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Abstract

Background: Endometriosis is a chronic, estrogen-dependent inflammatory disorder characterized
by the presence of endometrial-like tissue outside the uterine cavity, leading to pelvic pain,
infertility, and reduced quality of life. Emerging evidence suggests that dysbiosis of the gut and
female reproductive tract microbiota may contribute to immune dysregulation, chronic
inflammation, and disease progression.

Main body: This narrative review synthesizes current evidence on microbiota alterations in
endometriosis and evaluates the therapeutic potential of microbiome-targeted interventions,
particularly probiotics, prebiotics, and synbiotics. Available data indicate that women with
endometriosis frequently exhibit reduced abundance of Lactobacillus spp. and increased
representation of opportunistic or pro-inflammatory bacteria in the female reproductive tract and,
in some studies, the gut microbiota. Microbial products such as lipopolysaccharide may activate
Toll-like receptor 4-mediated inflammatory signaling, promoting cytokine production, immune
dysfunction, and lesion persistence. Probiotic administration, especially with Lactobacillus and
Bifidobacterium strains, has shown potential to restore microbial balance, enhance natural Killer
cell activity, modulate macrophage responses, and reduce pro-inflammatory mediators including
TNF-a\alphaa and 1L-6. Preclinical studies suggest that probiotics may reduce lesion size and
improve inflammatory profiles, whereas early clinical studies indicate possible benefits for pain-
related symptoms. However, evidence for prebiotics and synbiotics in endometriosis remains
limited.

Conclusion: Microbiota dysbiosis may represent an important component of endometriosis
pathophysiology. Microbiome-targeted therapies, particularly probiotics, are promising adjunctive
strategies; however, robust, well-designed clinical trials are required to determine optimal strains,
dosing regimens, treatment duration, safety, and patient selection before routine clinical use can be
recommended.
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Introduction reproductive-aged women worldwide, corresponding to
nearly 190 million individuals (2). The disorder is

Endometnosw (EM) is a chronic, estrogen- clinically associated with dysmenarrhea, chronic pelvic

dependent inflammatory disease defined by the ectopic pain, dyspareunia, infertility, and substantial
presence of endometrial glands and stroma outside the impairment in quality of life (3, 4). In addition to its
uterine cavity (1). It affects approximately 10% of clinical burden, endometriosis imposes considerable

socioeconomic costs because of delayed diagnosis,
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long-term  symptom recurrence, reduced work
productivity, and repeated medical and surgical
treatment (5).

The pathogenesis of endometriosis is multifactorial
and remains incompletely understood. Retrograde
menstruation is widely regarded as a major initiating
event, allowing endometrial cells to enter the peritoneal
cavity and potentially implant at ectopic sites (6).
However, because retrograde menstruation also occurs
in many women who do not develop the disease,
additional pathogenic mechanisms must be involved.
These include altered immune surveillance, genetic
predisposition, hormonal dysregulation, angiogenesis,
oxidative stress, and stem cell-related mechanisms (7-
9). Familial aggregation further supports a hereditary
contribution to disease susceptibility (10, 11).

Recently, increasing attention has been directed
toward the role of the microbiota in endometriosis. The
upper female reproductive tract was once considered
sterile; however, molecular sequencing studies have
demonstrated the presence of microbial communities
throughout the female reproductive tract (FRT),
including the endometrium (12, 13). Under
physiological conditions, these communities are often
dominated by Lactobacillus species, which promote
mucosal homeostasis through lactic acid production,
pathogen exclusion, and immune regulation (14-16).
Emerging evidence indicates that women with
endometriosis may exhibit disturbances in both FRT
and gut microbiota, including reduced Lactobacillus
abundance and increased prevalence of opportunistic
bacterial taxa (12, 13, 17).

Such dysbiosis may influence endometriosis
through several mechanisms. Bacterial products such
as lipopolysaccharide (LPS) can activate inflammatory
signaling pathways, particularly through Toll-like
receptor 4 (TLR4), thereby promoting cytokine release
and immune activation (13, 18). In addition, gut
microbial communities may influence estrogen
metabolism through the estrobolome, which may be
particularly relevant in an estrogen-dependent disease
(19). These observations have led to growing interest
in  microbiome-targeted  strategies,  especially
probiotics, as potential adjunctive therapies in
endometriosis.

The present narrative review summarizes current
evidence on microbiota dysbiosis in endometriosis and
critically evaluates the therapeutic potential of
probiotics, prebiotics, and synbiotics (Table 1).
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Main body
Microbiota alterations in endometriosis:

Advances in sequencing technologies have enabled
increasingly detailed characterization of microbial
communities within the female reproductive tract and
gastrointestinal system (20). In healthy women, the
lower reproductive tract is typically dominated by
Lactobacillus species, which contribute to defense
against pathogens through maintenance of a low
vaginal pH, production of antimicrobial metabolites,
and reinforcement of mucosal barrier function (15, 21).
However, several studies suggest that women with
endometriosis exhibit altered microbial profiles.

