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ABSTRACT

Background & objective: Endometriosis is an estrogen-dependent inflammatory condition linked with chronic pelvic
pain and infertility. It is usually associated with considerable morbidity, and offers diagnostic dilemmas. Biochemical
analysis for inflammatory biomarkers can help the clinicians in early identification of this debilitation condition. This
study aimed to explore the inflammatory profile in endometriosis by integrating clinical, demographic, and
biomarker data.

Methodology: A case-control study was conducted involving 90 premenopausal women; 45 with laparoscopically
confirmed endometriosis and 45 age-matched controls) between October 2023 and December 2024 at specialized
clinics in Al-Sadr Teaching Hospital, Iraq. Clinical data—including smoking status, infertility, and pain severity
(assessed via a 10-point Visual Analog Scale)—were collected. Fasting serum samples obtained during the early
follicular phase were analyzed for IL-6, TNF-a, LIF, and CRP using ELISA and immunoturbidimetric assays.
Multivariable regression evaluated associations with pain severity. ROC analysis assessed diagnostic performance.

Results: Women with endometriosis showed significantly elevated IL-6, TNF-a, CRP, and LIF levels. Inflammatory
markers, more than BMI or age, were primary contributors to the pain severity. ROC analysis revealed moderate
diagnostic accuracy for individual biomarkers.

Conclusion: Our integrative study highlights the central role of inflammation in endometriosis and suggests that
multi-marker panels may enhance diagnostic and prognostic strategies.

Abbreviations: BMI: Body mass index, CRP: C-reactive protein, IL-6: interleukin-6, LIF: Leukemia inhibitory factor,
TNF-a: tumor necrosis factor-alpha, VAS: Visual Analog Scale, VEGF: vascular endothelial growth factor
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1. INTRODUCTION

Endometriosis is a prevalent gynecological disorder
affecting an estimated 10% of women of reproductive
age, characterized by the ectopic presence of
endometrial-like tissue outside the uterine cavity. This
condition is often accompanied by chronic pelvic pain,
dysmenorrhea, and infertility, all of which can severely
impair quality of life.!? Despite extensive research, the
precise etiology of endometriosis remains elusive, with
current evidence strongly implicating an interplay of
hormonal, genetic, and immunological factors in its
pathogenesis.> In particular, chronic inflammation has
emerged as a key contributor, with dysregulated immune
responses and an aberrant cytokine milieu fostering the
establishment and progression of ectopic lesions.*

Recent advances have highlighted the role of
inflammatory mediators in the development and
symptomatology of endometriosis.>® Pro-inflammatory
cytokines such as interleukin-6 (IL-6) and tumor
necrosis factor-alpha (TNF-0) have been found at
elevated levels in the peritoneal fluid and serum of
affected women, suggesting that these molecules not
only contribute to local inflammatory processes but also
mediate systemic effects.”® IL-6 is known to orchestrate
immune responses and promote angiogenesis through
vascular endothelial growth factor (VEGF) pathways,
thus facilitating lesion growth and sensitizing
nociceptive pathways.? Similarly, TNF-a is instrumental
in recruiting immune cells and amplifying inflammatory
cascades, which may exacerbate tissue injury and
chronic pain.'® Additionally, C-reactive protein (CRP), a
well-established marker of systemic inflammation,
reflects the broader inflammatory state associated with
endometriosis.!!" Leukemia inhibitory factor (LIF), a
cytokine critical for endometrial receptivity, has also
been implicated; its dysregulation in endometriosis
could underlie both the impaired implantation observed
in these patients and its association with pain through
neuroimmune interactions.!?

While prior studies have often focused on single
biomarkers or limited clinical features, there remains a
significant gap in the literature regarding an integrative
evaluation of multiple inflammatory markers alongside
clinical and demographic variables. Pain, a predominant
and debilitating symptom of endometriosis, has been
variably correlated with lesion burden and hormonal
profiles, yet the precise contribution of inflammatory
pathways to pain severity is not fully understood.'3 Our
study addresses this gap by simultaneously assessing IL-
6, TNF-a, CRP, and LIF in a well-characterized cohort
of endometriosis patients. By correlating these markers
with clinical parameters such as pain severity, infertility,
and lifestyle factors like smoking, we aim to provide a
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comprehensive picture of the inflammatory milieu in
endometriosis.

