PRARTH B 22 24 2026 4E5E 53 545 14 ] Modern Preventive Medicine, 2026, Vol. 53, NO. 14 - 2639 -

AR SRS

G ik DR 2 85 R S BB 40 A e s T 5
R R Y 3 B 5 A A

HEA T AT A R
Lo PR ARG N I T A 2 B/ DU T R AR P 55 DU R e 5 975 B A2 &, 1] 8GR 610041 5
2. PR EAR PG NI TR 22 Bt/ DU RS A8 P S DU ER B i A T S 42 &
3. PUJIR A PG 2 3 T A~ e/ 0 1 2 e G 57 DU IR e e 75 =~

WE BN REMITERGRE (DmkWk) 5 G B2 B (eBMD) 19386 6B R ILZNLH . Fik BETHREE
WIERAT AT GSCAN I 23 1 FCRILASE 42 L PR 21 ST 93 Y B8 , SR R P BN F-r 40-85 [m1 U9 (LDSC) | Jmy s A% AR G 43 #r
(SUPERGNOVA) 5 HIRZE 42 43 H7 (PLEIO) J PRI KPS 4B (MAGMA ) & XU i f /R B AL AL ( MR) J5 % , 4 T VA
Dk Wk 5 eBMD [ (5 AH M \ 2R MERE R A LGB . 45 8R  DinkWk 5 eBMD 7E 423 R 41 7K - W58 51tk
FWALEAINE (r, = ~0.018, 95% CI: -0.050 ~0.014,P =0.26) ,{H SUPERGNOVA %7t 3 4 B 35 15 5 X Juk,
PLEIO &30 35 2R 8 (& 9 ANFTENLA) , MAGMA AU 30 AN B 3 1 At ZE . XA MR 3B R &
UM PR AR B R IR (IE M MR:B = -0.051,P =0. 12; /2 [/] MR:8= -0.009,P =0.08), &i¢ KNS5
B TRA TG 2 DRI T R T LR 0 A W 2 TR B S 2 M AL AR T A B R RN, A B B P 1 35 A XU 4 2
B ) T IR A TR

SR UG 5 B s A R 2 DGR 5 A% 22850 s T AR B ALK

hESHKE.R816.8  XTHEIARE.A  XELE.1003 —8507(2026) 14 —2639 - 09

DOI; 10. 20043/j. cnki. MPM. 202601227

Genome — wide cross — trait association analysis reveals the shared

genetic architecture between alcohol consumption and bone mineral density
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" Department of Nutrition and Food Hygiene, West China School of Public Health/West China
Fourth Hospital, Sichuan University, Chengdu, Sichuan 610041, China
Abstract : Objective To systematically investigate the genetic association and shared biological mechanisms between weekly
alcohol consumption (DrnkWk) and estimated heel bone mineral density (eBMD) in adults. Methods Leveraging large —
scale genome — wide association study ( GWAS) summary statistics from the UK Biobank and the GSCAN consortium, we
integrated linkage disequilibrium score regression (LDSC) , local genetic correlation analysis ( SUPERGNOVA ), cross — trait
meta — analysis ( PLEIO ), gene — based association analysis ( MAGMA ), and bidirectional two — sample Mendelian
randomization (MR) to comprehensively assess global and local genetic correlations, pleiotropic loci, and causal relationships
between DmkWk and eBMD. Results  No significant genome — wide genetic correlation was observed (r, = —0.018, 95%
CI. -0.050 -0.014,P =0.26) ; while SUPERGNOVA identified 3 genomic regions with significant local genetic correlations.
PLEIO revealed 35 pleiotropic loci (including 9 novel loci), and MAGMA implicated 30 shared genes. Bidirectional MR
provided no evidence of a causal effect (forward MR:B = —0.051,P =0.12; reverse MR: 8 = - 0.009, P =0.08).
Conclusion  The epidemiological association between alcohol consumption and bone density is likely driven by shared
biological pathways and pleiotropic genetic architecture rather than direct causality, offering new insights for genetic risk
stratification and targeted prevention strategies for osteoporosis.
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Table 1 Source and description of GWAS summary statistics
PN ZERN PMID

1

AL

’;E'

