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Abstract

Objective: To investigate the association and causal relationship between hysterectomy and the risk
of osteoporosis and related fractures (including hip, wrist and spinal fractures). Methods: Using
data from the National Health and Nutrition Examination Survey, this study investigated the relation-
ship between hysterectomy and four outcomes: osteoporosis, hip fracture, wrist fracture, and spinal
fracture, through multivariate weighted logistic regression analysis. A two-sample Mendelian ran-
domization (MR) analysis was conducted to explore the potential causal effects of genetically pre-
dicted hysterectomy on osteoporosis and fractures. Result: In the observational analysis, hysterec-
tomy was significantly associated with the risk of hip fracture (OR = 1.688, 95% CI: 1.114~2.558, P =
0.015), but not with wrist fracture, spinal fracture, or overall osteoporosis. However, in women not
using hormone replacement therapy, hysterectomy was associated with the risk of osteoporosis
(OR=1.269,95% CI: 1.007~1.601, P = 0.046). Mendelian randomization analysis did not support a
causal relationship between hysterectomy and osteoporosis or hip fracture, suggesting that the ob-
served association may be confounded by other factors. Conclusion: In observational analysis, hys-
terectomy was associated with hip fractures and osteoporosis in non-MHT patients, but MR analysis
failed to confirm a direct causal relationship. These findings suggest that hysterectomy may be a
high-risk factor—rather than a direct cause—for increased bone health risks.
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1. 4R

T B VIR A &RV E A & RARFARZ — AT, FHEL08T 250 73655 2 UIFRAR[1].
BUIBRATT RE5 2 MOE A HDIF AR ¢, AR EPIETR GRIIRE . AT AL 5

BARESE[2] [3]o B BRERFA O A NN SECE I EZERANR . BaTEVIRAZ G2 — 2
IS, AR S BRI E TR ? FHAT, R T B VIR S B3 XU 2 18] (9 55 2 i AR5 ]
LR

W Feias 1 8 VIBR T REXT B i B 2L i . — IR 80 Bl A/ IFEAHIE FE R L, 7B DIBR A= &
H A REABE O WY T R (4], AR I Lo, T B DIBRORAE P AR B U7 3 1A & S B A A
PSRRI P15 [5] - K H € [E Olmsted B A BA SR T 7, 15 DY BRA W] A8 Lok 2 A1 3 RS n 1.21
fi5[6]. A1, FFARFTA W FAIRAL 8. — TG 3 445 E LR R BA I TR B, 7E 45~54 4%
¥ B UIRRIE A U R SR TIBR A, WA I AR A T RS T = L [7]. RS ASIEE T,
T B VNERAKT Lo MR 1 s A A 1 3 RS (RS M R RER DL LY 2 3% 22 7 (8] 4 T B MLZ IR T4
g R LR R R, AT IR E T B VIBRAR S B B A 3T DU 2 18] B SRR G &

AHEFEA ] NHANES #4280 7 B VIER 518 BBAA A 3 Z [ R P s AR fa P RS 4 3k
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DRI ZH R BR B S (GWAS) B h 57 B IBR AR . B 31 WU S B BB A A G ) SNP A7 5, SR /R BEA AL
(Mendelian Randomization, MR) VAl ¥ 5 U1 ik A 153 6015 4 5 00 B f RGBS B A TR SR 52

2. ZINEH*E
2.1. BHERIR

] 1999~2023 415 (1) 36 [ [H 5 {d B 5 8 F 40 A A A 50 5 (NHANES) $d &, &1t 87,895 A, 4l
Brfs BB 59,181 N, Hrh 10,721 N AU VIERE A5 B ok, 4352 NONMESCTHT BAE. Bidt &
GRBRE, 34 NONIARE BHRE, 13 N MEEBHKE, 34 NNBERT(E RERE, DLk 176
NAEEFERRBMNE BEE, Bttty 10,550 LHF A R . ol FEH % e 2] NHANES %1
AR Z B Bolittvert, fEH svydesign eREBE FEARE (WTMEC). 73 =42 5 (SDMVSTRA) FI1 3 4il
FEHIG(SDMVPSU).

