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Abstract

Context: Endometriosis is an intricate gynaecological ailment characterized by the presence of tissue outside the uterus that resembles endometrial tissue,
resulting in substantial discomfort and irritation. The exact cause of the condition is still uncertain; however, probable factors such as retrograde menstruation
and immunological responses are believed to play a role. Psychological stress has been proposed to impact how endometriosis patients perceive pain and
experience inflammatory reactions, thereby worsening their symptoms and overall quality of life.

Evidence Acquisition: An extensive analysis of current literature was undertaken to investigate the interaction between psychological stress, pain
perception, and inflammatory responses in women diagnosed with endometriosis. We conducted a thorough search of databases such as PubMed, Scopus, and
Google Scholar to identify important papers and reviews that specifically examined the physiological and psychological factors involved in pain and
inflammation associated with endometriosis. Data were analyzed to ascertain the influence of stress on these variables and to uncover probable pathways
connecting stress with symptoms of endometriosis.

Results: The review highlights how psychological stress exacerbates pain perception and inflammatory responses in women affected by endometriosis. The
study revealed that stress activates the sympathetic nervous system (SNS) and leads to heightened levels of cortisol, which, in turn, contribute to increased
inflammation and sensitivity to pain. Stress also impacts the secretion of naturally occurring pain-relieving substances in the body and alters the functioning of
the central nervous system, thereby further affecting pain perception. Moreover, it has been demonstrated that chronic stress exacerbates symptoms and
contributes to the growth of endometriotic lesions by triggering persistent inflammatory reactions.

Conclusions: Psychological stress is an important factor in influencing both pain perception and the body’s inflammatory responses in endometriosis.
Effective stress management techniques are crucial for reducing discomfort and inflammation associated with the disease. Interventions targeting both the
psychological and physiological components of stress have the potential to improve treatment outcomes and enhance the quality of life for women
experiencing endometriosis. Subsequent investigations should prioritize the development of integrated methodologies that combine stress reduction
strategies with traditional therapies for endometriosis.
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1. Context development (1).

interplay between psychological stress and

This review aims to explore the
the

Endometrial-like tissue is present outside the uterus
in endometriosis, a complex gynaecological illness that
causes severe discomfort and inflammation (1, 2). While
the exact cause of endometriosis is still unknown,
elements such as immune system malfunction and
retrograde menstruation may contribute to its

manifestation of endometriosis symptoms, specifically
focusing on how stress might influence pain perception
and inflammatory processes in affected individuals.
Understanding this relationship is crucial, as it could
reveal new insights into the management and
treatment of endometriosis, potentially leading to
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improved therapeutic strategies and an enhanced
quality of life for patients.

Recent advances in research have uncovered a
number of important components of the condition,
which add to its complex nature. These include genetic
predisposition, the function of the immune system, and
hormonal imbalances. Research has brought attention
to the role that neuroimmune interactions play in the
development of endometriosis, specifically the ways in
which immune cells and inflammatory pathways affect
pain mechanisms (3). Additionally, new pharmaceutical
approaches, including hormone modulators and
immunotherapies, have shown promise in symptom
management, and advances in imaging techniques and
biomarkers have improved diagnostic accuracy (4).

Though more recent research has focused on the role
of epigenetic modifications and the systemic
inflammatory response in the development of
endometriosis, seminal studies such as those on the
theory of retrograde menstruation and the involvement
of the peritoneal immunological milieu remain
foundational (5). In addition, new clinical studies have
assessed the effectiveness of stress-reduction methods,
such as mindfulness and cognitive-behavioural therapy
(CBT), in managing pain perception in women affected
by endometriosis.

Notwithstanding these developments, there remains
a significant knowledge gap regarding the interaction
among psychological stress, pain perception, and
inflammatory processes in endometriosis. By
investigating the possible mechanisms through which
psychological stress may influence these variables, this
review seeks to address this gap. By clarifying this
connection, we aim to expand our understanding of
endometriosis and offer new treatment approaches that
address both the psychological and physical
manifestations of the condition, thereby enhancing the
lives of those affected.

2. Evidence Acquisition

A thorough examination of the current literature was
conducted to comprehensively explore the relationship
between psychological stress, pain perception, and
inflammatory responses in women with endometriosis.
We performed an extensive search using well-known
academic databases such as PubMed, Scopus, and
Google Scholar. Our aim was to collect a wide range of
papers and reviews that investigate the physiological
and psychological aspects of pain and inflammation
associated with endometriosis. The literature search
sought to identify crucial studies that offer a
comprehensive analysis of the impact of stress on these

factors and its potential role in exacerbating
endometriosis symptoms. Through data analysis, our
objective was to clarify the mechanisms by which stress
influences pain and inflammation, as well as to identify
potential pathways linking psychological stress with the
clinical symptoms of  endometriosis.  This
comprehensive body of evidence enabled a detailed
understanding of the potential effects of stress on
disease progression and symptom severity, thereby
laying a foundation for future research and
improvements in therapeutic practices.

3.Results

3.1. Endometriosis

The exact cause of the intriguing condition known as
endometriosis is still unknown (1, 2). Congenital,
environmental, epigenetic, autoimmune, and allergic
factors are among the proposed etiological
contributors. The primary process thought to be
responsible for the development of endometriosis
lesions is retrograde menstruation, which is defined as
the movement of menstrual blood through the
fallopian tubes into the peritoneal cavity and the
subsequent implantation of shed endometrial cells (6).

The presence of endometrial glands and stroma,
resembling lesions outside the uterus, is a characteristic
feature of endometriosis (1, 7). These lesions can
manifest as ovarian cysts, superficial implants,
peritoneal lesions, and deep infiltrating disease.
Although the exact cause of endometriosis remains
unknown, several theories exist regarding the
formation of endometriotic lesions. In both humans
and non-human primates, retrograde menstruation is a
potential process that occurs during the menstrual
cycle (8). It involves the movement of the endometrial
lining from the uterus through the fallopian tubes into
the pelvic cavity. The reverse flow and the potential for
endometrial cells to spread via the lymphatic or
circulatory systems may lead to the implantation of
endometrial tissue in ectopic locations. While
retrograde menstruation is common (possibly universal
among menstruating women), endometriosis is
significantly less prevalent (9, 10).

Endometriosis is a gynaecological disease that
typically affects the ovaries and peritoneum. It is
characterized by the formation of tissue resembling the
endometrium outside the uterus. This condition results
in premenstrual pain and painful menstrual cycles. The
most widely accepted explanation for endometriosis is
that retrograde menstruation implants endometrial
tissue in the peritoneal cavity. This original theory
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Figure 1. Symptoms of endometriosis (3); this figure shows the symptoms associated with endometriosis.

suggests that endometriosis develops when waste
products and shed endometrial cells travel backward
through the fallopian tubes into the pelvic cavity during
menstruation (3, 7). Retrograde menstruation occurs in
a large percentage of women (76% to 90%) with patent
fallopian tubes (3, 11). It is important to note, however,
that not all of these women develop endometriosis. The
condition was first described by Daniel Shroen in his
work Disputatio Inauguralis Medica de Ulceribus Ulceri
in1690 (6).

