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2 B[ 4H KBk 5> #r(Genome-wide association study, GWAS): & FHE K 2H F 8L E 5 TF I BT IR 2 &M N Tt L brid, BT &5ER4
IR L st 0 B sl Sk 40 T

&

B Z0URKHT SRR LS 1 TR BN 2 IR B IR R, (H AR RS B TR BAAAE 2 (]2 5 A7 7R 180 4% DR 3808 g ANV 4

BH: FI R U 4 I R ZH DCIBCRIE 0 1KY 0, 380 /R BEAT LA 2 AT 4% 0 I AR AN AR 2 [0 1) ST o

Tk T REECHE SR AR RS AF AL U 25 (GIANT) FI 3 [F A8 0 RE AR B (UKBB) I A St H B0 o B 50 A 1 B0 R [ M 08 60 A e 308 42 B
I (GeFOS) IR 2Rl B SR M . & B AR B B 1% . W7 ZMAGE A M Tk, 2L T-Eggernl A 1) Fa 48 /R B AL AL 7%
(Mendelian randomization method based on Egger regression, MR-Egger)FUINAL H A7 FvEAE A T8 7 kit SR i AL A0 St 55 R BR A IE 2
(B R SRSl . S AU S M SR IE 4 Sy T 520, FIFH Cochran’s QS U6/ M SR 5 i i, F) I MR-Egger i BE A 16 4 W 45 SR K %
e, B VRV A T 1 7 A A THE R T B TR R Y B R 2 A
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Abstract

BACKGROUND: Numerous clinical studies have suggested a close relationship between obesity and osteoporosis, but whether there is a genetic causal effect
between obesity and osteoporosis remains unclear.

OBJECTIVE: To explore the association between obesity and osteoporosis using summary data from a large-scale genome-wide association study (GWAS)
through Mendelian randomization analysis.
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METHODS: Obesity data were derived from summary statistics of the Genetic Investigation of Anthropometric Traits (GIANT) and the UK Biobank (UKBB).
Osteoporosis data were obtained from the Genetic Factors for Osteoporosis (GeFOS) consortium, including two bone density phenotypes: total body bone
mineral density (BMD) and heel BMD. The inverse variance-weighted method was the primary analysis, with the Mendelian randomization method based on
Egger regression (MR-Egger) and weighted median method as supplementary approaches to calculate the causal association between genetic variations related
to obesity and osteoporosis. Sensitivity analyses were conducted to validate the reliability of the results. Heterogeneity was assessed using Cochran’s Q test.
Horizontal pleiotropy was assessed through the MR-Egger intercept test. Leave-one-out analysis was performed to evaluate the potential influence of single
nucleotide polymorphisms on the combined inverse variance-weighted estimates.

RESULTS AND CONCLUSION: (1) Impact of obesity on osteoporosis: In addition to body mass index and forearm BMD, body mass index, waist-to-hip ratio, body
mass index-adjusted waist-to-hip ratio, and whole-body body mass index, heel BMD, forearm BMD, lumbar spine BMD, and femoral neck BMD were causally
related to each other. Further Meta-analysis revealed that obesity increased the risk of BMD (odds ratio=1.07, 95% confidence interval: 1.03-1.12, P < 0.01). (2)
Impact of osteoporosis on obesity: Apart from arm BMD and lumbar spine BMD as exposure factors showing causal relationships with obesity, other datasets
indicated no causal effect between total body BMD, heel BMD, femoral neck BMD, and obesity. Additional meta-analysis demonstrated that BMD did not
increase the risk of obesity (odds rate=0.99, 95% confidence interval: 0.98-1.01, P < 0.01 ). There is a causal relationship between obesity and osteoporosis,
suggesting that obesity may be a risk factor for osteoporosis. However, no causal association is found between osteoporosis and obesity.

Key words: obesity; osteoporosis; Mendelian randomization; causal relationship; bone mineral density; Meta-analysis; body mass index

Funding: the “Thirteenth Five-Year Plan” Key Specialized Construction Project of Traditional Chinese Medicine in Guangdong Province, China, No. [2019]472 (to
QCZ); Guangdong Provincial Science and Technology Plan Project in 2017, No. 2017ZC0136 (to QCZ)

How to cite this article: ZHAN QZ, ZHANG YL, HAN YX, LYU JZ, ZHENG XX, QU CZ. Association between obesity and osteoporosis: a two-sample Mendelian
randomization analysis. Zhongguo Zuzhi Gongcheng Yanjiu. 2024,28(27):4319-4324.

