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overall quality of life. Characterized by the presence of endometrial-like tissue outside
the uterus, this condition manifests in a variety of forms, ranging from subtle,
asymptomatic cases to those marked by debilitating pain, infertility, and organ
dysfunction. Despite its high prevalence—affecting approximately 10% of individuals
of reproductive age—endometriosis remains a poorly understood condition with an
elusive etiology. While theories such as retrograde menstruation, immune
dysregulation, and genetic predisposition provide partial explanations, the full range of
contributing factors remains unclear. The disease's varied presentation, combined with
the lack of a definitive diagnostic test, often results in delays in diagnosis, leading to
prolonged suffering and uncertainty for many patients. Current treatment approaches—
ranging from pharmacologic interventions to surgical procedures—focus primarily on
symptom management rather than curative therapies, highlighting the critical need for
more effective and targeted strategies. Furthermore, the psychological toll of living with
chronic pain and fertility challenges associated with endometriosis exacerbates its social
and emotional burden, making comprehensive care and patient support imperative. This
paper seeks to explore the pathophysiology, diagnostic challenges, and evolving
treatment paradigms of endometriosis, with an emphasis on the urgent need for
improved awareness, early diagnosis, and innovative research to address the unmet
needs of those affected.
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INTRODUCTION

Endometriosis is a habitual, frequently painful,
and complex gynecological condition
characterized by the presence of endometrial-
suchlike tissue — tissue typically found inside the
uterus — growing outside the uterine cavity. This
ectopic tissue can be set up on the ovaries,
fallopian tubes, pelvic peritoneum, and, in some
cases, distant organs similar as the lungs,
diaphragm, and intestines [1 - 4]. The condition
affects an estimated 10- 15 of women of
reproductive age worldwide, though it remains
underdiagnosed due to its miscellaneous clinical
donation and the invasive nature of its definitive
diagnosis, which requires laparoscopic surgery.
The pathogenesis of endometriosis remains
inadequately understood, though several theses
have been proposed [5 - 6]. These include
retrograde menstruation, in which menstrual blood
containing endometrial cells flows backward into
the fallopian tubes and pelvic cavity, as well as
vulnerable dysfunction, inheritable predilection,
and environmental factors similar as exposure to
endocrine disruptors [7 - 10]. Despite expansive
exploration, no single cause has been linked, and
it's likely that endometriosis results from the
interplay of inheritable, epigenetic, and
environmental factors. Endometriosis can lead to
a wide range of symptoms, the most common
being pelvic pain, dysmenorrhea( painful period),
dyspareunia( pain during intercourse), and
infertility. The inflexibility of symptoms doesn't
always relate with the extent of the condition, and
some women with significant endometrial
implants may witness many symptoms, while
others with  minimum lesions may suffer from
enervating pain [11 - 13]. This distinction in
symptom presentation makes the clinical
operation of endometriosis particularly grueling,
as it's delicate to predict the progression or
inflexibility of the condition grounded on imaging
studies alone. Infertility is another major concern
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for women with endometriosis, with studies
indicating that roughly 30- 50 of women with the
condition may witness difficulties conceiving [14,
15]. The underpinning mechanisms contributing to
infertility in endometriosis are multifactorial and
may include anatomical deformations due to
adhesions, altered ovarian function, bloodied
embryo implantation, and differences in the
peritoneal  atmosphere. Assisted reproductive
technologies( ART), similar as in vitro
fertilization( IVF), may be indicated for women
with severe infertility due to endometriosis,
though the success rates for ART in these cases are
lower than for women without the condition [16 —
18]. The opinion of endometriosis is frequently
delayed, with cases generally passing symptoms
for times before a opinion is made. Non-invasive
individual tools similar as pelvic ultrasound or
magnetic resonance imaging( MRI) may help
identify endometriotic cysts( endometriomas) or
deep insinuating endometriosis( DIE), but the gold
standard for opinion remains laparoscopy, which
allows for direct visualization of lesions,
vivisection, and histopathological evidence [19,
20] . Still, numerous women remain undiagnosed,
and the condition is frequently misattributed to
other causes of pelvic pain. The operation of
endometriosis involves a multidisciplinary
approach that can include pharmacologic
curatives, surgery, and life variations. First- line
treatment  frequently consists of hormonal
curatives designed to suppress ovarian estrogen
product, which in turn reduces the proliferation of
ectopic endometrial tissue [21, 22] These
treatments may include combined oral
contraceptives, progestins, GnRH agonists, and

hormonal 1UDs. For women with severe
symptoms, surgical intervention may be
necessary, particularly to remove large

