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[Abstract] Objective To investigate the causal association among glycemic traits, plasma metabolites,
and adverse pregnancy outcomes (APOs), as well as potential mediating mechanisms, using Mendelian
randomization (MR). Methods Based on summary data from genome-wide association studies, a two-sample
MR framework, including sensitivity analyses, reverse MR, and two-step mediation analysis was applied. Four
glycemic traits (fasting glucose, fasting insulin, 2 h postprandial glucose, and HbAlc) and 1, 400 plasma
metabolites were used as exposures, while four APOs (spontaneous abortion, fetal growth restriction, pre-
eclampsia/eclampsia, and preterm birth) served as outcomes. The inverse variance weighted method was used as
the primary analysis, supplemented by various sensitivity analyses to verify the robustness of the results.
Results MR analysis showed that genetically predicted higher fasting glucose was causally associated with a
reduced risk of fetal growth restriction [OR=0.660, 95%CI (0.496, 0.879), P=0.004]. Higher fasting insulin was a
risk factor for pre-eclampsia/eclampsia [OR=1.738, 95%CI (1.057, 2.859), P=0.030], while higher 2 h postprandial
glucose was associated with an increased risk of preterm birth [OR=1.172, 95%CI (1.014, 1.354), P=0.032]. No
significant causal associations were found between HbA1lc and any of the APOs in the MR analysis (P > 0.05).
Metabolite analysis revealed that higher levels of hexanoylglutamine and 3-methylcytidine increased the risk of
pre-eclampsia/eclampsia, whereas a higher level of N6-acetyllysine reduced the risk of preterm birth. Mediation
analysis further suggested that 3-methylcytidine may partially mediate the effect of fasting insulin on pre-
eclampsia/eclampsia (mediation proportion: 4.88%). All primary results were validated by sensitivity analyses,
and reverse MR analysis found no evidence of reverse causation. Conclusion This study provides genetic
evidence for the potential differential causal effects of glycemic traits on distinct APOs and, reveals the partial
mediating role of 3-methylcytidine in the pathway from fasting insulin to pre-eclampsia/eclampsia, offering new
insights for precise glycemic management during pregnancy.
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Table 1. Potential causal relationships between specific glycemic features and adverse pregnancy outcomes

TR 455 SNP ¥4 ORfH (95%CI) P Py [
5 2 b H AR 11 0.936 (0.841, 1.041) 0.225 0.304
23 JE IR AR 65 0.889 (0.787, 1.003) 0.056 0.281
Z RS FR Sk 37 0.870 (0.677, 1.118) 0.276 0.548
HbAlc S-S 70 0.886 (0.742, 1.057) 0.178 0.888
225 2 hoIfw LK Z IR 11 0.889 (0.743, 1.090) 0.267 0.668
23 JE I LK ZIR 65 0.660 (0.496, 0.879) 0.004 0.022
ARG fRLAEKZIR 37 1.076 (0.621, 1.863) 0.795 0.795
HbAlc LK ZIR 70 0.779 (0.515, 1.177) 0.236 0.875
&5 2 hIfLbE R LRI 11 0.979 (0.813, 1.179) 0.820 0.967
23 M It R LR IR 65 1.057 (0.822, 1.360) 0.664 0.685
SRS R R UIER T 37 1.738 (1.057, 2.859) 0.030 0.146
HbAlc ERLIE SR 70 0.784 (0.548, 1.120) 0.181 0.227
5 2 hIbE Ky 11 1.172 (1.014, 1.354) 0.032 0.156
23 I I Hp= 65 0.984 (0.827, 1.171) 0.858 0.902
IR =R K= 37 1314 (0.918, 1.880) 0.135 0.338
HbAlc Ty 70 1.261 (0.971, 1.639) 0.082 0.410
&5 2 h U GDM 11 1.437 (0.890, 2.440) 0.132 0.132
23 JE 1w GDM 65 14.291 (9.428, 21.664) <0.001 <0.001
23 I R GDM 37 2.772 (1.265, 6.074) 0.011 0.027
HbAlc GDM 70 4268 (1.771, 10.284) 0.001 0.006
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IEFSE (I P <0.05), HE—2FsE TfL IV i1
AR S MR 438k & B8 APOs X BRI )
WERIRAON (A P> 0.05), HERR R 1 PR
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1R 5055 0 T XU B AR G, Bz AR
YT RES 5T/ 0 AR PLE] . N6- 2T
R KT T v 5 7 XU R AR A A o 2 TR G
B [OR=0.877, 95%CI (0.826, 0.930), P <
0.001, Pupyp=0.011], #EmiZACi9ynTaExs = H
FRAPVE o BURNE S A A R B 3 K 244
P (A P> 0.05), R ERFEXERMFRE
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2.3 4F7E MAEFFE N+ SRR G4 B R B
aHr

