
	0.377

	
	Alcohol consumption
	1.83
	0.176
	0.64
	0.422

	
	Global test
	7.63
	0.867
	17.60
	0.348


Abbreviations: WC-FI, waist circumference-frailty index phenotype. Schoenfeld residual-based tests were performed to assess the proportional hazards assumption in the cause-specific Cox models.







Supplementary Table S6. Time-varying effect tests for the Fine–Gray subdistribution hazard models in CHARLS and ELSA
	Cohort
	Time-dependent term
	Chi-square
	Df
	P value

	CHARLS
	High WC-Lower FI× log(time)
	0.03
	1
	0.866

	
	Low WC-Higher FI× log(time)
	4.53
	1
	0.033

	
	High WC-Higher FI× log(time)
	2.42
	1
	0.120

	
	Global test
	6.54
	3
	0.088

	ELSA
	High WC-Lower FI× log(time)
	0.14
	1
	0.707

	
	Low WC-Higher FI× log(time)
	13.13
	1
	<0.001

	
	High WC-Higher FI× log(time)
	10.65
	1
	0.001

	
	Global test
	19.53
	3
	<0.001


Abbreviations: WC-FI, waist circumference-frailty index phenotype. Time-varying effects were assessed by including interaction terms between each WC-FI phenotype and log(follow-up time) in the Fine–Gray models. Wald tests were used to assess the individual and global significance of the time-interaction terms.


Supplementary Table S7. Time-specific subdistribution hazard ratios for the WC–FI phenotypes in CHARLS and ELSA
	Cohort
	Follow-up time (years)
	Phenotype
	sHR (95% CI)
	P value

	CHARLS
	1
	High WC-Lower FI
	1.45 (0.86-2.45)
	0.166

	
	1
	Low WC-Higher FI
	2.16 (1.32-3.52)
	0.002

	
	1
	High WC-Higher FI
	3.33 (2.15-5.17)
	<0.001

	
	3
	High WC-Lower FI
	1.41 (1.10-1.81)
	0.006

	
	3
	Low WC-Higher FI
	1.57 (1.25-1.98)
	<0.001

	
	3
	High WC-Higher FI
	2.71 (2.20-3.35)
	<0.001

	
	5
	High WC-Lower FI
	1.39 (1.19-1.63)
	<0.001

	
	5
	Low WC-Higher FI
	1.36 (1.16-1.58)
	<0.001

	
	5
	High WC-Higher FI
	2.47 (2.14-2.85)
	<0.001

	
	7
	High WC-Lower FI
	1.38 (1.18-1.62)
	<0.001

	
	7
	Low WC-Higher FI
	1.23 (1.05-1.44)
	0.010

	
	7
	High WC-Higher FI
	2.32 (2.00-2.68)
	<0.001

	ELSA
	1
	High WC-Lower FI
	1.17 (0.61-2.24)
	0.629

	
	1
	Low WC-Higher FI
	3.55 (2.05-6.15)
	<0.001

	
	1
	High WC-Higher FI
	3.51 (2.12-5.80)
	<0.001

	
	3
	High WC-Lower FI
	1.11 (0.77-1.59)
	0.585

	
	3
	Low WC-Higher FI
	2.16 (1.59-2.93)
	<0.001

	
	3
	High WC-Higher FI
	2.34 (1.77-3.10)
	<0.001

	
	5
	High WC-Lower FI
	1.08 (0.84-1.38)
	0.559

	
	5
	Low WC-Higher FI
	1.71 (1.38-2.12)
	<0.001

	
	5
	High WC-Higher FI
	1.94 (1.59-2.36)
	<0.001

	
	7
	High WC-Lower FI
	1.06 (0.87-1.28)
	0.570

	
	7
	Low WC-Higher FI
	1.47 (1.23-1.75)
	<0.001

	
	7
	High WC-Higher FI
	1.71 (1.45-2.02)
	<0.001

	
	10
	High WC-Lower FI
	1.04 (0.87-1.24)
	0.682

	
	10
	Low WC-Higher FI
	1.25 (1.05-1.49)
	0.013

	
	10
	High WC-Higher FI
	1.50 (1.28-1.76)
	<0.001


Abbreviations: WC-FI, waist circumference-frailty index phenotype. 












