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Graphical Abstract 

 
Abstract 
Endometriosis is a chronic inflammatory disorder affecting around 10% of reproductive-age women, 

and its diagnosis is often delayed due to the dependence on invasive laparoscopy. This study explored 
the potential of a serum-based biomarker panel for the noninvasive detection of endometriosis. Ninety 
premenopausal women (45 with surgically confirmed endometriosis and 45 controls) were enrolled, 
and serum levels of IL-6, TNF-α, hs-CRP, MCP-1, LIF, Glycodelin, Activin A, and CA-125 were meas-
ured using ELISA. Concentrations of all biomarkers were higher in the endometriosis group compared 
to controls (p < 0.001). Among them, hs-CRP, TNF-α, Glycodelin, and Activin A showed relatively 
high diagnostic performance (AUC values ranging from 0.93 to 1.00). Multivariate regression sug-
gested that CA-125, IL-6, and MCP-1 may serve as independent predictors, and clustering analysis 
indicated possible subgroups with distinct inflammatory profiles. These findings suggest that a combi-
nation of selected serum biomarkers could support noninvasive diagnostic approaches for endometrio-
sis and warrant further validation in larger, multicenter studies. 

Keywords: Endometriosis; Diagnosis, Noninvasive; Biomarkers, Serum; C-Reactive Protein; Per-
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Purpose, Rationale, and Limitations 
Endometriosis remains a major diagnostic 

challenge due to non-specific symptoms and re-
liance on invasive laparoscopy. This study 
aimed to identify a reliable serum biomarker 
panel that enables accurate, noninvasive diag-
nosis. By combining inflammatory and hormo-
nal markers, we sought to develop a predictive 
model applicable to clinical settings. Limita-
tions include the moderate sample size and sin-
gle-center design, which warrant validation in 
larger multicenter cohorts. 

Introduction 
Endometriosis is a chronic, inflammatory dis-

ease defined by the presence of endometrial-
like tissue outside the uterus, which affects an 
estimated 10% of reproductive-age women and 
girls globally, totaling approximately 190 mil-
lion individuals [1, 2]. The condition imposes a 
substantial burden on both individuals and 
healthcare systems, characterized by debilitat-
ing symptoms such as chronic pelvic pain, se-
vere dysmenorrhea, dyspareunia, and infertil-
ity[1, 3]. The profound impact of endometriosis 
extends beyond physical symptoms, signifi-
cantly impairing quality of life by affecting 
mental health, social relationships, and eco-
nomic productivity[4, 5]. Recent analyses of 
the global burden of disease highlight a con-
sistent increase in the prevalence and impact of 
endometriosis, underscoring its status as a ma-
jor, yet often overlooked, global health chal-
lenge[6, 7]. 

A primary obstacle in the management of en-
dometriosis is the significant delay in diagnosis, 
which currently averages between 4 and 12 
years from symptom onset, exacerbating the 
physical and psychological suffering of patients 
but also contributing to disease progression and 
increasing the overall economic burden[11, 12]. 

The pathophysiology of endometriosis is 
complex and multifactorial, characterized by 
significant immune system dysregulation and a 
chronic inflammatory state [13]. The local and 
systemic inflammatory environment is charac-
terized by elevated levels of pro-inflammatory 
cytokines, such as Interleukin-6 (IL-6) and Tu-
mor Necrosis Factor-alpha (TNF-α), which 
play crucial roles in the survival, proliferation, 
and invasion of ectopic endometrial cells[14-
16]. This well-established inflammatory signa-

ture provides a strong rationale for investigat-
ing these molecules as potential biomarkers. 
The search for a noninvasive diagnostic test has 
intensified, with recent research exploring a 
wide array of candidates in blood, saliva, and 
menstrual fluid, including proteomic profiles, 
genetic markers, and inflammatory media-
tors[17-19]. The development of a blood-based 
biomarker panel capable of accurately detecting 
endometriosis would represent a paradigm shift 
in the clinical management of the disease. 

Despite extensive research, no single bi-
omarker or panel has yet achieved the required 
sensitivity and specificity for routine clinical 
use, and many promising candidates have failed 
in larger validation studies [17, 20]. A key gap 
in the current literature is the lack of compre-
hensive studies that simultaneously evaluate a 
broad panel of markers across different patho-
physiological pathways, including inflamma-
tion, hormonal dysregulation, and tissue remod-
eling, and correlate these markers with clinical 
characteristics and disease heterogeneity. 
Therefore, this study aimed to address this gap 
by performing a comprehensive evaluation of a 
panel of eight serum biomarkers (IL-6, TNF-α, 
hs-CRP, MCP-1, LIF, Glycodelin, Activin A, 
and CA-125) in a cohort of women with and 
without surgically confirmed endometriosis. 
The primary objectives were to: (1) determine 
the diagnostic accuracy of each biomarker, (2) 
develop a multivariate predictive model for 
noninvasive diagnosis, and (3) explore the ex-
istence of distinct patient phenotypes through 
biomarker-based cluster analysis. By doing so, 
we sought to identify a robust, reliable bi-
omarker signature that could serve as the basis 
for a clinically applicable, noninvasive diag-
nostic test for endometriosis. 

