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Abstract

The gut microbiota is a complex community of microorganisms that inhabit the human gastrointestinal tract,
helping to maintain the ecological balance of the body’s internal and external environments. Disruptions in the
composition and diversity of gut microbiota, as well as changes in their metabolic functions, can link to the
development and severity of conditions such as premature ovarian insufficiency, polycystic ovary syndrome, and
ovarian tumors. This article thoroughly reviews recent research on the connection between gut microbiota and
ovarian diseases, providing fresh perspectives on their prevention, pathogenesis, and treatment.

Keywords Gut microbiota, Premature ovarian insufficiency, Polycystic ovary syndrome, Ovarian tumors

Introduction

The ovaries secret sex hormones that maintain the nor-
mal function of many female organs, thereby playing
a crucial role in women’s reproductive and endocrine
functions [1-2]. Much research has been done on ovar-
ian inflammation [3-4], polycystic ovary syndrome [5,
6], and ovarian tumors [7, 8], all of which are prevalent
in women. The human gut microbiome is a diverse and
intricate community of microorganisms that inhabit
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the gastrointestinal tract, and these include bacteria,
viruses, and fungi [9, 10]. This community is composed
of approximately 10" to 10'* microorganisms, including
over 1,000 species and more than 7,000 strains [11].

The gut microbiota is essential in shaping and devel-
oping the immune system [5, 12], in addition to pre-
venting infection [13], aiding nutrient supply, and
maintaining brain and nervous system function in
the host [14]. Imbalances in the composition [15] and
diversity of the gut microbiota [16], along with altered
metabolic function [17], can cause inflammation and
increased gut permeability, both of which result in dis-
ease [18]. The gut microbiota affects brain function via
the gut-brain axis [19]. It activates neurons through the
vagus nerve, endocrine signaling, and immune pathways
[20-22]. Significant changes in microbiota were observed
in various ovarian diseases. This highlighted a strong
association between the gut microbiota and ovarian dis-
ease [23]. Results from animal studies have indicated
a potential causal relationship between the gut micro-
biota and ovarian diseases, possibly through regulatory
pathways [24-27], immune responses, or pathogenic
mechanisms [28, 29]. However, there is no clarity as to
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whether the alterations in the gut microbiota are a cause,
consequence, or mere coincidence in the development of
these diseases. Therefore, more research is necessary to
confirm the potential benefits of targeting the gut micro-
biota in disease treatment. This paper reviews the latest
advancements in research on gut microbiota and ovar-
ian diseases, to offer new perspectives for preventing and
treating these conditions. The findings from this review
also unleash more information regarding the pathogen-
esis of ovarian diseases.

Methodology

Two doctoral researchers systematically reviewed stud-
ies published in the past ten years on the relationship
between gut microbiota and ovarian diseases, prioritizing
those with human clinical data, followed by well-designed
animal experiments. The selection criteria focused on
studies exploring the associations between gut microbi-
ota composition and common ovarian diseases, such as
polycystic ovary syndrome (PCOS), premature ovarian
insufficiency (POI), endometriosis, and ovarian cancer.
Studies were excluded if they: (1) investigated gut micro-
biota in non-ovarian diseases (e.g., diabetes, cardiovas-
cular disorders); or (2) employed concurrent therapies
known to interact with gut microbiota (e.g., antibiotics,
probiotics, or fecal microbiota transplantation) without
controlling for their confounding effects.

Based on the collected evidence, we analyzed the role
of gut microbiota dysbiosis in ovarian disease pathogen-
esis, particularly its impact on inflammatory and meta-
bolic pathways. This review also highlights the potential
of gut microbiota modulation as an adjunctive therapeu-
tic strategy for ovarian diseases, providing new perspec-
tives on its clinical applications in reproductive health.

Gut microbiota and premature ovarian
insufficiency

Premature ovarian insufficiency (POI) is characterized
by ovarian hypofunction or decline in women who are
under the age of 40. This is mainly evidenced by abnor-
mal menstruation traits, which include the following:
amenorrhea; scanty or frequent periods; elevated follicle-
stimulating hormone (FSH) (>25 IU/L) and luteinizing
hormone (LH) concentrations; and low estradiol (E,) lev-
els [30]. POl is caused by various factors such as genetics,
immunology, medicine, infection, and the environment
[31]. It is important to note that POI may have a signifi-
cant impact on the physical and mental health of women
[32].

POI has become one of the biggest reproductive health
threats to women who belong to the childbearing age
groups. Findings from animal experiments confirmed the
connection between POI and disturbances in gut micro-
biota balances. The lycium barbarum polysaccharide
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(LBP) has anti-aging and reproductive protection func-
tions. Zheng H et al. investigated the protective effects
of LBP regarding the development of POI in mice. The
researchers further explored the underlying mechanisms
through 16 S rRNA sequencing. In this study by Zheng
and colleagues, female C57BL/6] mice treated with
D-galactose served as models for assessing LBP’s abil-
ity to reverse degenerative ovarian function. Improve-
ments in POI were evaluated based on the estrous cycle,
ovarian reserve, sex hormone levels in the serum, and
fertility tests. Additionally, 16 S rRNA gene sequenc-
ing was employed to examine the impact of LBP on the
gut microbiota and fecal metabolic profiles of POI mice.
The results demonstrated that LBP administration sig-
nificantly increased the number of follicles at various
developmental stages in the POI mice. Logically, the total
number of follicles also rose. Additionally, LBP effectively
lowered the levels of serum FSH and LH, corrected the
discrepancies in the estrous cycle, and raised the num-
ber of offspring in POI mice. The results from 16 S rRNA
sequencing revealed that LBP positively influenced the
composition and structure of the gut microbiota in POI
mice. Pearson’s correlation analysis further indicated that
the regulatory effects of LBP on gut microbiota metabo-
lites were closely associated with the presence of Faecalis,
Bilophila, and anaerobic bacteria [25].

