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A b s t r a c t

Gestational diabetes mellitus (GDM) affects maternal metabolism and may be associated with altered placental bacterial DNA community 
profiles and early neonatal gut microbiota. This prospective cohort study assesses GDM’s impact on the placental-neonatal gut microbial 
axis and links key bacterial taxa to short-term perinatal outcomes and clinical significance. Pregnant women with GDM and healthy con-
trols were enrolled. Placental tissue and first-pass neonatal meconium samples were collected. Bacterial community composition, diver-
sity, and differential genera were analyzed using 5-region 16S rRNA sequencing. FEAST was used to model potential maternal-neonatal 
microbial sources. Associations among gestational weight gain (GWG), microbial features, and the risk of neonatal hospitalization were 
also assessed. The GDM and control groups showed significant differences in placental and early neonatal meconium microbial commu-
nity structures, with increased α-diversity and distinct community separation in both sample types. In placental samples, Brevundimonas 
was decreased, whereas Lactobacillus and Sphingomonas were enriched. In neonatal meconium, potentially inflammation-related genera, 
including Staphylococcus, Streptococcus, and Clostridium, were enriched. GWG had limited effects on overall community structure but 
exerted refined regulation on specific genera. Source tracking showed a reduced placenta-attributed similarity contribution to neonatal 
meconium microbiota in the GDM group. The abundances of specific placental genera, including Escherichia, Curvibacter, and Pelomonas, 
were significantly associated with neonatal hospitalization. GDM is associated with altered placental bacterial DNA community profiles 
and early neonatal meconium microbiota, potentially affecting maternal-neonatal microbial continuity. Specific bacterial genera are as-
sociated with early neonatal hospitalization. The study provides a microbial perspective for understanding GDM-related perinatal risk.
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Introduction

According to the latest estimates of the Internation-
al Diabetes Federation, gestational diabetes mellitus 
(GDM), one of the most common metabolic disorders 

during pregnancy (Kautzky-Willer et al. 2023), affects 
approximately 10% of pregnant women worldwide 
(Sun et al. 2022). More than 90% of GDM cases occur 
in low- and middle-income countries (Sweeting et al. 
2022). GDM can markedly increase adverse maternal 
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perinatal and postpartum outcomes, including miscar-
riage, fetal malformations, preeclampsia, fetal growth 
restriction, fetal death, macrosomia, neonatal hypo-
glycemia, neonatal hyperbilirubinemia, and neonatal 
respiratory distress syndrome (Zhang et al. 2024, Wen 
et al. 2023, Regnault et al. 2024). Offspring of mothers 
with GDM are at increased risk of developing obesi-
ty, insulin resistance, and metabolic syndrome during 
childhood and adulthood (Kaza et al. 2025). GDM 
leaves identifiable characteristic “fingerprints” in the 
infant gut microbiota, in which the gut microbiota of 
female neonates exhibits a stronger potential for hista-
mine and dopamine degradation (Wang et al. 2024). 
Maternal metabolic abnormalities may influence off-
spring neurodevelopment, immune regulation, and 
long-term metabolic health by altering the metabolic 
functions of the early neonatal microecology, thereby 
revealing a potential biological link among “maternal 
metabolism-fetal microecology-offspring health”. Re-
searchers have begun to focus on gestational weight 
gain (GWG) as a key indicator reflecting metabolic 
load and changes in insulin sensitivity during pregnan-
cy, which has been closely associated with GDM occur-
rence and progression, as well as perinatal outcomes 
(Zheng et al. 2022). However, the extent of weight gain 
during pregnancy regulates placental-fetal microbiota 
through the maternal metabolic environment and in-
trauterine microecology, which remains insufficiently 
investigated.

Microbial communities are crucial in energy me-
tabolism, immune regulation, and inflammatory re-
sponses. Maternal gut, vaginal, and oral microecol-
ogy undergo dynamic changes during pregnancy 
(Saadaoui et al. 2024). The occurrence of GDM can 
disrupt the balance of these microecological systems 
(Xia et al. 2025). Traditional views hold that the pla-
centa is near-sterile (Perez-Munoz et al. 2017). Recent 
high-throughput sequencing studies have detected 
low-abundance bacterial DNA signals in placental 
samples, suggesting possible origins from maternal 
gut, oral, or genital tracts, or perinatal environmental 
exposure (Saadaoui et al. 2024, Aagaard et al. 2014). 
Nevertheless, as the placenta is a typical low-biomass 
sample, whether these bacterial DNA signals represent 
stable, active, tissue-resident microbial communities 
remains debated. Meanwhile, exogenous contami-
nation during sampling, DNA extraction, PCR am-
plification, or sequencing may influence the results. 
Therefore, characterizing GDM-associated placental 
bacterial DNA communities with stringent negative 

controls and contaminant filtering may help explore 
potential links between maternal metabolic abnormal-
ities and placental microenvironment changes (Stupak 
et al. 2023). We hypothesize that GDM-related placen-
tal microbial dysbiosis may alter neonatal meconium 
microbiota composition by affecting maternal-neona-
tal microbial interactions. However, studies on the pla-
cental microbial characteristics of women with GDM 
and their impact on the early neonatal gut microbiota 
remain very limited.

This study enrolled pregnant women and their 
newborns to evaluate GDM-associated alterations in 
placental bacterial DNA communities and neonatal 
meconium microbiota, assess the placental source con-
tribution to neonatal meconium based on community 
similarity, examine GWG’s modulation of GDM-re-
lated maternal-neonatal microbial changes, and ana-
lyze links between key bacterial taxa and short-term 
neonatal hospitalization. The findings may provide 
new evidence for understanding GDM-related mater-
nal-neonatal microbial alterations and their perinatal 
clinical significance.

Experimental

Materials and Methods

Study population. As an observational prospec-
tive cohort study, it included 104 pregnant women 
who delivered at our hospital between March 2025 and 
August 2025. The study flow is shown in Fig. 1. Inclu-
sion criteria were age 18–40 years, delivery at 37–42 
weeks of gestation, singleton pregnancy with natural 
conception, establishment of prenatal medical records 
and regular antenatal examinations, completion of oral 
glucose tolerance test screening during pregnancy, 
and provision of written informed consent and vol-
untary participation. Exclusion criteria were multiple 
pregnancies or conception via assisted reproductive 
technologies such as in vitro fertilization, preexisting 
hyperglycemia or glucose metabolism abnormalities 
identified before 20 weeks of gestation, severe preg-
nancy complications during the current pregnancy 
(such as placenta previa or placenta accreta), chromo-
somal abnormalities in either parent or the fetus, anti-
biotic use within 3 months prior to delivery, premature 
rupture of membranes, presence of any of the follow-
ing conditions: autoimmune diseases, congenital heart 
disease, hematological diseases, chronic hypertension, 
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chronic kidney disease, insulin resistance, thyroid dys-
function, or other severe medical or surgical disorders, 
or fewer than 500 valid 5-region 16S rRNA sequence 
reads. This study was approved by the Ethics Commit-
tee of Hangzhou Linping District Maternal & Child 
Health Care Hospital and was conducted in accordance 
with the Declaration of Helsinki. All participants pro-
vided written informed consent.