excrescencies or deeply infiltrative lesions [23 -
25]. Conservative surgical ways aim to save
fertility, but in some cases, further radical
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procedures, similar as hysterectomy, may be
indicated when fertility isn't a concern[26, 27].
Still, indeed with treatment, rush rates are high,
with studies showing that over to 50 of women
experience symptom rush within five times after
surgery. This has led to a growing interest in spare
curatives, similar as the use of anti-inflammatory
agents, antioxidants, and salutary interventions, as
well as research into new pharmacological
treatments targeting the molecular pathways
involved in the complaint, including seditious
cytokines, growth factors, and vulnerable
modulation [28,29] . Cerebral torture, including
anxiety and depression, is common among women
with endometriosis, due to the habitual pain,
gravidity enterprises, and the societal smirch
associated with reproductive health issues[30, 31]
. Addressing the cerebral aspects of the condition
is a critical element of comprehensive care, with
probative  curatives, comforting, and pain
operation strategies playing an important part in
perfecting overall quality of life. Endometriosis
is decreasingly honored as not just a original
pelvic complaint but a systemic condition, with
arising substantiation suggesting its association
with other conditions similar as autoimmune
diseases, perverse bowel pattern, and indeed
certain cancers [32, 33] . Ongoing exploration is
exploring the molecular and inheritable
underpinnings  of more

endometriosis  to

understand its pathogenesis and identify implicit
biomarkers for earlier opinion, more effective
treatments, and preventative strategies. In
conclusion, endometriosis is a  enervating
condition that significantly impacts the lives of
affected women. Although advances in individual
ways and remedial interventions have been made,
challenges remain in furnishing timely opinion
and substantiated treatment. Given its
multifaceted nature and the lack of a cure,
continued exploration into the causes,
mechanisms, and operation strategies for
endometriosis is critical to perfecting patient
issues and quality of life [34- 36] .

Endometriosis

Ovary
Uterus
Endometrium

Fig. 1 - Endometriosis is when tissue similar to
your uterine lining is inside your pelvis or
abdomen. It can cause painful and heavy periods,
pelvic pain and make it hard to get pregnant.

Fig. 2 — Microscopy of endometriosis.

Etiology :

The exact etiology of endometriosis remains
incompletely understood, with no single cause
identified, but rather, it is believed to arise from a
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multifactorial interplay of genetic, hormonal,
immune, and environmental factors. One of the
most widely accepted explanations is the
retrograde menstruation theory, first proposed
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by Dr. John Sampson in the 1920s, which suggests
that during menstruation, endometrial cells from
the uterine lining flow backward through the
fallopian tubes into the pelvic cavity, where they
implant and proliferate on the peritoneal surface or
other pelvic organs [37- 39] . However, retrograde
menstruation alone is insufficient to explain the
condition, as this process occurs in many
individuals  without the development of
endometriosis. Another plausible explanation is
coelomic metaplasia, which posits that the cells
lining the pelvic cavity may undergo
transformation into endometrial-like tissue in
response to hormonal imbalances or inflammatory
stimuli, leading to ectopic growth [40- 42].
Genetic factors also play a crucial role, with
studies showing a higher risk in individuals with a
family history of endometriosis, suggesting a
hereditary component. Genome-wide association
studies (GWAS) are actively exploring specific
genetic loci that might predispose individuals to
this condition. Additionally, immune system
dysregulation has been implicated, as individuals
with endometriosis often exhibit abnormal
immune responses, including altered T-cell
function and elevated pro-inflammatory cytokine
levels, which could allow ectopic endometrial
cells to evade the immune system and sustain their

growth. Other theories include lymphatic or
hematogenous spread, where endometrial cells
may disseminate through the bloodstream or
lymphatic system to distant sites, such as the lungs
or brain, explaining cases of extrapelvic
endometriosis [43 - 45] . Environmental factors,
particularly  endocrine-disrupting chemicals
(EDCs) such as bisphenol A (BPA) and
phthalates, have also been linked to increased risk,
as these substances can mimic or interfere with
estrogen signaling, a key driver of endometrial
tissue growth. The embryonic development
theory suggests that endometrial tissue may be
incorrectly placed during fetal development,
leading to endometriosis later in life. Other
theories, such as the stem cell theory, propose that
circulating stem cells from bone marrow may
migrate to the pelvic cavity and transform into
endometrial-like cells, while surgical trauma or
scarring has also been suggested as a potential
cause for localized endometriosis [46- 48] .
Despite significant advances in research, the
precise mechanisms behind endometriosis remain
unclear, and ongoing exploration of genetic,
immunological, and environmental factors is
essential to develop more effective diagnostic and
therapeutic approaches [ 49 -51] .

Table 1- Etiology of Endometriosis: A Complex Interplay of Factors

Factor

Explanation

Retrograde
Menstruation

Endometrial cells flow backward through the fallopian tubes during
menstruation and implant outside the uterus.

