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Endometriosis is widely recognized as a chronic, inflammatory, and
heterogeneous condition that can manifest in various anatomical locations
within females. It is marked by estrogen-driven cycles of bleeding, cell
proliferation, and fibrosis involving ectopic endometrial glands and stroma cells
located outside the uterus. The limited understanding of its etiology and complex
pathogenesis has created obstacles in achieving early diagnosis and developing
effective treatments with minimal side effects. Consequently, endometriosis
requires more in-depth research to unravel its pathogenesis. The gut
microbiota, a key player in chronic diseases, significantly influences bodily
metabolism and immune regulation. Emerging evidence links the gut
microbiota to inflammation, estrogen metabolism, and immune responses—
key factors in the onset and progression of endometriosis. This review examines
the various mechanisms through which endometriosis and the gut microbiota
interact, aiming to inspire new strategies for preventing and early
treating endometriosis.
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1 Introduction

Endometriosis is a chronic systematic disorder characterized by dysmenorrhea,
persistent pelvic pain, infertility, and pelvic masses, predominantly affecting women of
reproductive age (Saunders and Horne, 2021). Estimated to impact 5-10% of women who
desire children, this condition currently has no known cure (Taylor et al., 2021; Saunders
et al., 2024). Diagnosis typically requires surgical confirmation of endometrial-like tissue
(“lesions”) located outside the uterus, a process that can take an average of seven years from
the onset of symptoms (Horne and Missmer, 2022). Women with endometriosis frequently
experience fatigue, depression, and other mental health issues before and after diagnosis
(Cuffaro et al., 2024; Sinai et al., 2024). Overall, endometriosis significantly affects both
physical health and mental well-being. The complex and multi-faceted nature of
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endometriosis, emphasizes not only the physical but also the
psychological burden of the disorder. The prolonged diagnostic
delay, averaging seven years, underscores the challenges in early
identification, likely due to the disease’s complex pathology and
overlapping symptoms with other conditions. The mental health
toll on affected women—manifesting in fatigue, depression, and
other psychological issues—indicates that endometriosis is not
solely a gynecological condition but a systemic issue impacting
the quality of life.

The gut microbiota, a relatively new area of scientific research, is
estimated to contain around 10" bacteria, a number comparable to
the total count of human cells. In contrast, the bacterial gut
microbiome, which refers to the collective gene pool encoded by
these gut bacteria, contains roughly 100 times more unique genes than
the human genome. This intricate ecosystem, shaped by a long history
of co-evolution between microbes and their hosts, and its close
relationship with human health, has increasingly captured the
interest of researchers over the past few decades (Round and
Mazmanian, 2009; Visconti et al., 2019; Van Hul et al.,, 2024). The
fact that the gut microbiome contains far more unique genes than the
human genome suggests that our microbial partners may contribute
to functions beyond human genetic capabilities. This rich genetic
reservoir likely supports essential roles in metabolism, immune
function, and even mental health. The intricate co-evolutionary
relationship hints at a deep biological interdependence and its link
to health underlines the need for further exploration. Continued
research into the gut microbiota may unlock new insights into
disease prevention, personalized medicine, and overall well-being.

There is substantial evidence linking gut microbiota to the
pathogenesis of endometriosis, spanning from physical injury to
mental health effects like depression. In this process, the gut
microbiota influences the immune system (Fan et al, 2023),
estrobolome (Alghetaa et al, 2023), and brain-gut axis (Salliss et al,
2022). The connection between gut health and endometriosis symptoms
—including both physical and mental health effects—suggests a need for
a broader, systemic approach to the disease, extending beyond
traditional gynecological perspectives. However, the specifics of these
linkages remain underexplored. This review aims to synthesize recent
advancements in our understanding of endometriosis pathobiology,
with a focus on the inflammatory, metabolic, and pain pathways
influenced by the gut microbiota. By examining its relationship to
endometriosis, physical injury, and mental health, we provide a
comprehensive overview of this emerging field. In the concluding
sections, we discuss ongoing clinical trials and consider how recent
insights may lead to effective non-surgical treatment options.

2 Endometriosis: pathophysiology and
symptoms

2.1 Current conceptions in pathogenesis of
endometriosis

The etiology of endometriosis is complex, with multiple factors
contributing to the development of this disorder (Ochoa Bernal and
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Fazleabas, 2024). Several theories have been proposed to explain its
origin, with Sampson’s retrograde menstruation theory currently the
most widely accepted. In 1927, Sampson suggested that endometriosis
results from the reflux of endometrial fragments through the fallopian
tubes during menstruation, which then attach and implant, forming
peritoneal and ovarian lesions (Sampson, 1927). However, a limitation
of this theory is that it cannot account for the fact that while retrograde
menstruation occurs in up to 90% of reproductive-aged women, only
6-10% go on to develop endometriosis (Ochoa Bernal and Fazleabas,
2024). Another prominent theory, Coelomic Metaplasia, explains the
occurrence of endometriosis in females who do not menstruate, such
as premenstrual adolescent girls, postmenopausal women, or those
with total hysterectomies, as well as patients with Mayer—Rokitansky—
Kister-Hauser (MRKH) syndrome, a condition associated with the
absence of a uterus (Troncon et al., 2014). Another influential theory,
the Embryonic Rest Theory, was introduced by Von Recklinghausen
and Russell in the 1890s. It proposes that embryonic cell remnants of
Miillerian origin within the peritoneal cavity may differentiate into
functional endometrial tissue under certain conditions. This could
explain rare cases of endometriosis in men, as Miillerian cell rests exist
in males and may reside anywhere along the migration pathway of the
Miillerian system.

Another proposed mechanism, the lymphatic dissemination
theory, suggests that endometrial tissue spreads through the vascular
and lymphatic systems, which accounts for its presence in lymph
nodes and distant locations. The Tissue Injury and Repair (TIAR)
Theory posits that endometriosis results from trauma, involving an
estrogen-driven mechanism that is abnormally amplified in
reproductive organsl6. Meanwhile, Quinn’s “Denervation-
Reinnervation” Theory proposes that endometriotic cells may
migrate outside the uterine cavity following nerve injuries in the
uterus and uterosacral ligaments, often after challenging deliveries or
persistent strain during defecation (Quinn, 2011). The Stem Cell
Theory also presents an intriguing perspective, proposing that stem
cells from the basalis layer of the endometrium can migrate through
the fallopian tubes or spread via lymphatic and vascular routes during
menstruation, establishing endometriotic lesions beyond the
peritoneal cavity (Cordeiro et al., 2022). Lastly, the genetic/
epigenetic theory—one of the most recent explanations—suggests
that genetic and epigenetic alterations, alongside overlapping cellular
processes, create the conditions that contribute to endometriosis
development (Koninckx et al., 2019).