RV REE B RRAIE 2 75 38 2ok IR 45 A
YK G H X APOs (R 5200 o F1 X F il
BT AR 2 A, DAZS IR R ol R
(1 MR 4387 s, 6 DR i A 2 B Ik 5 22 K- 5
O Pk 7% 19 e K P 7 7 i 35 19 7 o A1 SR G Bk
[OR=0.522, 95%CI (0.336, 0.810), P=0.004],

F2 MIBEFHES A RITREBERKERAIKTESHER FRIEKRIGER
Table 2. Assessment of horizontal pleiotropy and heterogeneity in the causal relationships between glycemic traits and

adverse pregnancy outcomes

e e S 25 (MR-Egger) L3Pt (MR-PRESSO)
QfE (IVW) PlE R P{H RSSobs {E. P1H
5 2 hIwE EE/Si 13.03 0.222 -0.003 0.808 16.33 0.228
23 JE Il A BRI 64.55 0.457 -0.003 0.189 66.15 0.478
23 I R H SR L= 41.33 0.249 -0.013 0.043 43.83 0.233
HbAlc BRI 54.30 0.902 -0.001 0.967 55.66 0.907
A8J5 2 hoIlpE LA AZBR 10.22 0.421 -0.042 0.068 12.19 0.443
23 JE I LA ZBR 89.32 0.020 -0.003 0.638 91.74 0.025"
Y1 e S LR SZ IR 49.11 0.071 0.013 0.360 52.84 0.063
HbAlc LR SZ IR 93.41 0.027 -0.003 0.601 96.22 0.032
&5 2 h b TR 17.77 0.059 0.003 0.882 21.86 0.070
25 M I TR AT 125.37 <0.001 0.006 0.243 128.46 <0.001"
&S ES TR A 73.14 <0.001 0.011 0.403 77.69 <0.001"
HbAlc RRLEIEI IR 127.29 <0.001 0.005 0.425 129.63 <0.001°
) 2 h LB By 12.42 0.258 0.016 0.337 15.81 0.242
73 I L 69.13 0.308 -0.001 0.786 73.09 0.296
Z IR ER Rlp= 43.80 0.174 -0.003 0.734 46.63 0.164
HbAlc Ry 78.64 0.200 -0.001 0.866 81.24 0.213
4RI 2 h I GDM 234.70 <0.001 -0.071 0.213 276.30 <0.001"
23 JE I GDM 619.28 <0.001 -0.017 0.048 801.04 <0.001°
ARG GDM 323,51 <0.001 -0.029 0.156 341.37 <0.001
HbAlc GDM 1375.81 <0.001 0.007 0.614 1464.70 <0.001'
R LAERKZIR 2 R 18.98 0.458 <0.001 0.972 20.84 0.480
FIR TR 1T 8.60 0.198 -0.006 0.644 10.88 0.248
= &5 2 b 10.10 0.966 0.009 0.215 11.65 0.945

A 'R R FSNP; 5972283 A F % SNP, A% iE 8§ P=0.740; 1510405535, 16877043 H F % SNP, 4 iE 8§ P=0.895; ‘rs11708067. rs1260326.

1517271305, 152126259, 154148646 15+ SNP, 4% E#) P=0.833; “#4EH P < 0.001; 4 EH P=0.528,
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Table 3. Potential causal relationships between plasma metabolites and glycemic traits, adverse pregnancy outcomes

e 4 ORfi (95%CI) PiH Poft
2-0-HEEHLIR M R /K - G LA KAz B 0.910 (0.860, 0.960) <0.001 0.854
CLBE LA B K FIR T 1.126 (1.065, 1.191) <0.001 0.028
3-FH LA K FIR AT 1.070 (1.042, 1.100) <0.001 <0.001
N6-Z It 2 7K 1 = 0.877 (0.826, 0.930) <0.001 0.011
S CL BRI A I K- 0.522 (0.336, 0.810) 0.004 0.109
SIS ER 3-HIEE AT /KT 1.486 (1.070, 2.066) 0.018 1.000
I 2 h IR N6- 2 It 2 27K 1 0.965 (0.842, 1.170) 0.612 1.000

M 53— FP R B /K7 D 22 4 38 0 ) PR 2R DG B
[OR=1.486, 95%CI (1.070, 2.066), P=0.018],
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NRERE, AN A 0.027, ALK 4.88%
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3 g
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MURFRFAE 3 ST BRAE BIVE D . kAN, ARBF9E 0
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IR H GG B AL BELA . B MRS
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REAEIFT A e —2, AR &2 I8 B KK
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R P T AR e AR R, AT
FEEE A R O WA 2 e A 3- HE M /K 7o
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RIENE R ITR S5 A AL I EE A, SEkik
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