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Background: The gut microbiota and metabolic profiles of pregnant women undergo dynamic changes throughout gestation, 
potentially influencing the mode of delivery. Emerging evidence suggests that dysbiosis of gut microbiota and metabolic perturbations 
may contribute to the rising cesarean section (CS) rates. This study aimed to investigate gestation-specific alterations in gut microbiota 
and serum metabolomes and evaluate their association with CS risk.
Methods: We conducted a retrospective analysis of 80 healthy pregnant women with singleton pregnancies who delivered at our 
hospital between January 2022 and December 2023. Participants were stratified into CS (n=40) and vaginal delivery (VD, n=40) 
groups based on delivery mode, matched for maternal age, pre-pregnancy BMI, and gestational age. Fecal samples were collected one 
month prior to delivery for gut microbiota analysis using 16S rRNA gene sequencing. Serum samples were subjected to targeted 
metabolomics via UHPLC-QTOF-MS, focusing on markers of energy metabolism. Peripheral blood was analyzed for T cell subsets 
and regulatory T cells (Tregs) by flow cytometry. Spearman correlation analysis was performed to assess associations between gut 
microbial taxa and serum metabolites.
Results: The CS group exhibited significantly lower gut microbial α-diversity (Shannon index: 3.22 vs 4.10, P<0.001), reduced 
Bacteroidetes (15.3% vs 20.1%, P=0.021), and increased Firmicutes (50.2% vs 46.4%, P=0.015), resulting in an elevated Firmicutes/ 
Bacteroidetes ratio (P=0.008). Metabolomic analysis showed higher levels of pyruvic acid and lactate and lower levels of phenyla-
lanine in the CS group (all P<0.05). Immune analysis revealed increased CD4F T cells, CD8F T cells, and Tregs in the CS group 
(P=0.042, 0.029, 0.015, respectively). Correlation analysis indicated that Bacteroidetes abundance positively correlated with lactate 
(r=0.45, P<0.001), Firmicutes with phenylalanine (r=0.37, P=0.012), and Lactobacillus negatively with pyruvic acid (r=−0.28, 
P=0.045).
Conclusion: Gestational gut microbiota dysbiosis and metabolic dysregulation are significantly associated with increased CS risk. 
These findings highlight potential biomarkers for early risk stratification and suggest that personalized microbiota-directed interven-
tions during pregnancy might help optimize delivery outcomes. Further mechanistic studies are warranted to validate causality.
Keywords: pregnant women, gut microbiota, metabolomics, cesarean section, delivery mode, biomarkers

Introduction
In recent years, the cesarean section (CS) rate has continued to rise globally, with rates exceeding 30% in many high- 
income countries.1 While CS can mitigate critical risks such as fetal distress, placental abruption, or obstructed labor,2 its 
overuse is associated with adverse maternal and neonatal outcomes, including surgical complications, delayed lactation, 
and altered neonatal microbiome colonization.3,4 The World Health Organization (WHO) emphasizes that CS rates above 
10–15% lack proportional health benefits, highlighting the urgency to identify modifiable predictors of CS.5
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Pregnancy induces profound physiological adaptations, including immune tolerance remodeling, endocrine fluctua-
tions, and gut microbiota restructuring.6 The gut microbiota, a key regulator of host metabolism and immunity, undergoes 
dynamic shifts during gestation to support fetal development. Specific taxa such as Lactobacillus and Bifidobacterium 
dominate early pregnancy, while late gestation is characterized by reduced diversity and increased Proteobacteria 
abundance.7,8 These changes correlate with metabolic adaptations, including short-chain fatty acid (SCFA) production 
and bile acid metabolism, which influence maternal energy homeostasis and inflammatory responses.9,10 Critically, gut 
dysbiosis and metabolic perturbations have been implicated in pregnancy complications like gestational diabetes (GDM) 
and preeclampsia,11,12 yet their role in delivery mode selection remains underexplored.

Emerging studies using 16S rRNA sequencing and untargeted metabolomics suggest that CS is associated with 
distinct microbial and metabolic signatures. For instance, lower Faecalibacterium levels and elevated acylcarnitines were 
observed in CS-delivered mothers compared to vaginal delivery (VD) cohorts.13,14 However, existing evidence is 
fragmented, with limited integration of multi-omics data or adjustment for confounders such as antibiotic use, maternal 
BMI, and gestational age. No prior study has systematically evaluated the combined predictive value of gut microbiota 
and metabolomics for CS risk in a homogeneous cohort – a gap this study seeks to address.