Geng Z et al. discovered that electroacupuncture (EA),
a traditional Chinese medicine therapy, can regulate
intestinal microecology and protect the intestinal bar-
rier. This adjusts the abundance of intestinal microbiota,
thereby improving reproductive function. In the study, 36
female C57BL/6 mice were randomly assigned to three
groups as follows: the wild-type group (WT, n=12); the
POI group (POI, n=12); and the EA treatment group
(EA, n=12). The EA group received electroacupuncture
at the Guanyuan (CV4), bilateral Zusanli (ST36), and
Sanyinjiao (SP6) points every two days, for four consecu-
tive weeks. Sterile acupuncture needles were inserted
into CV4, ST36, and SP6 at depths that ranged from 2
to 5 mm, as the mice were stimulated using a continu-
ous wave with a frequency of 1-3 Hz and an intensity
of 0.1-1 mA. HPLC-MS/MS assay results indicated that
levels of estrone (E;), estradiol (E,), estriol (E;), and
21-deoxycortisol (21D) were significantly reduced in
the POI group compared to the WT group. The results
indicated that the levels of these hormones were, to
some extent, restored after EA treatment. EA treatment
improved hormonal levels in POI mice. Stool samples
from all three groups were simultaneously sequenced
four weeks after EA treatment. The findings revealed
a significant reduction in the overall abundance of gut
microbiota in the EA group. However, an increase in
the diversity and distribution of bacterial species was
noted in the same group. Based on phyla microbial



Ju et al. Journal of Ovarian Research (2025) 18:105

composition, Firmicutes and Bacteroidetes accumulated
to less than 80% of the entire microbial community in
the WT and EA groups, whereas in the POI group, they
accounted for more than 80%. At the class level, Clos-
tridium and Bacteroides comprised less than 60% of the
microbial community in the WT and EA groups. In the
POI group, these bacteria accounted for over 70%. At the
phylum level, the relative abundance of Actinobacteria
was significantly reduced in the POI group compared
to the WT group. Following EA treatment, the relative
abundance of Tenericutes significantly decreased, while
that for Actinobacteria increased compared to the POI
group. At the genus level, the relative abundance of Alis-
tipes was significantly higher in the POI group than in
the WT group. However, after EA treatment, the relative
abundance of Alistipes and Pantoea significantly reduced
compared to the findings from the POI group [26].

The Shin SY study found that POI induced dysregula-
tion of intestinal bacterial flora and POI in guinea pigs
through cecal operation laparotomy. One group of guinea
pigs was orally pretreated with probiotics within seven
days before surgery-induced POI. Fecal particles were
collected, followed by DNA extraction before surgery
(baseline group), and then 1, 3, and 5 days after the sur-
gery. The results revealed significant differences in bac-
terial composition between the baseline and POI groups.
The Bifidobacteria and Lactobacillus were more abun-
dant in the baseline group than in the POI group. Bac-
teroides and Cyanobacteria were more abundant than
those in the baseline than the POI group. In the probiotic
group, the abundance of Bifidobacterium and Bifidobac-
terium longum species significantly decreased after POI
modeling [27].

A comparative study between 18 healthy women and 35
patients with POI revealed significant differences in gut
microbiota [33]. The healthy women had a higher abun-
dance of gut bacteria from the Thick-Walled Bacteria,
Herpes maculans, and Enterococcus faecalis phyla were
observed in the healthy women, Mycobacterium phylum,
Butyric acid bacteria, Doriaceae, and Lactobacillus genus
where more abundant in POI patients. These findings
demonstrate the clear distinction between the gut micro-
biota composition of healthy women and those with POI.
The study found a negative correlation between E2 lev-
els and the relative proportions of Mycobacterium phy-
lum and Mycobacterium phylum/thick-walled bacteria
ratio. On the other hand, a positive correlation was noted
between E2 levels and the relative proportions of thick-
walled bacteria and Escherichia coli. The study found a
significant and positive correlation between the relative
proportions of Mycobacterium avium and FSH levels.
Additionally, there was a positive correlation between
the FSH/LH ratio and the relative proportions of both
M. avium and E. faecalis. The FSH/LH ratio negatively
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correlated with the relative proportions of Firmicutes
and E. faecalis. These findings highlight a strong relation-
ship between the changes in the gut microbiota of POI
patients and the variations in hormonal levels in their
serum [34].

A dangerous industrial material called 4-vinyl cyclo-
hexene dioxide (VCD) is widely used in the production of
fragrances, rubber tires, and plasticizers. VCD can dam-
age the female reproductive system. Cao et al. observed
differences in the gut microbiota of the VCD-induced
POI mouse model compared to healthy mice. A total of
33 genera were more abundant in the POI group versus
the 15 genera in the control group. The gut microbiota
of mice induced by VCD was extracted and added to the
nematode medium, resulting in a significant change in
nematode colonization. These findings provide strong
evidence for the association between E2 levels and gut
microbiota, as well as between POI and gut microbiota
[35].

Lin et al. demonstrated that Fisetin can alleviate ovar-
ian damage and increase the number of normal follicles
in POI mice. This is achieved by regulating Ackerman-
nia and Lactobacillus bacterial counts, reducing CCR9"/
CXCR3*/ CD4" T-lymphocyte counts, as well as IL-12
secretion in mice, controlling the ovarian microenviron-
ment, and alleviating inflammation. These findings high-
light the potential therapeutic use of Fisetin in treating
POIL. Molecular analysis results demonstrate that carbo-
hydrate and nucleotide metabolism increased in the gut
microbiota of the mice in the Fisetin group. On the con-
trary, lipid and amino acid metabolism had decreased.
Homologous protein cluster of orthologous groups of
proteins (COG) analysis revealed a significant rise in
the abundance of proteins associated with transcription,
translation, ribosome structure, and synthesis, as well as
carbohydrate metabolism, and nucleotide transport in
gut microbes. These proteins promote the activation of
membrane transport, in addition to aiding cell motility
and translation in mice [36].

