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Abstract

Background: Yam Polysaccharide (YP) is a major bioactive component extracted from the common yam rhizome and has been shown
to have an antidiabetic effect. Previous research has demonstrated the association between gut microbiota (GM) and gestational diabetes
mellitus (GDM); however, whether GM is essential for mediating the antidiabetic effects of YP in GDM remains unclear. Method: A
high-fat and fructose diet (HFD) was administered to mice before and after pregnancy to induce GDM. An oral glucose tolerance test
(OGTT) was performed, and the homeostatic model assessment of insulin resistance (HOMA-IR) was calculated to evaluate glucose
metabolism. The GM composition was analyzed using 16S rRNA sequencing. Results: During pregnancy, mice fed an HFD exhibited
significant weight gain accompanied by impaired glucose tolerance. These metabolic disturbances were alleviated by YP treatment.
Furthermore, consuming an HFD induced marked alterations in GM diversity compared to the control group, characterized by increased
abundance of Alloprevotella and decreased abundance of the LachnospiraceaeNK4A136 group. Importantly, YP administration reversed
these HFD-induced microbial changes. Conclusions: These findings suggest that modulation of the GM is one mechanism underlying
the antidiabetic effects of YP in GDM.
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1. Introduction
Gestational diabetes mellitus (GDM) is defined as

any degree of glucose intolerance that is recognized dur-
ing pregnancy [1]. A global epidemiology study reports a
prevalence of GDM at 17.8% [2]. Additionally, a meta-
analysis involving 79,064 Chinese participants found an in-
cidence rate of 14.8% [3]. GDM increases the risks of com-
plications such as eclampsia, macrosomia, induced labor,
preterm delivery, and cesarean section [4]. Moreover, preg-
nant women with GDM and their offspring are at a higher
risk of developing type 2 diabetes mellitus (T2DM) [5,6]
and are more susceptible to cardiovascular diseases [7,8]
in the long term. Thus, the prevention and management of
GDM has become one of the most important public health
issues that needs to be addressed.

The mechanisms underlying the onset and progres-
sion of GDM have not been fully understood. Increas-
ing evidence suggests that an imbalance of the gut mi-
crobiota (GM) may play a significant role in the develop-
ment of metabolic disorders, obesity, and diabetes. GM
is essential for host physiology, as it regulates nutrient
metabolism, maintains the integrity of the intestinal bar-
rier, modulates immune responses, and produces bioac-
tive metabolites such as short-chain fatty acids (SCFAs).

Through these functions, GM contributes to energy home-
ostasis, systemic immunity, and overall metabolic health. It
has been observed that the composition of GM changes dur-
ing pregnancy. A prospective cohort of 91 Finnish women
found that GM obtained in the third trimester showed in-
creased diversity but reduced richness. There was also a
notable increase in Proteobacteria in pregnant women com-
pared to non-pregnant controls [9]. Crusell et al. [10]
demonstrated that GM composition in women with GDM,
during and after pregnancy, resembled the altered micro-
biota seen in non-pregnant individuals with T2DM. Genera
such as Desulfovibrio and Collinsella are enriched in pa-
tients with GDM and T2DM [10], with Collinsella specifi-
cally linked to higher fasting insulin levels and homeostatic
model assessment for insulin resistance (HOMA-IR) [11].
Furthermore, bacteria such as Bacteroides dorei [12], Blau-
tia [13], Klebsiella variicola [14], and Ruminococcaceae
[15] have been identified as risk factors for GDM, while
Bifidobacterium [14], Akkermansia [16], and Faecalibac-
terium [17] are considered protective. These bacteria play
active roles in glucose and lipid metabolism and are closely
associated with insulin resistance, potentially explaining
how changes contribute to the development of GDM.
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Chinese yam (Dioscorea opposita) has been used for
centuries in traditional Chinese medicine and as a func-
tional health food. Yam Polysaccharide (YP), the primary
bioactive component found in the Chinese yam, is a high-
molecular-weight polymer of monosaccharides (such as
glucose, galactose, and mannose linked together in a com-
plex structure. YP can be industrially extracted and puri-
fied, exhibiting multiple biological activities, including an-
tioxidant, anti-inflammatory, and metabolic regulatory ef-
fects. These properties make YP a crucial compound for
examining the therapeutic potential of Chinese yams [18].
Previous research has found that YP improves abnormal
lipid metabolism in both animal models and in patients with
T2DM [19]. However, the impact of YP on GDM and its
underlying mechanism remains unclear.

In the present study, a high-fat and fructose diet
(HFD)-induced GDM mouse model was employed to eval-
uate the effect of YP onGDM. Furthermore, changes in GM
were assessed to explore the potential mechanism through
which YP may exert therapeutic effects in GDM.

