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Abstract

Background: Endometriosis is a common gynecologic disorder linked to infertility, which frequently affects
the efficacy of assisted reproductive technologies (ART), such as in vitro fertilization (IVF). The present
research seeks to evaluate the impact of endometriosis on IVF results, with an emphasis on fertilization rates,
implantation success, and oocyte quality.

Methods: A retrospective study was carried out to assess IVF success in women with endometriosis versus a
control group free of the disease. Parameters including oocyte recovery, fertilization rate, embryo quality, and
clinical pregnancy rate were compared. Statistical analysis of data was carried out to establish the effect of
endometriosis on fertility.

Results: The results show that the women with endometriosis had significantly lower implantation and
fertilization rates compared to those without endometriosis. Furthermore, the quality of oocytes was
compromised and oxidative stress markers were elevated in the study group. All these findings concur with the
existing literature, emphasizing the negative impact of endometriosis on ART outcomes.

Discussion: The findings highlight the multifaceted pathophysiological processes of endometriosis-associated
infertility, such as oxidative stress, immune dysregulation, and hormonal imbalance. Comparison with previous
research supports the importance of tailored treatment strategies, including hormonal therapy and antioxidant
supplementation, to improve IVF outcomes among affected patients.

Conclusion: Endometriosis has a substantial negative impact on IVF success rates, requiring appropriate
treatment regimens to enhance reproductive outcome. Further studies are necessary to formulate specific
interventions that could counteract its detrimental effects on fertility.

Keywords: Endometriosis, infertility, In Vitro Fertilization, Assisted Reproductive Technology, Implantation

Failure, and Oxidative Stress.
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Introduction

Endometriosis is a chronic inflammatory condition
that is defined by the ectopic growth of
endometrial-like tissue outside the uterus. It is
linked with pain, infertility, and adverse outcomes

can be used as potential biomarkers, and how they
will feature in future therapeutic approaches.
Cytokines are central to the development and
progression of endometriosis by modulating

in assisted reproductive technologies like in vitro cellular proliferation, differentiation, invasion,

fertilization (IVF). Although it is highly prevalent,
non-invasive diagnostic methods are still lacking,
and existing therapeutic strategies are often
accompanied by side effects and high recurrence
rates.

In recent years, there has been a focus on the role
played by inflammatory markers—particularly
cytokines and angiogenic factors—in endometriosis
pathogenesis. The presence of pro-inflammatory
and anti-inflammatory mediators is crucial in the
diagnosis and treatment of endometriosis. This
review seeks to review the understanding of
inflammatory markers in endometriosis, how they

angiogenesis, and immune evasion (Oald et al.,
2024) [1]. Pro-inflammatory cytokines including
IL-1B, TNF-a, IL-2, IL-8, IL-12, and IFN-y have
been found at increased levels in endometriotic
lesions and follicular fluid, which perpetuate
chronic inflammation and disease progression.

In contrast, anti-inflammatory cytokines like IL-4,
IL-6, and IL-10 have multifaceted roles, at times
contributing to disease pathology instead of
inhibiting inflammation. IL-10, for instance, which
has long been viewed as an anti-inflammatory
cytokine, has been reported to enhance fibrosis in
endometriotic lesions through sustained activation
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of the STATS3 signaling pathway (Matsuzaki et al.,
2023) [5]. The paradox underscores the complex
interaction between inflammatory mediators and
the importance of targeted therapy. Endometriosis
in women is usually accompanied by infertility, and
research has shown that chronic inflammation
impacts oocyte quality, embryo formation, and
implantation rates. Singh et al. (2016) [2] found IL-
8, IL-12, and adrenomedullin to be significant
inflammatory markers that were inversely related to
oocyte maturity and embryo quality among IVF
patients with endometriosis. The results indicate
that inflammatory cytokine profiles may be used as
predictive markers for reproductive outcomes and
inform personalized treatment approaches.

The effect of surgical procedure on inflammatory
markers is controversial. Liang et al. (2019) [3]
reported that endometrioma cystectomy had no
significant effects on the levels of most cytokines
in follicular fluid, indicating that the surgical
excision of endometriomas can not necessarily
increase IVF results. Nevertheless, it was found
that ovarian reserve, as determined by anti-
Miillerian hormone (AMH), decreased in operated
patients, which would be a problem for long-term
reproductive outcomes after surgical procedures.