2.2 Pathophysiology of endometriosis

Cell proliferation, invasion, and angiogenesis—characteristics
common to both endometriosis and malignant tumors—are driven
by chronic inflammation that promotes malignancy (Tulandi and
Vercellini, 2024). Factors such as hormones, the immune
microenvironment, and inflammation are crucial in the progression
of endometriosis. The growth of endometriotic implants is particularly
driven by estradiol, a key estrogen steroid hormone (Bulun et al., 2019;
Smolarz et al, 2021). Ectopic endometrial tissues exhibit an
overexpression of estrogen receptor beta (ER-beta), which in turn
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suppresses the activity of estrogen receptor alpha (ER-alpha). This
suppression diminishes the ability of ER-alpha to induce the
progesterone receptor, ultimately leading to enhanced cell survival
and inflammation via ER-beta activation (Patel et al, 2017; Taylor
etal, 2021). Progesterone typically inhibits estrogen-driven endometrial
proliferation, induces decidualization of the endometrium, and acts as
an anti-inflammatory agent. However, in endometriosis, progesterone
resistance was first observed in in-vitro studies, where progesterone fails
to stimulate the production of retinoic acid, the resulting deficiency in
retinoic acid contributes to elevated estradiol levels in endometriotic
lesions, thereby promoting their growth. Additionally, endometriosis is
marked by a low ratio of progesterone receptor isoform B (PR-B) to
progesterone receptor isoform A (PR-A) (Patel et al., 2017).
Endometriosis is a chronic inflammatory disease that is dependent
on estrogen, with endocrine and immunological interactions playing a
vital role in its pathogenesis. The overproduction of estrogen and
resistance to progesterone lead to dysfunction in the peritoneal
immune microenvironment. The increased expression of estrogen
receptor alpha (ER-alpha) and estrogen receptor beta (ER-beta)
enhances macrophage recruitment and M2 polarization while
diminishing phagocytic activity and the production of pro-
inflammatory cytokines, thereby inhibiting the inflammatory
response. Estrogen also reduces the cytotoxic activity of natural
killer (NK) cells due to decreased autophagy in endometrial stromal
cells (ESCs), promoting immune evasion by ESCs and contributing to
the development of endometrial lesions. Additionally, hormones have
a significant impact on the activity of neutrophils, T cells, and B cells,
as well as on the expression of pro-inflammatory cytokines.
Additionally, endometriosis is considered a chronic systemic disease
involving various pro-inflammatory and inflammatory components,
such as microRNAs, cytokines, and stem cells (Taylor et al., 2021;
Lamceva et al., 2023). Numerous links between inflammation and
endometriosis have been identified (Oala et al., 2024). Despite these
insights, no single theory has fully explained the pathogenesis of
endometriosis. However, advancements in technology are unraveling
an increasing number of complexities through multi-omics
approaches, including single-cell sequencing and transcriptome
analysis (Fonseca et al., 2023; Liu et al,, 2023; Sarsenova et al., 2024).

2.3 Symptoms and complications

Endometriosis does not exhibit pathognomonic signs or
symptoms that are unique to a disease localized in the pelvis;
rather, it manifests symptoms that are often associated with a
variety of both gynecological and non-gynecological conditions.
This condition is associated with a wide range of symptoms, with
the most prevalent being pain, bowel and bladder issues, as well as
symptoms related to other chronic pain conditions, such as fatigue
and depression (Bulun et al., 2019). Notably, studies indicate no
direct correlation between the type or location of endometriosis and
the symptoms experienced (Pant et al., 2023). The variability of
symptoms—some of which may not occur in all patients—
contributes to the well-documented delays in diagnosis, as they
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often overlap with other conditions. Many individuals with
endometriosis report experiencing dysmenorrhea and chronic
pelvic pain during adolescence or early adulthood (Sasamoto
et al., 2022). However, these painful symptoms are frequently
underestimated and dismissed as normal or transient experiences
for young women (Martire et al., 2023). The impact of
endometriosis extends to multiple aspects of life (Zondervan
et al, 2018; Nassiri Kigloo et al., 2024; Thiel et al., 2024),
including obstetrical complications, unnoticed organ dysfunction,
an increased risk of ovarian cancer, strained relationships, elevated
levels of depression and anxiety, financial burdens from expensive
fertility treatments, and absenteeism from work. For those facing
“unexplained infertility,” the absence of a diagnosis can lead to an
emotionally challenging journey and a significant decline in health-
related quality of life (Nezhat et al., 2024). As shown in Figure 1, we
provide an overview of the symptoms of endometriosis, including
both clinical somatic and mental symptoms.

2.4 Gut microbiota: composition and
functions

The gut microbiota, also known as the gut microbiome (GM),
refers to the diverse array of microorganisms that reside in the
human gastrointestinal (GI) tract. Although it is commonly referred
to as the gut microbiome, this community includes not only
bacteria but also fungi, viruses, and helminths. Bacteria make up
a substantial part of the gut microbiome and are more thoroughly
characterized compared to the other less understood components.
From the earliest stages of human life, the gut microbiome plays a
vital role in various physiological processes, such as nutrient
absorption, maintaining the integrity of the GI lining, regulating
immune and endocrine functions, and safeguarding against
pathogenic threats (Salliss et al., 2022; Fasano et al,, 2024).

There is growing evidence linking alterations in the microbiome to
a diverse array of diseases, including inflammatory bowel disease
(IBD), liver disorders, obesity, diabetes, and even some neurological
conditions (Round and Mazmanian, 2009). The idea of microbiome
imbalance has been linked to various disease states (Round and
Mazmanian, 2009; Wang M-Y. et al., 2024). However, while
correlations can be identified, establishing causation and predicting
disease progression based on microbiome composition remains a
complex challenge.

Research has revealed the existence of unique bacterial communities
throughout the female reproductive tract, establishing a continuum of
microbiotas that extends from the vagina to the ovaries. Furthermore, a
growing body of evidence underscores the significance of gut microbiota
in the progression of endometriosis (Chen et al,, 2017; Huang et al,
2021; Jiang et al,, 2021; Li et al., 2021; Talwar et al., 2022; Alghetaa et al,,
2023; Cuffaro et al., 2024; Liu et al., 2024; Wang M. et al,, 2024). A more
thorough understanding of the relationship between microbiota and
endometriosis has unveiled their potential role in the development of
this condition (van Barneveld et al, 2022; Chadchan et al, 2023;
Lamceva et al,, 2023). All of these factors may significantly contribute
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FIGURE 1
The common symptoms associated with endometriosis.

to the pathogenesis of endometriosis, particularly in light of recent
advances in understanding the pathological mechanisms involved, such
as adhesion, invasion, and angiogenesis.

3 Gut microbiota and endometriosis:
mechanistic links

3.1 Immune and inflammatory responses

Imbalances in the gut and female reproductive tract microbiomes
disrupt normal immune function, prompting inflammatory responses
that elevate pro-inflammatory cytokines, impair immune surveillance,
and alter immune cell profiles (Visconti et al., 2019). This immune
imbalance can lead to chronic inflammation, fostering conditions that
support increased adhesion and angiogenesis, potentially driving the
cycle of endometriosis onset and progression. As shown in Figure 2,
studies have indicated that the inflammatory response in the
peritoneal fluid of EMs patients is active, with an enhanced
aggregation of inflammatory cells and a significant difference in the
expression of various inflammatory factors compared to healthy
women (Samimi et al., 2019). In healthy women without
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endometriosis, immune cells, including macrophages and natural
killer (NK) cells, are recruited and activated to remove endometrial
debris that has refluxed into the peritoneal cavity (Reis et al., 2024).
Furthermore, chemokines released by immune cells create a pro-
inflammatory environment that prevents the implantation of ectopic
endometrial tissue. In contrast, patients with endometriosis (EMs)
have a unique immune-inflammatory microenvironment, where
ectopic endometrial cells in menstrual blood can evade immune
surveillance and develop into endometriosis lesions (Suryawanshi
et al, 2014).The occurrence and development of endometriosis
involve a variety of immune cells, including lymphocytes, dendritic
cells, and macrophages. These immune components play a crucial role
in driving the implantation and growth of endometriosis (Vallve-
Juanico et al., 2019; Chen et al., 2023). Studies have shown that ectopic
endometrial cells exhibit distinct immunophenotypes and biological
activities, which can activate neutrophils, macrophages, natural killer
cells, and dendritic cells in the abdominal cavity, thereby contributing
to immune-related inflammatory responses (Vetvicka et al.,, 2016).
Lymphocytes are the smallest white blood cells, produced by
lymphoid organs, and play essential roles in immune functions.
They are classified into T lymphocytes (T cells), B lymphocytes (B
cells), and natural killer (NK) cells. Retrospective studies have
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Effects of gut dysbiosis and its metabolite pathophysiology of endometriosis. combined effects of gut dysbiosis and altered microbial metabolites contribute
to the systemic inflammatory environment and hormonal disturbances, exacerbating endometriosis symptoms and promoting lesion growth.

confirmed that endometriosis (EMS) is associated with alterations
in T cell activity (de Barros et al, 2017). Regulatory T cells
participate in the angiogenesis of EMS (Wang et al., 2017). The
development and growth of eEMS lesions are linked to the
activation of both systemic and local humoral responses, which
are driven by an increase in Th2 lymphocyte numbers (Antsiferova
et al,, 2005). Gogacz et al. (2016)found that the percentage ratio of
Th17 cells in ascites was positively correlated with the severity of
EMS, suggesting that a decrease in the ratio of Th17 to total CD4+ T
lymphocyte subsets may contribute to excessive proliferation of
ectopic endometrial tissue, thereby driving disease progression. In
the pathogenesis of EMS, B lymphocytes may also play a role by
secreting autoantibodies (Osuga et al., 2011). Riccio et al. (2018)
observed that reduced cytotoxicity of NK cells can promote ectopic
endometrial adhesion and proliferation, leading to the formation of
lesions, which helps to explain the immune escape mechanism of
endometrial cells. Furthermore, the proportion of uterine natural
killer (uNK) cells was found to be significantly lower in ectopic
lesions. Drury et al. (2018) suggest that the reduction in uNK cells
associated with ectopic endometrial cells may play a role in the early
formation of these lesions.