[bookmark: TableS5]Supplementary Table S8. Baseline characteristics of participants according to WC–FI phenotypes in the ELSA cohort
	Characteristic
	Overall
N = 4,463
	Low WC-Lower FI
N = 1,330
	High WC-Lower FI
N = 914
	Low WC-Higher FI
N = 908
	High WC-Higher FI
N = 1,311
	p-value

	Age, years
	64.00 (57.00, 71.00)
	61.00 (56.00, 68.00)
	61.00 (56.00, 68.00)
	67.00 (59.00, 75.00)
	67.00 (59.00, 74.00)
	<0.001

	Waist circumference, cm
	95.33 ± 12.99
	87.26 ± 9.07
	103.44 ± 9.93
	86.05 ± 8.83
	104.28 ± 10.81
	<0.001

	Frailty index
	0.18 (0.14, 0.31)
	0.11 (0.10, 0.14)
	0.14 (0.10, 0.14)
	0.28 (0.24, 0.38)
	0.31 (0.24, 0.43)
	<0.001

	Sex
	
	
	
	
	
	<0.001

	  Female
	2,401 (53.8)
	575 (43.2)
	452 (49.5)
	516 (56.8)
	858 (65.4)
	

	  Male
	2,062 (46.2)
	755 (56.8)
	462 (50.5)
	392 (43.2)
	453 (34.6)
	

	Education
	
	
	
	
	
	<0.001

	  Low
	1,848 (41.4)
	364 (27.4)
	343 (37.5)
	429 (47.2)
	712 (54.3)
	

	  Middle
	1,259 (28.2)
	427 (32.1)
	266 (29.1)
	236 (26.0)
	330 (25.2)
	

	  High
	1,356 (30.4)
	539 (40.5)
	305 (33.4)
	243 (26.8)
	269 (20.5)
	

	Marital status
	
	
	
	
	
	<0.001

	  Married/partnered
	3,263 (73.1)
	1,065 (80.1)
	737 (80.6)
	593 (65.3)
	868 (66.2)
	

	  Non-married
	1,200 (26.9)
	265 (19.9)
	177 (19.4)
	315 (34.7)
	443 (33.8)
	

	Region
	
	
	
	
	
	<0.001

	  North
	1,336 (29.9)
	373 (28.0)
	235 (25.7)
	323 (35.6)
	405 (30.9)
	

	  Midlands
	892 (20.0)
	276 (20.8)
	180 (19.7)
	163 (18.0)
	273 (20.8)
	

	  London
	368 (8.2)
	106 (8.0)
	76 (8.3)
	85 (9.4)
	101 (7.7)
	

	  South
	1,867 (41.8)
	575 (43.2)
	423 (46.3)
	337 (37.1)
	532 (40.6)
	

	Socioeconomic status
	
	
	
	
	
	<0.001

	  Low
	1,704 (38.2)
	349 (26.2)
	293 (32.1)
	402 (44.3)
	660 (50.3)
	

	  Middle
	891 (20.0)
	276 (20.8)
	186 (20.4)
	170 (18.7)
	259 (19.8)
	

	  High
	1,868 (41.9)
	705 (53.0)
	435 (47.6)
	336 (37.0)
	392 (29.9)
	

	Smoking
	
	
	
	
	
	0.001

	  Never
	1,730 (38.8)
	563 (42.3)
	358 (39.2)
	330 (36.3)
	479 (36.5)
	

	  Former
	2,133 (47.8)
	607 (45.6)
	435 (47.6)
	425 (46.8)
	666 (50.8)
	

	  Current
	600 (13.4)
	160 (12.0)
	121 (13.2)
	153 (16.9)
	166 (12.7)
	

	Drinking
	
	
	
	
	
	<0.001

	  No
	372 (8.3)
	67 (5.0)
	47 (5.1)
	93 (10.2)
	165 (12.6)
	

	  Yes
	4,091 (91.7)
	1,263 (95.0)
	867 (94.9)
	815 (89.8)
	1,146 (87.4)
	

	Incident CVD, n (%)
	1,213 (27.2)
	305 (22.9)
	210 (23.0)
	267 (29.4)
	431 (32.9)
	<0.001

	Competing death, n (%)
	449 (10.1)
	90 (6.8)
	54 (5.9)
	137 (15.1)
	168 (12.8)
	<0.001

	Follow-up person-years
	48,967.2
	16,061.5
	10,929.2
	8,925.5
	13,051.1
	

	Follow-up time, years
	11.75 (6.00, 17.08)
	13.83 (7.67, 17.33)
	13.75 (7.58, 17.25)
	9.67 (5.46, 14.17)
	9.83 (5.71, 14.17)
	<0.001


Abbreviations: WC, waist circumference; FI, frailty index; CVD, cardiovascular disease; IQR, interquartile range.