We hypothesize that gestational gut microbiota dysbiosis and metabolic dysfunction synergistically contribute to CS 
risk by modulating inflammatory pathways and hormonal cascades. This retrospective study aims to: (1) characterize 
trimester-specific changes in gut microbiota and serum metabolomes, (2) identify microbial and metabolic biomarkers 
predictive of CS, and (3) explore interactions between dysbiosis and metabolic derangements. Our findings may inform 
strategies for early risk stratification and microbiota-targeted interventions to optimize delivery outcomes.

Materials and Methods
Study Subjects
This retrospective cohort study analyzed 120 pregnant women who delivered at XXX Hospital between January 2022 
and December 2023. Participants were initially screened based on electronic medical records (n=150). Seventy partici-
pants were excluded due to not meeting inclusion criteria (n=50), incomplete data (n=15), or declining participation 
(n=5) (Figure S1). Final inclusion comprised 80 women (40 cesarean section [CS] and 40 vaginal delivery [VD]), 
matched for maternal age (±3 years), pre-pregnancy BMI (±2 kg/m²), and gestational age (±1 week). The study protocol 
was approved by the Zhongshan Campus of the Fourth Hospital of Shijiazhuang Ethics Committee (No. 2023-THUE 
-0942) and complied with the Declaration of Helsinki. Informed consent was obtained from all study participants. De- 
identified data were used to ensure patient anonymity.

Inclusion Criteria
Inclusion criteria: Singleton pregnancy with complete prenatal records. Age 20–45 years. No antibiotic/probiotic use 
within 4 weeks prior to fecal sampling. No acute/chronic gastrointestinal diseases or metabolic disorders (eg, diabetes, 
hypertension).

Exclusion criteria: Major gastrointestinal surgery history. Chronic inflammatory/autoimmune diseases. Multifetal 
gestation or preterm delivery (<37 weeks).

Sample Collection and Processing
Fecal Sample Collection
Fecal samples were collected from the women one month prior to delivery. The diversity, abundance, and composition of 
the gut microbiota were analyzed using high-throughput 16S rRNA gene sequencing as follows:

Pregnant women were provided with a 40mL sterile PS stool collection cup and sterile gloves in advance. Before 
collecting the sample, they were instructed to empty their bladder. The stool sample was taken using a sampling spoon 
from the center of the stool, with at least 2g of stool being collected. About 1g of the sample was then placed into 
a 1.5mL sterile EP tube and labeled with an ID number. The sample had to be stored in a −80°C freezer within 2 hours. 
DNA extraction was performed using the QIAamp PowerFecal Pro DNA Kit (Qiagen), followed by PCR amplification of 
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the 16S rRNA V3–V4 region (primers: 341F/806R). Amplicon sequencing was conducted on an Illumina NovaSeq 6000 
platform (2×250 bp paired-end reads).15–17

Serum metabolomics: Fasting blood samples were centrifuged at 3000 rpm for 10 min. Serum was stored at −80°C 
until analysis. Targeted metabolomics focusing on energy metabolism markers (pyruvate, lactate, phenylalanine, glucose) 
was performed via UHPLC-QTOF-MS (Agilent 1290/6545) in both positive/negative ion modes. Quality control (QC) 
included pooled samples, blanks, and internal standards (L-2-chlorophenylalanine, 1 μg/mL).18–20

Bioinformatics Analysis
Microbiome analysis: Raw sequences were processed using QIIME2 (v2022.8). DADA2 denoising generated amplicon 
sequence variants (ASVs). Taxonomic assignment used the SILVA 138 database at 99% similarity. Alpha diversity 
(Shannon) were calculated. LEfSe (LDA >3.0) identified differentially abundant taxa.

Metabolomics analysis: Raw MS data were processed with Progenesis QI (Waters). Metabolites were annotated 
against HMDB and KEGG databases. Orthogonal partial least squares-discriminant analysis (OPLS-DA) and VIP scores 
>1.5 identified discriminative metabolites.

