. Operating Publisher
Internatlonal Journal Of SciFormat Publishing Inc.

Innovative Technologies in  1SNI: 0000 0005 1449 8214

INTERNATIONAL Social Science 2734 17 Avenue SW,
J(I?\JLIJ\I%\{/AAH'ISE Calgary, Alberta, T3E0A7,
TECHNOLOGIES IN e-ISSN: 2544-9435 Canada
+15878858911

SOCIAL SCIENCE

editorial-office@sciformat.ca

Scientific Edition

THE NEUROBIOLOGICAL AND IMMUNOLOGICAL BASIS OF THE
ARTICLE TITLE CO-OCCURRENCE OF ENDOMETRIOSIS WITH DEPRESSION AND
ANXIETY: A SYSTEMATIC REVIEW

DOI https://doi.org/10.31435/ijitss.3(51).2026.6442
RECEIVED 21 April 2026

ACCEPTED 02 August 2026

PUBLISHED 11 August 2026

The article is licensed under a Creative Commons Attribution 4.0
International License.

LICENSE

© The author(s) 2026.

This article is published as open access under the Creative Commons Attribution 4.0 International
License (CC BY 4.0), allowing the author to retain copyright. The CC BY 4.0 License permits the
content to be copied, adapted, displayed, distributed, republished, or reused for any purpose, including
adaptation and commercial use, as long as proper attribution is provided.



3(51) (2026): International Journal of Innovative Technologies in Social Science

THE NEUROBIOLOGICAL AND IMMUNOLOGICAL BASIS OF
THE CO-OCCURRENCE OF ENDOMETRIOSIS WITH
DEPRESSION AND ANXIETY: A SYSTEMATIC REVIEW

Julia Wawerska (Corresponding Author, Email: julia. wawerska@gmail.com)
Central Clinical Hospital of the Medical University of Lodz, £.0dz, Poland
ORCID ID: 0009-0006-0145-6204

Martyna Grzywacg
Central Clinical Hospital of the Medical University of Lodz, £.6dz, Poland
ORCID ID: 0009-0002-4366-4379

Bartosz Oklinski
Stefan Cardinal Wyszynski Provincial Specialist Hospital SPZOZ in Lublin, Lublin, Poland
ORCID ID: 0009-0003-9018-6784

Maciej Kisielewski
Stefan Cardinal Wyszynski Provincial Specialist Hospital SPZOZ in Lublin, Lublin, Poland
ORCID ID: 0009-0003-1797-9155

Mateusz Zugaj
Stefan Cardinal Wyszynski Provincial Specialist Hospital SPZOZ in Lublin, Lublin, Poland
ORCID ID: 0009-0000-2848-6952

Weronika Wrzosek
University Clinical Hospital No. 1 in Lublin, Lublin, Poland
ORCID ID: 0009-0002-6680-5760

Rafal Ejsner
Dr Karol Jonscher Municipal Medical Centre, £.0dZ, Poland
ORCID ID: 0009-0009-0983-2114

Marta Rzgsa
Provincial Specialist Hospital in Zgierz, Zgierz, Poland
ORCID ID: 0009-0000-6817-6940

Balbina Tybulczuk
Medical University of Lublin, Lublin, Poland
ORCID ID: 0000-0002-2854-4697

Bartlomiej Markowski
Medical University of Lodz, £0dz, Poland
ORCID ID: 0009-0006-2538-9907

e-ISSN: 2544-9435 1



3(51) (2026): International Journal of Innovative Technologies in Social Science

ABSTRACT

Introduction: Endometriosis is a chronic, oestrogen-dependent inflammatory condition affecting approximately 10% of
women of reproductive age worldwide. In addition to its well-documented gynaecological symptoms, endometriosis is
increasingly associated with psychiatric disorders, particularly depression and anxiety disorders. The neurobiological and
immunological mechanisms underpinning this comorbidity remain poorly understood.

Objective: This systematic review aims to synthesise current data on the neurobiological, neuroendocrine and
immunological mechanisms linking endometriosis to depression and anxiety disorders, taking into account additional
psychiatric symptoms such as sleep disorders, post-traumatic stress disorder (PTSD) and sexual dysfunction.

Methods: A systematic search of the PubMed/MEDLINE database was conducted to identify articles published between
January 2008 and March 2026, using predefined search terms relating to endometriosis, mental health, neuroinflammation
and immune dysregulation. Study selection was carried out in accordance with the PRISMA 2020 guidelines. Studies
analysing the association between endometriosis and psychiatric outcomes, or investigating the underlying biological
mechanisms, were included.