Supplementary Table S9. Baseline characteristics of participants according to WC-FI-Lab phenotypes in the Hospital Cohort
	Characteristic
	Overall
N = 10,359
	Low WC-Lower FI-Lab
N = 1,535
	High WC-Lower FI-Lab
N = 2,518
	Low WC-Higher FI-Lab
N = 2,087
	High WC-Higher FI-Lab
N = 4,219
	p-value

	Age, years
	62.08 ± 10.47
	59.37 ± 9.67
	61.39 ± 9.65
	62.78 ± 11.09
	63.13 ± 10.70
	<0.001

	Waist circumference, cm
	90.90 (81.80, 101.30)
	78.20 (73.50, 84.00)
	95.80 (90.00, 104.00)
	78.40 (73.00, 84.05)
	98.80 (92.00, 108.20)
	<0.001

	FI-Lab
	0.08 (0.04, 0.12)
	0.04 (0.00, 0.04)
	0.04 (0.00, 0.04)
	0.12 (0.08, 0.15)
	0.12 (0.08, 0.15)
	<0.001

	Sex
	
	
	
	
	
	<0.001

	  Female
	5,249 (50.7)
	536 (34.9)
	1,578 (62.7)
	640 (30.7)
	2,495 (59.1)
	

	  Male
	5,110 (49.3)
	999 (65.1)
	940 (37.3)
	1,447 (69.3)
	1,724 (40.9)
	

	Education
	
	
	
	
	
	0.012

	  Illiterate
	1,160 (11.2)
	183 (11.9)
	295 (11.7)
	228 (10.9)
	454 (10.8)
	

	  Junior school or below
	1,297 (12.5)
	166 (10.8)
	278 (11.0)
	287 (13.8)
	566 (13.4)
	

	  High school or above
	7,902 (76.3)
	1,186 (77.3)
	1,945 (77.2)
	1,572 (75.3)
	3,199 (75.8)
	

	Marital status
	
	
	
	
	
	<0.001

	  Married/partnered
	6,309 (60.9)
	1,086 (70.7)
	1,551 (61.6)
	1,285 (61.6)
	2,387 (56.6)
	

	  Non-married
	4,050 (39.1)
	449 (29.3)
	967 (38.4)
	802 (38.4)
	1,832 (43.4)
	

	Smoking
	
	
	
	
	
	<0.001

	  No
	5,406 (52.2)
	844 (55.0)
	1,447 (57.5)
	986 (47.2)
	2,129 (50.5)
	

	  Yes
	4,953 (47.8)
	691 (45.0)
	1,071 (42.5)
	1,101 (52.8)
	2,090 (49.5)
	

	Drinking
	
	
	
	
	
	<0.001

	  No
	2,859 (27.6)
	364 (23.7)
	689 (27.4)
	524 (25.1)
	1,282 (30.4)
	

	  Yes
	7,500 (72.4)
	1,171 (76.3)
	1,829 (72.6)
	1,563 (74.9)
	2,937 (69.6)
	

	Prevalent CVD, n (%)
	1,721 (16.6)
	127 (8.3)
	302 (12.0)
	400 (19.2)
	892 (21.1)
	<0.001


Abbreviations: WC, waist circumference; FI-Lab, laboratory-based frailty index; CVD, cardiovascular disease; IQR, interquartile range.



[bookmark: TableS6]Supplementary Table S10. Association between baseline WC–FI phenotypes and incident CVD during follow-up in CHARLS and ELSA: Cox proportional hazards models
	
	Model 1
	Model 2
	Model 3

	
	HR (95% CI)
	p-value
	HR (95% CI)
	p-value
	HR (95% CI)
	p-value

	CHARLS cohort
	
	
	
	
	
	

	Low WC-Lower FI
	Ref
	
	Ref
	
	Ref
	

	High WC-Lower FI
	1.36 (1.17-1.57)
	<0.001
	1.42 (1.22-1.66)
	<0.001
	1.40 (1.20-1.64)
	<0.001

	Low WC-Higher FI
	1.48 (1.27-1.71)
	<0.001
	1.36 (1.17-1.58)
	<0.001
	1.39 (1.19-1.61)
	<0.001

	High WC-Higher FI
	2.58 (2.26-2.94)
	<0.001
	2.50 (2.17-2.88)
	<0.001
	2.52 (2.18-2.90)
	<0.001

	ELSA cohort
	
	
	
	
	
	

	Low WC-Lower FI
	Ref
	
	Ref
	
	Ref
	

	High WC-Lower FI
	1.01 (0.85-1.21)
	0.885
	1.04 (0.87-1.24)
	0.686
	1.02 (0.86-1.22)
	0.791

	Low WC-Higher FI
	1.73 (1.47-2.04)
	<0.001
	1.51 (1.28-1.79)
	<0.001
	1.48 (1.25-1.75)
	<0.001

	High WC-Higher FI
	1.90 (1.64-2.20)
	<0.001
	1.76 (1.51-2.05)
	<0.001
	1.71 (1.46-1.99)
	<0.001


Model 1: no adjustment; Model 2: adjusted for age and sex; Model 3: adjusted for age, sex, education level, marital status, residential context (residence in CHARLS and region in ELSA), socioeconomic status, smoking status, and alcohol consumption. Abbreviations: WC-FI, waist circumference-frailty index phenotype; CVD, cardiovascular disease; HR, hazard ratio; CI, confidence interval.





