
Liao et al. BMC Pregnancy and Childbirth          (2025) 25:290  
https://doi.org/10.1186/s12884-025-07411-8

RESEARCH Open Access

© The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if 
you modified the licensed material. You do not have permission under this licence to share adapted material derived from this article or 
parts of it. The images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To 
view a copy of this licence, visit http://creativecommons.org/licenses/by-nc-nd/4.0/.

BMC Pregnancy and Childbirth

Influences of gestational diabetes mellitus 
on the changes in the vaginal microbiota 
from antepartum to postpartum
Ying Liao1, Ting Liu1, Xinfang Zeng1,2, Bin Xiao3, Meiqun Xiao1, Yuanfang Zhu1,3* and Qiying Song4,5,6* 

Abstract 

Background  No consensus has yet been reached concerning whether there were significant differences in the vagi-
nal microbiota according to maternal gestational diabetes mellitus (GDM) status. This study aimed to compare 
the vaginal microbiota of women with GDM and normal blood glucose before and after delivery and to prospectively 
evaluate the influence of GDM on the dynamic changes of vaginal microbiota from antepartum to postpartum.

Methods  This study included 20 GDM patients and 31 average pregnant women who gave birth at the Shenzhen 
Baoan Women’s and Children’s Hospital. Vaginal secretions samples were collected one week before delivery (D0), 
on the first day of delivery (D1), and 42 days after delivery (D42). Vaginal microbiota was detected using 16S rRNA 
gene sequencing.

Results  There was no significant difference in alpha and beta diversity between the GDM and non-GDM groups 
at each time point (all p > 0.05). However, the overall change patterns in Shannon and Pielou’s evenness index from D0 
to D1 to D42 significantly differed between the GDM and non-GDM groups (p = 0.046 and p = 0.032, respectively). The 
abundance of Lactobacillus decreased obviously after delivery, especially in the GDM group, showing a more severe 
imbalance of the vaginal microbiota.

Conclusions  We found that GDM affected the succession of vaginal microbiota in the perinatal period. Our findings 
provided additional evidence for regulating the vaginal microbiota during pregnancy and postpartum to reduce 
adverse pregnancy outcomes and achieve long-term vaginal health outcomes.
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Introduction
Gestational diabetes mellitus (GDM) is one of the com-
mon pregnancy complications in obstetrics, mainly 
manifested by the first discovery of impaired glucose tol-
erance during pregnancy, which profoundly impacts the 
health of mothers and babies. GDM may increase the 
risks of postpartum metabolic syndrome and cardiovas-
cular diseases, including central obesity, hypertension, 
insulin resistance, and dyslipidemia [1–3]. A retrospec-
tive cohort study shows that more than 25% of GDM will 
develop into type 2 diabetes mellitus at 15  years post-
diagnosis [4, 5]. Gestational diabetes will also increase 
the risks of adverse neonatal outcomes, especially mac-
rosomia, overdue pregnancy, premature delivery, poor 
Apgar score, and the incidence of metabolic diseases in 
offspring [5]. Furthermore, GDM is usually accompanied 
by advanced maternal age and obesity, leading to a more 
complicated pregnancy course and worse outcomes in 
GDM patients [6, 7].

Compared to the non-pregnant women, the pregnancy 
vaginal microbiota was dominated by Lactobacillus and 
characterized by low alpha diversity. The composition 
of the vaginal microbiota was dynamically restructured 
in the postpartum period, with less Lactobacillus and 
increased alpha diversity [8]. In particular, Lactobacillus 
played vital protection in women, acting as a probiotic 
multi-microbial consortium instead of providing individ-
ual probiotic protection [9, 10]. Recent researchers found 
that GDM might be associated with disturbances in the 
vaginal microbiota during pregnancy [3]. Zhang et al. [3] 
found that vaginal Lactobacillus species were vastly dif-
ferent between the GDM group and the healthy control, 
with L. listeri, L. amylovorus, and L. fructivorans specific 
to the vagina of the GDM group, while L. salivarius was 
only observed in the healthy pregnant women. However, 
Wang and colleagues [5] collected 259 vaginal samples 
and performed various microbial analyses, but they did 
not observe obvious variation in vaginal microbiota in 
women with GDM, compared with those with normal 
glucose tolerance. In brief, no consensus has yet been 
reached concerning whether there were significant differ-
ences in the vaginal microbiota during pregnancy accord-
ing to maternal GDM status.

In addition, most previous studies only focused on the 
changes in vaginal microbiota during pregnancy, and 
few studies described the differences in the postpartum 
period. The imbalance of postpartum vaginal microbi-
ota is one of the causes of puerperal infection, postpar-
tum hemorrhage, and endometritis. GDM may affect 
postpartum vaginal microbiota and thus affect mater-
nal health after delivery. Therefore, it is important to 
understand postpartum vaginal microbiota changes in 
GDM versus non-GDM women. Moreover, to the best of 

our knowledge, no studies have explored whether there 
are differential changes in the vaginal microbiota from 
antepartum to postpartum in women with and without 
GDM.