0 5|= Introduction

R GANME R —Fr B AR R R, ERR B A BREERA
TR TALHBAE, AT Al B A A B AT R e Y, A AR R
WA AE, FRENEGE AR FHEEMXGKA, LRA LS
R N6 49 F TN DA R EL P, BRSNS RGBT E LA AMAR
AR LS. MR fe 25 . FEEMEA GRS T AR
3647, 16 RR IV T AR BT A L BT B AT E
JE R E A £ P, A LR T — RS R E ARG AR E £
T 44,226 B R AN E R R A F LG R B, {216 R A ke ek, 2 A
A JR g BT AR SRR A T S Lk K S BUR RN E ) B &

FERLEILTFR, R AT EEARKNR L, FFRA T AHIZ
Pk am U, R T A S IERE R Sk TR B AR S it S R AR
B, G ARFFE= 30 kg/m 4E AL B R 4547 B RekAe B AR,
W R G A R A J 0, AT AR RERERT B A PR AP R, X
FEZEHM AT EREEABBAEAR X, GRFAERBEIRNDT
BRI TAE TR — 35, SRR EHHMAG, FTH AL ",
(2R a9 AF R A, JERER Mt B R B R R @Reh, AAFRAEH L
T AR T A Y TR R, RAFHEHIEH . BRI
FRAEAAG B A R Ao SR 3 5% A A B T 69 UG 4R B AR, 2 F
B0 e B Bk, oh b % TRkt B R AN E R T A 583G A0
RUeAT A A4, KT R W T4t 7 ik PRI, AR A ST
AT 09 2 FPTHL.

R % BB RLRES 7R SRANEAR KA B T IR AT R X
it, AR e A A Y, AALRKAR SR R B R A
AARERF TR, AREERXZIER IR, R ARSI XIE 24
BRRXAZN “FHeAFE” , AMEARIRIEE EA K E 40T 8] a3
4, FFEE o TACRR A A W TR, ST ATA AR A 9 AL ARLE A A B
APt IR RMAAAE A —F B B R XK RT %, € RNEE
FUATAEZRPHRERFLSL ARG R RA L, LR4FF %
FaF B RV Z B RA R TS, RAFERER L SRR LR
ZA % R A T B0,

o F it B F 9 A AR KAZE LR HALAY, I LR B gk % d B AL,
) e o 8 AR FEATAR ST A IR SR WL BB 70 84 LA PR, Ak, BRR
S PR T AE RIEHAC AT 7 ik RAR T IE R 5 B R ARANEGI B X &

1 &RF053E Data and methods

11 Rt MAEREE RAVACAFR .

12 HNEEMK #HE T 2023 511 AL MYEHRFFZHEE
13 &B/R

131 HIBERB JRHER REANE G ZAEKIE R RAA KRR A X
B2HF 7, (genome-wide association study, GWAS) 447 % % i+ 445 5 GWAS
B M, AT itk thAeF i RV ETT. TR #3EHkA

4320 | PERR[TIZHAR | 5528% | 55278 | 2024598

LR KRR RATT4G GWAS 8- Z 4k, H ¥ R T A IE Fo ke 1 F)
B, FRRE B2k, FamE LRk 1.

®1 | RIEREIUARPHESERE XK I TRIRLER

T e B4 SR BAERUR (B ) AN FEARRD REARE B
SPTEEE ID S EkUE A}
BRFEFEE UK Biobank and AKAifiid W# 806834 2018
GIANT data
Vg L UK Biobank and P i3 Wy 697 734 2018
GIANT data
2 5K EE 4550 UK Biobank and KR [k 694 649 2018
VRS GIANT data
A B GEFOS ebi-a-GCST005348 [yl 56284 2018
TR MRC-IEU ukb-b-8875 W 265627 2018
T R GEFOS ieu-a-977 W 8143 2018
JEEAE 1% GEFOS jeu-a-982 Wy 28489 2018
%% GEFOS jeu-a-980 W 32735 2018

13.2 R LR FARREIEZ 0 A E R LT A QH AR
AR —AMrok, HRRARE SRR EH4 (SRR E kel/ & &H00-F
7 [m’) i+ A — AR e B 45 4 SRk (2B [WC][em]/ B [HC][em]) Fo
G YRR BIBO LR IR AOA A R P ek, RERE TS
R B 4 (n=806 834, L35 434 794 4 Kot ). BRIk (n=697 734, &
1% 381 152 % Jobt ) fo 2 H AR R F 48 SR H 69 IR L (n=694 649, @45
379 501 % 4ot ) #0458 KR T 2019 4K & 69 GWAS XX 047, C446T
B ARAFAEZ AL A (GIANT) A3t B A M4 A& (UKBB) 4970 ¥ 48 iH4¢
4% (https://zenodo.org/record/1251813#.Y6lY_BVBzQw)™, M ¥ ik4%7 4
ARERELE AL R AT R (P<5x10°) 69845588 % A t4ab, (single
nucleotide polymorphism, SNPs) #4747 .

