Table S1. SNPs (after clumping) for frailty index.
	Exposure
	SNP
	EA
	NEA
	EAF
	Beta
	Se
	P-Value
	R2
	F stastics
	near gene

	frailty index
	rs12739243
	C
	T
	0.22 
	-0.024 
	0.004 
	1.28E-09
	0.000209
	37 
	SYT14

	frailty index
	rs4952693
	T
	C
	0.37 
	-0.019 
	0.003 
	1.47E-08
	0.000186
	33 
	LRPPRC

	frailty index
	rs2071207
	C
	T
	0.48 
	-0.019 
	0.003 
	1.47E-08
	0.000183
	32 
	RBM5

	frailty index
	rs583514
	C
	T
	0.51 
	0.020 
	0.003 
	1.65E-09
	0.000207
	36 
	NLGN1

	frailty index
	rs82334
	C
	A
	0.32 
	-0.022 
	0.004 
	3.13E-10
	0.000232
	41 
	HTT

	frailty index
	rs1363103
	C
	T
	0.38 
	-0.019 
	0.003 
	2.23E-08
	0.00018
	32 
	RP11-6N13.1

	frailty index
	rs374943348
	A
	T
	0.36 
	0.027 
	0.004 
	3.23E-12
	0.000282
	49 
	TBC1D22B

	frailty index
	rs9275160
	A
	G
	0.34 
	0.038 
	0.004 
	7.18E-28
	0.000679
	119 
	TBC1D22B

	frailty index
	rs2396766
	A
	G
	0.47 
	0.020 
	0.003 
	1.22E-09
	0.000212
	37 
	FOXP2

	frailty index
	rs56299474
	A
	C
	0.17 
	0.024 
	0.004 
	3.94E-08
	0.000171
	30 
	HR

	frailty index
	rs4146140
	T
	C
	0.38 
	-0.020 
	0.003 
	6.83E-09
	0.000194
	34 
	ANK3

	frailty index
	rs10891490
	C
	T
	0.59 
	-0.019 
	0.003 
	2.00E-08
	0.000174
	31 
	NCAM1

	frailty index
	rs3959554
	G
	A
	0.42 
	0.019 
	0.003 
	1.74E-08
	0.000176
	31 
	RP11-129I12.3

	frailty index
	rs17612102
	C
	T
	0.59 
	0.019 
	0.003 
	2.85E-08
	0.000173
	30 
	LEO1

	frailty index
	rs8089807
	T
	C
	0.19 
	-0.025 
	0.004 
	6.50E-09
	0.00019
	33 
	RP11-188I24.1


Abbreviation: SNP, single nucleotide polymorphism; EA, Effect allele; NEA, Non-effect allele; EAF, effect allele frequency; SE, standard error; FI, frailty index; OA, OA, osteoarthritis; RA, rheumatoid arthritis.
R2 was calculated using the following formula: (2×EAF×(1-EAF) × beta2)/[(2×EAF×(1-EAF) × beta2) + (2×EAF×(1-EAF) × N × SE2)]. EAF stands for the effect allele frequency, beta represents the estimated impact on FI or arthritis, N is the sample size of the SNP-FI or arthritis association GWAS, and SE is the standard error of the estimated effect.
[bookmark: RANGE!L30]F statistic was calculated using the following formula: R2(N-2)/(1-R2), where R2 is the proportion of variance in FI or arthritis explained by each instrument and N is the sample size of the GWAS for the SNP-FI or arthritis association.	

Table S2. SNPs (after clumping) for all OA.
	Exposure
	SNP
	EA
	NEA
	EAF
	Beta
	Se
	P-Value
	R2
	F stastics
	near gene

	all OA
	rs2856821
	T
	C
	0.79 
	0.032 
	0.006 
	4.32E-08
	3.63E-05
	30 
	HLA-DPA1

	all OA
	rs10405617
	A
	G
	0.32 
	0.032 
	0.005 
	9.33E-11
	5.08E-05
	42 
	SLC44A2

