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Supplementary table 1. Details of SNPs used for UVMR analysis of FG on HOA
	chr
	pos
	SNP
	effect allele
	other allele
	beta
	eaf
	se
	pval
	R2
	F

	1
	100894419
	rs6662924
	A
	C
	0.0143
	0.198
	2.30E-03
	3.34E-10
	6.49E-05
	13.03

	1
	229672955
	rs348330
	A
	G
	-0.0122
	0.631
	2.00E-03
	3.04E-10
	6.93E-05
	13.91

	2
	27324036
	rs1057394
	A
	G
	-0.0124
	0.625
	1.80E-03
	1.91E-12
	7.21E-05
	14.46

	2
	43777964
	rs77981966
	T
	C
	-0.0246
	0.055
	3.50E-03
	1.58E-14
	6.29E-05
	12.62

	2
	169774646
	rs537183
	T
	C
	0.0663
	0.64
	1.70E-03
	1.00E-200
	2.03E-03
	407.19

	3
	141134818
	rs16851397
	G
	A
	-0.0327
	0.045
	4.20E-03
	1.26E-12
	9.19E-05
	18.44

	3
	152180329
	rs17437560
	T
	C
	-0.0175
	0.11
	3.20E-03
	3.33E-08
	6.00E-05
	12.03

	4
	185726548
	rs4862423
	T
	C
	0.0123
	0.401
	1.90E-03
	4.45E-10
	7.27E-05
	14.58

	5
	76425867
	rs7708285
	A
	G
	-0.0133
	0.686
	1.90E-03
	1.25E-09
	7.62E-05
	15.29

	6
	39034095
	rs10305457
	T
	C
	0.0235
	0.065
	3.20E-03
	1.21E-14
	6.71E-05
	13.47

	7
	75654574
	rs58925536
	T
	C
	0.0306
	0.032
	5.30E-03
	5.82E-09
	5.80E-05
	11.64

	7
	89853149
	rs194518
	A
	G
	0.0102
	0.52
	1.80E-03
	8.76E-09
	5.19E-05
	10.42

	9
	4291928
	rs10974438
	C
	A
	0.0198
	0.38
	1.70E-03
	9.85E-31
	1.85E-04
	37.07

	9
	136149399
	rs507666
	A
	G
	0.0164
	0.189
	2.10E-03
	6.99E-17
	8.25E-05
	16.54

	9
	139256766
	rs3829109
	A
	G
	-0.0163
	0.276
	2.00E-03
	1.09E-15
	1.06E-04
	21.30

	10
	95384152
	rs7095788
	T
	C
	-0.0106
	0.358
	1.80E-03
	1.98E-09
	5.16E-05
	10.36

	10
	113036354
	rs12784552
	G
	A
	-0.0329
	0.076
	3.00E-03
	2.86E-31
	1.52E-04
	30.50

	11
	45870177
	rs10838524
	G
	A
	-0.0238
	0.52
	1.60E-03
	1.56E-40
	2.83E-04
	56.74

	11
	47350553
	rs10838693
	C
	G
	0.0177
	0.314
	1.80E-03
	3.44E-23
	1.35E-04
	27.08

	11
	61609750
	rs174583
	T
	C
	-0.0168
	0.375
	1.70E-03
	3.37E-22
	1.32E-04
	26.55

	11
	72460694
	rs11603349
	C
	T
	-0.0236
	0.168
	2.20E-03
	3.12E-25
	1.56E-04
	31.24

	12
	97848910
	rs6538804
	G
	C
	-0.0142
	0.377
	1.90E-03
	9.41E-14
	9.47E-05
	19.00

	12
	121893626
	rs6489811
	G
	A
	0.011
	0.512
	1.80E-03
	3.27E-09
	6.05E-05
	12.13

	13
	28487599
	rs11619319
	G
	A
	0.0173
	0.234
	2.00E-03
	3.41E-20
	1.07E-04
	21.53

	14
	90055468
	rs35889227
	T
	G
	-0.013
	0.617
	1.90E-03
	3.37E-10
	7.99E-05
	16.03

	15
	99271135
	rs6598541
	G
	A
	-0.0114
	0.648
	1.70E-03
	4.12E-12
	5.93E-05
	11.89

	20
	22557099
	rs6113722
	A
	G
	-0.0424
	0.066
	4.40E-03
	7.66E-25
	2.22E-04
	44.48

	20
	39832628
	rs17265513
	C
	T
	0.0158
	0.204
	2.10E-03
	5.10E-14
	8.11E-05
	16.27



Supplementary table 2. Details of SNPs used for UVMR analysis of 2hGlu on HOA
	chr
	pos
	SNP
	effect allele
	other allele
	beta
	eaf
	se
	pval
	R2
	F

	7
	44255643
	rs878521
	A
	G
	0.099
	0.249
	9.40E-03
	1.25E-28
	3.67E-03
	232.88

	8
	9185146
	rs2126259
	T
	C
	-0.0716
	0.091
	1.21E-02
	2.98E-10
	8.48E-04
	53.81

	9
	136146597
	rs550057
	T
	C
	0.0526
	0.286
	8.50E-03
	3.62E-11
	1.13E-03
	71.71

	14
	38842759
	rs112824462
	A
	G
	-0.0584
	0.276
	1.02E-02
	6.73E-09
	1.36E-03
	61.78

	15
	62332980
	rs17271305
	A
	G
	-0.0587
	0.591
	7.70E-03
	2.88E-14
	1.67E-03
	105.78

	17
	7185779
	rs117643180
	A
	C
	0.234
	0.033
	3.27E-02
	7.31E-14
	3.49E-03
	134.31



Supplementary table 3. Details of SNPs used for UVMR analysis of HbA1c on HOA
	chr
	pos
	SNP
	effect allele
	other allele
	beta
	eaf
	se
	pval
	R2
	F

	1
	158607935
	rs857725
	T
	G
	-0.0208
	0.723
	1.40E-03
	5.43E-55
	1.73E-04
	25.13

	2
	24093756
	rs12612492
	T
	C
	0.0188
	0.148
	1.90E-03
	1.88E-26
	8.91E-05
	12.81

