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INTRODUCTION quality of life [2]. In addition to its clinical

consequences,  endometriosis  imposes  a
considerable socioeconomic burden through
increased healthcare utilization and reduced work
productivity [3].

Endometriosis is a long-term gynecological
disorder defined by the growth of endometrial-like
tissue outside the uterine cavity and affects an

estimated 10% of women of reproductive age Accurate diagnosis of endometriosis remains a
globally [1]. It is frequently accompanied by major clinical challenge. Laparoscopy with
chronic pelvic pain, dysmenorrhea, dyspareunia, histopathological confirmation is currently
and infertility, leading to substantial impairment in regarded as the diagnostic reference standard;
physical functioning, mental health, and overall however, it is invasive, costly, and often performed
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only after prolonged periods of unresolved
symptoms [4]. Non-invasive alternatives,
including imaging modalities and individual
serum biomarkers such as cancer antigen 125 (CA-
125), have demonstrated suboptimal diagnostic
accuracy, particularly for early or minimal disease
[5,6]. These limitations contribute to substantial
diagnostic delays and inappropriate management.

Recent progress in translational research has
prompted growing interest in identifying non-
invasive diagnostic strategies that combine
circulating biomarkers with clinical characteristics.
Biomolecules associated with inflammation,
angiogenesis, immune response, and hormonal
regulation—including CA-125, cytokines, vascular
endothelial growth factor (VEGF), and
microRNAs—have been explored as potential
indicators of disease presence [7,8]. At the same
time, clinical parameters such as age, symptom
patterns, menstrual features, and reproductive
history have been incorporated into multivariable
prediction models to enhance diagnostic
performance [9].

Combining serum biomarkers with clinical
variables offers a potentially superior approach
compared with reliance on single diagnostic
indicators. Several investigations have reported
improved sensitivity and specificity when
integrated models are applied [1,4]. Nevertheless,
reported results differ substantially among studies
due to heterogeneity in study populations,
biomarker selection, analytical methods, and
reference standards. As a result, the true diagnostic
value and clinical applicability of these combined
approaches remain unclear.

Given the urgent need for reliable non-invasive
diagnostic tools, a systematic review with
profound statistical analysis of existing evidence is
needed. Therefore, this systematic review and
meta-analysis aim to compare the diagnostic
performance of combined serum biomarkers and
clinical variables for detecting endometriosis. Key
outcomes include sensitivity, specificity, and area
under the receiver operating characteristic curve
(AUC), with publication bias analysis. This study
seeks to provide a comprehensive evidence base to
guide future diagnostic strategies and support
clinical decision-making in endometriosis care.
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METHODS

We conducted a structured literature search in
seven major databases (PubMed, Cochrane,
ScienceDirect, Epistemonikos, Scopus, ProQuest,
and EBSCO) for articles published up to February
2025. Keyword combinations using Boolean logic
were applied according to the strategy presented in
Table 1.

Study Eligibility Criteria

To standardize study selection, inclusion
criteria were specified prior to the search process.
Eligible studies were those that fulfill these
criterias: 1) were published in a readable and
interpretable language, 2) adopted an experimental
design for diagnostic evaluation, 3) enrolled
women with endometriosis established through
laparoscopic assessment and histopathological
confirmation as the reference standard, 4) assessed
biomarker-based and/or clinical-variable-based
diagnostic models, and 5) reported at least one
outcome related to diagnostic accuracy, including
sensitivity, specificity, or area under the curve
(AUOQO).

Conversely, studies were excluded if they: 1)
involved animal experiments or in vitro models, 2)
were published in a language that could not be
adequately interpreted or retrieved, and 3) had not
undergone peer review. Study selection was
performed independently by the reviewers, with
disagreements resolved through discussion until a
consensus was reached.

Outcome Measures

This study assesses the diagnostic performance
of combined serum biomarkers and clinical
variables for the diagnosis of endometriosis by
synthesizing outcome data reported across eligible
studies. The analysis emphasizes diagnostic
outcomes, including sensitivity, specificity, and
area under the receiver operating characteristic
curve (AUC). All outcome data were obtained
from the included studies according to reporting
completeness. Data extraction for quantitative
synthesis was conducted independently by three
reviewers, and any inconsistencies were resolved
through discussion to ensure data accuracy and
methodological consistency.
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Table 1. Literature Search Terms for Included Studies