We hypothesized that GDM would alter the vaginal 
microbiota not only during pregnancy but also after 
pregnancy, as well as the dynamic changes from antepar-
tum to postpartum. Therefore, in this study, we aimed to 
detect the vaginal microbiota of pregnant women in the 
third trimester of pregnancy, one day and 42  days after 
delivery, respectively, and to compare the differences at 
each time point between women with GDM and with 
normal glucose tolerance. In addition, we would pro-
spectively evaluate the influence of GDM on the dynamic 
changes of vaginal microbiota from antepartum to 
postpartum.

Methods
Participants
In this study, 51 women who gave birth at the Shenzhen 
Baoan Women’s and Children’s Hospital were included 
with the criteria: (1) with full-term, singleton pregnancy 
and (2) without known fetal anomalies or complications. 
Because the use of antibiotics will lead to an imbalance in 
the microbiota, those who received any antibiotic treat-
ment during the pregnancy were excluded to control for 
confounding factors. In the 24–28  weeks of gestation, 
an oral glucose intolerance test (OGTT) was conducted; 
blood was collected to monitor blood sugar for pregnant 
women on an empty stomach after oral administration 
of 75 g of glucose in 1 h and 2 h. Any of the results are 
greater than the reference value (fasting blood glucose: 
5.1 mmol/L, 1 h after taking sugar: 10.0 mmol/L, and 2 
h after taking sugar: 8.5 mmol/L), can be diagnosed as 
GDM according to the International Association of the 
Diabetes and Pregnancy Study Group (IADPSG) crite-
ria [11] while the rest is classified as a non-GDM group. 
The Ministry of Health of China refers to the guidelines 
for the detection and diagnosis of GDM formulated 
by IADPSG since IADPSG standards can detect more 
GDM and better identify women with poor pregnancy 
outcomes [12]. In the present study, pregnant women 
with GDM were included only if they received diet and/
or exercise management to control blood glucose. Those 
treated with medications (such as insulin or oral agents) 
were excluded because using medication to control blood 
glucose may affect vaginal microbiota and bias the asso-
ciation between GDM and vaginal microbiota.

The study received ethical approval from the Ethical 
Committees of Shenzhen Baoan Women’s and Children’s 
Hospital (approval number: LLSC 2020–09-02-KS), 
and all participants signed written informed consent. 
This study was compliant with the Strengthening the 
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Reporting of Observational Studies in Epidemiology 
(STROBE). Demographic and clinical features of all 
participants, including the gestational week of labor, 
pre-pregnancy BMI, gestational weight gain, mode of 
delivery, feeding practices, and OGTT results, were 
collected through interviews and a review of medical 
records.

Sample collection and sequencing
The first vaginal secretions sample was collected within 
seven days of delivery, one week before delivery (hence-
forward referred to as the “D0 phase”). In the case of 
elective cesarean section, the first vaginal secretions 
samples were obtained the day before the cesarean sec-
tion. In contrast, in the cases of vaginal delivery and 
emergency cesarean section, the vaginal secretions sam-
ples were obtained when pregnant women were hospi-
talized due to signs of labor. For the latter cases, most 
of the vaginal secretions samples were obtained within 
48 h before delivery, except that a few pregnant women 
were admitted to the hospital because of false labor and 
did not give birth until several days later. However, all the 
vaginal samples were obtained within one week before 
delivery at baseline in the present study. Then another 
two vaginal secretions samples were collected for the 
pregnant women on the first day of delivery (hencefor-
ward referred to as “D1 phase”) and 42 days after delivery 
(henceforward referred to as “D42 phase”), respectively.

During sampling, the vagina was fully exposed with a 
sterile speculum, and the secretions from the posterior 
vault of the vagina and the inner wall of 1/3 of the vagina 
were scraped with a sterile swab. Regarding the collec-
tion of vaginal samples on the first day after delivery, the 
blood, lochia, and necrotic decidua tissue were wiped 
with sterile cotton swabs, and then vaginal secretions 
were collected. All samples were placed in a cryogenic 
transfer box and then frozen in a refrigerator at −80 °C as 
soon as possible. Since there was a large amount of blood, 
lochia, and necrotic decidua tissue in the vagina on the 
first day after delivery, we first dried the blood with a 
sterile cotton swab. Then we took a sample, obtaining the 
actual microecological situation of the vagina after deliv-
ery and amniotic fluid washing.