Coelomic Metaplasia

Pelvic cavity cells transform into endometrial-like tissue due to
hormonal imbalances or inflammation.

Genetic
Predisposition

Family history of endometriosis suggests a genetic component. GWAS
studies are exploring specific loci.

Immune System
Dysregulation

Abnormal immune responses allow ectopic endometrial cells to grow.

Development

Lymphatic or Endometrial cells spread through the bloodstream or lymphatic system to
Hematogenous distant sites.
Spread
Environmental Endocrine-disrupting chemicals (EDCs) can mimic or interfere with
Factors estrogen signaling.
Embryonic Endometrial tissue may be incorrectly placed during fetal development.
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Stem Cell Theory

Circulating stem cells may transform into endometrial-like cells in the

pelvic cavity.

Surgical Trauma or
Scarring

Localized endometriosis may result from previous pelvic surgery.

Clinical Sign & Symptoms:

Endometriosis is a complex, heterogeneous
disease with a broad spectrum of clinical
manifestations that vary significantly in terms of
severity, timing, and presentation, depending on
the location, extent, and depth of ectopic
endometrial tissue [52 - 54] . While some
individuals may exhibit subtle symptoms, others
may experience debilitating effects that
significantly impair quality of life. The most
prominent and  hallmark  symptom  of
endometriosis is chronic pelvic pain, which is
typically cyclic and often exacerbated during
menstruation (dysmenorrhea). This pain results
from the inflammatory response elicited by
endometrial-like tissue that has implanted outside
the uterine cavity, where it continues to respond to
the hormonal fluctuations of the menstrual cycle.
The pain is often described as crampy, sharp, or
dull, and may radiate to adjacent regions,
including the lower back, thighs, and even the
gastrointestinal tract. The intensity and timing of
pelvic pain can vary, often occurring before and
during menstruation, as well as during ovulation
and sometimes with sexual intercourse [55-58] .
Dyspareunia (painful intercourse) is another key
clinical manifestation of endometriosis, arising
due to the presence of endometrial tissue located
on or near the pelvic organs such as the ovaries,
rectum, or vaginal cuff. The pain associated with
dyspareunia is typically deep and may worsen
after intercourse, limiting sexual activity and
contributing to emotional distress, social isolation,
and reduced quality of life [59-61] . Infertility is
another  major clinical consequence of
endometriosis, affecting approximately 30-50% of
individuals with the condition. The presence of
endometrial tissue outside the uterus can lead to
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anatomical distortions, adhesions, or obstruction
of the fallopian tubes, thereby hindering natural
conception. Additionally, ovarian function may be
impaired due to the inflammatory environment,
and in vitro fertilization (IVF) success rates may
be reduced in affected individuals, requiring
additional medical intervention or surgical
procedures to improve fertility outcomes [62-65] .
Endometriosis also frequently presents with a
range of gastrointestinal symptoms, including
abdominal bloating, constipation, diarrhea,
nausea, and painful bowel movements, often
exacerbated during menstruation [66,67] . These
symptoms can be mistaken for other
gastrointestinal disorders such as irritable bowel
syndrome (IBS), making it challenging to
differentiate between the two conditions. Painful
bowel movements, particularly when associated
with menstruation, occur when endometrial
lesions are localized to the rectum, sigmoid colon,
or other regions of the gastrointestinal tract,
contributing to significant discomfort [68,69] . In
some cases, urinary symptoms may also manifest
when endometrial tissue infiltrates areas such as
the bladder or ureters. Symptoms may include
dysuria (painful urination), urinary frequency or
urgency, and hematuria (blood in the urine),
which are often aggravated during menstruation.
Systemic manifestations of endometriosis, such as
chronic fatigue, are also common and are thought
to result from the combined effects of chronic
pain, sleep disturbances, anemia (secondary to
heavy menstrual bleeding), and systemic
inflammation. Fatigue in endometriosis is often
described as persistent and debilitating, further
compounding the difficulty in managing the
disease [70-73] . Lower back pain is another
symptom frequently reported by individuals with
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endometriosis. This pain, often associated with
endometrial implants affecting the pelvic
ligaments, rectum, or other pelvic organs, can
radiate to the lower extremities and mimic other
forms of musculoskeletal pain, such as sciatica.In
advanced cases of endometriosis, adhesions
(fibrous bands of scar tissue) may form as a
consequence of chronic inflammation and
bleeding from ectopic endometrial tissue.
Adhesions can bind organs together, restrict organ
mobility, and lead to organ dysfunction,
including bowel obstruction, urinary retention, and
infertility [74-77] In severe cases, organ
dysfunction may require surgical intervention to
release adhesions and restore organ function.
However, some individuals with endometriosis
may remain asymptomatic, particularly when the
ectopic endometrial lesions are small or localized
to areas that do not trigger significant symptoms.
Asymptomatic cases can still pose long-term
reproductive challenges, including difficulties
with conception or suboptimal IVF outcomes,
making early detection critical. Moreover,
endometriosis can be associated with a variety of
non-specific symptoms, such as headaches,
menstrual irregularities (e.g., prolonged or
heavy bleeding), and rectal bleeding, particularly