Results: Thirty studies met the inclusion criteria. The data consistently indicate elevated rates of depression (prevalence 9.8-
98.5 per cent) and anxiety (11.5-87.5 per cent) in women with endometriosis compared with the general population. Key
mechanisms identified include: dysregulation of the hypothalamic-pituitary-adrenal (HPA) axis; systemic and central
neuroinflammation mediated by pro-inflammatory cytokines (IL-1beta, IL-6, TNF-alpha), oestrogen-induced
neurotransmitter imbalances, central sensitisation, oxidative stress and gut-brain axis dysfunction.

Conclusions: The relationship between endometriosis and psychiatric disorders is bidirectional and mediated by combined
neuroendocrine-immunological pathways. These findings highlight the need for integrated, multidisciplinary management
strategies that take into account both the somatic and psychological dimensions of endometriosis.

KEYWORDS
Endometriosis, Depression, Medication, Neuroinflammation, Hypothalamic-Pituitary-Adrenal Axis, Cytokines

CITATION

Julia Wawerska, Martyna Grzywacz, Bartosz Oklinski, Maciej Kisielewski, Mateusz Zugaj, Weronika Wrzosek, Rafat Ejsner,
Marta Rzgsa, Balbina Tybulczuk, Bartlomiej Markowski. (2026) The Neurobiological and Immunological Basis of the Co-
Occurrence of Endometriosis with Depression and Anxiety: a Systematic Review. International Jowrnal of Innovative
Technologies in Social Science. 3(51). doi: 10.31435/ijitss.3(51).2026.6442

COPYRIGHT

© The author(s) 2026. This article is published as open access under the Creative Commons Attribution 4.0
International License (CC BY 4.0), allowing the author to retain copyright. The CC BY 4.0 License permits the content
to be copied, adapted, displayed, distributed, republished, or reused for any purpose, including adaptation and commercial
use, as long as proper attribution is provided.

1. Introduction

Endometriosis is a chronic, estrogen-dependent gynaecological condition characterised by the presence
of endometrium-like tissue outside the uterine cavity, most commonly on the ovaries, fallopian tubes,
peritoneum and other structures of the lesser pelvis [1]. Affecting an estimated 10 per cent of women of
reproductive age and 2—5 per cent of postmenopausal women worldwide, endometriosis represents a
significant burden on public health, with prevalence estimates ranging from 2-10% in the general population
to 50% among women presenting with infertility, and from 15 to 75% in women undergoing laparoscopy for
chronic pelvic pain (Moradi et al., 2021). Core symptoms include chronic lower pelvic pain, painful periods
(dysmenorrhoea), painful sexual intercourse (dyspareunia), dysuria, dyschezia and infertility, which
significantly impair patients’ daily lives[1] [2].

In addition to the established gynaecological consequences, a growing body of evidence identifies
endometriosis as a systemic disease with far-reaching implications for mental health. Numerous systematic
reviews and meta-analyses have shown that women with endometriosis experience significantly higher rates
of depressive and anxiety symptoms compared with the general population. The ELEMI (Endometriosis and
Mental-Health Sequelae) project, a large-scale meta-analysis, confirmed that patients with endometriosis
exhibit a significantly greater burden of symptoms of both depression and anxiety. The prevalence of anxiety
disorders among women with endometriosis was 31.8% (95% CI 26.5%-37.1%), and that of depression was
28.9% (95% CI 8.6%—49.2%) [4]. Van Barneveld also confirmed in his study a correlation between
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endometriosis and psychological symptoms: depression ( [SMD]=0.71; 95% CI 0.36—1.06) and anxiety (SMD
= 0.60; 95% CI 0.35-0.84) compared with healthy control groups [3]. Similarly, Gambadauro et al. reported
higher levels of depression among women with endometriosis (SMD = 0.22; 95% CI 0.13-0.32) in a meta-
analysis of 24 studies involving 99,614 women [5].

