Table.1 Basic characteristics of the population in CHARLS.
	variable
	Total
(n=4615)
	yes
(n=1219)
	no
(n=3396)
	statistic
	P value

	sex
	
	
	
	12.39
	<0.001

	female
	2411(52.24)
	690(56.60)
	1721(50.68)
	
	

	male
	2204(47.76)
	529(43.40)
	1675(49.32)
	
	

	age
	57.76 ± 8.62
	58.21 ± 8.51
	57.60 ± 8.66
	-2.12
	0.03

	Age group
	
	
	
	8.91
	0.06

	45-49
	795(19.55)
	179(16.57)
	616(20.63)
	
	

	50-59
	1597(39.28)
	436(40.37)
	1161(38.88)
	
	

	60-69
	1196(29.41)
	330(30.56)
	866(29.00)
	
	

	70-79
	421(10.35)
	121(11.20)
	300(10.05)
	
	

	80+
	57( 1.40)
	14( 1.30)
	43( 1.44)
	
	

	Frality
	
	
	
	23.14
	<0.0001

	frailty
	90( 1.95)
	34( 2.79)
	56( 1.65)
	
	

	pre-farilty
	898(19.46)
	284(23.30)
	614(18.08)
	
	

	robust
	3627(78.59)
	901(73.91)
	2726(80.27)
	
	

	count
	28.47 ± 2.50
	28.88 ± 2.43
	28.32 ± 2.51
	-6.85
	<0.0001

	Marital status
	
	
	
	0.11
	0.74

	Married
	4001(86.70)
	1053(86.38)
	2948(86.81)
	
	

	Non-Married
	614(13.30)
	166(13.62)
	448(13.19)
	
	

	education
	
	
	
	41.62
	<0.0001

	High school or above
	543(11.77)
	100( 8.20)
	443(13.04)
	
	

	Illiterate
	1186(25.70)
	385(31.58)
	801(23.59)
	
	

	Junior high school or below
	2886(62.54)
	734(60.21)
	2152(63.37)
	
	

	Residence place
	
	
	
	15.85
	<0.0001

	rural
	2993(64.85)
	848(69.57)
	2145(63.16)
	
	

	urban
	1622(35.15)
	371(30.43)
	1251(36.84)
	
	

	BMI
	23.58 ± 3.76
	23.63 ± 3.73
	23.56 ± 3.77
	-0.51
	0.61

	BMI_group
	
	
	
	1.57
	0.46

	normal
	3192(69.17)
	826(67.76)
	2366(69.67)
	
	

	Obesity
	217( 4.70)
	61( 5.00)
	156( 4.59)
	
	

	overweight
	1206(26.13)
	332(27.24)
	874(25.74)
	
	

	waist
	84.39 ± 12.12
	84.49 ± 12.13
	84.35 ± 12.12
	-0.33
	0.74

	glucose
	109.01 ± 33.40
	108.25 ± 31.07
	109.28 ± 34.20
	0.97
	0.33

	creatinine
	0.78 ± 0.18
	0.77 ± 0.18
	0.78 ± 0.18
	0.72
	0.47

	bun
	15.51 ± 4.29
	15.74 ± 4.44
	15.43 ± 4.23
	-2.11
	0.03

	uric
	4.43 ± 1.24
	4.39 ± 1.24
	4.45 ± 1.23
	1.36
	0.17

	TC
	5.00 ± 0.98
	5.04 ± 0.99
	4.98 ± 0.98
	-1.74
	0.08

	LDL
	3.03 ± 0.90
	3.06 ± 0.91
	3.02 ± 0.90
	-1.43
	0.15

	TG
	1.47 ± 1.05
	1.50 ± 1.06
	1.46 ± 1.05
	-0.96
	0.34

	smoke
	
	
	
	5.02
	0.03

	no
	3178(68.86)
	871(71.45)
	2307(67.93)
	
	

	yes
	1437(31.14)
	348(28.55)
	1089(32.07)
	
	

	drinking
	
	
	
	14.87
	<0.001

	no
	3043(65.94)
	859(70.47)
	2184(64.31)
	
	

	yes
	1572(34.06)
	360(29.53)
	1212(35.69)
	