[bookmark: TableS7]
Supplementary Table S11. Subgroup analyses of the association between WC–FI phenotypes and incident CVD in the CHARLS cohort
	Subgroup
	Low WC-Lower FI
	High WC-Lower FI
	Low WC-Higher FI
	High WC-Higher FI
	P for
interaction

	Age
	
	
	
	
	0.091

	  <=65
	Ref
	1.49 (1.26-1.76)
	1.38 (1.16-1.65)
	2.77 (2.36-3.24)
	

	  >65
	Ref
	1.05 (0.75-1.48)
	1.13 (0.86-1.49)
	1.63 (1.23-2.17)
	

	Sex
	
	
	
	
	0.067

	  Female
	Ref
	1.54 (1.21-1.98)
	1.71 (1.30-2.24)
	2.56 (2.02-3.23)
	

	  Male
	Ref
	1.33 (1.08-1.64)
	1.13 (0.94-1.36)
	2.60 (2.15-3.15)
	

	Education
	
	
	
	
	0.356

	  Illiterate
	Ref
	1.28 (0.92-1.78)
	1.33 (0.99-1.79)
	2.07 (1.57-2.73)
	

	  Junior school or below
	Ref
	1.54 (1.27-1.87)
	1.30 (1.07-1.58)
	2.69 (2.24-3.22)
	

	  High school or above
	Ref
	1.08 (0.76-1.53)
	1.22 (0.76-1.98)
	2.21 (1.51-3.23)
	

	Marital status
	
	
	
	
	0.356

	  Non-married
	Ref
	2.62 (1.50-4.56)
	1.92 (1.16-3.20)
	3.53 (2.14-5.83)
	

	  Married/partnered
	Ref
	1.32 (1.13-1.55)
	1.25 (1.07-1.47)
	2.32 (2.01-2.69)
	

	Socioeconomic status
	
	
	
	
	0.396

	  Low
	Ref
	1.29 (0.99-1.67)
	1.34 (1.07-1.67)
	2.26 (1.80-2.83)
	

	  Middle
	Ref
	1.60 (1.14-2.25)
	1.21 (0.86-1.69)
	3.27 (2.43-4.41)
	

	  High
	Ref
	1.37 (1.10-1.70)
	1.35 (1.05-1.76)
	2.10 (1.68-2.62)
	

	Smoking
	
	
	
	
	0.189

	  No
	Ref
	1.53 (1.23-1.89)
	1.59 (1.26-2.00)
	2.58 (2.10-3.16)
	

	  Yes
	Ref
	1.30 (1.03-1.64)
	1.12 (0.92-1.37)
	2.39 (1.94-2.94)
	

	Drinking
	
	
	
	
	0.627

	  No
	Ref
	1.42 (1.16-1.75)
	1.41 (1.14-1.75)
	2.51 (2.07-3.04)
	

	  Yes
	Ref
	1.40 (1.11-1.75)
	1.20 (0.97-1.49)
	2.27 (1.84-2.81)
	

	Hypertension
	
	
	
	
	0.627

	  No
	Ref
	1.34 (1.10-1.63)
	1.30 (1.07-1.57)
	1.98 (1.63-2.42)
	

	  Yes
	Ref
	1.21 (0.95-1.52)
	1.20 (0.94-1.52)
	2.17 (1.77-2.68)
	


Abbreviations: WC, waist circumference; FI, frailty index; CVD, cardiovascular disease.


[bookmark: TableS8]Supplementary Table S12. Subgroup analyses of the association between WC–FI phenotypes and incident CVD in the ELSA cohort
	Subgroup
	Low WC-Lower FI
	High WC-Lower FI
	Low WC-Higher FI
	High WC-Higher FI
	P for
interaction

	Age
	
	
	
	
	0.816

	  <=65
	Ref
	1.09 (0.86-1.37)
	1.47 (1.15-1.88)
	1.84 (1.48-2.28)
	

	  >65
	Ref
	0.93 (0.71-1.21)
	1.30 (1.04-1.63)
	1.42 (1.15-1.74)
	

	Sex
	
	
	