A dendritic cell (DC) is an antigen-presenting cell that can
recognize and capture antigens, promoting the differentiation of naive
T cells and thereby inducing an antigen-specific immune response. In
the lesion, activated DCs stimulate T cells, contributing to the damage of
early EMs lesions (Stanic et al., 2014). The expansion of myeloid-derived
suppressor cells (Mo-MDSCs) and regulatory T cells (Tregs) derived
from monocytes in EMs contributes to the creation of an intraperitoneal
immunosuppressive microenvironment in EMs patients, thereby
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promoting disease progression. Compared to healthy women, patients
with EMs exhibit higher concentrations of Tregs, which suppress the
body’s immune response to ectopic lesions. This inhibition fosters an
anti-inflammatory environment, facilitating the ectopic implantation
and growth of endometrial cells.

The reduced phagocytic activity of macrophages may contribute
to the pathogenesis of EMS, although the exact mechanism remains
unclear (Liu et al., 2019). Since EMs lesions involve recurrent tissue
damage and repair, M1 macrophages may play a role in mediating
tissue damage and triggering an inflammatory response during the
early stages of endometriosis. Subsequently, M2 macrophages
contribute to tissue repair and support the growth of endometriosis
lesions (Duan et al, 2018). The expansion of myeloid-derived
suppressor cells (Mo-MDSCs) and regulatory T cells (Tregs) derived
from monocytes in EMs contributes to the development of an
intraperitoneal immunosuppressive microenvironment, thereby
promoting the progression of the disease (Chen et al., 2018). Thus,
it seems that the mononuclear phagocyte system plays a role in
promoting the growth of aberrant blood vessels in EMs, with its
production of proinflammatory cytokines contributing to the
establishment of an inflammatory environment that accelerates
disease progression.

In cases of endometriosis, however, elevated levels of cytokines
in the peritoneal fluid, such as interleukin (IL)-6, IL-1, IL-8, tumor
necrosis factor (TNF)-c, and transforming growth factor (TGF)-f3,
contribute to the development of a chronically inflamed peritoneal
environment (Chen et al., 2023; Nati et al., 2024). Both the innate
and adaptive immune systems contribute to the development of
ectopic lesions in endometriosis. Dendritic cells promote
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angiogenesis and lesion formation, while neutrophils are recruited
early to release vascular endothelial growth factor (VEGF) and
neutrophil extracellular traps (NETs). This shift in the immune cell
profile creates a chronic inflammatory environment that fosters
neuro-angiogenesis and immune evasion, thereby exacerbating
lesion progression (Fan et al., 2023). Both pro-inflammatory and
anti-inflammatory molecules appear to play a role in the
development of endometriosis. Emerging evidence suggests that
platelets and regulatory T cells (Tregs) may promote type 2
immunity within the lesional microenvironment, facilitating
lesion growth and fibrogenesis. This is achieved through
increased recruitment of macrophages, M2 macrophages, Tregs,
Th2, and Th17 cells, along with reduced Thl cell activity.
Additionally, the release of cytokines such as IL-37, IL-23, IL-17,
and others further drives lesion progression (Podgaec et al., 2007;
Sisnett et al., 2024; Gogacz et al., 2016; Xiao et al., 2020; Shi et al.,
2022; Li et al, 2024). Neutrophils produce pro-inflammatory
cytokines, including vascular endothelial growth factor (VEGE),
IL-8, IL-12, CXCL10, and CXCL12, all of which can contribute to
the progression of the disease (Munros et al., 2019). Neutrophils can
activate key mediators by secreting proteases, such as neutrophil
elastase, which play a role in promoting the initial development of
EMs (Takamura et al, 2016). In summary, neutrophils secrete
biochemical factors that facilitate the growth, invasion, and
angiogenesis of endometriotic cells. Research has shown that
Th17 cells, which co-secrete interleukin (IL)-10 and IL-17A,
promote the growth, adhesion, invasion, and deep infiltration of
endometrioid cells (ESCs), thereby accelerating the progression of
EMs (Chang et al.,, 2017). IL-8 is implicated in all stages of EMs
development. It can induce the adhesion, invasion, implantation,
and proliferation of ectopic endometrial cells, while also potentially
protecting these cells from apoptosis, thereby aiding their survival
and persistence (Sikora et al., 2017). IL-33 can initiate both local
and systemic signaling, stimulating the proliferation of EMs lesions
and inducing angiogenesis. In vitro stimulation of endometrial
epithelial cells, endothelial cells, and EMS epithelial cells with IL-
33 promotes the production of pro-inflammatory and angiogenic
molecules. Biomolecules involved in or related to immune
responses are collectively referred to as immune molecules. Their
primary biological function is to bind to specific factors, facilitating
immune cell recognition, intercellular signaling, and interactions
between cells and tissues.

The complement system constitutes a crucial component of the
human body’s first line of defense against microbial pathogens, while
also playing essential roles in immune surveillance, infection control,
and the regulation of inflammation. In the context of endometriosis,
increasing attention has been directed toward understanding the
involvement of the complement system. Notably, as early as 1988, a
study reported decreased levels of complement components C3 and
C4 during the follicular phase of the menstrual cycle in patients with
endometriosis, highlighting a potential link between complement
activity and disease pathogenesis (Meek et al., 1988). Subsequently,
in 2007, another study reported elevated levels of complement
components C3c, C4, and SC5b-9 in the serum compared to the
peritoneal fluid of women with endometriosis. Interestingly, the levels
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of iC3b were found to be higher in the peritoneal fluid relative to the
serum. Furthermore, the study demonstrated that the concentrations
of C3c¢, C4, and SC5b-9 in both the peritoneal fluid and serum were
significantly higher in women with endometriosis compared to
healthy controls. In contrast, the levels of iC3b in both
compartments — peritoneal fluid and serum — were significantly
lower in patients with endometriosis than in the control group (Kabut
et al,, 2007). In patients with adenomyosis, treatment with danazol for
eight weeks was associated with an increase in C4 levels, while C3
levels showed a decrease (Ota et al., 1992). Additionally, researchers
observed significantly elevated levels of C1q, mannose-binding lectin
(MBL), and CI inhibitor (C1INH) in the peritoneal fluid (PF) of
women with endometriosis compared to healthy controls (p < 0.0001),
with these differences being particularly pronounced during the early
stages of the disease (Sikora et al., 2018). Through co-expression
analysis and experimental validation, researchers demonstrated that
the upregulation of complement components (C1S, C1QA, CIR, and
C3) was positively correlated with the expression of tissue factor (TF)
in endometriotic (EM) tissues (Yu et al., 2021). The C5a serum levels
were higher in patients with EM than in controls but not associated
with the severity or clinical findings (Rahal et al, 2023). Using
immunohistochemistry (IHC), researchers confirmed that
complement factor 7 (C7) was highly expressed in both
endometriosis and ovarian cancer tissues, whereas normal
endometrial tissues exhibited little to no mRNA expression.
Moreover, the protein expression levels of C7 were consistent with
the corresponding gene expression data (Suryawanshi et al., 2014).
The serum levels of adipsin and complement factor- H(CFH) were
found to be significantly increased in women with endometriosis.
What is more, a strong and positive correlation was also observed
between peritoneal fluid levels of adipsin and CFH (Eskin Tanriverdi
et al,, 2025). High Mannose-binding lectin (MBL) level, a
carbohydrate pattern recognition molecule—the first described
recognition subcomponent of the complement lectin pathway was
also found to be related to the disease severity (Toffoli et al., 2025).
Currently, research on the role of the complement system in
endometriosis remains fragmented and incomplete, with limited
studies exploring its detailed molecular mechanisms. Among the
various components of the complement system, complement
component 3 (C3) has been the most extensively studied in the
context of endometriosis (Kabut et al., 2007; Karadadas et al., 2020;
Agostinis et al., 2021). Various studies have demonstrated that the
complement system represents one of the most critical immune
mechanisms involved in the clearance of endometrial debris and the
regulation of the inflammatory response of ectopic endometrial tissue
within the peritoneal cavity. It plays a pivotal role in the initiation and
progression of endometriosis. Therefore, further in-depth
investigations focusing on the complement system may offer
valuable insights and provide a theoretical basis for exploring it as a
potential therapeutic target for the treatment of endometriosis.

