
Additional file: Table S1. Frailty definition and cut-off points in CHARLS, ELSA, and HRS
	No
	Description of the item
	Cut-off value

	
	CHARLS
	ELSA
	HRS
	

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

	2
	Self-reported physician diagnosed diabetes
	Yes = 1, No = 0

	3
	Self-reported physician diagnosed cancer
	Yes = 1, No = 0

	4
	Self-reported physician diagnosed arthritis
	Yes = 1, No = 0

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

	6
	Self-reported physician diagnosed any emotional, nervous, or psychiatric problems
	Yes = 1, No = 0

	7
	Self-reported physician diagnosed heart disease
	Yes = 1, No = 0

	8
	Self-reported physician diagnosed stroke
	Yes = 1, No = 0

	9
	Self-reported vision problems
	Self-reported eyesight (while using lenses if appropriate)
	Yes = 1, No = 0 in the CHARLS; Poor or fair = 1, excellent, very good, or good = 0 in the ELSA and HRS

	10
	Self-reported hearing problems
	Self-reported hearing (while using hearing aid 
if appropriate)
	Yes = 1, No = 0 in the CHARLS; Poor or fair = 1, excellent, very good, or good = 0 in the ELSA and HRS

	11
	Self-reported general health status
	Very poor or poor = 1, Very good, good, or fair = 0

	12
	Difficulty with dressing
	Yes = 1, No = 0

	13
	Difficulty with bathing or showering
	Yes = 1, No = 0

	14
	Difficulty with eating
	Yes = 1, No = 0

	15
	Difficulty with getting in and out of bed
	Yes = 1, No = 0

	16
	Difficulty with using the toilet
	Yes = 1, No = 0

	17
	Difficulty with managing money
	Yes = 1, No = 0

	18
	Difficulty with taking medication
	Yes = 1, No = 0

	19
	Difficulty with shopping for groceries
	Yes = 1, No = 0

	20
	Difficulty with preparing meals
	Yes = 1, No = 0

	21
	Mobility: difficulty with walking 100 yards or one block
	Yes = 1, No = 0

	22
	Mobility: difficulty with getting up from a chair after sitting for long periods
	Yes = 1, No = 0

	23
	Mobility: difficulty with climbing several flights of stairs without resting
	Yes = 1, No = 0

	24
	Mobility: difficulty with lifting or carrying weights over 10 pounds/jins
	Yes = 1, No = 0

	25
	Mobility: difficulty with picking up a coin from the table
	Yes = 1, No = 0

	26
	Mobility: difficulty with stooping, kneeling, or crouching
	Yes = 1, No = 0

	27
	Mobility: difficulty with reaching arms above shoulder level
	Yes = 1, No = 0

	28
	Depression: CESD-10 questionnaire
	Depression: CESD-8 questionnaire
	CESD-10 >10 = 1, ≤10 = 0 in the CHARLS; CESD-8 ≥ 4 = 1, <4 = 0 in the ELSA and HRS



Depression was assessed by the Center for Epidemiologic Studies Depression Scale (CESD). In the CHARLS, CESD-10 was used, and the total score ranged from 0 to 30. In the ELSA and HRS, CESD-8 was used, and the total score ranged from 0 to 8. A higher score indicated more severe depressive symptoms.

"CHARLS, China Health and Retirement Longitudinal Study; ELSA, English Longitudinal Study of Ageing; HRS, Health and Retirement Study"


[bookmark: OLE_LINK13]Additional file: Table S2 Results of heterogeneity test for subgroup analysis
	
	comparison
	I2
	Q
	Q p-value

	global cognitive function
	 Pre-frail
	79.59%
	10.11
	0.006

	
	 Frail
	96.33%
	58.32
	<0.001

	memory
	 Pre-frail
	0.00%
	0.33
	0.846

	
	 Frail
	81.86%
	12.77
	0.002

	orientation
	 Pre-frail
	97.30%
	56.55
	<0.001

	
	 Frail
	99.10%
	189.37
	<0.001

	executive function
	 Pre-frail
	79.98%
	10.74
	0.005

	
	 Frail
	95.02%
	38.25
	<0.001





Additional file: Table S3 Results of sensitivity analysis of subgroup analysis
	
	
	Removed study
	β 95%CI
	I2 (%)

	[bookmark: _Hlk202188951]Global
	Pre-frail
	CHARLS
	-0.07 (-0.08, -0.05)
	0.00

	
	
	HRS
	-0.09 (-0.13, -0.06)
	75.69

	
	
	ELSA
	-0.09 (-0.11, -0.04)
	90.02

	
	Frail
	CHARLS
	-0.22 (-0.25, -0.19)
	48.93

	
	
	HRS
	-0.30 (-0.43, -0.18)
	94.95

	
	
	ELSA
	-0.29 (-0.44, -0.13)
	98.29

	Memory
	Pre-frail
	CHARLS
	-0.07 (-0.09, -0.06)
	0.00

	
	
	HRS
	-0.08 (-0.10, -0.06)
	0.00

	
	
	ELSA
	-0.09 (-0.09, -0.06)
	0.00

	
	Frail
	CHARLS
	-0.22 (-0.24, -0.19)
	31.45

	
	
	HRS
	-0.26 (-0.31, -0.22)
	56.29

	
	
	ELSA
	-0.24 (-0.32, -0.17)
	92.01

	Orientation
	Pre-frail
	CHARLS
	-0.02 (-0.05, 0.00)
	74.99

	
	