Sample size calculation. According to the liter-
ature, the operational taxonomic unit counts of 16S 
rRNA placental microbiota were 159.5 ± 34.57 in the 
GDM group and 176.25 ± 27.86 in the control group 
(Zheng et al. 2017). Using the two-sided t-test formula 
for comparing the means of two independent samples: 

n=2×(Z1-α/2+Z1-β)2σ2/δ2, with a significance level of 
α = 0.05, power 1 - β = 0.80, pooled standard devia-
tion σ ≈ 31.40, and mean difference between groups δ = 
16.75, the calculated sample size per group was approx-
imately 56 cases, yielding a total sample size of 112. 
Considering an anticipated dropout or noncompliance 
rate of approximately 20%, the final sample size was set 
at 70 per group, for a total of 140 participants. The study 
initially planned to enroll 140 participants, but due to 
the limited number of subjects who met all inclusion 
and exclusion criteria and completed maternal-infant 
paired sample collection during the study period, 115 
were preliminarily enrolled. After sequencing quality 
control (QC), 104 cases were finally analyzed.

Fig. 1. Study design and participant enrollment flowchart.
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Data collection. All clinical and laboratory data 
were collected from the medical records of all par-
ticipants and reviewed by experienced obstetricians. 
Maternal demographic and anthropometric informa-
tion included age, pre-pregnancy weight, pre-delivery 
weight, GWG, and body mass index (BMI). Other data 
collected included dietary habits, education level, and 
mode of delivery.

Early pregnancy biochemical markers included 
fasting blood glucose (FBG), postprandial blood glu-
cose (PBG), glycated hemoglobin (HbA1c), total cho-
lesterol (TC), triglycerides (TG), total bilirubin, and 
total bile acids. All pregnant women underwent a 75-g 
oral glucose tolerance test between 24 and 28 weeks of 
gestation. After at least 8 hours of overnight fasting, 5 
mL of fasting venous blood was collected in the morn-
ing. Blood samples were centrifuged at 3,000 rpm for 
15 minutes. Biochemical parameters were measured 
using a fully automated biochemical analyzer (AU5800, 
Beckman Coulter, USA) according to standard proce-
dures. PBG levels were measured following the same 
protocol after ingestion of standardized glucose to en-
sure comparability of glycemic control.

Short-term neonatal outcomes included birth 
weight, neonatal Apgar scores, and neonatal hospital-
ization.

Disease and group definitions. The diagnosis of 
GDM was based on the 75-g oral glucose tolerance test 
performed at 24–28 weeks of gestation, with any of the 
following criteria confirming GDM: FPG ≥5.1 mmol/l, 
1-hour postprandial glucose ≥10.0 mmol/l, or 2-hour 
postprandial glucose ≥8.5 mmol/l (Hod, Kapur 2015). 
GWG was calculated as the difference between mater-
nal weight at delivery and pre-pregnancy weight to re-
flect weight changes during pregnancy (Jia, Bo 2025). 
GWG was categorized according to the 2009 Institute 
of Medicine guidelines for GWG, as shown in Supple-
mentary Table I. Education level was classified into 
four categories based on the 2011 International Stan-
dard Classification of Education: lower secondary or 
below, upper secondary, post-secondary non-tertiary 
(college), and university degree.

Based on GDM diagnosis, study participants were 
divided into GDM (n = 48) and normal control (n = 
56) groups. To better understand how GWG influenc-
es pregnant women with GDM, we stratified the GDM 
group into inadequate (n = 17), appropriate (n = 16), 
and excessive (n = 15) GWG subgroups.

Sample collection. Placental samples were collect-
ed within 30 minutes after delivery. A region approxi-

mately 3 cm from the placental edge was selected. From 
the maternal side, a rectangular tissue piece measuring 
approximately 0.5 cm in width, 3 cm in length, and 
1–1.5 cm in depth was excised, avoiding penetration 
through the fetal membrane surface. The superficial 
layer of approximately 0.25–0.5 cm from the maternal 
side was then removed. Nine cubic tissue blocks, each 
with an edge length of approximately 0.5 cm, were col-
lected as study samples. Neonatal first-pass meconium 
samples were collected within a few hours after birth, 
approximately 200 mg per sample, ensuring that ster-
ilized diapers were used by the infant to capture the 
initial gut microbial colonization as accurately as pos-
sible. All samples were placed in sterile, labeled cryo-
tubes, rapidly frozen in liquid nitrogen, and stored at 
-80°C for DNA extraction and microbiota analysis.

5-Region 16S rRNA sequencing. The study em-
ployed 5-region 16S rRNA sequencing, targeting 
multiple variable regions (V2, V3, V5, V6, and V8) of 
the bacterial 16S rRNA gene to characterize bacteri-
al communities in placental and neonatal meconium 
samples. Compared with single-region 16S sequenc-
ing, the multi-region strategy enhances taxonomic 
coverage and resolution, making it particularly suit-
able for exploratory detection of bacterial DNA signals 
in low-biomass samples such as the placenta (Fuks et 
al. 2018, Jiang et al. 2025). All negative controls were 
processed following the identical workflow. To account 
for potential contamination from the hospital and lab-
oratory environment, as well as during different stages 
of sample processing, various types of controls were in-
cluded, including sampling controls, DNA extraction 
controls, and no-template PCR amplification controls.

DNA was extracted from frozen samples using the 
CTAB method with the DP302-02 kit (TianGen, Chi-
na). DNA concentration was measured using a Qubit 
3.0 fluorometer (Invitrogen, USA) (Li et al. 2025). PCR 
amplification of the 16S rRNA gene was performed 
targeting the V2, V3, V5, V6, and V8 variable regions 
(Wang et al. 2025). The PCR reaction conditions were 
as follows: initial denaturation at 95 °C for 3 min; 
35 cycles of 95 °C denaturation for 30 seconds, 55°C 
annealing for 30 seconds, and 72°C extension for 30 
seconds; a final extension at 72°C for 5 minutes; and 
storage at 4°C.