	all OA
	rs10831476
	A
	C
	0.81 
	0.033 
	0.006 
	7.77E-09
	4.03E-05
	33 
	MAML2

	all OA
	rs10953758
	A
	G
	0.48 
	0.027 
	0.005 
	1.56E-09
	4.41E-05
	36 
	FOXP2

	all OA
	rs1149620
	A
	T
	0.44 
	-0.026 
	0.005 
	2.23E-08
	3.78E-05
	31 
	TSKU

	all OA
	rs11726937
	A
	G
	0.24 
	-0.031 
	0.005 
	3.48E-09
	4.22E-05
	35 
	PRDM5

	all OA
	rs11731421
	A
	G
	0.35 
	0.031 
	0.005 
	1.88E-10
	4.91E-05
	41 
	TACC3

	all OA
	rs11749736
	T
	C
	0.74 
	-0.029 
	0.005 
	1.51E-08
	3.88E-05
	32 
	AC005592.2

	all OA
	rs12901372
	C
	G
	0.53 
	0.030 
	0.005 
	1.02E-10
	5.05E-05
	42 
	SMAD3

	all OA
	rs13107325
	T
	C
	0.07 
	0.078 
	0.009 
	3.25E-17
	8.61E-05
	71 
	SLC39A8

	all OA
	rs1401795
	A
	G
	0.50 
	0.027 
	0.005 
	6.19E-09
	4.09E-05
	34 
	C17orf67

	all OA
	rs17677555
	C
	G
	0.25 
	0.030 
	0.005 
	1.10E-08
	3.95E-05
	33 
	FBN2

	all OA
	rs1913707
	A
	G
	0.61 
	0.033 
	0.005 
	1.39E-12
	6.07E-05
	50 
	TAPT1-AS1

	all OA
	rs216175
	A
	C
	0.83 
	0.042 
	0.006 
	2.74E-12
	5.91E-05
	49 
	SMG6

	all OA
	rs2425061
	A
	G
	0.63 
	0.033 
	0.005 
	2.14E-12
	5.97E-05
	49 
	UQCC1

	all OA
	rs2622873
	T
	C
	0.88 
	0.046 
	0.007 
	4.24E-11
	5.26E-05
	44 
	COL11A1

	all OA
	rs2820444
	A
	G
	0.30 
	0.028 
	0.005 
	1.33E-08
	3.9E-05
	32 
	RP11-95P13.2

	all OA
	rs34811474
	A
	G
	0.23 
	-0.031 
	0.006 
	2.46E-08
	3.76E-05
	31 
	ANAPC4

	all OA
	rs3771501
	A
	G
	0.47 
	0.036 
	0.005 
	4.05E-15
	7.46E-05
	62 
	TGFA

	all OA
	rs4671010
	A
	C
	0.50 
	0.026 
	0.005 
	1.21E-08
	3.93E-05
	32 
	LTBP1

	all OA
	rs471464
	A
	C
	0.62 
	0.031 
	0.006 
	2.64E-08
	3.74E-05
	31 
	MRPS21

	all OA
	rs4714791
	T
	G
	0.48 
	-0.025 
	0.005 
	3.59E-08
	3.67E-05
	30 
	ACTG1P9

	all OA
	rs476330
	T
	C
	0.58 
	0.025 
	0.005 
	4.51E-08
	3.62E-05
	30 
	NT5DC1

	all OA
	rs4979341
	T
	C
	0.27 
	0.032 
	0.005 
	1.39E-09
	4.44E-05
	37 
	COL27A1

	all OA
	rs55872725
	T
	C
	0.41 
	0.026 
	0.005 
	2.50E-08
	3.76E-05
	31 
	FTO

	all OA
	rs62182810
	A
	G
	0.54 
	0.027 
	0.005 
	3.82E-09
	4.2E-05
	35 
	RAPH1

	all OA
	rs62242105
	A
	G
	0.33 
	-0.029 
	0.005 
	2.93E-09
	4.26E-05
	35 
	SGO1-AS1

	all OA
	rs62262106
	A
	G
	0.75 
	-0.030 
	0.005 
	2.07E-08
	3.8E-05
	31 
	RBM6

	all OA
	rs75621460
	A
	G
	0.03 
	0.096 
	0.016 
	1.06E-09
	4.5E-05
	37 
	TGFB1

	all OA
	rs8055162
	A
	G
	0.57 
	-0.030 
	0.005 
	2.13E-08
	3.8E-05
	31 
	CHMP1A

	all OA
	rs858936
	T
	C
	0.88 
	-0.038 
	0.007 
	4.84E-08
	3.6E-05
	30 
	NRXN1

	all OA
	rs9445214
	T
	G
	0.53 
	-0.025 
	0.005 
	4.08E-08
	3.64E-05
	30 
	RP3-463P15.1