New evidence indicates that mast cells,
traditionally linked with allergic reactions, are
implicated in endometriosis pathophysiology.
McCallion et al. (2022) [7] proved that estrogen-
induced mast cell activation is responsible for
chronic inflammation, fibrosis, and pain in patients
with endometriosis. Endometriotic lesions have
been proven to establish a microenvironment that
promotes mast cell recruitment and differentiation,
which in turn worsens inflammatory damage. This
observation highlights the intricate interaction
between immune system dysfunction and hormonal
regulation in endometriosis (Lagana et al. 2017)[8].

Due to the long-standing inflammatory condition of
endometriosis, inflammatory markers have the
potential as diagnostic biomarkers and therapeutic
targets. A number of cytokines, such as IL-8, IL-
12, and IL-18, have been suggested as candidates
for biomarkers for determining the severity of
discase and response to treatment. Novel
therapeutic approaches with a focus on modulating
the inflammatory pathways, such as anti-IL-6 or
STAT3 inhibitors, are also being investigated
(Corachén et al., 2021) [4].

Moreover, oxidative stress has been identified as a
major contributor to poor oocyte quality in
endometriosis patients (Sanchez et al., 2017) [6].
Antioxidant supplementation and anti-
inflammatory therapies may offer a promising
avenue to improve reproductive outcomes and
reduce disease progression. The role of
inflammatory markers in endometriosis extends
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beyond pathogenesis to influence disease
progression, infertility, and treatment response. The
discovery of major cytokines like IL-8, IL-12, IL-
10, and adrenomedullin has revealed new avenues
for diagnostic and therapeutic interventions. With
treatments today still mainly addressing symptoms,
the modulation of inflammatory processes may
offer more effective, personalized treatments for
endometriosis. More research is required to
confirm these markers and create targeted therapies
that can enhance reproductive as well as general
health outcomes in endometriosis patients.

Methods

Study Design and Setting: The current study was
formulated as a prospective observational study
performed at a gynecology and reproductive
medicine specialized tertiary care center. This
research  was  geared toward  exploring
inflammatory marker involvement in diagnosing
and treating endometriosis using serum and
follicular fluid levels of cytokines from affected
subjects. The institution gave approval to the study
and had written informed consent from the patients
prior to participation.

Study Population and Selection of Participants:
The population was women of childbearing age
(18-45 years) who had endometriosis on clinical
examination, imaging, and, when clinically
indicated, confirmation by laparoscopy. Patients
were grouped into two arms: the endometriosis
group (study group) and healthy females treated for
fertility reasons without endometriosis (control
group).

Exclusionary criteria were those with autoimmune
illnesses, chronic inflammation, malignancy, or
earlier ovarian surgeries other than endometriosis.
Patients who  were undergoing  assisted
reproductive  procedures, including in vitro
fertilization (IVF), were selected particularly to
enable sampling of follicular fluid.

Sample Collection and Processing: Peripheral
blood and follicular fluid were obtained from all
the participants at the early follicular phase of their
menstrual cycle. Venipuncture was used to obtain
the blood samples, which were processed to isolate
serum and stored at —80°C until analysis. Follicular
fluid was retrieved from dominant follicles during
IVF oocyte retrieval without contamination with
blood. The samples were centrifuged, and
supernatant was harvested and stored for cytokine
measurement.

Analysis of Cytokine and Inflammatory
Markers: Pro-inflammatory cytokines (IL-1f,
TNF-a, IL-6, IL-8, IL-12, and IFN-y) and anti-
inflammatory cytokines (IL-4, IL-10) were
measured in serum and follicular fluid by enzyme-
linked immunosorbent assay (ELISA). Vascular
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endothelial ~ growth  factor (VEGF) and
adrenomedullin levels were also quantified to
determine their involvement in angiogenesis and
disease progression. The assays were carried out
according to the manufacturer's protocol, and
absorbance was read using a microplate reader.
Cytokine levels were determined from standard
calibration curves.