After sample collection, DNA was extracted from 
vaginal swabs using QIAamp DNA Mini kit (Qiagen, 
Germany). The 16S rRNA gene encodes small ribosome 
subunits of prokaryotes, including 10 Conserved Regions 
and 9 Hypervariable Regions. The Hypervariable Regions 
have the specificity of genus or species and vary with 
different genetic relationships, which is one of the most 
suitable indicators for bacterial phylogeny and classifi-
cation. Among them, V3, V4, and V5 regions have rea-
sonable specificity and complete database information, 

which is the best choice for bacterial diversity analysis 
and annotation. The V3-V4 region is usually examined, 
and its resolution for most species in the microbial com-
munity can be up to the relative abundance at the genus 
level. Some can be up to the species level. By comparing 
the sequencing data with the 16S rRNA gene reference 
database, the sequence variation and relative abundance 
can be obtained. Then much information such as species 
classification, species abundance, population structure, 
systematic evolution, and community comparison can 
be obtained. The V3-V4 hypervariable region of the 16S 
rRNA gene was amplified with the forward primer 338F 
(5’-ACT​CCT​ACG​GGA​GGC​AGC​AG-3’) and the reverse 
primer 806R (5’-GGA​CTA​CHVGGG​TWT​CTAAT-
3’). Then, the generated 16S rRNA gene sequences 
were analyzed using the bioinformatics software pack-
age QIIME2(version 2019.4) [13]. Paired-end reads 
were firstly denoised by QIIME2 with the command 
"qiime dada2 denoise-paired". Aimed to merge paired-
end reads, quality filtering, and exclude chimeric and 
phiX sequences. Taxonomic assignment was performed 
against Greengenes (13_8 revision) database using the 
command "qiime feature-classifier classify-sklearn." 
Meanwhile, an array of alpha- and beta-diversity meas-
ures was generated using the commands "qiime phylog-
eny align-to-tree-mafft-fasttree" and "qiime diversity 
core-metrics-phylogenetic". For 16S rRNA sequencing 
data, bioinformatic software QIIME2 and the database 
Greengenes have been cited thousands of times. They 
were widely used because of their high reliability and 
validity. Therefore, in the present study, we also chose 
QIIME2 and Greengenes.

At the 97% similarity level, sequences are divided 
into operational taxonomic units (OTUs) according to 
their classification levels. Then, alpha- and beta-diver-
sity measures were generated. The data that support 
the findings of this study have been deposited into the 
CNGB Sequence Archive (CNSA) of China National 
GeneBank DataBase (CNGBdb) with accession number 
CNP0003769.

Statistical analysis
Statistical analysis was performed using R software (ver-
sion 3.6.1) [14], with continuous variables expressed as 
mean ± standard deviation (SD), compared using Stu-
dent’s independent t-test, and categorical variable com-
parison using the chi-square test or Fisher precision test. 
P < 0.05 is statistically significant for the difference.

Alpha diversity was expressed by the Shannon diver-
sity index, Pielou’s evenness index, and observed fea-
tures value. The Shannon diversity index is an index 
for calculating bacterial diversity, which represents the 
uncertainty in the community. The greater the Shannon 
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diversity index value, the more unknown factors in the 
community, and the richer the bacterial diversity. Pielou’s 
evenness index represents the evenness of species distri-
bution in the community. The closer the relative abun-
dance of each species in the community is, the closer 
Pielou’s evenness is to 1.

Beta diversity analyses were performed using the vegan 
R packages (https://​cran.r-​proje​ct.​org/​web/​packa​ges/​
vegan/​vegan.​pdf ). Beta diversity reflects the community 
differences among different samples, expressed as the 
weighted UniFrac distances in the present study. The dif-
ference of microbial community profiles was assessed 
based on principal co-ordinates analysis (PCoA), sup-
plemented by permutation multivariate variance analysis 
(PERMANOVA, 999 permutations). The more significant 
the community difference between the two samples, the 
further the distance in the PCoA. Thus, differences in 
vaginal microbiota between the GDM and non-GDM 
groups could be analyzed and visualized.

The LEfSe (Linear Discriminant Analysis Effect Size) 
program was used to identify taxa with significantly dif-
ferent relative abundances. LDA (Linear Discriminant 
Analysis) was applied to draw a straight line that com-
pletely separates two class data points, following the 
criteria of maximizing the distance between the means 
of two classes and minimizing the variance within indi-
vidual courses to get the difference between the two 
groups. Only when the LDA score > 2.0 can the differ-
ence of a particular flora between the two groups be 

considered statistically significant [15]. Although LDA, 
as a supervised learning algorithm, was unsuitable for 
unlabeled data and might not effectively discriminate 
between classes with overlapping statistical properties, 
this method is still widely used.

PICRUSt2.0 software was applied to perform the func-
tional annotation analysis based on the MetaCyc data-
base. The differences in metabolic pathways between 
the GDM and non-GDM groups were explored using 
STAMP software [16, 17].