2.2. BIRHGEIHFALE

XS E, SR survey IIALZAERIH (svyglm) fti TH HOMAUAE K 95% B A5 X [A](CI); Xf 732848
i, RH svytable fli SINALE 43 EE S 95%Cl. B 43 LI B X A IS 7 log-odds RE {5 H logistic [A]
VAR IR 45 Wald J7V2Ae 2 o 2L 1) 22 S d ok AH 2 RO INAR P AELBEAT PFAl o

i survey BIAL logistic [l AT PEAL 75 VIR AR 55 Bsihs A& P (RFEF Bk . Sl B
HEHT BHEIN R BRI R SRR RRNENZ HER A, 2R R B
FW . FlENGEE . 28 K IR - A LL{E(NDFMPIR) BILE . &g MUE R FERIGIT (MHT)
1 BMI.

VEAS MHT X5+ B VB AR 55 3 KRS SCER (138 72 SN B, 7E logistic BRI N T “FEY)
B x MHT” A8 BT, {58 4 5= 7 R 36 Al o8 LIRS v R B Ve . it — DR 58 ELALRI IV 7
AR AE, RS R ERBELE S IR L, SRR, AR, PR, BE . N
- AW mILE. SR 5 A BMI, BEAT 58800 M. BTA 2 i A R #)4(4.3.3) A1 Empow-
erStats2.0 (http://www.empowerstats.com/) 47

2.3. HIERBEHLIL DT

AW TR A R BEA T, R T B DIBR R 5 B 5 B A S B 308 4 IR - 1] ) 7 7 DR SR
KR B5TEVIBRA R ZE MM B AEAR T (SNPYERN THAR &, F Tl th o 45 5 A8 & 1 R RN . i
i T AAR B 2 MR BT 3 REARE, WIF:

BT A o A K GWAS s e vk $di ok H UK Biobank (45 2, Hi Neale Lab %2 Kk A
(https://www.nealelab.is/uk-biobank), FLiH#EA &4 361,194 A, H R4 194,174 4 (53.76%) 4 14 A1 167,020
4 50, JEAT 4203 TG R R EE .

BETE: TEUIBIRE(Field 3591), Xf M4l 3591.gwas.imputed_v3.female.tsv.bgz; 45545 & 1:
B A (1CD10 gt M13), XN XA~ M13_OSTEOPOROSIS.gwas.imputed_v3.female.tsv.bgz; 4% Ri38
B 2: H G E P (Field 6151_3), XM 4N 6151_3.gwas.imputed_v3.female.tsv.bgz. M T = VI
FHIE T GWAS Hh ik H 5 2 55 48 B BB M 55 19 SNP (P < 5 x 10°8) , Ffiiid AN F- 47 (LD) B kL (r2 < 0.001,
7 1R/ 10,000 kb) B £ FITie SNP AH B A7

K5 Z2 I (Inverse Variance Weighted, IVW) 1y E 041532, LS T 5 VIBR AR R g4
S T D SR AN . BB A A S MR-Egger [R1VA (KI5 1)1 %2 %ik) . Cochran’s Q K36 (P4 5
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) B R Z — 5l Bk SNP [ leave-one-out 73BT (PEAL R TE) . E4F, SR MR-PRESSO J7 4l H:4%2 1E
FER) 5 H A SNP.
AT A 48 R 4 TwoSampleMR &2 MR-PRESSO 523 .