Painful cramps

Pain during or after sex

Diarrhea or constipation, or
pain with urination or bowel
movements during a period

Problems with fertility

when lesions affect the gastrointestinal tract. The
presence of these non-specific symptoms further
complicates diagnosis, as they overlap with
conditions like irritable bowel syndrome (IBS),
interstitial cystitis, and pelvic inflammatory
disease (PID), leading to potential delays in
obtaining a definitive diagnosis [78-81] . The
clinical presentation of endometriosis is often
protean, with symptoms that may evolve over
time, depending on the progression of the disease.
Given the diversity of symptoms, many of which
mimic other conditions, timely diagnosis and
management are crucial for minimizing disease
impact and optimizing outcomes.In summary, the
clinical manifestations of endometriosis span a
wide range of systems, including reproductive,
gastrointestinal, and urinary systems, with varying
degrees of severity. The overlapping symptoms
with other common conditions, such as IBS and
PID, can complicate diagnosis, making a thorough
clinical evaluation essential. Due to the significant
impact of the disease on the physical, emotional,
and psychological well-being of individuals, a
comprehensive understanding of its clinical
presentation is crucial for timely diagnosis,
intervention, and effective management strategies
[82-83].

Feeling tired and
low energy

Bloating or nausea
IR RS
Heauy or irregular periods,

or spotting and bleeding
between periods

and getting pregnant

Fig 2 — Various symptoms of endometriosis.
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Clinical diagnosis of endometriosis :

The diagnosis of endometriosis is often
challenging due to its diverse clinical presentations
and the overlap of symptoms with other conditions
such as irritable bowel syndrome (IBS), pelvic
inflammatory disease (PID), or functional
gastrointestinal disorders. There is no single
diagnostic test for endometriosis, and the
diagnostic ~ process  typically involves a
combination of clinical evaluation, imaging
studies, and, in some cases, surgical intervention.
Initial diagnosis begins with a thorough clinical
history and physical examination, focusing on
common symptoms such as chronic pelvic pain,
dysmenorrhea (painful menstruation), dyspareunia
(painful intercourse), and infertility [84-86] .
While physical examination may reveal tenderness
or nodularity in the pelvic region, it is not
conclusive, especially in cases where endometrial
lesions are small or deeply infiltrating. Imaging
techniques are often employed to aid in diagnosis,
with transvaginal ultrasound being commonly
used as an initial screening tool to detect large
ovarian endometriomas, although it is less
effective for smaller lesions or deep infiltrations.
Magnetic resonance imaging (MRI) is
increasingly utilized to provide detailed imaging
of the pelvic organs and detect deep infiltrating
endometriosis, but it may have reduced sensitivity
for small or superficial lesions. In more complex
cases, computed tomography (CT) may be used
to assess for extrapelvic endometriosis or
complications such as bowel obstruction.
However, the gold standard for diagnosing
endometriosis remains laparoscopy, a minimally
invasive surgical procedure that allows direct
visualization of the pelvic cavity, enabling
identification of endometrial implants, adhesions,
or ovarian cysts. During laparoscopy, a biopsy of
the suspected lesions is often performed, and
histopathological examination of the tissue is
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required to confirm the diagnosis, with
characteristic findings including glands, stroma,
and hemosiderin-laden macrophages [87- 90] .
While non-invasive biomarkers like CA-125
(Cancer Antigen 125) are being studied as
potential diagnostic tools, their sensitivity and
specificity are limited, and they are typically not
used as standalone tests but rather in conjunction
with other diagnostic methods. Differential
diagnosis includes conditions with similar
symptoms, such as PID, IBS, interstitial cystitis,
ovarian cysts, and uterine fibroids, all of which
must be ruled out to confirm endometriosis.
Although ultrasound and MRI are useful for
detecting larger lesions or deep infiltrating
endometriosis, laparoscopy remains the most
definitive and reliable diagnostic method. The
diagnosis of endometriosis is often delayed due to
the nonspecific nature of its symptoms and the
overlap with other conditions, emphasizing the
need for a multidisciplinary approach that
integrates clinical evaluation, imaging studies, and
surgical intervention. Ongoing research into non-
invasive diagnostic biomarkers holds promise for
more efficient detection methods in the future [91-
94].