Endometriosis increases the risk of depression and anxiety, but this is not solely due to the difficulties
of living with pain and anxiety; it is also because the condition can directly influence the onset and development
of mental health disorders. New evidence points to shared biological mechanisms involving the
neuroendocrine and immune systems. The hypothalamic-pituitary-adrenal (HPA) axis, the centre of the stress
response, shows significant dysregulation in women with endometriosis and chronic pelvic pain, manifesting
as altered patterns of ACTH and cortisol secretion and suppressed stress reactivity[6];[7]. Shewarani et al. note
in their study that the chronic inflammatory environment characteristic of endometriosis (marked by elevated
levels of pro-inflammatory cytokines, including interleukin-1 beta (IL-1beta), interleukin-6 (IL-6) and tumour
necrosis factor-alpha (TNF-alpha)), constitutes a direct link to depression, in which increased secretion and
production of the same pro-inflammatory molecules are observed.[8] [9].

In their review, Chang et al.[10] examined the relationship between endometriosis and the bidirectional
neuroendocrine-immune axis and demonstrated its significant influence on the release of neurotransmitters
and pro-inflammatory cytokines, which may represent a key link to the occurrence of mental health disorders
in this patient group. According to this model, endometriosis causes chronic inflammation, which leads to
increased secretion of pro-inflammatory cytokines; these enter the central nervous system and may promote
the onset of symptoms of depression and anxiety. At the same time, chronic psychological stress - via activation
of the HPA axis -exacerbates the inflammatory and endocrine disturbances that sustain the growth of
endometriotic lesions [11]. This creates a vicious circle in which somatic and psychological pathology
reinforce one another.

Despite the clinical significance of this association, the underlying mechanisms have not yet been
comprehensively synthesised in a single systematic review. Existing reviews have typically focused on the
epidemiological association between endometriosis and mental health outcomes, or on the analysis of
individual mechanisms. This systematic review aims to analyse the neurobiological, neuroendocrine and
immunological mechanisms linking endometriosis to depression and anxiety disorders.

2. Materials and Methods

This systematic review was conducted in accordance with the PRISMA 2020 guidelines (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses) (Page et al., 2021). The review protocol was not
registered with PROSPERO.

A comprehensive search of the PubMed/MEDLINE electronic database was carried out to identify
articles published between January 2008 and March 2026. The search strategy included combinations of the
following MeSH (Medical Subject Headings) terms and keywords:

* Population: “endometriosis” OR “endometriotic”

» Exposure/Mechanism: “neuroinflammation” OR “HPA axis” OR “hypothalamic-pituitary-adrenal”
OR “cortisol” OR “cytokines” OR “interleukin” OR “TNF-alpha” OR “immune dysregulation” OR
“neuroendocrine” OR “neuroimmune” OR “oxidative stress” OR “central sensitisation” OR “microbiome” OR
“gut-brain axis” OR “oestrogen” OR “serotonin” OR “dopamine”

* Result: “depression” OR “anxiety” OR “mental health” OR “psychiatric” OR “psychological
distress” OR “quality of life” OR “PTSD” OR “sleep disorders” OR “sexual dysfunction”

Logical operators (AND, OR) were used to combine search terms. The reference lists of the included
studies were manually reviewed to identify additional relevant publications.

Inclusion criteria: 1. Original research articles (cross-sectional, cohort and case-control studies),
systematic reviews, meta-analyses and narrative reviews published in peer-reviewed journals 2. Studies
analysing the association between endometriosis and depression, anxiety or other psychiatric outcomes 3.
Studies addressing neurobiological, neuroendocrine or immunological mechanisms relevant to the
endometriosis—mental health relationship 4. Studies published in English 5. Studies involving humans or
animal models.

Exclusion criteria: 1. Case reports and conference abstracts 2. Studies not available in English 3.
Studies without a direct link to the issue of comorbidity between endometriosis and psychiatric disorders 4.
Editorial articles, commentaries and letters to the editor.
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The study selection process comprised two phases. In the initial assessment phase, the titles and abstracts
of all retrieved records were reviewed for relevance. In the full-text assessment phase, potentially eligible
articles were read in full to determine final inclusion. The following data were extracted from each included
study: authors, year of publication, study design, sample size, population characteristics, outcome measures,
main results and indicators of methodological quality.

The methodological quality of the included studies was assessed using appropriate tools depending on
the study design. Systematic reviews and meta-analyses were assessed using the AMSTAR 2 checklist (A
Measurement Tool to Assess Systematic Reviews). Observational studies were assessed using the Newcastle-
Ottawa Scale (NOS). The quality assessment influenced the interpretation of the results but was not used as an
exclusion criterion.