2. Materials and Methods
2.1 Animal Model

Six-week-old C57BL/6 mice were purchased from
the Guangdong Medical Laboratory Animal Center
(Guangzhou, Guangdong, China). All animal experiments
were approved by the Ethics Committee of the First Affil-
iated Hospital of Guangdong Pharmaceutical University.
The female mice were randomly divided into three groups:
(1) the control group, which received a normal diet (10
kcal% fat, 3.85 kcal/g; Guangdong Medical Laboratory
Animal Center; batch No. D12450B) and untreated
drinking water; (2) the model group, which received a
high-fat diet (45 kcal% fat, 4.73 kcal/g; Guangdong Med-
ical Laboratory Animal Center; batch No. D12450B) and
drinking water supplemented with 10% (w/v) fructose (Fru,
4 kcal/g; Yongjin Biotechnology Co., Guangzhou, Guang-
dong, China; batch No. BWJ4341-2016). This group was
also named the HFD group; and (3) the treatment group
(HFD + YP), which received a daily oral gavage of YP
powder (Shanghai Yuanye Bio-Technology Co., Shanghai,
China; batch No. S24912) dissolved in sterile water and
administered while maintained on an HFD, starting after
mating. The dosage of YP was 200 mg/kg body weight
per day. The control group and HFD groups were given
an equal amount of sterile water by gavage after mating.
After a six-week dietary intervention, female mice were
mated with lean male mice. Mating was confirmed by the
presence of a vaginal mucus plug the following morning,
which was designated as gestational day (GD) 0. Based
on pilot experiments and power analysis, each group
required n = 6 mice to achieve 80% power to detect a 30%
difference at significance levels of α = 0.05.

2.2 Measurement of Serum Glucose and Insulin
Mice underwent an oral glucose tolerance test (OGTT)

at GD15 after a 12-hour fast. Each mouse was orally gav-
aged with glucose at a dose of 2 g/kg body weight, prepared
in normal saline. Blood samples were collected from the
vein at 0, 30, 60, 90, and 120 minutes after glucose admin-
istration to measure the glucose concentration.

Blood glucose levels were quantified using a glucose
assay kit (Solarbio, Beijing, China; batch No. BC2495)
in accordance with the manufacturer’s protocol, which fol-
lows the glucose oxidase method. Serum insulin levels
were measured with a mouse ultrasensitive insulin ELISA
kit (Wuhan Colorful Gene Biotech Co., Ltd., Wuhan,
China; batch No. JYM0351Mo). The HOMA-IR was cal-
culated using the following formula: HOMA-IR = (fasting
glucose × fasting insulin)/22.5.

2.3 Cell Culture, Adipogenesis Induction, and Glucose
Uptake Test

3T3-L1 murine preadipocytes were purchased from
Cas9X Biotechnology Company (Suzhou, Jiangsu, China;
batch No. TCM-C702). This cell line has been authenti-
cated by short tandem repeat analysis, morphological ob-
servation, and adipogenic induction, and it tested negative
for mycoplasma contamination. 3T3-L1 cells in the loga-
rithmic growth phase were seeded into culture vessels at a
density of 2.0 × 104 cells/cm2 at 37 °C and 5% CO2 un-
til reaching 90–100% confluency. Adipogenic differenti-
ation kit (Cas9X biotechnology; Suzhou, Jiangsu, China;
batch No. EFMX-D102) used for adipogenic induction by
alternative replacement of the induction and maintenance
medium. The timing for terminating cell induction was de-
termined based on the number and size of lipid droplets
formed during the process, followed by staining for iden-
tification. Cells were first fixed with 4% neutral formalde-
hyde solution at room temperature for 30 to 60 min, stained
with red oil O solution for 30 min, and evaluated under a
microscope. The glucose tolerance of 3T3-L1 adipocytes
was assessed by performing glucose uptake tests under an
insulin stimulation at a dosage of 100 nM for 30 min, using
the Glucose Uptake-GloTM assay kit (Promega, Madison,
WI, USA; batch No. J1341).

2.4 16S rRNA Sequencing
Fecal samples were collected at GD16 in individ-

ual sterilized cages and immediately frozen in liquid ni-
trogen. DNA was extracted according to the instructions
of the DNA extraction kits (TaKaRa Bio, Beijing, China;
batch No. 9765). The integrity and purity of the DNA
were detected by 1% agarose gel electrophoresis, and the
concentration and purity of the DNA were detected by
the NanoDrop One microvolume spectrophotometer (Ther-
moFisher Scientific, Waltham, MA, USA). PCR amplifi-
cation and product electrophoresis were performed using
genomic DNA as a template, and primers with barcodes
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and Premix Tag (TaKaRa Bio; Beijing, China; batch No.
RR004A) were used for PCR amplification based on se-
lected sequencing regions. Gene Tools Analysis Software
(Cambridge, UK; Version 4.03.05.0, SynGene) was used to
quantify PCR product concentrations. The volume of each
sample was adjusted to ensure equal mass, and the PCR
products were pooled. Mixed PCR products were purified
using the E.Z.N.A. Gel Extraction and Gel Recovery Kit
(Omega Bio-Tek, Guangzhou, Guangdong, China; batch
No. D2500). Target DNA fragments were eluted with TE
buffer. Library construction was then performed using the
NEBNext® Ultra™ DNA Library Prep Kit for Illumina®
(New England Biolabs, Ipswich, MA, USA; batch No.
E7645) standard process. The high-throughput sequencing
platform HiSeq was utilized for online sequencing, and the
raw image data file was converted into a raw sequencing
dataset (Raw Reads) through base recognition (Base Call-
ing) analysis. The results were stored in the FASTQ file
format, which contains the sequencing sequence (Reads)
and its corresponding quality information. Alpha diversity,
which reflects the richness and evenness of microbial com-
munities within a sample, was evaluated using the Shan-
non and Simpson indices. Beta diversity, which measures
compositional differences between microbial communities
across samples, was evaluated using Principal Coordinates
Analysis (PCoA) based on the Bray-Curtis distance matrix.
Additionally, Analysis of Similarities (ANOSIM) was em-
ployed to determine the significance of differences in mi-
crobial communities between groups. Analysis of species
differences across multiple groups was based on Kruskal-
Wallis rank sum test. The false discovery rate (FDR) was
used for multiple-testing correction.