Clinical and laboratory studies further revealed an
association between gut microbiota and POI (Figs. 1
and 2). This indicates that modulating the gut microbi-
ota could be a potential solution for managing POI and
improving clinical symptoms in patients. Recent scien-
tific research has significantly advanced our understand-
ing regarding the role of gut microbiota in primary POL
However, there is a limited number of articles that report
the interaction between the microbiome and progres-
sion of primary POI, the possible mechanism of action,
as well as the improvement of primary POI due to altered
gut microbiota (flora transplantation). It remains unclear
whether changes in the gut microbiome are a cause or
a consequence of primary POI. The precise timing at
which the gut microbiome influences ovarian aging is
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The protective effect of LBP on POI mice
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Fig. 1 LBP significantly increased the total number of follicles and the number of follicles in POl mice at different developmental stages. In addition,
LBP effectively reduced serum levels of follicle-stimulating hormone (FSH) and luteinizing hormone (LH), normalized estrous cycle disturbances, and

increased the number of offspring in POI mice. By Figdraw

not yet defined. The specific mechanisms underlying
this relationship still require further investigation. Exist-
ing scientific literature links only a few groups of bacte-
ria groups to the development and progression of POL.
Moreover, the available evidence is relatively fragmented.
The reported effects may point to multiple mechanisms.
Moreover, the roles and molecular pathways of specific
bacterial strains or their metabolites are not fully under-
stood, as far as follicular development is concerned.

Hormone replacement therapy (HRT) is currently the
primary treatment recommended for managing symp-
toms and preventing disease in women with POIL. HRT
can significantly reverse changes in serum metabolites as
well as E, and progesterone levels associated with POI.
However, HRT has potential side effects and contra-
indications. Consequently, research on the drug inter-
ventions that improve intestinal microbial imbalances
and promote a healthier gut environment is still under-
way, in a bid to alleviate primary POI. Current scientific



Ju et al. Journal of Ovarian Research (2025) 18:105

Page 5 of 17

The protective effect of Fisetin on POl mice
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Fig. 2 Fisetin alleviate ovarian damage and increase the number of normal follicles in POI mice by regulating Ackermannia and Lactobacillus bacterial
counts, reduction of CCR9+/CXCR3+/CD4 +T lymphocyte counts and IL-12 secretion in mice, regulation of the ovarian microenvironment, and reduction

of inflammation. By Figdraw

literature does not offer direct conclusions regarding
these measures. Most relevant studies have been con-
ducted in animal models, which may not directly trans-
late to successful application in humans. Thus, future
research, including simple correlation analyses and large-
scale cohort studies, should focus on investigating poten-
tial causal relationships and mechanisms that validate the
beneficial effects of these interventions on primary POL

Gut microbiota and polycystic ovary syndrome

Polycystic ovary syndrome (PCOS) is a complex,
polygenic disorder that is characterized by hyperan-
drogenism, ovulatory dysfunction, and the presence of
polycystic ovarian morphology (PCOM) [37]. Its inci-
dence has gradually increased in recent years, reach-
ing up to 6-10% [38].Several factors have been linked to
the hormonal and metabolic imbalances that may cause
the development of PCOS [39]. PCOS patients exhibit
various endocrine and metabolic abnormalities, such as
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elevated serum LH and androgen levels, reduced FSH
concentrations, insulin resistance (IR), obesity, and dys-
lipidemia [40]. Furthermore, these patients are more
vulnerable to hypertension and cardiovascular disease.
PCOS has a multifaceted etiology, which includes genetic
and epigenetic factors that affect various clinical pheno-
types. These phenotypes are characterized by specific
signs and symptoms, such as menstrual dysfunction, sub-
fertility, acne, hirsutism, and obesity, which significantly
impact several domains related to the quality of life,
including sexuality [41].

To diagnose PCOS according to the Rotterdam 2003
criteria, three conditions must be met as follows: (1)
irregular or absent ovulation; (2) clinical or biochemi-
cal signs of hyperandrogenism; and (3) the presence of
PCOM on ultrasound [42]. PCOM is characterized by an
ovarian volume that is greater than 10 ml and at least 12
follicles of 2—-9 mm in diameter, visible in one ovary. It
is crucial to exclude other hyperandrogenic conditions,
such as congenital adrenal hyperplasia, Cushing’s syn-
drome, and ovarian or adrenal tumors when diagnosing
PCOS. PCOS patients experience psychological issues
such as depression and anxiety, in addition to discrepan-
cies in fertility [43, 44].

The relationship between PCOS and gut microbiota
has been extensively studied. Significant differences in
gut microbiota have been consistently reported between
patients with different types of PCOS and healthy popu-
lations. Variations in alpha and beta diversity are among
the noted differences. Alpha diversity measures ecosys-
tem health, thereby reflecting the abundance and diver-
sity of species within a community. On the other hand,
beta diversity significantly affects bowel function, insu-
lin levels, glucose tolerance, and androgen levels [45], all
of which can worsen the symptoms of PCOS [46-47].
Extensive research on PCOS and gut microbiota com-
position has revealed a strong correlation between the
disease and the abundance of specific gut microbiota at
various classification levels, including phylum, family,
and genus.

The gut microbiota is composed mainly of thick-walled
bacteria and Mycobacterium phyla, which account for
90% of its composition [48]. The Actinobacteria, Asper-
gillus, and Clostridium phyla are also present. The
thick-walled strain mainly produces butyrate, while the
anaphylatoxigenic strain produces acetate. In the study
by Torres PJ, 163 premenopausal women were recruited
from Poznan University of Medical Sciences. Fecal micro-
bial diversity profiles were analyzed using 16 S ribosomal
RNA gene sequencing in three groups as follows: healthy
women (n=48); women with PCOS (n=42); and women
diagnosed with PCOS according to the Rotterdam cri-
teria (n=73). Women with PCOS exhibited lower alpha
diversity compared to healthy women. The alpha diversity
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in women with PCOM fell between the two other groups.
Regression analysis revealed that hyperandrogenemia,
total testosterone, and hirsutism negatively correlated
with alpha diversity. Permutation multivariate analysis
of UniFrac distance variance indicated that hyperandro-
genemia was also associated with beta diversity. Random
Forest analysis identified specific bacteria that distin-
guished healthy women from those with PCOS. Com-
pared to the control group and PCOM patients, higher
serum levels of total and free testosterone were noted in
women with PCOS, along with increased hirsutism and
reduced menstrual frequency. Additionally, LH levels in
the serum of women with PCOS were elevated and the
LH/FSH ratio increased. However, no significant changes
in serum FSH levels were detected [45].

