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[ Abstract] Objective To investigate the causal relationship between fibroblast growth factors (FGFs),
their receptors (FGFRs) and spontaneous abortion (SA). Methods FGFs, FGFRs, and SA related GWAS data were
obtained from the FinnGen Alliance and Genome-wide Association Studies Databases. Using MR analysis method
to explore the causal relationship between FGFs, FGFRs and SA, with the inverse-variance weighted method (IVW)
as the main analysis method. Sensitivity analysis was conducted using MR-PRESSO, MR Egger, Cochran's Q,
and the leave-one-out method. Results A total of 22 exposure factors were selected. The IVW results showed
that FGF22 increased the risk of SA [OR=1.099, 95%CI (1.001, 1.206), P=0.047], while FGF12 decreased the risk
of SA [OR=0.858, 95%CI (0.774, 0.951), P=0.003]. There were no significant causal associations between other
FGFs, FGFRs, and SA. Sensitivity analysis conducted on the causal association between FGF12, FGF22, and SA
showed that Cochran's Q test (P>0.05) indicated no heterogeneity, MR Egger test (P>0.05) indicated no horizontal
pleiotropy, MR-PRESSO method did not detect outliers and no SNPs that had a significant impact on the results
were detected using leave-one-out method. Conclusion FGF12 is a protective factor for SA, while FGF22 is a risk

factor for SA. The result provide potential molecular markers for early prediction and targeted intervention of SA.
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F1 REMLEFBHIGWASHIHEKIR
Table 1. Resources of GWAS data for exposures and

outcomes

PR GWAS ID _

FeAR  HiIX
SA finn-b—015_ABORT_SPONTAN 9113 Rk
0o~Klotho GCST90091246 4376 B
FGF1 GCST90088414 5323 R
FGF2 GCST90088187 5368 B
FGF3 GCST90089909 5362 B
FGF4 GCST90088581 5328 RRiM
FGF5S GCST90088217 5356 R
FGF6 GCST90088588 14743 KR
FGF7 GCST90088712 5365 KR
FGF8 GCST90087942 5336 KR
FGF9 GCST90088058 5338 KR
FGF10 GCSTI0087941 5363 KR
FGF12 GCST0088675 5336 ERii
FGF16 GCST0088676 5357 BRM
FGF17 GCST90088418 5326 KR
FGF18 GCST90088055 5338 Bk
FGF19 GCST90087637 5368 B
FGF21 GCST90274788 14743 KM
FGF22 GCST90090730 5362 RRi
FGF23 GCST90088521 5368 KR
FGFR1 GCST90089070 5328 KR
FGFR2 GCST90088522 5364 KR
FGFR3 GCST90087597 5361 KR

E: SALARIRE; FGF A Yesmie A R T FGFRORA Yesm itk
KHFZH; GWAS. &R BMABL .
1.3 IETEHIMIE

e, R (P < 5x107) ik 4 gk
P2 b 5 FGFs 5835 A DG Y SNPY, |y Tl =
SR SNP T3 — 20 4B, O 0 s o R 5 Ry
P<5x 1071 Hyk, G v vk S B U (minor
allele frequency, MAF) >0.01f) SNP', # &
FrifE (R* < 0.001, kb=10000) 2[5 SNP 2 ] f)
WU (linkage disequilibrium, LD ) ", 4
JIRIERY IVs TEZ5 JeC B BdE A ATER, RS
Vs HA & LD (R°> 0.8) AR SNP 1 R4t #
SNP™L, PG Vs SREE, THRAEEAS SNP 1 F{H,
DIHERR IV 5 2 88 I R Z T 7E 19 55 T 5w 22,
HE AKX N F=Rx (N-2)/(1-R), Hh R FE
IV 7 SNP fif B 1) B 8% J7 22 LU ], oK FH >
107, DABRAR TV (058 B 1 2 A Hr =K
1.4 FHITFESH

fifi A R 4.3.2 % {4 F11 TwoSampleMR £ 3 47

et ot R 22 A% (inverse—variance
weighted, IVW ) 1% W AH kb (odds ratio, OR)
M95% & {5 X [8] (95% confidence interval,
95%C1) T4 FGFs . FGFRs 5 SA Z [AIfY AL CHK
K F AL A7 B i ((weighted median estimator,
WME ) . MR-Egger [R5 FIAUAREL 1 (weighted
mode, WM ) #55045 R AR fEvE . 3 i BURAE 5
PG MR BIFSE v 7 57 Bt P R P 2 8801
% M Cochran's Q £ 56 DAk Vs Z [A] 1 55 ot 14,
P> 0.05 REIAIAAE R E 7B, R MR-Egger
MR RK - 2200, 24 P> 0.05 B, FHA
fPAE 225, SR A MR-PRESSO J5 3 4G 785 78 Fr)
A, A —7% (leave—one—out ) & — 4l BR
SNP, PP A~ SNP X 255 5 45 ) O R I FE .
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21 ITET=
I 57 Bk 324 4~ 5 FGFs. FGFRs fH 56 11
IVs, IV FE¥ > 10, F¥1{E N 25.86, H/D
{HR 20.88, HR{H M 156.61, W32,
*®2 SEBHEIVSHFE

Table 2. F values of IVs related to exposure

: ) Fif
i N T mm R
a—Klotho 21 35.07 117.15 21.06
FGF1 16 24.09 27.18 21.35
FGF2 11 23.36 26.59 20.88
FGF3 5 23.39 28.07 21.54
FGF4 18 22.96 33.19 20.94
FGF5 11 22.60 26.69 21.05
FGF6 7 22.73 24.59 21.37
FGF7 21 26.57 96.28 20.93
FGF8 12 23.67 30.24 21.13
FGF9 22 24.03 4343 20.90
FGF10 9 32.87 115.33 20.95
FGF12 14 23.68 32.77 21.00
FGF16 22 22.93 29.32 20.88
FGF17 19 24.39 29.48 21.02
FGF18 13 23.01 26.95 20.93
FGF19 15 27.35 83.74 21.06
FGF21 24 36.09 156.61 21.08
FGF22 14 22.63 24.86 21.05
FGF23 12 23.04 28.85 20.95
FGFR1 13 23.23 28.88 20.94
FGFR2 8 23.30 28.91 20.93
FGFR3 17 25.78 54.84 20.91

E: FGRAf2emin s KB F; FGFROR A Zemie £ KB F 28,
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2.2 FGFs., FGFRs5SAZ a1 gy E R <Bk M FGF12 N Z#EHFE N, FGF12 il RERFIT SA 1Y
PhSA R 45 Jmy, VW 45 2 7R, 4 FGF22 & 4 K [OR=0.858, 95%CI (0.774, 0.951) ,

h R R, FGF22 Al RERE N SA 4 % A KUK P=0.003], . % 3. {H{# H MR Egger. WME FlI

[OR=1.099, 95%CI (1.001, 1.206) , P=0.047]; WM Z3HriT, AER 3] ok 4 I 3 PR L 0K

%3 FGFs. FGFRs5SARIMRA 4R
Table 3. Results of Mendelian randomization analysis between FGFs. FGFRs and SA

b SES UiRiS ORfH (95%CI) Pl || BEHEER Dk ORfH (95%CI) Pl
o—Klotho MR Egger 1.117 ( 1.001, 1.246) 0.063 ||FGF12 MR Egger 0.760 (0.592, 0.976) 0.053
WME 1.030 (0.954, 1.111) 0.449 WME 0.907 (0.786, 1.046) 0.181
VW 1.034 (0.981, 1.089) 0210 VW 0.858 (0.774, 0.951) 0.003
WM 1.020 (0.933, 1.115) 0.671 WM 0.929 (0.712, 1.212) 0.596
FGF1 MR Egger  0.693 (0.552, 0.871) 0.007 ||FGF16 MR Egger  0.917 (0.764, 1.101) 0.364
WME 0.916 (0.786, 1.067) 0.258 WME 0.936 (0.825, 1.062) 0305
VW 0.979 (0.865, 1.109) 0.741 vw 0.920 (0.844, 1.002) 0.055
WM 0.889 (0.686, 1.152) 0.388 WM 1.027 (0.832, 1.268) 0.804
FGF2 MR Egger 1061 (0.749, 1.502) 0.746 ||FGF17 MR Egger  1.013 (0.782, 1.312) 0.923
WME 0.889 (0.759, 1.041) 0.144 WME 0.986 (0.858, 1.133) 0.841
VW 0.929 (0.819, 1.053) 0.249 VW 0.984 (0.893, 1.085) 0.749
WM 0.860 (0.661, 1.118) 0.285 WM 1.044 (0.827, 1.318) 0.719
FGF3 MR Egger 0.925 (0.665, 1.286) 0.675 FGF18 MR Egger 1.113 (0.769, 1.612) 0.583
WME 1.016 (0.851, 1.212) 0.864 WME 1.130 (0.962, 1.327) 0.136
VW 1.049 (0.908, 1.212) 0517 VW 1.027 (0.865, 1.220) 0.760
WM 1.011 (0.817, 1.251) 0.927 WM 1.206 (0.985, 1.478) 0.100
FGF4 MR Egger  0.893 (0.661, 1.208) 0474 ||FGF19 MR Egger  1.002 (0.714, 1.407) 0.991
WME 1.029 (0.891, 1.188) 0.701 WME 1.008 (0.879, 1.156) 0911
VW 0.921 (0.821, 1.033) 0.161 vw 0.955 (0.856, 1.066) 0.413
WM 1.084 (0.848, 1.386) 0.527 WM 1.030 (0.830, 1.277) 0.795
FGF5 MR Egger  0.782 (0.622, 0.983) 0.064 ||FGF21 MR Egger  1.050 (0.938, 1.177) 0.407
WME 0.888 (0.782, 1.009) 0.067 WME 1.064 (0.953, 1.188) 0.268
VW 0.914 (0.832, 1.005) 0.064 VW 1.072 (0.995, 1.154) 0.069
WM 0.898 (0.763, 1.056) 0.222 WM 1.067 (0.947, 1.203) 0.299
FGF6 MR Egger 0.838 (0.543, 1.293) 0.460 ||FGF22 MR Egger 1.201 (0.960, 1.501) 0.134
WME 0.920 (0.753, 1.126) 0.420 WME 1.085 (0.956, 1.231) 0.205
VW 091 (0.784, 1.058) 0.220 VW 1.099 (1.001, 1.206) 0.047
WM 0.90 (0.710, 1.141) 0.418 WM 1.199 (1.004, 1.432) 0.066
FGF7 MR Egger  0.951 (0.807, 1.119) 0552 ||FGF23 MR Egger  1.020 (0.737, 1.414) 0.906
WME 1.000 (0.896, 1.116) 0.998 WME 0.912 (0.780, 1.066) 0.249
VW 1.042 (0.965, 1.125) 0.298 vw 0.945 (0.846, 1.056) 0.319
WM 0.989 (0.864, 1.132) 0.877 WM 0913 (0.736, 1.133) 0.427
FGF8 MR Egger 1024 (0.706, 1.484) 0.904 ||FGFR1 MR Egger  0.808 (0.599, 1.090) 0.189
WME 1.044 (0.880, 1.239) 0.618 WME 0.929 (0.775, 1.112) 0.421
VW 1.005 (0.850, 1.189) 0.949 VW 0.922 (0.811, 1.048) 0.214
WM 1.038 (0.873, 1.234) 0.683 WM 1.006 (0.760, 1.333) 0.965
FGF9 MR Egger 1.144 (0.895, 1.463) 0.297 ||FGFR2 MR Egger 0.811 (0.512, 1.285) 0.413
WME 0.956 (0.854, 1.071) 0.437 WME 1.045 (0.834, 1.310) 0.700
VW 0.963 (0.885, 1.047) 0379 VW 1.079 (0.889, 1.310) 0.441
WM 0.987 (0.820, 1.188) 0.893 WM 1.073 (0.824, 1.397) 0.620
FGF10 MR Egger  1.165 (0.942, 1.440) 0202 ||[FGFR3 MR Egger  1.011 (0.722, 1.415) 0.951
WME 1.025 (0913, 1.151) 0.676 WME 0.992 (0.871, 1.130) 0.904
VW 1.021 (0.934, 1.115) 0.651 vw 1.000 (0.901, 1.109) 0.995
WM 1.011 (0.861, 1.187) 0.899 WM 0.997 (0.854, 1.162) 0.965

JZ: MR Egger. MREggert )2 i%; WME. eA PALdkik; IVW.3E 5 £ ik ; WM ImBUAR S0k .
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FGF12 5 SA SCIRZ5 J 0 Bl B A2l
/INTF 0, FRAKIE B AR A7 AR B 25 00 67 ) PR O6 R
( BFH1 1 2-A FNE 2-B) o FGF22 5 SA eIk &h
SHOS E B BRLRPE R T 0, RARERR
FGF22 5 SA Z WA w2 0 IE e PR G &R (B
Kl 2-C #1E 2-D) .

2.3 BB

Cochran's O Ki 45 K7, i 2R

PAE¥> 0.05, #RANFESTPE. MR Egger 1l

I Hras WS, B FGFL 4k, HAhfr A 28 K
R PIEHY> 0.05, $#RAAEEKEZR0, W
F 4, EFXFFGF1, MR-PRESSO fi4 45 5ok & 31
SHE, DLBHAER 1.

FGF12 F1 FGF22 55 SA A ¢ BE 19 s < &
om0 2 (L 1-A FTEL 1-C) &
FGF12 F1 FGF22 5 SA PSR CH Y B — [ Bon i
— (1) SNP ¥R %] PR SR OCHR = A4F i 2 52 (8] 1-B
ME 1-D) o

R4 KEZHEMZ R ER

Table 4. Results of horizontal pleiotropy and heterogeneity tests

i . ST KL 5k
OFi it (IVW) PlH MR Eggeri i Pfi

o—Klotho SA 15.387 0.698 -0.016 73 0.133
FGF1 SA 19.556 0.190 0.048 32 0.005
FGF2 SA 12.575 0.248 -0.018 56 0.440
FGF3 SA 1.695 0.792 0.023 20 0.466
FGF4 SA 25.126 0.092 0.004 26 0.832
FGF5 SA 8.542 0.576 0.034 83 0.175
FGF6 SA 6.015 0.421 0.010 64 0.703
FGF7 SA 12.708 0.809 0.018 20 0.231
FGF8 SA 10.374 0.321 -0.01527 0.458
FGF9 SA 12.773 0.887 -0.020 68 0.160
FGF10 SA 6.516 0.590 -0.026 64 0.222
FGF12 SA 9.619 0.725 0.016 38 0.319
FGF16 SA 19.655 0.543 0.000 61 0.971
FGF17 SA 17.478 0.490 -0.003 64 0.817
FGF18 SA 12.153 0.205 0.005 12 0.802
FGF19 SA 17.555 0.130 -0.006 91 0.774
FGF21 SA 14.873 0.784 0.004 08 0.654
FGF22 SA 9.677 0.720 -0.014 95 0.409
FGF23 SA 10.809 0.459 -0.011 59 0.635
FGFR1 SA 12.039 0.443 0.017 64 0.357
FGFR2 SA 9.553 0.145 0.040 95 0.242
FGFR3 SA 17.923 0.210 -0.001 65 0.947

E: SAAKRT; FGRRA it A KE T FGFRORA LA K B F /8 ; MR Egger MREgger® )3k ; IVW.i8 75 2 ik

3 itig
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WAL R N E WAL . FOFs 2—2fe i
KA. ALUEE Mg bR EZEERNAEK
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S FCF WG b — A RKHEF, REAMER

Gih RAEER P, (BHAR AT R G VR AN
SEAUHR . AHFSEIE T MR &3 FGF22 5 SA &
A XU T A 56, FGF22 1 figsd it L) R A= ¥ bl
IR SA XU . D FGF22 14 5 35 1l fig

WIS B N TR, S EURIG IS &
W P QR E AR S G LA A T,
FGF22 1) 55 1 RE 52 W i 5 1) 145 A ORI 2E 57 2
AAEAYIEEE , DTS2 MG 8500 15 H & B mIaE =,
@ FGF22 Al fie 2 SEHMAGRER G IA T, H5H
FEIR ] REE IR R IR LAY S HERR , SR m
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