In summary, dysbiosis in the gut and female reproductive tract
disrupts immune function, triggering inflammatory responses that
elevate pro-inflammatory cytokines, compromise immunosurveillance,
and alter immune cell profiles (Gogacz et al., 2016; Riccio et al., 2019;
Suen et al., 2019; Xiao et al., 2020; Shi et al., 2022). This imbalance can
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cause structural and functional damage across multiple organs,
potentially affecting entire bodily systems. The resulting immune
dysregulation often leads to chronic inflammation, fostering
conditions conducive to increased adhesion and angiogenesis, which
in turn perpetuate the cycle of endometriosis onset and progression
(Vallve-Juanico et al., 2019).

3.2 Gut microbiota in endometriosis

Comprising trillions of microorganisms in the intestines, the
gut microbiota is essential for regulating immune responses,
managing inflammation, and preserving overall health (Visconti
etal, 2019; Van Hul et al., 2024). Increasing evidence indicates that
dysbiosis—an imbalance in gut microbiota—can contribute to
various conditions beyond the gastrointestinal tract, including
reproductive disorders like endometriosis.

Most of the literature on microbiota and endometriosis available
so far focuses on the flora of the reproductive tract. For example, a
research team from Nagoya University in Japan published a paper in
Science Translational Medicine titled “Fusobacterium infection
promotes the development of endometriosis through the phenotypic
transition of endometrial fibroblasts” (Muraoka et al., 2023). This
study identifies Fusobacterium infection as a potential causative agent
of endometriosis. The researchers found elevated levels of
Fusobacterium in the endometrium of women with endometriosis,
particularly Fusobacterium nucleatum, which was significantly more
abundant in the tissues of endometriosis (EMs) patients compared to
the control group. F. nucleatum induces an innate immune response
via its membrane lipopolysaccharide and increases the number of
CD163-positive M2 macrophages, the predominant immune cells in
endometriotic lesions. These M2 macrophages produce TGF-B1, and
there was a marked increase in macrophages and TGF-B1 infiltrating
the endometrial tissue compared to the control group. In vitro, assays
demonstrated that even heat-inactivated F. nucleatum promoted M2
macrophage formation and stimulated TGF-B1 production. These
findings suggest that F. nucleatum in the endometrium may influence
the abundance of TAGLN in fibroblasts by upregulating TGF-f1
signaling. An increasing number of studies have shown that the gut
microbiota also plays a critical role in endometriosis. The interaction
between the immune system and gut microbiota is fundamental to
maintaining immune homeostasis, influencing both local and
systemic immune responses that can impact the development and
progression of endometriosis. As a result, many researchers have
conducted in-depth studies to explore the relationship between
endometriosis and the intestinal microbiota, aiming to understand
how microbial imbalances in the gut may contribute to the onset and
progression of the disease. Yuan et al. (2018) used a mouse model of
endometriosis to observe changes in the intestinal microbiota over
time. While clear adhesion formation and typical ectopic foci were
observed in the abdominal cavity 14 and 28 days after modeling, there
were no significant differences in the diversity and abundance of the
intestinal microbiota during these early stages. It was not until 42 days
after modeling that a significant difference in B-diversity was observed
between the endometriosis model group and the control group.
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Specifically, the intestinal microbiota in the endometriosis model
group was enriched in Firmicutes, whereas the control group was
enriched in Bacteroidetes. This finding suggests that the disease has a
cumulative effect on the intestinal microbiota over time and that
effective intervention during this process may help prevent the further
progression of pathological changes. Cao et al. (2020) also found that
the Firmicutes/Bacteroidetes ratio increased in rats after the successful
establishment of the endometriosis model, indicating that
endometriosis causes an imbalance in the intestinal microbiota. This
result was further confirmed in a study of rhesus monkeys (Bailey and
Coe, 2002). Moreover, in the monkeys with endometriosis, the
number of Lactobacillus decreased in older individuals, while the
numbers of Gram-negative aerobic bacteria and facultative anaerobic
bacteria increased (Bailey and Coe, 2002).

However, animals and humans are not directly comparable. Ata
et al. (2019) showed that, although the overall composition of the
intestinal microbiota in women with stage 3/4 endometriosis was
similar to that of healthy women, there were differences at the genus
level. Women with endometriosis were more likely to have Shigella/
Escherichia coli as the dominant bacteria in their fecal microbiota. This
suggests that endometriosis-induced changes in gut microbiota have
been observed in both animal and human studies, providing valuable
data for understanding the pathological changes in the later stages of
the disease. Furthermore, studies have confirmed that an imbalance in
intestinal flora promotes the development of endometriosis.
Chadchan et al. (2019) found that the content of Bacteroides in the
feces of endometriosis mice was higher compared to non-
endometriosis mice. After treatment with metronidazole, Bacteroides
was no longer detectable in the feces of endometriosis mice.
Bacteroides is known to be a gram-negative, non-sporulating
anaerobe that is part of the endogenous microbiota in humans and
other mammals. When treated with metronidazole, the mice exhibited
smaller endometriosis lesions. It is speculated that metronidazole
targets Bacteroides species, leading to a reduction in macrophages in
the lesion, a decrease in the number of epithelial cells positive for Ki-67
(a proliferation marker), and lower concentrations of tumor necrosis
factor (TNF)-o,, interleukin (IL)-6, and transforming growth factor
(TGF)-B1 in the peritoneal fluid. This suggests that metronidazole
plays a role in inhibiting the proliferation of endometriosis lesions. A
key finding of this study was that when mice were treated with
metronidazole and the volume of endometriosis lesions significantly
reduced, the volume of lesions in recipient mice significantly increased
after receiving fecal microbiota from endometriosis mice. This
indicates that the microbiota plays a crucial role in the progression
of endometriosis. Due to ethical limitations, no studies have directly
investigated whether human microbiota can cause disease. While the
advent of 16S rRNA gene sequencing technology has enabled
researchers to analyze the fecal microbiota of patients with
endometriosis and identify more precise differences between
patients and non-patients, it has not yet been possible to establish
causality between the gut microbiota and the disease. The exact
mechanism of action remains unclear. However, many researchers
favor the hypothesis of bidirectional regulation between endometriosis
and the gut microbiota, suggesting a complex interplay between
the two.
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Gut health influences the endometrium primarily through the
modulation of systemic and local inflammation. The gut acts as a vital
site for immune system interaction, and disturbances in gut
microbiota can result in chronic low-grade inflammation. This
inflammatory state can extend beyond the gut and impact distant
tissues, including the endometrium. In cases of endometriosis, gut
dysbiosis may worsen the inflammatory environment in the pelvic
region, promoting the growth of endometrial-like tissue outside the
uterus. This inflammation disrupts the normal functioning of the
endometrium, impairing its roles in the menstrual cycle and fertility.