Due to the heterogeneity of study designs, populations and outcome measures, a narrative synthesis
approach was adopted. The results were organised thematically according to the following domains: (1)
epidemiological evidence of psychiatric comorbidity; (2) HPA axis dysregulation; (3) inflammatory and
immunological mechanisms; (4) neuroinflammation and central nervous system pathways; (5) oestrogen—
neurotransmitter interactions; (6) additional mechanisms (oxidative stress, the gut-brain axis, central
sensitisation); and (7) secondary psychiatric symptoms (PTSD, sleep disorders, sexual dysfunction).

3. Results

An initial search of PubMed yielded 487 records. After removing 62 duplicates, 425 unique records
were screened for titles and abstracts, of which 89 were shortlisted for full-text assessment. Following full-text
review, 30 studies met the final inclusion criteria and were included in the qualitative synthesis. The included
studies comprised 8 systematic reviews and/or meta-analyses, 6 narrative reviews, 10 cross-sectional or case-
control studies, 4 cohort or longitudinal studies, and 2 animal model studies with translational relevance.

The reviewed data consistently point to a strong association between endometriosis and psychiatric
disorders, in particular depression and anxiety. In 2023, Szyptowska conducted a systematic review showing
that the prevalence of depressive symptoms among patients with endometriosis ranged from 9.8% to as high
as 98.5%, whilst the prevalence of anxiety symptoms ranged from 11.5% to 87.5%, (depending on the
diagnostic tools used). It was also noted that the prevalence of depression was higher in women under 35 years
of age.[12] This wide variation reflects differences in study methodologies, with studies using validated
clinical diagnostic criteria reporting lower prevalence rates than those based on self-assessment screening
tools.

In a comprehensive meta-analysis of 24 studies (99,614 women), Gambadauro demonstrated that
women with endometriosis had significantly higher levels of depressive symptoms compared with control
groups (SMD = 0.22; 95% [CI] 0.13-0.32).[5] The ELEMI project’s meta-analysis provided even clearer
estimates, noting that anxiety disorders occur in 31.8% of patients (95% CI 26.5%-37.1%), and depressive
disorders in 28.9% (95% CI 8.6%—49.2%) [3].

In his meta-analysis of 44 articles from 4 continents and 13 countries, Wang confirmed that
endometriosis impairs both mental health and health-related quality of life, with effects observed in both the
physical and mental health domains (HRQoL). Van Barneveld et al. (2022) further identified that the severity
of depressive and anxiety symptoms in patients with endometriosis correlates with the severity of chronic
lower pelvic pain, suggesting that pain may act as a mediating variable. In their systematic review, Brasil et
al. reported elevated levels of psychological stress in women with endometriosis at 68% (95% CI: 57%—79%)
and a correlation between increased stress and disease severity. [14]

Davenport et al. conducted a meta-analytic review examining the role of neuroticism and cognitive
factors in the depression—endometriosis relationship, finding that neuroticism and maladaptive cognitive
patterns (pain catastrophising, rumination and a perception of the illness as having low controllability) are
significantly associated with the severity of depression and anxiety in this population [15].

The HPA axis, the central coordinator of the neuroendocrine stress response, has been shown to be a
key component of the mechanism linking endometriosis to psychiatric comorbidity. Under physiological
conditions, the HPA axis operates via a tightly regulated negative feedback loop: hypothalamic corticotropin-
releasing hormone (CRH) stimulates the release of adrenocorticotropic hormone (ACTH) from the anterior
pituitary, which in turn stimulates the secretion of cortisol by the adrenal glands. Cortisol, via a feedback
mechanism mediated by the glucocorticoid receptor, inhibits further production of CRH and ACTH. In
endometriosis, this regulatory mechanism appears to be significantly impaired.
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Ortiz et al. provided direct evidence of HPA axis dysfunction in women with chronic pelvic pain, both
endometriosis-related and non-endometriosis-related. Their study revealed altered circadian cortisol profiles,
characterised by a suppressed morning cortisol peak during the follicular phase and elevated concentrations in
the evening. Hypoadrenocorticism may cause immune dysfunction and thereby exacerbate inflammation in
endometriosis. [6] Importantly, this pattern mirrors the HPA axis abnormalities consistently reported in severe
depression, suggesting a common neuroendocrine substrate.