Zhou L et al. carried out a study that included 60
women with PCOS, aged between 16 and 35 years. The
researchers divided the participants into 30 obese (OG)
and 30 non-obese (NG) PCOS patients. A total of 30
healthy women (NC) and 11 healthy but obese women
(OC) were included as controls. The study aimed to
explore the characteristic gut microbiota and metabolic
function in obese and non-obese PCOS patients. Blood
and non-menstrual stool samples were collected and
analyzed from all participants. The results showed that
the NG and OG patients had significantly higher hir-
sutism scores, LH/FSH ratios, and serum testosterone
levels compared to the control group. High-throughput
16 S rRNA gene sequencing revealed alterations in the
abundance and diversity of the gut microbiota in PCOS
patients. Linear discriminant analysis identified Lac-
tococcus as prevalent in the NG gut microbiota, while
Coprococcus was prominent in that of the OG. The study
indicated that changes in serum sex hormones and insu-
lin levels were closely associated with gut microbiota
alterations in both NG and OG PCOS patients [39].

Jamilian M. et al. assessed the effects of probiotics and
selenium supplementation on hormonal response bio-
markers, inflammation, and oxidative stress in women
with PCOS. Sixty women with PCOS were randomly
assigned to two groups. One group received 8 x 10° CFU/
day of Tienyi bacteria, which included Lactobacillus aci-
dophilus, Lactobacillus reuteri, Lactobacillus fermentans,
and Bifidobacterium bifidum, along with 200 pg/day of
selenium (1#=30). The other group received a placebo
(n=30). The intervention lasted for 12 weeks. The study
found that co-administrating probiotics and selenium
reduced total testosterone levels in women with PCOS.
The findings also showed that supplementation with
Biostime for 12 weeks lowered the sex hormone-bind-
ing globulin levels in women with PCOS. In addition,
12-week supplementation with probiotics significantly
improved hirsutism, total testosterone, and sex hor-
mone-binding globulin values in women with PCOS. It
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was hypothesized that the mechanism by which probiot-
ics improve hormonal status is associated with changes
in the intestinal microbiota, along with enhanced diges-
tion and absorption of dietary nutrients. The potential
effects of selenium supplementation on hormonal param-
eters can be explained by its ability to reduce oxidative
stress and increase enzymatic antioxidant activity. The
co-supplementation of probiotics and selenium in PCOS
patients significantly reduced the levels of C-reactive
protein and malondialdehyde. However, it’s important
to note that total glutathione concentrations remained
unchanged, and this enhanced the antioxidant status in
the patients. Jamilian M et al. suggest that the combina-
tion of probiotics and selenium supplementation could
be considered a new approach for treating PCOS [47].

Studies have indicated that women with PCOS tend to
have lower levels of gut microbiota that produce short-
chain fatty acids (SCFAs). Supplementation with SCFAs,
such as butyrate, has been shown to prevent insulin
resistance and obesity by enhancing energy expenditure
in mice fed on a high-fat diet [49, 50]. This suggests that
SCFAs are vital for maintaining a healthy gut microbi-
ome in women with PCOS. SCFAs help to sustain a bal-
anced gut pH, support the growth of beneficial bacteria
like Lactobacillus and Bifidobacterium, as well as inhibit
the proliferation of opportunistic pathogens such as
Clostridium and E. coli. SCFAs also play a crucial role in
protecting the intestinal barrier function. They stimulate
the regeneration of epithelial cells and the production of
mucus and antimicrobial peptides, thereby inhibiting the
translocation of toxins and bacteria into the bloodstream.
This helps to prevent cancer, obesity, chronic inflam-
mation, and metabolic syndrome [51, 52]. Kelley et al.
demonstrated the changes in gut microbiota at the phy-
lum level, using a letrozole-induced PCOS mouse model
[53].The study reveals a significant reduction in the total
number of microbial species in the gut. The phylogenetic
richness was also compromised [54]. These changes were
primarily attributed to a decrease in the Mycobacterium
phylum and an increase in the thick-walled Bacteroides
phylum [55].

Li R et al. demonstrated that the Astragalus polysac-
charide (APS) ameliorated PCOS in mice, by addressing
serum metabolic disorders and enhancing microbiome
diversity. In the study, three-week-old BALB/C female
mice were randomly assigned to three groups, each of
which had 10 mice. The groups were as follows: oil + PBS
group; dehydroepiandrosterone (DHEA)+PBS group;
DHEA + APS group. The researchers assessed changes in
the estrous cycle, ovarian tissue morphology, serum hor-
mone levels, blood glucose, and blood lipid profiles. The
gut microbiome was also analyzed through sequencing,
while the correlation between serum metabolic markers
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and gut microbiota was examined using Spearman cor-
relation analysis.

The results indicated that APS treatment improved
insulin resistance and dyslipidemia in PCOS mice. The
results from 16 S rDNA sequencing revealed signifi-
cant differences in the composition and diversity of gut
microbiota among the different groups. In the oil + PBS
group, Firmicutes, Lachnospiraceae, Bacilli, and Lac-
tobacillaceae were more abundant. The DHEA +PBS
group showed an increased enrichment of Bacteroidota
and Muribaculaceae, while higher levels of Rikenellaceae,
Odoribacter, and Marinifilaceae were observed in the
DHEA + APS group. Spearman correlation analysis found
strong associations between gut bacteria and blood glu-
cose, lipids, steroid hormones, and oxidative stress mark-
ers in PCOS mice. APS improved PCOS symptoms by
correcting serum metabolic disorders and increasing
microbiome diversity, potentially offering new insights
that aid better understanding regarding the pathogenesis
of PCOS, thereby enhancing its treatment [50].