3.1.1. Symptoms of Endometriosis

Pelvic discomfort is the primary manifestation of
endometriosis and is typically linked to the menstrual
cycle. While it is common for individuals to experience
cramps during menstruation, women  with
endometriosis often endure significantly more severe

Fertil Gynecol Androl. 2025; 5(1): 151749

menstrual pain than the average person. Furthermore,
the discomfort may intensify over time. The risk factors
for endometriosis include genetic predisposition,
immune system disorders, hormonal imbalances,
abdominal surgery, and age (12). Figure 1 illustrates
some of the symptoms.

3.1.2. Pathophysiology of Endometriosis

Endometriosis is an intricate and multifaceted illness
with an aetiology that has not yet been fully discovered.
Various factors have been closely associated with the
development of the condition, although a definitive
aetiology remains undetermined (12). Sampson's theory
of retrograde menstruation is commonly considered
the leading explanation for the development of ectopic
endometriotic tissue (6, 13). According to this theory,
endometrial cells present in abnormal locations do not
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Table 1. Stages of Endometriosis (8)

Stages Description

One This minor illness is characterized by isolated implants. Adhesions are not present.

Two This is a modest type of the disease where superficial implants cover the ovaries and peritoneum. None of the adhesions were noticeable.

Three X
ovaries.

The contemporary condition is characterized by several implants, both highly intrusive and superficial. It is possible to develop adhesions on the fallopian tubes and

Four  Multiple deep and superficial implants, enormous ovarian endometriomas, and other symptoms are indicative of severe illness. Dense adhesions are usually found.

2 This table outlines the four stages of endometriosis, ranging from minimal to severe, based on the extent of endometrial tissue growth and the presence of adhesions.

originate there; rather, they travel through the fallopian
tubes into the peritoneal cavity during the menstrual
cycle. Three key conditions must be met for
endometriosis to occur: Retrograde menstruation, the
presence of viable endometrial cells in the menstrual
outflow, and the successful adhesion and continued
proliferation of these cells on the peritoneum following
implantation. This theory has faced considerable
criticism. Despite the fact that endometriosis is
relatively uncommon in the general population, nearly
90% of menstruating women experience retrograde
menstruation (13-15). Studies have discovered no
significant difference in the presence of endometrial
cells in the peritoneal fluid (PF) of individuals with and
without endometriosis (16, 17).

However, one could argue that the mere presence of
endometriotic tissue in the PF of healthy individuals is
insufficient to invalidate Sampson's theory. Another
study identified a significant correlation between the
number of endometrial cells in the PF and the severity
of the disease (2, 9). This variation may be associated
with the volume and frequency of retrograde menstrual
flow, as women with endometriosis typically experience
shorter menstrual cycles and heavier bleeding, leading
to a greater volume of endometrial material in the
pelvic cavity (14). Nevertheless, the theory of retrograde
menstruation cannot account for cases of
endometriosis in girls prior to menarche, in female
foetuses, and even in males (16). Table 1 and Figure 2
illustrate the different presentations of endometriosis.

3.1.3. Types of Endometriosis

There are three different types of ectopic endometrial
lesions, which include endometrial glands and stroma,
classified based on their location and physiopathology
(19).

3.1.3.1. Peritoneal Endometriosis

The term peritoneal endometriosis refers to the
presence of endometrial tissue on the outer layer of the

peritoneum. Ovarian endometriosis occurs when
endometrial tissue is located within the ovaries. Deep
infiltrating endometriosis describes endometrial tissue
that has deeply penetrated surrounding structures. The
condition can present in various forms, including white
infiltrations on the peritoneum, peritoneal surface
irregularities, red, brown, black-blue, and black lesions,
translucent vesicles lacking color, and localized swollen
blood vessels. Peritoneal endometriosis is observed in
approximately 15 - 50% of women diagnosed with
endometriosis. ~However, diagnosing peritoneal
endometriosis remains challenging due to its poor
visibility on imaging studies and the need for
laparoscopy to achieve a definitive diagnosis (18, 20).

3.1.3.2. Ovarian Endometrioma

Ovarian endometrioma (OMA) refers to cysts within
the ovaries that are lined with endometrial epithelium
and filled with thick, dark fluid (19). The condition
affects between 2% and 10% of women of reproductive
age and is found in 50% of women undergoing infertility
treatment (19).

3.1.3.3. Deep Infiltrating Endometriosis

Deep infiltrating endometriosis  (DIE) s
characterized by a specific histologic pattern that may
include well-developed glandular cells, pure stromal
cells, glandular or mixed differentiated cells, and pure
undifferentiated glandular cells (19). Although the
overall mortality rate associated with endometriosis is
generally low, DIE can significantly affect health
outcomes. Studies estimate that the prevalence of DIE is
approximately 2% among women of reproductive age.
While mortality directly caused by endometriosis
remains rare, complications related to DIE — such as
bowel obstruction or infertility — can contribute to
increased health risks (19).

3.1.4. Diagnosis of Endometriosis

Fertil Gynecol Androl. 2025; 5(1): 151749
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Figure 2. Stages of endometriosis (18); A, minimal endometriosis with four peritoneal endometriotic lesions (white arrows) on the right pelvic side wall; B, extensive
endometriosis with bowel adhesions to the uterus; C, superficial red peritoneal endometriotic lesion and hyperemia; D, endometrioma (chocolate cyst) in the left ovary; E, deep
bladder nodule (black arrows) and red, brown, and black peritoneal endometriotic lesions (white arrows).

Endometriosis is a prevalent condition; however, its
diagnosis can often be delayed for 8 to 12 years due to
the wide variety of symptoms it presents. Currently,
laparoscopy is considered the most accurate diagnostic
technique. Other diagnostic methods include magnetic
resonance imaging (MRI), ultrasound, and a thorough
history and physical examination (21).

3.2. Stress and Its Potential Impact on Health

Fertil Gynecol Androl. 2025; 5(1): €151749

Stress is a cognitive response to a perceived threat or
danger. It can be either transient or chronic and can
impact hormones, mood, susceptibility to illness, and
overall well-being. The physiological consequences of
stress include fatigue, depression and anxiety,
migraines, insomnia or disturbed sleep patterns,
cardiovascular complications such as myocardial
infarction, and impaired immune system function (22,
23).

Chronic stress can have long-term effects on both the
body and the brain. Prolonged or persistent stress may
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Figure 3. Factors affecting pain perception (22)

weaken the immune system, increasing vulnerability to
a range of illnesses — from common colds to more
serious health conditions. During stressful situations,
the body releases a hormone known as cortisol, which
circulates throughout the bloodstream. Cortisol plays a
crucial role in regulating several physiological
processes, including sleep, weight, blood pressure, and
blood glucose levels.

However, when cortisol levels remain elevated due to
prolonged stress, it can lead to chronic inflammation
and a weakened immune system, partly due to a
reduction in white blood cell count (24, 25). A meta-

analysis of multiple studies investigating the
relationship between psychological stress and
endometriosis symptoms found that women

experiencing high stress levels reported a significant

increase in pain severity compared to those with lower
stress levels. For instance, another study found that
women with high stress reported a 40% increase in pain
intensity compared to those with low stress. These
findings underscore the importance of addressing
psychological stress as part of a comprehensive strategy
for managing endometriosis.