133 FEEHKBRR BATEEIBERRTRAEESR, FIRITE
T2RBTEEARY:, 24 FFEFRETEEL. ERFHERT A
FIML AR SN, RMEFELRE: 5 FF BTG X &I
AL (DXA) ME, ERMEFBREGEHAS F; REFFEBLIT AL
FE, &4 FHEGLIT IR R G B ATR K4 DXA T4 F % & GWAS
BB —Rk B EE. Bl KA I 66 628 A4y GWAS 447 U, A
BRI A B R BRI (GeFOS) 3RAT, IRER F AR R TR A
UKBB 45— th 142 487 % &% B %t A L5 & #4764 GWAS, il
it GeFOS AT 4%,

14 733k

141 T AEFEE BHEIEH—ARSANREERAR, EM4T
AT RIS 94 AL e N a B AR B REAL e AL AT, Gk
RIEHACHRT ¥, ASNPSEA T AR ZFRIEFREfLEHGRRXE.
T AEFeESE, FEHAIMEAEK (ALTFHF): OXKMM
e Prik#4Y SNPs 5620 5 JERE KT B 548 % (P<5x10%); @4k S MARiA:
SNPs 56 MUk 5 T e B &2 5h, 5 HRA % 2 KB O RR:
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SNPs R 4818 id % o JEBEAT B R AR JE 1% AR TSR, T AEid id i 2t
IR FANEE R B

sb, BRI IR R T Fotb 6913848 T 3AT F 1S R AT
O ANHT SNPs BEAT 4] B Ao dl, VA Rk 5 M RIR. I
SNPs i} 45 %] F A%k r* < 0.001, JIEIEH kb > 10 000, VALK ik 48R
P, TRk AR I AR 369 SNPs. @ TR A B A T s e AR
JRFRANIE B B R AT AR 0, AT AR & Phenoscanner 3 &
(http://www.phenoscanner.medschl.cam.ac.uk/) VA HEFR £ 69 % s0 T B
X%, OABLBITEZFME, #HF>10 LA LH T EEFMHE,
BN KIPE TR EAN TR L F 95 E. F=[(N-K-1))/kx[/(1-r)], 3t
%, P=2x(1-MAF)xMAFxB/SD, MAF % 3% /)~ % 45 3 B 471 & (minor allele
frequency); B %45 A B #9 2 2 {&, SD=sexVN, se(Standard error) # B
B AR EIR; N A JRE GWAS B R4F; KARE T L FiHith 49 SNP
E. LA FZIE R B 5 £ A= B BE{E (MR-PRESSO) A T 3,
AR AE KT % B FF A, A28 AEAR F 49 Outlier-corrected 7 % 7 A
Al TAZ FF BAME, HFEKT S M EHRATHL T,
142 FHIERMAAHAR KAV RZE RIS &, BT
BRBANE 6 B R AT, AR EAmaEE D £k, AT
Egger 9 )3 44 & 4& R ALK % (Mendelian randomization method based on
Egger regression, MR-Egger) Fun A ¥ 45 30 ik A A4 A 7L 7 ik kit ek
AT F 5 B R AR 2R 69 B R £ TR,
1.5 FEMSIEIR ACAET B R Hiks e R 69 78 R AL AT 48 R
1.6 GEHSEDMT AIA Cochran's Q #3474 R 69 7 fide, & P<0.05
MAREA LD EGF b, Hd R 8 £ he ik 6 RALEC AR 4T
R, #)F MR-Egger AIEAR I AT 25 R4 RF % a0k, @adit f
WIERAE T e ikey, HE R s PIE, # P>0.05, B RAE
KPS B, R REME. RBMATE —Ely, 56 IF6E
T ZIBEAE AR T AR EAN AL R S A0, wRHIRE
MNLE RFEAMIART AT R RN ZRREIMNERFPELERZE
FIRK, B BERMEALE R Z T AT FRHAN, SRA ML
(odds ratio, OR) #= 95% %1% X 19] (95% confidence interval, 95%Cl) &7,
P<0.05 4 2 R4 RFME L., A &4ESHA RIES (43.0 1K) 44t
“Two-Sample-MR” “MR-PRESSO” #= “MR.raps” #2 5 eL#t 4T, 1 “Meta”
B, s R —24 45 RIEAT OR Fv 95%CI 49 B F 41, WANLIRAE I
JEHIER.

2 Z5ER Results

2.1 BN S RRAAERISZI

211 TAXF ERFEMEARERESFREMEERFOAR
Bomat, EHRBEE RS T AT E0R It SR TEE, IR
G RIREAe 40 BRIV B2 5 AR R 48 200 B 69 PR P 6 GWAS (4B
£ 55 Rk 7 531 /- SNPs. 346 A~ SNPs % 322 A~ SNPs, H P{i3)
N F 5x10°, LA L SNPs 5 R FE W K FHEA K, LR IERGR.
i@ it Phenoscanner 4% F44 %, FABIPR SNPs, FiA SNPs 345544k 34
BA% A HEMEARSR, T FAA39 KT 10.