	

	hypertension
	
	
	
	1.34
	0.25

	no
	3574(77.44)
	959(78.67)
	2615(77.00)
	
	

	yes
	1041(22.56)
	260(21.33)
	781(23.00)
	
	

	dyslipidemia
	
	
	
	0.03
	0.86

	no
	4225(91.55)
	1118(91.71)
	3107(91.49)
	
	

	yes
	390( 8.45)
	101( 8.29)
	289( 8.51)
	
	

	diabetes
	
	
	
	1.72
	0.19

	no
	4400(95.34)
	1171(96.06)
	3229(95.08)
	
	

	yes
	215( 4.66)
	48( 3.94)
	167( 4.92)
	
	

	Liver disease
	
	
	
	4.78
	0.03

	no
	4510(97.72)
	1181(96.88)
	3329(98.03)
	
	

	yes
	105( 2.28)
	38( 3.12)
	67( 1.97)
	
	

	stroke
	
	
	
	0.00
	1.00

	no
	4543(98.44)
	1200(98.44)
	3343(98.44)
	
	

	yes
	72( 1.56)
	19( 1.56)
	53( 1.56)
	
	

	CVD
	
	
	
	1.14
	0.29

	no
	4190(90.79)
	1097(89.99)
	3093(91.08)
	
	

	yes
	425( 9.21)
	122(10.01)
	303( 8.92)
	
	

	Abbreviations:TC,Total Cholesterol;LDL,Low-Density Lipoprotein;TG,Triglycerides;DM,Diabetes Mellitus;CVD,Cardiovascular Disease;LAP,Lipid accumulation product;ePWV,Estimated pulse wave velocity





















Table.2 Segmented regression models.
	character
	crude model
	Model 1
	Model 2
	Model 3

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

	Frality
	
	
	
	
	
	
	
	

	    Robust
	ref
	
	ref
	
	ref
	
	ref
	

	    Pre-frailty
	1.4(1.19,1.64)
	<0.0001
	1.38(1.16,1.64)
	<0.001
	1.37(1.15,1.63)
	<0.001
	1.56(1.28,1.89)
	<0.0001

	    Frailty
	1.84(1.19,2.83)
	0.01
	1.69(1.06,2.68)
	0.03
	1.66(1.04,2.65)
	0.03
	2.03(1.23,3.34)
	0.01

	p for trend(character2integer)
	
	<0.0001
	
	<0.0001
	
	<0.0001
	
	<0.0001

	Frality cuont
	1.1(1.07,1.13)
	<0.0001
	1.08(1.05,1.12)
	<0.0001
	1.08(1.05,1.12)
	<0.0001
	1.08(1.05,1.12)
	<0.0001

	Frality cuont iqr
	1.58(1.38,1.81)
	<0.0001
	1.5(1.29,1.74)
	<0.0001
	1.48(1.28,1.73)
	<0.0001
	1.5(1.29,1.75)
	<0.0001

	Frality cuont Q
	
	
	
	
	
	
	
	

	    Q1
	ref
	
	ref
	
	ref
	
	ref
	

	    Q2
	1.71(1.45,2.01)
	<0.0001
	1.46(1.21,1.76)
	<0.0001
	1.46(1.21,1.75)
	<0.0001
	1.47(1.22,1.78)
	<0.0001

	    Q3
	1.58(1.35,1.86)
	<0.0001
	1.57(1.31,1.87)
	<0.0001
	1.55(1.29,1.85)
	<0.0001
	1.56(1.31,1.87)
	<0.0001

	    Q4
	2.76(1.75,4.35)
	<0.0001
	2.58(1.60,4.15)
	<0.001
	2.59(1.60,4.18)
	<0.001
	2.68(1.65,4.35)
	<0.0001

	p for trend(character2integer)
	
	<0.0001
	
	<0.0001
	
	<0.0001
	
	<0.0001

	p for trend(Median value)
	