2.5 Statistical Analysis
The data are presented as mean ± SD. We validated

the assumption of normality using both the Shapiro-Wilk
test and visual inspection of the quantile-quantile (Q-Q)
plot. The homogeneity of variances was assessed using
the Brown-Forsythe test. A p-value greater than 0.05 in-
dicated that the assumptions were met, and a one-way anal-
ysis of variance (ANOVA) was used to detect statistical
significance, followed by Tukey’s multiple comparisons
test. A Kruskal-Wallis rank sum method was used for non-
parametric test, followed by Dunn’s multiple comparisons
test. A p-value less than 0.05 was considered statistically
significant. Statistical analysis and graph plottingwere con-
ducted with GraphPad Prism (version 9, GraphPad software
Inc., San Diego, CA, USA).

3. Results
3.1 The Impact of HFD on Glucose Metabolism in
Pregnant Mice

The experimental protocol for the animal study is
shown in Fig. 1A. The HFD intervention was initiated six
weeks before pregnancy andwasmaintained throughout the

pregnancy. Fasting blood glucose was measured, and an
OGTT was performed before mating to exclude individuals
with pre-existing diabetes. All variables of interest satis-
fied the assumption of normality according to the Shapiro-
Wilk test (all p> 0.3). The Brown-Forsythe test confirmed
that the assumption of homogeneity of variance was not vi-
olated (all p > 0.4). Consequently, ANOVA was applied
for group comparisons. Significant weight gains in the pre-
pregnancy stage were observed in groups that underwent
HFD treatment, including the HFD group and HFD + YP
group, compared to the control group (Fig. 1B). Moreover,
HFD-treated mice exhibited a significant weight gain dur-
ing early and mid-pregnancy (Fig. 1C). An OGTT at GD15
was conducted to determine the changes in glucose toler-
ance during pregnancy. The area under the curve (AUC)
for the OGTT of the HFD group was significantly increased
compared to that in the control group (Fig. 1D,E). To further
assess the effects of HFD on glucose metabolism, the level
of fasting serum glucose and insulin was measured at GD16
and used for calculating HOMA-IR. Compared to the con-
trol group, mice in the HFD group had a higher HOMA-IR
(1.54 ± 0.76 vs. 1.40 ± 0.94). These findings supported
that mice subjected to HFD were more susceptible to in-
sulin resistance, exhibited glucose intolerance, and devel-
oped GDM.

3.2 The Effect of YP on Alleviating Dysfunctional Glucose
Metabolism

Compared with the HFD group, the YP-treated group
exhibited significantly lower levels of blood glucose at 30
min, 60 min, and 90 min during the OGTT, along with a
smaller AUC (Fig. 1D,E). A notable decrease in HOMA-IR
was also observed in the HFD + YP group compared to the
HFD group (1.00 ± 0.50 vs. 1.54 ± 0.76). These findings
suggested that YP may alleviate impaired glucose tolerance
and insulin resistance in the GDMmodel. Additionally, the
addition of YP did not significantly induce weight loss in
the pregnancy compared to the HFD group (Fig. 1C).

Additionally, an ex vivo experiment was performed to
evaluate the impact of YP on insulin resistance. Murine
preadipocyte 3T3-L1 were induced to differentiate into
adipocytes (Fig. 2A). Dexamethasone inhibited glucose up-
take in adipogenically induced 3T3-L1 cells, indicating
successful establishment of an insulin resistance model
(Fig. 2B). YP was found to alleviate dexamethasone-
induced impairment of glucose uptake in a dose-and time-
dependent manner (Fig. 2C,D).

3.3 The Influence of HFD on the Composition of GM in
Pregnant Mice

Analysis of alpha diversity of GM among the three
groups showed that the Shannon index was significantly
higher in the HFD group than in the control group, whereas
the Simpson index was lower. These findings indicated that
the HFD-induced GDMmodel exhibited increased richness
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Fig. 1. YP inhibits the progression of GDM. (A) Schematic design of the experiment. (B) Weight gain during intervention before
pregnancy. (C) Weight gain during pregnancy. (D) Oral glucose tolerance tests (OGTT). (E) AUC of OGTT. * p < 0.05; ** p <

0.01; *** p < 0.001; **** p < 0.0001; ns, not significant. GDM, gestational diabetes mellitus; AUC, area under the curve; YP, Yam
Polysaccharide; HFD, high-fat and fructose diet.