212 FHERMALOTLER B E2mbBGkiEom AW, REFFE
s s SR, 5 B AR & 454k (OR=1.111, 95%C/: 1.071-1.152,
P=0.000). fiZ /% 1t (OR=1.163, 95%Cl: 1.104-1.225, P=0.000). % 4 4k
Jit & 48 500 5 04 B 1k (OR=1.068, 95%CI: 1.007-1.133, P=0.029) ]
ERNEGRERAME, HEFAZFRE LS G KR E484 (OR=1.111,
95%Cl: 1.071-1.152, P=0.000). &/ (OR=1.163, 95%Cl: 1.104-1.225,
P<0.001). £ §4KJf & 38 4098 % 04 J2 4 1k (OR=1.068, 95%Cl: 1.007-
1.133, P=0.029) XM 2R EABERKE, HEFASEMETL, 544K
REHRBZAABRKXZ (P>0.05), MAMBEMAALEBEEE, 5
WRERS. BRI ARARKX A (P>0.05), 52 4KREHIAE
o4 JE5 1k (OR=1.125, 95%Cl: 1.044-1.214, P=0.002) £IiE ) B R340,
ERADFHEN, SHEKRATHRHUZAALERXEZ (P>0.05). KEF
MEEMAERFES, BLRRAERE. BRI LRRXR (P>
0.05), 52 H4KJFZ 4550 %49 2% 1k (OR=1.125, 95%CI: 1.044-1.214,
P=0.002) 2HLE& FRH M, £FHAH REHEE L. LRE LK 2, b,

2 | B RENEREHN DB R DITER

45K SNP RfEIRBENLIL OR fEH 95%C P HI KFZ
& i (MR) 5k _— PER I AR
BEX EAEXE Pl WPl
FR R
g 4 gE 530 7 ZE NG 1.058 1.009 1.109  0.020 0.000 0.146
& R MR-Egger 1.160 1.016 1.325 0.029
E A s 1.035 0.973 1.101 0.272
O 531 W EMELE 1111 1.071 1152 0.000 0.000 0.283
;‘; B MR-Egger 1.170 1.057 1.296  0.003
Bk ¥ 1141 1.099 1.184 0.000
AUEE 448 W5 Z AL 0.980 0.878 1.093 0.713 0.090 0.116
P MR-Egger 1.250 0.905 1.724  0.176
AL i 1.025 0.866 1.213 0.777
JEAET 404 7 ZIIAGE 1.069 0.998 1.145 0.056 0.009 0.200
B MR-Egger 1.214 0.988 1.493 0.066
Ik A %% 1.110 0.999 1.234 0.051
E #4045 EINALGE: 1.010 0.947 1.076 0.771 0.000 0.801
B MR-Egger 1.034 0.852 1.254  0.739
Bk Az %% 1.014 0,923 1.114 0.772
B 4By 345 WU ZEMIALZL 1.031 0.967 1.101 0.350 0.000 0.008
B MR-Egger 1.298 1.083 1.556 0.005
b IR G 1.014 0940 1.094  0.717
R 346 WTZEINIBGE 1.163 1.104 1.225 0.000 0.000 0.028
I MR-Egger 1.347 1.171 1.550  0.000
Bk Az %% 1159 1.102 1.218 0.000
AR 289 U7 ZEMALE 1.129 0.983 1.296  0.085 0.000 0.037
I MR-Egger 1.671 1.165 2396  0.006
IR AL B 1.285 1.042 1.585  0.019
JEEAEE 258 U7 2 AGE 1.140 1.039 1.251 0.005 0.019 0.022
P MR-Egger 1.443 1.136 1.832  0.003
I iz #i% 1.207 1.055 1.381 0.006
M3 258 7% AL 1.078 0.996 1.165 0.062 0.000 0.509
B MR-Egger 1.148 0.936 1.408  0.185
Ik Az ¥ 1121 1.002 1.254 0.046
% A5 321 WU ZEMALE 1.007 0.950 1.069 0.808 0.000 0.399
5w MR-Egger 1.070 1.070 1.245 0.383
(3 IR ARk 1.045 0976 1119 0.209
Ej HEE 322 W7 ZEInA% 1.068 1.007 1133 0.029 0.000 0.024
; B MR-Egger 1.233 1.074 1.415 0.003
0 IRUT HGE 1.080 1.033 1128 0.001
g WO 272 WO7ZENIRGE 1121 0986 1274 0.082 0.001 0.063
s HHE MR-Egger 1438 1.075  1.925  0.078
] Ik $i%: 1.195 0.980 1.456 0.015
M JEEMEE 239 W7 EINEGE 1.138 1.043 1.242 0.004 0.000 0.136
W MR-Egger 1.300 1.070 1.580  0.000
t Bk A $g: 1.277 1125 1.449 0.009
e 239 WUy EMAGE 1.125 1.044 1.214 0.002 0.000 0.890
B MR-Egger 1.113 0.939 1.320 0.218
InBCh A #eZ: 1.177 1.060 1.307 0.002