He Y et al. found that butylated starch (BS) could alle-
viate ovarian morphological abnormalities, metabolic
disorders, and sex hormone imbalances in rats that were
treated with letrozole. Resistant starch may improve
PCOS symptoms through the help of SCFAs, which play
a crucial role in the gut microbiome-dependent treat-
ment of PCOS. When corn starch is acylated with spe-
cific SCFAs, it releases acetate, propionate, and butyrate
into the cecum and colon. Additionally, BS activates the
G-protein-coupled receptor GPR41, thereby causing
peptide tyrosine-tyrosine to be secreted into the serum.
This further influences the disease phenotype. The study
also found that BS had a more pronounced effect on fecal
microbiota than on cecal microbiota the enrichment of
butyrate-producing microorganisms in the stool after BS
treatment potentially contributed to further alleviation of
PCOS symptoms [52].

Huang J et al. found that macrophage pyroptosis, which
is induced by imbalances in the gut microbiota and exac-
erbated by IFN-y, plays a critical role in the pathogen-
esis of PCOS. This study highlighted that LPS-induced
macrophage pyroptosis, which is linked to the dysregu-
lation of gut microbiota, significantly contributes to the
development of PCOS. The research demonstrated that
macrophage pyroptosis promotes apoptosis and disrupts
estrogen production in granulosa cells. Elevated levels
of IEN-y in the serum and ovaries of PCOS mice further
intensified macrophage pyroptosis, worsening its impact
on granulosa cells, and thereby aggravating the progres-
sion of PCOS [54].

Zhang H et al. reported that omega-3 polyunsaturated
fatty acids (PUFAs) could improve androgen-induced
intestinal microbiota dysregulation, thereby improving
ovarian dysfunction. PCOS was induced in female mice
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by administering DHEA, followed by treatment with
omega-3 PUFAs. Using 16 S ribosomal DNA (rDNA)
amplicon sequencing, fecal microbiota transplantation
(FMT), and antibiotics the study assessed the role of the
microbiota in regulating ovarian function and insulin
resistance (IR) by omega-3 PUFAs. Oral supplementation
with omega-3 PUFAs improved the PCOS phenotype.
The findings from 16 S rDNA sequencing revealed that
treatment with omega-3 PUFAs increased the abundance
of beneficial gut bacteria, thereby mitigating DHEA-
induced dysbiosis. Antibiotic treatment and FMT experi-
ments indicated that omega-3 PUFAs might have direct
effects on the ovaries. For example, they might inhibit
inflammatory cytokines such as IL-1B, TNF-a, and IL-18.
Thus, considering that omega-3 supplementation can
modulate the gut microbiome and alleviate ovarian dys-
function, it is a promising approach for treating PCOS
[55].

Qiao Jie et al. found a significant increase in Bacteroi-
des vulgatus in the gut microbiota of individuals with
PCOS. The researchers also observed lower levels of
glycodeoxycholic acid and tauroursodeoxycholic acid
in the participants. Transplanting fecal microbiota from
women with PCOS to recipient mice colonized with Bac-
teroides vulgatus resulted in several adverse health out-
comes, including increased ovarian dysfunction, insulin
resistance, altered bile acid metabolism, reduced inter-
leukin-22 (IL-22) secretion, and infertility. The study also
highlighted that glycodeoxycholic acid stimulates group 3
innate lymphoid cells to produce IL-22 via GATA binding
protein 3. It was also revealed that IL-22 helps ameliorate
the PCOS phenotype. Furthermore, reduced IL-22 lev-
els have been observed in PCOS patients. These findings
suggest that modifying the gut microbiota, altering bile
acid metabolism, and/or increasing IL-22 levels could be
potential strategies for treating PCOS, further demon-
strating the potential that lies in targeted interventions
for addressing the condition [56].

Xue | et al. investigated the effects of inulin and met-
formin on PCOS, mainly focusing on anti-inflammatory
properties and impacts on the gut microbiota. Mice
were divided into four groups as follows: control (CON);
model (MOD); inulin (INU); and metformin (MET). The
INU, MET, and MOD groups were given 6 mg of DHEA
and fed on a 60% high-fat diet per 100 g body weight to
induce a PCOS model. The treatment lasted 21 days. The
results showed that both inulin and metformin signifi-
cantly reduced body weight (BW) and testosterone (T)
levels, while estradiol (E2) levels increased in all these
groups. The ovarian tissues were subjected to HE stain-
ing and the findings indicated that inulin and metformin
improved PCOS morphology.

Inflammatory markers such as TNF-a, IL-6, and
IL-17 A, were reduced in the plasma and ovaries of
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the INU and MET groups. Metagenomic analysis of
fecal samples revealed that the levels of Bifidobacteria
increased in the INU group, while those for Proteobacte-
ria, Helicobacter pylori, and Parataxella decreased in the
MOD group. Helicobacter pylori levels were also reduced
in the MET group. The probiotic Bifidobacterium has
been shown to inhibit the synthesis of pro-inflammatory
cytokines. Interestingly, inulin increased the abundance
of Bifidobacterium, thus improving the symptoms of
PCOS. Plasma LPS levels were significantly lower in the
INU and MET groups, suggesting that inulin and met-
formin may reduce intestinal permeability and limit LPS
translocation from the gut to the liver and bloodstream.
The reduced systemic inflammation may suggest that
inulin and metformin as potential alternatives for the
clinical treatment of PCOS [57].

Wang et al. highlighted the significant influence of
gut microbiota on the progression of PCOS by regulat-
ing hormone secretion, gut-brain mediators, cytokines,
and metabolite production [46]. Additionally, a human
study demonstrated that colonization with a Bifidobac-
terium lactis strain effectively altered the gut microbiota
of PCOS patients and restored their sex hormone levels
[58]. However, further research is needed to determine
the effects of specific probiotic strains on the gut micro-
biota, as well as their roles in PCOS-related microbial
taxa [59].