Another important way gut microbiota may affect endometrial
health is through hormone regulation (Baker et al,, 2017). The gut is
involved in the metabolism of estrogen via the estrobolome, which
consists of gut bacteria that modulate circulating estrogen levels. An
imbalance in these bacteria can lead to elevated or altered estrogen
levels, a key hormone in the development and progression of
endometriosis. Estrogen promotes the proliferation of endometrial
tissue, and disruptions in gut microbial activity can contribute to
hormonal dysregulation, exacerbating endometriosis symptoms and
negatively affecting reproductive health.

Moreover, gut health is essential for maintaining the integrity of
the gut barrier and, by extension, the pelvic barrier, which helps
prevent harmful bacterial by-products such as lipopolysaccharides
(LPS) from entering the bloodstream (Su et al., 2024). When these

10.3389/fcimb.2025.1526063

endotoxins penetrate the barrier, they can exacerbate the
inflammatory processes associated with the pathogenesis of
endometriosis, negatively impacting both the endometrium and
reproductive health. This underscores the vital importance of
maintaining a healthy gut microbiota to support not only proper
gastrointestinal function but also overall reproductive health.

As shown in Figure 3, intestinal flora is closely linked to
endometriosis. Current studies suggest a strong relationship
between immunity and hormone metabolism, with the gut
microbiota potentially playing a significant role in the onset and
progression of endometriosis. This influence may occur through
various mechanisms, including mediating inflammatory responses,
regulating immune function, and interfering with estrogen
metabolism. Additionally, the gut microbiota may impact patients
with endometriosis via the brain-gut axis, contributing to mental
health challenges such as pain and depression.

In summary, existing studies on the correlation between gut
microbiota and endometriosis highlight the involvement of
abnormal bacteria, including Fusobacterium and others, as shown
in Table 1. The abnormal increase in Gram-negative bacteria may
influence the immune microenvironment of ectopic lesions through
lipopolysaccharides (LPS), thereby contributing to disease
progression and the manifestation of related symptoms. Research
has shown that the LPS content in the peritoneal fluid of
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TABLE 1 Gut microbiota in endometriosis including humans and animals.

Sample sizes Diagnosis methods
. Sample
Study Location resources Results
Trail Control culturing Sequencing
Bailey and USA rhesus 8 10 incubating Endometriosis was associated with lower Lactobacilli
Coe, 2002 monkeys the concentrations and higher Gram-negative bacteria
agar plates concentrations. Moreover, there was a higher prevalence of

intestinal inflammation in monkeys with endometriosis in
comparison to healthy controls.

Yuan China Mice 22 20 16S rRNA The Firmicutes/Bacteroidetes ratio was elevated in mice with
et al,, 2018 endometriosis, Bifidobacterium was also increased in mice
with endometriosis.

Chadchan USA Mice 15 14 16S rRNA Mice with endometriosis had a higher abundance of
et al, 2019 Bacteroidetes and lower abundance of Firmicutes in their
guts than mice without endometriosis.

Hantschel Germany Mice 8 8 16S rRNA No significant effect of endometriosis induction on the
et al,, 2019 composition of the bacterial microbiota was detected with
experimental setup.

Ata Turkey human 14 14 16S rRNA stool microbiome predominantly composed of Shigella/
et al,, 2019 Escherichia in 2 women in the stage 3/4
endometriosis group.

Cao China Mice 8 8 16S rRNA In endometriotic rats, the Firmicutes/Bacteroidetes ratio
et al,, 2020 increased, and the abundance of Ruminococcaceae
was reduced.

Ni China Mice 6 6 16S rRNA At the phylum level, the decreased abundance of Bacteroides
et al.,, 2020 and Firmicutes and ratio of Firmicutes/Bacteroides (2.25 vs.
2.01) and the increased abundance of Proteobacteria and
Verrucomicrobia (p < 0.05) are observed in the EM group.
Among the top 20 abundant species at the genus level, the
abundance of Allobaculum, Akkermansia, Parasutterella, and
Rikenella in the EM group has increased significantly (p <
0.05), whereas the abundance of eight species of bacteria,
such as Lachnospiraceae_NK4A136_group, Lactobacillus,
Bacteroides, has decreased significantly (p < 0.05).

Shan China human 12 12 16S rRNA The EM group exhibited reduced o diversity in their gut
et al., 2021 microbiota along with an elevated Firmicutes/Bacteroidetes
ratio. Significant differences were observed in the abundances

of various taxonomic groups, including Actinobacteria,

Tenericutes, Blautia, Bifidobacterium, Dorea, and
Streptococcus, between the two groups.

Svensson Sweden human 66 198 16S rRNA Controls exhibited higher levels of both alpha and beta
et al., 2021 diversities compared to patients. At a false discovery rate of
q<0.05, the abundances of 12 bacterial species, belonging to
the classes Bacilli, Bacteroidia, Clostridia, Coriobacteriia, and
Gamma proteobacteria, were found to differ significantly
between the patient and control groups.

Le USA human 20 9 16S rRNA GI bacterial communities were comparable between P-EOSIS
et al., 2021 and CON subjects who were not taking OCPs, but they
differed significantly when OCPs were used.

Huang China human 21 20 16S rRNA The fecal microbiota differs significantly between the control
et al,, 2021 group and the EM group. Additionally, the composition of
the fecal microbiota varies between patients with early and

advanced stages of EM. Furthermore, the depletion of L.
Ruminococcus in the gut may serve as a potential biomarker

for endometriosis.

Le et al USA Female 8 8 16S rRNA Disease induction resulted in decreased levels of

(Le et al, olive baboons Succinivibrio, Prevotella, Megasphaera, Lactobaccillus and
2022). CF231 at 3 months post-inoculation, but the levels of
(2021) Succinivibrio, Prevotella, and CF231 increased throughout

disease progression from 6 to 9 months post inoculation.

(Continued)
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TABLE 1 Continued

Sample sizes
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Diagnosis methods

! Sample
Study Location resouFr)ces Results
Trail Control culturing Sequencing
Pai Taiwan human 37 35 16S rRNA There were no significant differences in diversity and
et al,, 2023 composition between individuals with and without
Endometriosis in the gut microbiota.
Hicks Australia human 21 43 16S rRNA Patients with moderate/severe endometriosis had higher
et al.,, 2024 levels of Fusobacterium.
Jimenez USA human 35 38 16S rRNA CPP-Endo exhibited an increased abundance of
et al,, 2024 rectal Ruminococcus.
Perez- Spain human 136 864 shotgun No significant differences in diversity were found between
Prieto metagenomic women with endometriosis and those without.
et al,, 2024
Valdes- Spain human 38 46 16S rRNA Compared with controls, specific bacterial taxa were
Bango identified as either enriched (Rhodospirillales, Ruminococcus
et al,, 2024 gauvreauii group, Ruminococcaceae, and Actinomyces) or
depleted in both the gut and endometrial microbiota of
adenomyosis patients.
Do USA human 33 15 16S rRNA P-EOSIS exhibited microbial imbalance, marked by the
et al., 2024 presence of distinct GI/UG bacteria as well as changes in
microbial richness and diversity.
Li China human 22 18 16S rRNA Proteobacteria in the EMT group were significantly higher
et al., 2024 than those in the control group. The relative abundances of
Burkholderiales_592524 and Sphingomonadales in the EMT
group were significantly higher than those in the CTL group.