	<0.0001
	
	<0.0001
	
	<0.0001
	
	<0.0001


crudel model: Frality;
model 1: Frality, sex, age, age_group, marital_status, education, residence_place;
model 2: Frality, sex, age, age_group, marital_status, education, residence_place, BMI, BMI_group, waist, glucose, creatinine, bun, uric, TC, LDL, TG, smoke, drinking;
model 3: Frality, sex, age, age_group, marital_status, education, residence_place, BMI, BMI_group, waist, glucose, creatinine, bun, uric, TC, LDL, TG, smoke, drinking, hypertension, dyslipidemia, diabetes, liver_disease, stroke, CVD;

















Table.3 Subgroup analysis of the association between arthritis and FI in CHARLS database
	character
	frailty
	pre-farilty
	p
	robust
	p
	p for trend(character2integer)

	sex
	
	
	
	
	
	

	female
	ref
	0.619(0.356,1.087)
	0.091
	0.475(0.280,0.817)
	0.006
	<0.001

	male
	ref
	1.165(0.543,2.716)
	0.707
	0.774(0.370,1.773)
	0.517
	0.002

	age_group
	
	
	
	
	
	

	50-59
	ref
	0.615(0.272,1.407)
	0.241
	0.400(0.183,0.888)
	0.021
	<0.001

	70-79
	ref
	2.716(0.678,18.182)
	0.210
	1.794(0.460,11.847)
	0.457
	0.298

	60-69
	ref
	0.619(0.301,1.304)
	0.197
	0.507(0.253,1.040)
	0.057
	0.034

	45-49
	ref
	0.829(0.076,18.237)
	0.880
	0.548(0.052,11.835)
	0.624
	0.076

	80+
	ref
	0.893(0.136,7.636)
	0.908
	0.729(0.124,5.855)
	0.737
	0.694

	marital_status
	
	
	
	
	
	

	Married
	ref
	0.779(0.484,1.272)
	0.309
	0.520(0.329,0.835)
	0.006
	<0.0001

	Non-Married
	ref
	0.723(0.216,2.819)
	0.611
	0.741(0.229,2.819)
	0.630
	0.897

	education
	
	
	
	
	
	

	Junior high school or below
	ref
	0.812(0.404,1.716)
	0.569
	0.648(0.328,1.348)
	0.224
	0.016

	High school or above
	ref
	1.131(0.240,8.099)
	0.885
	0.598(0.135,4.138)
	0.534
	0.027

	Illiterate
	ref
	0.836(0.444,1.592)
	0.580
	0.557(0.306,1.026)
	0.056
	0.002

	residence_place
	
	
	
	
	
	

	urban
	ref
	0.502(0.232,1.120)
	0.084
	0.424(0.204,0.912)
	0.023
	0.031

	rural
	ref
	0.910(0.529,1.600)
	0.738
	0.621(0.368,1.075)
	0.080
	<0.0001

	BMI_group
	
	
	
	
	
	

	Obesity
	ref
	0.429(0.079,2.098)
	0.293
	0.223(0.042,1.059)
	0.057
	0.01

	overweight
	ref
	0.414(0.190,0.891)
	0.024
	0.299(0.142,0.623)
	0.001
	<0.001

	normal
	ref
	1.245(0.675,2.426)
	0.499
	0.915(0.505,1.754)
	0.777
	0.007

	smoke
	
	
	
	
	
	

	no
	ref
	0.678(0.417,1.115)
	0.120
	0.527(0.331,0.852)
	0.008
	<0.001

	yes
	ref
	1.358(0.448,5.022)
	0.610
	0.795(0.269,2.887)
	0.697
	0.001

	drinking
	
	
	
	
	
	

	no
	ref
	0.758(0.470,1.237)
	0.260
	0.544(0.344,0.872)
	0.010
	<0.0001

	yes
	ref
	1.117(0.322,5.145)
	0.871
	0.850(0.252,3.851)
	0.809
	0.099

	hypertension
	
	
	
	
	
	

	no
	ref
	0.822(0.420,1.652)
	0.571
	0.525(0.275,1.032)
	0.054
	<0.0001

	yes
	ref
	0.688(0.381,1.275)
	0.223
	0.462(0.255,0.856)
	0.012
	<0.001

	dyslipidemia
	
	
	
	
	