	2
	169763148
	rs560887
	T
	C
	-0.0307
	0.306
	1.40E-03
	5.55E-122
	4.00E-04
	58.30

	2
	169789512
	rs13389076
	A
	G
	0.0332
	0.034
	3.80E-03
	3.04E-18
	7.24E-05
	10.63

	4
	144659795
	rs13134327
	A
	G
	0.0144
	0.331
	1.40E-03
	2.81E-26
	9.18E-05
	13.20

	6
	135411228
	rs9376090
	T
	C
	0.0247
	0.728
	1.40E-03
	1.90E-62
	2.42E-04
	34.22

	7
	44226101
	rs2971670
	T
	C
	0.0316
	0.181
	1.70E-03
	5.10E-88
	2.96E-04
	43.47

	8
	41549194
	rs6474359
	T
	C
	0.0427
	0.978
	3.80E-03
	1.91E-33
	7.85E-05
	11.28

	8
	41630405
	rs4737009
	A
	G
	0.0228
	0.262
	1.50E-03
	8.29E-56
	2.01E-04
	28.91

	10
	71093392
	rs16926246
	T
	C
	-0.0727
	0.136
	2.10E-03
	1.00E-200
	1.24E-03
	167.74

	13
	113352916
	rs76533333
	A
	G
	-0.0265
	0.913
	2.50E-03
	2.81E-29
	1.12E-04
	14.35

	16
	88853729
	rs837763
	T
	C
	0.0176
	0.578
	1.30E-03
	5.20E-38
	1.51E-04
	20.59

	17
	76121864
	rs2748427
	A
	G
	-0.0307
	0.803
	2.20E-03
	9.82E-49
	2.98E-04
	29.79

	17
	80689036
	rs9909940
	T
	C
	0.0322
	0.323
	1.40E-03
	1.43E-116
	4.53E-04
	66.38

	19
	17257802
	rs17533945
	T
	C
	-0.0128
	0.582
	1.40E-03
	1.62E-23
	7.97E-05
	11.12



Supplementary table 4. Details of SNPs used for UVMR analysis of FG on KOA
	chr
	pos
	SNP
	effect allele
	other allele
	beta
	eaf
	se
	pval
	R2
	F

	1
	100894419
	rs6662924
	A
	C
	0.0143
	0.198
	2.30E-03
	3.34E-10
	6.49E-05
	13.03

	1
	229672955
	rs348330
	A
	G
	-0.0122
	0.631
	2.00E-03
	3.04E-10
	6.93E-05
	13.91

	2
	43777964
	rs77981966
	T
	C
	-0.0246
	0.055
	3.50E-03
	1.58E-14
	6.29E-05
	12.62

	2
	54941112
	rs189548
	A
	G
	-0.0123
	0.723
	2.00E-03
	2.81E-09
	6.06E-05
	12.16

	2
	169774646
	rs537183
	T
	C
	0.0663
	0.64
	1.70E-03
	1.00E-200
	2.03E-03
	407.19

	3
	141134818
	rs16851397
	G
	A
	-0.0327
	0.045
	4.20E-03
	1.26E-12
	9.19E-05
	18.44

	3
	152180329
	rs17437560
	T
	C
	-0.0175
	0.11
	3.20E-03
	3.33E-08
	6.00E-05
	12.03

	4
	185726548
	rs4862423
	T
	C
	0.0123
	0.401
	1.90E-03
	4.45E-10
	7.27E-05
	14.58

	5
	55809127
	rs157512
	C
	T
	-0.0134
	0.27
	2.10E-03
	5.43E-10
	7.08E-05
	14.20

	5
	76425867
	rs7708285
	A
	G
	-0.0133
	0.686
	1.90E-03
	1.25E-09
	7.62E-05
	15.29

	7
	75654574
	rs58925536
	T
	C
	0.0306
	0.032
	5.30E-03
	5.82E-09
	5.80E-05
	11.64

	7
	89853149
	rs194518
	A
	G
	0.0102
	0.52
	1.80E-03
	8.76E-09
	5.19E-05
	10.42

	8
	81076874
	rs12541643
	T
	C
	0.0118
	0.479
	1.90E-03
	4.51E-09
	6.95E-05
	13.94

	9
	136149399
	rs507666
	A
	G
	0.0164
	0.189
	2.10E-03
	6.99E-17
	8.25E-05
	16.54

	9
	139256766
	rs3829109
	A
	G
	-0.0163
	0.276
	2.00E-03
	1.09E-15
	1.06E-04
	21.30

	10
	26505822
	rs2839671
	A
	G
	-0.016
	0.164
	2.20E-03
	8.38E-14
	7.02E-05
	14.08

	10
	95384152
	rs7095788
	T
	C
	-0.0106
	0.358
	1.80E-03
	1.98E-09
	5.16E-05
	10.36

	11
	45870177
	rs10838524
	G
	A
	-0.0238
	0.52
	1.60E-03
	1.56E-40
	2.83E-04
	56.74

	11
	47350553
	rs10838693
	C
	G
	0.0177
	0.314
	1.80E-03
	3.44E-23
	1.35E-04
	27.08

	12
	97848910
	rs6538804
	G
	C
	-0.0142
	0.377
	1.90E-03
	9.41E-14
	9.47E-05
	19.00

	12
	121893626
	rs6489811
	G
	A
	0.011
	0.512
	1.80E-03
	3.27E-09
	6.05E-05
	12.13

	12
	133063768
	rs11610045
	A
	G
	0.0144
	0.454
	1.90E-03
	3.26E-13
	1.03E-04
	20.63

	13
	28487599
	rs11619319
	G
	A
	0.0173
	0.234
	2.00E-03
	3.41E-20
	1.07E-04
	21.53

	14
	90055468
	rs35889227
	T
	G
	-0.013
	0.617
	1.90E-03
	3.37E-10
	7.99E-05
	16.03

	15
	99271135
	rs6598541
	G
	A
	-0.0114
	0.648
	1.70E-03
	4.12E-12
	5.93E-05
	11.89