& HITF 5
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Fig.1 Results of genetic correlation analysis
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Table 2  Significant Pleiotropic loci between DrnkWk and eBMD

swp o W B ; T
ELH A9 5 SNPs (FE RNk Hh 44 8.3 B PPLEIO <5 x 10 ~® 5 SNPs)
rs10066412 5 51304343 T/A -0.01 5.34 x10°%
1510491278 5 132884744 C/A -0.01 2.96 x10°%
510838613 11 46690228 C/A -0.01 9.92x10°%
157107356 11 47654618 G/A 0.01 1.12x1071
1s56094641 16 53772541 G/A -0.01 1.06 x10 10
152684641 17 45442752 G/A -0.02 1.31 x10°%
155938136 17 45720994 G/A -0.02 1.22x10°%
1s62641967 17 45969850 G/T -0.03 1.74 x10 %
rs1378358 17 46709946 T/C -0.02 3.83x10°%
HpIRIR SN 365 SNPs (£ BA— iR fr 14 i 3% B PPLEIO <5 x 10 ~* fi) SNPs)
16691053 1 173899817 T/C -0.01 1.24 x10°1°
1572808612 2 54808212 Cc/T 0.02 7.92 x10°Y
12048370 2 54659468 Cc/T 0.01 9.25 x10 7%
rs112828099 3 142438693 A/G 0.01 1.68 x10~%
1s2726518 4 105252042 C/A -0.01 4.97 x10 7%
rs16877149 8 108077969 A/G -0.01 9.64 x10 %
152005617 9 33791166 c/T -0.01 2.48 x10 7%
1s35677603 11 47246759 T/C -0.01 6.27 x10 !
rs11228240 11 68450822 T/C -0.01 8.22 x10 7%
rs11169162 12 49813343 Cc/T -0.01 1.70 x10 %
128929474 14 94378610 T/C -0.05 3.28 x10° ™
1578733883 16 69412045 A/G -0.02 1.37 x10°%
159788803 16 69658092 T/A 0.01 3.44 x107Y
rs112111542 17 2287092 Cc/T 0.01 8.62 x10°%
SESURTAT AL SNPs (Ba—tk GWAS SRikF| 4 KR 2H B 354 /K F-{H Psingle — trait < 1.0 x 10 = ,PPLEIO <5 x 10 =%, H 541 SNPs 3414 )
12300669 3 38499827 A/C -0.01 3.12x107Y
12880663 16 24766425 /G -0.01 5.94 x10°%
1572902690 18 45186271 G/A -0.01 2.09 x10°"
SNP eBMD PPLEIO A P
B Plg
EL 0 AL 52 SNPs (7 iR P4 (i 3 B PPLETO <5 x 10 ~® ) SNPs)
1510066412 -0.02 1.60 x10 14 3.01 x10~*  ISL1, LOC642366
1510491278 0.02 1.80 x10°1 4.09x10°3  AFFA, GDF9, HSPA4, LEAP2, SHROOM1 , SOWAHA, UQCRQ, ZCCHC10
AMBRA1, ARFGAP2, ARHGAP1, ATG13, Cllorf49, CHRM4, CKAPS,
1510838613 -0.03 2.70 x10 % 1.27 x10 ™% CREB3L1, DGKZ, F2, HARBIl, LRP4, LRP4 — AS1, MDK, MIR3160 -1,
MIR3160 -2, MIRA688 , MIR5582, MIR6745, PACSIN3, SNORD67 , ZNF408
WIS 001 420x100 adexio (R GO O BUSOL, PO AT AT
1s56094641 0.02 6.80 x 10 % 9.78x10™%  FTO
12684641 -0.02 2.00 x10°% 1.32x10°™  ARHGAP27, MIR4315 -1, MIR4315 -2, PLEKHM1
155938136 -0.02 1.60 x 10 % 1.93x10°  CRHRI
CRHR1, CRHR1 - IT1, KANSL1, KANSL1 — AS1, LOC644172, LRRC37A4P,
162641967 -0.02 9.10 x 10~ 5.13x10°%  MAPT, MAPT - AS1, MAPT - IT1, MGC57346, MIRA315 -1, MIRA315 -2,
PLEKHM1 , SPPI2C, STH
rs1378358 -0.02 2.50 x10 "7 2.63x10°%  NSF, WNT3