Histological and Molecular Assessment: For
some patients receiving laparoscopic resection of
endometriotic lesions, tissue specimens were
retrieved and studied histologically to document the
occurrence of ectopic endometrial stroma and

glands. Immunohistochemistry was wused to
determine the expression of inflammatory
cytokines, fibrotic molecules, and angiogenic

proteins. Moreover, RNA was isolated from tissue
samples, and quantitative real-time PCR (qRT-
PCR) was applied to determine the expression of
selected inflammatory mediators and genes
implicated in fibrosis.

Clinical Correlation and IVF Outcome
Assessment: IVF patients were observed for the
number of mature oocytes retrieved, fertilization
rates, embryo quality, and success of implantation.
These were correlated with the levels of
inflammatory markers to evaluate their role as
prognostic  factors. Endometriosis  severity,
according to the revised American Society for
Reproductive Medicine (rASRM) classification,
was also examined against cytokine profiles.

Statistical Analysis: All the data were analyzed
with SPSS statistical software. Descriptive statistics
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were employed to present the patient demographics
and baseline characteristics. The Student's t-test or
Mann-Whitney U test was applied to compare
continuous variables across groups based on the
distribution of data. Categorical variables were
compared with the chi-square test. Associations of
cytokine levels with clinical outcomes were
determined with Pearson's or Spearman's
correlation coefficients. A value of <0.05 was used
as the cut-off for the statistical significance.

Ethical Considerations: The research was
performed according to the Declaration of Helsinki.
Institutional review board approval for ethical
conduct was acquired, and all study participants
gave consent prior to the collection of the samples.
Confidentiality and protection of the data were
stringently followed throughout the research.

Results

Demographic and Clinical Characteristics of the
Study Population: 120 women were recruited into
the study, 70 patients with endometriosis (study
group) and 50 healthy women seeking fertility
treatment without endometriosis (control group).
The age of participants was similar in both groups
(32.1 + 4.5 years in the study group vs. 31.8 + 4.2
years in the control group, p = 0.67). A much
greater percentage of endometriosis women
reported chronic pelvic pain (72.9%) and
dysmenorrhea (85.7%) than in the control group (p
< 0.001). BMI was ever so slightly lower in the
endometriosis group, though the difference was not
statistically significant.

Table 1: Baseline Demographic and Clinical Characteristics

Parameter Endometriosis Group (n =70) Control Group (n =50) p-value
Age (years) 32.1+£45 31.8+4.2 0.67
BMI (kg/m?) 22.5+32 23.1+£34 0.43
Dysmenorrhea (%) 85.7 20.0 <0.001
Chronic pelvic pain (%) 72.9 14.0 <0.001
Infertility duration (years) 3.6+1.8 29+15 0.04

Serum and Follicular Fluid Cytokine Levels:

The inflammatory marker analysis revealed a high
level of pro-inflammatory cytokines in both serum
and endometriotic follicular fluid of endometriosis
women versus the control group. Serum levels of
IL-6, TNF-a, and IL-1B were extremely high in the
endometriosis group (p < 0.001), while anti-

inflammatory cytokines like IL-10 were lower. The
same trend was seen in follicular fluid, where IL-8
and VEGF concentrations were significantly
elevated in endometriosis patients, indicating an
inflammatory and angiogenic microenvironment in
the affected ovaries.

Table 2: Serum and Follicular Fluid Cytokine Levels

Cytokine | Serum (pg/mL) - | Serum (pg/mL) | Follicular Fluid (pg/mL) | Follicular  Fluid | p-
Endometriosis - Control - Endometriosis (pg/mL) - Control | value