Zhou et al. showed that patients with polycystic ovary
syndrome have lower abundance and diversity of gut
microbiota compared to healthy women [60, 61]. Fur-
thermore, specific bacterial genera can impact the host
gut environment through differential gut enrichment and
metabolism [61], potentially contributing to the develop-
ment of PCOS in obese women with PCOS. The study
found that PCOS patients have lower abundance and
diversity compared to the non-PCOS population. The
obese polycystic ovary syndrome group showed signifi-
cantly lower ratios of thick-walled Bacteroides / Myco-
bacterium phylum and significantly increased levels of
Clostridium colorless, Clostridium spp, and Faecococ-
cus spp, which are characteristic genera of obese PCOS
patients. Fecal metabolites closely related to the gut
microbiota were identified as characteristic metabolites
of obese PCOS. These metabolites showed significant
correlation with serum sex hormone levels, including
elevated LH, decreased FSH, and elevated serum andro-
gen levels, as well as gut microbiota abundance. The
gut microbiota contributes to the development of poly-
cystic ovary syndrome by promoting host insulin resis-
tance, low-grade inflammation, and hyperandrogenemia
through molecular interactions with the host [62]. Zhou
et al. showed that patients with PCOS have a lower
abundance and diversity of gut microbiota compared to
healthy women [60, 61]. Furthermore, specific bacterial
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genera can impact the host gut environment through
differential gut enrichment and metabolism [61], poten-
tially contributing to the development of PCOS in obese
women. The obese PCOS group showed significantly
lower ratios of thick-walled Bacteroides/Mycobacte-
rium phylum and significantly increased levels of Clos-
tridium colorless, Clostridium spp, and Faecococcus
spp, which are the characteristic genera of obese PCOS
patients. Fecal metabolites that are closely related to the
gut microbiota were identified as characteristic metabo-
lites of obese PCOS. Significant correlation was noted
between these metabolites and the serum sex hormone
levels, including reduced FSH, as well as elevated LH and
androgen levels. The metabolites also correlated with
gut microbiota abundance. The development of PCOS
is influenced by the gut microbiota, which exacerbates
insulin resistance, low-grade inflammation, and elevated
androgen levels through molecular interactions with the
host [62].

LPS produced by the gut microbiota exhibit endo-
toxic effects, which contribute to its crucial role in the
early development of inflammatory and metabolic dis-
eases [63]. LPS enters the bloodstream and attaches to
the CD14 toll-like receptor complex (TLR-4), located
on the surface of innate immune cells [64]. This acti-
vates downstream signaling pathways that interfere with
the function of insulin receptors, a state that increases
insulin levels in the serum [65, 66]. Endotoxin-induced
macrophage activation leads to elevated serum levels of
tumor necrosis factor-alpha (TNF-a) and interleukin-6
(IL-6) [67, 68].Research has shown that directly introduc-
ing LPS into the bloodstream of both mice and humans
elevates fasting blood glucose and insulin levels [69].
Impaired gut barrier function allows endotoxins pro-
duced by the gut microbiota to enter the bloodstream,
leading to chronic inflammation of the ovaries and IR
[70]. This, in turn, strongly contributes to the develop-
ment of PCOS. In their study on a rat model of PCOS
induced by various factors, Chu Weiwei et al. found that
rats given continuous light after DHEA injection exhib-
ited significant differences in microbiota structure com-
pared to both DHEA alone and control rats. These results
demonstrate the clear impact of continuous light on
the microbiota structure in rats with PCOS induced by
DHEA injection. The gut microbiota of DHEA + light rats
showed significant differences, with Staphylococcus and
Woolly Snail being significantly enriched in the intestine,
while Heterophile and Bacillus koalasii levels were signif-
icantly reduced. Functional predictions strongly suggest
that these differences are associated with several possible
gluconeogenic pathways in PCOS [71]. Disturbances in
the gut microbiota promote the production of inflam-
matory factors such as TNF-a and IL-6, which stimulate
upregulation of the expression of the steroid hormone
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synthase CYP17. This induces hyperandrogenemia and
exacerbates the development of PCOS [72, 73].

Clinical and laboratory research has revealed a link
between gut microbiota and PCOS (Fig. 3). Recent sci-
entific studies have advanced the current level of under-
standing regarding the gut microbiome’s role in PCOS.
These studies identified alterations such as reduced
abundance and diversity, in the gut microbiome among
PCOS patients. Specific bacterial genera have been found
to impact the host’s intestinal environment through
variations in enrichment and metabolism, potentially
contributing to PCOS, particularly in obese women.
Additionally, research indicates that women with PCOS
often have lower levels of certain SCFA-producing gut
microbiota. SCFAs are crucial for maintaining the intes-
tinal functional barrier. They also help to maintain a
healthy gut pH while promoting the growth of benefi-
cial bacteria such as Lactobacillus and Bifidobacterium.
Additionally, SCFAs inhibit the growth of conditioned
pathogens such as Clostridium or E. coli. Some therapeu-
tic methods or chemical components have been applied
in animal models and human bodies. The structure of gut
microbiota is regulated through direct supplementation
of probiotics, biostime composed of probiotics, or com-
plementary chemical components. The metabolic func-
tion of the intestine is enhanced by fostering the growth
of beneficial bacteria and suppressing opportunistic bac-
teria. This ultimately helps to regulate ovarian endocrine
function. However, current scientific literature does not
offer direct evidence to support these measures. Thus,
future research should progress from basic correlation
analyses to large-scale cohort studies, concentrating on
potential causes and action mechanisms, to confirm the
beneficial effects of these interventions in treating PCOS.

