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Abstract: Endometriosis is a chronic estrogen-dependent inflammatory disorder
characterized by the presence of endometrial-like tissue outside the uterine cavity,
significantly affecting women’s reproductive health and quality of life. Increasing
evidence suggests that dietary factors may play a critical role in modulating inflammatory
pathways involved in the pathophysiology and progression of the disease. Nutrition
influences immune responses, oxidative stress, estrogen metabolism, and gut microbiota
composition, all of which are closely associated with inflammatory activity in
endometriosis.

This article explores the biological and clinical relationships between dietary patterns and
inflammatory mechanisms in endometriosis. Particular attention is given to the impact of
pro-inflammatory dictary components, including saturated fats, refined sugars, and ultra-
processed foods, which may exacerbate systemic inflammation and hormonal imbalance.
Conversely, anti-inflammatory nutrients such as omega-3 fatty acids, antioxidants,
polyphenols, fiber, and vitamin D demonstrate potential protective and therapeutic effects
through the modulation of cytokine production, oxidative stress, and immune regulation.
Clinical evidence supporting nutritional interventions in endometriosis management is
also discussed, highlighting the potential benefits of personalized dietary strategies in
reducing pain, improving metabolic and hormonal balance, and enhancing overall quality
of life. An integrative bio-nutritional approach may represent a valuable complementary
strategy in the multidisciplinary management of endometriosis and related inflammatory
conditions.
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1. Introduction
1.1. Overview of Endometriosis

Endometriosis is a chronic, estrogen-dependent inflammatory disorder
characterized by the presence of endometrial-like tissue outside the uterine cavity,
most commonly affecting the ovaries, pelvic peritoneum, and deep pelvic
structures. It affects approximately 10% of women of reproductive age worldwide
and is frequently associated with infertility and chronic pelvic pain[1]. Clinical
manifestations vary widely and include dysmenorrhea, dyspareunia, non-cyclic
pelvic pain, heavy menstrual bleeding, fatigue, and gastrointestinal or urinary
symptoms [1,2]. The disease often remains underdiagnosed for years because of
heterogeneous presentations and normalization of menstrual pain [1-3]. Beyond
physical symptoms, endometriosis imposes a substantial psychological, social,
and economic burden [4]. Chronic pain, reduced fertility, impaired sexual
functioning, and recurrent medical interventions significantly diminish quality of
life, contributing to anxiety, depression, reduced work productivity, and increased
healthcare utilization [1-3].

1.2. Inflammation as a Central Mechanism in Endometriosis

Inflammation is considered a central mechanism in the initiation and progression
of endometriosis [1,2,5]. The disease is characterized by a persistent inflammatory
microenvironment within the pelvic cavity, where ectopic endometrial lesions
stimulate continuous immune activation and tissue remodeling[1,5]. Immune
dysregulation plays a major role, involving altered macrophage activity, impaired
natural killer cell function, and abnormal T-cell responses that reduce the
clearance of ectopic cells and promote lesion survival. Inflammatory mediators
are markedly elevated in the peritoneal fluid and affected tissues of patients with
endometriosis[6]. Key cytokines, including tumor necrosis factor-a (TNF-a),
interleukin-1p (IL-1f3), and interleukin-6 (IL-6), contribute to angiogenesis,
cellular proliferation, and pain sensitization|7]. Additionally, increased
cyclooxygenase-2 (COX-2) activity enhances prostaglandin production,
particularly prostaglandin E2 (PGE2), further amplifying inflammation, estrogen
synthesis, and chronic pelvic pain[8].
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1.3. Rationale for Investigating Dietary Influences

Growing cvidence suggests that lifestyle factors, particularly diet, may influence
the development and progression of endometriosis through modulation of
inflammatory and hormonal pathways [9]. As interest in non-pharmacological and
patient-centered approaches increases, nutrition has emerged as a potentially
important modifiable factor in disease management [9,10]. Dietary components
can affect oxidative stress, immune responses, estrogen metabolism, and the
production of pro-inflammatory mediators, thereby potentially influencing
symptom severity and lesion activity [11]. Anti-inflammatory dietary patterns rich
in omega-3 fatty acids, antioxidants, and fiber have shown promising effects on
pain reduction and overall well-being [12]. However, despite increasing public
and scientific interest, current evidence remains inconsistent and limited by
methodological heterogeneity, small sample sizes, and a lack of long-term
randomized clinical trials. Consequently, further research is needed to clarify the
biological mechanisms and clinical efficacy of dietary interventions in
endometriosis management [9-12].