	20
	22557099
	rs6113722
	A
	G
	-0.0424
	0.066
	4.40E-03
	7.66E-25
	2.22E-04
	44.48

	20
	39832628
	rs17265513
	C
	T
	0.0158
	0.204
	2.10E-03
	5.10E-14
	8.11E-05
	16.27



Supplementary table 5. Details of SNPs used for UVMR analysis of 2hGlu on KOA
	chr
	pos
	SNP
	effect allele
	other allele
	beta
	eaf
	se
	pval
	R2
	F

	7
	44255643
	rs878521
	A
	G
	0.099
	0.249
	9.40E-03
	1.25E-28
	3.67E-03
	232.88

	8
	9185146
	rs2126259
	T
	C
	-0.0716
	0.091
	1.21E-02
	2.98E-10
	8.48E-04
	53.81

	9
	136146597
	rs550057
	T
	C
	0.0526
	0.286
	8.50E-03
	3.62E-11
	1.13E-03
	71.71

	12
	121380544
	rs2649999
	T
	C
	0.0498
	0.359
	8.20E-03
	2.01E-10
	1.14E-03
	72.44

	15
	62332980
	rs17271305
	A
	G
	-0.0587
	0.591
	7.70E-03
	2.88E-14
	1.67E-03
	105.78






Supplementary table 6. Details of SNPs used for UVMR analysis of HbA1c on KOA
	chr
	pos
	SNP
	effect allele
	other allele
	beta
	eaf
	se
	pval
	R2
	F

	2
	24093756
	rs12612492
	T
	C
	0.0188
	0.148
	1.90E-03
	1.88E-26
	8.91E-05
	12.81

	4
	144659795
	rs13134327
	A
	G
	0.0144
	0.331
	1.40E-03
	2.81E-26
	9.18E-05
	13.20

	6
	26093141
	rs1800562
	A
	G
	-0.0383
	0.046
	2.70E-03
	2.33E-50
	1.29E-04
	18.90

	6
	135411228
	rs9376090
	T
	C
	0.0247
	0.728
	1.40E-03
	1.90E-62
	2.42E-04
	34.22

	7
	44226101
	rs2971670
	T
	C
	0.0316
	0.181
	1.70E-03
	5.10E-88
	2.96E-04
	43.47

	8
	41630405
	rs4737009
	A
	G
	0.0228
	0.262
	1.50E-03
	8.29E-56
	2.01E-04
	28.91

	10
	71093392
	rs16926246
	T
	C
	-0.0727
	0.136
	2.10E-03
	1.00E-200
	1.24E-03
	167.74

	11
	92708710
	rs10830963
	C
	G
	-0.0197
	0.714
	1.50E-03
	1.54E-36
	1.58E-04
	23.08

	13
	113352916
	rs76533333
	A
	G
	-0.0265
	0.913
	2.50E-03
	2.81E-29
	1.12E-04
	14.35

	16
	88853729
	rs837763
	T
	C
	0.0176
	0.578
	1.30E-03
	5.20E-38
	1.51E-04
	20.59

	17
	76121864
	rs2748427
	A
	G
	-0.0307
	0.803
	2.20E-03
	9.82E-49
	2.98E-04
	29.79

	17
	80689036
	rs9909940
	T
	C
	0.0322
	0.323
	1.40E-03
	1.43E-116
	4.53E-04
	66.38

	19
	17257802
	rs17533945
	T
	C
	-0.0128
	0.582
	1.40E-03
	1.62E-23
	7.97E-05
	11.12

	22
	37462936
	rs855791
	A
	G
	0.0188
	0.4
	1.30E-03
	1.34E-56
	1.70E-04
	24.60



Supplementary table 7. Details of SNPs used for UVMR analysis of HOA on FG
	chr
	pos
	SNP
	effect allele
	other allele
	beta
	eaf
	se
	pval
	R2
	F

	1
	103572927
	rs4338381
	G
	A
	-0.095
	0.3681
	1.21E-02
	4.37E-15
	4.20E-03
	1660.63

	1
	150447462
	rs12040949
	T
	C
	-0.0665
	0.3843
	1.20E-02
	2.83E-08
	2.09E-03
	825.99

	1
	183906245
	rs11583641
	T
	C
	-0.0811
	0.2764
	1.31E-02
	5.57E-10
	2.63E-03
	1038.98

	1
	184006128
	rs74767794
	G
	A
	-0.0751
	0.3171
	1.26E-02
	2.56E-09
	2.44E-03
	964.45

	1
	219744138
	rs2785988
	A
	C
	0.0828
	0.2988
	1.27E-02
	7.30E-11
	2.87E-03
	1134.79

	2
	43512130
	rs1835323
	T
	C
	-0.0673
	0.3428
	1.23E-02
	4.56E-08
	2.04E-03
	805.45

	2
	70714793
	rs7571789
	C
	T
	-0.0886
	0.5239
	1.17E-02
	3.26E-14
	3.92E-03
	1548.47

	4
	1716770
	rs798748
	C
	T
	0.0715
	0.6183
	1.20E-02
	2.50E-09
	2.41E-03
	952.72

	4
	13039440
	rs1913707
	G
	A
	-0.0795
	0.3877
	1.20E-02
	2.96E-11
	3.00E-03
	1185.45

	6
	26123502
	rs115740542
	C
	T
	0.1263
	0.0741
	2.24E-02
	1.60E-08
	2.19E-03
	864.02

	6
	45357699
	rs2396502
	C
	A
	0.0842
	0.6018
	1.20E-02
	2.12E-12
	3.40E-03
	1342.89

	6
	55636940
	rs80287694
	G
	A
	0.1093
	0.1131
	1.84E-02
	2.66E-09
	2.40E-03
	946.25

	6
	76164589
	rs12209223
	A
	C
	0.1558
	0.1032
	1.91E-02
	3.88E-16
	4.49E-03
	1777.66

	9
	129412938
	rs13300602
	G
	A
	0.0716
	0.4508
	1.19E-02
	1.65E-09
	2.54E-03
	1002.37