The PCR products were quantified using a Qubit 3.0 
fluorometer and pooled at equimolar concentrations. 
The pooled amplicons were purified with AMPure XP 
magnetic beads (Beckman Coulter, USA) to remove re-
sidual primers and impurities. Library concentrations 
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Table I
General clinical characteristics of the GDM and Normal groups.

Characteristics GDM group (n = 48) Normal group(n = 56) P-value

General information

Age (years) 30.21 (3.38) 29.46 (4.27) 0.386

Pre-pregnancy BMI (kg/m²) 23.76 (3.07) 21.40 (2.81) <0.001

Gestational weight gain (kg) 12.93 (5.80) 14.52 (4.38) 0.027

Educational level 0.525

Lower secondary or below 13 (27.08%) 10 (17.86%)

Upper secondary 18 (38.51%) 19 (33.92%)

Post-secondary non-tertiary (college) 4 (8.33%) 10 (17.86%)

University degree 13 (27.08%) 17 (30.36%)

Dietary preference 0.368

Light 14 (29.17%) 23 (41.07%)

Moderate 18 (37.50%) 20 (35.71%)

Heavy 16 (33.33%) 13 (23.21%)

Pharmacological intervention 0.001

Yes 8 (16.67%) 0

No 40 (83.33%) 56 (100.00%)

Mode of delivery 0.018

Vaginal delivery 6 (12.50%) 18 (32.14%)

Cesarean section 42 (87.50%) 38 (67.86%)

Gestational hematological parameters

Fasting blood glucose (mmol/l) 4.99 (0.65) 4.48 (0.28) <0.001

Postprandial glucose (mmol/l) 9.37 (1.43) 7.49 (0.71) <0.001

Glycated hemoglobin (%) 5.84 (0.40) 5.24 (0.24) <0.001

Total cholesterol (mmol/l) 6.48 (1.16) 6.55 (1.30) 0.776

Triglycerides (mmol/l) 4.52 (2.39) 3.43 (1.23) 0.024

Total bilirubin (μmol/l) 9.56 (2.83) 10.76 (4.59) 0.082

Total bile acids (μmol/l) 2.51 (3.10) 2.36 (1.36) 0.214

Neonatal outcomes

Birth weight (g) 3,413.13 (481.50) 3,299.11 (326.38) 0.216

Apgar score 10 (0) 10 (0) /

Neonatal hospitalization 0.003

Yes 19 (39.58%) 8 (14.29%)

No 29 (60.42%) 48 (85.71%)

BMI: Body mass index. Postprandial blood glucose values represent the mean of two measurements.
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were measured using the KAPA Library Quantification 
Kit (KAPA Biosystems) on a Roche LightCycler 480 re-
al-time PCR system (Roche, Switzerland). The final li-
braries were sequenced on the NovaSeq 6000 platform 
(LC Biotechnology Co., Ltd., Hangzhou, China) using 
paired-end sequencing (2 × 150 bp).

Microbiome data analysis. Raw sequence data 
were processed in QIIME2. Adapter and primer se-
quences were first removed using the “cutadapt” plugin. 
The Short Multiple Regions Framework was applied to 
integrate reads from the five amplified regions into a 
unified microbial community profile, to enhance the 
taxonomic resolution of multi-region 16S rRNA se-
quencing data. QC and amplicon sequence variant 
identification were performed using the “DADA2” 
plugin.

Bacterial taxonomic annotation was performed 
based on the Greengenes 2 database (2024) construct-
ed by Nejman et al. to identify the most likely 16S se-
quences and calculate relative abundances. To reduce 
the impact of low-abundance noise on subsequent 
analyses, sample read counts were normalized, sam-
ples with fewer than 500 total valid reads (including 
negative controls) were excluded, and bacterial fea-
tures with relative abundance <10⁻⁴ were filtered out. 
Using a stringent contaminant filtering workflow (Li 
et al. 2025), with a 30% prevalence threshold, potential 
experimental and environmental contaminants were 
identified and removed. Remaining signals were con-
sidered to originate from genuine tissue-resident mi-
crobial communities. We set a threshold of <500 reads 
for QC to exclude samples with insufficient sequencing 
depth, where community composition estimates are 
unstable and prone to random noise.

Given that placental tissue is a low-biomass sam-
ple prone to bacterial DNA contamination from re-
agents, environments, and experimental procedures, 
we included sequencing reads from the negative con-
trol samples in the QC and contaminant-identification 
pipeline, along with the study samples. Controls were 
not used for biological comparisons between the GDM 
and Normal groups, but to assess background bacteri-
al DNA signals and identify contaminants. Following 
contaminant filtering strategies from previous low-bio-
mass microbiome research (Li et al. 2025), we adopted 
a prevalence-based identification method using nega-
tive controls: a bacterial feature detected in ≥30% of 
negative control samples was designated as a potential 
contaminant and removed prior to downstream anal-
ysis. After low-abundance filtering and contaminant 

removal, the remaining bacterial features were used to 
characterize bacterial DNA communities in placental 
and meconium samples. Of note, while this pipeline 
helps reduce the impact of potential contaminant sig-
nals, it cannot completely rule out residual contamina-
tion in low-biomass placental samples.

To assess the composition and distribution of domi-
nant bacteria across taxonomic levels and study groups, 
we calculated relative abundances of each taxon and 
visualized them using stacked bar plots. α-diversity, 
evaluated using Shannon and Simpson indices, reflect-
ed within-sample richness and evenness of microbial 
community. β-diversity was used to assess differences 
in microbial community composition between sam-
ples, calculated using the Bray-Curtis distance, which 
reflects dissimilarity in both composition and relative 
abundance. Differences in β-diversity between groups 
were tested using permutational multivariate analysis 
of variance (PERMANOVA), which is typically used to 
determine whether statistically significant differences 
existed in overall microbial community structure be-
tween groups, with results visualized through princi-
pal coordinates analysis (PCoA). To identify differen-
tially abundant microbial taxa between groups, linear 
discriminant analysis effect size (LEfSe) was applied, 
which assesses both the statistical significance of differ-
ential microbiota and their contribution to intergroup 
differences, with thresholds set at linear discriminant 
analysis score > 2 and P < 0.05.