Gut microbiota and ovarian cancer

Ovarian malignancy is the third most common gyne-
cological cancer [74], after cervical and endometrial
tumors [75, 76]. However, the mortality rate associated
with ovarian malignancy is at the top of female genital
tract cancers. It’s also important to note that the recur-
rence rate of this malignancy after treatment is high, as
it continues to increase annually [77, 78]. Patients often
present clinically with significant lower abdominal dis-
comfort, bloating, and loss of appetite, with gastroin-
testinal symptoms prominent in the overall course of
treatment [79, 80].

Humans host a diverse range of microorganisms across
various organs, including the gut, respiratory tract, and
reproductive tract. These microorganisms are crucial for
maintaining health. Microbial diversity imbalances in the
reproductive and gut tracts can contribute to the devel-
opment and progression of diseases such as ovarian can-
cer. The microbiome may play an incidental or associative
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role in ovarian cancer, with Proteobacteria being more
prevalent in cancer patients than in healthy women. Con-
trastingly, Firmicutes are predominant in healthy women
compared to cancer patients. The estrogen-gut axis is
vital for estrogen metabolism and utilization, but dys-
regulation, which may involve certain bacteria, such as
Firmicutes, Actinobacteria, and Proteobacteria, is linked

to ovarian cancer. Additionally, microorganisms associ-
ated with sexually transmitted diseases can impact the
onset and progression of ovarian malignancies. Overall,
microbes and their metabolites are considered incidental
factors that increase the risk of ovarian cancer [24].

The gut microbiota significantly affects the environ-
ment in your digestive system. It also interacts with
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hormones such as estrogen, androgens, and insulin,
thereby influencing the reproductive endocrine system.
The relationship between estrogen levels and the gut
microbiota is two-way. This means that estrogen regu-
lates the gut microbiota, and vice versa. Estrogen is cru-
cial for the development and maintenance of the female
reproductive system. It mainly acts on the lower female
reproductive tract, where it increases epithelial thickness,
glycogen concentration, and mucus secretion, in addi-
tion to promoting the abundance of lactic acid bacteria.
Changes in estrogen levels are linked to conditions like
endometrial cancer (particularly Type I), endometriosis,
and uterine fibroids. Gut bacteria such as E. coli, Bacte-
roides fragilis, and Streptococcus agalactiae can uncou-
ple glucuronic acid, leading to the reabsorption of active
estrogens, this increases their affinity for estrogen beta
(ER-B) receptors and may impact tumor formation in the
reproductive system [76].

A study that investigated the relationship between
microbiota and gynecological cancers indicated that gut
microbiota is strongly associated with the development
of some cancers that affect females. The results from the
study also highlighted that microbiota products such as
lipopolysaccharides can directly promote the production
of pro-inflammatory cytokines and increase tumor tol-
erance of ovarian cancer cells [81]. In addition, the well-
studied theory of dysbiosis of the PCOS gut microbiota
has also been implicated in the development of multiple
ovarian microcysts [82, 83]. Zhou et al. reported that the
diversity and abundance of microbiota in ovarian cancer
tissue is significantly reduced when compared to normal
fallopian tube tissue. This suggests a link between micro-
biota and ovarian cancer [84].

Further research suggests two primary mechanisms
through which the gut microbiota interfere with estro-
gen levels and ultimately contribute to the development
and progression of ovarian cancer. The first mechanism is
the disruption of hepatic-gut estrogen circulation. In this
case, the gut microbiota can influence the circulation of
estrogen between the liver and the gut, thereby impacting
estrogen levels in the body. The second mechanism is the
alteration of B-Glucuronidase activity. In this case, the
gut microbiota affects the secretion of p-glucuronidase,
an enzyme that increases estrogen activity. Higher estro-
gen levels may enhance gene transcription and mitotic
activity, possibly leading to tumor development. Addi-
tionally, high p-glucuronidase activity may cause carcin-
ogens to be produced, further promoting tumorigenesis
(Fig. 4) [85].However, this mechanism is still highly con-
troversial. The study also raises the possibility of using
microbes as therapeutic tools to enhance immunity and
improve anti-tumor responses. It further highlights the
potential of using gut microbiota as a novel biomarker for
cancer.
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Wahid et al. have demonstrated that balancing the
microbiome composition of gynecological cancers is a
promising therapeutic target [8]. Lactobacillus can lower
pH, produce bacteriocins, and competitively exclude
other bacteria. The use of prebiotics, probiotics, and fecal
microbiota transplants with specific bacterial strains can
aid in achieving and maintaining a balanced gut micro-
biota. These interventions may help to restore or enhance
the microbial community, potentially supporting overall
health and addressing various conditions that are linked
to microbiota imbalances. A healthy microbiome can
train and activate the body’s immune response to target
various gynecological cancers. Modulating the microbi-
ome may also enhance immuno-oncology therapy.

Microorganisms trigger innate and adaptive immune
system responses, and this may promote malignancy
[86]. Inflammatory mediators such as cytokines and che-
mokines have a direct impact on tumors and contribute
to several markers of cancer [87].Bacteria affect carci-
nogenesis in four ways: stimulating cell proliferation or
death, disrupting immune system function, affecting host
cell metabolism [88], and triggering genomic instability
and DNA damage [89].