Table S3. SNPs (after clumping) for knee OA.
	Exposure
	SNP
	EA
	NEA
	EAF
	Beta
	Se
	P-Value
	R2
	F stastics
	near gene

	knee OA
	rs2855438
	A
	T
	0.86 
	0.059 
	0.011 
	3.85E-08
	7.63E-05
	30 
	COL11A2

	knee OA
	rs10038860
	A
	G
	0.27 
	0.046 
	0.008 
	5.62E-09
	8.57E-05
	34 
	AC005592.2

	knee OA
	rs1047891
	A
	C
	0.31 
	0.047 
	0.008 
	2.74E-08
	7.8E-05
	31 
	CPS1

	knee OA
	rs10842226
	A
	G
	0.42 
	0.047 
	0.008 
	3.63E-09
	8.79E-05
	35 
	SOX5

	knee OA
	rs10974438
	A
	C
	0.64 
	0.043 
	0.007 
	4.89E-09
	8.64E-05
	34 
	GLIS3

	knee OA
	rs11703195
	T
	G
	0.24 
	-0.051 
	0.009 
	2.96E-09
	8.89E-05
	35 
	ISX

	knee OA
	rs12914479
	C
	G
	0.66 
	0.044 
	0.008 
	7.12E-09
	8.46E-05
	34 
	RP11-35O15.1

	knee OA
	rs1394094
	A
	T
	0.34 
	-0.041 
	0.007 
	3.20E-08
	7.72E-05
	31 
	STAG1

	knee OA
	rs1426371
	A
	G
	0.27 
	-0.052 
	0.008 
	8.86E-10
	9.48E-05
	38 
	WSCD2

	knee OA
	rs143384
	A
	G
	0.59 
	0.072 
	0.007 
	1.01E-23
	0.000254
	101 
	GDF5

	knee OA
	rs17615906
	T
	C
	0.84 
	-0.052 
	0.010 
	4.88E-08
	7.51E-05
	30 
	SLC27A6

	knee OA
	rs1790133
	T
	G
	0.21 
	-0.069 
	0.011 
	4.49E-10
	9.82E-05
	39 
	MPHOSPH9

	knee OA
	rs2066928
	A
	G
	0.48 
	-0.041 
	0.007 
	1.20E-08
	8.2E-05
	32 
	RPL19P11

	knee OA
	rs2791549
	A
	C
	0.30 
	0.046 
	0.008 
	3.06E-09
	8.87E-05
	35 
	RP11-392O17.1

	knee OA
	rs34195470
	A
	G
	0.45 
	-0.052 
	0.007 
	3.13E-13
	0.000134
	53 
	WWP2

	knee OA
	rs3778540
	A
	T
	0.63 
	0.040 
	0.007 
	4.11E-08
	7.6E-05
	30 
	GMDS

	knee OA
	rs3859514
	T
	C
	0.35 
	0.044 
	0.007 
	5.12E-09
	8.62E-05
	34 
	SLC44A2

	knee OA
	rs4380013
	A
	G
	0.19 
	0.056 
	0.009 
	8.73E-10
	9.49E-05
	38 
	USP8

	knee OA
	rs4548913
	A
	G
	0.63 
	-0.051 
	0.007 
	3.15E-12
	0.000123
	49 
	SRR

	knee OA
	rs4775006
	A
	C
	0.42 
	0.046 
	0.008 
	8.55E-10
	9.5E-05
	38 
	ALDH1A2

	knee OA
	rs4974591
	A
	G
	0.31 
	-0.042 
	0.008 
	3.26E-08
	7.71E-05
	31 
	TMED11P

	knee OA
	rs58973023
	A
	T
	0.49 
	0.056 
	0.009 
	4.72E-10
	9.79E-05
	39 
	RP11-413N19.2

	knee OA
	rs60733780
	A
	G
	0.33 
	-0.043 
	0.008 
	1.46E-08
	8.11E-05
	32 
	RP11-21L23.4

	knee OA
	rs6500609
	C
	G
	0.11 
	-0.067 
	0.011 
	5.16E-09
	8.62E-05
	34 
	NMRAL1