Treatment of endometriosis:

The treatment of endometriosis is complex and
highly individualized, aiming to alleviate pain,
manage symptoms, and enhance quality of life,
particularly when infertility is a concern. The first
line  of  treatment  typically  involves
pharmacological interventions designed to control
pain and hormonal activity. Nonsteroidal anti-
inflammatory drugs (NSAIDs) are commonly used
to manage pain and inflammation, providing
immediate relief, while hormonal therapies aim to
suppress the growth of endometrial-like tissue.
Birth control pills, hormone patches, and vaginal
rings, often combined with progestin-only options
like pills or
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Fig. 3 — Treatment using different methods.

injections (such as Depo-Provera), work to
regulate menstrual cycles and minimize the
hormonal fluctuations that trigger endometrial
growth [95-98] Additionally, a hormonal
intrauterine device (IUD), such as Mirena, delivers
localized progestin to reduce or stop menstruation
and alleviate pain. For more severe cases, GhRH
agonists (e.g., Lupron) and aromatase inhibitors
(e.g., Letrozole) may be used to lower estrogen
levels, effectively inducing a temporary
menopausal state and halting endometrial tissue
proliferation, though these treatments can come
with side effects like bone loss and mood swings,
requiring careful management [99-102] . Surgical
options become relevant in cases where
medications fail or symptoms are debilitating.
Laparoscopy, a minimally invasive surgery, is
often employed to remove or destroy the ectopic
endometrial lesions and adhesions, with the added
benefit of improving fertility in some cases. In
more severe instances, particularly for patients
who no longer wish to preserve fertility, a
hysterectomy—removal of the uterus—and
sometimes oophorectomy, removal of the ovaries,
may be recommended, though this is generally
seen as a last resort. Fertility-preserving treatments
may include assisted reproductive technologies
(ART), such as in vitro fertilization (IVF) and
ovarian stimulation therapies, which help bypass
the impact of endometriosis on the reproductive
organs [103- 106] . Alongside medical and

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

surgical interventions, lifestyle modifications play
a significant role in managing endometriosis.
Dietary adjustments—such as adopting an anti-
inflammatory diet rich in omega-3 fatty acids,
antioxidants, and fiber—can sometimes provide
symptom relief, as can regular exercise, which
helps reduce inflammation and improve mood.
Stress management techniques, including yoga
and meditation, are also beneficial for pain
management and emotional well-being. Physical
therapy, particularly pelvic floor therapy, is
increasingly recommended to address muscular
tension and pelvic pain associated with the
condition, and some patients turn to acupuncture
as an alternative therapy to alleviate symptoms.
Though evidence is mixed, complementary
therapies like herbal supplements (e.g., turmeric,
omega-3 fatty acids) are sometimes used, but these
should be approached cautiously and under the
guidance of a healthcare provider due to potential
interactions  with  conventional treatments.
Emotional and psychological support are also
crucial aspects of managing endometriosis, as the
chronic pain and fertility struggles can lead to
anxiety, depression, and feelings of isolation.
Support groups and counseling can offer valuable
coping strategies. Ultimately, the optimal
treatment strategy for endometriosis often requires
a combination of approaches tailored to each
patient’s specific symptoms, severity of the
condition, reproductive goals, and overall health,
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in close collaboration with a multidisciplinary  pharmacological, surgical, and lifestyle
healthcare team, typically led by a gynecologist or  interventions.
reproductive specialist [107- 111] .
Table 2: Table that encapsulates the key
elements of endometriosis treatment, including
Treatment Intervention Mechanism of Action Indications Potential Side
Category /Usage Effects
Pharmacologi | NSAIDs (e.g., | Inhibits COX enzymes, | First-line pain | Gastrointestinal
cal Treatments | ibuprofen) reducing pain and | relief and | issues, kidney
inflammation. inflammation impairment,
control. cardiovascular
risk.
Pharmacologi | Hormonal Suppresses  estrogen and | Controls Nausea, weight
cal Treatments | therapies progesterone, reducing | disease gain, mood
endometrial tissue growth. progression, swings, blood
regulates clot risks.
menstrual
cycles.
Pharmacologi | Birth  control | Regulates hormonal | Symptom Headaches,
cal Treatments | pills, patches, | fluctuations, suppresses | management, nausea, blood
rings ovulation. menstrual clots.
regulation.
Pharmacologi | Progestin-only | Suppresses ovulation and | Used in severe | Bone loss,
cal Treatments | therapies endometrial growth. cases, to reduce | irregular
bleeding and | bleeding, mood
pain. changes.
Pharmacologi | GnRH Lowers estrogen to induce | Severe Bone  density
cal Treatments | Agonists (e.g., | temporary menopause, | endometriosis loss, hot flashes,
Lupron) halting endometrial | cases,  short- | mood swings.
proliferation. term
suppression.
Pharmacologi | Aromatase Reduces estrogen synthesis, | Used with | Joint pain,
cal Treatments | inhibitors (e.g., | slowing tissue growth. GnRH agonists | fatigue,
Letrozole) or for | osteoporosis.
recurrence.
Surgical Laparoscopy Minimally invasive | Symptomatic Infection,
Treatments removal/destruction of | relief, fertility | scarring, organ
lesions and adhesions. improvement. | damage.
Surgical Hysterectomy/ | Removal of uterus and/or | Last resort for | Menopausal
Treatments Oophorectomy | ovaries to eliminate | severe  cases, | symptoms,
endometrial tissue. fertility hormonal
preservation imbalances,
not prioritized. | surgical risks.
Fertility In vitro | Bypasses endometriosis- | Preserves Ovarian
Preservation fertilization related reproductive issues | fertility, aids | hyperstimulatio
(IVF) by assisting fertilization. conception. n, multiple
pregnancies.
Fertility Ovarian Stimulates ovaries to produce | Optimizes Hormonal
Preservation stimulation multiple eggs for ART. fertility imbalances,
outcomes. emotional
burden.
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Lifestyle Anti- Reduces systemic | Symptom Generally safe;
Modifications | inflammatory inflammation, rich in omega- | control, reduces | balanced
diet 3s, antioxidants, and fiber. flare-ups. nutrition
required.
Lifestyle Exercise Improves circulation, | Adjunctive Risk of
Modifications reduces inflammation, and | therapy for pain | overexertion or
enhances mood through | and mental | injury.
endorphin release. health
improvement.
Lifestyle Yoga/Meditati | Reduces stress, improves | Pain relief, | Aggravation if
Modifications | on mental health, alleviates | stress not tailored to
pain. management, individual
emotional well- | conditions.
being.
Lifestyle Pelvic ~ floor | Targets pelvic muscles to | Manages pelvic | Temporary
Modifications | therapy alleviate pain and tension. pain and | discomfort  or
muscular soreness.
tension.
Complementar | Acupuncture Stimulates specific points to | Pain relief, | Mixed evidence;
y Therapies balance energy and reduce | symptom consult
symptoms. management. healthcare
provider.
Complementar | Herbal Anti-inflammatory  effects, | Symptom Risk of drug
y Therapies supplements sometimes used to | relief. interactions,
(e.g., turmeric) | complement lack of clinical
pharmacological treatment. evidence.
Psychological | Cognitive Addresses anxiety, | Managing Emotional
Support behavioral depression, and pain | chronic  pain | discomfort
therapy (CBT) | management through coping | and emotional | during therapy.
strategies. distress.
Psychological | Support groups | Provides emotional and | Emotional Possible
Support social support from peers | resilience, negative
with shared experiences. coping reinforcement in
strategies. some
individuals.