and decreased evenness of microbial communities com-
pared with the control group. (Fig. 3A,B). In addition,
YP prevented the HFD-induced increase in alpha diver-
sity (Fig. 3A,B). Subsequently, the beta diversity of mi-
crobial communities among the three groups was inves-
tigated using PCoA, which revealed three distinct clus-

ters corresponding to the intervention groups. The sepa-
ration between the HFD and control groups was particu-
larly pronounced, indicatingHFD-induced alteration inGM
composition. Importantly, YP administration induced ad-
ditional alterations in the microbial community structure
across samples (Fig. 3C).
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Fig. 2. YP alleviated dexamethasone (DEX)-induced impaired glucose uptake in 3T3-L1 adipocytes. (A) Red oil O staining demon-
strated the adipogenesis induction in 3T3-L1 cells, scale bar: 50 µm. (B) DEX inhibited glucose uptake in 3T3-L1 adipocytes compared
to control group. (C,D) YP enhanced glucose uptake in 3T3-L1 adipocytes incubated with 2 µm DEX compared to control group. ns,
not significant; DMEM, Dulbecco’s Modified Eagle Medium; PBS, phosphate buffered saline, * p < 0.05, *** p < 0.001.

We analyzed the relative abundance of species across
the three groups at the phylum level (Fig. 3D). The Firmi-
cutes/Bacteroidetes (F/B) ratio was increased in both the
HFD and HFD + YP groups compared with the control
group (Fig. 3D). An increased F/B ratio is commonly ob-
served in obese individuals [20]. The elevated F/B ratio in
the HFD and HFD + YP groups indirectly reflects the ef-
fect of the metabolic alteration induced by HFD treatment
and is consistent with the finding that YP did not attenu-
ate the HFD-induced weight gain in pregnant mice. At the

genus level, the relative abundance of Alloprevotella de-
creases in the HFD group compared with the control group
but increases in the HFD + YP group. In contrast, the rel-
ative abundance of Lachnospiraceae NK4A136 group in-
creased in the HFD group but declined with YP treatment
(Fig. 3E,F). These findings suggest that Alloprevotella and
LachnospiraceaeNK4A136 group may be potential micro-
bial targets through which YP alleviates GM dysbiosis and
abnormal glucose metabolism.
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Fig. 3. YP changed the composition of gut microbiota (GM). (A) Shannon index in different groups. (B) Simpson index in different
groups. (C) PCoA analysis. (D) Relative abundance of microbial species of the top 10 phyla with significant differences. (E) Relative
abundance of microbial species of the top 10 genera with significant differences. (F) Relative abundance of microbial species of the top
20 genera with significant differences. ns, no significance. * p < 0.05. PCoA, Principal Coordinates Analysis.
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4. Discussion
This study investigated the effects of YP on GM in a

GDMmouse model induced by an HFD. Although previous
studies have reported the hypoglycemic effects of YP, its
potential to improve glucose tolerance by modulating GM
has not been explored. In this study, we defined the conven-
tional GDM mouse models, which were typically induced
by either HFD or high-fructose intake alone. This refine-
ment is particularly relevant, as modern diets often com-
bine high levels of both fat and fructose-nutritional factors
closely linked to obesity, a key contributing factor for GDM
[21,22].

In this study, we found that HFD treatment impaired
glucose tolerance, establishing a reliable model for GDM.
YP demonstrated a significant effect in improving glu-
cose tolerance, likely by enhancing insulin secretion. Fur-
thermore, YP treatment increased the abundance of Allo-
prevotella, while decreasing the abundance of the Lach-
nospiraceae NK4A136 group. Growing evidence links
systemic inflammation with insulin resistance, a key fea-
ture of all types of diabetes, including GDM. An HFD
can increase the abundance of lipopolysaccharide (LPS)-
producing gut bacteria, which in turn raises blood glucose
levels and triggers systemic inflammation [23,24]. Preg-
nant mice subjected to a high-fructose diet exhibited in-
creased weight gain, elevated fasting glucose, and insulin
resistance through the activation of the NF-κB-NLRP3 in-
flammasome pathway [25]. Based on these findings, we hy-
pothesized that GDMmice induced by HFD exhibit signifi-
cant inflammation. Alloprevotella produces SCFAs, which
are key metabolites for maintaining intestinal homeosta-
sis [26,27]. SCFAs have been shown to repair the in-
testinal epithelial barrier and reduce inflammation [28,29].
Furthermore, Alloprevotella is positively correlated with
SCFA levels and a decrease in colonic inflammation [30].
In dextran sodium sulfate (DSS)-induced ulcerative colitis
(UC) mice, Alloprevotella is reduced but increases follow-
ing treatment [31]. A study has also reported that Allo-
prevotella can improve insulin sensitivity, promote lipol-
ysis, and alleviate obesity [32]. Based on these findings,
we speculated that YP may improve glucose tolerance by
increasing insulin sensitivity through the augmentation of
Alloprevotella abundance.

