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Supplementary Methods
Study design of CHARLS and ELSA
CHARLS, initiated in 2011, employed a multistage, stratified, probability-proportional-to-size sampling method to recruit community-dwelling adults aged 45 years or older from 28 provinces across China (N = 17,708) [1]. Participants were followed up in 2013, 2015, 2018, and 2020, comprising a total of five waves (2011–2020). ELSA, which commenced in 2002–2003, recruited community-dwelling adults aged 50 years and older in England who had previously participated in the 1998, 1999, or 2001 Health Survey for England (N = 12,099) [2]. Participants were followed up biennially through 2020, with 10 waves of data collected. In the current study, baseline data were collected from wave 1 of CHARLS (2011) and wave 2 of ELSA (2004–2005), which was the first ELSA wave that included all baseline variables necessary for this analysis. Follow-up surveys continued through subsequent waves until wave 5 of CHARLS (2020) and wave 9 of ELSA (2018–2019).

PFP Assessment 
The adapted PFP approach includes five criteria: shrinking, weakness, exhaustion, slowness, and inactivity [3, 4]. Shrinking was defined as a loss of 5% of body weight in the previous year (for CHARLS participants only) or a BMI of ≤ 18.5 kg/m² (for both CHARLS and ELSA participants). Weakness was defined as the lowest quintile of maximum grip strength (either hand), stratified by sex within each BMI quartile. Exhaustion was defined by a positive response to either of the two questions: “Felt that everything I did was an effort in the last week” or “Could not get going in the last week”, from the Center for Epidemiologic Studies—Depression Scale (CES-D). Slowness was identified as the lowest quintile of the mean walking speed across two normal-paced walk tests, adjusted for sex and standing height. For CHARLS participants, inactivity was defined as not engaging in any physical activity of any intensity (vigorous, moderate, or mild) for at least 10 continuous minutes in a typical week. For ELSA participants, physical inactivity was defined as never or hardly ever engaging in physical activity at any intensity. Given the limited data availability in CHARLS, participants who met three or more criteria were defined as frail; otherwise, they were considered non-frail. We excluded participants with missing data for four of the five PFP criteria [5].
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Fig. S1. Selection process for the study population.
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CHARLS, China Health and Retirement Longitudinal Study; ELSA, English Longitudinal Study of Ageing; CMDs, cardiometabolic diseases.
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Table S1. The items used to construct the frailty index Frailty index
	Description of the items
	Cut-off value

	1
	Self-reported general health status
	Very poor or poor = 1, 
Very good, good, or fair = 0

	2
	Self reported physician diagnosed cancer or malignant tumour
	Yes = 1, No = 0

	3
	Self reported physician diagnosed chronic lung disease
	Yes = 1, No = 0

	4
	Self reported physician diagnosed emotional, nervous, psychiatric problems
	Yes = 1, No = 0

	5
	Self reported physician diagnosed arthritis
	Yes = 1, No = 0

	6
	Difficulty with dressing
	Yes = 1, No = 0

	7
	Difficulty with bathing or showering
	Yes = 1, No = 0

	8
	Difficulty with eating
	Yes = 1, No = 0

	9
	Difficulty with getting in and out of bed
	Yes = 1, No = 0

	10
	Difficulty with using the toilet
	Yes = 1, No = 0

	11
	Difficulty with managing money
	Yes = 1, No = 0

	12
	Difficulty with taking medication
	Yes = 1, No = 0

	13
	Difficulty with shopping for groceries
	Yes = 1, No = 0

	14
	Difficulty with preparing meals
	Yes = 1, No = 0

	15
	Difficulty with walking 100 yards or one block
	Yes = 1, No = 0

	16
	Difficulty with getting up from a chair after sitting for long periods
	Yes = 1, No = 0

	17
	Difficulty with climbing several flights of stairs without resting
	Yes = 1, No = 0

	18
	Difficulty with stooping, kneeling, or crouching
	Yes = 1, No = 0

	19
	Difficulty with lifting or carrying weights over 10 pounds/jins
	Yes = 1, No = 0

	20
	Difficulty with picking up a coin from the table
	Yes = 1, No = 0

	21
	Difficulty with reaching arms above shoulder level
	Yes = 1, No = 0

	22
	Feeling depressed most of time 
	Yes = 1, No = 0

	23
	Feeling that everything is an effort most of time 
	Yes = 1, No = 0

	24
	Feeling that sleep was restless most of time
	Yes = 1, No = 0

	25
	Feeling happy most of time
	No = 1, Yes = 0

	26
	Feeling enjoying life most of time
	No = 1, Yes = 0



Table S2. Association of physical frailty (identified by FI) and cognitive impairment with CMD outcomes in the combined CHARLS and ELSA cohorts by Fine-Gray model.
	Group
	Cases, n (%)
	CMDsa
	CVDs 
	Diabetes