Risk Factors of endometriosis

Endometriosis is a multifactorial condition with a

range of risk factors that include genetic,
hormonal, reproductive, environmental, and
lifestyle influences. Family history plays a

significant role, as women with a first-degree
relative (such as a mother or sister) diagnosed with
endometriosis are at a significantly higher risk,
pointing to a potential genetic predisposition.
Specific genetic factors, including mutations in
certain genes related to immune response and
hormonal regulation, have been identified, though
they are still not fully understood. Hormonal
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factors are also central to the development of
endometriosis; the condition is estrogen-
dependent, and higher levels or prolonged
exposure to estrogen, which stimulates the growth
of endometrial tissue, are thought to play a role
[112-115] . Women who begin menstruating at an
early age (early menarche), experience long
menstrual cycles with heavy or prolonged periods,
or have shorter cycles with higher estrogen
production, are believed to be at a higher risk.
Furthermore, women who are nulliparous (have
never been pregnant) or delay childbirth into their
late 20s or 30s may also face increased risk
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[116,117] . Pregnancy and breastfeeding can offer
some protection, as they suppress ovulation and
reduce menstrual flow, which in turn lowers the
chances of retrograde menstruation—a process
where menstrual blood flows backward into the
pelvic cavity, potentially contributing to the
growth of endometrial tissue outside the uterus.
Retrograde = menstruation, combined  with
anatomical factors like pelvic or uterine
abnormalities, such as a narrow cervix or vaginal
obstruction, may increase the likelihood of
endometrial cells implanting and growing outside
the uterus [118-121] . In addition to hormonal and
anatomical factors, environmental influences like
exposure to endocrine disruptors—chemicals
found in everyday items such as plastics,
pesticides, and household cleaning products—are
thought to increase the risk of endometriosis by
interfering with hormone regulation. Chemicals
like bisphenol A (BPA) and phthalates, which
mimic estrogen, are especially concerning for their
potential role in the development of the condition.
Environmental pollutants and toxins, combined
with lifestyle factors such as obesity and physical
inactivity, may also play a role. Obesity is
associated with higher levels of estrogen, which
may stimulate the growth of endometriosis, while
lack of exercise can contribute to hormone
imbalances and weight gain, further increasing
risk [122-125] . Additionally, chronic stress has
been suggested as a potential risk factor, as stress
can influence hormone levels, increase
inflammation, and exacerbate symptoms in those
already living with endometriosis. Women with
autoimmune diseases, such as lupus, rheumatoid
arthritis, and Crohn’s disease, are also more likely
to develop endometriosis, potentially due to
immune system dysregulation that allows
endometrial cells to grow outside the uterus [126-
128] Although autoimmune disease and
endometriosis share some overlapping symptoms
and immune system dysfunction, the precise
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mechanisms remain under investigation. Other
reproductive factors, such as previous pelvic
infections or surgical procedures (like cesarean
sections or laparoscopies), may also raise the risk
by causing scarring or inflammation in the pelvic
region, which can facilitate the implantation of
endometrial cells. The interplay of these diverse
risk factors means that endometriosis likely results
from a complex combination of genetic,
environmental, and lifestyle influences, with no
single cause, and the condition can occur even in
women who do not fit any of the common risk
profiles. Despite these associations, much about
the precise causes of endometriosis remains
elusive, and more research is needed to better
understand how these factors interact and
contribute to the development of the condition
[129-132] .