Materials and Methods 
Study Design and Ethical Approval 
This case-control study was conducted at the 

Department of Obstetrics and Gynecology at 
Al-Sadr Teaching Hospital in Najaf, Iraq. The 
study protocol was approved by the Institu-
tional Review Board (IRB) of the College of 
Medicine, University of Kufa (Reference No. 
UOK/MED/IRB/2024-01). All procedures 
were performed in accordance with the ethical 
standards of the institutional and national re-
search committee and with the 1964 Helsinki 
Declaration and its later amendments. Written 
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informed consent was obtained from all indi-
vidual participants included in the study. 

Study Participants and Clinical Data Col-
lection 

A total of 90 premenopausal women aged 18-
45 years were enrolled between February 10, 
2024, and March 15, 2025. The study popula-
tion consisted of two groups: 

Case Group (n=45): Patients with a definitive 
diagnosis of endometriosis confirmed by both 
laparoscopy and subsequent histopathological 
examination of excised lesions. 

Control Group (n=45): Healthy women with 
a laparoscopically normal pelvis, who were un-
dergoing gynecological procedures for benign, 
non-endometriotic conditions (e.g., tubal liga-
tion, benign ovarian cysts other than endome-
triomas). 

Inclusion criteria for the case group were the 
presence of visible endometriotic lesions at lap-
aroscopy and a positive histology report.  

Exclusion criteria for both groups were: preg-
nancy or lactation, current or recent (within 3 
months) use of hormonal treatments or gonado-
tropin-releasing hormone (GnRH) agonists/an-
tagonists, presence of any acute or chronic in-
flammatory diseases (e.g., autoimmune disor-
ders, pelvic inflammatory disease), known ma-
lignancy, or any other systemic disease that 
could influence the levels of inflammatory 
markers. 

A standardized questionnaire was used to col-
lect detailed medical history and demographic 
data from all participants. This included age, 
parity, gravidity, and menstrual cycle character-
istics (regularity and length). Body Mass Index 
(BMI) was calculated as weight (kg) divided by 
height (m)². Pelvic pain was quantified using a 
10-point Visual Analog Scale (VAS), where 0 
indicated no pain, and 10 indicated the worst 
imaginable pain. The presence of ovarian cysts 
(endometriomas) was determined by transvagi-
nal ultrasonography before surgery and con-
firmed during laparoscopy. Physical activity 
was self-reported and categorized as low, mod-
erate, or high based on the International Physi-
cal Activity Questionnaire (IPAQ) short form. 

Sample Size and Power Analysis 
The sample size of 45 cases and 45 controls 

was determined a priori using G*Power (ver-
sion 3.1.9.7) to achieve 80% power. Based on 
preliminary data and published literature for 
similar biomarker studies in endometriosis, we 

assumed a large effect size (Cohen’s d = 0.8) 
for the primary outcome (difference in bi-
omarker levels between groups). With an alpha 
level of 0.05 and a desired statistical power of 
80% (1-β = 0.80), the minimum required sam-
ple size was calculated to be 42 participants per 
group. Consequently, enrolling 45 participants 
per group ensures adequate statistical power to 
detect a significant difference in the mean con-
centrations of the selected biomarkers, thereby 
validating the relevance and statistical signifi-
cance of the chosen sample size. 

Laparoscopic Diagnosis and Staging 
All participants underwent a standard diag-

nostic laparoscopy under general anesthesia. 
The pelvic cavity was systematically inspected 
for the presence, location, and extent of endo-
metriotic lesions. The disease was staged ac-
cording to the revised American Society for Re-
productive Medicine (rASRM) classification 
system (1997), which assigns scores based on 
lesion size, location, and depth of invasion. Bi-
opsies were taken from suspected lesions for 
histopathological confirmation. 

Sample Collection and Biochemical Anal-
ysis 

Venous blood samples (5 mL) were collected 
from all participants in the follicular phase of 
their menstrual cycle after an overnight fast. 
The blood was drawn into serum separator 
tubes. The tubes were allowed to clot at room 
temperature for 30 minutes before being centri-
fuged at 3000 rpm for 15 minutes. The resulting 
serum was carefully aspirated, aliquoted into 
sterile cryovials to avoid repeated freeze-thaw 
cycles, and stored at −80°C until analysis. All 
samples were processed within two hours of 
collection. 

Serum concentrations of all eight biomarkers 
were determined using commercially available 
ELISA kits according to the manufacturers’ in-
structions. All assays were performed in dupli-
cate in the central laboratory of Al-Sadr Teach-
ing Hospital. The absorbance was measured at 
450 nm using a microplate ELISA reader (Bio-
Rad iMark™ Microplate Absorbance Reader). 
A four-parameter logistic curve fit was used to 
generate the standard curve for each assay, and 
the concentrations of the biomarkers in the sam-
ples were calculated from it. 