Statistical Analysis
GraphPad Prism 8 was used for image processing. All data were analyzed using SPSS 26.0 software. Continuous data 
were expressed as (mean±sd), and categorical data were expressed as percentages (%). Continuous variables were 
compared using Mann–Whitney U-tests (non-normal data) or ANCOVA (adjusted for BMI/gestational age). False 
discovery rate (FDR) correction was applied for multiple comparisons. Multivariate logistic regression assessed inde-
pendent predictors of CS risk. Power analysis (G*Power v3.1) indicated 80% power to detect Cohen’s d >0.8 with n=40/ 
group.

Results
General Information
The cesarean section (CS) and vaginal delivery (VD) groups showed no significant differences in age, pre-pregnancy 
BMI, or pregnancy times (all P >0.05; Table 1). Notably, gestational diabetes mellitus (GDM) was more prevalent in the 
CS group (25.0% vs 10.0%, P=0.041), aligning with prior reports linking metabolic dysregulation to CS risk.21

Adverse Pregnancy Events
The distribution of adverse pregnancy events by delivery mode is summarized in Table 2. The cesarean section (CS) 
group exhibited a higher total count of adverse events (8 events) compared to the vaginal delivery (VD) group (4 events). 
Specific adverse events included preterm birth, polyhydramnios, puerperal infection, and hypertensive disorders, with 
most events occurring more frequently in the CS group. However, no statistically significant difference in the proportion 
of women experiencing ≥1 adverse event was observed between the CS and VD groups (8/40 [20%] vs 4/40 [10%], 
Fisher’s exact test, p = 0.210).

Table 1 Comparison of General Information Between the Two Groups

Parameter CS Group (n=40) VD Group (n=40) P Effect Size (Cohen’s d)

Pre-pregnancy BMI Mean 21.74±2.13 21.65±1.88 0.842 0.03
Age (years) - 20–45 20–45 -

Mean 31.33±2.85 31.89±2.62 0.363 0.21

Pregnancy times - 1–3 1–3 -
Mean 1.01±0.53 1.15±0.76 0.342 0.18

GDM (n, %) - 10 (25.0%) 4 (10.0%) 0.041 OR=3.0
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Gut Microbiota
The CS group exhibited reduced α-diversity (Shannon index: 3.22 ± 0.58 vs 4.10 ± 0.67, P<0.001) and altered phylum- 
level composition, including lower Bacteroidetes (15.3% vs 20.1%, P=0.021) and higher Firmicutes (50.2% vs 46.4%, 
P=0.015), resulting in a higher Firmicutes/Bacteroidetes (F/B) ratio (3.28 vs 2.31, P=0.008) (Table 3). This elevated F/B 
ratio mirrors patterns observed in metabolic syndrome cohorts.22

Metabolomics
The targeted metabolomics analysis The CS group exhibited elevated pyruvic acid (4.12 ± 0.54 vs 3.58 ± 0.61, P=0.032), 
lactate (1.85 ± 0.47 vs 1.22 ± 0.56, P=0.005), and reduced phenylalanine (0.95 ± 0.21 vs 1.08 ± 0.24, P=0.023). 
D-glucose showed a non-significant upward trend (5.67 ± 1.02 vs 5.29 ± 1.09, P=0.070) (Table 4). These changes align 
with disrupted energy metabolism pathways reported in CS-associated studies.23

Correlation Analysis
Spearman correlation analysis revealed significant associations between specific microbial taxa and metabolites (Table 5). 
Notably, the abundance of Bacteroidetes showed a moderate positive correlation with lactate levels (r = 0.45, P < 0.001), 
while Firmicutes were positively correlated with phenylalanine concentrations (r = 0.37, P = 0.012). In contrast, 
Lactobacillus abundance was negatively associated with pyruvic acid levels (r = −0.28, P = 0.045). These findings 

Table 2 Adverse Pregnancy Events by Delivery Mode

Adverse Event CS Group (n=40) VD Group (n=40)

Preterm birth 3 (7.5%) 1 (2.5%)
Polyhydramnios 1 (2.5%) 1 (2.5%)

Postpartum hemorrhage 1 (2.5%) 0 (0%)

Macrosomia 0 (0%) 1 (2.5%)
Puerperal infection 2 (5.0%) 0 (0%)

Hypertensive disorders 1 (2.5%) 1 (2.5%)

Total women with ≥1 event 8 (20%) 4 (10%)

Notes: Data are presented as n (%). Comparisons were performed using Fisher’s exact 
test due to low expected cell frequencies (<5).