	11
	65323725
	rs10896015
	A
	G
	-0.0782
	0.2695
	1.32E-02
	2.74E-09
	2.41E-03
	950.66

	12
	28014970
	rs10492367
	T
	G
	0.1518
	0.19
	1.48E-02
	1.25E-24
	7.09E-03
	2813.57

	12
	59289598
	rs79056043
	G
	A
	0.1625
	0.0503
	2.68E-02
	1.33E-09
	2.52E-03
	996.19

	17
	44038785
	rs62063281
	G
	A
	0.0964
	0.2229
	1.40E-02
	5.30E-12
	3.22E-03
	1272.11

	17
	59652282
	rs7222178
	A
	T
	0.0965
	0.1991
	1.46E-02
	3.77E-11
	2.97E-03
	1173.22

	19
	55879672
	rs4252548
	T
	C
	0.2785
	0.022
	3.96E-02
	1.96E-12
	3.34E-03
	1319.01

	21
	40048295
	rs2836618
	A
	G
	0.0876
	0.2613
	1.32E-02
	3.20E-11
	2.96E-03
	1170.28



Supplementary table 8. Details of SNPs used for UVMR analysis of HOA on 2hGlu
	chr
	pos
	SNP
	effect allele
	other allele
	beta
	eaf
	se
	pval
	R2
	F

	1
	103572927
	rs4338381
	G
	A
	-0.095
	0.3681
	1.21E-02
	4.37E-15
	4.20E-03
	1660.63

	1
	150447462
	rs12040949
	T
	C
	-0.0665
	0.3843
	1.20E-02
	2.83E-08
	2.09E-03
	825.99

	1
	183906245
	rs11583641
	T
	C
	-0.0811
	0.2764
	1.31E-02
	5.57E-10
	2.63E-03
	1038.98

	1
	184006128
	rs74767794
	G
	A
	-0.0751
	0.3171
	1.26E-02
	2.56E-09
	2.44E-03
	964.45

	1
	219744138
	rs2785988
	A
	C
	0.0828
	0.2988
	1.27E-02
	7.30E-11
	2.87E-03
	1134.79

	2
	43512130
	rs1835323
	T
	C
	-0.0673
	0.3428
	1.23E-02
	4.56E-08
	2.04E-03
	805.45

	2
	70714793
	rs7571789
	C
	T
	-0.0886
	0.5239
	1.17E-02
	3.26E-14
	3.92E-03
	1548.47

	4
	1716770
	rs798748
	C
	T
	0.0715
	0.6183
	1.20E-02
	2.50E-09
	2.41E-03
	952.72

	4
	13039440
	rs1913707
	G
	A
	-0.0795
	0.3877
	1.20E-02
	2.96E-11
	3.00E-03
	1185.45

	6
	26123502
	rs115740542
	C
	T
	0.1263
	0.0741
	2.24E-02
	1.60E-08
	2.19E-03
	864.02

	6
	45357699
	rs2396502
	C
	A
	0.0842
	0.6018
	1.20E-02
	2.12E-12
	3.40E-03
	1342.89

	6
	55636940
	rs80287694
	G
	A
	0.1093
	0.1131
	1.84E-02
	2.66E-09
	2.40E-03
	946.25

	6
	76164589
	rs12209223
	A
	C
	0.1558
	0.1032
	1.91E-02
	3.88E-16
	4.49E-03
	1777.66

	9
	129412938
	rs13300602
	G
	A
	0.0716
	0.4508
	1.19E-02
	1.65E-09
	2.54E-03
	1002.37

	11
	65323725
	rs10896015
	A
	G
	-0.0782
	0.2695
	1.32E-02
	2.74E-09
	2.41E-03
	950.66

	12
	28014970
	rs10492367
	T
	G
	0.1518
	0.19
	1.48E-02
	1.25E-24
	7.09E-03
	2813.57

	12
	59289598
	rs79056043
	G
	A
	0.1625
	0.0503
	2.68E-02
	1.33E-09
	2.52E-03
	996.19

	17
	59652282
	rs7222178
	A
	T
	0.0965
	0.1991
	1.46E-02
	3.77E-11
	2.97E-03
	1173.22

	19
	55879672
	rs4252548
	T
	C
	0.2785
	0.022
	3.96E-02
	1.96E-12
	3.34E-03
	1319.01

	21
	40048295
	rs2836618
	A
	G
	0.0876
	0.2613
	1.32E-02
	3.20E-11
	2.96E-03
	1170.28



Supplementary table 9. Details of SNPs used for UVMR analysis of HOA on HbA1c
	chr
	pos
	SNP
	effect allele
	other allele
	beta
	eaf
	se
	pval
	R2
	F

	1
	103572927
	rs4338381
	G
	A
	-0.095
	0.3681
	1.21E-02
	4.37E-15
	4.20E-03
	1660.63

	1
	150447462
	rs12040949
	T
	C
	-0.0665
	0.3843
	1.20E-02
	2.83E-08
	2.09E-03
	825.99

	1
	183906245
	rs11583641
	T
	C
	-0.0811
	0.2764
	1.31E-02
	5.57E-10
	2.63E-03
	1038.98

	1
	184006128
	rs74767794
	G
	A
	-0.0751
	0.3171
	1.26E-02
	2.56E-09
	2.44E-03
	964.45

	1
	219744138
	rs2785988
	A
	C
	0.0828
	0.2988
	1.27E-02
	7.30E-11
	2.87E-03
	1134.79

	2
	43512130
	rs1835323
	T
	C
	-0.0673
	0.3428
	1.23E-02
	4.56E-08
	2.04E-03
	805.45

	2
	70714793
	rs7571789
	C
	T
	-0.0886
	0.5239
	1.17E-02
	3.26E-14
	3.92E-03
	1548.47

	4
	1716770
	rs798748
	C
	T
	0.0715
	0.6183
	1.20E-02
	2.50E-09
	2.41E-03
	952.72

	4
	13039440
	rs1913707
	G
	A
	-0.0795
	0.3877
	1.20E-02
	2.96E-11
	3.00E-03
	1185.45