Database Keywords

PubMed #1 “endometriosis” [MeSH Terms]
#2 (“endometriosis”[Title/ Abstract])
#3 #1 OR #2
#4 “biomarkers” [MeSH Terms]
#5 (“serum biomarker”[Title/Abstract]) OR (“biomarkers”[Title/Abstract])) OR (“CA-
125”[Title/ Abstract]) OR (“interleukin”[Title/Abstract]) OR (“VEGF”[Title/Abstract]) OR
(“microRNA”[Title/ Abstract])
#6 #4 OR #5
#7 “clinical variables” [MeSH Terms]
#8 (“clinical variables”[Title/ Abstract]) OR (“clinical characteristics”[Title/ Abstract]) OR (“clinical
parameters”[Title/ Abstract]) OR (“symptoms”[Title/ Abstract]) OR (“risk factors”[Title/ Abstract])
#9 #7 OR #8
#10 “diagnosis” [MeSH Terms]
#11 (“diagnosis”[Title/Abstract]) OR (“diagnostic accuracy”[Title/Abstract]) OR (“predictive
model”[Title/ Abstract]) OR (“diagnostic model”[Title/Abstract]) OR (“sensitivity and
specificity”[Title/ Abstract])
#12 #10 OR #11
#13 #3 AND #6 AND #9 AND #12
#14 Filters: Humans; English

Epistemonikos ("endometriosis") AND ("serum biomarker" OR "biomarkers" OR "CA-125" OR "interleukin" OR
"VEGF" OR "microRNA") AND ("clinical variables" OR "clinical characteristics" OR "clinical
parameters" OR "symptoms" OR "risk factors") AND ("diagnosis" OR "diagnostic accuracy" OR
"predictive model" OR "diagnostic model")

Scopus ("endometriosis") AND ("serum biomarker" OR "biomarkers" OR "CA-125" OR "interleukin" OR
"VEGF" OR "microRNA") AND ("clinical variables" OR "clinical characteristics" OR "clinical
parameters" OR "symptoms" OR "risk factors") AND ("diagnosis" OR "diagnostic accuracy" OR
"predictive model" OR "diagnostic model")

ScienceDirect  ("endometriosis") AND ("serum biomarker" OR "biomarkers" OR "CA-125" OR "interleukin" OR
"VEGF" OR "microRNA") AND ("clinical variables" OR "clinical characteristics" OR "clinical
parameters" OR "symptoms" OR "risk factors") AND ("diagnosis" OR "diagnostic accuracy" OR
"predictive model" OR "diagnostic model")

EBSCO ("endometriosis") AND ("serum biomarker" OR "biomarkers" OR "CA-125" OR "interleukin" OR
"VEGF" OR "microRNA") AND ("clinical variables" OR "clinical characteristics" OR "clinical
parameters" OR "symptoms" OR "risk factors") AND ("diagnosis" OR "diagnostic accuracy" OR
"predictive model" OR "diagnostic model")

Cochrane ("endometriosis") AND ("serum biomarker" OR "biomarkers" OR "CA-125" OR "interleukin" OR
"VEGF" OR "microRNA") AND ("clinical variables" OR "clinical characteristics" OR "clinical
parameters" OR "symptoms" OR "risk factors") AND ("diagnosis" OR "diagnostic accuracy" OR
"predictive model" OR "diagnostic model")

ProQuest #1 mesh.Exact("endometriosis")

#2 noft("serum biomarker" OR "biomarkers" OR "CA-125" OR "interleukin" OR "VEGF" OR
"microRNA")
#3 noft("clinical variables" OR "clinical characteristics" OR "clinical parameters" OR "symptoms"
OR "risk factors")
#4 noft("diagnosis" OR "diagnostic accuracy" OR "predictive model" OR "diagnostic model")
#5 noft("clinical study" OR "observational study" OR "diagnostic study")
#6 #1 AND #2 AND #3 AND #4 AND #5
Quality Assessment QUADAS-2 framework. The resulting evaluations
Assessment of bias for the included non- were systematically recorded in the “bias” section
randomized studies was conducted using the of a Microsoft Excel 2021 spreadsheet and
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subsequently uploaded to the ROBVIS platform to
create a visual overview presented as a traffic light
and summary plot [11,12].