3.3. Physiological Mechanisms of Pain

The International Association for the Study of Pain
(IASP) has provided the most widely recognized and
current definition of pain as an unpleasant emotional
and sensory experience that is associated with, or
resembles that associated with, actual or potential
damage to bodily tissues. Despite the existence of
several theoretical models proposed to explain the
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physiological basis of pain, none has been able to fully
encapsulate all aspects of the pain experience.

The four primary theories of pain perception are the
specificity theory, intensity theory, pattern theory, and
gate control theory. However, in 1968, Melzack and Casey
proposed that pain should be wunderstood as a
multidimensional experience, consisting of
components that are interrelated rather than
independent. These dimensions include the affective-
motivational, sensory-discriminative, and cognitive-
evaluative components of pain (26, 27).

3.3.1. Pain Mechanisms

3.3.1.1. Nociceptive Pain Mechanism

Nociception refers to the pathological process that
occurs in peripheral organs and tissues. It involves the
perception of pain projected into a damaged body part
or experienced in a different location, known as referred
pain. Nociceptors in the target tissue can be activated by
triggers related to temperature, mechanical stimuli
(such as stretching or straining), and chemical stimuli
(such as pH changes caused by local inflammation). As a
result, noxious stimuli may fall into one of these three
categories. Nociceptive pain occurs when harmful
chemical (inflammatory), mechanical, or ischaemic
stimuli activate the peripheral receptive terminals of
primary afferent neurons (28, 29).

3.3.1.2. Neuropathic Pain Mechanism

The IASP (2011) defines neuropathic pain as pain
resulting from a disease or injury affecting the
somatosensory nervous system. This type of pain can
result from damage to any part of the neuroaxis of the
peripheral nervous system or to the spinal or
supraspinal nervous system. Neuropathic pain is
categorized into two main types: (1) The term “central
neuropathic pain” refers to pain caused by a specific
disease or injury that affects the central somatosensory
nervous system; (2) peripheral neuropathic pain is
defined as pain resulting from disease or injury to the
peripheral somatosensory nervous system (28).

3.3.1.3. Nociplastic Pain Mechanism

According to the IASP (2011), nociplastic pain arises
from altered nociception, despite the absence of clear
evidence of actual or threatened tissue damage or
disease or lesion of the somatosensory system.

3.3.1.4. Central Sensitization

Fertil Gynecol Androl. 2025; 5(1): e151749

Central sensitization, as defined by the IASP (2011), is
an increased responsiveness of nociceptive neurons in
the central nervous system to normal or sub-threshold
afferent input, leading to hypersensitivity to stimuli.
This form of pain often does not respond well to
standard pharmacological treatments. Therefore, a
personalized treatment strategy is typically required,
addressing factors such as lifestyle, mood, physical
activity, employment, and social circumstances (27).
Figure 3 illustrates several factors that influence pain
perception.

3.4. Physiological Effects of Stress

Stress significantly impacts various physiological
systems, including the nervous, muscular, reproductive,
endocrine, digestive, respiratory, and circulatory
systems (30). The endocrine system plays a central role
by producing steroid hormones — such as cortisol — that
initiate the stress response (30). Stress activates the
sympathetic nervous system (SNS), which stimulates the
adrenal glands to release catecholamines. Once the
acute stress episode is resolved, the parasympathetic
nervous system (paraSNS) aids in the body’s recovery
(30).

Acute stress results in an increased heart rate,
stronger cardiac muscle contractions, temporary heart
enlargement, and redirection of blood flow to major
muscle groups (31). The circulatory and respiratory
systems collaborate to remove carbon dioxide and
deliver oxygen to tissues. However, when acute or
chronic stress leads to dysregulation of the autonomic
nervous system (ANS), it can trigger inflammation and
bronchial hyperresponsiveness (32). This dysregulation
may alter breathing patterns, resulting in symptoms
such as tachypnea and dyspnoea, which can exacerbate
existing respiratory issues.

Catecholamines like norepinephrine and adrenaline
— released during stress — also influence the digestive
tract. These hormones interact with adrenergic
receptors throughout the gastrointestinal system.
Specifically, activation of a-adrenergic receptors in
intestinal smooth muscle reduces intestinal motility
and delays gastric emptying (31).

Prolonged stress activates a cascade of physiological
responses, including elevated  secretion  of
catecholamines and cortisol, which impact the
musculoskeletal system (32). Chronic exposure to high
cortisol levels enhances osteoclast activity while
inhibiting osteoblast function, potentially leading to
decreased bone density and muscle atrophy.

When a stressor is detected, the body alerts the brain,
which then signals the hypothalamus to activate the
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ANS. The sympathetic response results in increased
muscle strength, elevated heart rate and blood pressure,
increased levels of circulating fats and sugars, delayed
blood clotting, reduced bowel activity, and a systemic
hormonal response (32).

The adrenal glands play a pivotal role in the body’s
stress response alongside the nervous system. Located
atop each kidney, the adrenal glands — particularly the
adrenal medulla — are directly connected to the SNS via
neuronal pathways. Upon stimulation by the SNS, the
adrenal medulla releases adrenaline and noradrenaline
into the bloodstream. This initiates the "fight or flight"
response, characterized by an elevated metabolic rate
for energy mobilization, bronchodilation for improved
respiration, and an increased heart rate (33).

3.4.1. Impact of Chronic Stress on the Body

Persistent stress, defined as ongoing stress
experienced over an extended period, can contribute to
long-term complications in the cardiovascular system. A
continuous and progressive elevation in heart rate,
along with increased levels of stress hormones and
blood pressure, can negatively affect the body. Chronic
and persistent stress significantly increases the risk of
developing hypertension, heart attacks, and strokes
(30).

Chronic stress is also associated with inflammation
within the circulatory system, particularly in the
coronary arteries. This inflammatory response is
believed to be one of the mechanisms linking stress to
myocardial infarction. Additionally, an individual’s
physiological reaction to stress may influence their
cholesterol  levels, further  contributing to
cardiovascular risk. The relationship between stress and
cardiovascular disease appears to differ among women
based on their menopausal status — whether
premenopausal or postmenopausal (30).
Premenopausal women typically benefit from higher
estrogen levels, which improve the ability of blood
vessels to respond adaptively to stress. This
physiological resilience supports more effective stress
regulation and offers protection against heart disease
(30).

In contrast, postmenopausal women experience a
decline in estrogen levels, resulting in the loss of this
protective cardiovascular effect. As a result, they are
more susceptible to the detrimental influence of stress
on heart health (16, 30).

3.4.2. Mechanisms by Which Stress Might Influence Pain
Perception

3.4.2.1. Psychological Modulation

Stress can alter cognitive processing and attentional
focus, leading to increased sensitivity to pain stimuli. It
may also heighten the likelihood of perceiving pain as
more intense than it actually is (34).

3.4.2.2. Physiological Response

Stress activates the SNS, resulting in elevated blood
pressure and heart rate. This physiological arousal can
amplify pain signals and lower the threshold for pain
perception, making individuals more susceptible to
experiencing pain (35).

3.4.2.3. Inflammatory Pathways

Stress may exacerbate pain by sensitizing nerve
endings and enhancing pain perception through the
body's inflammatory responses (36).