endometriosis patients is significantly higher compared to the
control group (Kulkoyluoglu-Cotul et al., 2019). In addition, LPS
can promote lesion development in endometriosis model mice (Ni
et al., 2020). TLR4, a class I transmembrane protein, plays a pivotal
role in the innate immune response. As an innate immune receptor,
TLR4 can be recognized by the lipopolysaccharide (LPS) receptor
on the surface of gram-negative bacteria. When LPS interacts with
TLR4, it initiates an inflammatory cascade, releasing a large number
of inflammatory mediators and causing digestive tract damage.
Studies have identified the LPS-TLR4 signaling pathway in
intestinal flora as a key pathogenic factor in pathogenic bacteria
(or mutants), with intestinal microecological imbalance leading to
increased TLR4 expression in peripheral blood monocytes and
higher levels of peripheral inflammatory factors. This imbalance
also causes a reduction in tight junctions between intestinal
epithelial cells, increasing intestinal mucosal permeability.
Additionally, intestinal microorganisms transport LPS into the
bloodstream, where it binds to lipopolysaccharide-binding protein
(LBP) and activates its receptor, CD14. CD14 helps LPS recognize
and activate TLR4, triggering the MyD88/NF-kB pathway, which
promotes the release of IL-1, IL-6, and TNF-o., thus initiating
systemic inflammatory cascades that contribute to the occurrence
and progression of endometriosis. In conclusion, the gut microbiota
plays a significant role in the progression of endometriosis by
modulating immune-related inflammatory responses. However,
due to the complexity and diversity of the intestinal flora, and the
intricate effects of its metabolites, the precise mechanisms
underlying the role of gut microbiota in the development of
endometriosis remain unclear and warrant further investigation.
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3.3 Brain-gut axis and endometriosis-
associated chronic pain

As shown in Figure 4, psychiatric symptoms commonly
observed in women with endometriosis include fatigue, burnout,
anxiety, and depression. Most of these conditions arise due to
persistent pain, such as dysmenorrhea, chronic pelvic pain, and
lower abdominal pain during menstruation. Pain perception occurs
when biochemical signals generated by peripheral or internal
nociceptive stimuli are transformed into neural signals. At the
spinal cord level, these signals are either weakened or amplified
before being transmitted to the cerebral cortex, where they are
processed as pain (Allaire et al., 2023). Existing evidence suggests
that endometriosis lesions are associated with abnormal formation
of peripheral nerves and blood vessels, peripheral nerve
sensitization, and morphological and functional changes in the
central nervous system, all of which contribute to endometriosis-
related pain. Ectopic lesions undergo repeated proliferation,
swelling, and bleeding under periodic hormonal stimulation,
which can activate nerve fibers in the peritoneum at the lesion
site. Additionally, nerve fibers within ectopic lesions proliferate due
to the elevated expression of nerve growth factor, further
contributing to pain sensitivity (Maddern et al., 2020). DE pain is
associated with direct pressure or irritation of the pelvic nerves. The
growth and expansion of endometriotic lesions can apply pressure
to surrounding tissues, including nerve fibers, leading to increased
pain sensitivity and discomfort. This mechanical stimulation of the
pelvic nerves is a key factor contributing to the chronic pain often
experienced by women with endometriosis (Tal et al., 2019). The PF
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of endometriosis patients contains elevated levels of nerve growth
factor (NGF), brain-derived neurotrophic factor (BDNF), and other
neurotrophins such as NT-4 and NT-5. These neurotrophic factors
play a significant role in neurodevelopment and are involved in the
modulation of endometriosis-associated innervation, contributing
to the pain experienced by patients. By promoting the growth and
sensitization of nerve fibers within ectopic lesions, these factors can
exacerbate the pain response in women with endometriosis (As-
Sanie et al., 2016; Raffaelli et al., 2021). Nervous system sensitization
can be categorized into peripheral sensitization and central
sensitization. Peripheral sensitization occurs when nociceptors are
activated, their threshold for stimulation is reduced, and they
become more responsive to suprathreshold stimuli. This process
is typically driven by inflammatory changes in the environment
surrounding nerve fibers, which trigger a neuroinflammatory
cascade. As a result, peripheral nerve excitability and sensitivity
increase, heightening the perception of pain and leading to
peripheral sensitization (Maddern et al., 2020; Raffaelli et al,
2021; Ramirez-Pavez et al., 2021). The International Association
for the Study of Pain (IASP) defines central sensitization as an
increased responsiveness of nociceptive neurons in the central
nervous system to normal or subthreshold stimuli. Persistent
inflammatory nociceptive stimuli around ectopic lesions transmit
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harmful signals to spinal dorsal root neurons, activating spinal
microglia, which sustain pain signals. Over time, this prolonged
activation leads to central sensitization, contributing to the
amplification of pain perception (As-Sanie et al., 2016). The
mechanism of central sensitization may help explain why chronic
pelvic pain (CPP) affects approximately 30% of endometriosis
patients, and why it often remains resistant to traditional surgical
treatments. This sensitization process amplifies pain signals within
the central nervous system, making it difficult to manage pain solely
through surgical interventions.

The prolonged presence of peripheral stimuli often leads to
sensitization of the central nervous system, making patients more
sensitive to even mild stimuli (Nijs et al., 2014; Jensen et al., 2016; Ji
et al,, 2018). Endometriosis is commonly associated with dysmenorrhea,
and studies show that women with dysmenorrhea exhibit different brain
metabolism patterns compared to women without dysmenorrhea (Tu
et al, 2013). Even when women with dysmenorrhea are not
experiencing pain, their brain response to harmful stimuli is
heightened (Vincent et al., 2011). Chronic pain from conditions like
endometriosis can lead to structural changes in the central nervous
system. For instance, in a 2012 study by Sanie et al. (As-Sanie et al,
2012), women with chronic pelvic pain (CPP) due to endometriosis
showed reduced volumes in the cingulate, insula, and putamen regions,
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while the volume of the midbrain’s periaqueductal gray, a key area in
descending pain regulation, was increased. Moreover, another study by
Sanie et al. found that patients with endometriosis-related CPP had
higher concentrations of excitatory neurotransmitters in the anterior
insula and stronger connectivity between the anterior insula and the
medial prefrontal cortex, with this increased connectivity correlating
positively with the degree of pain (As-Sanie et al,, 2016). Chronic pain
also alters central nervous system function, affecting endocrine pathways
such as the hypothalamic-pituitary-adrenal (HPA) axis. HPA axis
dysfunction is often observed in chronic pain, manifesting as lower
cortisol levels or a diminished stress response (Frodl and O’Keane,
2013). Over time, chronic stress may lead to elevated cortisol levels, and
these levels are negatively correlated with the duration of burnout
symptoms (Vincent et al,, 2011).

Approximately 65% of women with endometriosis report
experiencing pain symptoms (Ding et al., 2024). The gut microbiota
is instrumental in regulating neurophysiological behaviors by
impacting neural, endocrine, and immune pathways (Salliss et al,
2022). The relationship between the gut microbiome and the central
nervous system (CNS) is bidirectional, commonly referred to as the
gut microbiome-brain axis (Ustianowska et al., 2022). This axis
involves immune, neural, endocrine, and metabolic pathways,
enabling effective communication and interaction between various
organ systems. Key players in this communication include the enteric
nervous system and the sympathetic and parasympathetic divisions of
the autonomic nervous system.

Growing evidence suggests that neurogenic processes contribute
significantly to the development and maintenance of endometriotic
lesions. Sensory, sympathetic, and parasympathetic nerves have been
identified in peritoneal lesions, with a markedly higher expression
compared to normal peritoneum. Furthermore, endometriotic lesions
can attract their nerve supply as they invade surrounding tissues by
secreting neurotrophic factors (NTFs) that promote neural sprouting
within the lesions (Velho et al,, 2021). This enhanced innervation may
play a crucial role in hypersensitivity to touch and other stimuli, as well
as persistent pain, by lowering the sensory thresholds of nociceptors.
Clinical studies have indicated that patients with a higher density of
nerve fibers in their endometriotic lesions report more severe pain
(McKinnon et al., 2012). It is believed that these nerve fibers contribute
to the development of chronic pelvic pain, with potential mechanisms
linked to the gut-brain axis (Lee et al., 2023). For instance, postoperative
pain relief has been associated with the influence of gut microbiota on
microglial activation (Yang et al, 2022). Additionally, cytokines such as
IGF and metabolites including serotonin (5-HT) and gamma-
aminobutyric acid (GABA) are also involved in the gut-brain axis,
further influenced by the gut microbiota (Ni et al,, 2021; Kim, 2024).