	

	no
	ref
	0.688(0.410,1.170)
	0.160
	0.487(0.295,0.815)
	0.005
	<0.0001

	yes
	ref
	0.955(0.398,2.473)
	0.921
	0.655(0.275,1.679)
	0.352
	0.117

	diabetes
	
	
	
	
	
	

	no
	ref
	0.758(0.466,1.249)
	0.268
	0.518(0.324,0.839)
	0.006
	<0.0001

	yes
	ref
	0.718(0.241,2.421)
	0.566
	0.417(0.123,1.532)
	0.166
	0.101

	Liver disease
	
	
	
	
	
	

	no
	ref
	0.792(0.501,1.273)
	0.326
	0.571(0.367,0.904)
	0.014
	<0.0001

	yes
	ref
	0.500(0.059,3.473)
	0.484
	0.313(0.039,2.010)
	0.220
	0.136

	stroke
	
	
	
	
	
	

	no
	ref
	0.643(0.394,1.060)
	0.079
	0.450(0.281,0.731)
	0.001
	<0.0001

	yes
	ref
	1.213(0.349, 4.933)
	0.770
	3.750(0.641,23.934)
	0.144
	0.196

	CVD
	
	
	
	
	
	

	no
	ref
	0.649(0.341,1.258)
	0.191
	0.447(0.239,0.854)
	0.013
	<0.0001

	yes
	ref
	0.816(0.433,1.584)
	0.537
	0.640(0.316,1.320)
	0.220
	0.192


Abbreviations:CVD,Cardiovascular Disease


























Table.4 Mendelian randomization estimates for the causal effect of frailty index on osteoarthritis with different definitions
	Outcome
	Method
	Number of SNPs
	β coefficient
	Standard error
	OR (95% CI)
	P-value

	Osteoarthritis (SPA correction)
	Inverse variance weighted
	13
	0.430
	0.156
	1.537 (1.132–2.088)
	0.006

	
	MR Egger
	13
	-0.784
	0.603
	0.457 (0.138–1.514)
	0.220

	
	Weighted median
	13
	0.178
	0.166
	1.195 (0.861–1.658)
	0.283

	
	Weighted mode
	13
	0.059
	0.207
	1.061 (0.707–1.592)
	0.782

	Osteoarthritis
	Inverse variance weighted
	15
	0.019
	0.008
	1.019 (1.003–1.036)
	0.016

	
	MR Egger
	15
	-0.049
	0.031
	0.952 (0.895–1.013)
	0.140

	
	Weighted median
	15
	0.012
	0.010
	1.012 (0.993–1.031)
	0.235

	
	Weighted mode
	15
	-0.011
	0.013
	0.989 (0.964–1.015)
	0.900

	Self-reported osteoarthritis
	Inverse variance weighted
	14
	0.038
	0.012
	1.039 (1.017–1.061)
	0.001

	
	MR Egger
	14
	-0.067
	0.044
	0.935 (0.859–1.018)
	0.156

	
	Weighted median
	14
	0.027
	0.012
	1.027 (1.002–1.053)
	0.028

	
	Weighted mode
	14
	0.006
	0.018
	1.006 (0.971–1.042)
	0.754


Table note: OR and 95% CI were calculated by exponentiating the β coefficients (OR = exp(β)). Bold P-values indicate statistical significance (P < 0.05). All analyses used frailty index (id: ebi-a-GCST90020053) as the exposure.
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Table.5 Heterogeneity and Pleiotropy Test Results in Mendelian Randomization Analysis (Exposure: Frailty index)
	Outcome
	Heterogeneity Test - MR-Egger
	Heterogeneity Test - IVW
	Pleiotropy Test (MR-Egger Intercept)

	
	Q (df), P value
	Q (df), P value
	Intercept (SE), P value

	Osteoarthritis (SPA correction)
	18.423 (11), 0.0723
	25.601 (12), 0.0122
	0.02805 (0.01355), 0.0628

	Osteoarthritis
	14.204 (13), 0.3596
	19.729 (14), 0.1389
	0.00158 (0.00070), 0.0425

	Non-cancer illness code, self-reported: osteoarthritis
	17.661 (12), 0.1264
	26.460 (13), 0.0147
	0.00239 (0.00098), 0.0387
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