3.4.2.4. Endogenous Opioids

Stress can influence the release and regulation of
endogenous opioids — naturally occurring, pain-
relieving substances produced by the body. Alterations
in their activity can affect both pain sensitivity and
overall pain perception (37).

3.4.2.5. Alterations in the Central Nervous System

Chronic stress can lead to anatomical and functional
changes in the brain, particularly in regions associated
with pain processing and regulation, such as the
amygdala and prefrontal cortex (38).

3.4.3. The Mind-Body Connection in Endometriosis

The occurrence of recurring and persistent pain,
combined with inadequate recognition by healthcare
providers, can result in various psychological and
interpersonal difficulties. These challenges can be as
distressing for the patient and her partner as the
physical pain itself (39). Chronic stress disrupts the
body’s hormonal balance, particularly affecting the
production and regulation of hormones involved in the
reproductive system. Elevated levels of cortisol — a
primary stress hormone — can interfere with the normal
functioning of the hypothalamus-pituitary-gonadal
(HPG) axis, which governs the production of estrogen
and progesterone. This hormonal imbalance may
contribute to irregular menstrual cycles, altered
ovulation, and other symptoms associated with
endometriosis.

Fertil Gynecol Androl. 2025; 5(1): 151749
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A considerable number of patients report emotional
responses such as shame, feelings of inadequacy, low
self-esteem, and negative body image. Women with
persistent genital discomfort demonstrate higher levels
of both state and trait anxiety, as well as increased
depression scores, when compared to healthy women.
Additionally, they frequently exhibit elevated levels of
catastrophizing — characterised by exaggerated,
negative perceptions of pain, including magnification,
rumination, and helplessness. These women also display
increased hypervigilance towards pain, heightened fear
of pain, and lower self-efficacy, which refers to their
belief in their ability to manage pain effectively. These
findings stand in contrast to the experiences of women
without chronic pain (39).

Women diagnosed with endometriosis also
experience significant psychological distress, often
manifesting as guilt toward their partner, a diminished
sense of femininity, altered body image, a loss of bodily
autonomy, feelings of worthlessness, hopelessness, and
difficulties in identifying and expressing emotions —
known as alexithymia. Compared to healthy individuals,
these women display significantly higher levels of pain
catastrophising, stress, depression, and anxiety (39).

Stress can profoundly influence the proliferation and
spread of endometrial tissue beyond the uterus,
exacerbating key symptoms of endometriosis such as
pain and inflammation. Chronic stress activates the
immune system to produce inflammatory responses,
which not only encourage the growth of ectopic
endometrial tissue but also intensify the associated pain
and suffering. Furthermore, stress can lead to increased
muscle tension and spasms, thereby aggravating pelvic
discomfort. It may also disrupt hormonal balance,
contributing to menstrual irregularities — a common
symptom in individuals with endometriosis (40). The
multifaceted impact of stress on the physical and
psychological dimensions of endometriosis
underscores the critical importance of stress
management in mitigating symptoms and improving
the overall well-being of those affected by the condition
(40).

3.5. Inflammation and Endometriosis

Inflammation plays a critical role in the development
and persistence of ectopic endometrial tissue in
endometriosis. When endometrial cells migrate beyond
the uterus, the body’s immune system is activated,
resulting in an inflammatory response. This response
serves not only as a defense mechanism but also actively
contributes to the attachment of endometrial cells to
pelvic organs such as the ovaries, fallopian tubes, and

Fertil Gynecol Androl. 2025; 5(1): e151749

peritoneum. The immunological reaction creates an
inflammatory environment that supports the adhesion,
survival, and proliferation of these ectopic cells (40, 41).
Once these cells adhere to surrounding tissues, they
initiate the formation of endometriotic lesions, which
themselves produce inflammatory mediators. This
process creates a self-perpetuating cycle: Inflammation
promotes the growth and maintenance of
endometriotic tissue, and the lesions, in turn, generate
further inflammation. As a result, persistent
inflammation disrupts normal tissue function, giving
rise to symptoms such as chronic pelvic pain,
dysmenorrhea (painful menstruation), and infertility.
Ongoing inflammation can lead to the formation of
fibrosis and adhesions (42). Fibrosis refers to the
excessive development of fibrous connective tissue,
which can cause organs to adhere to one another,
leading to severe pain and impaired function of the
affected organs (43). Adhesions are bands of scar tissue
that bind organs together, further exacerbating the
clinical symptoms of endometriosis and interfering
with the normal operation of the reproductive system.
Endometriosis is thus characterized as a chronic and
often debilitating condition, with inflammation at the
core of its pathophysiology. The continuous
inflammatory process significantly diminishes the
quality of life for those affected by this disorder (43, 44).

3.5.1. Inflammatory Markers Commonly Measured in
Endometriosis

Inflammatory markers play a vital role in the
diagnosis and monitoring of endometriosis, providing
valuable insights into the presence and severity of the
condition.

3.5.1.1. Blood-Based Markers

The CA125, a glycoprotein often found at elevated
levels in the bloodstream of women with endometriosis,
is the most frequently suggested biomarker. Although
increased CA125 levels may indicate the presence of
endometriotic tissue, it is important to recognize that
this marker is not specific to endometriosis. Elevated
levels can also be observed in other conditions, such as
ovarian cancer and pelvic inflammatory disease.
Therefore, while CA125 is useful for raising clinical
suspicion and monitoring the progression of
endometriosis, it should always be interpreted in
conjunction with other diagnostic modalities (45).

Other markers, such as CA19-9 and CA72-4, have been
studied for their increased specificity in differentiating
endometriosis from other gynaecological disorders.
These markers may be particularly helpful in cases
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where CA125 values are inconclusive, providing
additional evidence to support the diagnosis of
endometriosis.

Recent studies have also highlighted the potential of
circulating microRNAs (miRNAs) as novel biomarkers.
These small, non-coding RNA molecules offer insights
into the role of endometrial stem cells in the
pathogenesis of endometriosis, potentially contributing
to a deeper understanding of the molecular
mechanisms underlying the disease. Detecting specific
miRNAs in the bloodstream may signal the presence and
activity of endometriotic lesions, offering a promising
avenue for early and more precise diagnosis (46).

3.5.1.2. Urine-Based Markers

Emerging research is also exploring urine-based
biomarkers as a non-invasive method for early detection
and screening of endometriosis. These urinary markers
hold the potential to revolutionize the diagnostic
process by offering a less invasive and more accessible
alternative to traditional techniques. Early and accurate
identification of the disease is critical for effective
management and treatment. Urine-based diagnostics
could significantly reduce the reliance on invasive
procedures such as laparoscopy, which is currently
regarded as the gold standard for diagnosis. By enabling
earlier detection, these markers may facilitate timely
intervention, thereby improving clinical outcomes and
enhancing the quality of life for individuals affected by
endometriosis (47).

3.5.2. Potential Link Between Stress and Inflammatory
Response in Endometriosis

The correlation between chronic stress and
endometriosis highlights the intricate interplay
between psychological well-being and physical health,
demonstrating how stress can significantly influence
the pathophysiology of this disorder. Persistent
stressors activate the hypothalamic-pituitary-adrenal
(HPA) axis, a central component of the body’s stress
response system (40). This activation leads to the
prolonged release of cortisol and other stress-related
hormones, which are essential for managing acute
stress but may become harmful when elevated over

extended periods (40).

