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[ Abstract]  Objective To explore the causal association between coagulation function, including von
Willebrand factor (vWF), a disintegrin and metalloproteinase with thrombospondin type 1 motif, member 13
(ADAMTS13), activated partial thromboplastin time (aPTT), coagulation factor VIl (FVIl), coagulation factor XI (FXI),
coagulation factor VI (EVI), coagulation factor X (FX), endogenous thrombin potential (ETP), plasminogen activator
inhibitor-1 (PAI-1), protein C, and plasmin, and gestational diabetes mellitus (GDM) using two-sample two-way
Mendelian randomization (MR), and to provide genetic evidence for the association between coagulation function and the
pathogenesis of GDM. Methods The IEU OpenGWAS database was accessed using the R package TwoSampleMR (v
0.5.6) to obtain the statistical data of the genome-wide association study (GWAS) summary of GDM. MR analysis of the
causal association between 11 coagulation function and GDM was performed by the inverse-variance weighted method
(IVW), the MR-Egger method, and the weighted median method (WM). Results In this study, the GWAS summary
statistics of GDM (covering 5 687 cases and 117 892 controls) were used for MR analysis. It was found that there was a
causal relationship between the predicted plasma FVIl level and the risk for GDM (IVW: [odds ratio, OR]=0.28, 95%
confidence interval [CI]: 0.10-0.75, P<0.001; WM: OR=0.30, 95% CI: 0.09-0.98, P<0.001). There was no causal
relationship between other coagulation function and the risk for GDM (P>0.05). Conclusion There is a significant
causal relationship between the plasma FVII level and the risk for GDM. This finding highlights the complex interaction
between coagulation function and glucose metabolism during pregnancy, but further research on this finding is

warranted.
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U YR 9 W5 IR 9% (gestational diabetes mellitus, GDM)
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MR analysis Outcome
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Univariable MR analysis

Inverse-variance weighted method,
weighted median method, MR-Egger
regression, inverse-variance weighted

method (multiplicative random effects)
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Fig 1 Overall design of the study

vWEF: von Willebrand factor; ADAMTS13: a disintegrin and metalloproteinase with thrombospondin type 1 motif, member 13; APTT: activated partial

thromboplastin time; FVII: coagulation factor VII; FVl: coagulation factor VIl; F X : coagulation factor X ; FXI: coagulation factor XI; ETP: endogenous thrombin potential;

PAI-1: plasminogen activator inhibitor-1.
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Table 1 Information on different GWAS data

Variable Study Source type Sample size Ancestry

Exposure
ADAMTS13 MA Q" Independent research 2304 European
aPTT TANG W™ Independent research 9240 European
ETP ROCANIN-ARJO A®! Independent research 1967 European
FVI De VRIES P $* Independent research 27 495 European
FVIl SABATER-LLEAL M™* Independent research 29573 European
FX SUN B B™ Independent research 3301 European
FXI SUHRE K" Independent research 997 European
PAI-1 HUANG " Independent research 19 599 European
Plasmin SUN B B™ Independent research 3301 European
Protein C TANG W' Independent research 8048 European
VWF SABATER-LLEAL M™* Independent research 42256 European

Outcome
GDM FinnGen Biobanking data 210870 European

All abbreviations are explained in the note to Fig 1.
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KR (IVW: HAE H (odds ratio, OR)=0.28, 95% & {55
X [&] (confidence interval, CI): 0.10 ~ 0.75, P<0.001; WM:
OR=0.30, 95%CI: 0.09 ~ 0.98, P<0.001), #& i} K& = 1Y
M FVIK -V ZGDM R R o SR, R A B H At B
M REFE bR 5 GDMMKEAFTER R E R (P>0.05) o BRI G
FR I T S5 L2, PR OC R Al e 25 5 W22,

Exposure Method nSNP OR (95% CI) Pvalue
ADAMTSI3  IVW 3 I 1.011 (0.604-1.694)  0.966
aPTT IVW 6 ; 1.007 (0.987-1.027)  0.471
ETP IVW 3 + : 0.683 (0.323-1.446)  0.309
FVI IVW (MRE) 7 | + 1.297 (0.470-3.582)  0.609
EVII IVW 4 —— : 0.277 (0.1033-0.746)  0.009
EX VW 2 —JI— 0.989 (0.828-1.182)  0.899
EXI IVW 5 - 0.983 (0.941-1.027)  0.455
PAI-1 VW 4 —o:— 0.750 (0.432-1.302)  0.297
Plasmin IVW 3 —-:— 0.964 (0.848-1.095)  0.565
Protein C IVW (MRE) 5 —_—t 1.110 (0.803-1.534)  0.519
VWE IVW 14 —o—: 0.828 (0.652-1.050)  0.112

0 02 04 06 08 1.0 1.2 1.4 1.6 1.8 2.0
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Fig 2 Mendelian randomization primary analysis results

All abbreviations are explained in the note to Fig 1. nSNP: the number of single nucleotide polymorphisms.
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Table 2 Supplement results of the MR analysis