Assessment of microbial sharing between placen-
ta and meconium. To evaluate the degree of microbial 
sharing between the placenta and meconium, the mi-
crobial source tracking algorithm FEAST (v0.1.0) was 
used (Shenhav et al. 2019). FEAST is a source track-
ing model that estimates the relative contribution of 
candidate source samples to a target sample based on 
similarities in microbial community composition (Gao 
et al. 2023). Of note, FEAST primarily estimates po-
tential source contributions based on compositional 
similarity between samples; the results reflect relative 
source contribution patterns and are not equivalent to 
actual biological transmission strength. To ensure re-
liability, only samples with a sequencing depth ≥5,000 
reads were included. FEAST was run with 1,000 expec-
tation-maximization iterations. The microbial source 
contributions were quantified per sample, averaged, 
and normalized so that they sum to 100%. A shared 
taxon was defined as a bacterial species detected in 
both a mother’s placental sample and her infant’s me-
conium sample. The proportion of shared taxa was cal-
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culated as the percentage of participants with at least 
one shared species among the total number of partici-
pants evaluated at that time point.

Visualization and statistical analysis. All down-
stream data processing and analyses were conducted 
in R (v4.3.1). Data are presented as mean ± standard 
deviation or median (interquartile range) for continu-
ous variables, compared using t-tests or nonparametric 
tests, and as n (%) for categorical variables, compared 
using χ² or Fisher’s exact test. Statistical tests were 
conducted using the “rstatix” package (v0.7.2) (Kas-
sambara 2023). Visualization analyses were performed 
using the “ggplot2” (v3.4.4) and “ComplexHeatmap” 
(v2.15.4) packages (Gu 2022). All figures were generat-
ed from normalized data to ensure comparability and 
reproducibility.

Given that delivery mode may affect neonatal me-
conium microbiota composition and source tracking 
results, we performed subgroup analyses by delivery 
mode to assess the robustness of GDM-associated 
microbial alterations and placental source similari-
ty-based contribution estimates. Due to the limited 
number of vaginal deliveries, particularly in the GDM 
group, these stratified analyses were considered ex-
ploratory.

Results

General patient information. The study initial-
ly enrolled 115 patients, of whom 11 were excluded 
for having fewer than 500 valid sequencing reads in 
either placental or meconium samples, resulting in a 
final analysis of 104 patients. Baseline characteristics 
are shown in Table I. No statistically significant dif-
ferences were observed between the GDM and Nor-
mal groups in terms of age, education level, or dietary 
habits (P > 0.05). In the GDM group, pre-pregnancy 
BMI was significantly higher compared to the Normal 
group (23.76 ± 3.07 vs. 21.40 ± 2.81, P < 0.001), while 
their GWG was lower (12.93 ± 5.80 vs. 14.52 ± 4.38, 
P = 0.027). Among hematological and biochemical 
indicators during pregnancy, the GDM group showed 
significantly higher FBG, mean postprandial glucose, 
HbA1c, and TG levels compared to the Normal group 
(all P < 0.05), whereas TC, total bilirubin, and total bile 
acids did not differ significantly between groups (P > 
0.05).

Neonatal birth weights did not differ significantly 
between the two groups and were all within the nor-

mal range. All neonates had Apgar scores of 10, with 
no cases of asphyxia or low scores observed. The pro-
portion of neonatal hospitalizations was significantly 
higher in the GDM group than in the Normal group 
(39.58% vs. 14.29%, P = 0.003).

Alterations in placental microbiota composition 
in GDM. Negative controls were included alongside 
study samples in the QC and contaminant identifica-
tion pipeline. Potential contaminant features (detec-
tion rate ≥30% in negative controls) were identified 
and removed (Supplementary Table II). The remaining 
bacterial features were used for subsequent analysis 
of placental and meconium samples. Analysis of the 
top 30 genera in placental microbiota revealed signif-
icant differences in community structure between the 
GDM and Normal groups (Fig. S1A). Among these, 
Brevundimonas was the most markedly decreased in 
the GDM group, followed by Bifidobacterium and Stu-
tzerimonas. In contrast, genera such as Lactobacillus, 
Sphingomonas, Pseudomonas, and Methylobacterium 
showed a pronounced increase in the GDM group.

Diversity analysis of the placental microbiota re-
vealed that GDM significantly altered the placental 
microecological structure. For α-diversity, both the 
Shannon index (P = 0.004, Fig. 2A) and the Simpson 
index (P < 0.001, Figure 2B) were significantly higher 
in the GDM group than in the Normal group, indicat-
ing greater community diversity. β-diversity analysis 
confirmed a significant separation in microbial com-
position between the two groups (P = 0.001, Fig. 2C). 
To identify key microbial taxa associated with GDM, 
LEfSe analysis identified 31 genera with significant dif-
ferences: 14 were significantly enriched in the Normal 
group and 17 in the GDM group (P < 0.05; Fig. 2D). A 
volcano plot illustrated that genera such as Brevundi-
monas and Asprobacter had higher relative abundance 
in the Normal group, whereas Micrococcus, Moraxel-
la, and Rhodococcus were significantly enriched in the 
GDM group (Fig. S2A).

Characteristics of neonatal meconium microbio-
ta. Analysis of the relative abundance at the genus level 
in the neonatal meconium microbiome revealed sig-
nificant differences in the top 30 community structures 
between the GDM and Normal groups (Fig. S1B). The 
GDM group was significantly enriched in several po-
tentially opportunistic pathogenic or inflammation-as-
sociated genera, including Staphylococcus, Streptococ-
cus, and Clostridium.

Diversity analysis revealed a significant impact of 
GDM on neonatal gut microecology. For α-diversity, 
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Fig. 2. GDM-associated changes in placental microbiota.
A–B) Placental α-diversity; C) Placental β-diversity; D) Differential bacterial genera in the placenta identified by LEfSe
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Fig. 3. GDM-associated changes in neonatal meconium microbiota.
A–B) α-diversity of neonatal meconium; C) β-diversity of neonatal meconium, D) Differentiated bacterial genera 

in neonatal meconium identified by LEfSe
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the gut microbiota of neonates in the GDM group ex-
hibited significantly higher diversity than that of the 
Normal group (Shannon index, P < 0.001; Simpson in-
dex, P = 0.003, Fig. 3A-B). β-diversity analysis showed 
a clear spatial separation in gut microbial composition 
between the two groups (P = 0.004, Fig. 3C), indicating 
systematic differences in overall community structure. 
LEfSe analysis identified a total of 17 genera with sig-
nificant differences, of which 13 were significantly en-
riched in the Normal group, and four were significantly 
enriched in the GDM group (P < 0.05, Fig. 3D). The 
volcano plot visualized the impact of GDM on early 
neonatal gut colonization using differential abundance 
(Fig. S2B). Specifically, Phocaeicola and Azospirillum 
were significantly enriched in the gut of neonates in the 
GDM group. Bauldia showed a significantly decreasing 
trend in the GDM group.