Fik: MR-Egger yJET Egger [BI A A /RBENLAGIL . SNP R HIZ IR 2 A5 o
E A% REAUAL -PRESSO 77 ik 2 7 ABARIE AT /& 84 B R A 3+ 2 — 2 ed, 3K
SERMHRTT TN @R AR, LE1 A EEREANE
F& R A AT 6 45 R T 584

i — & Meta 9 #1 B =, Je A3 o F % JE 44 K % (OR=1.08,
95%Cl: 1.05-1.11, P<0.01), ZFARFMHEL, LE 2.
213 BAMBLSHLER Cochran’s QI R4, LEZFPHAEREY
S (P<0.05), Tk 2, KB RABSAER #4747, #) A MR-Egger
AIEAR TR KT % Bk, 4R EFHMIES P >0.05, JEKF S 2
FARRFH, SREAME, LA2, G0 Bo L TR/ EEHF
BR % AWt EARE RAE T A H . AT #H—F I LR R AT,

el 0t B ¥ R0 B R oA A AR, RS AR T m A
LRGN

2.2 BRRMEXNENNZE

221 ITRAEF ERETRGAENEAFRERE IO B R ¥ hT,
EREEETE RN T AT S ORI RA ST FEHE, LENLY
B R EBIRE B E E ) GWAS S g £ T 45 iRk B T 79 A SNPs & 229
A~ SNPs, 2 P4 F 5x10°, HLBHX 6 SNPs 5 RER & 5 E A0 %,
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PAvE: UAm N SNP X2 55 R 3 08, By SNP X 45 Jm) 5 2R AR A Dy B U 5T 41 H0ns 4 B 1 8 LR AL OB IR 18T B O B3 AR o B4 s
R 3 PR O A B DLBRSISHE, O D92 By Ao o 18 50U 8 1 HEE A LK s 300 7 6 L P 28N B 1T o SNP O BUAZ IR 22 A5 604

1 | BB B REMER R B REEH L 2 A B

Weight Weight

Exposure Outcome logOR SE(logOR) 0Odds Ratio OR 95%-Cl (common) (random)
BMI TB-BMD 0.0560 0.0240 —i— 1.06 [1.01;1.11] 12.4% 9.4%
BMI e-BMD 0.1051 0.0187 1 111 [1.07;1.15] 206% 10.7%
BMI FA-BMD  -0.0202 0.0558 098 [0.88; 1.09] 2.3% 4.0%
BMI LS-BMD 0.0666 0.0349 — = 1.07 [1.00; 1.14] 5.9% 7.0%
BMI FN-BMD  0.0095 0.0327 —F— 1.01 [0.95; 1.08] 6.7% 75%
WHR TB-BMD  0.0309 0.0331 B i 1.03 [0.97;1.10] 6.6% 74%
WHR eBMD 0.1509 0.0264 —=— 116 [1.10;122] 10.3% 89%
WHR FA-BMD 01213 0.0704 1.13 [0.98;1.30] 1.4% 2.9%
WHR LS-BMD 0.1313 0.0472 ———— 114 [1.04,1.25] 32% 5.0%
WHR FN-BMD 0.0747 0.0400 1.08 [1.00;1.17] 4.5% 6.1%
WHRadjBMI  TB-BMD 0.0073 0.0301 — 1.01 [0.95;1.07] 79% 8.0%
WHRadiBMI  e-BMD 0.0657 0.0302 —R— 1.07 [1.01;1.13] 79% 8.0%
WHRadjBMI  FA-BMD 0.1140 0.0654 1.12 [0.99;1.27] 1.7% 32%
WHRadjBMI ~ LS-BMD 0.1295 0.0444 S 114 [1.04;124] 36% 54%
WHRadiBMI  FN-BMD  0.1182 0.0385 - 113 [1.04;1.21] 48% 6.4%
Common effect model L4 1.08 [1.06; 1.10]  100.0% -
Random effects model < 1.08 [1.05; 1.11] -~ 100.0%
| |

08 1 125
Heterogeneity: /° = 54%, t° = 0.0013, p < 0.01

KvE: BMI B iR B4R WHR J9JBE L WHRadiBMI Ay 28 5 14 it
EAREOA A L, TB-BMD Jy & B #E; E-BMD B #
FA-BMD NHIE B3 E; LS-BMD WMEHEF s FN-BMD i 315 55 o

2 | BRBRT B RRERAMER R REBHLILEE R Meta I HTFRIE

b R £ FAMEARIK. il 1T Phenoscanner 38 3% %, £ SNPs, FiA
SNPs #4464k s AR A HERLIEARGR, +HJE FAA3H X F 10.