Research and Future directions

Research into endometriosis is rapidly evolving,
driven by the wurgent need for a more
comprehensive understanding of its underlying
causes, the development of improved diagnostic
methods, and the discovery of more effective, less
invasive treatments. Despite being a complex and
often  misunderstood condition, significant
progress is being made across several promising
areas of research. One of the primary focuses is
understanding the pathophysiology of the disease,
particularly  its  molecular and  genetic
underpinnings. Although family history s
recognized as a risk factor, the specific genes
implicated in endometriosis are not fully
understood, and research is concentrating on
identifying genetic markers and susceptibility
genes, particularly those associated with immune
function, inflammation, and estrogen signaling.
This work may eventually lead to personalized
medicine approaches, tailoring treatments to an
individual's genetic profile. Additionally, research
into immune system dysfunction is gaining
momentum, as studies suggest that in women with
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endometriosis, the immune system fails to
recognize and eliminate endometrial tissue that
grows outside the uterus, resulting in chronic
inflammation and the formation of endometrial
implants [133-137] . Investigations are examining
the role of immune cells such as macrophages and
T-cells, along with the contribution of cytokines
and other immune mediators to the persistence of
the condition. Furthermore, epigenetics—the
study of changes in gene expression without
altering the underlying DNA sequence—has
emerged as a key area, with researchers exploring
how environmental factors such as toxins and
hormonal exposures may cause epigenetic
modifications that promote the growth of
endometrial tissue outside the uterus [138-141] . In
parallel, efforts to improve early detection are
intensifying, given that endometriosis is often
underdiagnosed or misdiagnosed due to its diverse
symptoms. Current diagnostic methods like
laparoscopy are invasive and expensive,
prompting research into non-invasive diagnostic
tests using biomarkers in blood, urine, or
menstrual fluid. Emerging biomarkers such as
CA-125 and miRNAs are being investigated for
their potential to offer earlier, less invasive
detection methods [142-145] Advances in
imaging technologies, such as MRI and
ultrasound, are also being explored to enhance the
sensitivity and  specificity of  detecting
endometriosis, especially in identifying smaller or
deep lesions, and researchers are examining the
potential of Al and machine learning to assist in
analyzing complex data and predicting the risk of
endometriosis. A significant area of research
focuses on  the relationship  between
endometriosis and fertility, as many women with
endometriosis face infertility challenges. Studies
are investigating how endometriosis impairs
fertility at the molecular level, including the
impact on ovarian reserve, oocyte quality,
fallopian tube function, and endometrial
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receptivity [146-149] Fertility preservation
techniques such as egg freezing, embryo
cryopreservation, and IVF are being researched
for women with severe endometriosis, with studies
evaluating how these approaches may enhance
pregnancy outcomes. Additionally, clinical trials
are assessing the impact of treatments like GnRH
analogs, aromatase inhibitors, and progestins
on fertility outcomes, seeking to guide fertility-
sparing decisions [150- 152] . In the realm of
treatment options, there is a strong push to
develop pharmacological advances that address
both the pain and progression of the disease, as
existing treatments often come with significant
side effects. Targeted therapies that aim to
precisely modulate the molecular mechanisms
driving endometriosis, such as inflammation,
hormonal dysregulation, and immune dysfunction,
are under investigation. Researchers are also
focusing on pain management, given that chronic
pelvic pain is one of the most debilitating
symptoms of endometriosis [153- 155] . Studies
are exploring novel approaches, including
neurostimulation devices and new
pharmacological interventions, to better manage
the pain and improve quality of life. Another
emerging field of research is the microbiome,
particularly the endometrial microbiome, with
researchers studying how the community of
microbes within the reproductive tract might
influence the development or progression of
endometriosis. Alterations in the gut microbiome
are also being explored, as many women with
endometriosis report gastrointestinal symptoms
[156-158] Investigating the gut-brain-
endometrium axis could offer valuable insights
into how changes in gut bacteria may affect
endometriosis. Additionally, the potential link
between endometriosis and ovarian cancer,
particularly endometriosis-associated ovarian
cancer (EAOC), is becoming a significant area of
focus, with research exploring how chronic
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inflammation and abnormal cell growth in
endometrial tissue may elevate cancer risk.
Recognizing the psychosocial impact of
endometriosis, research is also delving into the
mental health challenges associated with the