Exploratory analysis of delivery mode effects on 
placental and meconium microbiota. Given that de-
livery mode differed between GDM and normal groups 
and may influence early neonatal gut microbiota, we 
further assessed its association with placental and me-

conium microbial structures. In placental samples, 
α-diversity showed no significant differences between 
delivery modes (Fig. S3A-B), whereas PCoA revealed 
a modest but significant community separation (PER-
MANOVA: R² = 0.019, P = 0.012; Fig. S3C). In neonatal 
meconium samples, neither α- nor β-diversity showed 
consistent significant changes by delivery mode (Fig. 
S3D-F). These findings suggest that delivery mode may 
have a limited effect on placental bacterial DNA com-
munity structure, with low explanatory power. Given 
the small number of vaginal deliveries, particularly in 
the GDM group, this analysis should be considered ex-
ploratory.

Exploratory analysis of GWG effects on placental 
and neonatal meconium microbiota in patients with 
GDM. To explore the effects of the extent of GWG on 
the maternal-neonatal microbiota in GDM patients, we 
performed subgroup analyses within the GDM group. 
α-diversity analysis showed that, for both placental 
communities (Fig. S4A-B) and neonatal gut commu-
nities (Fig. S4C-D), no statistically significant differ-
ences were observed in Shannon or Simpson indices 

Fig. 4. Analysis of the potential source contribution of placental microbiota to neonatal meconium microbiota 
based on community similarity.
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Fig. 5. Association of differential microbial genera in placenta and neonatal meconium with the risk of neonatal hospitalization.

among the three GWG subgroups. This suggests that 
GWG had a limited overall effect on microbial commu-
nity diversity. β-diversity analysis similarly indicated 
that placental (Fig. S4E) and neonatal gut communi-
ties (Fig. S4F) largely overlapped across different GWG 
subgroups, with no significant differences in overall 
community structure. Despite a relatively stable overall 

community structure, LEfSe analysis identified GWG 
subgroup-specific differentially enriched genera (Fig. 
S4G-H), suggesting that GWG may exert fine-scale 
regulatory effects on specific microbial taxa. However, 
given the small sample sizes across subgroups, these re-
sults should be considered exploratory.
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Potential contribution of placental microbiota to 
early neonatal gut microbiota. 

Using FEAST-based source-tracking analysis, we 
evaluated the community-similarity-based contribu-
tion of the placental microbiota to neonatal meconi-
um, aiming to determine whether GDM status alters 
the association between placental and meconial micro-
bial composition. Results showed that the placenta-at-
tributed similarity contribution to neonatal meconium 
was significantly lower in the GDM group than in the 
Normal group (86.78% [61.76%, 93.22%] vs. 93.81% 
[79.70%, 98.31%], P = 0.003, Fig. 4). Given the potential 
impact of delivery mode on neonatal gut microbiota, 
we performed stratified analysis. The GDM-associated 
reduction in placental similarity contribution persisted 
in the cesarean subgroup (P = 0.0053, Figure S5A) but 
not in the vaginal subgroup (P = 0.09, Fig. S5B), likely 
due to limited sample size.

In contrast, no significant difference in placen-
tal contribution to neonatal meconium was observed 
across GWG subgroups (74.16% [54.42%, 86.29%] vs. 
87.70% [59.12%, 95.82%] vs. 86.84% [69.46%, 92.90%], 
P = 0.370, Fig. S6).

Associations between placental and neonatal gut 
microbiota and neonatal hospitalization. Spearman’s 
correlation analysis was used to quantify associations 
between placental and neonatal meconium microbiota 
abundance and neonatal hospitalization (Fig. 5). With-
in the placental microbiota, the relative abundances of 
Escherichia (ρ = 0.176, P = 0.016) and Curvibacter (ρ = 
0.170, P = 0.020) were significantly and positively cor-
related with the occurrence of neonatal hospitalization. 
In contrast, Pelomonas (ρ = -0.168, P = 0.022) and As-
probacter (ρ = -0.160, P = 0.029) showed negative cor-
relations. In the neonatal meconium microbiota, the 
relative abundance of Prevotella was significantly and 
positively correlated with neonatal hospitalization (ρ = 
0.180, P = 0.011), whereas Sphingopyxis (ρ = -0.261, P 
= 0.002) and Paracoccus (ρ = -0.160, P = 0.023) were 
significantly and negatively correlated with neonatal 
hospitalization.

Discussion

The study focused on the placental-neonatal gut 
microbial axis to systematically evaluate the associ-
ations of GDM with maternal-neonatal microbiome 
structure, microbial continuity, and early neonatal 

clinical outcomes. Results showed that GDM was as-
sociated with altered placental bacterial DNA com-
munity composition, characterized by increased α-di-
versity and shifts in community structure. Meanwhile, 
the reduced placenta-attributed similarity contribution 
suggests weakened microbial continuity between the 
placenta and neonatal meconium microbiota, which 
was further associated with early neonatal hospital-
ization. These findings indicate that GDM-related 
metabolic abnormalities may be linked to alterations 
in early maternal-neonatal microbial characteristics 
and may have potential implications for early neonatal 
health. Of note, whether the placenta harbors stable, 
active, tissue-resident microbial communities remains 
debated. As placental tissue is a low-biomass sample, 
bacterial DNA signals derived from it are susceptible 
to exogenous contamination during sampling, reagent 
processing, and sequencing. Therefore, the placental 
findings in this study should be interpreted as bacterial 
DNA community profiles detected under negative con-
trol monitoring and contaminant filtering, rather than 
direct evidence of viable or stably colonizing microbial 
communities in the placenta.

In the low-biomass placenta, bacterial DNA signals 
are subject to multiple influences, including maternal 
metabolism, immune status, and perinatal environ-
mental exposures; however, shifts in their composition 
typically mirror changes in maternal metabolism and 
immunity (Saadaoui et al. 2024, Aagaard et al. 2014). 
We found a significant reduction in Brevundimonas 
and Bifidobacterium in the placentas of GDM patients, 
along with enrichment of genera such as Lactobacillus, 
Pseudomonas, and Sphingomonas, which are associ-
ated with environmental or opportunistic pathogens. 
Bifidobacterium, a well-recognized probiotic, contrib-
utes to host health through antioxidant activity, anti-
microbial effects, cholesterol metabolism regulation, 
and maintenance of immune homeostasis (Ferris et 
al. 2025, Insel et al. 2025, Chen et al. 2025). Its reduc-
tion in GDM placentas suggests decreased DNA sig-
nals of potentially protective bacterial genera under 
GDM conditions. Meanwhile, increased α-diversity 
and significant β-diversity separation in GDM placen-
tas indicate potential disruption of placental microbial 
stability. Hyperglycemia can greatly alter the placen-
tal microenvironment through oxidative stress, local 
inflammation, and vascular dysfunction, potentially 
affecting the composition of detectable bacterial DNA 
signals in placental samples (Basak et al. 2024). Unlike 
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in the adult gut, where higher diversity is generally 
associated with health, in studies of the placenta and 
early neonatal microbiota, increased diversity often 
indicates reduced niche control and impaired barrier 
function rather than a protective change (Zakis et al. 
2022).