222 HZRERMAMHSATLER HH5 EmkEoH AN, 25 FF
B REBREE. REATEELSRKEZAREZNERZE: &4 F
R E 5 g KR F 454 (OR=1.031, 95%Cl: 0.994-1.033, P=0.173). &/
1k (OR=0.989, 95%Cl: 0.968-1.009, P=0.278). % 4 1KJi & 45401 2 b4
&8tk (OR=0.983, 95%Cl: 0.962-1.005, P=0.122); BB % & 5 e
5 & 4K ¥ 45 # (OR=1.013, 95%Cl: 0.993-1.034, P=0.212). J&/% ik
(OR=1.012, 95%CI: 0.989-1.035, P=0.302). % & 4Kk /ii & 45 408 % 44 %
51t (OR=1.008, 95%Cl: 0.983-1.034, P=0.538); KB EF XHE L5 F Ik
Ji #4545 (OR=0.999, 95%Cl- 0.966-1.033, P=0.949). f&/4-}t. (OR=0.969,
95%Ck 0.926-1.013, P=0.164). % 4 KR & 45§ 4438 % 49 J2/5 pk (OR=0.968,
95%Cl: 0.921-1.017, P=0.199). A FFAE. BMFEEMEHRERE
MHEBABRX A, EEARAEFORF—K, HE4RREHEIL
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BRXZ, HFL. 240 RERIAENERLETORRX A,
AR RILEK 3, b9, REBRARF T RAETN G = )TLF &89~
—H iR R R T R eh, LE 3.

vt — Meta AT R I T, B HANE I R 23 e R BE 09 K
(OR=0.99, 95%Cl: 0.98-1.01, P<0.01), 27 A BEMHEL, JLE 4,
2.2.3 HBURMSH LR Cochran’s QR Ib4E R A, LEFHAEI W
FERHE (P <0.05), JUk 3, KA RAUE R ARR #4754, A MR-Egger
BIEATE KPS 2kE, 2RI TFHLAIES P >0.05, JEKF S 2L
TRFE, HREAEME, LK 3. §— R0 L FEA AN TR
% At ER R RAE T AR, AT R TR FiR 4RI T M,
) 09 -k B P R 6 B R AOS ARARAT AR, R AR R e
LRV

3 1 Discussion

I8 & o BB R B AN B 4RI e 5 A T LR AR 8 e
BRGNS ST B AR TB g At T P AL, ACBEAR A B R A
ER AR EZ—, KNAREZ@DIELICHS B RFEAAEGERL R LA
FTEHHAFZEL. FERREIREICTR T I — e i8 47, 5 TR
Ak ", 2w kik R 5 8Aie st fe g s e ", dns F 44k
RS, IR AR R R 45 HOR G IR A B TR Pk
ReRt. ATIER A, T MR RN R T, SRR R
Fegpm A 23 . Wk, XFRBEHERMEHEL. BB, 2H50R
B AR A 4 PR E S LA AR B AR £ RS AR S, AR T i £
k. MR-Egger B An Ak A% 505k 5 LAY B 4& RIAMAL F kR Ie it L
FRGE AR L. SRBFRMEE I RRAEZ N4 ERE R

WA — R R R K SN IERER B R R R R R &,
HARREAM, &0 4 IRREHET TR E LA R4 A P,
SANTOS % 3% £ 7 128 % 4Fi#h 80-95 % 69 % kA, K ILICHE R HAfefe
MR F R [ B RBRANRP B E, SEALX, —R b ET AR
B AT B A 45 Rt 3 A5 T IR vtst B B BRIP4 A 2. Rl A B A
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PAVE: Um0 SNP XS 45 R D 3R ORGS0, A D SNP X 2 3k R R I RORE . A Dy 4 B 88 DT B U U AR B Wi ) S SRR P B Dy 4 B 8 T o)
T LR OSSR B ARSI, O DAy 290 8 P 220 B AR o o 1 30 8 P A LU PR 0 e 1T o SNP O B IR 22 A5 0

