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Genetic prediction of the association between glucosamine and fracture
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Abstract: Objective To analyze the causal association between glucosamine and the risk of fracture using the two—sample
Mendelian randomization (MR) method. Methods This study was based on the summary data of genome-wide association
studies of glucosamine and fracture in the European population. First, univariate MR analysis was performed using the
inverse —variance weighted method, MR -Egger regression method, weighted median method, and MR -PRESSO. Sensitivity
analysis was conducted by excluding palindromic instrumental variables, leave—one—out analysis, and reverse MR to verify
the robustness of the results. Finally, multivariate MR analysis was used to evaluate the independent effect of glucosamine on
fracture occurrence. Results The results of the univariate inverse—variance weighted method showed that genetically predicted
glucosamine was associated with a reduced risk of fracture (OR=0.94, 95%CI: 0.90-0.99, P=0.015). In addition, the results
obtained by the MR—Egger regression method, weighted median method, and MR—PRESSO were consistent with those of the
inverse —variance weighted method. Sensitivity analysis further verified the stability of the results. In the multivariate MR
analysis, after adjusting for the potential effects of chondroitin, vitamin supplements, and osteoarthritis, the results still
supported a negative causal relationship between glucosamine and the risk of fracture (adjusted for chondroitin: OR=0.61,
95%CI: 0.46-0.80, P=4.1x107 adjusted for vitamins: OR=0.87, 95%CI: 0.81-0.93, P=1.1x10"; adjusted for osteoarthritis:
OR=0.46, 95%CI: 0.29-0.73, P=9.7x107). Conclusion Glucosamine can reduce the risk of fracture.
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Table 1 Source and description of GWAS summary statistics
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Figure 1 Schematic diagram outlining the Mendelian
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Table 2 Summary information on glucosamine SNPs used as [Vs

SNP CHR POS Al A2 Beta $3 P-value F-statistics
rs10740101 10 64746142 G A 0.127 0.001 442x10% 56
rs10840899 12 17996887 A G -0.108 0.001 475%x 10 43
rs1509952 10 64739668 T C 0.127 0.001 3.96 x 10°* 55
rs4746746 10 64699981 T C 0.126 0.001 481x10° 58
rs6479846 10 64655471 C A 0.126 0.001 487x10° 55
rs6479848 10 64659101 C T 0.126 0.001 494 %x10° 52
rs6479860 10 64745865 T C 0.127 0.001 458 x10° 56
rs7100204 10 64640543 C T 0.127 0.001 4.02x10% 50
rs7100320 10 64640594 C T 0.129 0.001 291 x10* 58
rs7665570 4 42152351 A C 0.123 0.001 434 x10° 46
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Table 3 Summary information on chondroitin SNPs used as [Vs