Table 3 Gut Microbiota Diversity and Composition

CS Group (n=40) VD Group (n=40) P

α diversity index (Shannon) 3.22 ± 0.58 4.10 ± 0.67 <0.001

Bacteroidetes (%) 15.3 ± 4.2 20.1 ± 5.1 0.021

Firmicutes (%) 50.2 ± 6.7 46.4 ± 5.9 0.015
F/B Ratio 3.28 ± 1.2 2.31 ± 0.9 0.008

Lactobacillus (%) 28.5 ± 7.3 33.8 ± 8.1 0.049

Table 4 Comparison of Metabolomic Features Between the 
Two Groups

CS Group (n=40) VD Group (n=40) P

Pyruvic acid 4.12 ± 0.54 3.58 ± 0.61 0.032

Lactic acid 1.85 ± 0.47 1.22 ± 0.56 0.005
Phenylalanine 0.95 ± 0.21 1.08 ± 0.24 0.023

D-glucose 5.67 ± 1.02 5.29 ± 1.09 0.070

https://doi.org/10.2147/IJWH.S526040                                                                                                                                                                                                                                                                                                                                                                                                                                        International Journal of Women’s Health 2025:17 1766

Yuan et al                                                                                                                                                                            

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



suggest that alterations in gut microbiota composition may be linked to changes in key metabolic pathways, indicating 
a potential connection between microbial dysbiosis and metabolic stress during pregnancy.

Immune Cell Levels
The results revealed that the levels of peripheral blood T cell subsets (CD4+ T cells, CD8+ T cells) and regulatory T cells 
(Tregs) were significantly higher in the CS Group compared to the VD Group, suggesting a potential interaction between 
gut microbiota and immune response. While these differences suggest immune involvement, causality remains spec-
ulative due to the study’s observational design. See Table 6.

Discussion
Recent evidence increasingly suggests that the occurrence of cesarean section (CS) is closely associated with the 
composition and diversity of the maternal gut microbiota.24,25 During pregnancy, dynamic remodeling of the gut 
microbiota is observed, often characterized by reduced microbial diversity and compositional shifts, particularly in 
women undergoing CS.26 In our study, we found that the α-diversity of gut microbiota was significantly lower in the CS 
group, along with notable increases in the relative abundance of Firmicutes and decreases in Bacteroidetes, which led to 
a higher Firmicutes/Bacteroidetes (F/B) ratio.27 This shift mirrors microbial patterns frequently observed in individuals 
with metabolic syndrome or obesity,28 suggesting a potential link between gut microbial dysbiosis and metabolic stress 
during pregnancy.

These alterations in microbial composition may contribute to immune dysregulation and metabolic imbalance—both 
recognized risk factors for CS.29 Specifically, the enrichment of Firmicutes and reduction of Bacteroidetes may promote 
low-grade inflammation and impair host immune tolerance, which could increase the likelihood of obstetric complica-
tions requiring CS.30 Our findings are consistent with prior reports, indicating that lower gut microbiota diversity is 
associated with increased risk of adverse pregnancy outcomes.31

In parallel, our metabolomic analysis revealed that the CS group exhibited elevated levels of pyruvate and lactate and 
decreased levels of phenylalanine, reflecting significant alterations in energy and amino acid metabolism.32 These 
changes may serve as indicators of systemic metabolic disturbances. The elevated pyruvate and lactate levels point 
toward a glycolytic shift, possibly indicating mitochondrial dysfunction or heightened inflammatory responses in 
pregnant women at risk for CS.33 Similarly, reduced phenylalanine levels may suggest altered amino acid metabolism 
linked to immune or hormonal dysregulation.34

Furthermore, the correlation analysis demonstrated significant associations between gut microbiota and specific 
metabolites. For example, Bacteroidetes abundance positively correlated with lactate levels, while Firmicutes abundance 

Table 5 Correlation Analysis Between Gut Microbiota 
and Metabolites

Microbial Community Metabolite r P

Bacteroidetes Lactic acid 0.45 <0.001

Firmicutes Phenylalanine 0.37 0.012

Lactobacillus Pyruvic acid −0.28 0.045

Table 6 Comparison of Immune Cell Subsets Between the Two 
Groups

CS Group (n=40) VD Group (n=40) P

Number of Cases 40 40 –
CD4+ T 32.5% ± 7.3% 28.3% ± 6.1% 0.042

CD8+ T 21.7% ± 4.5% 18.5% ± 3.2% 0.029

Treg 8.2% ± 1.9% 6.1% ± 1.4% 0.015
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was associated with phenylalanine concentrations.35 These relationships underscore the potential functional relevance of 
microbial shifts in modulating host metabolic pathways. This microbial–metabolite interaction may contribute to the 
systemic metabolic environment that predisposes to CS, although causality remains to be established.36