Results
Analysis of clinical data of the examined mother
A total of 51 pregnant women (GDM (N = 20) and non-
GDM (N = 31)) were included in this study. A comparison 
of maternal and infant characteristics between the GDM 
and non-GDM groups was presented in Table  1. There 
were no statistically significant differences in gestational 
age, maternal pre-pregnancy BMI, gestational weight 
gain, group B streptococcus infection, feeding practices, 
and mode of delivery between the two groups (p > 0.05). 
The difference in OGTT results between the two groups 
was statistically significant (p < 0.05).

Differences in alpha diversity of vaginal microbials
Compared with the D0 phase (1.53 ± 1.96, and 
0.30 ± 0.26), the Shannon diversity and Pielou’s even-
ness index of the D1 (3.37 ± 1.95, and 0.53 ± 0.22) and 
D42 (2.85 ± 1.44, and 0.54 ± 0.22) phases increased 

Table 1  Maternal and infant characteristics comparison between the GDM and non-GDM groups (N = 51)

Continuous variables were expressed as mean ± standard deviation (SD) and compared using Student’s independent t-test; categorical variables were presented as 
numbers and percentages and analyzed using the chi-square test or Fisher’s exact test

Abbreviations: BMI body mass index, OGTT​ oral glucose tolerance test

GDM (N = 20) non-GDM (N = 31) p-value

Maternal characteristics

  Age at delivery, year 32.6 ± 4.3 30.5 ± 3.3 0.068

  Pre-pregnancy BMI, kg/m2 23.3 ± 2.9 21.9 ± 3.7 0.125

  Gestational weight gain, kg 12.5 ± 4.0 13.6 ± 5.0 0.379

Delivery mode 0.743

  Vaginal 14 (70.0) 23 (74.2)

  Cesarean 6 (30.0) 8 (25.8)

Feeding practices 0.390

  Breastfeeding 11(55.0) 23(74.2)

  Mixed 7(35.0) 7(22.6)

  Formula 1(5.0) 1(3.2)

  Missing 1(5.0) 0(0)

  Group B streptococcus infection 3 (15.0) 5 (16.1) 1.000

  Fasting glucose, mmol/L 5.1 ± 0.9 4.3 ± 0.3 0.004

  OGTT-1 h, mmol/L 9.9 ± 2.2 7.7 ± 1.4 0.001

  OGTT-2 h, mmol/L 8.0 ± 2.2 6.3 ± 1.1 0.010

https://cran.r-project.org/web/packages/vegan/vegan.pdf
https://cran.r-project.org/web/packages/vegan/vegan.pdf


Page 5 of 12Liao et al. BMC Pregnancy and Childbirth          (2025) 25:290 	

significantly (Fig.  1a and b). The observed features 
value of the D1 phase (97.35 ± 88.58) was higher than 
that of the D0 phase (39.87 ± 71.83) and the D42 phase 
(38.96 ± 25.81) (Fig. 1c).

Although the difference in alpha diversity metrics of 
the GDM group and the non-GDM group was not sta-
tistically significant at each time point (all p > 0.05), the 
results of mixed effect model analyses showed that the 
overall changes in Shannon and Pielou’s evenness index 
from D0 to D1 to D42 were significantly different over 
time between GDM and non-GDM groups (p = 0.046 and 
p = 0.032, respectively).

Differences in beta diversity of vaginal microbials in GDM 
and non‑GDM
The results of principal coordinate analysis (PCoA) 
showed that the vaginal microbiota of the GDM and non-
GDM groups overlapped in the three phases of D0, D1, 
and D42 (PERMANOVA, p = 0.403, 0.395, and 0.619, 

respectively). That is, there was no significant difference 
in beta diversity of the vaginal microbiota between GDM 
and non-GDM women (Fig. 2).

Relative abundance
The trends in vaginal microbiota from D0 to D1 to D42 
at the phylum and genus level are shown in Fig.  3. The 
main phyla included Firmicutes, Actinobacteria, Bacte-
roidetes, and Proteobacteria. Lactobacillus, Gardnerella, 
Prevotella, and streptococcus were the most abundant at 
the genus level.

The results also showed that Firmicutes remained the 
predominant phylum before and after delivery. The rela-
tive abundance of Firmicutes decreased on the day of 
delivery and stayed at this level through 42  days post-
partum. However, the relative abundance of Actinobac-
teria and Bacteroidetes phyla significantly increased after 
childbirth, especially 42 days after delivery. Interestingly, 
the phylum Proteobacteria had a significant increase in 

Fig. 1  Alpha diversity of vaginal microbiota in women with and without GDM at different time points. a Shannon diversity; b Pielou’s evenness; c 
observed features value

Fig. 2  Principal ordination analysis based on weighted UniFrac distances in the D0 (a), D1 (b), and D42 (c) phases
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the D1 phase, gradually decreasing to a minimum in the 
D42 phase (Fig. 3a).