Statistical Analysis

Meta-analyses were conducted using RStudio
with the “meta” package (RStudio Team, 2020) to
estimate pooled effects by comparing intervention
and control groups alongside “mada” to conduct
diagnostic statistical analysis. A 95% confidence
interval (CI) was applied for both continuous and
dichotomous outcomes. Between-study
heterogeneity was assessed using the I? statistic,
with thresholds of 0%, 25%, 50%, and 75%
indicating no, low, moderate, and high
heterogeneity, respectively. Forest plots were
constructed to display pooled effect estimates and
interstudy comparisons for all evaluated outcomes.
Publication bias was examined through funnel plot
visualization

RESULTS

Study Selection and Identification

After removing duplicates and screening
abstracts, 17 articles were reviewed in full text.
Seventeen studies met the inclusion criteria and
were included in the meta-analysis (Figure 1).
Three studies were excluded due to irrelevance or
insufficient data, and two were removed because
their outcomes did not match the study objectives.

Demography and Clinical Characteristics of The
Included Studies

The demography and clinical characteristics of
each study were presented in Supplementary Data
1.
Risk of Bias Assessment for Included Studies

Sixteen clinical trials were assessed for
methodological quality using the QUADAS 2.0
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Figure 1. Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flowchart for study

identification and selection.
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tool for diagnostic studies. The overall assessment
for the 17 studies was that they were of low risk of
bias [12]. Therefore, the methodological quality of
the included studies was generally high, with most
studies demonstrating a low risk of bias across all
QUADAS-2 domains (D1-D4). In particular, all
studies were rated as low risk in patient selection
(D1) and index test (D2), indicating appropriate
sampling strategies and consistent, unbiased
application and interpretation of the index tests in
Suplemetary Data 2.

Minor concerns were identified in a small
subset of studies. Flow and timing (D4) was the
most frequently affected domain, with studies such
as Turgut et al., 2019 and Guo et al., 2022 rated as
having some concerns, likely due to unclear or
inconsistent intervals between index and reference
tests or incomplete participant follow-up.
Additionally, Moustafa et al., 2020 showed some
concerns in the reference standard domain (D3),
suggesting potential limitations in the validity or
application generalization of the reference
standard. No study was judged to have a high risk
of bias in any domain (Figure 2).

Risk of bias domains
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o |
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D2: Index test,
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= Some concems

. Low

Diagnostic Performance Analysis of Combined versus
Single (Serum Biomarker/ Clinical Variable Only) in
Diagnosing Endometriosis

A double-arm meta-analysis was performed for
each diagnostic outcome, including sensitivity,
specificity, and AUC.

Sensitivity Analysis

A total of seventeen diagnostic studies were
included in this meta-analysis, analyzing the
sensitivity of the diagnostic approach, comprising
3,187 participants combined for experimental and
control groups (Figure 3). The pooled analysis
demonstrated a significantly higher diagnostic
performance for the combined biomarker and
clinical variable approach compared with the
control, with an overall odds ratio (OR) of 2.64
(95% CI: 1.54 to 4.53). However, substantial
heterogeneity was observed among the included
studies (I* = 88.5%, t* = 1.0508, p < 0.0001),
suggesting considerable variability in study
characteristics consistent with the scattered points
found in the funnel plot (Figure 4). Therefore,
subgroup analysis was done.

Specificity Analysis

Patient selection
Index test
Reference standard
Flow & timing

Overall risk of bias

Figure 2. Risk of bias summary for diagnostic studies assessed using the QUADAS-2 tool. Green indicates
low risk of bias, yellow indicates some concerns, and red indicates high risk of bias.
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The forest plot shows the pooled OR of the
specificity in diagnosing endometriosis comparing
the experimental and control groups across 13
included studies. Individual study effect sizes vary
substantially, with ORs ranging from 0.02 to
17.07, indicating marked  between-study
variability.  Several studies favored the
experimental group (OR < 1), while others favored
the control group (OR > 1). Using a random-effects
model, the overall pooled effect estimate was OR
= 1.03 (95% CI. 0.43-2.49), suggesting no
statistically significant difference in specificity
rates between groups, while the pooled effect
slightly supports a higher specificity of the
combined group. Substantial heterogeneity was
observed among studies (I2 = 95.4%, 1% = 2.6364,
p < 0.0001), indicating considerable inconsistency
in effect estimates across trials as pictured in the
funnel plot in Figure 6. Therefore, subgroup
analysis was done.

Area Under the Curve (AUC) Analysis

The forest plot summarizes the OR of the
outcome across 11 included studies comparing the
experimental and control groups. Using a random-
effects model, the pooled effect estimate was OR =
1.46 (95% CI: 1.10-1.93), demonstrating a
statistically significant difference between groups.
Moderate heterogeneity was observed among the
included studies (I* = 57.0%, t> = 0.0840, p =
0.0098), suggesting some variability in effect sizes
across trials but acceptable consistency for pooled
analysis and visually depicted in the funnel plot
(Figure 8).