	knee OA
	rs66906321
	T
	C
	0.18 
	-0.057 
	0.009 
	1.71E-09
	9.16E-05
	36 
	TMEM18

	knee OA
	rs72760655
	A
	C
	0.33 
	0.049 
	0.008 
	7.25E-11
	0.000107
	42 
	COL27A1

	knee OA
	rs72979233
	A
	G
	0.76 
	-0.050 
	0.008 
	2.54E-09
	8.96E-05
	36 
	POLD3

	knee OA
	rs7581446
	T
	C
	0.48 
	-0.057 
	0.009 
	1.71E-10
	0.000103
	41 
	LTBP1

	knee OA
	rs7680647
	T
	C
	0.63 
	-0.044 
	0.008 
	1.24E-08
	8.19E-05
	32 
	TACC3

	knee OA
	rs7967762
	T
	C
	0.17 
	0.057 
	0.010 
	2.09E-09
	9.06E-05
	36 
	RP1-228P16.5

	knee OA
	rs9940278
	T
	C
	0.44 
	0.058 
	0.007 
	3.19E-16
	0.000168
	67 
	FTO







Table S4. SNPs (after clumping) for hip OA.
	Exposure
	SNP
	EA
	NEA
	EAF
	Beta
	Se
	P-Value
	R2
	F stastics
	near gene

	hip OA
	rs10465114
	A
	G
	0.22 
	0.06 
	0.01 
	9.04E-09
	9.34784E-05
	33 
	RALGPS1

	hip OA
	rs1046934
	A
	C
	0.65 
	0.07 
	0.01 
	3.81E-14
	0.000162022
	57 
	TSEN15

	hip OA
	rs10492367
	T
	G
	0.20 
	0.11 
	0.01 
	2.75E-24
	0.000292496
	103 
	RN7SKP15

	hip OA
	rs10831477
	T
	G
	0.81 
	0.07 
	0.01 
	1.20E-09
	0.000104589
	37 
	MAML2

	hip OA
	rs10940168
	A
	G
	0.39 
	-0.05 
	0.01 
	7.74E-09
	9.43353E-05
	33 
	CTC-537E7.1

	hip OA
	rs11164653
	T
	C
	0.41 
	-0.08 
	0.01 
	2.77E-18
	0.00021515
	76 
	COL11A1

	hip OA
	rs111844273
	A
	G
	0.02 
	0.23 
	0.03 
	1.05E-12
	0.00014359
	51 
	HDAC9

	hip OA
	rs11727676
	T
	C
	0.90 
	-0.08 
	0.02 
	4.18E-08
	8.50719E-05
	30 
	HHIP

	hip OA
	rs12160491
	A
	G
	0.70 
	-0.06 
	0.01 
	4.37E-10
	0.000110181
	39 
	SCUBE1

	hip OA
	rs12209223
	A
	C
	0.11 
	0.14 
	0.01 
	1.88E-22
	0.000268831
	95 
	FILIP1

	hip OA
	rs12908498
	C
	G
	0.54 
	0.08 
	0.01 
	1.85E-16
	0.000191697
	68 
	SMAD3

	hip OA
	rs13302198
	T
	C
	0.64 
	0.05 
	0.01 
	4.14E-08
	8.51194E-05
	30 
	1-Dec

	hip OA
	rs1401796
	A
	C
	0.51 
	-0.06 
	0.01 
	1.43E-10
	0.000116344
	41 
	C17orf67

	hip OA
	rs17677724
	T
	C
	0.16 
	0.07 
	0.01 
	3.54E-09
	9.86476E-05
	35 
	SLC27A6

	hip OA
	rs1809889
	T
	C
	0.28 
	0.06 
	0.01 
	3.58E-09
	9.85732E-05
	35 
	RFLNA

	hip OA
	rs189933136
	T
	C
	0.84 
	0.11 
	0.01 
	5.33E-15
	0.000172966
	61 
	MTRF1LP2

	hip OA
	rs1913707
	A
	G
	0.60 
	0.07 
	0.01 
	1.82E-13
	0.000153309
	54 
	TAPT1-AS1