Beyond metabolic effects, our immune profiling indicated elevated levels of peripheral CD4F T cells, CD8F T cells, 
and regulatory T cells (Tregs) in the CS group. These immunological shifts suggest an activated immune status in 
pregnant women who underwent CS, which may either reflect or exacerbate systemic inflammation. The immune system, 
influenced in part by gut microbiota, plays a critical role in maintaining maternal-fetal tolerance and regulating the labor 
process.37 Disruptions in immune homeostasis may impair cervical ripening or uterine contractility, potentially leading to 
delivery failure and necessitating surgical intervention.38

Collectively, our findings support a model wherein gut microbiota dysbiosis, metabolic perturbations, and immune 
activation form an interconnected triad that may contribute to increased CS risk. While the study presents a novel 
integrative analysis, its retrospective design limits the ability to infer causality. Future prospective cohort studies and 
interventional trials are warranted to delineate the mechanistic pathways and to verify whether modulating the gut 
microbiota or correcting metabolic disturbances can reduce CS incidence.39

Moreover, although our results provide compelling associations, we acknowledge that multiple confounding factors— 
such as diet, antibiotic exposure, genetic predisposition, and prenatal care practices—were not fully controlled for in this 
study. Such factors may independently influence both microbiota composition and delivery outcomes. Therefore, care-
fully designed longitudinal studies incorporating multi-omics approaches and robust covariate control are essential to 
validate these findings.40

Conclusion
In conclusion, changes in gut microbiota and metabolomics during pregnancy may play an important role in the rising 
cesarean section rates. Gut microbiota imbalance and metabolic dysregulation may serve not only as potential biomarkers 
but also as modifiable risk factors affecting cesarean section rates. However, it is important to note that the retrospective 
design of our study limits the ability to draw causal conclusions. The observed associations may be influenced by 
confounding factors such as diet, antibiotic use, and pre-existing maternal conditions, which were not fully controlled in 
this analysis. Future prospective studies, including randomized controlled trials, are needed to validate these findings and 
establish causality.

Through further investigation of the interactions between gut microbiota and metabolomics, future studies could 
provide personalized clinical intervention strategies, thereby reducing unnecessary cesarean sections and safeguarding 
maternal and infant health. Specifically, targeting gut microbiota modulation through dietary interventions, probiotics, or 
metabolic therapies may hold promise in improving maternal health outcomes. Furthermore, integrating microbiome and 
metabolomic data into clinical practice could enhance our ability to identify high-risk pregnancies and optimize care 
based on individual microbial and metabolic profiles.

Ethics Approval
This study was on the relationship between intestinal flora changes and cesarean section rate in pregnant women (Project 
number: 20231654). The study was approved by the Ethics Committee of the Zhongshan Campus of the Fourth Hospital 
of Shijiazhuang (Approval No. 2023-THUE-0942).

Disclosure
The authors report no conflicts of interest in this work.

References
1. Sandall J, Tribe RM, Avery L, et al. Short-term and long-term effects of caesarean section on the health of women and children. Lancet. 2018;392 

(10155):1349–1357. doi:10.1016/S0140-6736(18)31930-5
2. Wu ML, Nichols PM, Cormick G, Betran AP, Gibbons L, Belizan JM. Global inequities in cesarean section deliveries and required resources persist. 

Eur J Obstet Gynecol Reprod Biol. 2023;285:31–40. PMID: 37031573. doi:10.1016/j.ejogrb.2023.03.036

https://doi.org/10.2147/IJWH.S526040                                                                                                                                                                                                                                                                                                                                                                                                                                        International Journal of Women’s Health 2025:17 1768

Yuan et al                                                                                                                                                                            

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1016/S0140-6736(18)31930-5
https://doi.org/10.1016/j.ejogrb.2023.03.036


3. Venturella R, Quaresima P, Micieli M, et al. Non-obstetrical indications for cesarean section: a state-of-the-art review. Arch Gynecol Obstet. 
2018;298(1):9–16. PMID: 29560505. doi:10.1007/s00404-018-4742-4