	
	
	Model 1b
SHR (95%CI)
	Model 2c
SHR (95%CI)
	Model 1
SHR (95%CI)
	Model 2
SHR (95%CI)
	Model 1
SHR (95%CI)
	Model 2
SHR (95%CI)

	Individual and combined effect
	
	
	
	
	
	
	

	Normal
	8,129 (65.9%)
	Ref.
	Ref.
	Ref.
	Ref.
	Ref.
	Ref.

	Frailty only
	1,649 (13.4%)
	1.63 (1.49, 1.77)
	1.37 (1.24, 1.50)
	1.58 (1.42, 1.75)
	1.34 (1.20, 1.49)
	1.69 (1.45, 1.98)
	1.41 (1.20, 1.67)

	Cognitive impairment only
	1,759 (14.3%)
	1.00 (0.90, 1.10)
	1.01 (0.91, 1.12)
	0.93 (0.83, 1.05)
	0.96 (0.84, 1.08)
	1.14 (0.95, 1.35)
	1.12 (0.93, 1.34)

	Cognitive frailty
	794 (6.4%)
	1.53 (1.35, 1.73)
	1.27 (1.11, 1.46)
	1.53 (1.32, 1.77)
	1.30 (1.11, 1.53)
	1.58 (1.27, 1.96)
	1.27 (1.00, 1.60)

	Combined effect vs. individual effect
	
	
	
	
	
	
	

	Cognitive frailty vs. frailty only
	NA
	0.94 (0.82, 1.08)
	0.93 (0.80, 1.08)
	0.97 (0.82, 1.14)
	0.97 (0.82, 1.16)
	0.93 (0.73, 1.19)
	0.90 (0.70, 1.16)

	Cognitive frailty vs. cognitive impairment only
	NA
	1.53 (1.32, 1.77)
	1.26 (1.08, 1.48)
	1.64 (1.38, 1.95)
	1.36 (1.13, 1.64)
	1.39 (1.08, 1.80)
	1.14 (0.87, 1.49)


CHARLS, China Health and Retirement Longitudinal Study; ELSA, English Longitudinal Study of Ageing; CMDs, cardio-metabolic diseases; CVDs, cardiovascular diseases; SHR, subdistribution hazard ratio; NA, not applicable. 
a CMDs were defined as the presence of either CVDs or diabetes. 
b Model 1 adjusted for age and gender. 
c Model 2 adjusted for age, sex, study region, marital status, education level, smoking status, alcohol consumption, and hypertension.

Table S3. Association of physical frailty (identified by FI) and cognitive impairment with CMD outcomes by Fine-Gray model (CHARLS). 
	Group
	CMDsa
	CVDs 
	Diabetes

	
	SHR (95%CI)b
	SHR (95%CI)
	SHR (95%CI)

	Individual and combined effect
	
	
	

	Normal
	Ref.
	Ref.
	Ref.

	Frailty only
	1.34 (1.20, 1.49)
	1.30 (1.15, 1.48)
	1.42 (1.18, 1.70)

	Cognitive impairment only
	0.87 (0.76, 1.00)
	0.81 (0.68, 0.96)
	0.99 (0.79, 1.25)

	Cognitive frailty
	1.19 (1.02, 1.38)
	1.19 (1.00, 1.43)
	1.22 (0.94, 1.58)

	Combined effect vs. individual effect
	
	
	

	Cognitive frailty vs. frailty only
	0.89 (0.75, 1.05)
	0.92 (0.75, 1.12)
	0.86 (0.65, 1.14)

	Cognitive frailty vs. cognitive impairment only
	1.36 (1.13, 1.65)
	1.48 (1.18, 1.86)
	1.23 (0.90, 1.68)


CMDs, cardio-metabolic diseases; CVDs, cardiovascular diseases; SHR, subdistribution hazard ratio; CHARLS, China Health and Retirement Longitudinal Study. 
a CMDs were defined as the presence of either CVDs or diabetes. 
b Adjusted for age, sex, marital status, education level, smoking status, alcohol consumption, and hypertension.