The Lachnospiraceae NK4A136 group was found to
be enriched during early pregnancy among women who
were later diagnosed with GDM compared with the healthy
controls [33]. Additionally, an increased abundance of
Lachnospiraceae NK4A136 group was observed in a rat
model of advanced-stage type 1 diabetes [34]. The Lach-
nospiraceae NK4A136 group was positively correlated
with tumor necrosis factor-alpha (TNF-α) [35], which
is mainly produced in adipocytes and/or peripheral tis-
sues, and induces tissue-specific inflammation. Elevated
levels of TNF-α induce insulin resistance in adipocytes
and peripheral tissues by impairing the insulin signaling

through serine phosphorylation, ultimately contributing to
the development of T2DM [36]. Furthermore, the Lach-
nospiraceae NK4A136 group was significantly positively
correlated with at least one systemic inflammation parame-
ter in HFD-induced obese mice [37]. The Lachnospiraceae
NK4A136 group was also reported to increase in DSS-
induced UC mice [38]. Therefore, we inferred that YP
could improve inflammation by decreasing the abundance
of Lactobacillus chnospiraceae NK4A136 group.

The study has several limitations. Firstly, YP admin-
istration was evaluated at a single dose, preventing any as-
sessment of potential dose-dependent therapeutic effects on
GDM. Secondly, previous research has shown that HFD
can induce placental oxidative stress and vascular dysreg-
ulation in pregnant mice [39]. For example, Sanches et al.
[40] reported that HFD feeding led to fetal growth restric-
tion by altering placental thickness and nutrient transport.
However, the effects of YP on placental development and
fetal growth have not yet been evaluated, and these aspects
will be addressed in future studies.

5. Conclusions
YP has the potential to improve glucose intolerance

in GDM mice induced by HFD. The regulation of GM is
one of the mechanisms underlying the antidiabetic effect of
YP in GDM. These findings provide novel insights into the
biological activities of YP in the treatment of GDM.

Availability of Data and Materials
The data presented in this study is available from the

corresponding author on reasonable request.

Author Contributions
PJ and MH designed the research study. SZ and ZD

performed the research. BX,XH andWXanalyzed the data.
All authors contributed to critical revision of the manuscript
for important intellectual content. All authors read and ap-
proved the final manuscript. All authors have participated
sufficiently in the work and agreed to be accountable for all
aspects of the work.

Ethics Approval and Consent to Participate
All animal experiments meet “3Rs” principle. All

animal experiments were performed in compliance with
the Guide of the Ethics Committee of the First Clinical
Medicine School of Guangdong Pharmaceutical Univer-
sity. The ethics approval number is 821015321.

Acknowledgment
We would like to express our gratitude to Dr. De-pei

Li from Sun Yat-sen University who helped us during the
writing and revising of this manuscript.

7

https://www.imrpress.com


Funding
The study was funded by National Natural Science

Foundation of China (82104910).

Conflict of Interest
The authors declare no conflict of interest.

References
[1] American Diabetes Association Professional Practice Commit-

tee. 2. Diagnosis and Classification of Diabetes: Standards of
Care in Diabetes-2024. Diabetes Care. 2024; 47: S20–S42.
https://doi.org/10.2337/dc24-S002.

[2] Sacks DA, Hadden DR, Maresh M, Deerochanawong C, Dyer
AR, Metzger BE, et al. Frequency of gestational diabetes melli-
tus at collaborating centers based on IADPSG consensus panel-
recommended criteria: the Hyperglycemia and Adverse Preg-
nancy Outcome (HAPO) Study. Diabetes Care. 2012; 35: 526–
528. https://doi.org/10.2337/dc11-1641.

[3] Gao C, Sun X, Lu L, Liu F, Yuan J. Prevalence of gestational
diabetes mellitus in mainland China: A systematic review and
meta-analysis. Journal of Diabetes Investigation. 2019; 10: 154–
162. https://doi.org/10.1111/jdi.12854.

[4] Ye W, Luo C, Huang J, Li C, Liu Z, Liu F. Gestational di-
abetes mellitus and adverse pregnancy outcomes: systematic
review and meta-analysis. BMJ (Clinical Research Ed.). 2022;
377: e067946. https://doi.org/10.1136/bmj-2021-067946.

[5] Kramer CK, Swaminathan B, Hanley AJ, Connelly PW, Ser-
mer M, Zinman B, et al. Each degree of glucose intolerance
in pregnancy predicts distinct trajectories of β-cell function, in-
sulin sensitivity, and glycemia in the first 3 years postpartum.
Diabetes Care. 2014; 37: 3262–3269. https://doi.org/10.2337/
dc14-1529.

[6] Kelstrup L, Clausen TD, Mathiesen ER, Hansen T, Holst JJ,
Damm P. Incretin and glucagon levels in adult offspring ex-
posed to maternal diabetes in pregnancy. The Journal of Clin-
ical Endocrinology and Metabolism. 2015; 100: 1967–1975.
https://doi.org/10.1210/jc.2014-3978.

[7] Liang W, Sun FF. Does gestational diabetes mellitus increase
the risk of cardiovascular disease? A Mendelian randomiza-
tion study. Journal of Endocrinological Investigation. 2024; 47:
1155–1163. https://doi.org/10.1007/s40618-023-02233-x.

[8] Tocantins C, Diniz MS, Grilo LF, Pereira SP. The birth of car-
diac disease: Mechanisms linking gestational diabetes mellitus
and early onset of cardiovascular disease in offspring. WIREs
Mechanisms of Disease. 2022; 14: e1555. https://doi.org/10.
1002/wsbm.1555.