Diagnostics Analysis

The probability-modifying plot based on the
Reitsma model demonstrated that the diagnostic
test provides a moderate increase in post-test
probability following a positive result and a
meaningful reduction following a negative result.
With a positive likelihood ratio (PLR) of 3.79, a
positive test result moderately increases the
likelihood of disease presence. Conversely, the
negative likelihood ratio (NLR) of 0.23 indicates
that a negative test result substantially reduces the
probability of disease. Overall, these findings
suggest that the test is more effective in ruling out
disease than definitively confirming it, as depicted
in Figure 9.
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The summary receiver operating characteristic
(SROC) curve demonstrated an area under the
curve (AUC) of 0.868, indicating good overall
diagnostic accuracy. This suggests that the test has
a strong ability to discriminate between patients
with and without the condition. The position of the
SROC curve closer to the upper left corner further
supports its high diagnostic performance,
reflecting a favorable balance between sensitivity
and specificity across the included studies (Figure
10).

Deeks’ funnel plot asymmetry test showed no
evidence of publication bias (p = 0.981) as pictured
in Figure 11, suggesting that there was no
significant small-study effect and that the included
studies were symmetrically distributed around the
pooled diagnostic effect. This finding indicates that
the overall results of the meta-analysis are unlikely
to be influenced by selective reporting or
publication bias, thereby supporting the robustness
and reliability of the pooled diagnostic accuracy
estimates.

DISCUSSION

and  Current  Guidelines  for

Endometriosis Diagnosis

Mechanisms

Endometriosis is a chronic inflammatory
condition defined by the presence of endometrial-
like tissue outside the uterine cavity, with an
underlying  pathophysiology that involves
estrogen-dependent lesion growth, immune
dysregulation, neuroangiogenesis, and
inflammatory mediator release. This contributes to
both lesion persistence and heightened pain
sensitivity. Aberrant estrogen signaling also
promotes lesion proliferation and survival. It
increases the production of pro-inflammatory
cytokines and activation of peripheral and central
pain pathways. These mechanisms explain the
heterogeneous clinical manifestations [5,6].

Laparoscopy with histopathological
confirmation has been regarded as the diagnostic
gold standard for endometriosis [5]. However,
contemporary guidelines increasingly advocate for
a noninvasive, structured diagnostic approach to
reduce delays and avoid unnecessary surgery. This
approach integrates comprehensive clinical
history, targeted physical examination, and
advanced imaging modalities. Imaging plays a
crucial role in identifying ovarian endometriomas
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and deep infiltrating endometriosis, while also
mapping of disease extent [13,14].

To support standardized assessment and
treatment planning, classification systems such as
the revised American Society for Reproductive
Medicine (rASRM) are widely utilized for more
accurate staging of disease severity and anatomical
involvement. Clinical diagnosis must account for
the broad spectrum of symptom presentations and
disease phenotypes, emphasizing early recognition
to mitigate the substantial diagnostic delays that
frequently extend over several years [5,14,15].

Current guidelines recommend individualized
management strategies that prioritize medical
therapy as first-line treatment for pain control,
reserving surgical intervention for refractory
symptoms, complications, or infertility-related
indications  [14,15]. Assisted reproductive
technologies are advised for selected patients with
infertility, while multidisciplinary care involving
gynecologists, radiologists, pain specialists, and
fertility experts is encouraged to address the
complex clinical needs of affected women [15].

Diagnostic  Performance of Combined Serum
Biomarkers and Clinical Variables for Endometriosis
Diagnosis

Our findings demonstrate significant evidence
supporting the superior diagnostic performance of
combined serum biomarkers and clinical variables
compared with single diagnostic approaches for
endometriosis. The pooled analysis of sensitivity
indicates that the combined diagnostic strategy
achieves higher sensitivity across studies, reflecting
an overall improvement in identifying true
endometriosis cases. Although individual study
estimates have variabilities, the direction of effect
consistently favored combined models over single
biomarkers or clinical variables alone, highlighting
the clinical advantage of integrative diagnostic
approaches in heterogeneous patient populations.

