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ABSTRACT Objective: To analyze the causal relationship between gut microbiota and gestational
diabetes, and to clarify its mechanism. Methods: Two-sample Mendelian randomization(MR) analysis was
conducted by using summary data from genome-wide association study (GWAS) for gut microbiota and
gestational diabetes. The GWAS data of gut microbiota were obtained from a GWAS study from the

MiBioGen consortium; the GWAS data on gestational diabetes were sourced from the FinnGen consortium’s
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publicly available R8 dataset;inverse variance weighted (IVW) method was used as the primary method to
detect the causal association between the gut microbiota and the gestational diabetes. Sensitivity analysis
was performed by Weighted Median and MR Egger methods; heterogeneity and pleiotropy were detected
by Cochran’s Q, MR-PRESSO, Egger intercept tests and Leave-One-Out analysis; multivariable MR was
used to adjust for the effect of body mass index (BMI) ; reverse MR was used to explore the presence of
reverse causal associations; Gene Ontology (GO) fuctional and Kyoto Encyclopedia of Genes and
Genomes (KEGG) signaling enrichment analyses were used to explore the potential pathways through
which gut microbiota may have impact on gestational diabetes. Results: Four gut microbes were found to
be causally associated with gestational diabetes: the genus Methanobrevibacter and the phylum
Euryarchaeota displayed negative causal relationships with the risk of gestational diabetes, while the genus
Olsenella and genus Lachnoclostridium exhibited positive causal associations. No significant heterogeneity
or horizontal pleiotropy was detected in the analysis. The reverse MR analysis did not reveal any causal
relationship. After adjusting for BMI, the multivariable MR analysis results showed there were the causal
associations between the genus Olsenella and the phylum FEuryarchaeota with the risk of gestational
diabetes. The GO fuctional and KEGG signaling pathway enrichment analyses results showed that axon
development, axon production, insulin secretion and other pathways were significantly enriched.
Conclusion: There are causal associations between four gut microbes and gestational diabetes. Among
them, the significant correlations with gestational diabetes are still observed in phylum Euryarchaeota and
genus Olsenella after adjusting for BMI.
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Screening for SNPs:

D GWAS significance P<1*10°;
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window size =10 000 kb) ;

(@) SNPs with MAF<<0.01 were removed;
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using allele frequency information.
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[ MR analysis using IVW method

Y

[ Reverse MR and multivariate MR ]
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GO functional and KEGG signaling
pathway enrichment analysis on common
genes related to gut microbiota and
differentially  expressed genes in

gestational diabetes mellitus.

~
Searching all SNPs using Pheno Scanner;

remove SNPs associated with confounding
factors.
Sensitivity analysis using Weighted

median and MR Egger method.
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Fig. 1 Flow chart of analysis on causal relationship between gut microbiota and gestational diabetes mellitus
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Taxa SNP OR(95% CI)
Family !
Bacteroidaceae 8 : 1.236(1.021—1.498)
Phylum E
Euryarchaeota 11 : 0.908(0.838—0.984)
Genus :
Methanobrevibacter 6 E 0.863(0.755—0.988)
Lactobacillus 7 - 1.160(1.038 — 1.296)
Howardella 9 : 0.911(0.834—0.996)
Olsenella 10 E 1.100(1.002—1.209)
Bacteroides 8 { 1.236(1.021— 1.498)
Lachnoclostridium 13 E 1.201(1.034—1.394)
Oscillibacter 13 : 0.895(0.804—0.996)
0 b L
B2 IVW AT 38 B 5 RS b PR R R38N % bk I

Fig. 2 Forest chart of causal effect between gut microbiota and gestational diabetes mellitus estimated by IVW method
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Tab.1 Estimation of causal effect between gut microbiota and gestational diabetes mellitus

Gut microbiota Method B OR (95%CI) Prvalue of Cochran’s
MR-PRESSO Globe Q test(P)
Genus Methanobrevibacter vVw —0.147 0.863(0.754—0.988) 0.032 0.288 7.354(0.196)
Weighted median —0.166 0.847(0.726—0.989) 0.034
MR Egger —0.352 0.703(0.416—1.189) 0.259
MR Egger(intercept) 0.030 — 0.471
Phylum Euryarchaeota IVW —0.096 0.908(0.838—0.984) 0.018 0.418 10.717(0.380)
Weighted median —0.107 0.899(0.808—0.999) 0.047
MR Egger —0.482  0.618(0.438—0.870)  0.023
MR Egger(intercept) 0.055 - 0.050
Genus Olsenella IVw 0.096 1.101(1.002—1.209) 0.046 0.183 13.167(0.155)
Weighted median 0.149 1.161(1.042—1.293) 0.007
MR Egger 0.186 1.204(0.88—1.648) 0.277
MR Egger(intercept) —0.013 — 0.566
Genus Lachnoclostridium vw 0.183 1.201(1.035—1.394) 0.016 0.560 11.194(0.512)
Weighted median 0.232 1.261(1.023—1.555) 0.030
MR Egger —0.019 0.981(0.592—1.627) 0.943
MR Egger(intercept) 0.014 — 0.431

“—":Intercept can’t be used to calculate OR.

MR 73 Hr ¢ B4 4R 3018 PR o Xt 7 1 VR 40 A A7 7 (2 3%
Sz 1) PSR BN
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Tab.2 Causal correlation between gut microbiota and gestational diabetes mellitus after BMI adjustment

Gut microbiota B SE OR(95%CI) P
Genus Methanobrevibacter —0.145 0.082 0.865(0.737—1.016) 0.078
Genus Oscillibacter —0.091 0.070 0.912(0.796—1.047) 0.191
Phylum Euryarchaeota —0.116 0.048 0.890(0.810—0.978) 0.016
Genus Howardella —0.113 0.051 0.812(0.716—0.922) 0.001
Genus Olsenella 0.110 0.048 1.116(1.015—1.227) 0.023
Genus Lactobacillus 0.145 0.038 155(1.073—1.245) 1.293E-4
Genus Lachnoclostridium 0.152 0.105 1.164(0.948—1.429) 0.147
Family Bacteroidaceae 0.217 0.080 1.243(1.062—1.455) 0.007
Genus Bacteroides 0.217 0.080 1.243(1.062—1.455) 0.007
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Renin secretion | ®
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Fig. 3 GO fuctional and KEGG signaling pathway enrichment analysis diagrams
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