1.4. Aim and Scope of the Article

This article aims to examine the relationship between dietary factors and
inflammatory pathways involved in the pathophysiology of endometriosis, with
emphasis on both biological and clinical perspectives. It explores the molecular
mechanisms through which nutrients and dietary patterns may influence immune
regulation, oxidative stress, cytokine production, prostaglandin synthesis, and
estrogen-mediated inflammatory signaling. In addition, the article reviews current
clinical evidence regarding the effects of dietary interventions, including anti-
inflammatory diets, micronutrient supplementation, and functional foods, on
symptom control, pain reduction, and quality of life in individuals with
endometriosis.
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2. Pathophysiology of Inflammatory Processes in Endometriosis
2.1. Immune Dysfunction and Peritoneal Inflammation

Immune dysfunction is a hallmark of endometriosis and contributes significantly
to the establishment and persistence of ectopic endometrial lesions [13]. The
peritoneal environment in affected individuals is characterized by chronic
inflammation and increased recruitment of immune cells, particularly activated
macrophages. These macrophages produce pro-inflammatory cytokines, growth
factors, and angiogenic mediators that promote lesion survival, vascularization,
and tissue remodeling [13,14]. In parallel, altered natural killer (NK) cell activity
reduces the immune system’s ability to recognize and eliminate ectopic
endometrial cells, facilitating their implantation within the pelvic cavity. T-cell
dysregulation further contributes to immune imbalance, with altered proportions
of regulatory T cells and pro-inflammatory T-helper subsets enhancing chronic
inflammatory responses[15]. Together, these immune alterations create a
permissive microenvironment that sustains inflammation, promotes disease
progression, and contributes to pain generation and infertility associated with
endometriosis [13-15].

2.2. Cytokines and Chemokines

Cytokines and chemokines play a critical role in the inflammatory cascade
associated with endometriosis and contribute to lesion development, angiogenesis,
and pain generation [16]. Elevated levels of tumor necrosis factor-a (TNF-o)
stimulate inflammatory signaling, cellular proliferation, and adhesion of ectopic
endometrial cells. Interleukin-13 (IL-1B) promotes the expression of
cyclooxygenase-2 and enhances prostaglandin synthesis, thereby intensifying
pelvic inflammation and pain [17]. Increased concentrations of interleukin-6 (IL-
6) are associated with immune dysregulation, chronic inflammation, and
infertility. Interleukin-8 (IL-8), a potent chemokine, facilitates neutrophil
recruitment and angiogenesis, supporting lesion vascularization and growth [18].
Monocyte chemoattractant protein-1 (MCP-1) contributes to macrophage
accumulation within the peritoneal cavity, further amplifying inflammatory
responses [19]. Together, these mediators establish a self-sustaining inflammatory

126 Academy of Romanian Scientists Annals - Series on Biological Sciences, Vol. 15, No. 1, (2026)



Dietary Influences on Inflammatory Pathways in Endometriosis:
Biological and Clinical Perspectives

microenvironment that promotes disease progression and symptom persistence in
endometriosis [17-19].

2.3. Oxidative Stress and Reactive Oxygen Species

Oxidative stress is increasingly recognized as a major contributor to the
pathophysiology of endometriosis [20,21]. Excessive production of reactive
oxygen species (ROS) within the peritoneal cavity promotes chronic
inflammation, cellular damage, and lesion progression [20,22]. Elevated ROS
levels induce lipid peroxidation, leading to membrane instability and the
generation of toxic byproducts that further amplify inflammatory responses [22].
Mitochondrial dysfunction also plays a significant role by impairing cellular
energy metabolism and increasing oxidative damage, thereby supporting the
survival and proliferation of ectopic endometrial cells [20,23]. In addition,
individuals with endometriosis often exhibit reduced antioxidant defenses,
including decreased levels of enzymes such as superoxide dismutase and
glutathione peroxidase, resulting in antioxidant depletion [20,24]. The imbalance
between oxidative stress and antioxidant capacity contributes to tissue injury,
angiogenesis, pain sensitization, and infertility, reinforcing the chronic
inflammatory environment characteristic of endometriosis [20-25].