	6
	45357699
	rs2396502
	C
	A
	0.0842
	0.6018
	1.20E-02
	2.12E-12
	3.40E-03
	1342.89

	6
	55636940
	rs80287694
	G
	A
	0.1093
	0.1131
	1.84E-02
	2.66E-09
	2.40E-03
	946.25

	6
	76164589
	rs12209223
	A
	C
	0.1558
	0.1032
	1.91E-02
	3.88E-16
	4.49E-03
	1777.66

	9
	129412938
	rs13300602
	G
	A
	0.0716
	0.4508
	1.19E-02
	1.65E-09
	2.54E-03
	1002.37

	11
	65323725
	rs10896015
	A
	G
	-0.0782
	0.2695
	1.32E-02
	2.74E-09
	2.41E-03
	950.66

	12
	28014970
	rs10492367
	T
	G
	0.1518
	0.19
	1.48E-02
	1.25E-24
	7.09E-03
	2813.57

	12
	59289598
	rs79056043
	G
	A
	0.1625
	0.0503
	2.68E-02
	1.33E-09
	2.52E-03
	996.19

	17
	44038785
	rs62063281
	G
	A
	0.0964
	0.2229
	1.40E-02
	5.30E-12
	3.22E-03
	1272.11

	17
	59652282
	rs7222178
	A
	T
	0.0965
	0.1991
	1.46E-02
	3.77E-11
	2.97E-03
	1173.22

	19
	55879672
	rs4252548
	T
	C
	0.2785
	0.022
	3.96E-02
	1.96E-12
	3.34E-03
	1319.01

	21
	40048295
	rs2836618
	A
	G
	0.0876
	0.2613
	1.32E-02
	3.20E-11
	2.96E-03
	1170.28



Supplementary table 10. Details of SNPs used for UVMR analysis of KOA on FG
	chr
	pos
	SNP
	effect allele
	other allele
	beta
	eaf
	se
	pval
	R2
	F

	2
	192671981
	rs12470967
	G
	A
	-0.0584
	0.5746
	1.03E-02
	1.50E-08
	1.67E-03
	673.26

	6
	33055501
	rs9277552
	T
	C
	-0.064
	0.2105
	1.14E-02
	1.97E-08
	1.36E-03
	549.57

	9
	116909146
	rs1078301
	T
	A
	0.0679
	0.2685
	1.06E-02
	1.27E-10
	1.81E-03
	731.39

	15
	58215727
	rs4775006
	A
	C
	0.0578
	0.4114
	9.40E-03
	8.40E-10
	1.62E-03
	653.30

	17
	70012939
	rs8067763
	A
	G
	-0.0566
	0.5936
	9.50E-03
	2.39E-09
	1.55E-03
	624.05

	20
	34025756
	rs143384
	G
	A
	-0.0935
	0.4034
	9.50E-03
	4.77E-23
	4.21E-03
	1703.49







Supplementary table 11. Details of SNPs used for UVMR analysis of KOA on 2hGlu
	chr
	pos
	SNP
	effect allele
	other allele
	beta
	eaf
	se
	pval
	R2
	F

	2
	192671981
	rs12470967
	G
	A
	-0.0584
	0.5746
	1.03E-02
	1.50E-08
	1.67E-03
	673.26

	6
	33055501
	rs9277552
	T
	C
	-0.064
	0.2105
	1.14E-02
	1.97E-08
	1.36E-03
	549.57

	9
	116909146
	rs1078301
	T
	A
	0.0679
	0.2685
	1.06E-02
	1.27E-10
	1.81E-03
	731.39

	15
	58215727
	rs4775006
	A
	C
	0.0578
	0.4114
	9.40E-03
	8.40E-10
	1.62E-03
	653.30

	17
	2058349
	rs35087650
	ATT
	A
	0.0694
	0.2589
	1.14E-02
	1.18E-09
	1.85E-03
	746.44

	17
	70012939
	rs8067763
	A
	G
	-0.0566
	0.5936
	9.50E-03
	2.39E-09
	1.55E-03
	624.05

	20
	34025756
	rs143384
	G
	A
	-0.0935
	0.4034
	9.50E-03
	4.77E-23
	4.21E-03
	1703.49



Supplementary table 12. Details of SNPs used for UVMR analysis of KOA on HbA1c
	chr
	pos
	SNP
	effect allele
	other allele
	beta
	eaf
	se
	pval
	R2
	F

	2
	192671981
	rs12470967
	G
	A
	-0.0584
	0.5746
	1.03E-02
	1.50E-08
	1.67E-03
	673.26

	6
	33055501
	rs9277552
	T
	C
	-0.064
	0.2105
	1.14E-02
	1.97E-08
	1.36E-03
	549.57

	9
	116909146
	rs1078301
	T
	A
	0.0679
	0.2685
	1.06E-02
	1.27E-10
	1.81E-03
	731.39

	15
	58215727
	rs4775006
	A
	C
	0.0578
	0.4114
	9.40E-03
	8.40E-10
	1.62E-03
	653.30

	17
	2058349
	rs35087650
	ATT
	A
	0.0694
	0.2589
	1.14E-02
	1.18E-09
	1.85E-03
	746.44

	17
	70012939
	rs8067763
	A
	G
	-0.0566
	0.5936
	9.50E-03
	2.39E-09
	1.55E-03
	624.05

	20
	34025756
	rs143384
	G
	A
	-0.0935
	0.4034
	9.50E-03
	4.77E-23
	4.21E-03
	1703.49
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STROBE-MR checklist of recommended items to address in reports of Mendelian randomization studies1 2 

	Item No.
	Section
	Checklist item 
	Relevant text from manuscript

	1
	TITLE and ABSTRACT
	Indicate Mendelian randomization (MR) as the study’s design in the title and/or the abstract if that is a main purpose of the study
	Is there a relationship between blood glucose and osteoarthritis? A Mendelian randomization study

	
	INTRODUCTION
	
	