In the female reproductive tract, decreased
abundance of Lactobacillus spp. together with
increased prevalence of opportunistic or potentially
pathogenic bacteria has been reported in women with
endometriosis (13). Higher levels of taxa such as
Streptococcaceae and Moraxellaceae have been
identified in affected individuals (17), while other
genera, including Pseudomonas, Acinetobacter,
Vagococcus, and Comamonas, have also been detected
(13). These findings support the possibility that
reproductive tract dyshiosis may be associated with the
disease.

Gut microbiota alterations have also been
described, particularly in patients with advanced
endometriosis (17, 22). Some studies have reported
increased  abundance  of  Escherichia/Shigella,
suggesting a shift toward a more inflammatory
microbial pattern (22). Given the role of the gut
microbiota in immune regulation, epithelial barrier
integrity, and estrogen recirculation, such changes may
be biologically relevant to endometriosis pathogenesis
(19, 23).

Nevertheless, interpretation of these findings
requires caution. Microbiota composition is influenced
by menstrual cycle phase, age, hormonal status, sexual
activity, infertility, prior antibiotic exposure, and
sampling methodology (19, 21, 24, 25). Furthermore,
studies of low-biomass niches such as the endometrium
are particularly susceptible to contamination and
technical variation (15, 21). Thus, although an
association between dysbiosis and endometriosis is
increasingly supported, a consistent microbial signature
has not yet been established.
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Table 1. High-level critical appraisal of probiotic studies in endometriosis
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Study Study type Intervention  Main findings Strengths  Limitations Overall appraisal
Inhibited Mechanistic Animal model; -
. . Strong preclinical
development relevance;  limited direct
. . . . support for
. of ectopic biologically clinical .
- . Lactobacillus . ; ., ... immunomodulatory
Itohetal.  Preclinical murine . endometrial  plausible generalizability; .
(23) model gasser lesions; effect immune dose and probiotic effects,
OLL2809 L . but not sufficient for
associated pathway; translational .
. . - clinical
with NK-cell experimental applicability .
L . recommendation
activation control uncertain
Improved Controlled  Likely small
. menstrual pain design; sample size; Promising earl
Randomized, . P . g . _p . . g_ y
ltoh et al double-blind Lactobacillus  and clinically limited duration; clinical evidence for
' ' gasseri dysmenorrhea relevant pain strain-specific ~ symptom relief, but
(26) placebo-controlled . o . -
. OLL2809 in women outcome; findings; unclear requires replication
clinical study . . .
with human effects on lesion in larger trials
endometriosis population  biology
. Pilot scale;
Randomized
lacebo- underpowered;
Pilot placebo- Reduced pain P strain Suggestive of
. Oral . controlled . .
Khodaverdi controlled . severity in . composition and benefit, but
. .. Lactobacillus . design; . . .
— etal. (27)  randomized clinical . women with . mechanistic evidence remains
~ . supplementation .. patient- . -
N trial endometriosis endpoints preliminary
8 centered L
& limited; short
8 outcome ol
Q ollow-up
c
° Proposed
= . Highlights
£ probiotics as a .
% novel translational Not a primary
© Review/conceptual . rationale; . . Useful for
S . . therapeutic . interventional .
S Chouzenoux therapeutic report  Oral probiotic integrates R conceptual framing,
= . . strategy and .. trial; limited .
B etal. (28)  with preclinical treatments . mechanistic . . but not confirmatory
g . summarized direct clinical .
g emphasis . and evidence
= supportive . data
s - experimental
3 preclinical .
o . evidence
— observations
Summarized
links between Strong
Probiotic- microbiota, = mechanistic Secondary
Jiang etal. Mechanistic/review related inflammation, synthesis; source; not
(18) evidence microbiota cytokine relevantto  direct
modulation signaling, and disease therapeutic eve
probiotic biology
potential
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Mechanistic  links  between  dysbiosis and
endometriosis:

The biological plausibility of a microbiota
endometriosis axis is supported by several
interconnected mechanisms. One of the most studied
pathways involve activation of innate immune
signaling by bacterial endotoxins. LPS can activate
TLR4 signaling and downstream inflammatory
cascades, leading to increased production of cytokines
such as TNF-a\alphao and IL-6 (13, 18). These
mediators are known to contribute to angiogenesis,
cellular proliferation, lesion survival, and pain in
endometriosis.