4. Long Q, Kingdon C, Yang F, et al. Prevalence of and reasons for women’s, family members’, and health professionals’ preferences for cesarean 
section in China: a mixed-methods systematic review. PLoS Med. 2018;15(10):e1002672. PMID: 30325928; PMCID: PMC6191094. doi:10.1371/ 
journal.pmed.1002672

5. Betran AP, Torloni MR, Zhang JJ, et al. WHO statement on caesarean section rates. Bjog. 2016;123(5):667–670. doi:10.1111/1471-0528.13526
6. Ziętek M, Celewicz Z, Szczuko M. Short-chain fatty acids, maternal microbiota and metabolism in pregnancy. Nutrients. 2021;13(4):1244. 

doi:10.3390/nu13041244
7. Chen T, Qin Y, Chen M, et al. Gestational diabetes mellitus is associated with the neonatal gut microbiota and metabolome. BMC Med. 2021;19 

(1):120. doi:10.1186/s12916-021-01991-w
8. Chen X, Wu R, Li L, et al. Pregnancy-induced changes to the gut microbiota drive macrophage pyroptosis and exacerbate septic inflammation. 

Immunity. 2023;56(2):336–352.e9. doi:10.1016/j.immuni.2023.01.015
9. Tang B, Tang L, Li S, et al. Gut microbiota alters host bile acid metabolism to contribute to intrahepatic cholestasis of pregnancy. Nat Commun. 

2023;14(1):1305. doi:10.1038/s41467-023-36981-4
10. Xiao L, Zhao F. Microbial transmission, colonisation and succession: from pregnancy to infancy. Gut. 2023;72(4):772–786. doi:10.1136/gutjnl- 

2022-328970
11. Enache RM, Roşu OA, Profir M, Pavelescu LA, Creţoiu SM, Gaspar BS. Correlations between gut microbiota composition, medical nutrition 

therapy, and insulin resistance in pregnancy-A narrative review. Int J Mol Sci. 2025;26(3):1372. PMID: 39941139; PMCID: PMC11818759. 
doi:10.3390/ijms26031372

12. Crusell MKW, Hansen TH, Nielsen T, et al. Gestational diabetes is associated with change in the gut microbiota composition in third trimester of 
pregnancy and postpartum. Microbiome. 2018;6(1):89. PMID: 29764499; PMCID: PMC5952429. doi:10.1186/s40168-018-0472-x

13. Song J, Wang C, Long D, et al. Dysbacteriosis-induced LPS elevation disturbs the development of muscle progenitor cells by interfering with 
retinoic acid signaling. FASEB J. 2020;34(5):6837–6853. PMID: 32223025. doi:10.1096/fj.201902965R

14. Vella VR, Ainsworth-Cruickshank G, Luft C, et al. Dysregulation of immune system markers, gut microbiota and short-chain fatty acid production 
following prenatal alcohol exposure: a developmental perspective. Neurochem Int. 2025;185:105952. PMID: 39988283. doi:10.1016/j. 
neuint.2025.105952

15. Ye D, Huang J, Wu J, et al. Integrative metagenomic and metabolomic analyses reveal gut microbiota-derived multiple hits connected to 
development of gestational diabetes mellitus in humans. Gut Microbes. 2023;15(1):2154552. doi:10.1080/19490976.2022.2154552

16. Tao Z, Chen Y, He F, et al. Alterations in the gut microbiome and metabolisms in pregnancies with fetal growth restriction. Microbiol Spectr. 
2023;11(3):e0007623. doi:10.1128/spectrum.00076-23

17. Wang X, Liu H, Li Y, et al. Altered gut bacterial and metabolic signatures and their interaction in gestational diabetes mellitus. Gut Microbes. 
2020;12(1):1–13. doi:10.1080/19490976.2020.1840765

18. Papadimitropoulos MP, Vasilopoulou CG, Maga-Nteve C, Klapa MI. Untargeted GC-MS Metabolomics. Methods Mol Biol. 2018;1738:133–147.
19. Rontani JF. Use of gas chromatography-mass spectrometry techniques (GC-MS, GC-MS/MS and GC-QTOF) for the characterization of photo-

oxidation and autoxidation products of lipids of autotrophic organisms in environmental samples. Molecules. 2022;27(5):1629. doi:10.3390/ 
molecules27051629

20. Fayed B, Kohder G, Soliman SSM. Gas chromatography-mass spectrometry (GC-MS) analysis of Candida auris metabolites. Methods Mol Biol. 
2022;2517:165–172.