Petrelluzzi et al. similarly reported hypocortisolism in women with endometriosis and chronic lower
pelvic pain, manifested by reduced salivary cortisol concentrations throughout the day and a blunted cortisol
response upon waking. The authors proposed that chronic pain-driven activation of the HPA axis may lead to
a final downregulation of glucocorticoid receptors and cortisol resistance - a phenomenon analogous to the
glucocorticoid resistance hypothesis in depression. [7]

Quinones et al. investigated the interaction between anxiety and HPA axis function in women with
endometriosis, finding that increased anxiety was associated with maladaptive cortisol responses. These
findings suggest that psychological vulnerability may be bidirectional: chronic pain and stress drive HPA axis
dysregulation, whilst such dysregulation may in turn cause immunological changes and exacerbate
symptoms.[16]

Appleyard et al. provided a comprehensive translational perspective in their review linking stress and
endometriosis in animal models and clinical studies. They demonstrated that chronic psychological stress
continuously activates the HPA axis and the sympathetic nervous system, increasing the release of CRH and
uro cortin. In animal models of endometriosis, exposure to stress accelerated the growth of lesions and
exacerbated pain symptoms, establishing a clear biological pathway through which psychological stress can
exacerbate the disease. These findings open up new therapeutic possibilities focusing on the modification of
brain—body-brain pathways. [11]

Endometriosis is a chronic pro-inflammatory disease, and the immune environment it creates has a
profound impact on mental health. The peritoneal microenvironment in endometriosis is characterised by
elevated concentrations of pro-inflammatory cytokines, activated macrophages and dysregulated immune cell
populations [17].

Bjork et al. demonstrated increased local and systemic expression of inflammatory cytokine mRNAs in
women with endometriosis, primarily IL-6, IL-8, IL-1p and TNF-a, accompanied by a compensatory adaptive
regulatory response which, paradoxically, impairs cytotoxicity and facilitates the survival of inflammatory
foci. This immune dysregulation results in a state of chronic, low-grade systemic inflammation that extends
beyond the peritoneal cavity and may be associated with other chronic inflammatory diseases. Similar
inflammatory responses are also observed in conditions such as rheumatoid arthritis, systemic lupus
erythematosus and Crohn’s disease. [18]

Siedentopf et al. directly investigated the intersection of immune status, psychosocial stress and quality
of life in infertile patients with endometriosis. Their findings revealed that patients with endometriosis
exhibited both immune activation (elevated inflammatory markers) and heightened psychological stress, with
significant correlations between immune parameters and scores on depression scales. This demonstrates once
again that methods of stress reduction and coping can assist in the treatment of depression, but also help to
break the vicious cycle of inflammation, disease symptoms and psychological dysfunction. [19]

The significance of these immunological findings for depression is well documented in the wider
neuropsychiatric literature. In 2009, Miller et al. presented a landmark review demonstrating that pro-
inflammatory cytokines, in particular IL-6 and TNF-alpha, play a causal role in the pathophysiology of major
depression through a number of mechanisms: (a) activation of the enzyme indoleamine 2,3-dioxygenase
(IDO), which redirects tryptophan metabolism from serotonin synthesis to the kynurenine pathway, thereby
depleting the main substrate for serotonin production; (b) stimulation of the HPA axis leading to
hypercortisolaemia; (c) inhibition of the expression of brain-derived neurotrophic factor (BDNF), thereby
impairing neuroplasticity; and (d) effects on the reuptake of monoamines. [9]

Felger and Lotrich elaborated on these mechanisms, demonstrating that peripheral cytokines gain access
to the CNS via multiple routes - including active transport across the blood—brain barrier (BBB), activation of
vagal afferent fibres, and direct damage to the BBB - where microglia are activated and a neuroinflammatory
cascade is initiated. In the context of endometriosis, chronically elevated systemic cytokine concentrations
provide a persistent peripheral inflammatory signal that may drive persistent CNS inflammation and mood
disorders. [20]
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Sherwani et al. described a vicious cycle between chronic endometriosis and depression, mediated by
immunological and physiological pathways. Depression is associated with the production of highly pro-
inflammatory molecules (IL-6, [FN-y, TNF-a, IL-1B), exacerbates oxidative stress and increases ROS, whilst
endometriosis, through inflammation and associated immunological disturbances, may increase the risk of
developing depression; conversely, depression, by exacerbating inflammatory processes, may influence the
further course of the disease. [§]