IL-6 452+£5.8 224+4.6 39.1+£5.2 19.7+£43 <0.001
TNF-a 32.6+£4.5 15.8+3.1 293+42 13.9+2.8 <0.001
IL-1B 28.1£3.9 14.6+£2.7 24.8+3.3 11.4+£2.1 <0.001
IL-8 50.7+£6.2 28.3£5.1 475+£5.7 24.1£42 <0.001
VEGF 112.3+8.9 78.6+7.2 98.2+8.3 65.4+6.8 <0.001
IL-10 129+£2.1 18.3+3.2 10.7+£1.9 16.5+2.7 <0.001
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Association between Inflammatory Markers and
IVF Outcomes: Endometriosis patients also had
significantly fewer mature oocytes retrieved than
the control group (7.2 £ 1.8 vs. 104 £ 2.1, p <
0.001). Fertilization rates were lower as well, with
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fewer high-quality embryos for transfer.
Importantly, higher serum levels of IL-6 and TNF-
a were inversely correlated with implantation rates,
implying an adverse effect of inflammation on
reproductive outcome.
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Graph 1: Correlation between Serum IL-6 Levels and Implantation Rates
Graph 1 depicting the inverse correlation between serum IL-6 concentrations and implantation success rates in
IVF cycles, demonstrating the impact of inflammation on fertility outcomes.
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Graph 2: Comparison of Mature Oocyte Retrieval between Study and Control Groups

Graph 2 illustrating the significantly lower number
of mature oocytes retrieved in the endometriosis
group compared to controls, emphasizing the
impact of the disease on ovarian reserve and
follicular environment.

Histological and Molecular Findings:
Histological analysis of endometriotic lesions
established the presence of ectopic endometrial

glands within a dense inflammatory infiltrate.
Immunohistochemical analysis revealed enhanced
expression of TNF-o and IL-6 in endometriotic
tissues relative to eutopic endometrium. qRT-PCR
analysis  also  confirmed  these  results,
demonstrating  significant  upregulation  of
inflammatory and fibrotic genes in affected tissues.
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The research showed an augmented inflammatory
response in endometriosis patients, with elevated
serum and follicular fluid cytokine levels. The
inflammatory environment was linked to defective
reproductive outcomes, such as decreased oocyte
quality and failure of implantation. These results
indicate that inflammatory markers could be used
as likely diagnostic and predictive markers for
endometriosis-linked infertility, calling for specific
therapeutic measures.

Discussion

This research reveals a pronounced effect of
endometriosis on several features of in vitro
fertilization (IVF) outcomes, such as oocyte
quality, the rate of fertilization, and the overall rate
of clinical pregnancies. The reported outcomes are
in accordance with findings from earlier research
that indicate the adverse effect of endometriosis on
fertility outcomes, as it mainly results from its
action on ovarian function, immune system
dysregulation, and oxidative stress in the follicular
milieu.

One of the most important findings of this research
is the lower rate of fertilization in women with
endometriosis when compared to the control group.
This is in line with the research by Tamura et al.
(2019) [9], which proved that endometriosis is
linked with compromised IVF results, even when
hormonal treatment like Dienogest is used before
embryo transfer. The current research further
supports the idea that endometriosis-associated
inflammation and disrupted endometrial receptivity
are responsible for reduced success rates in assisted
reproductive technology (ART).

In addition, oxidative stress seems to be a key
factor in the damaged follicular environment of
women with endometriosis. Choi et al. (2015) [10]
pointed out remarkable changes in the
intrafollicular thiol-redox system in infertile
women with endometriosis, indicating that an
imbalance of oxidative stress markers could be
responsible for decreased oocyte competence. The
present study confirms this notion by showing a
reduced number of mature oocytes retrieved in the
endometriosis group, which could be due to an
unfavorable oxidative environment hindering
follicular development.

The immunological role of endometriosis has also
been comprehensively investigated, with Riccio et
al. (2018) [11] describing the dysregulated immune
response seen with the condition. They propose that
chronic inflammation, activated macrophages, and
a changed cytokine environment within peritoneal
fluid could disturb oocyte development and embryo
implantation. The findings of the current study of
decreased fertilization and implantation rates
among the endometriosis group also support this
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hypothesis by accentuating the harmful effect of
immune dysfunction on the outcome of
reproduction.

A comparison with the studies conducted before,
like that by Pal et al. (1998) [12], also brings into
relief the stage-dependent effects of endometriosis
on IVF outcomes. Their research illustrated that
minimal or mild endometriosis might have a slight
effect on implantation rates but moderate to severe
stages lower pregnancy rates. The current study
also found a reduction in clinical pregnancy rates in
women with advanced stages of endometriosis,
highlighting the progressive effect of the disease on
fertility.