As shown in Fig. 3, the change trend of vaginal micro-
flora in GDM and non-GDM in different periods is simi-
lar. At the phylum level, whether GDM or non-GDM, 
from prenatal to postpartum (D0 to D42), Actinobac-
teria and Bacteroidetes showed an upward trend, while 
Firmicutes and Proteobacteria gradually decreased. At 
the genus level, Lactobacillus was the most dominant 
genus in the D0 phase, while after delivery, the relative 
abundance of Lactobacillus significantly reduced, with 
more reduction in the D42 phase, especially in the GDM 
group. Meanwhile, Prevotella, Streptococcus, Peptoniph-
ilus, Gardnerella, and Anaerococcus showed an upward 
trend over time (Fig. 3b).

Comparison of the vaginal microbiota between the two 
groups at different time points
Taxa with different relative abundance were identified 
using the LEfSe program in the set threshold. It can be 
seen that in the D0 phase, the abundance of the family 
Staphylococcaceae, genus Staphylococcus, and genus 
Fusobacterium was higher in the non-GDM group 
(Fig.  4a). However, in the D1 phase, family Ellin6075, 
family Christensenellaceae, genus Phascolarctobacte-
rium, and genus Mobiluncus were enriched in the non-
GDM group. In contrast, the family Bacillaceae, genus 
Moryella, family Rhodospirillaceae, and genus Gemella 
were more abundant in the GDM group (Fig. 4b). In the 

D42 phase, the family Carnobacteriaceae, and genus Var-
ibaculum, Desemzia, and Salinicoccus in the GDM group 
showed higher abundance (Fig. 4c).

Functional and pathway analysis
The results in the D0 phase showed that naphthalene 
degradation, naphthalene degradation to acetyl-CoA, 
norspermidine biosynthesis, and ethylmalonyl-CoA path-
way were significantly enriched in the non-GDM group 
(Fig.  5a). However, in the D42 phase, more pathways 
were enriched in the GDM group, such as glycogen deg-
radation I, superpathway of histidine, purine, and pyrimi-
dine biosynthesis, superpathway of purine nucleotides de 
novo biosynthesis I and II, superpathway of pyrimidine 
deoxyribonucleotides de novo biosynthesis (Fig.  5b). 
There were no different metabolic pathways between the 
GDM and non-GDM groups in the D1 phase.

Discussion
In this study, we explored the dynamic changes in the 
vaginal microbiota of GDM and non-GDM women dur-
ing the perinatal period for the first time. We haven’t 
found any differences in the alpha diversity (Shan-
non diversity and Pielou’s evenness) of GDM and the 
GDM. However, when using mixed effect model analy-
ses, research from D0 to the change of the D42 found 
that different periods of the shift in Shannon diversity 
and Pielou’s evenness are different which indicated that 
GDM affected the succession of vaginal microbiota in the 

Fig. 3  Trends in vaginal microbiota at the phylum (a) and genus (b) level
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perinatal period. Figure  2 showed that GDM and non-
GDM groups overlap in the PCoA coordinate system for 
beta diversity in different periods. We can understand 
that there is no noticeable difference in the species com-
position of vaginal microbiota between the two groups. 
It showed that GDM may not affect the species composi-
tion structure of vaginal microbiota. This is only one of 
the findings of this study, and the specific significance 
needs further research with larger samples. In addition, 
we found a notable decrease in the abundance of the 
genus Lactobacillus from antepartum to postpartum, 
especially in the GDM group. These trends are similar 
to a study by Elizabeth et  al. [18]. The composition of 
vaginal microorganisms after delivery is characterized by 
lactic acid bacteria being replaced by various anaerobic 
bacteria, including Peptoniphilus, Prevotella, Anaerococ-
cus, and so on. This shows that vaginal microorganisms 
after delivery are not as stable as when pregnant, and pre-
mature pregnancy after delivery may lead to premature 
delivery.

As is known, during breastfeeding, women will 
secrete estrogen, progesterone, prolactin, oxytocin, 
growth hormone, insulin, glucocorticoid, and thyroid 
hormone to maintain the development and function of 

the breast. The association between GDM and vaginal 
microbiota might be biased by hormone levels. How-
ever, hormone levels in women after delivery were 
mainly influenced by breastfeeding. This study showed 
no significant difference in feeding patterns between 
the GDM and non-GDM groups (Table  1. p = 0.390). 
Therefore, we assumed there would also be no sig-
nificant difference in hormone levels between the two 
groups at 42 days after delivery, suggesting that hor-
mone levels would not bias our study results.