Furthermore, employing multivariable regression
analysis allows us to delineate the independent
contributions of these inflammatory mediators relative to
traditional factors such as body mass index (BMI) and
age. Our study uniquely integrates sensitivity and
specificity analyses of these biomarkers, thereby
offering novel insights into their potential diagnostic
utility.

2. METHODOLOGY

2.1. Study Design and Participants

This case-control study was conducted between October
2023 and December 2024 at specialized clinics in Al-
Sadr Teaching Hospital, Basrah, Iraq. The study enrolled
45 premenopausal women with laparoscopically and
histologically confirmed endometriosis and 45 age-
matched control  subjects undergoing routine
gynecological examinations. Participants were aged 18—
45 vyears. Exclusion criteria included autoimmune
diseases, recent anti-inflammatory therapy, and
malignancies. Ethical approval was granted by the
Institutional Review Board (Ministry of Health, Najaf
Health Directorate, Approval Number: 1542), and all
participants provided written informed consent before
their inclusion in the study. The research protocol was
designed and conducted in accordance with the ethical
principles outlined in the Declaration of Helsinki.'*

2.2. Clinical Evaluation / Data Collection

Detailed clinical data were collected using structured
questionnaires, which  captured  demographic
information, reproductive history (with emphasis on
infertility), and lifestyle factors (e.g., smoking status).
Body mass index (BMI) was calculated as weight (kg)
divided by height (m?)."* Pain severity was assessed
using a 10-point Visual Analog Scale (VAS), with 0
representing no pain and 10 indicating the worst
imaginable pain.'® Endometriosis staging was performed
based on the revised American Society for Reproductive
Medicine (rASRM) classification system.'”

2.3. Blood Sample Collection /
Processing

Fasting venous blood samples were drawn during the
early follicular phase (days 2—5 of the menstrual cycle)
using BD Vacutainer® serum separator tubes (Becton
Dickinson, Cat. No. SST-II). After allowing clot
formation at room temperature for 30 min, samples were
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centrifuged at 3000 rpm for 10
min. The resulting serum was
aliquoted and stored at —80°C
until analysis.

Table 1: Comparative demographic and clinical factors between two groups

Serum concentrations of the
inflammatory biomarkers were

measured as follows: > 40

2.3.1. Interleukin-6 (IL-6)

Factors Patients Controls P-value
Age (year) <30 17 (37.78) 15 (33.33) 192 NS
30-40 11 (24.44) 20 (44.44)
17 (37.78) 10 (22.22)
Smoking 37 (83.33) 35 (77.78) 0.0084 **
Infertility History 17 (37.78) 6 (13.33) 0.0001 **

Quantified using the Human

IL-6 Quantikine HS ELISA Kit
(R&D Systems, Catalog No.

2 P-values calculated using the chi-square test; * P < 0.01 indicates a statistically significant
difference.Data presented as n (%)

HS600B). This high-
sensitivity assay has a detection limit of 0.5 pg/mL.

2.3.2. Tumor Necrosis Factor-Alpha (TNF-a)

Measured with the Human TNF-alpha Quantikine
ELISA Kit (R&D Systems, Catalog No. DTA00C),
which offers a detection limit of 1.0 pg/mL.

2.3.3. Leukemia Inhibitory Factor (LIF)

Assessed using the Human Leukemia Inhibitory Factor
(LIF) Quantikine ELISA Kit (R&D Systems, Catalog
No. DLF00) with a detection limit of 2.0 pg/mL.

For all ELISA assays, samples were run in duplicate.
Calibration curves were constructed using the standards
provided in each kit, and the intra-assay and inter-assay
coefficients of variation were maintained below 10% and
15%, respectively.