Exposure Outcome Method nSNP Beta Sandard error P

ADAMTS13 GDM MR Egger 3 -0.096 0.802 0.924
ADAMTS13 GDM WM 3 0.016 0.279 0.953
ADAMTS13 GDM IVW (MRE) 3 0.011 0.037 0.763
aPTT GDM MR Egger 6 0.013 0.021 0.582
aPTT GDM WM 6 0.007 0.012 0.536
aPTT GDM IVW (MRE) 6 0.007 0.007 0.341
ETP GDM MR Egger 3 —-0.443 1.031 0.742
ETP GDM WM 3 —-0.438 0.425 0.303
ETP GDM IVW (MRE) 3 -0.381 0.141 0.007
FVI GDM MR Egger 7 0.097 0.723 0.898
FVI GDM WM 7 0.083 0.215 0.698
FVII GDM IVW 7 0.260 0.508 0.609
FVI GDM MR Egger 4 -0.383 2.600 0.896
FVI GDM WM 4 -1.207 0.592 0.041
VI GDM IVW (MRE) 4 -1.285 0.294 0.001
FX GDM IVW (MRE) 2 -0.011 0.089 0.899
FXI GDM MR Egger 5 0.036 0.073 0.650
FXI GDM WM 5 -0.011 0.026 0.660
FXI GDM IVW (MRE) 5 -0.017 0.013 0.198
PAI-1 GDM MR Egger 4 —-0.224 1.667 0.905
PAI-1 GDM WM 4 -0.287 0.227 0.207
PAI-1 GDM IVW (MRE) 4 -0.288 0.276 0.297
Plasmin GDM MR Egger 3 0.021 0.106 0.875
Plasmin GDM WM 3 —-0.043 0.069 0.537
Plasmin GDM IVW (MRE) 3 -0.037 0.043 0.396
Protein C GDM MR Egger 5 -0.021 0275 0.944
Protein C GDM WM 5 0.062 0.057 0.277
Protein C GDM IVW 5 0.104 0.162 0.519
vWEF GDM MR Egger 14 -0.177 0.161 0.294
vWF GDM WM 14 —-0.188 0.114 0.100
vWF GDM IVW (MRE) 14 -0.189 0.119 0.112

All abbreviations are explained in the note to Fig 1. nSNP: the number of single nucleotide polymorphisms.
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Table 3 Results of the MR heterogeneity analysis Table 4 Results of the MR pleiotropy analysis
Exposure Outcome Method Q Q.df p Exposure Outcome  Egger_intercept  Standard error p
ADAMTS13 GDM  MREgger  0.021 1 088 ADAMTS13 GDM 0.006 0.042 0911
ADAMTS13 GDM IVW 0.041 2 0.980 aPTT GDM 0,006 0.021 0.779
aPTT GDM MR Egger 2.779 4 0.595
ETP GDM 0.004 0.057 0.960
aPTT GDM vw 2.869 5 0.720
FVI GDM 0.012 0.034 0.743
ETP GDM MR Egger 0.277 1 0.598
FVIl GDM -0.020 0.057 0.758
ETP GDM vw 0.281 2 0.869
, FX GDM NA' NA NA
FVI GDM  MREgger  38.662 5 0.000
] FXI GDM -0.025 0.032 0.497
FVI GDM vw 39.592 6 0.000
EVII GDM MR Egger 0.934 2 0.627 PAI-1 GDM —-0.004 0.097 0.972
EVII GDM IVW 1.059 3 0.787 Plasmin GDM -0.027 0.039 0.621
FX GDM IVW 2277 1 0.131 Protein C GDM 0.033 0.054 0.593
FXI GDM MR Egger 0.753 3 0.861 vWE GDM -0.001 0.009 0.905
EXI GDM vw 1.347 4 0.853 " The results of the horizontal pleiotropy analysis contain NA values for
PAI-1 GDM MR Egger 6.821 2 0.033 certain coagulation factors due to the limited number of instrumental
variables (only 2). This makes it difficult to generate a horizontal pleiotropy
PAL-1 GDM vw 6.826 3 0.078 shift, thus making it impossible to conduct horizontal pleiotropy testing for
Plasmin GDM MR Egger 0.460 1 0.498 these factors. NA: not available. All abbreviations are explained in the note
to Fig 1.
Plasmin GDM Ivw 0.918 2 0.632
Protein C GDM  MREgger 33023 3 0.000 WFFEREE ST BEAE AR BRI AR . AW T E
Protein C GDM VW 36946 4 0000 SEE T AR ARSI R SHL, DL T i GDMEY
VWF GDM  MREgger 15878 12 0.197 EIRPLE
VWE GDM VW 15898 13 0255 zi bRk, m3EFVIDKF-5 GDMA A AFTE G2 i
All abbreviations are explained in the note to Fig 1. NP S A , I A 0T 1) P9 58 10 ) e FOBE AR 2 IRl A7 AR
rs548630 o :
154981022 . ;
rs10102164 *
157135039 . :
All
1 1 ;
-2 -1 0

MR leave-one-out sensitivity analysis for ‘FVII” on ‘GDM

>

B 3 B—&oHER

Fig 3 Results of the leave-one-out analysis
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