Bacteria use their components, products, and metab-
olism to interact with tissues and potentially influ-
ence cancer development. Ovarian cancer is one of the
main causes of death related to gynecological cancers.
Although surgery and platinum-based chemotherapy
are standard treatments, most patients will relapse and
die from the disease. Chambers LM et al. have shown
that the use of antibiotics may affect the efficacy of
chemotherapy and immunotherapy in patients with
non-gynecological cancers. Through a retrospective
single-institution cohort study (2009-2015), 424 newly
diagnosed patients with ovarian cancer were included,
all of whom received cytoreductive surgery and chemo-
therapy. The grouping results were patients who received
antibiotic treatment, anti-Gram-positive bacteria antibi-
otics such as vancomycin, and those who did not receive
antibiotic treatment. After statistical analysis, it was con-
cluded that patients receiving antibiotic treatment sig-
nificantly reduced progression-free survival and overall
survival. The use of anti-Gram-positive antibiotics had
a more significant impact on the survival of patients.
Researchers have demonstrated that the use of antibi-
otics is associated with a shortened progression time of
ovarian diseases and a deterioration in overall survival,
affecting the response and resistance to platinum-based
chemotherapy [90].The application of antibiotics can dis-
rupt the balance of the gut microbiota. The destruction of
the microbiota structure may lead to the aggravation of
patients’ symptoms or the occurrence of complications,
affecting the ultimate survival time and treatment effect
of patients.
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Chambers LM et al. found that ovarian tumors in mice
treated with antibiotics grew faster, resulting in a reduced
efficacy of cisplatin and a shortened survival period of
mice. Researchers believe that antibiotics significantly
disrupt the diversity of the gut microbiota, reduce non-
drug-resistant bacterial species, and increase drug-resis-
tant bacteria such as Enterobacteriaceae. Chambers LM

et al. transplanted the gut microbiota of control group
mice into antibiotic-treated mice, which restored cispla-
tin sensitivity and prolonged survival. Metabolite detec-
tion revealed that antibiotics reduced the metabolites
of gut microbiota in plasma (such as indole-3-propionic
acid and indoleophenol sulfate), and gut microbiota
transplantation could partially restore the levels of these
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metabolites. Antibiotics lead to drug resistance by reduc-
ing DNA damage (down-regulation of 53BP1), enhanc-
ing repair (up-regulation of BRCA1), and promoting
angiogenesis (up-regulation of CD31). Meanwhile, RNA
sequencing revealed that the expression of stem cell-
related genes (such as SOX2 and WNT7a) in tumors
treated with antibiotic was upregulated, and the epithe-
lial-mesenchymal transition and hypoxia pathways were
activated. The research supports the role of the intestinal
microbiota in inhibiting tumor growth and maintain-
ing chemotherapy sensitivity, suggesting that antibiotics
should be used with caution in clinical practice to avoid
disrupting the microbiota. Meanwhile, this also suggests
that microbiota transplantation or metabolite interven-
tion may be a new strategy to overcome platinum resis-
tance [91].

The microbiome’s role in tumor development, par-
ticularly estrogen-mediated cancer, is of great interest.
Microbes that are associated with cancer can target the
Wnt/B-catenin signaling pathway in several ways. Bacte-
ria may attach to epithelial cells through FadA adhesion,
and this allows them to invade the host tissue and induce
inflammatory responses that contribute to carcinogen-
esis. FadA activates B-catenin by binding to E-cadherin
on the surface of the host cell. This interaction causes
differential regulation of inflammatory processes and
promotes carcinogenic responses. This stimulates cell
growth and supports the development of cancer. Signal-
ing cascades and receptor recognition patterns may be
involved in breaking down the boundary between host
cells and microbes. The NF-kB and STAT3 signaling
pathways are crucial in regulating chronic inflammatory
feed-forward loops that are linked to cancer development
[92-94]. These pathways contribute to sustained inflam-
mation, which can aid tumorigenesis. Additionally, sus-
ceptibility to HIV significantly increases when the vaginal
epithelial barrier is disrupted, often due to the influ-
ence of vaginal bacteria. These bacteria play a key role in
enhancing the secretion of pro-inflammatory cytokines
during the epithelial cell response to HIV, thereby exacer-
bating the infection and its effects [95].

Summary and outlook

Increasingly more research has explored the gut micro-
biota and its potential effects on human health. Stud-
ies indicate that alterations in the gut microbiota may
be associated with the development and progression of
various diseases (Fig. 5). Notably, emerging evidence sug-
gests a strong link between gut microbiota dysbiosis and
ovarian-related infertility, possibly mediated through sys-
temic inflammation, hormonal imbalance, and metabolic
disturbances [96]. Empirical evidence from animal mod-
els provides strong support for the role of the microbi-
ome in chronic disease conditions. Human diseases are
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consistently linked to fecal microbiota, with recent sys-
tematic reviews highlighting parallel disruptions in both
gut and genital tract microbiomes in fertility disorders.
The microbiota of diseased individuals significantly dif-
fers from that of healthy individuals in terms of taxo-
nomic composition, diversity indices, and/or functional
values/abundance. The disease-associated changes in
the microbiome are commonly known as the ‘dysbiosis’
microbiome domain. Identifying the etiological compo-
nents of the complex microbiota responsible for pathol-
ogy can be quite challenging. This is mainly due to the
highly individualized nature of the community, which
comprises bacteria, archaea, fungi, viruses, and protozoa.
All these microorganisms, along with their metabolites,
may significantly contribute to the development of dis-
eases, either individually or in combination.

The studies that were highlighted and discussed in this
review have clearly established a significant correlation
between gut microbiota and ovarian disease. Various
ovarian diseases have been observed to cause changes
in microbiota. Moreover, animal studies have provided
compelling evidence of the causal relationship between
microbiota and ovarian disease, mainly through regula-
tory pathways, immunity, or pathogenic mechanisms. It’s
important to note that alterations in the gut microbiota
may have potential benefits in disease treatment. Further
evidence is needed to determine causality, concomitance,
or unrelatedness to the disease.

The function of gut microbiota has become increas-
ingly important to various medical fields in recent years.
As a result, extensive research is being undertaken con-
cerning the mechanisms of action through which the gut
microbiota interferes with diseases. Moreover, the avail-
able methods for microbiota analysis have advanced.

Characterizing the gut microbiota in various ovarian
disease populations provides insight into certain patho-
logical mechanisms. Different drugs alter the gut micro-
biota, thereby presenting a link and potential target for
pharmacological mechanisms of action. Using probiotics
to regulate gut microbiota presents a safe and effective
therapy for ovarian disease. The introduction of active
health in China has made primary prevention of ovar-
ian disease from the gut microbiota a possibility. Further
research on the mechanism of action of the gut micro-
biota is crucial as it positively impacts human health.
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