There has been a large amount of evidence that the 
vaginal microbiota of pregnant women has undergone 
significant changes. During pregnancy, the effect of 
estrogen on vaginal epithelial cells leads to glycogen 
accumulation in epithelial cells. Glycogen is a carbon 
source that can be metabolized by Lactobacillus to lac-
tic acid, thus forming a vaginal microbiota composed 
of Lactobacillus as the main body [19]. Lactobacillus 
has always been considered a beneficial vaginal bac-
teria, which can reduce the vaginal pH by producing 
lactic acid, create a variety of antibacterial and bacteri-
cidal compounds, or play a protective role by competi-
tive rejection [20, 21]. This change during pregnancy 
makes the vaginal microbiota more stable than the 

Fig. 4  Histogram of the LDA scored for differentially abundant genera between the GDM and non-GDM groups. LDA scores were calculated 
by LDA effect size using linear discriminant analysis. (a) was D0, (b) was D1, and (c) was D42
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non-pregnant state, thereby significantly reducing the 
risk of reproductive tract infections [22, 23].

Whether the protective effect of Lactobacillus on the 
vagina last until postpartum? According to the treatment 
specifications of all hospitals and clinics in China, pov-
idone-iodine cotton balls are used to disinfect the vulva 
before delivery. Disinfectants will be inevitably brought 
into the vagina during operations such as manually tak-
ing the placenta and lateral episiotomy and suture. And 
after being washed out by amniotic fluid and lochia, vagi-
nal microorganisms undergo a redistribution. Decreased 
postpartum estrogen levels can also lead to an imbalance 
in the vaginal microbiota. This results in the microbial 
balance in the vagina being damaged and redistributed 
on the first day of delivery. We, therefore, collected vagi-
nal microorganisms on Day 1 postpartum as a "blank" 
sample. This can also be a more intuitive understanding 
of postpartum vaginal microbiota changes.

In the present study, we found a notable change in 
the abundance of the genus Lactobacillus at the genus 
level, which decreased gradually over time. Lactobacil-
lus mainly provides lactic acid by decomposing glycogen 
of vaginal epithelial cells through anaerobic metabo-
lism. An over-acidic vaginal environment can kill white 
blood cells, including lymphocytes, monocytes, and 

macrophages, thus alleviating the development of vagi-
nal inflammation and sexually transmitted diseases [24]. 
The protective mechanism of lactobacillus is related 
to the surface active molecules (SAMs), Peptidoglycan 
(PG), and Lipoteichoic acid (LTA) of lactobacillus. Lac-
tobacillus can inhibit inflammatory cells, resist adhesion 
and biofilm through them, and have immunomodula-
tory activity. To maintain the healthy state of the vagina 
[25–27].

When the relative abundance of Lactobacillus is 
reduced, the inhibition is weakened. another flora grows 
wantonly, similar to the results of previous research by 
Srinivasan et  al. [28]. The number of Lactobacillus in 
the vagina decreased or was absent, resulting in easy 
changes in the vaginal microenvironment with significant 
increases in Streptococcus, Staphylococcus, Enterococ-
cus, Corynebacterium, and Peptospira to fill the space 
corresponding to the decreased abundance of Lactoba-
cillus. The growth of these opportunistic pathogens also 
increases the chance of vaginal infection [29]. It’s worth 
noting that Lactobacillus did not return to prenatal lev-
els at 42 days postpartum. This change is more evident in 
GDM.

At the phylum level, Proteobacteria reached the high-
est abundance during delivery and then decreased almost 

Fig. 5  Comparisons of metabolic pathways between GDM and non-GDM groups. Significantly different metabolic pathways between GDM 
and non-GDM groups were observed in the D0 (a) and D42 phases (b). There was no significant difference in the D1 phase
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to disappear, which is a unique change. Proteobacteria 
include many pathogens, such as Escherichia coli (E. 
coli), which are facultative (aerobic and anaerobic) bac-
teria. Studies have shown that the growth of E.  coli is 
inhibited by Lactobacillus since Lactobacillus causes 
the vaginal pH decline [30]. On the first day after deliv-
ery, with the disappearance of many Lactobacillus, this 
inhibitory effect is diminished, leading to an increase in 
the number of Proteobacteria. However, Proteobacte-
ria gradually decreased during the extended postpartum 
period. We suspected that Proteobacteria were at a com-
petitive disadvantage due to the growth of other bacteria 
in the vagina. More case–control experiments are needed 
to confirm this.