	
	0.816

	  Female
	Ref
	1.12 (0.85-1.47)
	1.52 (1.17-1.96)
	1.74 (1.38-2.18)
	

	  Male
	Ref
	0.98 (0.79-1.22)
	1.24 (0.99-1.56)
	1.46 (1.18-1.82)
	

	Education
	
	
	
	
	0.816

	  Low
	Ref
	1.27 (0.94-1.72)
	1.59 (1.19-2.12)
	1.77 (1.36-2.30)
	

	  Middle
	Ref
	0.88 (0.64-1.23)
	1.15 (0.84-1.57)
	1.53 (1.16-2.02)
	

	  High
	Ref
	0.97 (0.73-1.29)
	1.32 (0.98-1.77)
	1.47 (1.11-1.94)
	

	Marital status
	
	
	
	
	0.816

	  Non-married
	Ref
	0.89 (0.58-1.36)
	1.50 (1.08-2.10)
	1.84 (1.35-2.51)
	

	  Married/partnered
	Ref
	1.05 (0.87-1.27)
	1.30 (1.07-1.58)
	1.49 (1.24-1.78)
	

	Socioeconomic status
	
	
	
	
	0.816

	  Low
	Ref
	1.11 (0.81-1.51)
	1.48 (1.11-1.97)
	1.62 (1.25-2.09)
	

	  Middle
	Ref
	1.47 (1.03-2.10)
	1.59 (1.09-2.32)
	1.96 (1.39-2.77)
	

	  High
	Ref
	0.84 (0.65-1.09)
	1.22 (0.94-1.58)
	1.42 (1.11-1.80)
	

	Smoking
	
	
	
	
	0.952

	  No
	Ref
	1.04 (0.86-1.25)
	1.36 (1.13-1.63)
	1.62 (1.38-1.90)
	

	  Yes
	Ref
	1.06 (0.65-1.72)
	1.44 (0.91-2.27)
	1.56 (0.98-2.47)
	

	Drinking
	
	
	
	
	0.816

	  No
	Ref
	1.05 (0.54-2.06)
	1.87 (1.03-3.41)
	1.24 (0.71-2.19)
	

	  Yes
	Ref
	1.04 (0.87-1.24)
	1.31 (1.10-1.56)
	1.63 (1.39-1.91)
	

	Hypertension
	
	
	
	
	0.816

	  No
	Ref
	1.00 (0.82-1.24)
	1.18 (0.94-1.48)
	1.49 (1.21-1.83)
	

	  Yes
	Ref
	1.00 (0.73-1.36)
	1.41 (1.07-1.85)
	1.39 (1.07-1.80)
	


Abbreviations: WC, waist circumference; FI, frailty index; CVD, cardiovascular disease.

[bookmark: TableS9]Supplementary Table S13. Sensitivity analysis excluding incident CVD events occurring within the first 2 years of follow-up
	
	N
	Model 1
	Model 2
	Model 3

	
	
	sHR (95% CI)
	P value
	sHR (95% CI)
	P value
	sHR (95% CI)
	P value

	CHARLS (N=9,800; incident CVD events=1,470; competing deaths=1,202)

	Low WC-Lower FI
	2649
	Reference
	
	Reference
	
	Reference
	

	High WC-Lower FI
	2259
	1.34 (1.14-1.57)
	<0.001
	1.37 (1.16-1.62)
	<0.001
	1.35 (1.14-1.59)
	<0.001

	Low WC-Higher FI
	2298
	1.24 (1.05-1.45)
	0.010
	1.20 (1.02-1.41)
	0.030
	1.22 (1.03-1.44)
	0.019

	High WC-Higher FI
	2594
	2.34 (2.03-2.69)
	<0.001
	2.34 (2.00-2.73)
	<0.001
	2.34 (2.01-2.73)
	<0.001

	ELSA (N=4,369; incident CVD events=1,119; competing deaths=449)

	Low WC-Lower FI
	1315
	Reference
	
	Reference
	
	Reference
	

	High WC-Lower FI
	908
	1.05 (0.88-1.25)
	0.612
	1.07 (0.90-1.28)
	0.443
	1.07 (0.90-1.27)
	0.469

	Low WC-Higher FI
	877
	1.41 (1.19-1.67)
	<0.001
	1.29 (1.09-1.54)
	0.004
	1.30 (1.09-1.55)
	0.003

	High WC-Higher FI
	1269
	1.63 (1.41-1.90)
	<0.001
	1.58 (1.35-1.84)
	<0.001
	1.56 (1.33-1.83)
	<0.001


Model 1 was unadjusted. Model 2 was adjusted for age and sex. Model 3 was further adjusted for education, marital status, socioeconomic status, smoking, and alcohol consumption, as well as residence in CHARLS or region in ELSA. Abbreviations: CVD, cardiovascular disease; FI, frailty index; sHR, subdistribution hazard ratio; WC, waist circumference.