SNP “H POS Al A2 Beta s3 P-value

rs10238899 7 153492868 T -0.128 0.001 2.81x10%
rs10246938 7 153466423 A -0.129 0.001 1.31x10*
rs10247195 7 153466623 G A —-0.129 0.001 134 x10%
rs10263816 7 153470742 G A -0.129 0.001 1.28 x 10*
rs10268402 7 153485627 C T -0.125 0.001 3.73x 10
rs10282264 7 153492809 C -0.125 0.001 397x 10
rs11240229 1 204576522 C 0.163 0.001 5.55x 107
rs11584700 1 204576983 G A 0.163 0.001 523 x 107
rs11588857 1 204587047 A G 0.164 0.001 416 x 107
rs12040459 1 204564558 A G 0.157 0.001 271 x10%
rs12040520 1 204564762 A G 0.153 0.001 431x10%
rs12044599 1 204564714 G A 0.153 0.001 418 x 10
rs12046747 1 204593696 A G 0.154 0.001 2.02x10%
rs16853666 1 204403856 C T 0.154 0.001 3.30x%x 10*
rs16854023 1 204551830 C T 0.170 0.001 5.47 x 107
rs2098112 7 153487944 A G -0.124 0.001 419%x10%
rs2159462 7 153478989 A G -0.127 0.001 2.49 x10°*
rs2533123 7 153483021 G A -0.125 0.001 3.61x10*
rs2533125 7 153473188 G A -0.128 0.001 1.81x10%
rs2533126 7 153473086 A -0.128 0.001 1.81x10%
rs2533128 7 153471543 G A -0.127 0.001 2.07x 10
rs2533133 7 153466068 G -0.129 0.001 1.47 x10*
rs2533137 7 153465680 C -0.128 0.001 1.74 x 10°*
1s2533145 7 153463438 G -0.129 0.001 129 x 10°
rs2533148 7 153462806 C -0.130 0.001 1.11x10%
rs2533196 7 153489530 A G -0.128 0.001 2.85x 10*
rs2533273 7 153485282 A C -0.131 0.001 9.57 x 107
rs2538462 7 153497853 C T -0.137 0.001 3.73x10*
rs2622103 7 153496171 A G -0.138 0.001 128 x10*
rs2622166 7 153486905 A -0.125 0.001 410x 10
rs2622170 7 153486033 A T -0.125 0.001 3.83x 10*
rs2622171 7 153485893 G -0.126 0.001 3.20x%x 10°*
1s2622185 7 153472469 G A -0.129 0.001 1.33x 10
rs2622217 7 153464429 C G -0.127 0.001 2.05x10%
rs2622225 7 153492123 G A -0.125 0.001 4.02x10°
1s2622226 7 153491516 G -0.125 0.001 3.55%x 10
rs2907674 7 153471050 G A -0.128 0.001 1.71 x 107
rs3747630 1 204588140 A G 0.156 0.001 4.53 x 107
rs3747631 1 204587569 C G 0.163 0.001 5.01x 107
rs3789044 1 204589101 A G 0.154 0.001 2.09 x 10*
rs55678522 1 204573481 A G 0.163 0.001 5.48 x 107
rs55979051 1 204567041 G 0.156 0.001 3.33x10*
rs59883612 7 153484125 C -0.127 0.001 3.99 x 10*
rs60009449 7 153489996 C -0.129 0.001 332x10*
rs61817482 1 204570347 A G 0.157 0.001 2.63x10*
rs6958769 7 153487814 T C -0.125 0.001 414 x10%
rs73488191 7 153465730 G A -0.129 0.001 1.43x10*
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Table 4 Summary information on vitamin supplement SNPs used as [Vs
SNP CHR POS Al A2 Beta S3 P-value
rs10005662 42178259 T C -0.042 0.004 2.84x10°
rs10010204 42162182 C G -0.042 0.004 231 x10°
rs10034294 42187640 T C -0.051 0.005 5.80 x 107
1510459544 14 74419191 G C -0.045 0.005 3.72x 10°
rs11159045 14 74378984 T C -0.045 0.005 4.85x10°
rs11559994 12 40336494 G -0.034 0.004 450x%x 10
rs12590001 14 74368920 T -0.045 0.005 4.80x 10
rs1963798 14 74372862 T -0.045 0.005 479 x10°°
1s2079632 14 74421212 G C -0.046 0.005 3.03x 10°
rs28591364 4 42174012 G T -0.042 0.004 273 x 10°°
rs28668005 4 42174395 T C -0.042 0.004 299 x 10
1528687702 4 42181516 T G -0.042 0.004 3.00x 10°
rs28719870 4 42157823 G A -0.052 0.005 1.51 x 107
rs34902783 4 42184017 C A -0.042 0.004 2.84x10°
rs35079923 4 42184622 T A -0.042 0.004 298 x 10°°
rs4293573 2 161877629 T G 0.032 0.003 4.62x10°
154299622 4 42164386 G A —-0.042 0.004 2.55%x10°
rs486112 10 43243510 G A -0.042 0.004 4.40x 10
rs4903163 14 74451171 C T -0.046 0.005 317 x 10°
rs493230 10 43247120 A G -0.042 0.004 4.55%x10°
rs507485 10 43250110 C A -0.059 0.005 3.04 x 107
rs538429 10 43251146 T C -0.042 0.004 4.86x 10°
rs56087460 4 42171632 A G -0.042 0.004 2.74 x 10°°
rs618687 10 43232419 G A -0.042 0.004 3.98 x 10
rs671429 10 43248258 C T -0.042 0.004 428 x 10
rs677749 10 43243001 C A -0.042 0.004 3.98 x 10
rs6811916 42183856 C T -0.042 0.004 279 x 10°°
rs6828811 42161066 C T -0.052 0.005 1.23x 107
rs6857720 42158529 A T -0.051 0.005 2.43 x 107
rs7141392 14 74428286 G A -0.046 0.005 317 x 10°
rs71608101 42168329 T C -0.042 0.004 257 x10°
rs71608102 42168399 T G -0.042 0.004 2.55x 10°
1571648648 1 241472176 A G -0.077 0.008 2.16 x 10°
rs7665570 4 42152351 A C -0.042 0.004 422 %10
rs7960023 12 40329432 C A -0.034 0.004 394 x 10°
rs8016802 14 74462213 G A -0.045 0.005 4.64x 10
T AT BN S RE P 5 A2 T AT FEA s CHR YL 04 POS KB FESTH 7 B 5 s AARiER
RS5 M IVs BT IETTIARR SNPs AT B
Table 5 Summary information on osteoarthritis SNPs used as I'Vs

SNP CHR POS Al A2 Beta S3 P-value
rs10218792 1 245750932 G T 0.041 0.03 2.03 x 10
rs2061027 2 33434336 A G 0.041 0.02 321 x 108
r$62262139 3 50022049 A G 0.043 0.02 9.16 x 107"
rs12154055 6 44449697 G A 0.032 0.02 273 x 10*
rs919642 9 116911147 T A 0.054 0.03 8.69 x 107
rs11031191 11 30774280 T G 0.036 0.02 1.42x10%
rs1149620 11 76506572 T A 0.043 0.03 6.93x 107
rs317630 12 69637847 T C 0.041 0.03 2.05%x107%
rs2171126 12 94167220 T C 0.033 0.02 9.16 x 107
rs75621460 19 41833784 A G 0.152 0.09 1.61 x 107
rs3771501 2 70717653 A G 0.055 0.03 420x 107
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Figure 2 Results from univariable and multivariable Mendelian
randomization analysis of genetically predicted glucosamine on

incident fracture
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Figure 3  Results from leave—one—out sensitivity analysis
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Figure 4 Results from reverse Mendelian randomization analysis
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