Under chronic stress conditions, persistently
elevated cortisol levels can have multiple detrimental
effects on the immune system (48). At high

concentrations, cortisol acts as an immunosuppressant
(48). This suppression reduces the body’s ability to
mount effective immune responses to pathological
processes, including the inflammation characteristic of
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endometriosis (49). A weakened immune system
impairs the body’s capacity to control the spread of
endometrial cells beyond the uterus (33), thereby
facilitating the adhesion, survival, and proliferation of
ectopic tissue and intensifying inflammation (33). In
addition to its physiological effects, chronic stress also
profoundly affects psychological and emotional health.
Sustained stress often leads to increased emotional
distress, which can heighten the perception of pain and
other symptoms associated with endometriosis. This
creates a vicious cycle, where intensified pain
exacerbates psychological stress, further amplifying the
subjective experience of illness (48).

Findings from research on other chronic conditions
— such as cancer, inflammatory bowel disease, and
multiple sclerosis — consistently show that persistent
stress can worsen disease progression and symptom
severity. These conditions offer supporting evidence that
stress accelerates the deterioration of chronic illnesses
via mechanisms involving inflammation and immune
suppression, mechanisms that are equally relevant to
endometriosis. Understanding the pivotal role of stress
in the context of endometriosis underlines the
importance of a comprehensive, integrative treatment
approach (50). Incorporating psychological
interventions alongside standard medical treatments
has the potential to improve health outcomes. Stress
management strategies such as CBT, mindfulness, and
relaxation techniques can help reduce emotional
distress and may also modulate inflammatory
responses. This integrated approach could significantly
enhance the overall management of endometriosis,
improving both psychological well-being and physical
symptoms (50).

3.6. Future Direction

Future research should prioritize the development
and evaluation of integrated treatment strategies for
endometriosis. Combining psychological interventions,
such as CBT, with conventional pharmaceutical
treatments may offer a more holistic and effective
approach to disease management. This integrative
model acknowledges both the physiological and
psychological dimensions of endometriosis, potentially
enhancing symptom control and overall patient well-
being. Additionally, the identification of biomarkers
associated with stress responses in individuals with
endometriosis could provide critical insights into the
disorder’s underlying mechanisms. Such biomarkers
may facilitate the implementation of personalized
treatment strategies, allowing clinicians to tailor
interventions based on individual physiological and
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psychological profiles. Advancements in these areas of
research have the potential to significantly improve
clinical outcomes and quality of life for those affected by
endometriosis, underscoring the importance of a
multidisciplinary approach to both care and
investigation.

4. Conclusions

Endometriosis is a complex gynaecological disorder
characterized by the ectopic growth of endometrial-like
tissue outside the uterus, leading to substantial pain
and inflammation. Although the precise aetiology
remains unclear, prevailing theories suggest
contributions from retrograde menstruation, immune
dysfunction, and other systemic factors. This review has
explored the role of psychological stress in modulating
the symptoms of endometriosis, with particular
emphasis on pain perception and inflammatory
responses. Current evidence indicates that stress may
exacerbate endometriosis by amplifying inflammatory
activity, altering pain sensitivity, and disrupting
hormonal balance. Chronic stress triggers the sustained
release of cortisol, which can suppress immune
function and enhance pain perception through both

inflammatory  pathways and  neuroendocrine
mechanisms.  Integrating  stress  management
techniques — such as cognitive-behavioral therapy,
mindfulness, and relaxation strategies — assinto

standard treatment protocols holds promise for
improving therapeutic outcomes. These approaches
may not only alleviate psychological distress but also
reduce physiological symptom burden, ultimately
enhancing the quality of life for individuals affected by
this debilitating condition.

Footnotes

Authors' Contribution: O. P. A. led the study by
conceptualizing the research, supervising the project,
drafting the manuscript, and providing technical and
administrative support. A. D. A. and O. A. A. assisted in
data acquisition and logistical support. B. O. A.
conducted the statistical analysis and led data
interpretation, with input from J. C. E. and O. J. O. co-
authored the manuscript draft, while K. A. A. and A. S. A,
along with O. P. A, critically revised the manuscript for
intellectual content.

Conflict of Interests Statement: The authors declare
no conflict of interest.

Fertil Gynecol Androl. 2025; 5(1): e151749

Data Availability: The dataset presented in the study
is available on request from the corresponding author
during submission or after publication.

Funding/Support: The present study received no
funding/support.

References

1. Parasar P, Ozcan P, Terry KL. Endometriosis: Epidemiology, Diagnosis
and Clinical Management. Curr Obstet Gynecol Rep. 2017;6(1):34-41.
[PubMed ID: 29276652]. [PubMed Central ID: PMC5737931].
https://doi.org/10.1007/s13669-017-0187-1.

2. Tsamantioti ES, Mahdy H. Endometriosis. Treasure Island (FL):
StatPearls; 2025.

3. Chauhan S, More A, Chauhan V, Kathane A. Endometriosis: A Review
of Clinical Diagnosis, Treatment, and Pathogenesis. Cureus.
2022;14(9). e28864. [PubMed ID: 36225394]. [PubMed Central ID:
PM(C9537113]. https://doi.org/10.7759/cureus.28864.

4. Franca PRC, Lontra ACP, Fernandes PD. Endometriosis: A Disease with
Few Direct Treatment Options. Molecules. 2022;27(13). [PubMed ID:
35807280]. [PubMed Central ID: PMC9268675].
https://doi.org/10.3390/molecules27134034.

5. Centers for Disease Control and Prevention. Genomics and Your
Health. Georgia, United States: Centers for Disease Control and
Prevention; 2024, [cited 2024]. Available from:
https:/[www.cdc.gov/genomics-and-health/about/epigenetic-
impacts-on-health.html.

6. Smolarz B, Szyllo K, Romanowicz H. Endometriosis: Epidemiology,
Classification, Pathogenesis, Treatment and Genetics (Review of
Literature). Int | Mol Sci. 2021;22(19). [PubMed ID: 34638893]. [PubMed
Central ID: PMC8508982]. https://doi.org[10.3390/ijms221910554.

7. Lamceva ], Uljanovs R, Strumfa I. The Main Theories on the
Pathogenesis of Endometriosis. Int | Mol Sci. 2023;24(5). [PubMed ID:
36901685]. [PubMed Central ID: PMC10001466].
https://doi.org/10.3390/ijms24054254.

8. Bhat SP, Kaliyat S, Laxminarayana KPH, Srinivas T, Venugopala KPH,
Shetty JK. Endometriosis: A Clinicopathological Study in a Tertiary
Care Hospital. J Lab Physicians. 2020;12(3):184-90. [PubMed ID:
33268936). [PubMed Central ID: PMC7684995].
https://doi.org/10.1055(s-0040-1720946.

9. Hill CJ, Fakhreldin M, Maclean A, Dobson L, Nancarrow L, Bradfield A,
et al. Endometriosis and the Fallopian Tubes: Theories of Origin and
Clinical Implications. J Clin Med. 2020;9(6). [PubMed ID: 32570847].
[PubMed Central ID: PMC7355596].
https://doi.org/10.3390/jcm9061905.