The concept of neuroinflammation as a bridge between peripheral immune dysregulation and central
mood disorders has gained particular significance in the context of endometriosis. Mokhtari et al. (2024)
demonstrated that endometriosis is associated with elevated levels of pro-inflammatory cytokines, whilst there
is also dysregulation of the HPA axis, leading to a reduction in the production of inflammatory mediators in
the circulatory system and the brain. Cytokines cause the breakdown of the blood-brain barrier, activate
microglia and lead to neuroinflammation. The overproduction of cytokines affects signalling pathways,
disrupts neuronal plasticity and leads to neuronal death, which in the long term may contribute to the
development of mental health disorders such as depression or anxiety. [24]

In 2022, Maulitz et al. published a paper in which they highlighted the impact of endometriosis on the
brain and introduced the concept of the ‘endometrial brain’. Within endometrial lesions, the density of nerve
fibres is higher; furthermore, these fibres are constantly stimulated by inflammatory mediators and nerve-
sensitising proteins. Pain signals are transmitted to the thalamus, brainstem and cerebral cortex. This triggers
a reorganisation of peripheral synapses and accelerated conduction along nerve fibres. Persistent stimuli may
increase the activity of dorsal horn neurons, lower the pain threshold and exaggerate pain perception. As the
inflammatory process persists, inter-organ sensitisation and difficulties with pain relief may occur, even
following the excision of endometriosis lesions.[25]

Chang et al. [10] highlighted several important aspects in their study, paying particular attention to the
role of the neuroendocrine-immune axis in endometriosis. Oestrogen mediates the interaction between
macrophages and nerve fibres and may exacerbate the inflammatory response and increase the sensitivity of
nerve endings to pain stimuli. Furthermore, by enhancing neuroimmune signalling (stimulation of the secretion
of IL-6, TNF-a and NGF), it may contribute to the development of neuroinflammation and, in the longer term,
to the remodelling of the central and peripheral nervous systems. All these processes increase the risk of central
sensitisation and mental health disorders, such as depression or anxiety. [10]

As an oestrogen-dependent condition, endometriosis creates a hormonal environment that directly
influences the neurotransmitter systems of the CNS relevant to mood regulation. Bendis et al. (2024) provided
a comprehensive analysis of the effect of oestradiol on the serotonergic, glutamatergic and dopaminergic
systems, demonstrating that fluctuations in oestrogen concentrations profoundly modulate these
neurotransmitter pathways.

Oestradiol enhances serotonergic neurotransmission through the overexpression of tryptophan
hydroxylase (the rate-limiting enzyme in serotonin synthesis), an increase in serotonin receptor density, and
the inhibition of monoamine oxidase activity. In endometriosis, the state of hyperoestrogenism characteristic
of the active phases of the disease may, paradoxically, disrupt these regulatory mechanisms through
downregulation of receptors and desensitisation, whilst relative states of hypoestrogenism induced by
hormonal treatment (GnRH agonists, progestogens) may further impair serotonergic function [26]

Similarly, oestradiol modulates dopaminergic neurotransmission in the mesolimbic and mesocortical
pathways, affecting the reward system. Fluctuations in oestrogen levels associated with endometriosis and its
treatment may contribute to dopaminergic dysregulation, manifesting clinically as anhedonia, fatigue and
cognitive difficulties - symptoms that largely overlap with those of depression

Chang et al. [10] further documented that the neuroendocrine-immune axis exerts cross-regulation
through interactions between neurotransmitters, hormone-like substances, cytokines and their receptors. This
complex interaction means that the hormonal disturbances inherent in endometriosis may amplify both
inflammatory and neurotransmitter pathways leading to depression and anxiety.

Oxidative stress, defined as an imbalance between the production of reactive oxygen species (ROS) and
the capacity for antioxidant defence, has been identified as an additional mechanism contributing to both the
progression and development of endometriosis, as well as the accompanying psychiatric symptoms. Scutiero
et al. (2017) conducted a systematic review demonstrating that oxidative stress is involved in the
pathophysiology of endometriosis, with elevated markers of oxidative damage documented in peritoneal fluid,
serum, follicular fluid, ovarian cortex and endometrial tissue of women affected by the disease. [22]

e-ISSN: 2544-9435 6



3(51) (2026): International Journal of Innovative Technologies in Social Science

In the CNS, oxidative stress contributes to depression via mitochondrial dysfunction, peroxidation of
neuronal membrane lipids and direct damage to monoaminergic neurons. [23]

Systemically elevated ROS concentrations in endometriosis may therefore represent a common
pathophysiological mechanism linking the disease to depression, acting in concert with inflammatory and
neuroendocrine pathways.