Dysbiosis may also affect immune cell behavior.
Macrophages in  endometriosis  exhibit  altered
phagocytic capacity and polarization states that may
favor tissue remodeling and lesion maintenance rather
than efficient clearance of ectopic endometrial tissue
(29-31). Likewise, reduced NK-cell cytotoxicity is a
well-recognized feature of endometriosis (32)
Because microbial signals can influence both innate
and adaptive immune responses, disturbances in host—
microbe interactions may contribute to the aberrant
inflammatory and immune landscape characteristic of
the disease.

A further mechanistic consideration is the role of
the gut microbiota in estrogen metabolism. Microbial
enzymes can deconjugate estrogens in the intestine,
affecting enterohepatic circulation and systemic
estrogen exposure (19). Since endometriosis is strongly
estrogen dependent, dysbiosis within the gut
microbiome may influence disease activity through
hormonal as well as inflammatory pathways. However,
direct evidence linking microbiome-mediated estrogen
metabolism to clinical endometriosis remains limited.
Conventional treatment and the rationale for
microbiome-targeted therapy:

Current treatments for endometriosis primarily aim
to suppress ovarian estrogen production, control pain,
and remove lesions surgically (33, 34). First-line
medical  therapies include nonsteroidal anti-
inflammatory drugs, combined hormonal
contraceptives, and progestins (34). Second-line
options include GnRH agonists, GnRH antagonists,
aromatase inhibitors, and danazol (35-40). Although
these strategies are often effective for symptom
control, they may be associated with adverse effects,
poor long-term tolerability, and frequent recurrence
after treatment discontinuation (36).
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These limitations have prompted investigation of
non-hormonal and adjunctive approaches, including
anti-inflammatory and metabolic therapies such as
metformin and dichloroacetate (41). In parallel,
microbiome-targeted strategies have emerged as a
potentially attractive option because they may
modulate inflammation, mucosal barrier function, and
immune responses without directly suppressing
reproductive endocrine function. Animal data showing
attenuation of endometriosis progression  after
antibiotic treatment further support a role for host—
microbiota interactions in disease biology (42).
Mechanisms of probiotic action relevant to
endometriosis
Probiotics are live microorganisms that confer a health
benefit when administered in adequate amounts (43).
The most extensively studied strains belong to the
genera Lactobacillus and Bifidobacterium, which have
demonstrated  beneficial ~ effects in  multiple
gastrointestinal and immune-mediated conditions (43-
46).

Their proposed mechanisms of action are highly
relevant to endometriosis. First, probiotics can inhibit
pathogen colonization through competitive exclusion,
acidification of the local environment, and production
of antimicrobial compounds (47). Second, they may
strengthen epithelial barrier function and reduce
microbial translocation, thereby limiting exposure to
inflammatory stimuli (48, 49). Third, probiotics can
modulate host immune responses by affecting dendritic
cell maturation, T-cell polarization, macrophage
activation, and cytokine production (50-52). Some
strains have also been shown to attenuate TLR4-
mediated signaling and suppress downstream
inflammatory pathways (49).

In  endometriosis, these mechanisms may be
advantageous because the disease is characterized by
chronic inflammation, impaired immune surveillance,
and altered cytokine networks. Thus, the therapeutic
potential of probiotics may extend beyond simple
correction of microbial imbalance to include broader
immunomodulatory and anti-inflammatory effects.
Evidence for  probiotic interventions in
endometriosis:

Current evidence for probiotic use in endometriosis
derives from both preclinical and early clinical studies.
Preclinical data are particularly informative. In a
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murine model, Lactobacillus gasseri OLL2809
inhibited the development of ectopic endometrial
lesions, an effect associated with activation of NK cells
(19). This is of particular interest because reduced NK-
cell activity is a recognized feature of endometriosis
(32). Other experimental findings suggest that
probiotics may reduce lesion burden, attenuate
oxidative stress, and improve inflammatory profiles
(18).

Human evidence remains limited but encouraging.
A pilot placebo-controlled randomized clinical trial
reported that oral Lactobacillus reduced pain severity
in women with endometriosis (27). Likewise, a
randomized, double-blind, placebo-controlled study
found that Lactobacillus gasseri OLL2809 improved
menstrual pain and dysmenorrhea in affected patients
(23). These data suggest a possible role for probiotics
in symptom relief, particularly in pain-related
outcomes.

Potential mechanisms underlying these benefits
include  restoration of  Lactobacillus-dominant
microbial communities, reduction of pro-inflammatory
cytokines such as TNF-a\alphao and IL-6,
enhancement of NK-cell activity, and modulation of
macrophage responses (50). Broader evidence from
other pain-related disorders also suggests that
probiotics may influence neuroimmune pathways and
visceral sensitivity (53, 54). However, whether these
findings translate consistently to endometriosis-
associated pain requires further clarification.