2.3.4. Serum C-reactive protein (CRP)

CRP  levels were  determined using an
immunoturbidimetric assay on the Beckman Coulter
AU5800 Clinical Chemistry Analyzer. Quality control
procedures were implemented as per the manufacturer’s
guidelines to ensure assay reliability and reproducibility.

2.4. Statistical Analysis

Data were analyzed using SPSS version 25.0 (IBM
Corp., Armonk, NY). Continuous variables were
expressed as mean =+ standard deviation (SD) and
categorical variables were presented as frequencies and
percentages. Group comparisons were performed using
independent-samples t-tests or Mann-Whitney U tests
for continuous variables and chi-square or Fisher’s exact
tests for categorical variables. Multiple linear regression
analyses were used to evaluate the association between
inflammatory biomarkers and VAS pain scores,
adjusting for confounders such as age and BMI.
Additionally, receiver operating characteristic (ROC)
curve analysis was performed to assess the diagnostic
performance (sensitivity and specificity) of each
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biomarker in distinguishing endometriosis patients from
controls. A P < 0.05 was considered statistically
significant.'®

3. RESULTS

In Table 1 the age distribution did not differ significantly
between patients and controls (P = 0.192). However, a
notably higher proportion of patients reported smoking
(83.33% vs. 77.78%) and had a history of infertility
(37.78% vs. 13.33%) compared to controls, both
differences reaching statistical significance (P <0.01).

In Table 2, among the 45 patients diagnosed with
endometriosis, Stage II was the most common (31.11%),
followed by Stage IV (26.67%), Stage III (22.22%), and
Stage I (20.00%). The distribution across stages was not
statistically significant (P = 0.726).

Table2: Distribution of endometriosis stages
among patients

Endometriosis No of patients P-value
Stage (%)

Stage | 9 (20.00) 0.726
Stage |l 14 (31.11)

Stage lll 10 (22.22)

Stage IV 12 (26.67)

Total 45 (100)

P-value calculated using chi-square test; NS: Not
Significant (P > 0.05).

In Table 3, Serum IL-6, TNF-a, CRP, and LIF levels
were all significantly higher in patients with
endometriosis compared to controls (P < 0.01).
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Table 3: Comparison of serum inflammatory markers between endometriosis patients and
control

IL-6 (pg/mL) TNF-a (pg/mL) CRP (mg/L) LIF (pg/mL)
Patients 60.48 £4.48 30.85+2.16 12.17 £0.94 8.82 £ 0.66
Control 5.18 £ 0.54 2.07£0.22 1.152 £0.11 0.526 = 0.06
T-test 8.979 ** 4.329 ** 1.890 ** 1.327 **
P-value 0.0001 0.0001 0.0001 0.0001

P-values calculated using two-tailed independent t-tests; ** P < 0.01 indicates a statistically significant difference.

(P <0.01), while BMI and Age did not
Table 4. Multiple linear regression of VAS score on clinical and show a significant effect. Despite the
inflammatory factors in endometriosis patients nonsignificant contributions of BMI
and Age, the final model explains a
large portion of the variance in VAS
score (R?=0.98), highlighting the

Variables (X) Regression Linear equation

coefficient-b

IL-6 0.088 ** Y~=0.669 + 0.088X 0.93 dominant  predictive  role  of
TNF-a 0.178 ** Yr= 0499 +0178X 089  nilammatory markers i
endometriosis symptom severity.
CRP 0.406 ** Y~=1.05 + 0.406X 0.88 .
Each biomarker (IL-6, TNF-a, CRP,
LIF 0.577 ** Y7=0.917 + 0.577X 0.87 and LIF) demonstrated moderate
BMI 0.046 NS YA= 4.74 + 0.046X 0.06  semsitivity ~and  specificity ~in
differentiating endometriosis patients
Age -0.0068 NS Y7=6.24 - 0.0068X 0.05 from controls, with none exhibiting
Multiple YA=2.12+0.004 IL6 + 0.027 TNF+0.041 098  both high sensitivity and specificity
equation CRP +0.046 LIF + 0.008 +0.0007 BMI - simultaneously. Sensitivity values
0.012 Age ** ranged from 0.38 to 0.66, while

P-values from multiple linear regression models. NS = Not Significant (P > 0.05); ** .spe'01ﬁ§1ty fangefi from 0.37 to 0.75,
= P < 0.01; R? = Coefficient of determination indicating  variable  performance

across markers (Table 5).