PR IR B g HE T SNPs (FE 81— Poik ) 8 3% H PPLEIO <5 x 10 ~* f1y SNPs)
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(#:3%)
SNP eBMD PPLEIO A P
B P1H
ANKRDA5, CENPL, DARS2, GAS5, GAS5 - AS1, KLHI20, LOC730159,
oo o e o SR LG O M T W,
SNORDS1, ZBTB37
1572808612 0.05 8.60 x10 2 1.48 x10%  EML6, SPTBNI1
12048370 0.04 5.50 x10 % 1.73 x10°""°  EMI6, RPI23AP32, SPTBN1
rs112828099 -0.02 5.20x10°% 2.20x10°% ATR, PCOLCE2, PLS1, TRPC1, XRN1
s2726518 -0.01 2.00 x10°1° 2.29x10°%®  PPA2, TET2
rs16877149 -0.02 3.20x 10710 6.52x10°%  EIF3E, EMC2, RSPO2
K2003617 0.00  1L10x1070  s.sixi077  DEARIZ, K24 LINCOIDS PRSSS, PTENPL, PTENPI -AS, SNORDI2IA,
35677603 _0.01 |40 x10-% 118 x10-2 /ILSCmSjNgRF(;Am, Cllorf49, DDB2, MADD, MIR6745, MYBPC3, NRIH3,
1511228240 -0.04 8.00 x10°77 4.30x107'%  GAL, LRP5, PPP6R3
rs11169162 0.01 2.80x10"°1° 2.47x10°%®  BCDIN3D, BCDIN3D —AS1, FAIM2, NCKAPSL
128929474 -0.03 2.60 x10°% 5.11x10°%  PPPAR4, SERPINAL, SERPINA2 , SERPINA6 , SERPINA10
nT8733883 0.3 810x107° 696107 GO0 inGo6 . TR, TiEDG. VPsi, W
rs9788803 -0.02 6.40 x 10 12 3.40x10°2  MIR1538, NFATS, NOB1, NQO1, WWP2
rs112111542 0.02 5.60 x10°1° 2.70x107'®  DPHI1, HIC1, LOC101927839, MIR132, MIR212, OVCA2, SMG6, SRR
TR L2 SNPs (B—PfR GWAS SRiAF| 4 FE L 321K FAH Psingle — trait <1.0 x 107> [ PPLEIO <5 x 10~ | H 54541 SNPs 80 - )
12300669 -0.01 5.20 x10 7% 9.25x10°'>  ACVR2B, ACVR2B - AS1, EXOG, XYLB
12880663 0.01 3.70 x 107 4.10x10°"  SLC5A11, TNRC6A
1$72902690 0.01 2.20 x 10 7% 1.23x10°'  SETBP1, SLC14A2
R3HEIA RO G5 AN R % (8] 5 Y 22 A
Table 3  Novel Significant Pleiotropic loci between DrnkWk and eBMD
SNP et WAL S 5 P o
TR IR TE SNPs (BTN A 14 B 42 J K 40 B 254 7K (. Psingle — trait < 1.0 x 10 =% | PPLEIO <5 x 10 =% | H R 5 T 1 SNPs % 8 A EA )
1574054769 1 15533652 C/A -0.01 6.32x10°%
15146016966 1 15789386 T/C -0.02 6.24 x10 %
rs11587434 1 72149435 A/G -0.01 1.10 x10 7%
1s60762909 2 73646375 T/C 0.01 3.20 x10 7%
rs11885942 2 99387702 G/A -0.01 5.27 x10 7%
1s59243338 2 143527665 /T -0.01 3.04 x10°%
15843461 2 239397395 T/C 0.01 1.69 x10 7%
1575494138 11 46443811 T/C 0.02 1.71 x10~%
1574798865 14 103921780 T/A -0.01 4.41 x10 %
SNP ; dMDP@ P S5 P A 26
R PR EE SNPs (FIANMHIR I A4 B4 3 K 41 B %  /K 7B Psingle — trait < 1.0 x 10 =3 ,PPLEIO <5 x 10 =* |, H 7~ 5 2.1 SNPs 3% 8 R V- )
1574054769 0.01 7.50 x10 % 2.57 %107 AGMAT, CASP9, CELA2A, CELA2B, DDI2, DNAJC16, PLEKHM2 , RSC1Al
AGMAT, Clorfo4, CLCNKA, CLCNKB, DDI2, DNAJCl6, FAM131C,
15146016966 0.03 2.00 x10°% 5.62x10°"  FBLIM1, FLJ37453, HSPB7, PLEKHM2, RSC1Al, SLC25A34, SPEN,
TMEMS82, UQCRHL, ZBTB17
rs11587434 0.01 1.00 x 10 7% 1.28x107'*  NEGR1
rs60762909 0.01 3.30 x10°% 1.26 x10 12 ALMS1, ALMS1 - IT1, ALMS1P, NATS, NATSB
111885042 0.01 9.30 x 10 -0 2 71 %1015 éggjl,oyc'Z;Z]VznglFSB, LIPT1, LYG1, LYG2, MITD1, MRPL30, REV1,
1s59243338 -0.01 4.30 x10 % 1.39x10°'®  ARHGAP15
15843461 -0.01 4.40 x10°% 2.79x10°"%  HDAC4
75494138 0.02 3,90 x 10 -0 7 04x10-15 ]A%ilgég, CHRM4, CREB3L1, DGKZ, MDK, MIR3160 - 1, MIR3160 -2,
1574798865 -0.02 1.30 x10 % 7.56 x10~*  Cl4orf2, RD3L, TDRD9