	2
	Background
	Explain the scientific background and rationale for the reported study. What is the exposure? Is a potential causal relationship between exposure and outcome plausible? Justify why MR is a helpful method to address the study question
	Osteoarthritis (OA) is the most common degenerative joint disease, affecting > 500 million people. It is a major source of pain and joint dysfunction worldwide and contributes to higher socioeconomic costs. OA occurs mostly in the knee and hip joints and is characterized by cartilage degeneration, subchondral bone changes, and synovitis. The incidence of OA is increasing owing to an aging population and rising obesity rates, further increasing the disease burden. However, for patients with advanced OA, there is no effective treatment other than total joint replacement. OA results from the interaction of multiple factors, such as age, trauma, and genetic susceptibility, and its pathogenesis has not yet been fully elucidated. Therefore, it is necessary to explore the potential factors that affect the development of OA and prevent OA by regulating these factors. Previous studies have shown that metabolic syndrome is closely related to OA and is a risk factor for OA.
Glucose is an important source of energy for the body and is tightly regulated to meet body needs and maintain health. As part of metabolic syndrome, the association between glucose abnormalities and OA has also received attention but the findings have been inconsistent. Some clinical studies have reported that impaired glucose homeostasis is associated with typical knee osteoarthritis (KOA) and predicts an individual risk of occurrence. In addition, large meta-analyses have shown that diabetes mellitus (DM) is significantly associated with OA, with a higher risk of OA in the DM population than in the non-DM population. However, some researchers have also found little evidence that impaired glucose metabolism is an independent risk factor for knee OA compared with obesity or that it is an independent risk factor for hip or hand OA. Another meta-analysis of antecedent diabetes and OA concluded that antecedent diabetes was not associated with overall osteoarthritis, knee or hip osteoarthritis. The results of these studies are inconsistent, and it is unclear whether there is a genetic causal relationship between fasting glucose levels and OA.

	3
	Objectives
	State specific objectives clearly, including pre-specified causal hypotheses (if any). State that MR is a method that, under specific assumptions, intends to estimate causal effects
	Our study was based on available genetic databases, and MR analyses of blood glucose-related traits and osteoarthritis (HOA and KOA) were performed using a large-scale genome-wide association study (GWAS) dataset to explore the possible genetic causality between them.

	
	METHODS
	
	

	4
	Study design and data sources
	Present key elements of the study design early in the article. Consider including a table listing sources of data for all phases of the study. For each data source contributing to the analysis, describe the following: 
	

	
	a)
	Setting: Describe the study design and the underlying population, if possible. Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and data collection, when available.
	Genome-wide association studies (GWAS) of FG, 2hGlu, and HbA1c summary data were obtained from the Chen et al. 2021 study of glycemic trait genomes. They pooled genome-wide association studies of up to 281,416 individuals without diabetes (30% non-European ancestry) and identified 242 loci. Summary results were obtained from the meta-analysis of 200,622 individuals of European ancestry by visiting the MAGIC website (https://www.magincvestigators.org/ ).
We obtained summary data for HOA and KOA from a genome-wide analysis study of the UK Biobank. The study utilized the UK Biobank and arcOGEN resources to conduct a genome-wide meta-analysis of approximately 17.5 million single-nucleotide variants in up to 455,221 individuals. The summary-level data for HOA included 15,704 patients with HOA and 378,169 controls, and summary-level data for KOA included 24,955 patients and 378,169 controls. 
GWAS summary data for BMI were obtained from a meta-analysis of 322,154 European ancestry individuals by Locke, A. E. et al. This study identified 97 nearly independent SNPs (p< 5×10-8) associated with BMI. We obtained specific outcome data by visiting the GIANT Consortium website. The study did not involve the UK Biobank cohort, avoiding sample overlap with outcomes.

	
	b)
	Participants: Give the eligibility criteria, and the sources and methods of selection of participants. Report the sample size, and whether any power or sample size calculations were carried out prior to the main analysis 
	

	
	c)
	Describe measurement, quality control and selection of genetic variants
	To ensure that the IVs met the three basic assumptions of MR with sufficient validity, we used stringent conditions to screen SNPs. First, SNPs significantly associated with exposure at the genome-wide level p< 5×10-8) were selected and the effect of linkage disequilibrium was removed (r2<0.001, window size = 10,000 kb). We then screened and excluded SNPs (p< 5×10-8) associated with confounders (body mass index) using the PhenoScanner database (http://www.phenoscaner.medschl.cam.ac.uk/). In addition, to further exclude possible associations between IVs and outcome, we excluded SNPs associated with outcome (p< 5×10-8). We also excluded palindromic variants that could not be oriented (i.e., C/G or A/T). R2 and F statistics were also computed, and the selected IVs all satisfied F>10 to avoid possible bias caused by weak instrumental variables.

	
	d)
	For each exposure, outcome, and other relevant variables, describe methods of assessment and diagnostic criteria for diseases
	This study aimed to investigate the genetic causality between blood glucose-related traits [fasting glucose (FG), 2h-glucose post-challenge (2hGlu), and glycated hemoglobin (HbA1c)] and OA

	
	e)
	Provide details of ethics committee approval and participant informed consent, if relevant
	The study was based on published publications and public databases, and all studies were approved by the relevant ethical review boards. All participants gave informed consent, so no additional ethical approval or consent to participate was required.

	5
	Assumptions

	Explicitly state the three core IV assumptions for the main analysis (relevance, independence and exclusion restriction) as well assumptions for any additional or sensitivity analysis
	The IV was selected to satisfy the following assumptions: (1) it is significantly associated with exposure, (2) it is not associated with any confounders influencing the exposure-outcome relationship, and (3) it is associated with the outcome only through the exposure.

