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Abstract: [Objective] A Mendelian randomization (MR) study was conducted to explore the causal association between multiple risk
factors and osteonecrosis. [Methods]| Relationship of the nucleotide polymorphisms of exposure factors, including smoking, alcohol abuse,
obesity, anxiety, depression, glucocorticoids and outcome events (osteonecrosis) were investigated by means of publicly available genome—
wide association study (GWAS) databases and the FinnGen Biobank (FGB). The inverse—variance weighted (IVW) method, supplemented by
the MREgger method, weighted median (WME), weighted mode (WM), and simple mode (SM), were used to testing and calibrating the results
of the study. Heterogeneity test, sensitivity analysis, and multiple validity test were conducted to verify the stability of the results. [Results]
As results of IVW, smoking (OR=1.379, 95%CI: 1.073~1.773, P=0.012), alcohol abuse (OR=3.059, 95%CI: 1.080~8.665, P=0.039), depres-
sion (OR=1.542, 95%CI: 1.050~2.264, P=0.027), and glucocorticoids (OR=1.357, 95%CI: 1.046~1.760, P=0.021) were positively and caus-
ally associated with the risk of osteonecrosis. The sensitivity analyses showed the consequence was stable and reliable, while the tests for
multiplicity showed no horizontal pleiotropy. [Conclusion] The results of this study suggest that smoking, alcohol abuse, depression, and
glucocorticoids increase the risk of developing osteonecrosis, whereas there is insufficient evidence of a causal association between obesity
and anxiety and osteonecrosis.
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Figure 1. Schematic diagram of Mendelian randomisation study.

1.4 geiteEgik

MR 437 % 3% )7 22 I A3 (inverse variance—
weighted, IVW) Fl1 MR-Egger 72 PFAl 7 78 1) A S 44
N, JERE VW AR Ry PP Ak AR R0 5 v] 58 ) £ 22 T
B RS R Cochran’s Q, %% Cochran’s
Q rest AYE, P<0.05 X% SNP Z [ fFE S milt. B—
B R AERCR BUZE —RIBRHEAS SNP J5, 4521 IF
AL " R MR-Egger HkE47 /K- 2840 1
Kl Hl MR-PRESSO AT 2 )R8 . AEX BT,
A T R (V441 JIA) B F TwoSam-
pleMR (0.6.6 {iZ) £ MR-PRESSO (1.0 M) €KL,
P<0.05 225 HAGHAE

2 & B

2.1 T HAREkL
Fie BRI U A ME O 2 R AF B 3 R ARy SNPs,
T4 T HATEM FAEH>10, 3 E 2I3EN 4 B EHE
P<5x107° i}, /0 nT F SNP %t S 8UC B M 4%
W, WUKYE STROBE-MR 58 HLIWHK: P {HIE N P<
5x10°, i IVW J5 ik e mem . B . BERE . £
JEL TR . BE R BTMER 5B IS Z IR, HAR
ZER R 2,
2.2 6 FER R 5 EIFEZ ] R R AL
FEPRITUII 6 Ffr A5 65 PR 28 %55 SR AR5 F) 52 e 4
F2 PR, Hep | BE (OR=3.059, 95%CI: 1.080~
8.665, P=0.039) . il (OR=1.542, 995% CI: 1.050~



EURKESE AR |
202546 H

TSRS
Orthopedic Journal of China

Vol.33,No.11
Jun.2025

2.264, P=0.027) . W 4H (OR=1.379, 95% CI: 1.073~
1.773, P=0.012) . ¥ % i3 % (OR=1.357, 95% ClI:

® 1. HEREBUIKHARPESERAXKATHERERERER

1.046~1.760, P=0.021) 53 IRHE a0 LB 5 4 35 1 A
Koo M ACRERNAR FETC A M (P>0.05) .

Table 1. Information on data sources in MR studies

L MRSl I [R=2 FEAC L SNP M54 A Ay
WA Leu open GWAS ukb—e-recode2_AFR 1074 15 562 893 M 2020
P 7 Teu open GWAS ukb-e—-20414_AFR 937 15312995 ] 2020
AE Teu open GWAS ukb—e-E66_AFR 6636 15525 483 I 2020
b33 Ieu open GWAS ukb-d-20541 35523 13 542 676 el 2018
AR Teu open GWAS ebi—a-GCST0018833 449 414 24 184 163 el 2021
W R TR leu open GWAS ebi—a—GCST90019000 205 700 14 256 400 el 2021
BRI FinnGen Biobank finn—b—M13_OSTEONECROSIS 210179 16 380 447 iyl 2021
F2. 6 MERERNEIRELMHNEE/RENUHARTER
Table 2. Results of a MR study of the effect of six risk factors on osteonecrosis
B TRZ A E WAL (IVW)

6 FER = N

(SNPS) %t SE 1 P1H OR (95% CI)
WA 9 0.322 0.012 1.379 (1.073~1.773)
(L] 9 0.095 0.039 3.059 (1.080~8.665)
iy 8 0.049 0.142 1.075 (0.976~1.184)
IR 20 0.736 0.052 4.184 (0.990~17.692)
B 21 0.196 0.027 1.542 (1.050~2.264)
Wl Bz B R 63 0.133 0.021 1.357 (1.046~1.760)
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Table 3. Tests of horizontal multiplicity and heterogeneity of six risk factors in osteonecrosis

S 22 AR SRS

6 FPFER: 2= MR-Egger 7% MR-Egger % W ZEINEGE (IVW)

Egger— i SE {& P{H QfH Q_df PVal 0fH Q_df PVal
WA -0.070 0.083 0.428 6.842 7 0.446 7.549 8 0.479
[} 0.093 0.070 0.223 3.749 7 0.808 5.535 8 0.699
Ly 3 0.008 0.061 0.898 10.585 6 0.102 10.616 7 0.156
453 0.029 0.027 0.303 18.006 18 0.455 19.132 19 0.448
AL 0.043 0.043 0.339 17.691 19 0.543 18.656 20 0.544
B TR 0.015 0.026 0.566 63.497 61 0.388 63.844 62 0.411

MR Test
MR Egger ~ Weighted mode

MR Test

MREgger ~ Weighted mode

MR Test

MREgger ~ Weighted mode

‘@

B 2. 4 FEk AR S BRI FUS K. 2a: WAHSEIRIE; 2b:

HSHEII,

B S5 H IR ; 2c: MRS EIRIE; 2d: BERBUMR

Figure 2. Scatterplot of the main effect of four risk factors and osteonecrosis. 2a: Smoking and osteonecrosis; 2b: Alcoholism and osteone-

crosis; 2¢: Depression and osteonecrosis; 2d: Glucocorticoids and osteonecrosis.
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Figure 3. Forest diagram of the four risk factors and osteonecrosis. 3a: Smoking and osteonecrosis; 3b: Alcoholism and osteonecrosis; 3c:

Depression and osteonecrosis; 3d: Glucocorticoids and osteonecrosis.
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