2.3 ARAKFEBESH MAGMA FHiH

30 AR CRPRRIKEhE T LTI L6 A BT I

MZRPELRE N, il i GWAS Catalog K RIEHEMIE  MAMEYE N 7T MBI R (R 4) .
5 Dk Wk #1 eBMD & 35 AH G, K B P AL 45 17 4> FE“ TR I AGBL2 (P = 1. 83 x
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1075 ;P gy = 1.25 x 107°) (FTO ( Py, = 3.13 x
10™%;P yup = 1.46 x 10™*) \CREB3L1 ( Py, =5.63
X 10775 Py =3. 83 x 10 7)) FERTIAR PLEIO 4347
%ﬁ%mﬁﬂé,hmﬁ%%lﬁ DkWk 5 eBMD JCHk
H T TEAE T

AW E R T A48 py L K b, NR1H3
(Ppoew = 1.08 x 107%;, P =3.50 x 107") fi T

R4 EYON RS

VIpl 1. 2, 7 JHEHE B s 20 23 1 0 200 i 4 s A5 v ey 2
ik, B 5N RS M ST RN 5 a7 s MTLS
(Ppee = 2-67 x 1075 Py = 8.67 x 1077) fii F
11q13.2 — q13.3, 76 & BMD A B b &2 90 i v %
KV MADD (P = 3.52 x 10773 Py = 5.00 x
107") (7 F 11pl1. 2, A LA #8450 MAP 3t 35 4n
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Table 4 Significant Pleiotropic genes between DrnkWk and eBMD

. 23 DrmkWk eBMD
£HE REMH jﬂﬁgﬁ 52% Nenps VA P 1A Neps VAl P1{H
@R SIfhEE = 97|
AUTS2 7 69 063 905 70 257 885 4138 7.477  3.82x10°'* 4134 4771 9.16 x10°"
BDNF 11 27 676 440 27 743 605 169 5.482  2.11x10°% 200 6.109  5.00x1071
CREB3L1 11 46 299 189 46 342 972 148 4.868  5.63x10°" 142 7.773 3.83x10°"
AGBI2 11 47 681 143 47 736 928 184 7.866  1.83x10°" 199  4.708 1.25x10°%
FTO 16 53 737 875 54 148 379 1892 5411  3.13x10°% 1858  9.222  1.46x107%
SLC14A2 18 42 792 947 43 263 072 1989 5296 5.91x10°% 2306 4.823  7.07x107"
BPRARIK Bl A S AL R
BMPR1B 4 95 679 128 96 079 601 2174 5.714  5.50 x10°% 1859 5.649 8.07x107%
CYP3A4 7 99 354 583 99 381 811 93 5260 7.19x10°% 66  4.578 2.35x10°%
DGKZ 11 46 354 455 46 402 104 117 5.998  1.00x10"% 126 6.644 1.53x10°"
AMBRA1 11 46 417 962 46 615 619 414 6.344  1.12x10°"° 449  6.109  5.00x10°1°
HARBI1 11 46 624 856 46 638 933 27 5.927 1.54x10°% 31 7.283  1.64x10°"
ATG13 11 46 638 826 46 697 569 142 6.109  5.00x10°'° 141 6.803 5.11x107'2
ARHGAPI1 11 46 698 625 46 722 215 66 6.037  7.86x10°" 70 6.109  5.00x10°'°
F2 11 46 740 743 46 761 056 45 5523 1.67x10° % 85  6.109 5.00x10"'°
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K HipRe 37|
NR1H3 11 47 269 851 47 290 584 68 5598  1.08 x10° % 71 7.488 3.50x10° ™
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MTL5 11 68 474 908 68 518 988 152 4.546 2.73x10°% 133 7.054 8.67x10°"
SLC11A2 12 51 373 566 51422 118 177 5.881  2.04x10°% 168  6.077 6.11x10°"°
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PNPO 17 46 018 889 46 026 674 37 7.672  8.55x10°Y 26 5.783  3.68x10°%
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