	6
	Statistical methods: main analysis
	Describe statistical methods and statistics used
	In this study, multiple methods were applied to estimate the causal effects of exposure on outcomes. In UVMR, the inverse-variance weighted (IVW) method was used for primary analysis, and the weighted median method, MR-Egger method, and weighted model were used for secondary analyses. The IVW method assumes that all IVs are valid, and provides the most accurate estimates based on the calculation of Wald ratios. The weighted median method is an improvement over the simple median method and provides consistent estimates when at least 50% of the instrumental variables are valid. The MR-Egger method allows horizontal pleiotropy and correction for this in MR analysis but with lower precision. Although the weighted model is not as strong an effect estimate as IVW, it can be used as part of the sensitivity analysis. Two-sided p<0.05 in UVMR was considered suggestive of significance, and p<0.0083 [Bonferroni correction p = 0.05/(3 exposures* 2 outcomes)] was considered statistically significant.

	
	a)
	Describe how quantitative variables were handled in the analyses (i.e., scale, units, model)
	

	
	b)
	Describe how genetic variants were handled in the analyses and, if applicable, how their weights were selected
	

	
	c)
	Describe the MR estimator (e.g. two-stage least squares, Wald ratio) and related statistics. Detail the included covariates and, in case of two-sample MR, whether the same covariate set was used for adjustment in the two samples
	

	
	d)
	Explain how missing data were addressed
	[bookmark: _Hlk146209421]not applicable

	
	e)
	If applicable, indicate how multiple testing was addressed
	In our study, we first applied two-sample univariate Mendelian randomization (UVMR) to bidirectional analyses of blood glucose-related traits and OA (HOA, KOA) to explore the genetic causality between them. Obesity, as an important risk factor for OA, may also have some associations with blood glucose, so we also performed multivariate Mendelian randomization (MVMR) to explore the truly independent effects on the relationship between blood glucose-related traits and OA after adjusting for BMI.

	7
	Assessment of assumptions
	Describe any methods or prior knowledge used to assess the assumptions or justify their validity	
	To ensure that the IVs met the three basic assumptions of MR with sufficient validity, we used stringent conditions to screen SNPs. First, SNPs significantly associated with exposure at the genome-wide level p< 5×10-8) were selected and the effect of linkage disequilibrium was removed (r2<0.001, window size = 10,000 kb). We then screened and excluded SNPs (p< 5×10-8) associated with confounders (body mass index) using the PhenoScanner database (http://www.phenoscaner.medschl.cam.ac.uk/). In addition, to further exclude possible associations between IVs and outcome, we excluded SNPs associated with outcome (p< 5×10-8). We also excluded palindromic variants that could not be oriented (i.e., C/G or A/T). R2 and F statistics were also computed, and the selected IVs all satisfied F>10 to avoid possible bias caused by weak instrumental variables.

	8
	Sensitivity analyses and additional analyses
	Describe any sensitivity analyses or additional analyses performed (e.g. comparison of effect estimates from different approaches, independent replication, bias analytic techniques, validation of instruments, simulations)
	Multiple sensitivity analyses were used to assess the estimates of the causal associations between exposure and outcomes. The I2 index and Cochran's Q statistic were calculated using IVW analyses to assess the heterogeneity. Potential horizontal pleiotropy between IVs was demonstrated by the intercept of the MR-Egger method. MR-PRESSO was also applied, which detects and corrects for horizontal pleiotropy by removing outliers at p < 0.05 and returns the corrected causal effects. Potential pleiotropy was also considered if the funnel plot did not show symmetry. In addition, leave-one-out analysis was used to detect SNPs with potential effects and assess the reliability of the results. To avoid reverse causality between exposure and outcome, the Steiger test was also used. MVMR was performed to determine the effect of exposure on outcomes after adjusting for BMI.

	9
	Software and pre-registration
	
	

	
	a)
	Name statistical software and package(s), including version and settings used 
	All statistical data analyses were performed using the TwoSampleMR package and the MendelR package in R software version 4.3.1.

	
	b)
	State whether the study protocol and details were pre-registered (as well as when and where)
	not applicable

	
	RESULTS
	
	

	10
	Descriptive data
	
	

	
	a)
	Report the numbers of individuals at each stage of included studies and reasons for exclusion. Consider use of a flow diagram
	Through our strict screening process described above and the removal of confounders, a sufficient number of SNPs were identified for MR analysis for different exposures and outcomes, and the characterization and detailed information of the SNPs that were used as IVs are shown in Table 1 and the Supplementary Material.

	
	b)
	Report summary statistics for phenotypic exposure(s), outcome(s), and other relevant variables (e.g. means, SDs, proportions)
	

	
	c)
	If the data sources include meta-analyses of previous studies, provide the assessments of heterogeneity across these studies
	not applicable

	
	d)
	For two-sample MR:
   i.  Provide justification of the similarity of the genetic variant-exposure associations between the exposure and outcome samples
   ii.  Provide information on the number of individuals who overlap between the exposure and outcome studies
	All GWAS data were of European ancestry, while no sample overlap between exposure and outcome was found.

	11
	Main results
	
	

	
	a)
	Report the associations between genetic variant and exposure, and between genetic variant and outcome, preferably on an interpretable scale
	We found significant negative genetic causality of FG for HOA and KOA, and this association remained independent after adjusting for the effect of BMI [ORs of 0.829 (0.687-0.999, p=0.049) and 0.741 (0.570-0.964, p= 0.025)]. HbA1c also had an independent negative genetic causal effect on HOA after adjustment for BMI [0.665 (0.463-0.954, p= 0.027)]. At the same time, there was no evidence of reverse genetic causality of OA on blood glucose-related traits.

	
	b)
	Report MR estimates of the relationship between exposure and outcome, and the measures of uncertainty from the MR analysis, on an interpretable scale, such as odds ratio or relative risk per SD difference
	

	
	c)
	If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period
	not applicable

	
	d)
	Consider plots to visualize results (e.g. forest plot, scatterplot of associations between genetic variants and outcome versus between genetic variants and exposure)
	See text of manuscript for details

	12
	Assessment of assumptions
	
	

	
	a)
	Report the assessment of the validity of the assumptions
	Multiple sensitivity analyses were used to assess the estimates of the causal associations between exposure and outcomes. The I2 index and Cochran's Q statistic were calculated using IVW analyses to assess the heterogeneity. Potential horizontal pleiotropy between IVs was demonstrated by the intercept of the MR-Egger method.

	
	b)
	Report any additional statistics (e.g., assessments of heterogeneity across genetic variants, such as I2, Q statistic or E-value)
	

	13
	Sensitivity analyses and additional analyses
	
	

	
	a)
	Report any sensitivity analyses to assess the robustness of the main results to violations of the assumptions
	The results of the detailed sensitivity analyses are presented in Table 2 and in the supplementary material.

	
	b)
	Report results from other sensitivity analyses or additional analyses
	

	
	c)
	Report any assessment of direction of causal relationship (e.g., bidirectional MR)
	We performed bidirectional MR analysis

	
	d)
	When relevant, report and compare with estimates from non-MR analyses
	The results of the detailed sensitivity analyses are presented in Table 2 and in the supplementary material.

	
	e)
	Consider additional plots to visualize results (e.g., leave-one-out analyses)
	The results of the detailed sensitivity analyses are presented in the supplementary material.