The microbiota-gut-brain axis is emerging as a new pathway that may link endometriosis with
psychiatric symptoms. Hearn-Yeates et al. (2024) reviewed the impact of this axis on endometriosis-related
symptoms, documenting that women with endometriosis often exhibit gut microbiome dysbiosis, altered
intestinal permeability and gastrointestinal symptoms overlapping with those of irritable bowel syndrome
(IBS).

The gut microbiome influences brain function via multiple pathways: the production and utilisation of
neuroactive metabolites (short-chain fatty acids, tryptophan derivatives), modulation of vagal afferent
signalling, regulation of systemic inflammation, and influence on the HPA axis. Dysbiosis in endometriosis
may therefore contribute to psychiatric symptoms by disrupting communication between the brain and the
gastrointestinal tract. [21]

Patients with endometriosis show a significantly higher prevalence of PTSD (10-20%) compared with
the general population (5—7%). Dipankar et al. (2025) indicate that this risk increases in women with severe
forms of the disease and a long duration of pain. The main traumatic factors are: chronic pain, a 7-10-year
delay in diagnosis, multiple operations, and the psychosocial effects of infertility. [27]

Sumbodo et al. [33] demonstrated a strong association between endometriosis and insomnia and sleep
quality. Insomnia and fatigue were twice as common in patients with the painful form of endometriosis. The
bidirectional relationship between mood and sleep is well documented: pain and depression disrupt sleep
architecture, whilst sleep deprivation lowers the pain threshold and increases the severity of mood disorders.

Sexual dysfunction associated with dyspareunia is often an under-recognised factor contributing to
psychological distress in endometriosis. Privitera et al. demonstrated that symptoms of endometriosis,
dyspareunia and sexual distress are significantly associated with avoidance of sexual activity and a negative
impact on sexual relations, with each unit increase in the severity of dyspareunia being associated with a
significant increase in the likelihood of avoiding intercourse. Psychological consequences, such as a distorted
body image and a loss of intimacy, as well as a deterioration in relationships, further exacerbate depressive
and anxiety symptoms [32]

4. Discussion

This systematic review provides an integrated analysis of the neurobiological, neuroendocrine and
immunological mechanisms underpinning the comorbidity of endometriosis with mental health disorders, with
a particular focus on depression and anxiety. The synthesised data support a model of bidirectional causality,
in which endometriosis and mental health disorders overlap through a network of biological links.

The relationship between endometriosis and mental health disorders is mediated by a complex,
bidirectional neuroendocrine-immunological axis. In the proactive direction, endometriosis triggers chronic
peripheral inflammation (elevated IL-1p, IL-6, TNF-a), which in turn triggers a cascade of neuroinflammation.
Consequently, this leads to impaired neurotransmission in the serotonergic, dopaminergic and glutamatergic
systems, directly promoting depressive and anxiety symptoms [10]

Conversely, psychological distress induces chronic activation of the hypothalamic—pituitary—adrenal
axis and the sympathetic nervous system, increasing the secretion of glucocorticoids and catecholamines.
These hormones suppress cellular immunity, exacerbate the production of inflammatory cytokines and
promote angiogenesis and the growth of lesions in the peritoneal environment, thereby increasing the severity
of endometriosis [11]. This bidirectional model has been termed the ‘vicious circle’ of endometriosis and
depression by Sherwani et al. (2024) [8] and explains why treating just one component of the disease in
isolation often yields suboptimal results.

The mechanisms identified in this review demonstrate strong synergism. Dysfunction of the HPA axis
amplifies inflammatory signalling, which in turn promotes neuroinflammation. Gut microbiota dysbiosis in
patients with endometriosis affects immune regulation, tryptophan metabolism (a precursor of serotonin) and
vagal signalling, which further destabilises neurotransmitter systems already subject to fluctuations under the
influence of oestradiol.[21]

Concurrently, a process of central sensitisation occurs, in which persistent pain signals lead to structural
and chemical changes in the CNS. The intensification of pain involves affective circuits, transforming
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nociceptive pain into chronic centralised pain with a strong emotional component. The overall clinical picture
is complemented by post-traumatic stress disorder and sleep disorders, along with sexual dysfunction [3]

The convergence of these pathways explains the considerable heterogeneity in the prevalence of
psychiatric symptoms reported in individual studies, suggesting the need for personalised treatment based on
the immunological and microbiological profiling of patients [12]