Table 5: Sensitivity and specificity of inflammatory markers 4, DlSCUSSlON

for distinguishing endometriosis patients from controls .
9 9 P The present study comprehensively

Parameters Group { Sensitivity Specificity evaluated key demographic, clinical,
and immunological parameters in

IL-6 Patients 0.41 0.73 . S
women with endometriosis compared
Control 0.66 0.42 to a control group, and further
TNE-a Patients 0.38 0.75 explored how these parameters relate
to pain severity. Overall, our findings
Control 0.69 0.37 revealed higher rates of smoking and
CRP Patients 0.48 0.63 infertility among patients, a non-
significant distribution of
Control 0.72 0.38 endometriosis stages, significantly
LIF Patients 0.46 0.73 elevated inflammatory markers in
Control 0.69 0.38 affected women, and a strong positive

association between those markers
aSensitivity and specificity derived from ROC curve analysis using Youden'’s Index. and pain scores. These results
underscore the pivotal role of

inflammation in the pathophysiology of endometriosis,
Table 4. using Multiple linear regression analysis  while highlighting potential risk factors (e.g., smoking)
revealed that IL-6, TNF-o, CRP, and LIF were  and clinical features (e.g., infertility) that may inform
significantly and positively associated with VAS score disease management.
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Our observation that women with endometriosis had
higher rates of smoking and infertility is broadly
consistent with earlier epidemiological
investigations.!>?° Some studies suggest that tobacco use
can alter estrogen metabolism and compromise local
immune responses, thereby promoting endometriotic
lesion formation or progression.?! However, conflicting
data also exist, with certain cohorts reporting no
significant  association between smoking and
endometriosis.”> These discrepancies may reflect
differences in study design, genetic predisposition, or
unmeasured lifestyle confounders (e.g., diet, exercise).
The increased prevalence of infertility among patients
aligns with well-documented evidence linking
endometriosis to subfertility.”> Mechanistically, the
presence of ectopic endometrial tissue can distort pelvic
anatomy, provoke chronic inflammation, and potentially
reduce endometrial receptivity, thus impacting fertility
outcomes.*

In terms of disease stage distribution, our study did not
find a statistically significant predominance of any single
stage within the endometriosis patients. This result
mirrors findings from other clinical series demonstrating
considerable heterogeneity in disease presentation.?*
Importantly, stage-based classification does not always
correlate with symptom severity or fertility impairment,
indicating that a more nuanced understanding of
individual lesion characteristics, immune response, and
lesion location may be required to fully capture disease
burden.

A major contribution of this work is the demonstration
of significantly elevated inflammatory markers IL-6,
TNF-a, CRP, and LIF in patients compared to controls,
alongside their strong positive association with pain
severity. These findings fit within a broader framework
positioning endometriosis as an estrogen-dependent
inflammatory disorder, characterized by immune
dysregulation in both the peritoneal cavity and ectopic
endometrial tissues.? IL-6 is a pleiotropic cytokine that
regulates the acute-phase response and influences both
innate and adaptive immunity.’ In endometriosis, I1L-6
can be secreted by ectopic endometrial stromal cells and
resident immune cells, perpetuating a pro-inflammatory
milieu and this cytokine not only drives local infiltration
of macrophages and neutrophils but also enhances
angiogenesis by stimulating vascular endothelial growth
factor (VEGF) pathways.?® Through these mechanisms,
IL-6 facilitates lesion proliferation, supports local
neuroangiogenesis  (which can  heighten pain
perception), and amplifies the systemic inflammatory
burden.?’