10. Sasson IE, Taylor HS. Stem cells and the pathogenesis of
endometriosis. Ann N Y Acad Sci. 2008;1127:106-15. [PubMed ID:
18443337]. [PubMed Central ID: PMC3107843].
https://doi.org/10.1196/annals.1434.014.

1. McLeod BS, Retzloff MG. Epidemiology of endometriosis: an
assessment of risk factors. Clin Obstet Gynecol. 2010;53(2):389-96.
[PubMed ID: 20436315).
https:|/doi.org/10.1097/GRF.0bo013e3181db7bde.

12. Hunsche E, Gauthier M, Witherspoon B, Rakov V, Agarwal SK.
Endometriosis Symptoms and Their Impacts on the Daily Lives of US
Women: Results from an Interview Study. Int | Womens Health.
2023;15:893-904. [PubMed ID: 37283994]. [PubMed Central ID:
PMC10241351]. https://doi.org/10.2147/]JWH.S409733.

13. Signorile PG, Baldi A, Viceconte R, Ronchi A, Montella M.
Pathogenesis of Endometriosis: Focus on Adenogenesis-related

11


https://brieflands.com/articles/fga-151749
http://www.ncbi.nlm.nih.gov/pubmed/29276652
https://www.ncbi.nlm.nih.gov/pmc/PMC5737931
https://doi.org/10.1007/s13669-017-0187-1
http://www.ncbi.nlm.nih.gov/pubmed/36225394
https://www.ncbi.nlm.nih.gov/pmc/PMC9537113
https://doi.org/10.7759/cureus.28864
http://www.ncbi.nlm.nih.gov/pubmed/35807280
https://www.ncbi.nlm.nih.gov/pmc/PMC9268675
https://doi.org/10.3390/molecules27134034
https://www.cdc.gov/genomics-and-health/about/epigenetic-impacts-on-health.html
https://www.cdc.gov/genomics-and-health/about/epigenetic-impacts-on-health.html
http://www.ncbi.nlm.nih.gov/pubmed/34638893
https://www.ncbi.nlm.nih.gov/pmc/PMC8508982
https://doi.org/10.3390/ijms221910554
http://www.ncbi.nlm.nih.gov/pubmed/36901685
https://www.ncbi.nlm.nih.gov/pmc/PMC10001466
https://doi.org/10.3390/ijms24054254
http://www.ncbi.nlm.nih.gov/pubmed/33268936
https://www.ncbi.nlm.nih.gov/pmc/PMC7684995
https://doi.org/10.1055/s-0040-1720946
http://www.ncbi.nlm.nih.gov/pubmed/32570847
https://www.ncbi.nlm.nih.gov/pmc/PMC7355596
https://doi.org/10.3390/jcm9061905
http://www.ncbi.nlm.nih.gov/pubmed/18443337
https://www.ncbi.nlm.nih.gov/pmc/PMC3107843
https://doi.org/10.1196/annals.1434.014
http://www.ncbi.nlm.nih.gov/pubmed/20436315
https://doi.org/10.1097/GRF.0b013e3181db7bde
http://www.ncbi.nlm.nih.gov/pubmed/37283994
https://www.ncbi.nlm.nih.gov/pmc/PMC10241351
https://doi.org/10.2147/IJWH.S409733

Akano OP et al.

Brieflands

14.

15.

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

12

Factors. In Vivo. 2023;37(5):1922-30. [PubMed ID: 37652504]. [PubMed
Central ID: PMC10500515]. https://doi.org/10.21873/invivo.13288.

Kuan KKW, Gibson DA, Whitaker LHR, Horne AW. Menstruation
Dysregulation and Endometriosis Development. Front Reprod Health.
2021;3:756704. [PubMed ID: 36304032]. [PubMed Central ID:
PMC9580640]. https://doi.org/10.3389/frph.2021.756704.

Smycz-Kubaniska M, Kondera-Anasz Z, Sikora ], Wendlocha D,
Krélewska-Daszczynska P, Englisz A, et al. The Role of Selected
Chemokines in the Peritoneal Fluid of Women with Endometriosis—
Participation in the Pathogenesis of the Disease. Processes. 2021;9(12).
https://doi.org/10.3390/pr9122229.

O DF, Roskams T, Van den Eynde K, Vanhie A, Peterse DP, Meuleman C,
et al. The Presence of Endometrial Cells in Peritoneal Fluid of Women
With and Without Endometriosis. Reprod Sci. 2017;24(2):242-51.
[PubMed ID: 27324432]. https://doi.org/10.1177/1933719116653677.

Sisnett D], Zutautas KB, Miller JE, Lingegowda H, Ahn SH, McCallion A,
et al. The Dysregulated IL-23/TH17 Axis in Endometriosis
Pathophysiology. | Immunol. 2024;212(9):1428-41. [PubMed ID:
38466035]. https://doi.org/10.4049/jimmunol.2400018.

Zondervan KT, Becker CM, Missmer SA. Endometriosis. N Engl | Med.
2020;382(13):1244-56. [PubMed ID: 32212520].
https://doi.org/10.1056/NEJMra1810764.

Imperiale L, Nisolle M, Noel JC, Fastrez M. Three Types of
Endometriosis: Pathogenesis, Diagnosis and Treatment. State of the
Art. J Clin Med. 2023;12(3). [PubMed ID: 36769642]. [PubMed Central
ID: PMC9918005]. https://doi.org/10.3390/jcm12030994.

Acien P, Velasco I. Endometriosis: a disease that remains enigmatic.
ISRN Obstet Gynecol. 2013;2013:242149. [PubMed ID: 23956867].
[PubMed Central ID: PMC3730176]. https://doi.org[10.1155/2013/242149.

Kiesel L, Sourouni M. Diagnosis of endometriosis in the 21st century.
Climacteric. ~ 2019;22(3):296-302.  [PubMed ID:  30905186].
https://doi.org/10.1080/13697137.2019.1578743.

Attia M, Ibrahim FA, Elsady MA, Khorkhash MK, Rizk MA, Shah J, et al.
Cognitive, emotional, physical, and behavioral stress-related
symptoms and coping strategies among university students during
the third wave of COVID-19 pandemic. Front Psychiatry.
2022;13:933981. [PubMed ID: 36186888]. [PubMed Central ID:
PMC9523087]. https://doi.org/10.3389/fpsyt.2022.933981.

Kumar A, Rinwa P, Kaur G, Machawal L. Stress: Neurobiology,
consequences and management. | Pharm Bioallied Sci. 2013;5(2):91-7.
[PubMed ID: 23833514]. [PubMed Central ID: PMC3697199].
https://doi.org/10.4103/0975-7406.111818.

Haykin H, Rolls A. The neuroimmune response during stress: A
physiological perspectiv. Immunity. 2021;54(9):1933-47. [PubMed ID:
34525336]. [PubMed Central ID: PMC7615352].
https://doi.org/10.1016/j.immuni.2021.08.023.

Owens AP, Low DA, lodice V, Mathias CJ, Critchley HD. Emotion and
the Autonomic Nervous System—A Two-Way Street: Insights From
Affective, Autonomic and Dissociative Disorders. In: Owens AP, Low
DA, Iodice V, Mathias CJ, Critchley HD, editors. Reference Module in
Neuroscience and Biobehavioral Psychology. Amsterdam, Netherlands:
Elsevier; 2017. https://doi.org/10.1016/B978-0-12-809324-5.01799-5.