[9] KorenO, Goodrich JK, Cullender TC, Spor A, LaitinenK, Bäck-
hed HK, et al. Host remodeling of the gut microbiome and
metabolic changes during pregnancy. Cell. 2012; 150: 470–480.
https://doi.org/10.1016/j.cell.2012.07.008.

[10] Crusell MKW, Hansen TH, Nielsen T, Allin KH, Rühlemann
MC, Damm P, et al. Gestational diabetes is associated with
change in the gut microbiota composition in third trimester of
pregnancy and postpartum. Microbiome. 2018; 6: 89. https:
//doi.org/10.1186/s40168-018-0472-x.

[11] Lambeth SM, Carson T, Lowe J, Ramaraj T, Leff JW, Luo L, et
al. Composition, Diversity and Abundance of Gut Microbiome
in Prediabetes and Type 2 Diabetes. Journal of Diabetes and
Obesity. 2015; 2: 1–7. https://doi.org/10.15436/2376-0949.15.
031.

[12] Wu Y, Bible PW, Long S, Ming WK, Ding W, Long
Y, et al. Metagenomic analysis reveals gestational diabetes
mellitus-related microbial regulators of glucose tolerance. Acta

Diabetologica. 2020; 57: 569–581. https://doi.org/10.1007/
s00592-019-01434-2.

[13] Liu Y, Qin S, Feng Y, Song Y, Lv N, Liu F, et al. Pertur-
bations of gut microbiota in gestational diabetes mellitus pa-
tients induce hyperglycemia in germ-free mice. Journal of De-
velopmental Origins of Health and Disease. 2020; 11: 580–588.
https://doi.org/10.1017/S2040174420000768.

[14] Kuang YS, Lu JH, Li SH, Li JH, Yuan MY, He JR, et al. Con-
nections between the human gut microbiome and gestational di-
abetes mellitus. GigaScience. 2017; 6: 1–12. https://doi.org/10.
1093/gigascience/gix058.

[15] Mokkala K, Houttu N, Vahlberg T, Munukka E, Rönnemaa T,
Laitinen K. Gut microbiota aberrations precede diagnosis of ges-
tational diabetes mellitus. Acta Diabetologica. 2017; 54: 1147–
1149. https://doi.org/10.1007/s00592-017-1056-0.

[16] Everard A, Belzer C, Geurts L, Ouwerkerk JP, Druart C, Bindels
LB, et al. Cross-talk between Akkermansia muciniphila and in-
testinal epithelium controls diet-induced obesity. Proceedings
of the National Academy of Sciences of the United States of
America. 2013; 110: 9066–9071. https://doi.org/10.1073/pnas
.1219451110.

[17] Tilg H, Moschen AR. Microbiota and diabetes: an evolving re-
lationship. Gut. 2014; 63: 1513–1521. https://doi.org/10.1136/
gutjnl-2014-306928.

[18] Guo Y, Liu F, Zhang J, Chen J, Chen W, Hong Y, et al. Re-
search progress on the structure, derivatives, pharmacological
activity, and drug carrier capacity of Chinese yam polysaccha-
rides: A review. International Journal of Biological Macro-
molecules. 2024; 261: 129853. https://doi.org/10.1016/j.ijbiom
ac.2024.129853.

[19] Cheng Z, HuM, Tao J, YangH, Yan P, AnG, et al. The protective
effects of Chinese yam polysaccharide against obesity-induced
insulin resistance. Journal of Functional Foods. 2019; 55: 238–
247. https://doi.org/10.1016/j.jff.2019.02.023.

[20] Ahmed K, Choi HN, Cho SR, Yim JE. Association of Firmi-
cutes/Bacteroidetes Ratio with BodyMass Index in Korean Type
2 Diabetes Mellitus Patients. Metabolites. 2024; 14: 518. https:
//doi.org/10.3390/metabo14100518.

[21] Fan Y, Li W, Liu H, Wang L, Zhang S, Li W, et al. Effects of
obesity and a history of gestational diabetes on the risk of post-
partum diabetes and hyperglycemia in Chinese women: Obesity,
GDM and diabetes risk. Diabetes Research and Clinical Prac-
tice. 2019; 156: 107828. https://doi.org/10.1016/j.diabres.2019.
107828.

[22] Caliceti C, Calabria D, Roda A, Cicero AFG. Fructose Intake,
Serum Uric Acid, and Cardiometabolic Disorders: A Criti-
cal Review. Nutrients. 2017; 9: 395. https://doi.org/10.3390/nu
9040395.

[23] Cani PD, Bibiloni R, Knauf C, Waget A, Neyrinck AM,
Delzenne NM, et al. Changes in gut microbiota control
metabolic endotoxemia-induced inflammation in high-fat diet-
induced obesity and diabetes in mice. Diabetes. 2008; 57: 1470–
1481. https://doi.org/10.2337/db07-1403.

[24] Caesar R, Tremaroli V, Kovatcheva-Datchary P, Cani PD, Bäck-
hed F. Crosstalk between Gut Microbiota and Dietary Lipids
Aggravates WAT Inflammation through TLR Signaling. Cell
Metabolism. 2015; 22: 658–668. https://doi.org/10.1016/j.cmet
.2015.07.026.