3. R

AHFFILIN 10,550 %2 5¥ . 4715 VIBRIA LI L 2 R0 S 5 1K (62.6 %7 vs. 545 %, P <
0.0001), H A ZAHMEMEHATELGIE R, S8 SILE. R IENE R, MHT R E T2 VIR 4+
02 O L(58.9% vs. 22.5%, P < 0.0001). UbAb, B BREAL KB T4 R (R A A ) A T B Y
BRALP N HE LA 1),

Table 1. General characteristics of the participants

F 1 MR ABRERIHE

it B4 TEIRE P1E
(%) 54.458 (53.890, 55.026) 62.627 (61.977, 63.276) <0.0001
PN - ZEA HUAE 3.216 (3.134, 3.298) 3.010 (2.927, 3.092) 0.0001
BMI 29.075 (28.839, 29.311) 30.062 (29.741, 30.384) <0.0001
T <0.0001
1 5.681 (4.755, 6.773) 3.373(2.642, 4.297)
2 4.772 (3.971, 5.726) 3.569 (2.847, 4.464)
3 73.352 (70.907, 75.663) 76.895 (74.405, 79.211)
4 10.145 (8.893, 11.551) 11.910 (10.282, 13.756)
5 6.050 (5.298, 6.901) 4.254 (3.450, 5.234)
HEKF <0.0001
1 4,885 (4.358, 5.473) 5.225 (4.425, 6.161)
2 9.232 (8.322, 10.230) 12.131 (10.934, 13.439)
3 22.638 (21.160, 24.187) 31.348 (29.497, 33.260)
4 31.152 (29.755, 32.584) 31.732 (29.623, 33.918)
5 32.011 (30.105, 33.979) 19.516 (17.567, 21.624)
7 0.024 (0.008, 0.074) 0.012 (0.002, 0.089)
9 0.059 (0.026, 0.135) 0.036 (0.005, 0.263)
o I & <0.0001
0 63.023 (61.322, 64.693) 43.063 (40.772, 45.384)
1 36.977 (35.307, 38.678) 56.937 (54.616, 59.228)
e I IR <0.0001
0 59.815 (58.133, 61.475) 45.864 (43.946, 47.795)
1 40.185 (38.525, 41.867) 54.136 (52.205, 56.054)
TS <0.0001
0 89.584 (88.564, 90.523) 82.616 (81.101, 84.033)
1 10.416 (9.477, 11.436) 17.384 (15.967, 18.899)
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R BRI <0.0001
0 77.542 (75.981, 79.031) 41.083 (39.027, 43.172)
1 22.458 (20.969, 24.019) 58.917 (56.828, 60.973)
B GAL <0.0001
0 87.186 (85.796, 88.458) 80.225 (78.680, 81.685)
1 12.814 (11.542, 14.204) 19.775 (18.315, 21.320)
pR = 0.0001
0 98.857 (98.542, 99.105) 97.669 (96.994, 98.195)
1 1.143 (0.895, 1.458) 2.331 (1.805, 3.006)
i 8 4T
0 90.620 (89.640, 91.516) 87.849 (86.473, 89.103) 0.0006
1 9.380 (8.484, 10.360) 12.151 (10.897, 13.527)
FHE T
0 97.647 (96.854, 98.244) 96.595 (95.573, 97.388) 0.1135
1 2.353 (1.756, 3.146) 3.405 (2.612, 4.427)

VE: M. BUPEE. #E KT 1. 9ELLUT, 2. 9~11 4, 3. ', 4. K, 5. WSk, 7. R4ER, 9.
ANHE; MHT: BEBREITT.

Table 2. Multivariate analysis of the association between hysterectomy and the risk of developing osteoporosis and bone
fracture

* 2. FEVIREERBARRBITHEXES

455 TEVIR 17 1 OR (95% CI) P 1H }i%! 2 OR (95% CI) P 1H
7'5\‘ - - -
B
& 1.677 (1.469, 1.914) <0.0001 1.107 (0.957, 1.281) 0.1734
A~
2 = ° B i
i AT
2 2.064 (1.422, 2.996) 0.0002 1.688 (1.114, 2.558) 0.0150
i 5 - 4
& 1.336 (1.132, 1.577) 0.0008 1.108 (0.906, 1.357) 0.3201
A~
IS H h - -
HrEE I
2 1.463 (0.911, 2.350) 0.1179 1.316 (0.794, 2.182) 0.2893
e MR L RARIE; BERY 2 ZIE: RS, PR, BEKE, IO - WE, miiE, SARMRE, WER, MRS
RIETT, BMIL,