	
	DISCUSSION
	
	

	14
	Key results 
	Summarize key results with reference to study objectives
	This study applied MR methods to investigate genetic causality between blood glucose-related traits and OA. Analyses showed significant negative genetic causality for FG on HOA and KOA, and this association remained independent after adjusting for the effect of BMI. HbA1c also had an independent negative genetic causal effect on HOA after adjusting for BMI. There was insufficient evidence for an association between 2hGlu and OA. Analyses of OA on blood glucose-related traits indicated no reverse genetic causality between them. Our study explored the genetic causality between blood glucose-related traits and OA and contributed to further clarify the pathogenesis, etiology and genetics of OA.

	15
	Limitations
	Discuss limitations of the study, taking into account the validity of the IV assumptions, other sources of potential bias, and imprecision. Discuss both direction and magnitude of any potential bias and any efforts to address them 
	This study has some limitations. As the MR method relies on the cumulative effect of genetic variants over a lifetime, the effect of clinical interventions should not be assumed based on the estimated results. Since we selected the study sample from European ancestry, caution should be exercised in applying the results to populations of other ancestries.

	16
	Interpretation
	
	

	
	a)
	Meaning: Give a cautious overall interpretation of results in the context of their limitations and in comparison with other studies
	Our study explored the genetic causality between blood glucose-related traits and OA, helping to further elucidate the association between blood glucose and OA, as well as contributing to the pathogenesis, etiology, and genetics of OA.

	
	b)
	Mechanism: Discuss underlying biological mechanisms that could drive a potential causal relationship between the investigated exposure and the outcome, and whether the gene-environment equivalence assumption is reasonable. Use causal language carefully, clarifying that IV estimates may provide causal effects only under certain assumptions 
	Chondrocytes in joints are non-vascularized tissues with nutrients supplied by joint fluid. Their environment is relatively hypoxic, and their main source of energy is glycolysis; glucose metabolism homeostasis is critical for chondrocyte energy homeostasis. Animal experiments have revealed a significant reduction in the expression of Glut1, the major glucose transporter protein in articular cartilage, in a surgically induced mouse model of KOA, which accelerates cartilage loss in OA. A low degree of inflammation is also a feature of OA, and the infiltration of inflammatory cells as well as increased secretion of proinflammatory cytokines further contributes to the production of protein hydrolases and cartilage degeneration. Cellular experiments by Sopasakis et al. found that higher glucose concentrations favor glucose uptake by chondrocytes and the maintenance of matrix integrity after stimulation with the inflammatory factor IL-1β, which interrupts the deleterious inflammatory cycle and induces hyaluronic acid synthesis, thereby promoting cartilage repair. Hypertonic glucose augmentation therapy (HDP) is also making clinical inroads with better efficacy and less risk of KOA compared to other injections and physical therapies. Glucose also promotes ligament and tendon growth, fibroblast proliferation, extracellular matrix, and articular cartilage restoration by affecting growth factors.

	
	c)
	Clinical relevance: Discuss whether the results have clinical or public policy relevance, and to what extent they inform effect sizes of possible interventions
	As the MR method relies on the cumulative effect of genetic variants over a lifetime, the effect of clinical interventions should not be assumed based on the estimated results

	17
	Generalizability   
	Discuss the generalizability of the study results (a) to other populations, (b) across other exposure periods/timings, and (c) across other levels of exposure
	Since we selected the study sample from European ancestry, caution should be exercised in applying the results to populations of other ancestries.
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	Describe sources of funding and the role of funders in the present study and, if applicable, sources of funding for the databases and original study or studies on which the present study is based
	Details are displayed on the title page.
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	Data and data sharing 
	Provide the data used to perform all analyses or report where and how the data can be accessed, and reference these sources in the article. Provide the statistical code needed to reproduce the results in the article, or report whether the code is publicly accessible and if so, where
	The study was based on published publications and public databases. The datasets can be found in the MAGIC website (https://www.magincvestigators.org/ ) , GIANT Consortium website (https://portals.broadinstitute.org/collaboration/giant/index.php/GIANT_consortium) and IEU OpenGWAS project(gwas.mrcieu.ac.uk).
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Supplementary figure 1. UVMR analysis of blood glucose-related traits with OA Leave-one-out test
[image: ]
FG: Fasting glucose; 2hGlu: 2h-glucose post-challenge; HbA1c: glycated hemoglobin;
HOA: Hip osteoarthritis; KOA: Knee osteoarthritis;





Supplementary figure 2. UVMR analysis of blood glucose-related traits with OA funnel plot
[image: ]
FG: Fasting glucose; 2hGlu: 2h-glucose post-challenge; HbA1c: glycated hemoglobin;
HOA: Hip osteoarthritis; KOA: Knee osteoarthritis;






Supplementary figure 3. UVMR analysis of OA with blood glucose-related traits Leave-one-out test
[image: ]
FG: Fasting glucose; 2hGlu: 2h-glucose post-challenge; HbA1c: glycated hemoglobin;
HOA: Hip osteoarthritis; KOA: Knee osteoarthritis;






Supplementary figure 4. UVMR analysis of OA with blood glucose-related traits funnel plot
[image: ]
FG: Fasting glucose; 2hGlu: 2h-glucose post-challenge; HbA1c: glycated hemoglobin;
HOA: Hip osteoarthritis; KOA: Knee osteoarthritis;
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