21. Qiao Z, Bian X, Song C, et al. High stress hyperglycemia ratio predicts adverse clinical outcome in patients with coronary three-vessel disease: a 
large-scale cohort study. Cardiovasc Diabetol. 2024;23(1):190. PMID: 38824608; PMCID: PMC11144339. doi:10.1186/s12933-024-02286-z

22. Ellis MS, Ahmed AR, Kponyo JJ, Gyasi KO, Kwakye KSO, Ameyaw S. Improved bandwidth and F/B ratio of a CPW-fed planar monopole 
antenna. Heliyon. 2022;8(8):e10037. PMID: 35982842; PMCID: PMC9379583. doi:10.1016/j.heliyon.2022.e10037

23. Hacioglu C, Sahin IE, Uyuk C. Correlation of perilipin 2 and lipid metabolism in elective cesarean section and vaginal delivery: a prospective study 
with oxidative and apoptotic pathways. Mol Biol Rep. 2021;48(5):3991–3998. PMID: 34009567. doi:10.1007/s11033-021-06399-6

24. Zhou B, Yuan Y, Zhang S, et al. Intestinal flora and disease mutually shape the regional immune system in the intestinal tract. Front Immunol. 
2020;11:575. doi:10.3389/fimmu.2020.00575

25. Sebastián Domingo JJ, Sánchez Sánchez C. From the intestinal flora to the microbiome. Rev Esp Enferm Dig. 2018;110(1):51–56.
26. Chen Y, Zhou J, Wang L. Role and mechanism of gut microbiota in human disease. Front Cell Infect Microbiol. 2021;11:625913. doi:10.3389/ 

fcimb.2021.625913
27. Yang Y. Recent research on the effect of preeclampsia on maternal-infant intestinal flora interactions. Zhongguo Dang Dai Er Ke Za Zhi. 2022;24 

(1):102–107. doi:10.7499/j.issn.1008-8830.2110034
28. Canakis A, Haroon M, Weber HC. Irritable bowel syndrome and gut microbiota. Curr Opin Endocrinol Diabetes Obes. 2020;27(1):28–35. 

doi:10.1097/MED.0000000000000523
29. Huang B, Zhang N, Wang J, et al. Maternal Di-(2-ethylhexyl)-Phthalate exposure during pregnancy altered energy metabolism in immature 

offspring and caused hyperglycemia. Ecotoxicol Environ Saf. 2024;279:116494. doi:10.1016/j.ecoenv.2024.116494
30. Liang L, Rasmussen M-LH, Piening B, et al. Metabolic dynamics and prediction of gestational age and time to delivery in pregnant women. Cell. 

2020;181(7):1680–1692.e15. doi:10.1016/j.cell.2020.05.002
31. Betcher HK, George AL. Pharmacogenomics in pregnancy. Semin Perinatol. 2020;44(3):151222. doi:10.1016/j.semperi.2020.151222
32. Comitato R, Saba A, Turrini A, et al. Sex hormones and macronutrient metabolism. Crit Rev Food Sci Nutr. 2015;55(2):227–241. doi:10.1080/ 

10408398.2011.651177
33. Jovandaric MZ, Babic S, Raus M, et al. The importance of metabolic and environmental factors in the occurrence of oxidative stress during 

pregnancy. Int J Mol Sci. 2023;24(15):11964. doi:10.3390/ijms241511964
34. Sun Z, Pan X-F, Li X, et al. The gut microbiome dynamically associates with host glucose metabolism throughout pregnancy: longitudinal findings 

from a matched case-control study of gestational diabetes mellitus. Adv Sci. 2023;10(10):e2205289. doi:10.1002/advs.202205289
35. Fu Y, Gou W, Wu P, et al. Landscape of the gut mycobiome dynamics during pregnancy and its relationship with host metabolism and pregnancy 

health. Gut. 2024;73(8):1302–1312. doi:10.1136/gutjnl-2024-332260

International Journal of Women’s Health 2025:17                                                                               https://doi.org/10.2147/IJWH.S526040                                                                                                                                                                                                                                                                                                                                                                                                   1769