The findings summarised in this review have significant implications for clinical practice. Firstly, they
highlight the need for routine screening for psychiatric disorders as part of the care of patients with
endometriosis. Given the high prevalence of depression and anxiety and their bidirectional relationship with
disease progression, validated screening tools (such as the Patient Health Questionnaire-9 [PHQ-9] and the
Generalised Anxiety Disorder-7 [GAD-7]) should be incorporated into standard gynaecological assessments
of patients with endometriosis. Furthermore, given the strong correlation between pain and insomnia and
fatigue, routine assessment of sleep quality is essential for improving treatment outcomes

Secondly, the identification of common neuroendocrine-immunological pathways suggests potential
new therapeutic targets that could simultaneously address both the somatic and psychiatric dimensions of the
disease. Anti-inflammatory interventions, stress-reduction techniques (including cognitive-behavioural
therapy and mindfulness-based approaches) and therapies targeting the gut microbiome represent promising
avenues requiring further research (Donatti et al., 2022). [28]

Thirdly, the evidence supports a multidisciplinary management model integrating gynaecological,
psychological and psychiatric care. Donatti et al. (2022) demonstrated that cognitive behavioural therapy
(CBT) significantly reduces pain perception, improves mood parameters and enhances patients’ quality of life,
making it a key component of a comprehensive treatment plan [28]

The strengths of this review include its comprehensive scope, integrating data ranging from the
molecular level (oestradiol modulation) to clinical aspects (PTSD, sexual dysfunction), and compliance with
the PRISMA 2020 guidelines. However, several limitations must be acknowledged, such as the heterogeneity
of the included studies; the varied study designs, populations and measurement tools made it impossible to
conduct a quantitative meta-analysis. Measurement errors - some studies relied on unvalidated questionnaires
or diagnoses based solely on patients’ subjective complaints. Causal inference - the predominance of cross-
sectional studies limits the ability to unequivocally establish causal relationships in a bidirectional model.

In order to fill the gaps in the current evidence base, the following research activities are necessary.
Longitudinal studies will help to elucidate the temporal dynamics of the relationship between biological
markers (cytokine panels, cortisol profiles, the microbiome) and the mental state of patients. The use of
advanced neuroimaging techniques, such as functional magnetic resonance imaging (fMRI) and positron
emission tomography (PET), enables a detailed analysis of structural and functional changes in the brains of
patients with endometriosis. Comparative studies of individuals with and without psychiatric comorbidity may
help to identify the central neural correlates of peripheral inflammation and elucidate the mechanisms
underlying central sensitisation. Standardisation of methods - future studies should aim to standardise
diagnostic sleep assessment tools and incorporate objective measurement methods, such as polysomnography.
Randomised controlled trials evaluating integrated therapeutic approaches combining surgical or hormonal
treatment with psychological and anti-inflammatory interventions are essential to determine whether
addressing multiple pathways simultaneously improves outcomes compared with single-pathway treatment.
Finally, genetic and epigenetic studies analysing shared susceptibility loci for endometriosis and depression
may reveal new biomarkers, thereby facilitating early diagnosis and personalised therapy

This systematic review demonstrates that the comorbidity of endometriosis with psychiatric disorders -
in particular depression and anxiety - is mediated by a complex, bidirectional neuroendocrine-immunological
axis.The pathogenesis of these disorders involves HPA axis dysfunction, systemic inflammation inducing
neuroinflammation, molecular modulation of neurotransmitter systems by oestradiol, oxidative stress, and
dysbiosis of the microbiota—gut-brain axis. These mechanisms, together with the process of central
sensitisation, form a self-perpetuating ‘vicious circle’ in which disease progression and psychological distress
mutually exacerbate one another. The conclusion to be drawn from this review is that endometriosis should be
recognised not merely as a gynaecological disorder, but as a systemic disease with a neuropsychiatric
dimension requiring an integrated, multidisciplinary approach. Routine psychiatric screening, psychological
interventions and research into anti-inflammatory and microbiome-targeted therapies represent critical next
steps in improving outcomes for the estimated 190 million women affected by endometriosis worldwide.
Future research directions should prioritise longitudinal studies with serial collection of biomarkers, the use of
advanced neuroimaging to identify neuronal correlates of pain and inflammation, and genetic studies. Only a
holistic and personalised approach to the patient will maximise therapeutic success and minimise the long-
term effects of this chronic condition.
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