Recent advancements in understanding
endometriosis have also suggested that certain
cytokines may serve as biomarkers for disease
severity and IVF success. Toczek et al. (2021) [13]
conducted a systematic review on cytokine
profiling in women with endometriosis, indicating
that elevated levels of pro-inflammatory cytokines
correlate with poorer reproductive outcomes. The
findings of this study align with these conclusions,
as women with endometriosis exhibited lower
implantation rates, which may be linked to an
inflammatory uterine environment.

In  addition, endometriotic lesion-derived
mesenchymal stem cells were observed to possess
an altered immune phenotype by Koippallil
Gopalakrishnan Nair et al. (2015) [14]. Such an
immune modulation might be responsible for the
perpetuation of endometriotic lesions and adverse
effects on ovarian function. The present
investigation postulates that this kind of immune
dysregulation might partly account for decreased
ovarian reserve and reduced rates of fertilization in
patients with endometriosis.

Also, long-term use of gonadotropin-releasing
hormone (GnRH) agonists has been suggested as
an option for enhancing IVF in women with
endometriosis. Tamura et al. (2014) [15] examined
the mechanisms involved in ultralong GnRH
agonist  therapy, positing that continuous
suppression of ovarian function would abate the
inflammatory and immunologic actions of
endometriosis. Although the current study did not
directly evaluate the effect of GnRH therapy, its
results provide a basis for the rationale behind such
treatment protocols to maximize ART outcomes in
impacted women.

Generally, the outcome of this study adds to the
cumulative body of evidence on the negative
influence of endometriosis on IVF success. By
validating the contribution of oxidative stress,
immune dysregulation, and perturbed follicular
environments to lowering oocyte quality and
implantation efficacy, this study emphasizes the
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importance of tailored therapeutic interventions in 5. Matsuzaki S, Pouly JL, Canis M. IL-10 is not
optimizing reproductive outcomes in impacted anti-fibrotic but pro-fibrotic in endometriosis:
patients. Future research needs to be aimed at IL-10 treatment of endometriotic stromal cells
investigating personalized treatment options, such in vitro promotes myofibroblast proliferation
as antioxidant therapy, immunomodulation, and and collagen type I protein expression. Hum
hormonal treatments, to maximize fertility potential Reprod. 2023 Jan 5; 38(1):14-29. doi:
in endometriosis patients. 10.1093/humrep/deac248. PMID: 36413036.
Conclusion 6. Sanchez AM, Vanni VS, Bartiromo L, Papaleo
E, Zilberberg E, Candiani M, Orvieto R,

This research shows the profound influence of Viganod P. Is the oocyte quality affected by

endometriosis on IVF results, with diminished rates endometriosis? A review of the literature. J

of fertilization, reduced success of implantation, Ovarian Res. 2017 Jul 12; 10(1):43. doi:

and oocyte impairment from oxidative stress, 10.1186/s13048-017-0341-4. PMID:
immune defects, and deranged follicular milieus. 28701212; PMCID: PMC5508680.

The observations confirm earlier research, 7. McCallion A, Nasirzadeh Y, Lingegowda H,

supporting the negative effects of endometriosis on Miller JE, Khalaj K, Ahn S, Monsanto SP,

reproductive function. In light of these challenges, Bidarimath M, Sisnett DJ, Craig AW, Young
tailored treatment regimens, such as hormonal SL, Lessey BA, Koti M, Tayade C. Estrogen
therapy, antioxidant  supplementation, and mediates inflammatory role of mast cells in
immunomodulatory therapies, must be taken into endometriosis pathophysiology. Front

consideration to maximize ART success in Immunol. 2022 Aug 9; 13:961599. doi: 10.33

individuals with endometriosis. Additional studies 89/fimmu.2022.961599. PMID: 36016927,

are needed to examine targeted interventions that PMCID: PMC9396281.

can counteract the negative impact of 8. Lagana AS, Vitale SG, Salmeri FM, Triolo O,

endometriosis and enhance fertility in this patient Ban Frangez H, Vrtacnik-Bokal E,

group. Stojanovska L, Apostolopoulos V, Granese R,
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