3.4 Physical burdens following
endometriosis, especially depression and
anxiety

Beyond its physical effects, endometriosis (EM) profoundly

impacts the emotional well-being and mental health of women,
frequently leading to psychiatric symptoms, particularly anxiety
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and depression (Lagana et al, 2017). A study involving 7,606
women revealed that those with endometriosis were significantly
more likely to report mental health challenges (P <.0001), including
depression and anxiety (Gete et al., 2023). Additionally, a recent
report indicated a slight increase in the risk of mental health
disorders associated with endometriosis, especially in the years
following diagnosis. This heightened risk emphasizes the necessity
for proactive mental health screenings for individuals who are
newly diagnosed with the condition (Thiel et al., 2024).

The pain related to endometriosis can trigger or worsen
psychological distress, adversely affecting various dimensions of
quality of life, such as physical, sexual, and social aspects (Spinoni
et al,, 2024). Research has shown a correlation between endometriosis
and elevated levels of pro-inflammatory cytokines in the bloodstream.
Furthermore, chronic stress and chronic pelvic pain (CPP) can disrupt
the hypothalamic-pituitary-adrenal (HPA) axis, resulting in reduced
production of inflammatory mediators within both the circulatory
system and the brain, while also impacting gut microbiota composition.

Simultaneously, Shicai Xie demonstrated that the administration
of LRKY16 significantly alleviated stress-induced abnormal behaviors
and physiological dysfunction (Xie et al, 2024). Additionally, gut
microbiota may influence the host’s inflammation levels in the brain
by regulating neurotransmitters, potentially contributing to the onset
of depression. The interaction between Limosilactobacillus-3-OMDP
and inflammatory markers such as IL-1 and IL-6 could represent a
key pathway in the communication between the gut and the brain,
with 3-OMDP emerging as a promising therapeutic target for
depression (Zhong et al., 2024).

Further studies have revealed that after an imbalance in the
intestinal flora, the metabolism of intestinal bacteria—such as LPS
and SCFAs—can influence the central nervous system through the
brain-gut axis, leading to increased production of neurotransmitters
like s5HT and GABA. These changes can, in turn, affect the HPA
axis. Additionally, metabolites produced by the gut microbiota,
including IGF and NGF, play a role in the pain and innervation
associated with endometriosis. Through these various mechanisms,
the gut microbiota can contribute to psychiatric symptoms in
patients with endometriosis, influencing both pain perception and
emotional well-being.

3.5 Infertility related to endometriosis

Infertility is a significant and distressing issue for women with
endometriosis, affecting both their physical and mental well-being.
Studies have shown that up to 40% of women with endometriosis
experience infertility, and the underlying causes are multifactorial.
The role of the gut microbiota in this process is an emerging area of
research, suggesting that imbalances in gut bacteria may influence
the development and progression of infertility in these patients. So,
what role does the gut microbiota play in this process?

Pelvic adhesion formation in endometriosis is closely associated
with the activity of transforming growth factor-beta (TGF-f), a key
cytokine in the inflammatory process. Research has demonstrated
that endometriosis-induced dysregulation of the intestinal
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microbiota significantly contributes to this pathological process. In
various animal models, an imbalance in the gut microbiota triggers
an inflammatory response, resulting in the increased presence of
peritoneal macrophages and the subsequent secretion of large
amounts of TGF-B (Bailey and Coe, 2002; Yuan et al, 2018; Ata
et al., 2019; Cao et al., 2020). TGF-B plays a critical role in the
development of pelvic adhesions by promoting the growth of
fibroblasts and influencing the production of pro-inflammatory
cytokines. For instance, TGF-B1 regulates the transcription of the
IL-6 gene, leading to elevated levels of IL-6 in human fibroblasts. IL-
6, in turn, activates macrophages, which further stimulate the
proliferation of endometrial cells. During the inflammatory
process, TGF-B1 fosters adhesion between ectopic endometrial
cells and stromal cells, contributing to the development of
adhesions. Additionally, TGF-B1 has chemotactic effects,
attracting macrophages, fibroblasts, and neutrophils to the site of
injury, and promoting the secretion of extracellular matrix
components such as fibronectin and collagen. These actions
collectively facilitate the formation of pelvic adhesions, which are
a hallmark of endometriosis (Young et al., 2017). The evidence
suggests that the intestinal microbiota influences the development
of pelvic adhesions via the TGF-P1 pathway. As pelvic adhesions
become more severe, they interfere with the normal function of the
reproductive system, leading to sperm-egg binding disorders and,
ultimately, infertility in women with endometriosis. Thus, the
intestinal microbiota not only contributes to the inflammatory
environment that drives endometriosis but also plays a significant
role in the formation of adhesions and the fertility issues associated
with the condition.

Secondly, TNF-ou plays a pivotal role in infertility. As an
immunomodulatory cytokine with diverse biological effects, TNF-
o is primarily secreted by macrophages and T cells. In women with
endometriosis and infertility, an imbalance in the intestinal
microbiota leads to a substantial increase in TNF- levels in the
peritoneal fluid, exacerbating the inflammatory environment and
contributing to reproductive dysfunction (Wang XM and Song,
2018). Under normal conditions, TNF-o plays a crucial role in
various biological processes, including the regulation of
reproductive endocrinology, hormone synthesis, pregnancy
maintenance, male spermatogenesis, and sperm function.
However, elevated concentrations of TNF-o have toxic effects that
impair fertility. Specifically, high levels of TNF-o can directly
damage the normal morphology of sperm, reduce sperm motility,
and interfere with key stages of fertilization and implantation,
ultimately compromising reproductive success (Li et al., 2006;
Wang XM and Song, 2018). During conception, sperm and egg
meet at the ampulla of the oviduct. Elevated levels of TNF-o in the
abdominal fluid of women with endometriosis can negatively affect
the gametes and fertilized eggs within the fallopian tubes, thereby
compromising fertility. High TNF-o levels can also: (1) promote the
production of maternal prohormone E2, interfere with the
coagulation system, and facilitate the formation of blood clots in
the fetal disc; (2) damage decidual blood vessels, causing vessel
retraction and impeding the normal blood supply to embryonic and
fetal tissues, potentially leading to tissue necrosis, abortion, and
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infertility; (3) High TNF-a levels also impair decidual blood vessels,
causing blood vessel retraction, which disrupts the normal blood
flow to embryonic and fetal tissues. This reduction in blood supply
can lead to tissue necrosis, increasing the risk of miscarriage
and infertility.

Last but not least, dysbiosis of the gut microbiota can lead to
elevated circulating estrogen levels. The gut microbiota includes
specific bacteria that influence estrogen metabolism by secreting B-
glucuronidase, which uncouples estrogen from its conjugated form
into active, free estrogen. This free estrogen is then reabsorbed into
the body through the enterohepatic circulation, thereby
participating in the regulation of circulating estrogen levels
(Dabek et al., 2008; Baker et al,, 2017). The activity of -
glucuronidase is influenced by both the density of the bacterial
population and dietary factors. When the gut microbiota is
dysregulated or the diet is high in fat, the activity of B-
glucuronidase in the intestine increases. This leads to a higher
conversion of conjugated estrogen into free estrogen, thereby
raising the levels of free estrogen in the body (Kwa et al,, 2016).
Additionally, gut microbiota can synthesize estrogen-like
compounds from dietary sources, further enhancing estrogenic
effects in the body. These compounds can interact with estrogen
receptors and mimic the actions of endogenous estrogens,
potentially influencing various physiological processes related to
estrogen regulation. Flores et al. (2012) studied men and
postmenopausal women, both of whom do not have ovarian-
origin estrogen, and found that urinary estrogen levels and most
estrogen metabolites were closely linked to the richness and o-
diversity of fecal microbiota (R > 0.5, P < 0.003). This suggests a
strong connection between gut microbiota and estrogen
metabolism. When the intestinal microbiota is disrupted, it can
directly impact the body’s estrogen levels. Additionally, many
aspects of female reproductive health, such as follicular growth,
endometrial hyperplasia, endometrial receptivity, corpus luteum
function, and early placental perfusion, are tightly regulated by
estrogen. The pathological changes associated with endometriosis,
which lead to gut microbiota imbalance, may, therefore, affect the
normal metabolism of estrogen, ultimately impairing fertility
in women.