[25] Liu Y, Wei Y, Wu L, Lin X, Sun R, Chen H, et al. Fruc-
tose Induces Insulin Resistance of Gestational Diabetes Mellitus
in Mice via the NLRP3 Inflammasome Pathway. Frontiers in
Nutrition. 2022; 9: 839174. https://doi.org/10.3389/fnut.2022.
839174.

[26] Rivera-Chávez F, Zhang LF, Faber F, Lopez CA, Byndloss MX,
Olsan EE, et al. Depletion of Butyrate-Producing Clostridia
from the Gut Microbiota Drives an Aerobic Luminal Expan-
sion of Salmonella. Cell Host & Microbe. 2016; 19: 443–454.

8

https://doi.org/10.2337/dc24-S002
https://doi.org/10.2337/dc11-1641
https://doi.org/10.1111/jdi.12854
https://doi.org/10.1136/bmj-2021-067946
https://doi.org/10.2337/dc14-1529
https://doi.org/10.2337/dc14-1529
https://doi.org/10.1210/jc.2014-3978
https://doi.org/10.1007/s40618-023-02233-x
https://doi.org/10.1002/wsbm.1555
https://doi.org/10.1002/wsbm.1555
https://doi.org/10.1016/j.cell.2012.07.008
https://doi.org/10.1186/s40168-018-0472-x
https://doi.org/10.1186/s40168-018-0472-x
https://doi.org/10.15436/2376-0949.15.031
https://doi.org/10.15436/2376-0949.15.031
https://doi.org/10.1007/s00592-019-01434-2
https://doi.org/10.1007/s00592-019-01434-2
https://doi.org/10.1017/S2040174420000768
https://doi.org/10.1093/gigascience/gix058
https://doi.org/10.1093/gigascience/gix058
https://doi.org/10.1007/s00592-017-1056-0
https://doi.org/10.1073/pnas.1219451110
https://doi.org/10.1073/pnas.1219451110
https://doi.org/10.1136/gutjnl-2014-306928
https://doi.org/10.1136/gutjnl-2014-306928
https://doi.org/10.1016/j.ijbiomac.2024.129853
https://doi.org/10.1016/j.ijbiomac.2024.129853
https://doi.org/10.1016/j.jff.2019.02.023
https://doi.org/10.3390/metabo14100518
https://doi.org/10.3390/metabo14100518
https://doi.org/10.1016/j.diabres.2019.107828
https://doi.org/10.1016/j.diabres.2019.107828
https://doi.org/10.3390/nu9040395
https://doi.org/10.3390/nu9040395
https://doi.org/10.2337/db07-1403
https://doi.org/10.1016/j.cmet.2015.07.026
https://doi.org/10.1016/j.cmet.2015.07.026
https://doi.org/10.3389/fnut.2022.839174
https://doi.org/10.3389/fnut.2022.839174
https://www.imrpress.com


https://doi.org/10.1016/j.chom.2016.03.004.
[27] Liu J, Yue S, Yang Z, Feng W, Meng X, Wang A, et al. Oral

hydroxysafflor yellow A reduces obesity in mice by modulating
the gut microbiota and serum metabolism. Pharmacological Re-
search. 2018; 134: 40–50. https://doi.org/10.1016/j.phrs.2018.
05.012.

[28] Franzosa EA, Sirota-Madi A, Avila-Pacheco J, Fornelos N,
Haiser HJ, Reinker S, et al. Gut microbiome structure and
metabolic activity in inflammatory bowel disease. Nature
Microbiology. 2019; 4: 293–305. https://doi.org/10.1038/
s41564-018-0306-4.

[29] Zhang J, Guo Z, Xue Z, Sun Z, Zhang M, Wang L, et al. A
phylo-functional core of gut microbiota in healthy young Chi-
nese cohorts across lifestyles, geography and ethnicities. The
ISME Journal. 2015; 9: 1979–1990. https://doi.org/10.1038/is
mej.2015.11.

[30] Yang J, Pei G, Sun X, Xiao Y, Miao C, Zhou L, et al. RhoB af-
fects colitis through modulating cell signaling and intestinal mi-
crobiome. Microbiome. 2022; 10: 149. https://doi.org/10.1186/
s40168-022-01347-3.

[31] Liu B, Piao X, Niu W, Zhang Q, Ma C, Wu T, et al. Kuijieyuan
Decoction Improved Intestinal Barrier Injury of Ulcerative Coli-
tis by Affecting TLR4-Dependent PI3K/AKT/NF-κB Oxidative
and Inflammatory Signaling and Gut Microbiota. Frontiers in
Pharmacology. 2020; 11: 1036. https://doi.org/10.3389/fphar.
2020.01036.

[32] Lin H, Li J, Sun M, Wang X, Zhao J, Zhang W, et al. Effects of
hazelnut soluble dietary fiber on lipid-lowering and gut micro-
biota in high-fat-diet-fed rats. International Journal of Biological
Macromolecules. 2024; 256: 128538. https://doi.org/10.1016/j.
ijbiomac.2023.128538.