condition, including anxiety, depression, and
reduced quality of life [159-161]
Multidisciplinary approaches involving

gynecologists, pain specialists, psychologists, and
dietitians are being explored to provide
comprehensive care for patients. Another
important focus is early detection in adolescents,
as many young women suffer from endometriosis-
related symptoms that go unrecognized. Studies
are investigating how early intervention can
improve  long-term  outcomes, particularly
regarding fertility preservation and quality of life.
Furthermore, global and sociological research is
being conducted to address healthcare disparities,
as endometriosis remains underdiagnosed in many
regions, especially in low- and middle-income
countries [162-163] . Research is exploring how
socioeconomic status, cultural factors, and
healthcare infrastructure can influence the
diagnosis and management of the disease. Finally,
the integration of multidisciplinary care models
IS gaining traction, with researchers exploring how
collaborative approaches can better address the
complex, multi-system impacts of endometriosis
and improve patient outcomes. Collectively, these
areas of research are driving significant progress
in understanding the causes, improving the
diagnosis, and developing more effective
treatments for endometriosis, ultimately aiming to
improve the quality of life for those affected by
this challenging condition [164-166] .
CONCLUSION

In conclusion, endometriosis remains a profoundly
multifaceted and enigmatic condition that
continues to present significant challenges to both
patients and clinicians alike. Characterized by the
growth of endometrial-like tissue outside the
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uterus, this disorder disrupts not only the physical
but also the emotional and reproductive health of
those affected. Its wide-ranging symptoms, from
chronic pelvic pain to infertility and
gastrointestinal distress, make it a particularly
complex condition to manage, often leading to
delayed diagnoses and inadequate treatment. The
profound and pervasive impact of endometriosis
underscores the urgent need for a deeper, more
comprehensive understanding of its
pathophysiology and the development of more
personalized, patient-centered care approaches. As
scientific inquiry increasingly focuses on the
intricate  genetic, immune, and epigenetic
mechanisms underlying the development and
progression of endometriosis, significant strides
are being made toward elucidating its complex
etiology. Researchers are beginning to uncover
critical molecular pathways, including those
involved in immune dysfunction, estrogen
signaling, and inflammation, all of which
contribute to the persistence of ectopic
endometrial tissue and its associated symptoms.
Such breakthroughs are paving the way for the
development of more targeted, effective
treatments that go beyond the traditional hormonal
therapies and invasive surgeries currently
available. In particular, advancements in non-
invasive diagnostic methods, such as blood-
based biomarkers, mMIRNA profiling, and
improved imaging techniques, promise to
revolutionize early detection, reducing the reliance
on costly and invasive procedures like
laparoscopy. Additionally, innovations in fertility
preservation and pain management, including
new pharmacological agents and
neurostimulation therapies, offer hope for
improving both the reproductive and quality-of-
life outcomes for women living with this
debilitating condition. However, it is equally
critical  that, alongside these scientific
advancements, we address the broader
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sociocultural and healthcare disparities
surrounding  endometriosis. Many  women,
particularly those in low- and middle-income
countries or from marginalized communities,
continue to experience challenges in accessing
timely diagnosis, adequate care, and support
services. Furthermore, the stigma associated with
menstruation and reproductive health often leads
to the minimization of symptoms, contributing to
significant delays in diagnosis and treatment. As
such, efforts to enhance public awareness, improve
healthcare infrastructure, and promote equitable
access to care are essential for ensuring that
women everywhere receive the compassionate,
timely, and comprehensive care they deserve.
Ultimately, the ongoing pursuit of knowledge in
endometriosis research is not merely a scientific
endeavor but a societal commitment to improving
the lives of millions of women worldwide. It
represents the hope of a future where this often-
silent and under-recognized condition no longer
dictates a woman's ability to lead a fulfilling,
healthy life. With continued investment in
research, education, and healthcare reform, there is
potential for a future in which endometriosis is not
just better understood and managed but also
eradicated as a source of suffering and limitation.
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