Table S4. Association of physical frailty (identified by FI) and cognitive impairment with CMD outcomes by Fine-Gray model (ELSA).
	Group
	CMDsa
	CVDs 
	Diabetes

	
	SHR (95%CI)b
	SHR (95%CI)
	SHR (95%CI)

	Individual and combined effect
	
	
	

	Normal
	Ref.
	Ref.
	Ref.

	Frailty only
	1.64 (1.36, 1.98)
	1.60 (1.30, 1.99)
	1.44 (0.99, 2.09)

	Cognitive impairment only
	1.06 (0.90, 1.25)
	1.01 (0.83, 1.23)
	1.24 (0.89, 1.73)

	Cognitive frailty
	1.55 (1.18, 2.04)
	1.65 (1.22, 2.24)
	1.29 (0.74, 2.23)

	Combined effect vs. individual effect
	
	
	

	Cognitive frailty vs. frailty only
	0.95 (0.70, 1.28)
	1.03 (0.73, 1.45)
	0.89 (0.49, 1.63)

	Cognitive frailty vs. cognitive impairment only
	1.47 (1.09, 1.97)
	1.64 (1.17, 2.28)
	1.04 (0.58, 1.85)


CMDs, cardio-metabolic diseases; CVDs, cardiovascular diseases; SHR, subdistribution hazard ratio. ELSA, English Longitudinal Study of Ageing.
a CMDs were defined as the presence of either CVDs or diabetes. 
b Adjusted for age, sex, marital status, education level, smoking status, alcohol consumption, and hypertension.

Table S5. Association of physical frailty (identified by PFP) and cognitive impairment with CMD outcomes.
	Group
	Cases, n (%)
	CMDsa
	CVDs 
	Diabetes

	
	
	Model 1b
HR (95%CI)
	Model 2c
HR (95%CI)
	Model 1
HR (95%CI)
	Model 2
HR (95%CI)
	Model 1
HR (95%CI)
	Model 2
HR (95%CI)

	Individual and combined effect
	
	
	
	
	
	
	

	Normal
	9,472 (76.8%)
	Ref.
	Ref.
	Ref.
	Ref.
	Ref.
	Ref.

	Frailty only
	306 (2.5%)
	1.73 (1.44, 2.09)
	1.39 (1.14, 1.69)
	1.72 (1.39, 2.12)
	1.39 (1.12, 1.73)
	1.66 (1.18, 2.33)
	1.36 (0.96, 1.93)

	Cognitive impairment only
	2,335 (18.9%)
	1.10 (1.01, 1.19)
	1.10 (1.01, 1.20)
	1.06 (0.97, 1.17)
	1.09 (0.98, 1.20)
	1.14 (0.99, 1.32)
	1.01 (0.94, 1.28)

	Cognitive frailty
	218 (1.8%)
	1.54 (1.22, 1.94)
	1.37 (1.06, 1.77)
	1.51 (1.16, 1.96)
	1.40 (1.05, 1.86)
	1.51 (0.97, 2.33)
	1.34 (0.84, 2.15)

	Combined effect vs. individual effect
	
	
	
	
	
	
	

	Cognitive frailty vs. frailty only
	NA
	0.89 (0.66, 1.19)
	0.99 (0.72, 1.35)
	0.88 (0.63, 1.22)
	1.01 (0.71, 1.43)
	0.91 (0.53, 1.56)
	0.99 (0.55, 1.75)

	Cognitive frailty vs. cognitive impairment only
	NA
	1.40 (1.10, 1.77)
	1.24 (0.96, 1.61)
	1.42 (1.08, 1.86)
	1.28 (0.96, 1.72)
	1.32 (0.84, 2.07)
	1.22 (0.75, 1.98)


CMDs, cardio-metabolic diseases; CVDs, cardiovascular diseases; HR, hazard ratio; NA, not applicable.
a CMDs were defined as the presence of either CVDs or diabetes. 
b Model 1 adjusted for age and gender. 
c Model 2 adjusted for age, sex, study region, marital status, education level, smoking status, alcohol consumption, and hypertension.
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