In our research, the vaginal microbiota was gradually 
occupied by "Bacterial Vaginosis Microorganisms" after 
delivery, including Gardnerella, Atopobium, and Prevo-
tella, regardless of GDM or non-GDM groups. Bacterial 
Vaginosis (BV) is a vaginal dysbiosis characterized by a 
shift in the vaginal microbiota from the dominant Lac-
tobacillus to a polymicrobial flora [31]. A study by Elena 
et al. [32]. also found that depletion of Lactobacillus spe-
cies (≤ 47% relative abundance) proved to be a highly 
accurate predictor of BV. The increase of Prevotella in the 
vagina was also related to BV [33]. Lipopolysaccharides 
and ammonia produced by Prevotella are part of vaginal 
mucus, which will destroy the normal pH of the vagina. 
It is also related to the production of epithelial cytokines, 
which promotes the growth of other "Bacterial Vagino-
sis Microorganisms," making the vaginal environment 
more susceptible to infection [34]. In normal metabolic 
activities, Prevotella can produce ammonia, which can 
increase vaginal pH and promote the growth of Gard-
nerella. Amino acids produced by Gardnerella can be 
used by Prevotella in a synergistic relationship, further 
stimulating the growth of Prevotella, thus making more 
ammonia. This cycle continued, leading to higher con-
centrations of both organisms [35]. Meanwhile, Gard-
nerella can also provide essential nutrients for the growth 
of other bacteria, altering the host immune response and 
leading to BV.

Even if our study found an increase in the proportion 
of "Bacterial Vaginosis Microorganisms" in the vaginal 
microbiota after delivery, it does not mean that post-
partum women will develop BV. Since many BV cases 
were asymptomatic and women had no symptoms such 
as vaginal odor and itching, they did not seek medical 
treatment. Throughout a woman’s life, vaginal microbes 
are continually influenced by external influences such 
as the menstrual cycle, pregnancy, hormonal changes, 
medications, douching, and sexual intercourse. Vagi-
nal microbiota change their composition in response 
to environmental changes to maintain a healthy vaginal 

health environment as a whole. Although asymptomatic 
BV during pregnancy has been associated with adverse 
pregnancy outcomes such as spontaneous abortion and 
premature delivery, there is no clinical evidence to rec-
ommend BV screening in pregnant women [36]. On the 
contrary, the increasing antimicrobial rate in BV infec-
tions leads to recurrent infections, and several studies 
suggested the application of probiotic Lactobacilli to pre-
vent BV infections or their recurrence in women [37–39].

The study by Wang et al. [5]. confirmed that GDM had 
similar effects on various parts of the mother as well as 
the offspring microbiota and may increase the risk of 
pregnancy complications or adverse pregnancy out-
comes. Previous studies have found that patients with 
GDM in the second and third trimester of pregnancy 
have increased intestinal Bacteroides and decreased Bifi-
dobacterium and Lactobacillus producing short-chain 
fatty acids (SCFAs) compared with non-GDM patients. 
This change is associated with increased blood glucose 
[40]. Bifidobacterium and Lactobacillus are probiot-
ics that can alleviate insulin resistance by reducing sys-
temic inflammation, regulating immune function, and 
improving intestinal mucosal permeability [41]. The 
effect of intestinal probiotics on the regulation of intes-
tinal flora has been widely accepted and applied in clini-
cal practice. A randomized controlled study found that 
oral probiotic preparations (L. acidophilus PBS066 and L. 
reuteri PBS072) and (L. plantarum PBS067, L. rhamno-
sus PBS070, and B. lactis PBS075) significantly increased 
the abundance of lactobacilli and bifidobacteria in vagina 
compared with the placebo control group [42]. The intra-
vaginal administration of Lyophilized L. Crispatus IP 
174178 can reduce BV’s recurrence rate and prolong BV’s 
recurrence time. And vaginal tablet consisting of L. fer-
mentum LF15 and L. plantarum LP01 restored the acid-
ity of imaginary pH and the threshold level of Nugent 
score to below 7 [43, 44]. Healthy vaginal flora is char-
acterized by the balance of lactobacillus, and lactic acid 
produced by lactobacillus fermentation can inhibit bac-
teria related to bacterial vaginosis [45]. The recovery of 
vaginal microbiota is very important to prevent various 
vaginal infections and their recurrence. Therefore, for 
vaginal microbial imbalance, lactobacillus supplementa-
tion (oral or vaginal medication) can be beneficial. This 
study found that the decrease of lactic acid bacteria in 
GDM postpartum was more obvious than that in non-
GDM, so it may be possible to give probiotic prepara-
tions to this group of people in advance in clinical work 
to prevent BV and bring about longer-term vaginal envi-
ronment stability.

Although the results of this study did not find a sig-
nificant difference in vaginal microbiota richness 
between GDM and non-GDM women, Lactobacillus was 
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significantly decreased in the GDM group with a post-
partum vagina, which is a high-risk factor for BV, and it 
may be speculated that GDM women have a higher risk 
of BV after childbirth than non-GDM. During their sub-
sequent pregnancy, Bifidobacterium and Lactobacilli can 
be appropriately supplemented to maintain the stability 
of the intestinal and vaginal microbiota and reduce the 
occurrence of adverse pregnancy outcomes.