The neonatal gut microbiota in the GDM group 
was enriched in potentially opportunistic, pathogenic, 
or inflammation-associated genera, including Staph-
ylococcus, Streptococcus, and Clostridium. Abnormal 
proliferation of Clostridium in the infant gut is often 
associated with inflammatory states and adverse health 
outcomes, representing an unfavorable microecologi-
cal feature (Neri et al. 2021, Alshammari et al. 2020). 
Additionally, Farooqi et al. (2022) reported that a high 
proportion of Staphylococcus aureus positivity could be 
detected in both term and preterm placental samples, 
indicating that these genus-associated signals are re-
producibly detectable in placental and perinatal spec-
imens. The enrichment of similar taxa in the neonatal 
gut in this study supports the notion that GDM-asso-
ciated placental microecological alterations may con-
tribute to aberrant early gut colonization.

Vertical transmission of microbiota between moth-
er and infant is widely recognized. Delivery and the 
perinatal period are considered critical windows for 
establishing the neonatal gut microbiota (Mirpuri 
and Neu 2021, Tian et al. 2023), and even regarded 
as a “microbial-level epigenetic mechanism”. (Gilbert 
2014). Using a source-tracking model, we further re-
vealed a significant reduction in the community-sim-
ilarity-based contribution attributed to the placen-
tal source in neonatal meconium microbiota of the 
GDM group (93.81% to 86.78%, P = 0.003), providing 
exploratory evidence that GDM may affect the com-
positional link between placental and neonatal meco-
nium microbiota. We hypothesize that the weakened 
maternal-infant microbial association may result from 
remodeling of placental microecology or alterations 
in placental barrier and immune regulatory functions, 
thereby affecting microbial transmission to the fetal 
environment.

The gut microbiota in early life is a key regulator 
shaping host metabolic and immune homeostasis. 
Through multi-organ axes such as the gut-liver-mus-
cle-brain axis, it establishes a highly dynamic bidirec-
tional communication network with the host. Micro-
bial metabolites, including short-chain fatty acids, are 
fundamental in maintaining host homeostasis, acting 

via specific receptors and signaling pathways to mod-
ulate inflammation, energy metabolism, and the es-
tablishment of immune tolerance (Milani et al. 2017, 
Matara et al. 2022, Matara et al. 2022). This regulatory 
system is not fully developed and is highly sensitive to 
external disturbances in neonates. Aberrant microbi-
al exposures can readily induce dysbiosis and disrupt 
immune system development (Sokou et al. 2024). 
Neonates born to mothers with GDM exhibit abnor-
malities in immunoglobulin levels and T lymphocyte 
subset composition (Xie 2024), suggesting a com-
promised innate immune defense. The study further 
linked changes in the abundance of multiple microbi-
al genera in the placenta and neonatal gut to neonatal 
hospitalization, suggesting that GDM-related mater-
nal-neonatal microbial remodeling may compromise 
neonatal immune homeostasis and increase inflamma-
tory susceptibility, potentially leading to a higher risk 
of hospitalization. This underscores the potential val-
ue of community-similarity-based maternal-neonatal 
microbial linkage in preventing GDM-related adverse 
neonatal outcomes.

Several limitations should be acknowledged. First, 
our results should be considered exploratory, given the 
limited sample size of this single-center prospective 
cohort, particularly the insufficient statistical power 
for subgroup analyses by GWG extents and delivery 
mode. Delivery mode imbalance between GDM and 
control groups may confound the composition of neo-
natal meconium microbiota and source-tracking re-
sults. Although our exploratory stratified analyses of 
the patients with GDM confirmed persistently lower 
placental contribution in the cesarean subgroup, re-
sidual confounding cannot be fully excluded due to 
the limited number of vaginal deliveries in the GDM 
population. Second, our 5-region 16S rRNA sequenc-
ing of bacterial communities cannot resolve microbial 
functional potential and does not cover virome, myco-
biome, or other non-bacterial microbial components. 
Even with negative controls and contaminant filtering, 
residual contamination cannot be completely ruled 
out due to the placenta’s low biomass. Thus, placental 
findings represent bacterial DNA profiles following 
QC and contaminant removal, rather than evidence 
of viable or stably colonizing microbial communities. 
The <500 reads threshold, on the one hand, ensures the 
reliability of microbial composition estimates; on the 
other hand, it may introduce exclusion bias by omit-
ting low-biomass samples. Furthermore, FEAST infers 
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source contributions from community similarity and 
may overestimate placental contribution, given limited 
candidate sources, and therefore does not reflect true 
biological transmission intensity. Finally, the lack of 
long-term follow-up regarding maternal-neonatal out-
comes precludes assessment of associations between 
early microbial alterations and subsequent growth or 
metabolic risks, warranting future longitudinal stud-
ies. Further investigations integrating comprehensive 
maternal and environmental source samples, metag-
enomics, metabolomics, host immune markers, and 
longitudinal follow-up are needed to validate the bio-
logical and clinical significance of these findings.

Conclusion

The study suggests that, from the perspective of 
maternal-neonatal microbial continuity, GDM is asso-
ciated with altered placental bacterial DNA commu-
nities, neonatal meconium microbiota composition, 
and their community-similarity-based linkage, which 
may correlate with short-term neonatal hospitaliza-
tion. These findings offer a microbial perspective on 
GDM-related perinatal risks and suggest that future 
gestational metabolic management should consider 
its impact on early maternal-neonatal microbiota and 
neonatal outcomes.