RIE: File, Mk, BEART, WA - TWE, &k, SiRmE, #RE, BMI.
TERF R, FE DR SN T 5 5L (OR = 1.677, 95% Cl: 1.469~1.914, P < 0.0001). f#f
‘H7(OR = 2.064, 95% Cl: 1.422~2.996, P = 0.0002) A1 i & #/T (OR = 1.336, 95% Cl: 1.132~1.577, P = 0.0008)
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RS o 722 R EE A v, R IEIEEIR RN R, 1 B VIR S0 & 4 1 KB B gt 2% 3 L(OR
=1.688, 95% Cl: 1.114~2.558, P = 0.0150) (.3 2).
AR BAER e, R MHT Zctidr, FEYIER S ERN 1 & FEifa (OR = 1.845, 95% Cl:
1.493~2.281, P < 0.0001) Fl i 4 4T (OR = 1.339, 95% Cl: 1.025~1.748, P = 0.0339) fJ X o 7E4 ] MHT
Ao, AU B T KUK (1) (2 2 3 N (OR = 2.970, 95% ClI: 1.574~5.604, P = 0.0010) (% 3).

Table 3. Association between hysterectomy and fracture outcomes by MHT status
%= 3. HEBRETEFEVIRNZEER

BERBERIAIT=0

iR UL (N) % (95%Cl)

TEYK
0 (5685) 10.805 (9.425,
12.184)
L (1603) 18.271

(15.350, 21.192)

T EUIBR
0 (5685) 1.214 (0.883,
1.545)
L (1603) 1.911 (1.239,
2.582)
ghifm: BEE
T BV
0 (5685) 8.776 (7.763,
9.790)
L (1603) 11.410 (9.112,
13.708)
giR: FRE
FEYIkR
0 (5685) 2.276 (1.433,
3.119)
L (1603) 2.610 (1.520,

3.700)

WERBERIAIT=0
OR (95%CI) P-value  (N) % (95%Cl)

(1321) 19.753
(17.256, 22.251)

1.845 (1.493, 2.281)
<0.0001

(1941) 20.823
(18.629, 23.018)

(1321) 0.899 (0.437,
1.362)

1.585 (0.972, 2.585) (1941) 2.625 (1.791,
0.0670 3.458)

(1321) 11.463
(9.226, 13.701)

1.339 (1.025, 1.748)
0.0339

(1941) 12.667
(10.909, 14.426)

(1321) 2.616 (1.557,
3.675)

1.150 (0.637, 2.078) (1941) 3.960 (2.692,
0.6431 5.227)

value

1.068 (0.885,
1.290) 0.4918

2.970 (1.574,
5.604) 0.0010

1.120 (0.835,
1.503) 0.4501

1.535 (0.885,
2.662) 0.1297

WMEBRIBIT=1 BMEBRBIT=1 P-RXEEH
OR (95%Cl) P-

0.0003

0.1074

0.4111

0.4542

B R R B, RIERAEERG, £ARMEH MAT &, FEUIBRD S & REn 20
FEHHI%(OR = 1.269, 95% Cl: 1.007~1.601, P = 0.0462). £ MHT i F 3 o, 5 3015 4 XU 16 o () S IR A& AR
f71£(OR = 2.854, 95% Cl: 1.404~5.802, P = 0.0045), T EVIFS MHT ZIAAFES 1T 5 % 2 158 BAE R (P-

interaction = 0.0480) (W.5% 4).

i 6 N5 T EUIREEMIKCH SNP A7 S/E N T A&, IVW HiERKNTEVIRESE RGN
[ AZ7ER FOE R (OR = 1.0032, P = 0.3841). HAhFG /R EEHLIL J7 %45 B —5: MR-Egger: OR = 0.9861,
P=0.1458; hnk A #sE: OR=1.0022, 95% Cl: 0.9940~1.0106, P=0.5972; = ftiitiiE: &i6—3,
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Table 4. Adjusted association between hysterectomy and fracture outcomes stratified by MHT status

4. RERK MHT 5FEVIRNZEER

MHT=0 MHT=0 MHT=1 MHT=1 P 22 HAEH
2R HFRBS S (N)%(95%Cl)  OR(95% CIH)PfE  (N)% (95% CI)  OR (95% CI) P {H
T E VIR 0.1216
0 (5179) 10.530 ) (1211) 19.201 )
(9.108, 11.952) (16.638, 21.763)
1 (1441) 18.678 1.269 (1.007, (1790) 20.666 0.964 (0.775, 1.199)
(15.629, 21.727) 1.601) 0.0462 (18.442, 22.890) 0.7405
G BEECE T
TE IR 0.0480
0 (5179) 1.226 ) (1211) 0.862 )
(0.878, 1.575) (0.375, 1.349)
1 (1441) 2.077 1.233 (0.718, (1790) 2.585 2.854 (1.404, 5.802)
(1.347, 2.808) 2.119) 0.4491 (1.725, 3.445) 0.0045
g5 BEsE T
T EVIk 0.5469
0 (5179) 9.087 ) (1211) 11.708 )
(8.037, 10.138) (9.340, 14.076)
1 (1441) 11.721 1.186 (0.883, (1790) 12.450 1.028 (0.750, 1.410)
(9.266, 14.175) 1.593) 0.2595 (10.621, 14.278) 0.8627
iR BEE
TEVIE 0.2294
0 (5179) 2.294 ) (1211) 2.407 )
(1.420, 3.168) (1.331, 3.482)
1 (1441) 2.614 1.030 (0.521, (1790) 4.095 1.711 (0.904, 3.237)
(1.503, 3.726) 2.036) 0.9328 (2.724, 5.465) 0.1016
exposure outcome method nsnp pval OR (95% CI)
Hysterectomy osteoporosis MR Egger 6 0.1458 =5 0.9861 (0.9713 - 1.0012)
Hysterectomy osteoporosis Weighted median 6 0.5972 e 1.0022 (0.9940 - 1.0106)
Hysterectomy osteoporosis Inverse variance weighted 6 0.3841 * 1.0032 (0.9960 - 1.0104)
Hysterectomy osteoporosis Simple mode 6 0.6431 —-— 1.0035 (0.9897 — 1.0174)
Hysterectomy osteoporosis Weighted mode 6 0.7622 —-— 1.0021 (0.9892 - 1.0152)
Hysterectomy Hip_fracture MR Egger 6 0.5204 + 0.9985 (0.9943 - 1.0027)
Hysterectomy Hip_fracture = Weighted median 6 0.6996 . 0.9996 (0.9976 — 1.0016)
Hysterectomy Hip_fracture Inverse variance weighted 6 0.8171 1 0.9998 (0.9981 - 1.0015)
Hysterectomy Hip_fracture  Simple mode 6 0.8257 * 0.9996 (0.9965 — 1.0028)
Hysterectomy Hip_fracture = Weighted mode 6 0.8231 . 0.9997 (0.9968 - 1.0025)

Figure 1. Summary of MR estimates for the effect of hysterectomy on osteoporosis and hip fracture
1. &RIERMENALEESR

MR-Egger # A & 3 7 7 M 2 2% (P > 0.05); Cochran’s Q #5364 I & 2 5 i I ; MR-PRESSO 4 )7
I8 AAS H 7K P 22 201 (RSSobs = 10.57, P = 0.212) . Jii*+&l 5 leave-one-out 73 #7 i — B 30E T BRI Al 1 1)
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FasE M.

MR ST 2 K BT 55 U1 AR Ko B 0 B IR A7 S5 35 (R DR A2 . IVW 5 745 HE ) OR 4 0.9998 (P
=0.8171), MR-Egger FUMAB A7 ik ) ok BoRguit 22 B3 (P > 0.5).

4. ¥1ig

AT R IR, EWGEVEREFT, B VIR 5 0 B A XU 3 A EAH G FE ARSI
WITH L, FEVIRICS RGN EREMG. PR WA TR BEIBIT 6
W T T E VIR E RS IR . AT, TE s R BE UL RV R R OG R, SR IR SRR EY)
(S ST NE i = R TPl IR X SAE AN PSR SN 7

TEARMEH MHT 2otk b, AR TSR 5 VIR 58 BB RS T & X — 8535 6 78 Hh X 1% = it
PEWTFEARST, 2 F0 R 2R N ) oL g i AR 39 0 1 1.42 £5[9]. %6 [ — I Ft /R & W], £E 50~59 %
ik, T E OB E B AS KES N T 22% [10]. ZRIMAE 60 & UL L&y, FEIERS & R EGAL JF
To i E RBK(HR = 1.08, P = 0.223) [11]. AR, FEVIRERENARFMHELZ W THEEZ T EY)
B, W e Ui R ATE 35 S, FISEBOLIEM KRN 4.6 £, 000 KRS N 2.5 f5[12]; FE DI
RAAE 45 SR, TS EUN A R L5 0 2.29 £5[13], 49 % HT T 5 Uk Bk I B A5G (aHR
1.35) [14]; T 60 % J5 5= VIR O ML AR AN IN[10] [15]. T UIRR T A [A]BRAG ,  ShATLAA 5 52 )
[N

AT R I T B VI 55 801 T R . 5 A O, 3X 5 Melton 25 A J% Nurses’ Health Study [ 7t 5
R, JE#E ARG T B A 0 Y BRT 80 & r fsemale] [71. S/, {EHARBERS, FEUIKRSE
FEE T ARG I A SCPE T &8, 72 60 2 LA B ANEE, LU 700 34 0n 7.73 #5401 1.28 £, AR 4 AU
H4hn 5.93 {1 3.97 £%[6] [9]. AHFFHIAH iR, T EVIBRSHEE TR T ZEdH MHT (EH A
K. R RW I T ST, B2 FEVIRRIEH MHT Bt Hom 5 s fE 47 i 5 5 K
W LUAE(IRR) 70 51l 9 2.74 F16.73 [9] 03X — 45 AT 5 3043 BT 15 B MHT W] s> 349% (1 #5611 23%
PE R BT RS 5 AE T & [12] FERTRERIMERE . AR FT R T NHANES $4 FEdEATRE I 40 A, G
DA MHT (R 559 H ARG X R, FEBEETEEIEA TR HERIRITIREN: 618
WEFCIR A IR MHT {5 & T R AE I 1) 22, Jovk s U R R 26 R [9].

T EVIBRA T 52 G 5L Mg, 3Ei 5 B0 E DB T R A R O S0 AR TE B A (B R
N BRIy EEEEMO, AHEWIRRFLEEAZ)E. ETEVIR. TERAINETIRS ER &
PEIX=ANER T, WEACPAEAE RS 22 5 18 DI Lo 5 52 B A0 m] R S8 KPR B2 29%; B8R
I 0 R 420 40%, MEEEE E2 KF T % 13.3% [16]. SBIRMEIERT 52 3R T B V16 55 B S B 4
FZE, {H MR MR AL E BB AR R KR ZRRTEVIRS S e L EdriEoe, maedtdEe
BAER, MREERANRE, HEWIX AR R R R R KT IR .

ARHFFAL R R NHANES B0, 2R TIEE O, RUTE 45 A 2 Jo b AT (S
AR TR IE . R I, AW TS RAE 2N U5 T S b R [ 0t A S5 A AR [9] [10].  BEAR, ANHE
FARYS T = Fh SR 3 (B0 B0 A AE), 1382 B 78 Som - & DIBR mT R s n k& 4 KUK [9]. A
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