[bookmark: TableS10]Supplementary Table S14. Sensitivity analyses with additional adjustment for clinical factors, and physical activity
	
	Model 3
	Model 4
	Model 5

	
	N
	sHR (95% CI)
	P value
	N
	sHR (95% CI)
	P value
	N
	sHR (95% CI)
	P value

	CHARLS

	Low WC-Lower FI
	2699
	Reference
	
	1890
	Reference
	
	794
	Reference
	

	High WC-Lower FI
	2330
	1.39 (1.19-1.61)
	<0.001
	1630
	1.33 (1.11-1.59)
	0.002
	723
	1.19 (0.90-1.57)
	0.212

	Low WC-Higher FI
	2380
	1.30 (1.12-1.51)
	<0.001
	1690
	1.39 (1.17-1.65)
	<0.001
	673
	1.28 (0.97-1.68)
	0.080

	High WC-Higher FI
	2747
	2.40 (2.09-2.75)
	<0.001
	2010
	2.26 (1.91-2.66)
	<0.001
	881
	2.25 (1.75-2.89)
	<0.001

	ELSA

	Low WC-Lower FI
	1330
	Reference
	
	1141
	Reference
	
	1141
	Reference
	

	High WC-Lower FI
	914
	1.04 (0.88-1.23)
	0.652
	719
	0.98 (0.81-1.19)
	0.857
	719
	0.98 (0.81-1.19)
	0.859

	Low WC-Higher FI
	908
	1.36 (1.15-1.61)
	<0.001
	733
	1.26 (1.04-1.52)
	0.018
	733
	1.26 (1.04-1.52)
	0.018

	High WC-Higher FI
	1311
	1.59 (1.37-1.86)
	<0.001
	963
	1.44 (1.20-1.72)
	<0.001
	962
	1.44 (1.20-1.72)
	<0.001


Model 3 was adjusted for age, sex, education, marital status, socioeconomic status, smoking, and alcohol consumption, as well as residence in CHARLS or region in ELSA. Model 4 was additionally adjusted for hypertension, diabetes, dyslipidemia, and cancer. Model 5 was further adjusted for physical activity. The model-specific analytic samples were: CHARLS, N=10,156 (1,826 CVD events and 1,202 competing deaths) in Model 3, N=7,220 (1,378 and 797) in Model 4, and N=3,071 (564 and 334) in Model 5; ELSA, N=4,463 (1,213 and 449) in Model 3, N=3,556 (942 and 350) in Model 4, and N=3,555 (942 and 350) in Model 5. Abbreviations: CVD, cardiovascular disease; FI, frailty index; PA, physical activity; sHR, subdistribution hazard ratio; WC, waist circumference.


[bookmark: TableS11]Supplementary Table S15. Sensitivity analysis using incident stroke as an alternative cardiovascular outcome
	
	N
	Model 1
	Model 2
	Model 3

	
	
	sHR (95% CI)
	P value
	sHR (95% CI)
	P value
	sHR (95% CI)
	P value

	CHARLS (N=10,156; events=621; competing deaths=1,296)

	Low WC-Lower FI
	2699
	Reference
	
	Reference
	
	Reference
	

	High WC-Lower FI
	2330
	1.13 (0.88-1.45)
	0.336
	1.35 (1.04-1.75)
	0.026
	1.35 (1.03-1.75)
	0.027

	Low WC-Higher FI
	2380
	1.23 (0.96-1.57)
	0.103
	1.17 (0.91-1.50)
	0.229
	1.17 (0.90-1.50)
	0.238

	High WC-Higher FI
	2747
	2.10 (1.70-2.61)
	<0.001
	2.45 (1.94-3.09)
	<0.001
	2.44 (1.93-3.08)
	<0.001

	ELSA (N=4,463; events=293; competing deaths=526)

	Low WC-Lower FI
	1330
	Reference
	
	Reference
	
	Reference
	

	High WC-Lower FI
	914
	0.92 (0.63-1.36)
	0.688
	0.95 (0.65-1.40)
	0.802
	0.93 (0.63-1.37)
	0.717

	Low WC-Higher FI
	908
	1.94 (1.39-2.69)
	<0.001
	1.60 (1.13-2.26)
	0.008
	1.55 (1.09-2.19)
	0.014

	High WC-Higher FI
	1311
	1.90 (1.40-2.57)
	<0.001
	1.68 (1.22-2.31)
	0.002
	1.61 (1.16-2.24)
	0.004


Model 1 was unadjusted. Model 2 was adjusted for age and sex. Model 3 was further adjusted for education, marital status, socioeconomic status, smoking, and alcohol consumption, as well as residence in CHARLS or region in ELSA. Abbreviations: CVD, cardiovascular disease; FI, frailty index; sHR, subdistribution hazard ratio; WC, waist circumference.