Yuan et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1007/s00404-018-4742-4
https://doi.org/10.1371/journal.pmed.1002672
https://doi.org/10.1371/journal.pmed.1002672
https://doi.org/10.1111/1471-0528.13526
https://doi.org/10.3390/nu13041244
https://doi.org/10.1186/s12916-021-01991-w
https://doi.org/10.1016/j.immuni.2023.01.015
https://doi.org/10.1038/s41467-023-36981-4
https://doi.org/10.1136/gutjnl-2022-328970
https://doi.org/10.1136/gutjnl-2022-328970
https://doi.org/10.3390/ijms26031372
https://doi.org/10.1186/s40168-018-0472-x
https://doi.org/10.1096/fj.201902965R
https://doi.org/10.1016/j.neuint.2025.105952
https://doi.org/10.1016/j.neuint.2025.105952
https://doi.org/10.1080/19490976.2022.2154552
https://doi.org/10.1128/spectrum.00076-23
https://doi.org/10.1080/19490976.2020.1840765
https://doi.org/10.3390/molecules27051629
https://doi.org/10.3390/molecules27051629
https://doi.org/10.1186/s12933-024-02286-z
https://doi.org/10.1016/j.heliyon.2022.e10037
https://doi.org/10.1007/s11033-021-06399-6
https://doi.org/10.3389/fimmu.2020.00575
https://doi.org/10.3389/fcimb.2021.625913
https://doi.org/10.3389/fcimb.2021.625913
https://doi.org/10.7499/j.issn.1008-8830.2110034
https://doi.org/10.1097/MED.0000000000000523
https://doi.org/10.1016/j.ecoenv.2024.116494
https://doi.org/10.1016/j.cell.2020.05.002
https://doi.org/10.1016/j.semperi.2020.151222
https://doi.org/10.1080/10408398.2011.651177
https://doi.org/10.1080/10408398.2011.651177
https://doi.org/10.3390/ijms241511964
https://doi.org/10.1002/advs.202205289
https://doi.org/10.1136/gutjnl-2024-332260


36. Edwards SM, Cunningham SA, Dunlop AL, Corwin EJ. The maternal gut microbiome during pregnancy. MCN Am J Matern Child Nurs. 2017;42 
(6):E22–e23. doi:10.1097/NMC.0000000000000398

37. Ionescu RF, Enache RM, Cretoiu SM, et al. Gut microbiome changes in gestational diabetes. Int J Mol Sci. 2022;23(21):12839. doi:10.3390/ 
ijms232112839

38. Li J, Sun Z, Sun F, et al. Gut antibiotic resistome during pregnancy associates with the risk of gestational diabetes mellitus: new evidence from 
a prospective nested case-control study. J Hazard Mater. 2024;478:135434. doi:10.1016/j.jhazmat.2024.135434

39. Shan X, Peng C, Zou H, et al. Association of vegetables-fruits dietary patterns with gestational diabetes mellitus: mediating effects of gut 
microbiota. Nutrients. 2024;16(14):2300. doi:10.3390/nu16142300

40. Li X, Zhang L, He Y, et al. Probiotics for the prevention of gestational diabetes mellitus: a meta-analysis of randomized controlled trials. Biomol 
Biomed. 2024;24(5):1092–1104. doi:10.17305/bb.2024.10377

International Journal of Women’s Health                                                                                    

Publish your work in this journal 
The International Journal of Women’s Health is an international, peer-reviewed open-access journal publishing original research, reports, 
editorials, reviews and commentaries on all aspects of women’s healthcare including gynecology, obstetrics, and breast cancer. The manuscript 
management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www. 
dovepress.com/testimonials.php to read real quotes from published authors.  

Submit your manuscript here: https://www.dovepress.com/international-journal-of-womens-health-journal

International Journal of Women’s Health 2025:17 1770

Yuan et al                                                                                                                                                                            

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.1097/NMC.0000000000000398
https://doi.org/10.3390/ijms232112839
https://doi.org/10.3390/ijms232112839
https://doi.org/10.1016/j.jhazmat.2024.135434
https://doi.org/10.3390/nu16142300
https://doi.org/10.17305/bb.2024.10377
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Materials and Methods
	Study Subjects
	Inclusion Criteria
	Sample Collection and Processing
	Fecal Sample Collection

	Bioinformatics Analysis
	Statistical Analysis

	Results
	General Information
	Adverse Pregnancy Events
	Gut Microbiota
	Metabolomics
	Correlation Analysis
	Immune Cell Levels

	Discussion
	Conclusion
	Ethics Approval
	Disclosure