B3 | BB RERT AR B a0 Z B AR BEHL AL S R 2 A B

Weight Weight

Exposure Outcome  |ogOR SE(logOR) 0Odds Ratio OR 95%-Cl (common) (random)
TB-BMD BMI 0.0132 0.0097 r— 1.01 [0.99;1.03] 0.9% 74%
TB-BMD WHR -0.0115 0.0106 — 099 [0.97,1.01] 0.8% 72%
TB-BMD WHRadiBMI -0.0173 00112 —r 0.98 [0.96; 1.00] 0.7% 71%
E-BMD BMI 00131 0.0105 - 1.01 [0.99;1.03] 0.8% 72%
E-BMD WHR 0.0119 0.0116 e 1.01 [0.99;1.04] 0.6% 7.0%
E-BMD WHRadiBMI  0.0079 0.0129 —he— 1.01 [0.98;1.03] 0.5% 6.7%
FA-BMD BMI 00314 0.0013 1.03 [1.03;1.03] 50.7% 8.6%
FA-BMD WHR -0.0219 0.0017 0.98 [0.98;0.98] 29.9% 8.6%
FA-BMD WHRadiBMI -0.0430 0.0025 - 0.96 [0.95; 0.96] 13.4% 85%
LS-BMD BMI 0.0257 0.0120 —— 1.03 [1.00;1.05] 0.6% 6.9%
LS-BMD WHR -0.0349 0.0172 0.97 [0.93;1.00] 0.3% 57%
LS-BMD WHRadjBMI  -0.0537 00201 ———— 095 [0.91;0.99] 0.2% 50%
FN-BMD BMI -0.0011 0.0172 1.00 [0.97;1.03] 0.3% 57%
FN-BMD WHR -0.0317 0.0228 0.97 [0.93;1.01] 0.2% 45%
FN-BMD WHRadjBMI  -0.0326 0.0254 097 [0.92;1.02] 0.1% 40%

Common effect model 1.00 [1.00; 1.01]  100.0% -
Random effects model o 0.99 [0.98; 1.01] - 100.0%

Heterogeneity I = 99%, t° = 0.0006, p < 0.01

BIVE: BMIY SR BT RAE %G WHR VB EL; WHRadjBMI 9 28 B 44 5
EARBCR A L, TB-BMD Jy & S #; E-BMD YRR EH #
FA-BMD YR B4% [ LS-BMD e E % & FN-BMD Al f s % B o
E 4 | B REAAES LB A R REBHLILEE R Meta AT FRAE

L, MO T st B AR E B, —RAEE AL B —R
R R AL IV 5 B %2 fiAnk P, B E NS A EIR
RICMHLS FREMG X E, FRERDFIRME TR GANE LA E6) )
BARXZ, SEHe%RAfF. & 82T a5 R E&REALAE R A
R E, LFEX 3 A FAE RN T R HAT T B AT, 25 RABRFE
. I, LFEXRT BRFEANESEHGEARXE, ERHYALDE
WES, RRIERGAES T IO B R LT,

X —E BT R85 B B LR T @6 IR AL A . REiE e B #LR]
TR T oA 8y a2 A4S, S BUR RS I 2L 38 A e A 4m R
WY, m At E 6B BN B 4 4R T ALl 1 AR B de SO BRAX R dm Bl o PO R K
TSLAALEM), A FHFFEE, F—F @, e FIE0
LR AR SALK T, XA K HF K392 Ak & RANK 1@ 5%,
LIRBF mIne T R AE B, I aRE IR, BT AR S
ERY B 7 R W R AT A

XFRTANEZARS: G, HEREIUE T FE F IR L
RFE At BZ R R R AR, RZRREEARERFOHm; LK,
ot IR FAAAE ) SR AE T FAF A T B3 8 AT R B R B 49 3% .
CATF LN o F RIS Z 0], ARSI 5200 5T 44 R 7T 4769 4%
DT RAER R AT A FREAENGE L, &G, KERAETREMEMLN
SNPs F B F & 2 ot B SR AR

R, LEMRALE—LEHRME: &4, RAGERERIT> %A
FEMAEE, B LFGLITRAERD T E@AR, mH—F &, &
S KA 58 LIV R JE RN AT AR, X THRAFHAT B
I ETEHEME, R, RV FMONBHIE, LEIRE IR MR
AR FHEG T RGNEF R T EMEERRXI RE, §T
B2 BASF A6 GWAS LB 4048, L R AL IR A% X 2 AR B 5 B7
PG BARE I RIS Z I X &, TR kAR AEA AR B A 3R 45,

BXFR—FATREEFORRRT, AR AT 4AB AR
GWAS BF 5, KA BAE R F e RIS AT %, MWL B B @I
Fa B RGANA AR £ Z, SRB TS T RGANZ I A/ B B R
XF., HHRmERL BEL. 2F KR BRICALGRE I HAF
BHAEGREEATN, BV HAREHIGT L FEHRFFEENL
b, AGEAE 584 A JEAE SR NEHE R B R A 6 ST B K .