We found many pathways enriched in the GDM group 
in the D42 phase through functional and pathway analy-
sis, including multiple purine and pyrimidine nucleotide 
synthesis pathways. These pathways play essential roles 
in many cellular processes, such as DNA replication, 
transcription, cellular signaling, and energy metabolism 
[46], indicating that microbial biosynthesis in the GDM 
group was more active, and the microbial community 
metabolism in the GDM group was more abundant. This 
finding was consistent with our previous study and Chen 
et  al.’s study, where pathways related to nucleotide bio-
synthesis were enriched in neonates born to GDM moth-
ers [47, 48]. The possible reason was that the number of 
other conditional pathogens and pathogenic microor-
ganisms increased after the abundance of Lactobacillus 
decreased in the GDM group. As a result, this can have 
significant adverse effects on vaginal health, including 
disrupting the vaginal microecological balance, increas-
ing the risk of vaginitis, and causing other gynecological 
diseases. However, we don’t know what kind of flora these 
abundant metabolic activities come from and whether it 
has a positive or negative impact on vaginal health.

The underlying mechanisms of how GDM altered the 
vaginal microbiota remain unclear. Some researchers 
suggested it might be through changes in glucose lev-
els or immune modulation in GDM women. Hypergly-
cemia associated with gestational diabetes can damage 
the function of neutrophils, and the isolated neutrophils 
show apparent activation and spontaneous production 
of neuronal extracellular traps (Nets), which damages 
the immune system and makes women more suscepti-
ble to infection [49, 50]. The immune system dysfunc-
tion of diabetic patients can be mediated by immune cell 
migration damage, phagocytosis, intracellular killing, and 
chemotaxis, which is related to poor perinatal outcomes 
and vaginal flora disorder [51]. Howsoever, the mecha-
nism linking GDM and the vaginal microbiota is still not 
clear and is worthy of more in-depth studies.

Strengths and limitations
Our study was the first one to evaluate the influence of 
GDM on the dynamic changes of vaginal microbiota from 
antepartum to postpartum, with a prospective design and 
multiple time-point sampling, which add robustness to 
the findings. Another advantage of this study was that the 

essential characteristics of the subjects in the GDM and 
control groups were similar and comparable, reducing 
the influence of confounding factors.

One limitation of this study was the small sample size. 
A small sample size reduces the generalizability and sta-
tistical power, while an appropriate sample size enables 
microbiota research to discern the differences between 
groups and to save resources and time. However, sample 
size and power calculations remain challenging [52–54]. 
Since the standard deviation and difference between the 
GDM group and the normal group in vaginal microbiota 
alpha or beta metrics were not available in previous stud-
ies, it was difficult to calculate a sample size. However, 
given the sample size, standard deviation, and difference 
in the present study, we would therefore calculate a sta-
tistical power of more than 85%, with a level of statistical 
significance of 0.05. Moreover, the essential characteris-
tics were comparable in the two groups, strengthening 
the statistical power. Secondly, because we ruled out all 
complications except GDM, our research group couldn’t 
represent the GDM group well. The generalizability of 
our results is limited, and clinicians should be more cau-
tious in applying our findings. Thirdly, the data on their 
offspring was not available. It was not clear whether 
changes in vaginal microbiota in GDM women cause dif-
ferences in growth, development, and energy metabolism 
in their offspring. Fourthly, unmeasured confounding 
factors may also affect vaginal microbiota, resulting in 
significant differences in microbial structure and com-
position. For example, high-fat eating habits and the use 
of medications may lead to an imbalance in the vaginal 
microbiota by affecting the endocrine system and metab-
olism. Hygiene practices, such as vaginal washing, would 
influence the presence and concentrations of vaginal bac-
teria [55]. Strategies including restriction, randomiza-
tion, matching, and statistical processes could be used to 
control these confounding factors better in future stud-
ies. Another area for improvement was the need for the 
species identification of Lactobacillus and opportunistic 
pathogens since 16S rRNA sequencing could not identify 
species-level changes. Moreover, 16S rRNA sequencing 
is impossible to quantify species, targets only bacteria 
and archaea, and cannot directly interpret the functional 
data, thus qPCR should be added to make future studies 
more complete and convincing.

Conclusion
Compared with normoglycaemic women, GDM influ-
enced the changing pattern of vaginal microbiota struc-
ture from antepartum to postpartum and was associated 
with a more serious disrupted vaginal microbiota com-
position. Women with GDM show more severe vagi-
nal microbiota imbalance after delivery, which would 
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possibly result in BV. Our findings provide additional 
evidence for regulating the vaginal microbiota dur-
ing pregnancy and postpartum to reduce adverse preg-
nancy outcomes and achieve long-term vaginal health 
outcomes.
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