Aydede M, Giizeldere G. Some Foundational Problems in the
Scientific Study of Pain. Philosophy of Science. 2022;69(S3):5S265-83.
https://doi.org/10.1086/341851.

Raja SN, Carr DB, Cohen M, Finnerup NB, Flor H, Gibson §, et al. The
revised International Association for the Study of Pain definition of
pain: concepts, challenges, and compromises. Pain. 2020;161(9):1976-
82. [PubMed ID: 32694387]. [PubMed Central ID: PMC7680716].
https://doi.org[10.1097/j.pain.0000000000001939.

Fernandez Rojas R, Brown N, Waddington G, Goecke R. A systematic
review of neurophysiological sensing for the assessment of acute

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

pain. NPJ Digit Med. 2023;6(1):76. [PubMed ID: 37100924]. [PubMed
Central ID: PMC10133304]. https://doi.org/10.1038/s41746-023-00810-1.

Walters ET, Williams ACC. Evolution of mechanisms and behaviour
important for pain. Philos Trans R Soc Lond B Biol Sci.
2019;374(1785):20190275. [PubMed ID: 31544614]. [PubMed Central ID:
PMC6790384]. https:|/doi.org/10.1098/rstb.2019.0275.

Schneiderman N, Ironson G, Siegel SD. Stress and health:
psychological, behavioral, and biological determinants. Annu Rev
Clin Psychol. 2005;1:607-28. [PubMed ID: 17716101]. [PubMed Central ID:
PMC2568977]. https:[/doi.org[10.1146/annurev.clinpsy.1.102803.144141.
Chu B, Marwaha K, Sanvictores T, Awosika AO, Ayers D. Physiology,
Stress Reaction. Treasure Island (FL); 2025.

Galdino G, Veras FP, Dos Anjos-Garcia T. The Role of the Thalamus in
Nociception: Important but Forgotten. Brain Sci. 2024;14(8). [PubMed
ID: 39199436]. [PubMed Central ID: PMC11352386].
https://doi.org/10.3390/brainsci14080741.

O'Connor DB, Thayer JF, Vedhara K. Stress and Health: A Review of

Psychobiological Processes. Annu Rev Psychol. 2021;72:663-88.
[PubMed ID: 32886587]. https://doi.org/10.1146/annurev-psych-
062520-122331.

Villemure C, Bushnell CM. Cognitive modulation of pain: how do
attention and emotion influence pain processing? Pain.
2002;95(3):195-9. [PubMed ID: 11839418]. https://doi.org/10.1016/S0304-
3959(02)00007-6.

Tracey I, Mantyh PW. The cerebral signature for pain perception and
its modulation. Neuron. 2007;55(3):377-91. [PubMed ID: 17678852].
https://doi.org[10.1016/j.neuron.2007.07.012.

Zhang JM, An ]. Cytokines, inflammation, and pain. Int Anesthesiol
Clin. 2007;45(2):27-37. [PubMed ID: 17426506]. [PubMed Central ID:
PMC2785020]. https://doi.org/10.1097/AIA.0b013e318034194e.

Butler RK, Finn DP. Stress-induced analgesia. Prog Neurobiol.
2009;88(3):184-202. [PubMed ID: 19393288].
https://doi.org[10.1016/j.pneurobio.2009.04.003.

Ji RR, Xu ZZ, Gao YJ. Emerging targets in neuroinflammation-driven
chronic pain. Nat Rev Drug Discov. 2014;13(7):533-48. [PubMed ID:
24948120). [PubMed Central ID: PMC4228377).
https://doi.org[10.1038/nrd4334.

Aerts L, Grangier L, Streuli I, Dallenbach P, Marci R, Wenger JM, et al.
Psychosocial impact of endometriosis: From co-morbidity to
intervention. Best Pract Res Clin Obstet Gynaecol. 2018;50:2-10.
[PubMed ID: 29545113]. https:|/doi.org[10.1016/j.bpobgyn.2018.01.008.

Socolov R, Socolov D, Sindilar A, Pavaleanu I. An update on the
biological markers of endometriosis. Minerva Ginecol. 2017;69(5):462-
7. [PubMed ID: 28271701].  https://doi.org/10.23736/S0026-
4784.17.04046-1.

Herington JL, Bruner-Tran KL, Lucas JA, Osteen KG. Immune
interactions in endometriosis. Expert Rev Clin Immunol. 2011;7(5):611-
26. [PubMed ID: 21895474]. [PubMed Central ID: PM(C3204940].
https://doi.org/10.1586/eci.11.53.

Vallve-Juanico ], Houshdaran S, Giudice LC. The endometrial immune
environment of women with endometriosis. Hum Reprod Update.
2019;25(5):564-91. [PubMed ID: 31424502]. [PubMed Central ID:
PMC6737540]. https://doi.org/10.1093/humupd/dmz018.

Lebovic DI, Mueller MD, Taylor RN. Immunobiology of
endometriosis. Fertil Steril. 2001;75(1):1-10. [PubMed ID: 11163805].
https://doi.org/10.1016/s0015-0282(00)01630-7.

Patel BG, Lenk EE, Lebovic DI, Shu Y, Yu ], Taylor RN. Pathogenesis of
endometriosis: Interaction between Endocrine and inflammatory
pathways. Best Pract Res Clin Obstet Gynaecol. 2018;50:50-60. [PubMed
ID: 29576469). https://doi.org/10.1016/j.bpobgyn.2018.01.006.
Anastasiu CV, Moga MA, Elena Neculau A, Balan A, Scarneciu I,
Dragomir RM, et al. Biomarkers for the Noninvasive Diagnosis of