	hip OA
	rs2188730
	A
	G
	0.15 
	0.07 
	0.01 
	1.01E-08
	9.28692E-05
	33 
	NACA2

	hip OA
	rs2268023
	A
	T
	0.41 
	0.07 
	0.01 
	1.56E-13
	0.000154192
	54 
	ITIH1

	hip OA
	rs2416564
	T
	C
	0.60 
	-0.07 
	0.01 
	1.00E-15
	0.000182278
	64 
	ASTN2

	hip OA
	rs2521348
	T
	C
	0.39 
	0.06 
	0.01 
	1.56E-09
	0.000103156
	36 
	MAP2K6

	hip OA
	rs2605098
	A
	G
	0.34 
	0.07 
	0.01 
	6.83E-12
	0.000133199
	47 
	RP11-392O17.1

	hip OA
	rs28567725
	T
	C
	0.57 
	-0.05 
	0.01 
	1.72E-09
	0.000102618
	36 
	FTO

	hip OA
	rs2862851
	T
	C
	0.47 
	0.07 
	0.01 
	3.86E-13
	0.000149144
	53 
	TGFA

	hip OA
	rs3740129
	A
	G
	0.45 
	0.05 
	0.01 
	1.84E-09
	0.000102261
	36 
	CHST3

	hip OA
	rs4073717
	T
	G
	0.20 
	-0.07 
	0.01 
	2.54E-09
	0.00010048
	36 
	FGF18

	hip OA
	rs4252548
	T
	C
	0.03 
	0.23 
	0.03 
	2.24E-15
	0.000177805
	63 
	IL11

	hip OA
	rs4411121
	T
	C
	0.31 
	0.06 
	0.01 
	2.16E-11
	0.000126811
	45 
	SPAG17

	hip OA
	rs62578126
	T
	C
	0.36 
	-0.06 
	0.01 
	4.29E-11
	0.000123012
	43 
	LMX1B

	hip OA
	rs66989638
	A
	G
	0.13 
	0.08 
	0.01 
	4.79E-09
	9.69779E-05
	34 
	C2orf40

	hip OA
	rs6786146
	T
	C
	0.95 
	0.12 
	0.02 
	1.90E-08
	8.9387E-05
	32 
	VGLL4

	hip OA
	rs67924081
	A
	G
	0.74 
	0.06 
	0.01 
	7.80E-10
	0.000106977
	38 
	EHBP1L1

	hip OA
	rs6855246
	A
	G
	0.93 
	-0.11 
	0.02 
	7.94E-09
	9.41929E-05
	33 
	MANBA

	hip OA
	rs6908606
	A
	G
	0.71 
	-0.07 
	0.01 
	3.86E-12
	0.000136357
	48 
	SUPT3H

	hip OA
	rs7875152
	A
	C
	0.14 
	-0.09 
	0.01 
	1.07E-12
	0.000143501
	51 
	RNU6-996P

	hip OA
	rs788857
	A
	G
	0.70 
	-0.05 
	0.01 
	4.42E-08
	8.47653E-05
	30 
	PRKG2

	hip OA
	rs79056043
	A
	G
	0.94 
	-0.11 
	0.02 
	1.99E-09
	0.000101817
	36 
	LRIG3

	hip OA
	rs79220007
	T
	C
	0.93 
	-0.11 
	0.02 
	2.22E-09
	0.000101223
	36 
	HFE

	hip OA
	rs798756
	T
	C
	0.19 
	-0.07 
	0.01 
	2.24E-09
	0.000101166
	36 
	SLBP

	hip OA
	rs9475400
	T
	C
	0.10 
	0.11 
	0.02 
	8.03E-13
	0.000145075
	51 
	BMP5

	hip OA
	rs9835230
	A
	G
	0.24 
	0.06 
	0.01 
	1.34E-09
	0.000103999
	37 
	P3H2

	hip OA
	rs9976458
	T
	G
	0.23 
	0.06 
	0.01 
	2.37E-08
	8.81744E-05
	31 
	ERG




Table S5. SNPs (after clumping) for RA.
	Exposure
	SNP
	EA
	NEA
	EAF
	Beta
	Se
	P-value
	R2
	F stastics
	near gene

	RA
	rs12126142
	A
	G
	0.30 
	-0.075 
	0.012 
	1.01E-10
	0.000719
	42 
	IL6R

	RA
	rs3761959
	T
	C
	0.31 
	0.074 
	0.012 
	9.64E-11
	0.000718
	42 
	FCRL3

	RA
	rs61828284
	T
	C
	0.04 
	-0.202 
	0.035 
	6.33E-09
	0.000577
	34 
	RP11-296O14.1