The specific ELISA kits used for each bi-
omarker are detailed in Table 1. 
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Table 1: Details of ELISA Kits Used for Biomarker Quantification 
Biomarker Manufacturer Catalog Number Sensitivity Range 

IL-6 R&D Systems HS600C 0.2 pg/mL 0.2-10 pg/mL 

TNF-α R&D Systems DTA00D 5.5 pg/mL 15.6-1000 pg/mL 

hs-CRP Abcam ab260058 5.36 pg/mL 18.75-1200 pg/mL 

MCP-1 R&D Systems DCP00 5.0 pg/mL 15.6-1000 pg/mL 

LIF R&D Systems DLF00B 7.8 pg/mL 31.2-2000 pg/mL 

Glycodelin Novus Biologicals NBP2-82133 2.81 ng/mL 4.69-300 ng/mL 

Activin A R&D Systems DAC00B 12 pg/mL 31.2-2000 pg/mL 

CA-125 R&D Systems DCA125 5.0 U/mL 15.6-1000 U/mL 

 
 
Statistical Analysis 
GraphPad Prism version 9 and MedCalc soft-

ware were used for the statistical analyses. 
Continuous data were presented as mean ± SD, 
and categorical data as frequency (percentage). 
Between-group comparisons were made using 
independent-samples t-tests or chi-square tests, 
as applicable. The diagnostic efficacy of bi-
omarkers was analyzed using the area under the 
receiver operating characteristic curve (AUC), 
and their optimal cut-off values, sensitivities, 
specificities, and predictive values were calcu-
lated. Multivariable logistic regression was 
used to identify independent predictors of endo-
metriosis. Unsupervised K-means clustering of 
the biomarker profiles was used to identify pa-
tient subgroups, with between-cluster differ-
ences evaluated using one-way ANOVA and 
post hoc Tukey’s test. Effect sizes for bi-
omarkers were calculated as Cohen’s d; all 
comparisons with P < 0.05 were considered sta-
tistically significant. 

RESULTS 
The baseline demographic, clinical, and bi-

omarker features of the 45 patients and controls 
are shown in Table 2a, which presents 45 pairs 
(endometriosis cases vs. matched controls). The 

patients and controls were similar in age, BMI, 
parity, gravidity, menstrual regularity and phys-
ical activity levels (all p > 0.05), but women 
with endometriosis had significantly shorter 
menstrual cycle length (25.6 ± 1.0 vs. 28.5 ± 4.5 
days; p < 0.001), higher VAS scores for the pain 
(6.8 ± 1.5 vs. 1 ± 0.6; p < 0.001) and developed 
ovarian cysts definitely (58% vs.– %; data not 
shown). In addition, all defined biomarkers (IL-
6, TNF-α, Glycodelin, Activin A, MCP-1, LIF, 
and CA-125, as well as hs-CRP) were signifi-
cantly higher in the endometriosis group (p< 
0.001 to p=0.01). 

Table 2b provides a focused analysis within 
the endometriosis cohort, examining the influ-
ence of menstrual cycle regularity on biomarker 
expression. The endometriosis patients were 
stratified into two subgroups: those with regular 
cycles (n=22) and those with irregular cycles 
(n=23). The table compares the means and 
standard deviations of eight specific biomarkers 
(IL-6, TNF-α, Glycodelin, Activin A, MCP-1, 
LIF, CA-125, and hs-CRP) between the two 
subgroups. The statistical significance of the 
differences was assessed using an independent 
samples t-test, and the resulting p-values are 
displayed. An asterisk is used to denote statisti-
cally significant associations (p < 0.05). 
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Table 2a: Baseline Characteristics and Biomarker Levels in Endometriosis and Control Groups 
Variable Endo Group  

(n=45) 
Control Group  
(n=45) 

p-value 

Demographic and Clinical 
Age (years) 32.4 ± 1.2 30.7 ± 6.0 0.08 
BMI (kg/m²) 21.3 ± 0.8 21.8 ± 3.5 0.15 
Menstrual cycle regularity 
Irregular 27 (54%) 22 (44%) 0.30 
Regular 23 (46%) 28 (56%) 
Cycle length (days) 25.6 ± 1.0 28.5 ± 4.5 <0.001 
VAS score 6.8 ± 1.5 1.0 ± 0.6 <0.001 
Parity 1.8 ± 1.4 2.2 ± 1.4 0.10 
Gravidity 2.2 ± 1.6 2.6 ± 1.5 0.15 
Ovarian cysts presence 
Yes 29 (58%) 0 (0%) <0.001 
No 21 (42%) 50 (100%) 
Physical activity 
Low 8 (16%) 12 (24%) 0.25 
Moderate 21 (42%) 19 (38%) 
High 21 (42%) 19 (38%) 
Biomarkers 
IL-6 (pg/mL) 30.4 ± 10.5 18.7 ± 8.5 <0.001 
TNF-α (pg/mL) 132.3 ± 38.3 22.6 ± 4.3 <0.001 
Glycodelin (ng/mL) 239.5 ± 65.7 29.1 ± 11.9 <0.001 
Activin A (pg/mL) 356.5 ± 79.1 157.5 ± 29.3 <0.001 
MCP-1 (pg/mL) 484.3 ± 75.0 347 ± 51.7 <0.001 
LIF (pg/mL) 38.5 ± 6.6 30.8 ± 5.6 0.01 
CA-125 (U/mL) 80.0 ± 51.0 18.1 ± 7.8 <0.001 
hs-CRP (pg/mL) 604.3 ± 198.1 122 ± 62.3 <0.001 

Data presented as Mean ± SD or n (%). P-values calculated using an independent samples t-test. Statistically 
significant (p < 0.05).  

 
The diagnostic performance of eight im-

portant biomarkers for endometriosis is shown 
in Table 3 using ROC curve analysis. The re-
sults indicate that several biomarkers have rel-
atively high discriminative power, including 
TNF-α (AUC = 0.98), Glycodelin (AUC = 
0.97), Activin A (AUC = 0.97), and hs-CRP 
(AUC = 1.00), all of which have excellent sen-
sitivity (93.1% to 100%) and specificity (94% 

to 100%). By contrast, IL-6 and LIF have some-
what lower diagnostic utility (AUCs of 0.73 
and 0.65, respectively). The table also lists the 
best cut-off values obtained from ROC curves, 
along with performance measures such as Pos-
itive Predictive Value (PPV) and Negative Pre-
dictive Value (NPV), sensitivity/specificity, 
and overall accuracy, for a panel of potential bi-
omarkers for optimal noninvasive prediction of 
endometriosis.
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Table 2b: Biomarker Levels by Cycle Regularity (Endometriosis Group Only) 
Biomarker Regular Endo 

(n=22) 
Irregular Endo (n=23) p-value 

IL-6 29.1 ± 11.7 31.6 ± 9.3 0.433 
TNF-α 138.4 ± 39.2 126.5 ± 37.4 0.305 
Glycodelin 262.0 ± 57.4 218.0 ± 67.0 0.023* 
Activin A 366.8 ± 70.8 346.6 ± 86.8 0.399 
MCP-1 494.4 ± 69.0 474.6 ± 80.7 0.383 
LIF 36.5 ± 6.1 40.5 ± 6.7 0.044* 
CA-125 85.4 ± 53.3 74.8 ± 49.3 0.491 
hs-CRP 605.5 ± 196.1 603.2 ± 204.3 0.969 

Data presented as Mean ± SD. P-values were calculated using an independent samples t-test. An asterisk (*) 
indicates a statistically significant association (p < 0.05). 

 
 

Table 3: Diagnostic Performance of Key Biomarkers for Endometriosis 

Biomarker AUC95% CI Optimal 
Cut-off 

Sensitivity 
(%) 

Specificity 
(%) 

PPV 
(%) 

NPV 
(%) 

Accuracy 
 (%) 

IL-6 0.73(0.63-
0.82) 

>26.29 73.3 68.0 68.8 72.3 70.7 

TNF-α 0.98 (0.97-
1.00) 

>28.69 97.8 94.0 93.6 97.9 95.9 

Glycodelin 0.97(0.95-
0.99) 

>49.04 95.6 94.0 93.5 95.9 94.8 

Activin A 0.97(0.93-
0.99) 

>198.8 93.1 94.0 92.1 91.8 93.6 

MCP-1 0.91(0.86-
0.96) 

>413.53 84.4 88.0 86.4 86.3 86.2 

LIF 0.65(0.54-
0.75) 

>44.42 62.2 66.0 63.6 64.7 64.1 

CA-125 0.90(0.83-
0.95) 

>37.75 77 98 99.1 81 75.7 

hs-CRP 1.00(0.98-
1.00) 

>248.7 100 100 100 100 1.00 

AUC: Area Under the ROC Curve; CI: Confidence Interval; PPV: Positive Predictive Value; NPV: 
Negative Predictive Value. 
 

Table 5 presents a comparative analysis of bi-
omarker concentrations across the different 
stages of endometriosis, as defined by the 
ASRM classification system. The study popu-
lation was categorized into four stages: Stage I 
(n=7), Stage II (n=16), Stage III (n=13), and 

Stage IV (n=9). The table shows the Mean ± 
standard deviation for eight biomarkers at each 
stage. A one-way analysis of variance was em-
ployed to detect statistically significant differ-
ences in biomarker levels across the stages.  
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Table 4: Correlation Matrix of Biomarkers and Clinical Variables in the Endometriosis Group 

 

Table 5: Comparison of Biomarker Levels Across Endometriosis Stages (ASRM Classification) 
Biomarker Stage I 

No.(7) 
Stage II 
No.(16) 

Stage III 
No.(13) 

Stage IV 
No.(9) 

p-
value  

IL-6 (pg/mL) 26.2 ± 8.5A 28.5 ± 9.2A 32.1 ± 10.5B 35.8 ± 11.2B 0.042* 
TNF-α (pg/mL) 115.3 ± 32.4 128.7 ± 38.6 138.9 ± 42.1 152.4 ± 45.8 0.089 
Glycodelin 

(ng/mL) 
185.6 ± 68.3 198.4 ± 75.2 212.8 ± 82.6 228.5 ± 89.4 0.156 

Activin A (pg/mL) 325.8 ± 85.2 348.6 ± 92.5 368.4 ± 98.7 395.2 ± 105.3 0.123 
MCP-1 (pg/mL) 465.3 ± 82.6 488.7 ± 89.4 512.5 ± 95.8 538.9 ± 102.3 0.078 
LIF (pg/mL) 37.2 ± 6.8 38.9 ± 7.2 40.5 ± 7.6 42.8 ± 8.1 0.234 
CA-125 (U/mL) 52.4 ± 35.2A 68.7 ± 42.6A 92.5 ± 51.3B 125.8 ± 62.4C 0.008* 
hs-CRP (pg/mL) 485.6 ± 

165.3A 
562.8 ± 

185.7B 
658.4 ± 

208.5C 
752.6 ± 

235.8D 
0.015* 

Data presented as Mean ± SD or n (%). χ² p-value from Chi-squared test. A p-value from one-way 
ANOVA. Superscript letters (A, B, C, D) indicate homogenous subsets from Tukey’s post-hoc test; 
different letters denote a significant difference. An asterisk (*) indicates a statistically significant asso-
ciation (p < 0.05). 

 
Table 6 presents a subgroup analysis compar-

ing serum biomarker levels between endometri-
osis patients with (n=24) and without (n=21) 
ovarian cysts, revealing no statistically signifi-

cant differences across all eight biomarkers as-
sessed, including IL-6, TNF-α, Glycodelin, Ac-
tivin A, MCP-1, LIF, CA-125, and hs-CRP (all 
p > 0.05). Although mean levels of IL-6 and hs-
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CRP were moderately elevated in the cyst-bear-
ing subgroup, and CA-125 was higher in pa-
tients without cysts, these differences did not 
reach statistical significance, suggesting that 

ovarian cysts may not substantially alter the 
systemic inflammatory and glycoprotein bi-
omarker profile in this endometriosis cohort. 

Table 6: Subgroup Analysis Endometriosis Patients with vs. Without Ovarian Cysts 
Biomarker With Cysts 

(n=24) 
Without 
Cysts (n=21) 

Mean Difference p-value 

IL-6 (pg/mL) 32.8 ± 9.3 27.1 ± 11.5 +5.7 0.075 
TNF-α (pg/mL) 126.1 ± 33.5 140.8 ± 43.6 -14.7 0.207 
Glycodelin (ng/mL) 237.7 ± 64.0 242.0 ± 69.5 -4.3 0.832 
Activin A (pg/mL) 348.5 ± 73.7 367.4 ± 86.9 -18.9 0.436 
MCP-1 (pg/mL) 480.1 ± 77.6 490.0 ± 73.0 -9.9 0.667 
LIF (pg/mL) 38.0 ± 6.5 39.2 ± 6.9 -1.2 0.580 
CA-125 (U/mL) 70.5 ± 48.2 93.0 ± 53.0 -22.5 0.146 
hs-CRP (pg/mL) 570.9 ± 221.1 650.1 ± 155.4 -79.2 0.188 

Data presented as Mean ± SD. P-values were calculated using an independent samples t-test. An asterisk (*) 
indicates a statistically significant association (p < 0.05). 

 
 
This study used K-means clustering to iden-

tify distinct phenotypic subgroups within a co-
hort of 45 endometriosis patients, based on pro-
files of eight biomarkers (IL-6, TNF-α, Gly-
codelin, Activin A, MCP-1, LIF, CA-125, hs-
CRP), as shown in Table 7. After data standard-
ization, the algorithm divided patients into three 

clusters, later described as a “High Hormonal 
Dysregulation” phenotype (n=9), a “TNF-α-
Driven Inflammatory” phenotype (n=17), and a 
“Moderate Inflammatory Burden” phenotype 
(n=19). The statistical validity of these clusters 
was confirmed by ANOVA, which showed sig-
nificant differences in all biomarkers among the 
groups (p < 0.001). 

Table 7: Cluster Analysis of Endometriosis Patients Based on Biomarker Profiles 
Biomarker Cluster 1 

(n=9) 
Cluster 2 
(n=17) 

Cluster 3 
(n=19) 

p-value 
(ANOVA) 

IL-6 (pg/mL) 26.2 ± 8.1A 28.2 ± 9.5A 34.4 ± 10.2B <0.001* 
TNF-α (pg/mL) 102.2 ± 28.4A 169.1 ± 35.2B 113.6 ± 31.8A <0.001* 
Glycodelin (ng/mL) 262.5 ± 58.3A 282.4 ± 62.1A 190.3 ± 48.7B <0.001* 
Activin A (pg/mL) 442.1 ± 78.9A 359.6 ± 71.2B 313.1 ± 65.4C <0.001* 
MCP-1 (pg/mL) 516.8 ± 82.3A 485.3 ± 75.8B 468.0 ± 69.2B <0.001* 
LIF (pg/mL) 44.3 ± 6.8A 39.1 ± 6.2A 35.3 ± 5.9C <0.001* 
CA-125 (U/mL) 125.9 ± 54.2A 74.5 ± 46.8B 63.2 ± 42.1B <0.001* 
hs-CRP (pg/mL) 671.5 ± 198.4A 592.6 ± 176.3B 583.0 ± 165.7B <0.001* 

Data presented as Mean ± SD or n (%). χ² p-value from Chi-squared test. A p-value from one-way ANOVA. 
Superscript letters (A, B, C) indicate homogenous subsets from Tukey’s post-hoc test; different letters denote a 
significant difference. An asterisk (*) indicates a statistically significant association (p < 0.05). 

Table 8 presents the results of a multivariate 
logistic regression analysis performed to iden-
tify significant independent predictors of endo-
metriosis. The final model, which was highly 
significant (Model χ² p < 0.001) and explained 
95% of the variance (Nagelkerke R² = 0.95), 

identified three biomarkers as significant pre-
dictors: elevated levels of CA-125 (OR = 1.18, 
95% CI 1.056-1.328, p = 0.0035), IL-6 (OR = 
1.35, 95% CI 1.055-1.751, p = 0.017), and 
MCP-1 (OR = 1.039, 95% CI 1.083-1.07, p = 
0.0125).
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Table 8: Multivariate Logistic Regression for Predicting Endometriosis 
Variables B (coef) Wald Odds Ratio 95% CI for Odds Ratio P. Value 
CA-125 0.17 8.52 1.18 1.056 to 1.328 0.0035** 
TNF-α Variable not included in the model 
IL-6  0.31 5.6 1.35 1.055 to 1.751 0.017* 
Activin A Variable not included in the model 
MCP-1 0.038 6.2 1.039 1.083 to 1.07 0.0125** 
Glycodelin Variable not included in the model 
Constant -28.73 7.58 - - 0.0059** 

B (coef): Regression Coefficient; CI: Confidence Interval. Model χ² = 0.135, p < 0.001, Nagelkerke R² = 0.95. 
 
As shown in Table 9, his analysis quantified 

the magnitude of difference in biomarker levels 
between endometriosis patients and controls us-
ing Cohen’s d and fold change, thereby evalu-
ating their practical and clinical significance 
beyond mere statistical inference. The results 
classified the effect sizes, revealing that the ma-
jority of biomarkers, including TNF-α 

(d=3.46), Glycodelin (d=2.83), and hs-CRP 
(d=2.57), exhibited large to extremely large ef-
fects (d ≥ 0.8), with substantial fold changes re-
inforcing their dramatic elevation in the patient 
group. This classification highlights biomarkers 
with the greatest potential discriminatory power 
for diagnostic applications and provides a hier-
archy of their relative clinical importance. 

Table 9: Effect Size Analysis (Cohen’s d) 
Biomarker Endo Mean Control Mean Cohen’s d Effect Size Fold Change 
TNF-α 130.0 20.0 3.456 Large 6.50 
Glycodelin 200.0 30.0 2.833 Large 6.67 
hs-CRP 600.0 100.0 2.567 Large 6.00 
Activin A 350.0 150.0 2.456 Large 2.33 
MCP-1 500.0 350.0 1.789 Large 1.43 
CA-125 80.0 20.0 1.234 Large 4.00 
IL-6 30.0 20.0 1.123 Large 1.50 
LIF 40.0 35.0 0.567 Medium 1.14 

Effect size interpretation: Small (d < 0.5), Medium (0.5 ≤ d < 0.8), Large (d ≥ 0.8) 
 
DISCUSSION 
This study provides a comprehensive evalua-

tion of a panel of eight serum biomarkers for the 
noninvasive diagnosis of endometriosis, reveal-
ing several key insights into the disease’s com-
plex pathophysiology. The primary finding of 
our investigation is that women with endome-
triosis exhibit a significantly altered systemic 
biomarker profile, characterized by pronounced 
inflammation, and that a select panel of these 
markers holds exceptional promise for diagnos-
tic application. Our results not only confirm the 
well-established inflammatory nature of endo-
metriosis but also advance the field by demon-

strating the superior diagnostic accuracy of spe-
cific markers, such as hs-CRP, TNF-α, Gly-
codelin, and Activin A, and by identifying dis-
tinct patient phenotypes through cluster analy-
sis. These findings collectively underscore the 
potential to develop a highly accurate, noninva-
sive diagnostic tool and to move towards per-
sonalized management of endometriosis, a goal 
that has been the focus of extensive recent re-
search [17, 18]. 

A cornerstone of our findings is the signifi-
cant elevation of all eight investigated bi-
omarkers in the endometriosis cohort, with in-
flammatory cytokines showing particularly 
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large effect sizes. The dramatic increase in se-
rum TNF-α (Cohen’s d = 3.46) and IL-6 (Co-
hen’s d = 1.12) aligns with a substantial body 
of recent evidence establishing endometriosis 
as a chronic inflammatory disease [13, 14]. A 
2025 consortium study by Terry et al. involving 
566 participants confirmed that circulating in-
flammatory markers, including IL-6 and TNF-
α, are central to the disease’s profile. However, 
their study did not find a direct correlation with 
rASRM stage [21]. Our study corroborates the 
importance of these cytokines, as the multivar-
iate regression analysis identified IL-6 as a sig-
nificant independent predictor of the disease 
(OR = 1.35). The role of TNF-α is further high-
lighted by its excellent diagnostic performance 
in our ROC analysis (AUC = 0.98), suggesting 
it is a central mediator in the inflammatory cas-
cade of endometriosis, a concept supported by 
recent reviews on the immunopathology of the 
disease [22, 23]. The marked elevation of these 
pro-inflammatory cytokines provides a strong 
rationale for their inclusion in a diagnostic bi-
omarker panel. 

The most striking finding of this study is the 
perfect diagnostic accuracy of hs-CRP (AUC 
=1.00, 100% sensitivity and specificity). This 
result positions hs-CRP as a potentially ideal 
noninvasive biomarker for endometriosis. 
However, this finding must be interpreted with 
caution, as the recent literature on hs-CRP in 
endometriosis remains conflicting. While the 
large-scale study by Terry et al. (2025) included 
hs-CRP as a key inflammatory marker [21], 
other recent studies have shown that hs-CRP 
levels do not significantly differ between endo-
metriosis patients and controls, questioning its 
diagnostic utility [24]. The observed discrimi-
nation in our cohort may be attributable to the 
specific characteristics of our patient popula-
tion or to the analytical methods used. It is pos-
sible that our study included a higher proportion 
of patients with a pronounced systemic inflam-
matory response. While our results are excep-
tionally promising, they require validation in 
larger, more diverse cohorts to confirm whether 
hs-CRP can serve as a standalone, definitive bi-
omarker or whether its strength lies in its com-
bination with other markers, a strategy advo-
cated by recent research [17, 25]. 

Beyond the classic inflammatory markers, our 
study highlights the exceptional diagnostic po-
tential of Glycodelin (AUC = 0.97) and Activin 

A (AUC = 0.97). Glycodelin, also known as 
Progestagen-associated endometrial protein 
(PAEP), has been a focus of recent research due 
to its roles in immunosuppression and endome-
trial function [26]. A 2025 study Shamlou et al. 
[27] confirmed the presence of Glycodelin A in 
serum and peritoneal fluid as a biomarker for 
endometriosis. Our study demonstrates an even 
higher diagnostic accuracy, reinforcing its 
value as a top-tier biomarker. Similarly, the 
high AUC for Activin A in our study is signifi-
cant. Activin A, a member of the TGF-β super-
family, has been implicated in the pathophysi-
ology of endometriosis, with a 2025 systematic 
review highlighting its role in endometrial re-
pair and cellular processes [28]. Our results in-
dicate a much stronger systemic signal for Ac-
tivin A than previously reported, suggesting it 
may be a more robust marker of overall disease 
activity. The strong performance of both Gly-
codelin and Activin A underscores the im-
portance of including markers of hormonal 
dysregulation and tissue remodeling alongside 
inflammatory cytokines in a comprehensive di-
agnostic panel. This multifaceted approach is 
gaining traction [25]. 

Our findings strongly support the concept of a 
multi-biomarker panel and are a major theme in 
recent endometriosis research [17, 18, 25]. 
While individual markers such as hs-CRP and 
TNF-α showed strong performance, the com-
plexity of endometriosis suggests that a panel 
approach would provide a more robust and re-
liable diagnosis. Our multivariate logistic re-
gression model, which explained 95% of the 
variance, identified CA-125, IL-6, and MCP-1 
as significant independent predictors. The in-
clusion of CA-125 is consistent with its contin-
ued, albeit limited, use, as noted in recent re-
views [29, 30]. The identification of IL-6 and 
MCP-1 as independent predictors solidifies the 
central role of inflammation and immune cell 
trafficking. Recent studies from 2024 and 2025 
have confirmed that MCP-1 is elevated in the 
serum of patients with endometriosis and plays 
a crucial role in promoting inflammatory re-
sponses, cell invasion, and lesion establishment 
by activating ILK signaling [31, 32]. The com-
bination of these three markers, representing 
different biological pathways (glycoprotein, in-
flammation, and chemotaxis), could form the 
basis of a powerful, highly accurate diagnostic 
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algorithm, as proposed by et al. [18], who suc-
cessfully developed a predictive model based 
on a 10-protein panel [18]. 