Fertil Gynecol Androl. 2025; 5(1): e151749


https://brieflands.com/articles/fga-151749
http://www.ncbi.nlm.nih.gov/pubmed/37652504
https://www.ncbi.nlm.nih.gov/pmc/PMC10500515
https://doi.org/10.21873/invivo.13288
http://www.ncbi.nlm.nih.gov/pubmed/36304032
https://www.ncbi.nlm.nih.gov/pmc/PMC9580640
https://doi.org/10.3389/frph.2021.756704
https://doi.org/10.3390/pr9122229
http://www.ncbi.nlm.nih.gov/pubmed/27324432
https://doi.org/10.1177/1933719116653677
http://www.ncbi.nlm.nih.gov/pubmed/38466035
https://doi.org/10.4049/jimmunol.2400018
http://www.ncbi.nlm.nih.gov/pubmed/32212520
https://doi.org/10.1056/NEJMra1810764
http://www.ncbi.nlm.nih.gov/pubmed/36769642
https://www.ncbi.nlm.nih.gov/pmc/PMC9918005
https://doi.org/10.3390/jcm12030994
http://www.ncbi.nlm.nih.gov/pubmed/23956867
https://www.ncbi.nlm.nih.gov/pmc/PMC3730176
https://doi.org/10.1155/2013/242149
http://www.ncbi.nlm.nih.gov/pubmed/30905186
https://doi.org/10.1080/13697137.2019.1578743
http://www.ncbi.nlm.nih.gov/pubmed/36186888
https://www.ncbi.nlm.nih.gov/pmc/PMC9523087
https://doi.org/10.3389/fpsyt.2022.933981
http://www.ncbi.nlm.nih.gov/pubmed/23833514
https://www.ncbi.nlm.nih.gov/pmc/PMC3697199
https://doi.org/10.4103/0975-7406.111818
http://www.ncbi.nlm.nih.gov/pubmed/34525336
https://www.ncbi.nlm.nih.gov/pmc/PMC7615352
https://doi.org/10.1016/j.immuni.2021.08.023
https://doi.org/10.1016/B978-0-12-809324-5.01799-5
https://doi.org/10.1086/341851
http://www.ncbi.nlm.nih.gov/pubmed/32694387
https://www.ncbi.nlm.nih.gov/pmc/PMC7680716
https://doi.org/10.1097/j.pain.0000000000001939
http://www.ncbi.nlm.nih.gov/pubmed/37100924
https://www.ncbi.nlm.nih.gov/pmc/PMC10133304
https://doi.org/10.1038/s41746-023-00810-1
http://www.ncbi.nlm.nih.gov/pubmed/37100924
https://www.ncbi.nlm.nih.gov/pmc/PMC10133304
https://doi.org/10.1038/s41746-023-00810-1
http://www.ncbi.nlm.nih.gov/pubmed/31544614
https://www.ncbi.nlm.nih.gov/pmc/PMC6790384
https://doi.org/10.1098/rstb.2019.0275
http://www.ncbi.nlm.nih.gov/pubmed/17716101
https://www.ncbi.nlm.nih.gov/pmc/PMC2568977
https://doi.org/10.1146/annurev.clinpsy.1.102803.144141
http://www.ncbi.nlm.nih.gov/pubmed/39199436
https://www.ncbi.nlm.nih.gov/pmc/PMC11352386
https://doi.org/10.3390/brainsci14080741
http://www.ncbi.nlm.nih.gov/pubmed/32886587
https://doi.org/10.1146/annurev-psych-062520-122331
https://doi.org/10.1146/annurev-psych-062520-122331
http://www.ncbi.nlm.nih.gov/pubmed/11839418
https://doi.org/10.1016/S0304-3959(02)00007-6
https://doi.org/10.1016/S0304-3959(02)00007-6
http://www.ncbi.nlm.nih.gov/pubmed/17678852
https://doi.org/10.1016/j.neuron.2007.07.012
http://www.ncbi.nlm.nih.gov/pubmed/17426506
https://www.ncbi.nlm.nih.gov/pmc/PMC2785020
https://doi.org/10.1097/AIA.0b013e318034194e
http://www.ncbi.nlm.nih.gov/pubmed/19393288
https://doi.org/10.1016/j.pneurobio.2009.04.003
http://www.ncbi.nlm.nih.gov/pubmed/24948120
https://www.ncbi.nlm.nih.gov/pmc/PMC4228377
https://doi.org/10.1038/nrd4334
http://www.ncbi.nlm.nih.gov/pubmed/29545113
https://doi.org/10.1016/j.bpobgyn.2018.01.008
http://www.ncbi.nlm.nih.gov/pubmed/28271701
https://doi.org/10.23736/S0026-4784.17.04046-1
https://doi.org/10.23736/S0026-4784.17.04046-1
http://www.ncbi.nlm.nih.gov/pubmed/21895474
https://www.ncbi.nlm.nih.gov/pmc/PMC3204940
https://doi.org/10.1586/eci.11.53
http://www.ncbi.nlm.nih.gov/pubmed/31424502
https://www.ncbi.nlm.nih.gov/pmc/PMC6737540
https://doi.org/10.1093/humupd/dmz018
http://www.ncbi.nlm.nih.gov/pubmed/11163805
https://doi.org/10.1016/s0015-0282(00)01630-7
http://www.ncbi.nlm.nih.gov/pubmed/29576469
https://doi.org/10.1016/j.bpobgyn.2018.01.006

Akano OP et al.

Brieflands

46.

47.

Endometriosis: State of the Art and Future Perspectives. Int ] Mol Sci.
2020;21(5). [PubMed ID: 32143439]. [PubMed Central ID: PMC7084761].
https://doi.org/10.3390/ijms21051750.

Kimber-Trojnar Z, Pilszyk A, Niebrzydowska M, Pilszyk Z, Ruszala M,
Leszczynska-Gorzelak B. The Potential of Non-Invasive Biomarkers for
Early Diagnosis of Asymptomatic Patients with Endometriosis. J Clin
Med. 2021;10(13). [PubMed ID: 34201813]. [PubMed Central ID:
PM(C8268879]. https://doi.org/10.3390/jcm10132762.

Kokot I, Piwowar A, Jedryka M, Solkiewicz K, Kratz EM. Diagnostic

Significance of Selected Serum Inflammatory Markers in Women
with Advanced Endometriosis. Int | Mol Sci. 2021;22(5). [PubMed ID:

Fertil Gynecol Androl. 2025; 5(1): 151749

48.

49.

50.

33669013]. [PubMed Central ID:
https://doi.org[10.3390/ijms22052295.

PMC7956504].

Chu B, Marwaha K, Sanvictores T, Awosika AO, Ayers D. Physiology,
Stress Reaction. Treasure Island (FL): StatPearls; 2024.

Machairiotis N, Vasilakaki S, Thomakos N. Inflammatory Mediators
and Pain in Endometriosis: A Systematic Review. Biomedicines.
2021;9(1). [PubMed ID: 33435569]. [PubMed Central ID: PMC7826862].
https://doi.org/10.3390/biomedicines9010054.

Appleyard CB, Flores I, Torres-Reveron A. The Link Between Stress and
Endometriosis: from Animal Models to the Clinical Scenario. Reprod
Sci. 2020;27(9):1675-86. [PubMed ID: 32542543]. [PubMed Central ID:
PMC9262098]. https://doi.org/10.1007/s43032-020-00205-7.

13


https://brieflands.com/articles/fga-151749
http://www.ncbi.nlm.nih.gov/pubmed/32143439
https://www.ncbi.nlm.nih.gov/pmc/PMC7084761
https://doi.org/10.3390/ijms21051750
http://www.ncbi.nlm.nih.gov/pubmed/34201813
https://www.ncbi.nlm.nih.gov/pmc/PMC8268879
https://doi.org/10.3390/jcm10132762
http://www.ncbi.nlm.nih.gov/pubmed/33669013
https://www.ncbi.nlm.nih.gov/pmc/PMC7956504
https://doi.org/10.3390/ijms22052295
http://www.ncbi.nlm.nih.gov/pubmed/33669013
https://www.ncbi.nlm.nih.gov/pmc/PMC7956504
https://doi.org/10.3390/ijms22052295
http://www.ncbi.nlm.nih.gov/pubmed/33435569
https://www.ncbi.nlm.nih.gov/pmc/PMC7826862
https://doi.org/10.3390/biomedicines9010054
http://www.ncbi.nlm.nih.gov/pubmed/32542543
https://www.ncbi.nlm.nih.gov/pmc/PMC9262098
https://doi.org/10.1007/s43032-020-00205-7