However, there is a lack of direct studies linking endometriosis-
induced gut microbiota imbalance to infertility. Several reasons
contribute to this gap in research. First, it remains unclear which
specific changes in the gut microbiota and to what extent these
changes occur due to endometriosis, making it difficult to design
complementary diagnostic tests. Furthermore, fertility is a complex
and multifactorial process, and it is challenging to pinpoint a single
pathway as the definitive cause of infertility.

3.6 Therapeutic approaches targeting gut
microbiota

Probiotics, beneficial bacteria that promote gut health, have been

shown to positively influence gut microbiota and modulate immune
responses. In the context of endometriosis, specific strains of
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Lactobacillus and Bifidobacterium have emerged as promising
candidates for reducing inflammation (Itoh et al, 2010). By
strengthening the intestinal barrier, probiotics can help prevent
endotoxins from entering the bloodstream, which in turn reduces
systemic inflammation associated with endometriosis. They also assist
in the metabolism of estrogen through the gut-liver axis, helping to
lower excess estrogen that drives disease progression. In addition,
specific probiotic strains can boost the activity of regulatory T cells,
which are essential for tempering the overactive immune response
commonly observed in endometriosis. By enhancing regulatory T cell
function, these probiotics may help to moderate inflammation and
immune dysregulation, offering a potential pathway for managing
endometriosis-related symptoms. While clinical trials on the use of
probiotics for endometriosis are still limited, preliminary studies in
animals and small-scale human trials indicate potential benefits in
alleviating both pain and inflammation.

Prebiotics, non-digestible fibers that support the growth of
beneficial gut bacteria, have shown promise in positively affecting
both the gut microbiome and immune responses. Compounds such as
inulin, fructooligosaccharides (FOS), and galactooligosaccharides
(GOS) can benefit individuals with endometriosis by encouraging
the proliferation of Lactobacillus and Bifidobacterium species. This
growth helps rebalance the gut microbiota, potentially reducing
systemic inflammation and lowering estrogen levels. Additionally,
prebiotics stimulate the production of short-chain fatty acids (SCFAs),
such as butyrate, which possess anti-inflammatory properties and may
aid in modulating immune responses associated with endometriosis
(Chadchan et al., 2021). Synbiotics, a combination of probiotics and
prebiotics, work together to enhance the survival and efficacy of
beneficial microorganisms. This synergistic effect may be especially
useful in managing endometriosis. By promoting a healthy gut
microbiota, synbiotics help maintain microbial balance, reducing
harmful bacteria while increasing beneficial strains, which can
subsequently lower inflammation. Additionally, by regulating gut
bacteria involved in estrogen metabolism, synbiotics may decrease
estrogen reabsorption, potentially helping to curb estrogen-driven
endometrial growth.

Fecal Microbiota Transplantation (FMT) is a procedure that
involves transferring fecal microbiota from a healthy donor to a
recipient to restore the balance of the gut microbiome. Although
FMT is commonly used to treat Clostridioides difficile infections, its
application in endometriosis is still experimental. This procedure has
the potential to rebalance the gut microbiome, which may help reduce
inflammation, correct dysbiosis, and enhance immune regulation
(Que et al, 2024). By altering gut microbial populations, FMT could
contribute to decreased systemic inflammation, a critical factor in the
onset and progression of endometriosis. Diet significantly influences
the composition of the gut microbiota, and dietary modifications that
support gut health may provide therapeutic benefits (Brouns et al.,
2023; Cirillo et al., 2023). Diets rich in omega-3 fatty acids, fiber, and
polyphenols, —such as the Mediterranean diet—can positively impact
gut microbiota and help mitigate inflammation (Brouns et al., 2023).
These diets also enhance the production of short-chain fatty acids
(SCFAs), which are important for regulating immune function and
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hormone metabolism (Cirillo et al., 2023). Conversely, reducing the
intake of refined sugars, saturated fats, and processed foods may help
prevent gut dysbiosis and potentially decrease inflammation linked to
endometriosis. While antibiotics are frequently prescribed to treat
bacterial infections, they can disrupt gut microbiota and may
exacerbate dysbiosis when used indiscriminately. Therefore,
microbiota-targeted therapies, which focus on eliminating harmful
bacteria or enhancing beneficial strains, could offer a more precise
strategy for managing endometriosis. Therapeutic approaches
centered on the gut microbiota present promising new options for
treating endometriosis. Although research in this area is still in its early
stages, interventions such as probiotics, prebiotics, synbiotics, FMT,
and dietary modifications show potential for reducing inflammation,
modulating immune responses, and regulating estrogen metabolism—
all crucial factors in the development of endometriosis. Future clinical
trials will be essential to thoroughly evaluate the efficacy and safety of
these microbiota-focused therapies in managing this condition.

Future research should emphasize the importance of conducting
longitudinal studies to assess how changes in gut microbiota impact
the onset and progression of endometriosis over time, thereby
clarifying the causal links between gut dysbiosis and related
symptoms. There is a pressing need for well-designed clinical trials
to determine the safety and effectiveness of microbiota-based
interventions—such as probiotics, prebiotics, synbiotics, and fecal
microbiota transplantation (FMT)—in women suffering from
endometriosis, with a focus on alleviating symptoms and enhancing
overall quality of life and reproductive health. Furthermore,
investigations should delve into the specific biological pathways
through which gut microbiota affect endometrial health, including
the roles of neuroinflammation, immune modulation, and estrogen
metabolism. Given the psychological aspects associated with
endometriosis, future studies should also explore the gut-brain axis
in detail to understand how gut health influences mental well-being in
affected women. In addition, personalized dietary interventions
tailored to individual microbiome profiles should be explored to
optimize gut health and mitigate endometriosis symptoms. Research
should also consider how ethnic, genetic, and environmental
differences influence gut microbiota composition and the associated
risk of developing endometriosis. Lifestyle factors, including stress
management, physical activity, and sleep patterns, should be
investigated for their effects on gut microbiota and their potential
contributions to the pathophysiology of endometriosis. Employing a
multi-omics approach—incorporating genomics, transcriptomics,
proteomics, and metabolomics—could provide valuable insights into
the complex relationship between gut microbiota and endometriosis,
possibly leading to new biomarkers for diagnosis and treatment.
Finally, educational initiatives aimed at raising awareness of the
impact of gut health on endometriosis are essential, empowering
patients to make informed decisions regarding their dietary and
lifestyle choices. Promoting interdisciplinary collaboration among
researchers, healthcare providers, nutritionists, and mental health
specialists will be crucial in developing comprehensive strategies that
address both the physical and psychological dimensions
of endometriosis.
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4 Conclusion

The increasing number of endometriosis diagnoses is contributing
to a significant public health burden, leading to challenges such as
abdominal masses, pelvic pain, infertility, and associated psychological
distress. Endometriosis disrupts metabolism, resulting in systemic
inflammation and alterations in brain function that heighten pain
perception and contribute to mood and anxiety disorders. This
underscores the urgent need for a paradigm shift in the management
of endometriosis—moving beyond conventional biomedical strategies
to adopt a holistic approach that combines traditional medical
treatments with psychological and nutritional interventions.

By fostering interdisciplinary collaboration and prioritizing patient-
centered care, we can significantly enhance the quality of life and overall
well-being of individuals affected by endometriosis. Modulating the gut
microbiome to restore metabolic balance also presents an exciting
therapeutic opportunity. However, it is essential to recognize the
limitations of existing research and advocate for ongoing exploration
into the long-term effectiveness and safety of emerging treatments.
Understanding the socio-cultural factors that influence the experiences
of those living with endometriosis. While recent advances in
endometriosis research are promising, we must remain mindful of
these limitations and emphasize the need for continued investigation.
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