TNF-a is a key regulator of inflammation and tissue
remodeling and elevated TNF-a in endometriosis lesions
has been shown to increase the recruitment of immune
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cells—particularly macrophages—Ileading to the release
of additional inflammatory mediators such as IL-18, IL-
8, and matrix metalloproteinases.'® This cascade fosters
an environment of ongoing tissue damage and repair,
thereby promoting lesion growth and the ingrowth of
nerve fibers that contribute to chronic pelvic pain.?®
Furthermore, TNF-a may enhance estrogen production
via local aromatase activation, creating a feedback loop
that perpetuates both hormonal and inflammatory
processes.?

CRP is an acute-phase reactant produced predominantly
in the liver in response to IL-6 and other pro-
inflammatory cytokines, although CRP is a more general
marker of systemic inflammation, its elevation in women
with endometriosis points to a heightened inflammatory
state beyond the pelvis.!! Chronic exposure to elevated
CRP has been associated with endothelial dysfunction,
oxidative stress, and other systemic sequelae, implying
that endometriosis might have health implications
extending beyond the reproductive system.*

LIF is crucial for embryo implantation and endometrial
receptivity, and disruptions in its expression can
contribute to infertility.'? In endometriosis, aberrant LIF
levels within ectopic and eutopic endometrium may
impair normal endometrial remodeling, reduce
implantation success, and exacerbate pain through
neuroimmune interactions.'> The strong correlation
between LIF and pain scores in our data highlights how
dysregulated immune-endocrine crosstalk in
endometriosis may drive both symptom severity and
subfertility.

Our findings underscore the need for a multidisciplinary
approach to endometriosis management. Elevated
inflammatory markers, coupled with higher smoking
rates and a strong association with infertility, point to the
benefit of early lifestyle interventions—such as smoking
cessation—and a thorough fertility evaluation. The
significant correlation of IL-6, TNF-a, CRP, and LIF
with pain severity suggests that monitoring these
markers could aid in assessing disease activity or guiding
personalized treatment strategies. Although our
sensitivity and specificity data indicate that none of these
markers alone is sufficient for a definitive diagnosis,
their combined use in multi-marker panels could
enhance diagnostic confidence. In clinical practice, these
panels could be integrated into early screening
workflows for patients with suspected endometriosis,
especially in primary care or gynecology settings. Paired
with imaging findings and patient-reported symptom
scales, such biomarker assessments could support
clinicians in making more timely and targeted
therapeutic decisions. Future clinical protocols might
also benefit from incorporating these biomarkers into
electronic decision-support tools, potentially improving
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individualized care and long-term outcomes. A notable
strength of this study is its multifaceted approach,
examining demographic, clinical, and biomarker data
within a single cohort. This design enabled sufficient
modeling of how multiple wvariables collectively
influence symptom severity, as evidenced by the high
coefficient of determination in our regression analysis.

5. LIMITATIONS

Nevertheless,  certain  limitations  should be
acknowledged. First, the case-control design precludes
evaluation of longitudinal changes in inflammatory
markers or their response to interventions. Second, the
sample size—while sufficient to detect statistically
meaningful differences—may not capture the full
heterogeneity of endometriosis presentations. Third,
single time-point cytokine measurements might miss
dynamic fluctuations associated with menstrual cycle
phases or treatment regimens. Larger, multicenter, and
longitudinal studies will be necessary to validate these
findings and explore the stability of biomarker levels
over time.

6. CONCLUSION

This study highlights the complex relationship between
inflammatory mediators, lifestyle factors, and clinical
symptoms in women with endometriosis. The increased
levels of IL-6, TNF-a, CRP, and LIF are closely
associated with pain severity, supporting the role of
inflammation in the disease's pathogenesis. While these
biomarkers hold potential for improving understanding
and guiding personalized treatment, further research is
needed to validate their application in routine clinical
practice. Deepening insights into the underlying
mechanisms and enhancing diagnostic accuracy could
pave the way for more targeted and effective therapeutic
strategies for this challenging gynecological condition.
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