[33] Ma S, You Y, Huang L, Long S, Zhang J, Guo C, et al. Alter-
ations in GutMicrobiota of Gestational Diabetes Patients During
the First Trimester of Pregnancy. Frontiers in Cellular and Infec-
tion Microbiology. 2020; 10: 58. https://doi.org/10.3389/fcimb.
2020.00058.

[34] Gao H, Jiang Q, Ji H, Ning J, Li C, Zheng H. Type 1 dia-
betes induces cognitive dysfunction in rats associated with al-
terations of the gut microbiome and metabolomes in serum and
hippocampus. Biochimica et Biophysica Acta. Molecular Basis
of Disease. 2019; 1865: 165541. https://doi.org/10.1016/j.bbad
is.2019.165541.

[35] Zang Y, Ge Y, Cao Y, Tang H. Anti-diabetic effect of red
quinoa polysaccharide on type 2 diabetic mellitus mice in-
duced by streptozotocin and high-fat diet. Frontiers in Microbi-
ology. 2024; 15: 1308866. https://doi.org/10.3389/fmicb.2024.
1308866.

[36] Akash MSH, Rehman K, Liaqat A. Tumor Necrosis Factor-
Alpha: Role in Development of Insulin Resistance and Patho-
genesis of Type 2 Diabetes Mellitus. Journal of Cellular Bio-
chemistry. 2018; 119: 105–110. https://doi.org/10.1002/jcb.
26174.

[37] Wang P, Ma Y, Wang D, Zhao W, Hu X, Chen F, et al. Protec-
tive Effects of Dietary Resveratrol against Chronic Low-Grade
Inflammation Mediated through the Gut Microbiota in High-Fat
Diet Mice. Nutrients. 2022; 14: 1994. https://doi.org/10.3390/
nu14101994.

[38] Xia X, Lin H, Luo F,WuX, Zhu L, Chen S, et al. Oryzanol Ame-
liorates DSS-Stimulated Gut Barrier Damage via Targeting the
GutMicrobiota Accompanied by the TLR4/NF-κB/NLRP3Cas-
cade Response In Vivo. Journal of Agricultural and Food Chem-
istry. 2022; 70: 15747–15762. https://doi.org/10.1021/acs.jafc
.2c04354.

[39] Liang C, DeCourcy K, Prater MR. High-saturated-fat diet
induces gestational diabetes and placental vasculopathy in
C57BL/6 mice. Metabolism: Clinical and Experimental. 2010;
59: 943–950. https://doi.org/10.1016/j.metabol.2009.10.015.

[40] Sanches APV, de Oliveira JL, Ferreira MS, Lima BDS,
Miyamoto JÉ, Simino LADP, et al. Obesity phenotype induced
by high-fat diet leads to maternal-fetal constraint, placental in-
efficiency, and fetal growth restriction in mice. The Journal of
Nutritional Biochemistry. 2022; 104: 108977. https://doi.org/
10.1016/j.jnutbio.2022.108977.

9

https://doi.org/10.1016/j.chom.2016.03.004
https://doi.org/10.1016/j.phrs.2018.05.012
https://doi.org/10.1016/j.phrs.2018.05.012
https://doi.org/10.1038/s41564-018-0306-4
https://doi.org/10.1038/s41564-018-0306-4
https://doi.org/10.1038/ismej.2015.11
https://doi.org/10.1038/ismej.2015.11
https://doi.org/10.1186/s40168-022-01347-3
https://doi.org/10.1186/s40168-022-01347-3
https://doi.org/10.3389/fphar.2020.01036
https://doi.org/10.3389/fphar.2020.01036
https://doi.org/10.1016/j.ijbiomac.2023.128538
https://doi.org/10.1016/j.ijbiomac.2023.128538
https://doi.org/10.3389/fcimb.2020.00058
https://doi.org/10.3389/fcimb.2020.00058
https://doi.org/10.1016/j.bbadis.2019.165541
https://doi.org/10.1016/j.bbadis.2019.165541
https://doi.org/10.3389/fmicb.2024.1308866
https://doi.org/10.3389/fmicb.2024.1308866
https://doi.org/10.1002/jcb.26174
https://doi.org/10.1002/jcb.26174
https://doi.org/10.3390/nu14101994
https://doi.org/10.3390/nu14101994
https://doi.org/10.1021/acs.jafc.2c04354
https://doi.org/10.1021/acs.jafc.2c04354
https://doi.org/10.1016/j.metabol.2009.10.015
https://doi.org/10.1016/j.jnutbio.2022.108977
https://doi.org/10.1016/j.jnutbio.2022.108977
https://www.imrpress.com

	1. Introduction
	2. Materials and Methods
	2.1 Animal Model
	2.2 Measurement of Serum Glucose and Insulin
	2.3 Cell Culture, Adipogenesis Induction, and Glucose Uptake Test
	2.4 16S rRNA Sequencing
	2.5 Statistical Analysis

	3. Results
	3.1 The Impact of HFD on Glucose Metabolism in Pregnant Mice
	3.2 The Effect of YP on Alleviating Dysfunctional Glucose Metabolism 
	3.3 The Influence of HFD on the Composition of GM in Pregnant Mice

	4. Discussion
	5. Conclusions
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest

