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Research advances in Mendelian randomization in etiological exploration of
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[ Abstract]Spontaneous abortion (SA) is a prevalent obstetric complication, with an incidence of approximately 10% in a single preg-
nancy among women of childbearing age. About 1%—-5% of the affected women progress to recurrent spontaneous abortion (RSA). The
etiology of RSA demonstrates high heterogeneity : beyond established genetic, endocrine , immunological , and infectious determinants,
nearly 50% of cases remain idiopathic, substantially complicating clinical prevention and treatment. Overcoming two key bottlenecks,
confounding biases in observational studies and implementation constraints in randomized controlled trials (RCTs) ,is essential for opti-
mizing SA prevention and treatment strategies. Mendelian randomization (MR ) , by establishing genetic instrumental variables, provides
a novel approach to address these challenges and investigate etiology. This article systematically reviews the latest advancements in the
application of MR in elucidating the etiology of SA, with a focus on evaluating the causal relationships between SA and various factors
including lifestyle and behavior, psychological factors, underlying diseases , metabolic and endocrine disorders , infections, intrinsic cel-
lular mechanisms, and gut microbiota. It aims to provide an evidence—based perspective for clarifying the pathogenesis of SA and devel-

oping targeted intervention strategies.
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P 3 7 (unexplained recurrent spontaneous abortion, URSA) o
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SRR 5T 5 52 TR 2= w5 5 i, 1 B ALK R GCSE (randomized
controlled trial, RCT ) 7 it 75 PRV AIF 58 P 77 £ S it 42 B 5 1]
A PERR . W R B LA (Mendelian randomization, MR)/E
h— TR A PR AR 12 , SEAR A T8 A2 S o TR
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IYIZAYHT, v RE S B E R SA B SEIRPEE TS, 33k ok T iR
FEH S He YN PSR 2500 MR WA G o 25 LTIk FRaE 28
TR B R Ao R OUAR G B i | A SR e 1 L T B HI AR A | 2 AR
2555 SA R AT SR I, FLFRA 30 = 5 v A 0 PR R
TEHI(FR2) o FHIL, 78 7 W Lo rp SRR B IR R 8 B 5
REARERG, X AR SA 2 A XU HLAA E LI PR S

F1 EFAXETHEES SARSAKIMR#R

R R AR IE Vs B P OR(95%Cl) Z:7% 3CHk

FE I A UKB 312 <0.001 1.32(1.25~1.39) [12]
FinnGen 297 0.039 1.19(1.01~1.41) [12]

3 RE T UKB 84 0.300 1.09(0.93~1.28) [12]
FinnGen 80 0.928 1.03(0.54~1.96) [12]

I FE MR P UKB 12 0.473 0.96(0.87~1.07) [12]
FinnGen 12 0.819 0.95(0.59~1.52) [12]

e K E UKB 1 0.005 0.99(0.99~1.00) [19]

et R E UKB 12 0.731 0.99(0.96~1.03) [20]

T UKB, ¥ [ A= I FEAS T ;s FinnGen , FinnGen 2 ¥
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(systemic lupus erythematosus, SLE) [7] £ i 78 5 SA KU 3¢
o 1 34 [ M [ UM BP0 , 75 D4 B AR A SLE
F B SA XU BT 3 il R AT R ZH A 5.1 A5 SR AT, Zhu T 482
FFRE () MR BF58 R & I SLE 5 SA fA7E 1 3 RURC &R L $R
WLEEAEBIF ST Hh 35 S AR DCHE T RESZ IR A% PRI 3R S, B 8
RFEA B UE HVETE D RAE ]
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TRE T IVW B MR /i, Sk 5 o e X SA 6 EL#2 R R AL
Rl 2t , COVID-19 YL A T2 9T i , R R
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COVID-19 e 15 SA T F IR KTk . £ 1, RA 5N Bt
BN A SA B I8 A AU DH 38 (3R 3) , Do AF 22 i J9UA0 A 28 v
T LA RO
24 Kifths AL EE

VT AR UE S AR 5 N 40 W8 2 L 2 SA 1Y 2 1 [ 1]
2, Wang QY S gt £ 27 A 50 4 B, 50 iy 114 SR B i iy 1

Fl 55 AR BB BT 8 m SA XU, AL TR 7T 8 5 i 0 PR 12k
M A T 00 1 A 04 T RE R AR A OC o AR MR AR A, MR A
5 R T 4T R F B PR R (pre—gestational diabetes mellitus,
PGDM) 5 SA B BLE B AL IR OGP, ST A SRS a4
PR 7~ B 1 i S 4 s 491 X BRT 9 4B 78 - RSA BB 778 I
HE JOT A D v BT A0 3R R 3k d A T X R, JS 2k MR
W — 25 UF S AR B9 6 90 28 7K 572 SA 19 250 1 18 e A
R, B OibR W5 SA 19 S BEHL I BF 5T B 28 < 1T
20 JH 451 s R ik e 4x B A FONE, S BUMR A U R A IR
JUTRPR 5 AL, MR BT 98 i — D487, RIT T & A iR AL %
% i (aspartate aminotransferase , AST ) Fl TN 24 iR % 3 /7 % fifd
(alanine aminotransferase, ALT) Jt /51 55 SA T£7E 15t 4% R 2R 56
F, B P E I DR A B RIAL R 5 0 S AR 46 JR o [) i
Ren JAEHE S 305 /N R B33 R (estimated glomerular filtra-
tion rate,eGFR) N[5 5 SA KU 3G ARG, LT gzt 5
SA M ERAAEM . &5 E L RN 53 A0 SRRz | ) 7
R GACER I, A O R FE 5 L e S A M DR
AST/ALT B eGFR 4 AR SA KU AT I RO (e 4)
2.5 BPEMEE

93 T 5 AN R B R SA IR FE SR N R o A
Huang JL 255 1 [ TI2AF 18 (helicobacter pylori, HP) &4t 1
P MR S0 HT A % LS SA Z [ AF e R 2 (HHIRA
BRI IR YPEPLIR A T H2 2 I 2 (infection antibody—mediated
immune response, IAMIR) 5 SA %38 % T (R SR 56 % , Zhou J
SFOD 46 Bl IAMIR TP MR BF5E , 45 82U, EB Y 2 5 )i 1
% (P EB R BF 1gG IMLIF FHPE A EBJi 8 VCA p18 ST K-F)
R R R 1A ZE 2298995 2 8 (human polyomavirus
2, HPyV2) IgG IfiL 35 BH = 1A 5 /K 41 i 22 988 95 7 (merkel cell
polyomavirus, MCPyV) IgG Ifil ¥ FH 1 K 7K J55 7 R 6 92 s 3
(varicella—zoster virus , VZV ) JiE 19 E/LHUARACE N 244 1@

*2 BHILEEESSARSAKMRIR

RENE Bl AR IVs Frht P OR(95%Cl) EE DU
iy R T GWAS 16 0.005 1.23(1.06~1.42) [22]
Iz VAR R A GWAS 83 0.202 1.45(0.82~2.55) [22]
AR GWAS 80 <0.001 1.69(1.24~2.31) [22]
XU I b i GWAS 75 <0.001 1.11(1.05~1.17) [22]
R GWAS 63 0.006 1.29(1.05~1.59) [22]
S iR UKB 81 0.002 1.60(1.18~2.17) [23]
TIARAE /O S, FinnGen 21 0.731 0.99(0.96~1.03) [24]
1 : GWAS, 4 SR IR 5
£3 EHREZESSA/RSAHIMRAFR
REHFR GRS Vs $ioi: P OR(95%CI) E =D UIN
KRBT R FinnGen 47 0.030 1.13(1.00~1.33) [26]
RYNEL BRI IEU 41 0.940 1.00(0.98~1.02) [28]
L i FinnGen 42 0.006 1.12(1.03~1.21) [30]
FE RS AE FinnGen 16 0.920 0.99(0.81~1.21) [31]
SRR FinnGen 16 0.130 1.02(0.99~1.05) [32]
COVID-19 GWAS 8 0.900 1.00(0.96~1.04) [34]
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Br P (R 5) . 2 b, # 1 5k BB 25 62 5 1
HPyV2 & VZV AHICHUA , AT AR SA U .
26 mAERE

SA {1 S BIL ) 55 200 A PR e 42 ) 2% 2 DDA G o 3 1
TGUER T 91 b 48 M 20 i Xl F MR fFF 50 36 UE™, B2 )3 4R SE T I
%N (programmed death—ligand 1, PD-L1) 5 IRSE R T B
(tumor necrosis factor beta, TNF-B) %t SA K& HA & 3% 1Y {44
PR 5 S 18] MR 23 Hr it — 20 3R B, 3K 2 Fi AL 77K A 32 SA
S B AEAE th PD-L1/TNF-B 4[] SA 14 8 [ PSR {47
o ULAL, Chen X7 85V 30 E W5 21 i 45 7% 34 T (macro-
phage colony—stimulating factor, M=CSF) 7K - F} 5 5 SA XU
SEIEARIC, Han XY S5URIESE VR S0 40 2 AR S i gk 1<
i (telomere length, TL) 45 5 55 SA KU A7 76 R 3R G B, Tao
ALSFIEE Id e PR N IE LR B B AR 5 RSA KUK 52 35
ARG, JUNEEN R, LS T 252 WA 45 5
MR B 3E B 551 B - R 454438085 11 2(CDGSH iron sulfur
domain 2, CISD2) 7K - J % 55 RSA KU 1IEAH G , W5 #67m
CISD2 T i ] 5 5 N 2230 352 2 41 id 2 (human first—trimester
trophoblast cells—8/simian virus 40 neomycin—resistance, HTR-

8/SVneo) K JF AL 6 41 37 )2 4 (extravillous trophoblast,

R T

EVT) & ABRFET, T B4 30 40 i B0 R 2868 ), #S T
CISD2/E N RSA B Uo7 LS B A o 27 T IR, 00 [y 3 5
PD-L1/TNF-B & {5473l % , - I8 45 M-CSF /K i Rpmhi
B DA KRR AR AR AR A 45 T TR it , 7 22 B 25 R 41K SA
R 2= 6
27 BERBERE

i TE VAT T S S e A T AR IR A S AL R e AT R A
JRy, Yao HAFWIEE T30 MR WF5E, DL 119 4738 16 J@ A oy 24 5
(2R, SA FIRSA R &5 JRdabr , # IVW 4307, 2856 H 5456
HEDIR T A - FUERER A JE 4 SA HAT (PR 5 24 EUAF T 4
JISA g KU 5 ZEBR T 3 %ﬁﬂﬁ%%@ﬁﬁ%%%%ﬁ'iﬁﬁ
M52 2 AT R ERG I RSA K KU (3R 7) o X —WF98 2 SA/
RSA [ A= W il By 18 2 A0 S s

3 SAEMRRHIEREMLE

Wt DA 20 2 RN GE T 18 1 27 10 TG 2 8, MR Ay — Fif
HTILH PR AT TR P A 5 IO L DA 2 %
PR BT, TE SA 5 R 2 U I Hh = RO O s
FEMNE - A7 2Lk RCT A8 BEA5 STt BE 22, ANAT Y I 1 T4

F4 RHERNSWERS SA/RSAKMRIR

FEEP R Bk I Vs Hht P OR(95%CI) Z:7% 3CHik
1 ] GWAS 22 0.022 0.81(0.68~0.97) [35]
TSRS HE 1T A 43 b GWAS 220 0.043 4.45(1.01~18.92) [35]
T DR TR PR GWAS 164 0.125 0.98(0.95~1.01) [36]
IR HIES IEU 5 0.035 / [38]
PNRES AN e Sl IEU 82 0.013 1.02(1.00~1.04) [40]
N 2 R 2 FE i B il IEU 112 0.017 1.01(1.00~1.02) [40]
A B /N R R CKDGEN 178 0.009 2.63(1.27~5.45) [41]
TE : CKDGEN,, 181 5 7 18 £ 2 Bk
#5 REMEZESSARSAKHMRHIR
RN E Kt AR Vs $0i: P OR(95%ClI) EZPUN
AT R4 1 ALSPAC 20 0.712 1.01(0.97~1.04) [42]
YL EB IR 1gG LT BHE UKB 12 0.035 0.98(0.95~0.10) [43]
EBJ#E VCA p18 HLik/K - UKB 66 0.047 0.97(0.94~1.00) [43]
HPyV21IgG IfiL 3% FHE UKB 40 0.020 1.02(1.00~1.04) [43]
MCPyVIgG i3 B UKB 44 0.039 1.02(1.00~1.04) [43]
\WAR EAERVIEIRIN € UKB 51 0.005 1.05(1.02~1.09) [43]
1 ALSPAC, B2 [ A 0] 35 F-F5 s UKB, 9% [5 AR M FEAR T
*6 HNEREERS SARSAKMRIAR
HBEHE LGRS Vs $i P OR(95%Cl) 27 30k
P AT LR 1 GWAS 24 0.019 0.92(0.86~0.99) [44]
iR RAE A T B GWAS 37 0.026 0.97(0.94~0.10) [44]
2 I 240 L % SR 8] 7 FinnGen 10 0.000 1.19(1.06~1.34) [45]
vk K UKB 117 0.002 0.82(0.71~0.93) [46]
AERE IR LR GWAS 71 <0.001 0.79(0.69~0.90) [47]
N0 GWAS 68 <0.001 0.78(0.67~0.90) [47]
BRI AR 1 2 GWAS / 0.049 1.07 [48]




BERERKFZR 2026 £5 51 &5 8 #1 (Journal of Chongging Medical University 2026.Vol.51 No.8 )

— 1201 —

SN BB I T IV s B IR R Y bR AR G S PR E 5 Y
TR 2% O (A 1306 1) A1 SR 1B s @ FHILA GWAS Bidie b 5 R 41K
PR AUAS | S22 2 5% TR 22 IR A5 94 B3l i 22 45 SUske:
Sy BTRAIEARSE  AR TH R BT SR . SR O IR TE SA AT P
T I 0 3 Jm) PR - DG W AS B3040 -2 i 29 - BUA SA #H5E GWAS
FEAREABR, GBI , 75 0035 15 28 5 05007 Xk L
K s @ AL PE B AR RN A 5 LRAR K, 458
A Z HA R AT 5 ; O A DI R sh s AW st (L A S A
HAE , JoHE I WA R I 4 S v A b, a0 M T8 T ot 2 o] i
MBS . ARTIHE L REZ =10 L JE GWAS RS JF
RIGERERE T R R G0 S A sh S WM, DL
[ET P prs= UL

4 BESRZ

ARG T MR AE SA WG K 22 52 Hh 0 1oy FH a0k e
YA AIFFT S5 2R F T 46 (4 TV's B S b, 30047 T 4 10 109 %
P, AT Es IR Bs AR IEAE B & AKOE 2400, i —25
SET SRR A R A AR L R A S I SRR
A WFFEIE R T LLF K 5 SA/RSA XU (1 58 25 1 [5] [H R
ORHE AL AR TE 7 S S AT IR R SO R R
TR P53 0 5 e B R AR P E AL R D % B R
(B o BT R & BT B o « AR i gt e A v =, ik
L BRI 5 ol | fE Ak R SA TR Y S 2 — s BT IR

®7 BEEA#EERS SA/RSAHMRIAR

RBEHE B AR Vs $ii P OR(95%Cl) 25 Uk
Ak E GWAS 11 0.014 0.92(0.87~0.98) [49]
A6 BT I GWAS 9 0.049 1.07(1.00~1.15) [49]
PR E 3 GWAS 9 0.040 0.47(0.23~0.97) [49]
HICH & GWAS 8 0.034 0.46(0.23-0.94) [49]
24 AT RE GWAS 19 0.034 1.40(1.03~1.92) [49]
\},;” £ R
o = ‘—ltl AL
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T W A
TFUAI l.—. . PN
FERIBIESE T R
@ - TR A0
o ( ) p
e i R b
H JTE R AR5 P9 430
H SR @ KR HFREKR
R E At
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FA R RE
@ B /INBRIE L %
=\ :@:}: HPyV2IgGIfiL3i B
R AE R A 12
@ MCPy VIgGIiL i FHE
TR T <SG VRO

1 MR#5E A SA/RSA X B [E Z ( B BioRender.com 4 i)
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MR P AR ) LI TR B B B T
U RA 550 I S it 1 XRS5 388 ok B3 AR o A 5
O RAZS B 1) e 78 B 410 28 LA A 05 J S B35 , 7T A %5
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WG RARAEL 5 $02 ) 5 Ak EB i 85 S 2 1 25 19 HPyV2 5 VZV
R SR DA LS R 5 i 3 R T, R SA BT IR TERE TR %
o ARSI & 1T =05 1SS0 AE ALK T, B R Ak
PD-L1 5 TNF-B %38 37 5 | CISD2-4#k 56 1= 4l 5 F 4 45
(14 345 2 2 B TIE 5 7 I A2 Ak 2 T, 75 R MR 55 174 P SR 4
SRR SR T TR R B AL W 2 A 2R R R KU
TN s 7675 1k 27 2 1, # I R OA R MR 33 LA B 4
R PR SR 3 A5 T8, 4 3h MR 5 RCT JIEHE Rl 2 LA 3 i
AR T R I R S8 IE

FIZRR A VRS 5 R AETE R 45 e

EBREAR T2 W R MO 8 SRS SRS |
A ATAEZAS R« B AT A5 B Sk - 1 4 < 8 S 1

£ £ X M

[11 ARG 2ETESFLAEEH . AR 2E TR E SR
(2020 4F ) [J1. 7 [ 9 HTAARE5 77 Bk A5, 2020, 36 (11) - 1082
1090.

Writing Group of Chinese Expert Consensus on Diagnosis, Treatment of
Spontaneous Abortion. Chinese expert consensus on diagnosis and treat-
ment of spontaneous abortion (2020 edition) [J]. Chin J Pract Gynecol
Obstet,2020,36(11) : 1082-1090.

[2]  Griebel CP, Halvorsen J, Golemon TB, et al. Management of spon-
taneous abortion[J]. Am Fam Physician,2005,72(7) : 1243-1250.

[3] Green DM, O’ Donoghue K. A review of reproductive outcomes of
women with two consecutive miscarriages and no living child[J]. ] Ob-
stet Gynaecol ,2019,39(6) : 816-821.

[4] PP ES G AR & 2 (ROIAEIR R PP
A5G2I IR R )W H AL . AR 2 h Y R 45 51297 5 R (2023
AR P TP TTERSE G255, 2024, 44(6) : 645-659.

Obstetrics and gynecology committee of the chinese association of inte-
grative medicine, guideline development group for “guidelines for the di-
agnosis and treatment of recurrent pregnancy loss with integrated tradi-
tional chinese and western medicine”. Integrated traditional Chinese
and western medicine guidelines for the diagnosis and treatment of re-
current pregnancy loss(2023)[J]. Chin J Integr Tradit West Med, 2024,
44(6) :645-659.

[5] Dimitriadis E, Menkhorst E, Saito S, et al. Recurrent pregnancy
loss[J]. Nat Rev Dis Primers,2020,6:98.

[6] Tang C,Hu WQ. The role of Th17 and Treg cells in normal preg-
nancy and unexplained recurrent spontaneous abortion (URSA) : New
insights into immune mechanisms[J]. Placenta,2023,142:18-26.

[7]  Ference BA, Holmes MV, Smith GD. Using mendelian randomiza-
tion to improve the design of randomized trials[J]. Cold Spring Harb Per-
spect Med ,2021,11(7) :a040980.

[8] Davies NM, Howe LJ, Brumpton B, et al. Within family Mendelian

randomization studies[J]. Hum Mol Genet,2019,28(R2):R170-R179.
[9]1 Gupta V, Walia GK, Sachdeva MP. 'Mendelian randomization': an
approach for exploring causal relations in epidemiology[J]. Public
Health,2017,145:113-119.

[10] Hu LJ,Liu RY, Yang L, et al. Bidirectional mendelian randomiza-
tion study: unraveling the link between idiopathic pulmonary fibrosis
and cardiovascular disease[J]. Ann Hum Genet,2025:e12605.

[11] Hyland A, Piazza KM, Hovey KM, et al. Associations of lifetime
active and passive smoking with spontaneous abortion, stillbirth and
tubal ectopic pregnancy: a cross—sectional analysis of historical data
from the Women’s Health Initiative[]]. Tob Control,2015,24(4) :328-
335.

[12]  Yuan S, Liu J, Larsson SC. Smoking, alcohol and coffee consump-
tion and pregnancy loss: a Mendelian randomization investigation[J].
Fertil Steril,2021,116(4):1061-1067.

[13] Henderson J, Gray R, Brocklehurst P. Systematic review of effects
of low—moderate prenatal alcohol exposure on pregnancy outcome[J].
BJOG,2007,114(3):243-252.

[14] Sundermann AC, Zhao SF, Young CL, et al. Alcohol use in preg-
nancy and miscarriage: a systematic review and meta—analysis[J]. Alco-
hol Clin Exp Res,2019,43(8):1606-1616.

[15] Chen LW, Wu Y, Neelakantan N, et al. Maternal caffeine intake
during pregnancy and risk of pregnancy loss: a categorical and dose—
response meta—analysis of prospective studies[J]. Public Health Nutr,
2016,19(7) :1233-1244.

[16] Brito Nunes C, Huang PY, Wang G, et al. Mendelian randomiza-
tion study of maternal coffee consumption and its influence on birth-
weight, stillbirth, miscarriage , gestational age and pre—term birth[J]. Int
] Epidemiol,2023,52(1) : 165-177.

[17] Balogun 00, da Silva Lopes K, Ota E, et al. Vitamin supplementa-
tion for preventing miscarriage[J]. Cochrane Database Syst Rev, 2016,
2016(5) : CD004073.

[18] Mesdaghinia E, Mohammad-Ebrahimi B, Foroozanfard F, et al.
The effect of vitamin E and aspirin on the uterine artery blood flow in
women with recurrent abortion: A single=blind randomized controlled
trial[J]. Int J Reprod Biomed,2017,15(10) :635-640.

[19] Xie Y, Zhang J, Ni S, et al. Association of circulating minerals
and vitamins with pregnancy complications: a Mendelian randomization
study[J]. Front Nutr,2024,11:1334974.

[20] Mu FX, Wang KX, Jiang L, et al. Genetic evidence linking retinol
to birth weight: A two—sample Mendelian randomization study[J]. Re-
prod Toxicol ,2024,130:108739.

[21] Magnus MC, Havdahl A, Morken NH, et al. Risk of miscarriage in
women with psychiatric disorders[J]. Br J Psychiatry,2021,219(3) :501-
506.

[22] He YN, Wang L, Tang RN, et al. Common mental disorders and
risk of spontaneous abortion or recurrent spontaneous abortion: A two—
sample Mendelian randomization study[J]. J Affect Disord, 2024, 354:
258-266.

[23]  Yang Q, Borges MC, Sanderson E, et al. Associations between in-



BERERKFZR 2026 £5 51 &5 8 #1 (Journal of Chongging Medical University 2026.Vol.51 No.8 )

— 1203 —

somnia and pregnancy and perinatal outcomes: Evidence from mende-
lian randomization and multivariable regression analyses[J]. PLoS Med,
2022,19(9) :€1004090.

[24] Ling SY,Dai YQ, Weng RX, et al. Epidemiologic and genetic as-
sociations of female reproductive disorders with depression or dysthy-
mia:a Mendelian randomization study[J]. Sci Rep,2024,14(1):5984.
[25] Nathan NO, Mgrch LS, Wu CS, et al. Rheumatoid arthritis and
risk of spontaneous abortion : a Danish nationwide cohort study[J]. Rheu-
matology,2020,59(8) :1984-1991.

[26] Guo DY, Diao ZH, Wang KH, et al. Causal association between
rheumatoid arthritis and pregnancy loss and intrauterine growth retarda-
tion: A bidirectional two—sample Mendelian randomization studyl[J].
Medicine,2024,103(2) : e36873.

[27] Ling N, Lawson E, von Scheven E. Adverse pregnancy outcomes
in adolescents and young women with systemic lupus erythematosus: a
national estimate[J]. Pediatr Rheumatol Online J,2018,16(1) :26.

[28] Zhu T, Zhan G, Shang Z, et al. Causal relationship between sys-
temic lupus erythematosus and adverse pregnancy outcomes: A two—
sample Mendelian randomized study[J]. Heliyon,2024,10(15) :e35401.
[29] Joud A,Nilsson—Condori E,Schmidt L, et al. Infertility, pregnancy
loss and assisted reproduction in women with asthma: a population—
based cohort study[J]. Hum Reprod,2022,37(12):2932-2941.

[30] Han XY, Wu TQ, Bian YY, et al. Asthma and risk of adverse
pregnancy outcomes: A Mendelian randomization study[J]. Heliyon,
2024,10(13) :e33857.

[31] Huang Y,Zhang DY, Zhou YF, et al. Causal relationship between
abortion and endometriosis: a bidirectional two—sample mendelian ran-
domization study[J]. Am J Reprod Immunol,2025,93(3) :e70064.

[32] Tang LY, Chen K. Association between periodontitis and adverse
pregnancy outcomes: two—sample mendelian randomisation study[J]. Int
Dent J,2024,74(6) : 1397-1404.

[33] Travis—Lumer Y, Goldberg Y, Kodesh A, et al. Rates of spontane-
ous abortion in Israel before and during the COVID-19 pandemic[J].
JAMA Netw Open,2023,6(2):230233.

[34] Fang Y, Fang DJ. Mendelian randomization analysis reveals
causal relationship between obstetric—related diseases and COVID-19
[J]. Virol J,2024,21(1):73.

[35] Wang QY, Liu FL, Tuo YF, et al. Associations between obesity,
smoking behaviors, reproductive traits and spontaneous abortion: a uni-
variable and multivariable Mendelian randomization study[J]. Front En-
docrinol , 2023, 14:1193995.

[36] Hantoushzadeh S, Zaki-Dizaji M, Habibi D, et al. Pregestational
diabetes and adverse pregnancy results: a mendelian randomization
study[J]. Arch Iran Med,2025,28(2) :81-87.

[37] Prakash A,Li TC, Tuckerman E, et al. A study of luteal phase ex-
pression of inhibin, activin, and follistatin subunits in the endometrium

of women with recurrent miscarriagelJ]. Fertil Steril, 2006, 86 (6) :

1723-1730.
[38] Gong C, Yang WZ, Liu X, et al. Low follistatin level is a causal
risk factor for spontaneous abortion : a two—sample mendelian randomiza-
tion study[J]. Front Endocrinol, 2023, 14:1255591.
[39] Quenby S, Gallos ID, Dhillon-Smith RK, et al. Miscarriage mat-
ters: the epidemiological , physical, psychological , and economic costs of
early pregnancy loss[J]. Lancet,2021,397(10285) : 1658-1667.
[40] Zhu YP,Li ZH, Liu XF, et al. Elucidating the role of hepatic en-
zymes in spontaneous abortion: a Mendelian randomization approach[J].
Front Genet,2024,15:1336728.
[41] Ren J, Huang QY, Lie XW, et al. Kidney damage on fertility
and pregnancy : A Mendelian randomization[J]. PLoS One,2023,18(7):
€0288788.
[42] Huang JL,Liu YX,Xu DF, et al. Causal associations between He-
licobacter pylori infection and pregnancy and neonatal outcomes: a two—
sample Mendelian randomization study[J]. Front Cell Infect Microbiol,
2024, 14:1343499.
[43]  Zhou J,Yin JK,Xu YX, et al. Unveiling the truth: Pathogen infec-
tions linked to miscarriage: A STROBE-Compliant Mendelian random-
ization study[J]. Medicine,2024,103(47) : e40627.
[44] Lin SC, Tian XM, Kong SJ, et al. Causal effects of inflammatory
cytokines and immune cell phenotypes on spontaneous abortion: evi-
dence from mendelian randomization[J]. Int ] Womens Health, 2025,
17:793-806.
[45] Chen XZ,Zhang M, Zhou NY , et al. Associations between geneti-
cally predicted concentrations of circulating inflammatory cytokines and
the risk of ten pregnancy-related adverse outcomes: A two—sample Men-
delian randomization study[J]. Cytokine ,2024,180:156661.
[46] Han XY, Wu TQ, Liu CY. Univariable and multivariable Mende-
lian randomization investigating the effects of telomere length on the risk
of adverse pregnancy outcomes[J]. Front Endocrinol,2023, 14:1225600.
[47] Tao AL, Wu TQ, Han XY, et al. Lipidomics reveals common
mechanisms in polycystic ovarian syndrome , recurrent spontaneous abor-
tion, and infertility: a genetic—based analysis[J]. Int ] Womens Health,
2025,17:1055-1065.
[48] Shangguan MY,Zheng JY,Liu N, et al. A preliminary study unveils
CISD2 as a ferroptosis—related therapeutic target for recurrent spontane-
ous abortion through immunological analysis and two—sample mendelian
randomization[J]. ] Reprod Immunol,2024,163:104249.
[49] Yao H, Chen JH, Wang Y, et al. Assessing causal relationships
between gut microbiota and abortion: evidence from two sample Mende-
lian randomization analysis[J]. Front Endocrinol ,2024,15:1415730.
(475 :2025-07-07; {8 [ : 2025-09-10; 3% i : 2025-09-30)
(AL FH )
A5 AN
FTR,3 W, &HEE,F . REREALE AR RRARE T
a9 BF ] F R E AR 5 5248, 2026,51(8) : 1197-1203.