[bookmark: TableS12]Supplementary Table S16. Sensitivity analysis using incident heart disease as an alternative cardiovascular outcome
	
	N
	Model 1
	Model 2
	Model 3

	
	
	sHR (95% CI)
	P value
	sHR (95% CI)
	P value
	sHR (95% CI)
	P value

	CHARLS (N=10,156; events=1,366; competing deaths=1,270)

	Low WC-Lower FI
	2699
	Reference
	
	Reference
	
	Reference
	

	High WC-Lower FI
	2330
	1.57 (1.33-1.87)
	<0.001
	1.51 (1.27-1.79)
	<0.001
	1.47 (1.23-1.75)
	<0.001

	Low WC-Higher FI
	2380
	1.41 (1.18-1.68)
	<0.001
	1.35 (1.14-1.61)
	<0.001
	1.41 (1.18-1.68)
	<0.001

	High WC-Higher FI
	2747
	2.63 (2.26-3.06)
	<0.001
	2.41 (2.05-2.84)
	<0.001
	2.44 (2.07-2.87)
	<0.001

	ELSA (N=4,463; events=1,036; competing deaths=472)

	Low WC-Lower FI
	1330
	Reference
	
	Reference
	
	Reference
	

	High WC-Lower FI
	914
	1.04 (0.86-1.25)
	0.685
	1.06 (0.89-1.28)
	0.505
	1.07 (0.89-1.28)
	0.494

	Low WC-Higher FI
	908
	1.43 (1.20-1.71)
	<0.001
	1.34 (1.12-1.61)
	0.001
	1.36 (1.13-1.63)
	<0.001

	High WC-Higher FI
	1311
	1.64 (1.40-1.92)
	<0.001
	1.62 (1.37-1.90)
	<0.001
	1.61 (1.37-1.90)
	<0.001


Model 1 was unadjusted. Model 2 was adjusted for age and sex. Model 3 was further adjusted for education, marital status, socioeconomic status, smoking, and alcohol consumption, as well as residence in CHARLS or region in ELSA. Abbreviations: CVD, cardiovascular disease; FI, frailty index; sHR, subdistribution hazard ratio; WC, waist circumference.





Supplementary Table S17. Association between WC–FI-Lab phenotypes and prevalent CVD using logistic regression models
	
	Model 1
	Model 2
	Model 3

	
	OR (95% CI)
	p-value
	OR (95% CI)
	p-value
	OR (95% CI)
	p-value

	Hospital Cohort
	
	
	
	
	
	

	Low WC-Lower FI-Lab
	Ref
	
	Ref
	
	Ref
	

	High WC-Lower FI-Lab
	1.51 (1.22-1.88)
	<0.001
	1.55 (1.24-1.94)
	<0.001
	1.53 (1.22-1.91)
	<0.001

	Low WC-Higher FI-Lab
	2.63 (2.13-3.25)
	<0.001
	2.11 (1.70-2.62)
	<0.001
	2.01 (1.62-2.51)
	<0.001

	High WC-Higher FI-Lab
	2.97 (2.44-3.62)
	<0.001
	2.71 (2.21-3.32)
	<0.001
	2.57 (2.09-3.15)
	<0.001


Model 1: no adjustment; Model 2: adjusted for age and sex; Model 3: adjusted for age, sex, education level, marital status, smoking status, and alcohol consumption. Abbreviations: WC--Lab, Waist Circumference–Frailty Index–Laboratory-based; CVD, cardiovascular disease; OR, Odds Ratio; CI, confidence interval.









Supplementary Table S18. Interaction between waist circumference and FI-Lab on prevalent cardiovascular disease
	Interactive indices
	Interactive effects

	
	Model 1 (95% CI)
	P value
	Model 2 (95% CI)
	P value
	Model 3 (95% CI)
	P value

	Hospital Cohort
	
	
	
	
	
	

	Additive effect
	
	
	
	
	
	

	RERI
	-0.17 (-0.62, 0.29)
	0.473
	0.06 (-0.36, 0.47)
	0.790
	0.03 (-0.37, 0.43)
	0.888

	AP
	-0.06 (-0.21, 0.09)
	0.466
	0.02 (-0.13, 0.17)
	0.791
	0.01 (-0.15, 0.17)
	0.889

	SI
	0.92 (0.73, 1.11)
	0.426
	1.03 (0.77, 1.29)
	0.798
	1.02 (0.75, 1.29)
	0.891

	Multiplicative effect
	0.75 (0.58, 0.97)
	0.026
	0.83 (0.64, 1.08)
	0.166
	0.84 (0.64, 1.09)
	0.181


Model 1: no adjustment; Model 2: adjusted for age and sex; Model 3: additionally adjusted for education, marital status, smoking status, and drinking status. Abbreviations: AP, attributable proportion due to interaction; CI, confidence interval; FI-Lab, laboratory-based frailty index; RERI, relative excess risk due to interaction; SI, synergy index.