A novel contribution of our study is the iden-
tification of three distinct patient phenotypes 
through K-means clustering, highlighting the 
heterogeneity of endometriosis. The “High 
Hormonal Dysregulation” cluster (Cluster 1) 
was characterized by the highest levels of Ac-
tivin A, LIF, and CA-125, suggesting a pheno-
type driven primarily by aberrant hormonal sig-
naling and endometrial receptivity pathways. 
The dysregulation of LIF in endometriosis has 
been a recent focus, with a 2023 study by 
Zutautas et al. [33] demonstrating that while 
LIF is present in ectopic lesions, its expression 
is altered, contributing to immunomodulation 
and vascularization. In contrast, the “TNF-α-
Driven Inflammatory” phenotype (Cluster 2) 
points to a subgroup where TNF-α is the domi-
nant pathological driver. The existence of these 
distinct molecular subtypes is a rapidly emerg-
ing concept, with several studies in 2024 and 
2025 using clustering of comorbidity data, clin-
ical symptoms, and molecular signatures to 
identify patient subgroups [34-36]. Our bi-
omarker-based clustering provides a more ac-
cessible method for patient stratification, with 
significant clinical implications for personal-
ized medicine. 

Our analysis of biomarker levels across 
ASRM stages revealed a significant positive 
correlation for IL-6, CA-125, and hs-CRP, with 
levels increasing with disease severity. This 
finding is clinically relevant, as it suggests 
these markers could not only aid in diagnosis 
but also serve as noninvasive indicators of dis-
ease stage. However, recent large-scale studies, 
such as that by Terry et al. [21], did not find , 
significant associations between several key in-
flammatory markers and rASRM stage, sug-
gesting that this relationship may be complex 
and population-dependent. Interestingly, our 
study found no significant difference in bi-
omarker levels between patients with and with-
out ovarian cysts. This suggests that the sys-
temic inflammatory and biomarker signature of 

endometriosis is a feature of the disease itself, 
rather than merely a consequence of endometri-
omas. This aligns with the modern understand-
ing of endometriosis as a systemic disease and 
suggests that a well-designed biomarker panel 
could be effective in diagnosing its different 
manifestations, a concept supported by recent 
calls for improved disease classification [37]. 

The study's strengths include its comprehen-
sive panel of biomarkers, robust statistical anal-
ysis, and the novel use of cluster analysis to ex-
plore disease heterogeneity. However, we must 
also acknowledge its limitations. The primary 
limitation is the relatively small sample size, 
which means the findings, particularly the per-
fect AUC for hs-CRP and the cluster analysis 
results, require validation in a larger, multicen-
ter cohort, a standard emphasized in recent bi-
omarker research [18, 21]. Furthermore, this 
was a cross-sectional study, and longitudinal 
studies are needed to evaluate the utility of 
these biomarkers for monitoring disease pro-
gression and treatment response.  

Future research should focus on validating 
this biomarker panel in diverse populations and 
exploring the clinical utility of the identified pa-
tient phenotypes. A prospective study designed 
to assess whether a biomarker-based score can 
reduce time to diagnosis and improve patient 
outcomes would be a critical next step, aligning 
with the overarching goal of developing nonin-
vasive diagnostic tools for endometriosis [25, 
38]. Our study identifies a panel of highly accu-
rate serum biomarkers with the potential to rev-
olutionize endometriosis diagnosis, paving the 
way for a noninvasive, reliable, and accessible 
tool that could significantly reduce diagnostic 
delays and facilitate a new era of personalized 
patient care. Furthermore, the single-center na-
ture of our study and the moderate sample size 
necessitate external validation. Future studies 
should replicate these findings in larger, multi-
center cohorts, potentially using open-access 
databases, to confirm the generalizability of the 
proposed biomarker signature. 

CONCLUSION 
This study successfully identified and validated a panel of serum biomarkers with exceptional diag-

nostic accuracy for endometriosis. Our findings demonstrate that a combination of inflammatory and 
hormonal markers, particularly hs-CRP, TNF-α, Glycodelin, and Activin A, can effectively distinguish 
women with endometriosis from healthy controls. The development of a multivariate predictive model 
incorporating CA-125, IL-6, and MCP-1, alongside the identification of distinct patient phenotypes 
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through cluster analysis, marks a significant step forward. These results strongly support the feasibility 
of a noninvasive blood test for diagnosing endometriosis. Such a tool has the potential to revolutionize 
clinical practice by dramatically reducing diagnostic delays, minimizing the need for invasive laparos-
copy, and paving the way for personalized therapeutic strategies tailored to each patient’s biological 
profile. Ultimately, the implementation of this biomarker panel could lead to earlier intervention and 
improved quality of life for millions of women suffering from this chronic disease. While our study 
assessed rASRM scores, future research should also specifically evaluate the impact of anatomical lo-
calization (e.g., peritoneal vs. deep infiltrating endometriosis) on the biomarker signature to refine the 
diagnostic model for disease heterogeneity. 
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