2.4. Estrogen-Inflammation Crosstalk

Endometriosis is an estrogen-dependent disorder in which estrogen and
inflammation interact through complex bidirectional mechanisms that promote
lesion persistence and progression [26,27]. Ectopic endometrial lesions exhibit
increased sensitivity to estrogen, which stimulates cellular proliferation,
angiogenesis, and resistance to apoptosis [26. A key feature of this process is the
aberrant expression of aromatase, the enzyme responsible for estrogen
biosynthesis, within endometriotic tissues. Elevated aromatase activity leads to
local estrogen overproduction, creating a  self-sustaining  hormonal
microenvironment that enhances inflammatory responses [27,28]. Estrogen
further activates pro-inflammatory signaling pathways, including nuclear factor
kappa B (NF-kB) and cyclooxygenase-2 (COX-2), resulting in increased
production of cytokines and prostaglandin E2 (PGE2). In turn, inflammatory
mediators stimulate additional aromatase expression, establishing a positive
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feedback loop between estrogen synthesis and inflammation [28,29]. This
crosstalk contributes significantly to chronic pain, lesion growth, and disease
recurrence in endometriosis [26-29].

2.5. NF-kB and Other Molecular Signaling Pathways

Multiple molecular signaling pathways contribute to the inflammatory and
proliferative processes underlying endometriosis, with nuclear factor kappa B
(NF-xB) serving as a central regulator[30]. Persistent NF-kB activation in
endometriotic lesions promotes the transcription of pro-inflammatory cytokines,
adhesion molecules, and anti-apoptotic factors, thereby supporting lesion survival
and chronic inflammation [26,30]. One major downstream mechanism involves
the cyclooxygenase-2/prostaglandin E2 (COX-2/PGE2) axis, which enhances
prostaglandin production, pain sensitization, angiogenesis, and local estrogen
synthesis through aromatase stimulation. In addition, mitogen-activated protein
kinase (MAPK) pathways regulate cellular proliferation, migration, and
inflammatory responses in ectopic tissues [26,31]. Signal transducer and activator
of transcription (STAT) proteins, particularly STAT3, also contribute to immune
dysregulation and resistance to apoptosis[31]. The interaction among these
pathways creates a complex molecular network that sustains inflammation,
promotes disease progression, and represents a potential target for novel
therapeutic interventions in endometriosis [26, 30,31].

3. Dietary Components and Their Effects on Inflammatory Pathways
3.1. Dietary Fats
3.1.1. Omega-3 Polyunsaturated Fatty Acids

Omega-3 polyunsaturated fatty acids (PUFAs), primarily derived from fatty fish,
flaxseed, and walnuts, have attracted considerable attention for their anti-
inflammatory properties in endometriosis [32]. These fatty acids modulate
inflammatory responses by reducing the production of pro-inflammatory
cytokines and inhibiting activation of nuclear factor kappa B (NF-«xB)[33].
Omega-3 PUFAs also influence prostaglandin synthesis by competing with
arachidonic acid for cyclooxygenase enzymes, resulting in decreased formation of
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pro-inflammatory prostaglandin E2 (PGE2) and increased production of less
inflammatory lipid mediators [34]. Additionally, they contribute to the generation
of specialized pro-resolving mediators, including resolvins and protectins, which
promote resolution of inflammation[32-35]. Clinical studies suggest that higher
dietary intake of omega-3 fatty acids may be associated with reduced risk of
endometriosis and improvement in pelvic pain symptoms. Nevertheless, further
randomized controlled trials are needed to establish optimal dosage, duration, and
long-term therapeutic efficacy [32-35].