Supplementary Table S19. Subgroup analysis of the association between WC-FI-Lab phenotypes and prevalent CVD in the Hospital Cohort
	Subgroup
	Low WC-Lower FI-Lab
	High WC-Lower FI-Lab
	Low WC-Higher FI-Lab
	High WC-Higher FI-Lab
	P for
interaction

	Age
	
	
	
	
	0.098

	  <=65
	Ref
	2.06 (1.50-2.84)
	2.27 (1.65-3.11)
	2.97 (2.21-3.99)
	

	  >65
	Ref
	1.13 (0.82-1.56)
	1.91 (1.41-2.58)
	2.29 (1.72-3.05)
	

	Sex
	
	
	
	
	0.385

	  Female
	Ref
	2.10 (1.35-3.26)
	2.48 (1.54-3.98)
	3.55 (2.33-5.41)
	

	  Male
	Ref
	1.34 (1.01-1.78)
	1.88 (1.46-2.41)
	2.23 (1.75-2.84)
	

	Education
	
	
	
	
	0.192

	  Illiterate
	Ref
	1.82 (1.03-3.23)
	1.19 (0.67-2.11)
	1.78 (1.05-3.02)
	

	  Junior school or below
	Ref
	1.39 (0.74-2.59)
	1.75 (0.97-3.17)
	2.48 (1.42-4.32)
	

	  High school or above
	Ref
	1.53 (1.17-2.00)
	2.28 (1.76-2.97)
	2.77 (2.17-3.54)
	

	Marital status
	
	
	
	
	0.881

	  Non-married
	Ref
	1.54 (1.06-2.25)
	2.24 (1.55-3.22)
	2.73 (1.93-3.85)
	

	  Married/partnered
	Ref
	1.53 (1.15-2.03)
	1.88 (1.42-2.48)
	2.45 (1.90-3.16)
	

	Smoking
	
	
	
	
	0.612

	  No
	Ref
	1.62 (1.15-2.30)
	2.03 (1.44-2.88)
	2.41 (1.75-3.33)
	

	  Yes
	Ref
	1.45 (1.08-1.95)
	1.99 (1.50-2.65)
	2.66 (2.04-3.46)
	

	Drinking
	
	
	
	
	0.651

	  No
	Ref
	2.06 (1.28-3.30)
	2.58 (1.62-4.11)
	3.20 (2.07-4.95)
	

	  Yes
	Ref
	1.38 (1.07-1.79)
	1.87 (1.46-2.40)
	2.40 (1.91-3.03)
	


Abbreviations: WC, waist circumference; FI-Lab, laboratory-based frailty index; CVD, cardiovascular disease.

Supplementary Table S20. Incremental discrimination and reclassification associated with baseline WC, FI-Lab, and the combined WC–FI-Lab phenotype for prevalent CVD in the hospital cohort
	Model comparison
	Hospital Cohort

	
	Continuous NRI (95% CI)
	P value
	IDI (95% CI)
	P value

	Base
	Ref
	
	Ref
	

	Base + WC
	0.104 (0.058, 0.150)
	<0.001
	0.0022 (0.0007, 0.0043)
	0.022

	Base + FI-Lab
	0.341 (0.294, 0.389)
	<0.001
	0.0102 (0.0067, 0.0145)
	<0.001

	Base + WC-FI-Lab
	0.275 (0.186, 0.369)
	<0.001
	0.0121 (0.0083, 0.0169)
	<0.001


The Base model included age, sex, education, marital status, smoking, and alcohol consumption. Abbreviations: CI, confidence interval; CVD, cardiovascular disease; FI-Lab, laboratory-based frailty index; IDI, integrated discrimination improvement; NRI, net reclassification improvement; WC, waist circumference.
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Supplementary Figure 1: Flowchart of participant selection for the hospital cohort
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Supplementary Figure 2: Restricted cubic spline analyses of the associations of frailty index and waist circumference with prevalent cardiovascular disease
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Supplementary Figure 3: ROC curves of frailty index and waist circumference
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