	RA
	rs2258734
	A
	G
	0.30 
	-0.092 
	0.012 
	6.04E-14
	0.000961
	56 
	TNFRSF14

	RA
	rs28411352
	T
	C
	0.18 
	0.091 
	0.014 
	1.66E-11
	0.000774
	45 
	MTF1

	RA
	rs2301888
	A
	G
	0.38 
	-0.128 
	0.012 
	3.75E-26
	0.001922
	112 
	PADI4

	RA
	rs6679677
	A
	C
	0.06 
	0.591 
	0.023 
	1.4E-145
	0.011202
	660 
	PHTF1

	RA
	rs1234313
	G
	A
	0.61 
	0.080 
	0.013 
	1.9E-09
	0.000616
	36 
	TNFSF4

	RA
	rs2076616
	G
	A
	0.61 
	-0.089 
	0.014 
	6.2E-11
	0.000737
	43 
	PADI2

	RA
	rs10911902
	T
	C
	0.12 
	-0.085 
	0.015 
	2.36E-08
	0.000532
	31 
	PTGS2

	RA
	rs28421442
	A
	T
	0.16 
	-0.123 
	0.021 
	7.86E-09
	0.00057
	33 
	TET3

	RA
	rs12466919
	T
	C
	0.17 
	0.103 
	0.015 
	1.59E-11
	0.00078
	45 
	LINC01185

	RA
	rs11123811
	C
	T
	0.65 
	-0.100 
	0.011 
	2.01E-18
	0.001305
	76 
	AFF3

	RA
	rs11889341
	T
	C
	0.21 
	0.147 
	0.013 
	4.32E-30
	0.002211
	129 
	STAT4

	RA
	rs1858037
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Supplementary Figure 1 Scatter plots in the present Mendelian randomization study
(A) Scatter plot of the causal effects of frailty index associated SNPs on all OA.
(B) Scatter plot of the causal effects of frailty index associated SNPs on hip OA.
(C) Scatter plot of the causal effects of frailty index associated SNPs on knee OA.
(D) Scatter plot of the causal effects of frailty index associated SNPs on RA.
(E) Scatter plot of the causal effects of all OA associated SNPs on frailty index.
(F) Scatter plot of the causal effects of hip OA associated SNPs on frailty index.
(G) Scatter plot of the causal effects of knee OA associated SNPs on frailty index.
(H) Scatter plot of the causal effects of RA associated SNPs on frailty index.
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Supplementary Figure 2 Funnel plots in the present Mendelian randomization study
(A) Funnel plot of the causal effects of frailty index associated SNPs on all OA.
(B) Funnel plot of the causal effects of frailty index associated SNPs on hip OA.
(C) Funnel plot of the causal effects of frailty index associated SNPs on knee OA.
(D) Funnel plot of the causal effects of frailty index associated SNPs on RA.
(E) Funnel plot of the causal effects of all OA associated SNPs on frailty index.
(F) Funnel plot of the causal effects of hip OA associated SNPs on frailty index.
(G) Funnel plot of the causal effects of knee OA associated SNPs on frailty index.
(H) Funnel plot of the causal effects of RA associated SNPs on frailty index.
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Supplementary Figure 3 Leave-one-out sensitivity analysis in the present Mendelian randomization study
(A) Leave-one-out sensitivity analysis of the causal effects of frailty index associated SNPs on all OA.
(B) Leave-one-out sensitivity analysis of the causal effects of frailty index associated SNPs on hip OA.
(C) Leave-one-out sensitivity analysis of the causal effects of frailty index associated SNPs on knee OA.
(D) Leave-one-out sensitivity analysis of the causal effects of frailty index associated SNPs on RA.
(E) Leave-one-out sensitivity analysis of the causal effects of all OA associated SNPs on frailty index.
(F) Leave-one-out sensitivity analysis of the causal effects of hip OA associated SNPs on frailty index.
(G) Leave-one-out sensitivity analysis of the causal effects of knee OA associated SNPs on frailty index.
(H) Leave-one-out sensitivity analysis of the causal effects of RA associated SNPs on frailty index.
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