	HRS
	-0.10 (-0.20, 0.01)
	95.75

	
	
	ELSA
	-0.08 (-0.22, 0.06)
	97.30

	
	Frail
	CHARLS
	-0.12 (-0.25, 0.01)
	97.39

	
	
	HRS
	-0.30 (-.052, -0.08)
	97.82

	
	
	ELSA
	-0.23 (-0.58, 0.11)
	99.34

	Executive function
	Pre-frail
	CHARLS
	-0.04 (-0.05, -0.03)
	0.00

	
	
	HRS
	-0.07 (-0.12, -0.03)
	71.77

	
	
	ELSA
	-0.07 (-0.12, -0.01)
	90.68

	
	Frail
	CHARLS
	-0.14 (-0.16, -0.12)
	0.00

	
	
	HRS
	-0.21 (-0.35, -0.07)
	95.03

	
	
	ELSA
	-0.21 (-0.36, -0.07)
	97.27


After adjusting for age, sex, education, marital status smoking status, drinking status, BMI and time








Additional file: Table S4 Sensitivity analyses for longitudinal relationships of mean difference in rate of change in cognitive z scores (SD/year) with frailty 
	[bookmark: _Hlk199942626]
	Global cognitive z score
	Memory z score
	Orientation z score
	Executive z score

	
	β 95%CI
	P 
	β 95%CI
	P 
	β 95%CI
	P 
	β 95%CI
	P 

	Follow-up ≥ 3 times N=23547
	
	
	
	
	
	
	

	 Robust
	Ref
	/
	Ref
	/
	Ref
	/
	Ref
	/

	 Pre-frail
	-0.09 (-0.10, -0.08)
	<0.001
	-0.10 (-0.11, -0.09)
	
	-0.03 (-0.04, -0.02)
	<0.001
	-0.05 (-0.07, -0.04)
	<0.001

	 Frail
	-0.23 (-0.25, -0.22)
	<0.001
	-0.24 (-0.26, -0.22)
	
	-0.08 (-0.09, -0.06)
	<0.001
	-0.15 (-0.18, -0.14)
	<0.001

	Aged >60 years N=24303
	
	
	
	
	
	
	

	 Robust
	Ref
	/
	Ref
	/
	Ref
	/
	Ref
	/

	 Pre-frail
	-0.15 (-0.16, -0.13)
	<0.001
	-0.16 (-0.18, -0.15)
	<0.001
	-0.08 (-0.10, -0.06)
	<0.001
	-0.08 (-0.10, -0.06)
	<0.001

	 Frail
	-0.36 (-0.37, -0.34) 
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]<0.001
	-0.37 (-0.39, -0.35)
	<0.001
	-0.20 (-0.22, -0.18)
	<0.001
	-0.21 (-0.23, -0.19)
	<0.001

	Male N=7953
	
	
	
	
	
	
	

	 Robust
	Ref
	/
	Ref
	/
	Ref
	/
	Ref
	/

	 Pre-frail
	-0.10 (-0.12, -0.09)
	<0.001
	-0.11 (-0.13, -0.09)
	<0.001
	-0.05 (-0.07, -0.03)
	<0.001
	-0.07 (-0.08, -0.05)
	<0.001

	 Frail
	-0.29 (-0.31, -0.26)
	<0.001
	-0.28 (-0.30, -0.25)
	<0.001
	-0.14 (-0.16, -0.11)
	<0.001
	-0.20 (-0.23, -0.18)
	<0.001

	Female N=7285
	
	
	
	
	
	
	

	 Robust
	Ref
	/
	Ref
	/
	Ref
	/
	Ref
	/

	 Pre-frail
	-0.11 (-0.13, -0.09)
	<0.001
	-0.10 (-0.12, -0.08)
	<0.001
	-0.07 (-0.09, -0.05)
	<0.001
	-0.09 (-0.11, -0.07)
	<0.001

	 Frail
	-0.28 (-0.30, -0.26)
	<0.001
	-0.26 (-0.28, -0.23)
	<0.001
	-0.15 (-0.17, -0.13)
	<0.001
	-0.22 (-0.24, -0.19)
	<0.001


After adjusting for age, sex, education, marital status smoking status, drinking status, BMI and time





[bookmark: _Hlk200354031][bookmark: _GoBack]Additional file: Table S5 Longitudinal relationships of mean difference in rate of change in raw cognitive scores (point/year) with frailty
	
	Global cognitive score
	Memory score
	Orientation score
	Executive score

	
	β 95%CI
	P 
	β 95%CI
	P 
	β 95%CI
	P 
	β 95%CI
	P 

	 Robust
	Ref
	/
	Ref
	/
	Ref
	/
	Ref
	/

	 Pre-frail
	-0.55 (-0.61, -0.49)
	<0.001
	-0.40 (-0.44, -0.35)
	<0.001
	-0.04 (-0.05, -0.03)
	<0.001
	-0.16 (-0.29, -0.14)
	<0.001

	 Frail
	-1.45 (-1.54, -1.37) 
	<0.001
	-1.01 (-1.08, -0.95)
	<0.001
	-0.11 (-0.12, -0.10)
	<0.001
	-0.43 (-0.47, -0.39)
	<0.001


[bookmark: OLE_LINK3][bookmark: OLE_LINK4]After adjusting for age, sex, education, marital status smoking status, drinking status, BMI and time