3.1.2. Saturated and Trans Fats

High intake of saturated and trans fats has been associated with enhanced
inflammatory activity and may contribute to the progression of endometriosis
[36]. These dietary fats promote the activation of pro-inflammatory signaling
pathways, including nuclear factor kappa B (NF-«kB), leading to increased
production of cytokines such as tumor necrosis factor-a (TNF-a) and interleukin-6
(IL-6)[36]. Saturated fats may also stimulate oxidative stress and macrophage
activation within the peritoneal environment, thereby supporting lesion growth
and chronic inflammation. Trans fats, commonly found in ultra-processed and
fried foods, have been linked to endothelial dysfunction and elevated systemic
inflammatory markers [37]. Epidemiological studies suggest that diets rich in
saturated and trans fats may correlate with increased risk and severity of
endometriosis, including greater pelvic pain and inflammatory burden [36,38,39].
Although causal relationships remain under investigation, reducing consumption
of these fats may represent a beneficial dietary strategy in the management of
endometriosis-associated inflammation [36-39].

3.1.3. Omega-6/0Omega-3 Ratio

The balance between omega-6 and omega-3 polyunsaturated fatty acids plays an
important role in regulating inflammatory responses in endometriosis [32,40].
Modern Western diets are often characterized by an excessive omega-6/omega-3
ratio, which favors the production of pro-inflammatory eicosanoids derived from
arachidonic acid [32,40]. Elevated omega-6 intake can enhance the synthesis of
prostaglandin E2 (PGE2), leukotrienes, and inflammatory cytokines, thereby
contributing to chronic pelvic inflammation and pain[41]. In contrast, omega-3
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fatty acids generate anti-inflammatory mediators that help resolve inflammation
and reduce oxidative stress[41,42]. An imbalance favoring omega-6 fatty acids
may thercfore intensify inflammatory signaling pathways and support lesion
progression in endometriosis [32, 40-42]. Adjusting this ratio through dietary
modification may have therapeutic potential.

3.2. Vitamins A, C, D, and E

Vitamins A, C, D, and E play important roles in immune regulation and protection
against oxidative stress in endometriosis [43. Vitamin A contributes to cellular
differentiation and modulation of inflammatory immune responses, while vitamin
D exerts immunomodulatory effects by suppressing pro-inflammatory cytokine
production and regulating T-cell activity [43,44]. Vitamins C and E are potent
antioxidants that neutralize reactive oxygen species and reduce lipid peroxidation
within the peritoneal environment [45,46]. These micronutrients help preserve
cellular integrity, limit oxidative tissue damage, and potentially reduce
inflammatory lesion progression [43,46]. Deficiencies in antioxidant vitamins
have been associated with increased oxidative stress and symptom severity,
suggesting that adequate intake may support inflammatory control in
endometriosis [43-46].

4. Future Directions and Research Priorities

Future research on diet and endometriosis should focus on clarifying the
molecular mechanisms through which nutritional factors influence inflammatory
and hormonal pathways. Mechanistic studies identifying specific molecular
targets may improve understanding of disease progression and support the
development of personalized nutritional interventions. Emerging fields such as
nutrigenomics and metabolomics offer promising opportunities to explore
interactions between diet, gene expression, metabolism, and immune regulation in
endometriosis. In addition, greater standardization of dietary intervention trials is
needed, including consistent outcome measures, validated dietary assessment
tools, and well-designed longitudinal studies to evaluate long-term efficacy and
safety. Future investigations should also examine novel therapeutic approaches,
particularly microbiome modulation through probiotics, prebiotics, and dietary
strategies that restore intestinal homeostasis. Furthermore, anti-inflammatory
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bioactive compounds, including polyphenols and specialized lipid mediators,
represent promising candidates for complementary therapies targeting chronic
inflammation and symptom burden in endometriosis.

5. Conclusions

Current evidence suggests that dietary factors can significantly influence
inflammatory, oxidative, hormonal, and immune pathways involved in
endometriosis. Nutrients such as omega-3 fatty acids, antioxidants, fiber, and
bioactive plant compounds may help reduce inflammation and oxidative stress,
whereas saturated fats and ultra-processed foods may exacerbate disease activity.
Consequently, nutrition has emerged as a promising complementary strategy for
symptom management and improvement of quality of life in individuals with
endometriosis. Integrating personalized dietary approaches into multidisciplinary
care may enhance conventional medical and surgical treatments. However, despite
growing interest, existing evidence remains limited by methodological
heterogeneity and insufficient long-term clinical trials. High-quality, standardized
research is essential to clarify therapeutic efficacy and establish evidence-based
nutritional recommendations for endometriosis management.
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