Abbreviations
GDM – Gestational Diabetes Mellitus
GWG – Gestational Weight Gain
BMI – Body Mass Index
FBG – Fasting Blood Glucose
PBG – Postprandial Blood Glucose
HbA1c – Glycated Hemoglobin
TC – Total Cholesterol
PCoA – Principal coordinates analysis
PERMANOVA – Permutational Multivariate Analysis of Variance
LEfSe – Linear Discriminant Analysis Effect Size
FEAST – Fast Expectation-maximization for Microbial Source 
Tracking

Authors’ contributions
Conceptualization: Yujia Qian, Dong Xu
Data curation: Xiaowen You
Formal analysis: Yujia Qian, Dong Xu
Investigation: Fangqin Tu
Methodology: Yujia Qian, Dong Xu
Project administration: Ye Tao
Resources: Ye Tao
Software: Minjuan Zhong
Supervision: Minjuan Zhong

Validation: Xiaowen You
Visualization: Xiaowen You
Writing – original draft: Yujia Qian, Xiaowen You, Fangqin Tu
Writing – review & editing: Ye Tao, Minjuan Zhong, Dong Xu

Ethics approval
This study was approved by the Ethics Committee of Hangzhou 
Linping District Maternal & Child Health Care Hospital (LLSC-
KYKT-2025-0006-A) and was conducted in accordance with the 
Declaration of Helsinki. All participants provided written informed 
consent.

Funding
This work was supported by National Center for Women and Chil-
dren’s Health, NHC, PRC “Maternal and Infants Nutrition and 
Health Research Programs” (2024FYH20) and 2035 Ningbo Key 
Research and Development Program (2024Z226).

Conflict of interest
The authors do not report any financial or personal connections 
with other persons or organizations, which might negatively affect 
the contents of this publication and/or claim authorship rights to 
this publication.

Literature

Aagaard K, Ma J, Antony KM, Ganu R, Petrosino J, Versalovic 
J. The placenta harbors a unique microbiome. Sci Transl Med. 
2014;6:237ra265. https://10.1126/scitranslmed.3008599
Alshammari MK, AlKhulaifi MM, Al Farraj DA, Somily AM, 
Albarrag AM. Incidence of Clostridium perfringens and its toxin 
genes in the gut of children with autism spectrum disorder. Anaer-
obe. 2020;61:102114. https://10.1016/j.anaerobe.2019.102114
Basak S, Mallick R, Navya Sree B, Duttaroy AK. Placental Epig-
enome Impacts Fetal Development: Effects of Maternal Nutri-
ents and Gut Microbiota. Nutrients. 2024;16. https://10.3390/
nu16121860
Chen J, Luo Y, Hao Y, Wang Q, Wang Q. Structural and function-
al characterization of gut microbiota in dyslipidemic patients from 
high-altitude Tibetan pastoral areas. Front Nutr. 2025;12:1676238. 
https://10.3389/fnut.2025.1676238
Farooqi HMU, Kim KH, Kausar F, Muhammad J, Bukhari H, 
Choi KH. Frequency and Molecular Characterization of Staphy-
lococcus aureus from Placenta of Mothers with Term and Preterm 
Deliveries. Life (Basel). 2022;12. https://10.3390/life12020257
Ferris MM, Subitoni Antonio L, Al-Sadi R. Probiotics and the 
intestinal tight junction barrier function. Front Cell Dev Biol. 
2025;13:1671152. https://10.3389/fcell.2025.1671152
Fuks G, Elgart M, Amir A, Zeisel A, Turnbaugh PJ, Soen Y, et 
al. Combining 16S rRNA gene variable regions enables high-res-
olution microbial community profiling. Microbiome. 2018;6:17. 
https://10.1186/s40168-017-0396-x
Gao X, Sun R, Jiao N, Liang X, Li G, Gao H, et al. Integrative 
multi-omics deciphers the spatial characteristics of host-gut micro-
biota interactions in Crohn’s disease. Cell Rep Med. 2023;4:101050. 
https://10.1016/j.xcrm.2023.101050
Gilbert SF. A holobiont birth narrative: the epigenetic trans-
mission of the human microbiome. Front Genet. 2014;5:282. 
https://10.3389/fgene.2014.00282



2 241Characteristics of placental bacterial DNA communities

Gu Z. Complex heatmap visualization. Imeta. 2022;1:e43. 
https://10.1002/imt2.43
Hod M, Kapur A, Sacks DA, Hadar E, Agarwal M, Di Renzo 
GC, et al. The International Federation of Gynecology and Ob-
stetrics (FIGO) Initiative on gestational diabetes mellitus: A prag-
matic guide for diagnosis, management, and care. Int J Gynaecol 
Obstet. 2015;131 Suppl 3:S173-211. https://10.1016/S0020-7292 
(15)30033-3
Insel RA, Jarman JB, Torres PJ, Van Dien S, Culler SJ, de Vos 
WM. Restoring a gut Bifidobacterium community in early in-
fancy. Cell Host Microbe. 2025;33:2012-2016. https://10.1016/j.
chom.2025.10.017
International Standard Classification of Education ISCED 
2011 [Available from: https://unesdoc.unesco.org/ark:/48223/
pf0000219109_chi.
Jia C, Bo L, Xiao S, Du S. Clinical features and outcomes of preg-
nancies complicated by coexisting gestational diabetes and hy-
pertensive disorders. Front Med (Lausanne). 2025;12:1656391. 
https://10.3389/fmed.2025.1656391
Jiang Y, Liu J, Zhang Y, Zhou L, Kao E, Hou S, et al. High-reso-
lution microbiome analysis of host-rich samples using 2bRAD-M 
without host depletion. NPJ Biofilms Microbiomes. 2025;11:223. 
https://10.1038/s41522-025-00851-2
Kassambara A. rstatix: Pipe-Friendly Framework for Basic Sta-
tistical Tests 2023 [Available from: https://rpkgs.datanovia.com/
rstatix/.
Kautzky-Willer A, Winhofer Y, Kiss H, Falcone V, Berger A, 
Lechleitner M, et al. [Gestational diabetes mellitus (Update 2023)]. 
Wien Klin Wochenschr. 2023;135:115-128. https://10.1007/s00508-
023-02181-9
Kaza M, Paltoglou G, Rodolaki K, Kakleas K, Karanasios S, Kar-
avanaki K. Gestational Diabetes and Obesity: Immediate and Late 
Sequelae for Offspring. Children (Basel). 2025;12. https://10.3390/
children12091263
Li C, Xu X, Zhao X, Du B. The inconsistent pathogenesis of endo-
metriosis and adenomyosis: insights from endometrial metabolome 
and microbiome. mSystems. 2025;10:e0020225. https://10.1128/
msystems.00202-25
Matara DI, Pouliakis A, Xanthos T, Sokou R, Kafalidis G, Il-
iodromiti Z, et al. Microbial Translocation and Perinatal Asphyx-
ia/Hypoxia: A Systematic Review. Diagnostics (Basel). 2022;12. 
https://10.3390/diagnostics12010214
Matara DI, Sokou R, Xanthos T, Pouliakis A, Sarantaki A, 
Boutsikou T, et al. Asphyxia-Induced Bacterial Translocation in 
an Animal Experimental Model in Neonatal Piglets. Diagnostics 
(Basel). 2022;12. https://10.3390/diagnostics12123103
Milani C, Duranti S, Bottacini F, Casey E, Turroni F, Mahony J, et 
al. The First Microbial Colonizers of the Human Gut: Composition, 
Activities, and Health Implications of the Infant Gut Microbiota. 
Microbiol Mol Biol Rev. 2017;81. https://10.1128/MMBR.00036-17
Mirpuri J, Neu J. Maternal microbial factors that affect the fe-
tus and subsequent offspring. Semin Perinatol. 2021;45:151449. 
https://10.1016/j.semperi.2021.151449
Neri C, Serafino E, Morlando M, Familiari A. Microbiome and 
Gestational Diabetes: Interactions with Pregnancy Outcome and 
Long-Term Infant Health. J Diabetes Res. 2021;2021:9994734. 
https://10.1155/2021/9994734