At present, the clinical evidence remains
insufficient to support routine use of probiotics in
standard endometriosis care. EXxisting studies are
limited by small sample size, short follow-up,
heterogeneity in probiotic strain and dose, and
variability in clinical endpoints. Moreover, probiotic
effects are strain specific, and results obtained with one
formulation should not be generalized to others (65).
Accordingly, larger and more rigorously designed
randomized controlled trials are required.

Prebiotics and synbiotics:

Prebiotics are non-digestible substrates that
selectively stimulate the growth or activity of
beneficial microorganisms (43). Examples such as
inulin, oligofructose, and lactulose can alter microbial
metabolism and promote the production of beneficial
metabolites (55-57). In theory, prebiotics may improve
inflammatory and metabolic pathways relevant to
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endometriosis by supporting a more favorable gut
microbial environment.

Synbiotics combine probiotics with prebiotics and
may provide synergistic benefits by improving
survival, colonization, and functional activity of
administered strains (58). This approach may be
particularly useful where sustained microbiome
modulation is desired. However, direct evidence for
prebiotics or synbiotics in endometriosis is currently
sparse.

Some related data suggest that modulation of
reproductive tract microbial composition may be
feasible. For example, lactoferrin supplementation has
been associated with increased Lactobacillus
abundance in the endometrium of infertile women with
dysbiosis (59), and beneficial effects have also been
reported in refractory bacterial vaginosis (60).
Although these findings cannot be directly extrapolated
to endometriosis, they support further evaluation of
microbiome-supportive interventions in gynecologic
disorders.

Current limitations and future directions:

Despite growing interest in the microbiome—
endometriosis axis, several limitations constrain the
current evidence base. Most human microbiome
studies are observational and cross-sectional,
precluding causal inference. It remains unclear whether
dysbiosis is a driver of endometriosis, a consequence
of the disease environment, or both. In addition,
substantial heterogeneity in sampling sites, sequencing
approaches, bioinformatic pipelines, and patient
characteristics has limited comparability across studies.

The therapeutic literature is also at an early stage.
Probiotic studies in endometriosis are relatively few
and typically underpowered. Important variables,
including strain selection, dose, duration, route of
administration, baseline microbiome composition, and
disease  phenotype, remain  poorly  defined.
Standardized outcome measures, including pain, lesion
progression, inflammatory biomarkers, and
microbiome endpoints, will be essential for future
trials.

Further work should also examine whether
microbiome-targeted therapies exert their effects
primarily through local changes in the reproductive
tract, systemic immunomodulation,  gut-derived
metabolites, altered estrogen metabolism, or combined
mechanisms. Integration of metagenomics,
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metabolomics, transcriptomics, and immune profiling
may help identify biologically meaningful patient
subgroups and improve therapeutic precision.
Limitations and future perspectives:

Current evidence linking microbiota dysbiosis to
endometriosis is promising but remains preliminary.
Most studies are observational, cross-sectional, and
based on small, heterogeneous cohorts, limiting causal
inference  and reducing comparability  across
populations, specimen types, sequencing methods, and
analytical  pipelines.  Interpretation is  further
complicated by important confounders, including
menstrual cycle phase, hormonal therapy, antibiotic
exposure, diet, and infertility status, as well as by
contamination concerns in low-biomass reproductive
tract samples. Likewise, probiotic studies remain
limited by small sample sizes, short follow-up, and
substantial variability in strain composition, dose, and
outcome assessment, making it difficult to draw firm
therapeutic conclusions. Future research should
prioritize large, well-phenotyped multicenter cohorts,
standardized sampling and analytical methods,
longitudinal designs to clarify temporality, and
adequately powered randomized trials evaluating
strain-specific interventions with both clinical and
mechanistic endpoints. Such advances will be essential
to determine whether microbiome-targeted strategies
have a reproducible and clinically meaningful role in
endometriosis management.

Conclusion

Emerging evidence suggests that microbiota
dysbiosis may contribute to the pathophysiology of
endometriosis through interactions involving chronic
inflammation, immune dysregulation, and possibly
estrogen metabolism. Alterations in both gut and
female reproductive tract microbiota, particularly
reduced Lactobacillus abundance and enrichment of
inflammatory taxa, support the concept of a
microbiota-associated disease component.

Among microbiome-targeted interventions,
probiotics have shown the greatest promise. Preclinical
studies indicate that selected strains, particularly
Lactobacillus gasseri OLL2809, may reduce lesion
development and modulate immune responses, while
early clinical studies suggest potential benefits for
pain-related symptoms. However, evidence remains
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preliminary, and no microbiome-based intervention can
yet be recommended as standard therapy.

Well-designed clinical trials with adequate power,
standardized probiotic  formulations, mechanistic
endpoints, and long-term follow-up are needed to
determine the clinical utility of probiotics, prebiotics,
and synbiotics in endometriosis. Until such evidence is
available, these approaches should be regarded as
promising adjunctive strategies rather than established
therapeutic options.
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