TEBREK: AREfw £ E A k. KES. $HER. S EkA
ABEE A TR L IGETIRE . AR QT BT, RiEhf @
FRA T HAEA, BERE. B ERAARRE R T L F S AR, B ER
T TR T e feds B A5,

FIZHZE: LFaaEH F Y, ERAHF AL FRE TRF AGLE
FlAE.

FFRREUAERE: X2 — A AU IR, ARE (Frif sk T AT W) “F
% - AE AR R - AR R EF 407 £, ASHIIAMNERLT, AHF
MAVAIER Lt B 69T RN BmEE. ARy &, BN AHETAFH
. TR BN . AT k. BAEIZ R, FAXES 5,
JAVE B A 49 i NBARE L E AT AR R 1R

MRAREELL: I F b AT A B B3 E T L F ARG L.
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HLOMEE R K BB A I

3 | BN REBAER G R REIEATER

# 4R SNP i fE/RBEHLIL OR M 95%CI P REM KFEH

& K (MR) 572 TE— 1 P YERGLE P
X JE) X ] 1t 1t
BR R

4 BiRERESE 79 Wi ZEMAGE 1.013 0.994 1.033 0.173 0.000 0.151

5 % MR-Egger 1.048 0.998 1.102 0.066

Gl TRk 1.026 1.009 1.043 0.003

m/g iR L 79 T EIIALE 0.989 0.968 1.009 0.278 0.000 0.763

MR-Egger 0.996 0.943 1.052 0.896
Bk 7 %% 0.986 0.971 1.001 0.067

LR 79 WO ZEMRG% 0.983 0.962 1.005 0.122 0.000 0.652

FREOAEE MR-Egger 0.971 0.916 1.029 0.318

A e IR ALk 0.988 0.971 1.005 0.178

SRR 229 W5 ZEMALE 1.013 0.993 1.034 0.212 0.000 0.515

% MR-Egger 1.000 0.958 1.045 0.984
BRL b 7 %% 1.012 0.998 1.027 0.096

IR L 229 W5 ENALE 1.012 0.989 1.035 0.302 0.000 0.523
MR-Egger 0.998 0.952 1.047 0.942
B 3% 0.989 0.974 1.004 0.136

2B 229 W7 ZEhNRG% 1.008 0.983 1.034 0.538 0.000 0.711

¥ B o mh RE

EisEvelik:dib] W7 ZE AL 0.999 0.947 1.054 0.973
JE E MR-Egger 0.989 0.974 1.005 0.177
BRRELE 114 720k 1.032 1.029 1.035 0.000 0.126 0.000
# MR-Egger 1.015 1.007 1.024 0.000

B %% 1.032 1.029 1.036 0.000

JIERES LE 114 WiJ5 ZEMmALZ% 0.978 0.975 0.982 0.000 0.000 0.000
MR-Egger 1.016 1.006 1.025 0.001
I b ¥7%: 0.986 0.983 0.990 0.000

R 114 17 2Nk 0.958 0.953 0.963 0.000 0.000 0.000

R B mn I =

FRBOAEE MR-Egger 1.010 0.996 1.024 0.000
[ L Ik iz ¥ 0.971 0.966 0.975 0.166
GEER 22 W72kl 1.026 1.002 1.050 0.032 0.000 0.786
* MR-Egger 1.013 0.919 1.116 0.803

Ik 4z ¥ 1.020 0.997 1.043 0.083

A Lt 22 Wi EINRGE 0.966 0.934 0.999 0.043 0.000 0.735
MR-Egger 0.989 0.861 1.136 0.874
k4 ¥ 0.982 0.963 1.002 0.079

ZE R 22 W7 ZEhNRGS 0.948 0.911 0.986 0.008 0.000 0.664

Sl

&

TRBCH MR-Egger 0.982 0.835 1.154 0.826
B LE Bk A % 0.961 0.939 0.983 0.001
SRR 21 W7 ZEMAGE 0.999 0.966 1.033 0.949 0.000 0.360
# MR-Egger 0.922 0.777 1.094 0.363

kL4 $% 0.988 0.963 1.013 0.334

JlEEAE L 21 W EMEGS 0.969 0.926 1.013 0.164 0.000 0.046
MR-Egger 1.210 0.982 1.490 0.089
ALz ¥ 0.992 0.968 1.017 0.541

ZBRFR 21 W7 ZENALE 0.968 0.921 1.017 0.199 0.000 0.011

TaAA R MR-Egger 1.314 1.057 1.632 0.023

R L AL ¥ 1.001 0.975 1.027 0.956

O mE B

FIE: MR-Egger JyFET Egger [ B /RBENLILZ . SNP YL TR 2 507 5

HARFISE: 2 LFRE ST F 2 R AU R 69 3845 PLTE(STROBE-MRY,
LEERAT 2L E LR 5 LAk N A ABITIRET, LFELDREATH
FERREINF, BATIFPUAA XS HOHFLEEE.
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