Perez-Munoz ME, Arrieta MC, Ramer-Tait AE, Walter J. A crit-
ical assessment of the “sterile womb” and “in utero colonization” 
hypotheses: implications for research on the pioneer infant micro-
biome. Microbiome. 2017;5:48. https://10.1186/s40168-017-0268-4
Regnault N, Lebreton E, Tang L, Fosse-Edorh S, Barry Y, Olie V, 
et al. Maternal and neonatal outcomes according to the timing of 
diagnosis of hyperglycaemia in pregnancy: a nationwide cross-sec-
tional study of 695,912 deliveries in France in 2018. Diabetologia. 
2024;67:516-527. https://10.1007/s00125-023-06066-4
Saadaoui M, Djekidel MN, Murugesan S, Kumar M, Elhag D, 
Singh P, et al. Exploring the composition of placental microbiome 
and its potential origin in preterm birth. Front Cell Infect Microbi-
ol. 2024;14:1486409. https://10.3389/fcimb.2024.1486409
Shenhav L, Thompson M, Joseph TA, Briscoe L, Furman O, Bogu-
mil D, et al. FEAST: fast expectation-maximization for microbial 
source tracking. Nat Methods. 2019;16:627-632. https://10.1038/
s41592-019-0431-x
Sokou R, Moschari E, Palioura AE, Palioura AP, Mpakosi A, 
Adamakidou T, et al. The Impact of Gestational Diabetes Melli-
tus (GDM) on the Development and Composition of the Neonatal 
Gut Microbiota: A Systematic Review. Microorganisms. 2024;12. 
https://10.3390/microorganisms12081564
Stupak A, Geca T, Kwasniewska A, Mlak R, Piwowarczyk P, 
Nawrot R, et al. Comparative Analysis of the Placental Micro-
biome in Pregnancies with Late Fetal Growth Restriction versus 
Physiological Pregnancies. Int J Mol Sci. 2023;24. https://10.3390/
ijms24086922
Sun H, Saeedi P, Karuranga S, Pinkepank M, Ogurtsova K, 
Duncan BB, et al. IDF Diabetes Atlas: Global, regional and coun-
try-level diabetes prevalence estimates for 2021 and projections for 
2045. Diabetes Res Clin Pract. 2022;183:109119. https://10.1016/j.
diabres.2021.109119
Sweeting A, Wong J, Murphy HR, Ross GP. A Clinical Update 
on Gestational Diabetes Mellitus. Endocr Rev. 2022;43:763-793. 
https://10.1210/endrev/bnac003
Tian M, Li Q, Zheng T, Yang S, Chen F, Guan W, et al. Mater-
nal microbe-specific modulation of the offspring microbiome 
and development during pregnancy and lactation. Gut Microbes. 
2023;15:2206505. https://10.1080/19490976.2023.2206505
Wang QW, Zheng H, Yang Y, Chang X, Du Z, Hang ZN, et al. 
Distinct microbial signatures and their predictive value in recur-
rent acute pancreatitis: insights from 5-region 16S rRNA gene se-
quencing. Front Immunol. 2025;16:1558983. https://10.3389/fim-
mu.2025.1558983
Wang S, Liu Y, Tam WH, Ching JYL, Xu W, Yan S, et al. Ma-
ternal gestational diabetes mellitus associates with altered gut 
microbiome composition and head circumference abnormalities 
in male offspring. Cell Host Microbe. 2024;32:1192-1206.e1195. 
https://10.1016/j.chom.2024.06.005
Wen L, Chen Y, Liu T, Wang Y, Baker PN, Qi H, et al. Different 
subtypes of gestational diabetes mellitus are associated with distinct 
perinatal outcomes in twin pregnancies. Diabetes Res Clin Pract. 
2023;204:110920. https://10.1016/j.diabres.2023.110920
Xia D, Wang H, Wang W. Gestational diabetes mellitus and gut 
microbiota: microbial signatures across different fetal birth weight 
outcomes and their impact on maternal and neonatal health. BMC 
Pregnancy Childbirth. 2025;25:1151. https://10.1186/s12884-025-
08324-2



242 2Qian Y et al.

Xie J. Relationship of gestational diabetes mellitus glycolipid me-
tabolism changes with neonatal meconium microbiota and im-
mune function. Chinese Journal of Microecology. 2024;36:467-472. 
https://10.13381/j.cnki.cjm.202404015
Zakis DR, Paulissen E, Kornete L, Kaan AMM, Nicu EA, Zaura 
E. The evidence for placental microbiome and its composition in 
healthy pregnancies: A systematic review. Journal of reproductive 
immunology. 2022;149:103455. https://10.1016/j.jri.2021.103455
Zhang Y, Chen L, Ouyang Y, Wang X, Fu T, Yan G, et al. A new 
classification method for gestational diabetes mellitus: a study on 
the relationship between abnormal blood glucose values at differ-
ent time points in oral glucose tolerance test and adverse maternal 
and neonatal outcomes in pregnant women with gestational dia-
betes mellitus. AJOG Glob Rep. 2024;4:100390. https://10.1016/j.
xagr.2024.100390

Zheng J, Xiao X, Zhang Q, Mao L, Yu M, Xu J, et al. The Placen-
tal Microbiota Is Altered among Subjects with Gestational Diabetes 
Mellitus: A Pilot Study. Front Physiol. 2017;8:675. https://10.3389/
fphys.2017.00675
Zheng QX, Wang HW, Jiang XM, Lin Y, Liu GH, Pan M, et al. Pre-
pregnancy body mass index and gestational weight gain are associ-
ated with maternal and infant adverse outcomes in Chinese women 
with gestational diabetes. Sci Rep. 2022;12:2749. https://10.1038/
s41598-022-06733-3
Supplementary materials are available on the journal’s website.