In terms of diagnostic accuracy, the pooled
specificity analysis revealed a non-statistically
significant improvement for combined diagnostic
methods, suggesting no improvement in rate of
false-positive diagnoses. This is particularly
relevant in clinical settings, where overdiagnosis
may lead to unnecessary invasive procedures or
prolonged hormonal treatment. The moderate
heterogeneity observed across studies likely reflects
differences in biomarker panels, patient selection,
and disease stage distribution.
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Further analysis showed that pooled area under
the receiver operating characteristic curve (AUC)
demonstrated that combined serum biomarkers
and clinical variables provide significantly higher
diagnostic performance compared with single-
parameter models. The higher AUC values
indicate improved balance between sensitivity and
specificity,  supporting the concept that
multifactorial ~ diagnostic  algorithms  more
accurately capture the complex pathophysiology
of endometriosis than isolated markers. This aligns
with the understanding that endometriosis is
driven by the combination of inflammatory,
hormonal, and immunological mechanisms,
which are unlikely to be adequately represented by
a single biomarker.

Investigations integrating  inflammatory
markers such as interleukins and CA-125 with
clinical features, such as dysmenorrhea severity,
infertility  history, and imaging findings,
consistently  reported  superior  predictive
performance compared with standalone tests.
These findings suggest that combined diagnostic
frameworks may serve as practical noninvasive
tools for early detection, particularly in resource-
limited or pre-surgical settings where laparoscopy
is not immediately feasible [16,17,36,37].

Moreover, serum biomarkers reflect systemic
inflammatory and angiogenic activity, while
clinical variables capture symptom expression and
disease phenotype. Their integration therefore
provides a more comprehensive representation of
disease presence and severity, which may explain
the observed increase in diagnostic yield
[18,38,39,40].

Despite these encouraging results, a subset of
studies demonstrated non-significant differences
with some heterogeneities in  diagnostic
performance. This variability may be influenced by
differences in biomarker selection, assay platforms,
study populations, and reference standards.

Overall, this meta-analysis supports the
growing role of combined serum biomarkers and
clinical variables as a promising noninvasive
diagnostic strategy for endometriosis. By achieving
higher sensitivity, specificity, and AUC compared
with single diagnostic components, combined
models offer a clinically meaningful improvement
in case detection and diagnostic precision. These
findings align with current guideline trends
favoring noninvasive and algorithm-based
diagnosis prior to surgical confirmation.
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Strengths and Limitations

This systematic review and meta-analysis is
among the first to quantitatively assess the
diagnostic performance of combined serum
biomarkers and clinical variables for endometriosis
using pooled sensitivity, specificity, and AUC
estimates, to the authors’ knowledge. Multiple
diagnostic studies with high and acceptable
variabilities provide clinically relevant evidence
supporting nonsurgical, multimodal diagnostic
strategies. Standardized meta-analytic methods
and risk of bias assessment strengthen the
reliability of the findings, creating a strong
evidence-based medicine approach.

However, several limitations should be
considered. Heterogeneity was observed in some
parameters, likely due to variability in biomarker
selection, assay methods, clinical variabilities, and
disease stage distribution. Not to mention the
differences in diagnostic thresholds, model
construction, and individual study approach.
Variation in surgical and pathological practices as
the gold standard or reference in analysis may have
also introduced verification bias. Moreover,
publication bias might arise from restricted data
availability precluded detailed subgroup analyses,
and the inclusion of only accessible-language and
indexed studies.

CONCLUSION

Combined serum biomarkers and clinical
variables demonstrate improved sensitivity
compared with single-parameter approaches;
however, extreme heterogeneity, methodological
variability, and lack of standardized diagnostic
thresholds limit immediate clinical applicability.
Rigorous prospective validation using
standardized multivariable prediction frameworks
is required before implementation in routine
clinical practice.
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Study or Experimental Control Odds Ratio Odds Ratio
Subgroup Events Total Events Total Weight MH, Random, 95% CI MH, Random, 95% CI
Diagnostic Model = CA125 Combination with TVUS

Braicu et al., 2022 796 804 603 804 6.4% 33.17[16.23; 67.76] E
Diagnostic Model = Molecular/genetic markers

Suryawanshi et al., 2013 30 33 19 33 49% 7.37[1.87; 29.08] ——
Vanhie et al., 2019 52 82 44 82 6.6% 1.50[0.80; 2.80] !
Amanda et al., 2024 19 20 16 20 3.1% 4.75[0.48; 46.91] :
Moustafa et al., 2020 37 41 35 41 50% 1.59[0.41; 6.10] H

Total (95% CI) 176 176 19.7% 2.45[1.07; 5.60] .
Heterogeneity: Tau® = 0.3016; Chi® = 4.95, df = 3 (P = 0.1752); I° = 39.4%

Diagnostic Model = Inflammatory marker only

Zhou et al., 2015 330 434 317 434 71% 1.17[0.86; 1.59]

Yaseen et al., 2025 19 45 30 45 6.1% 0.37[0.16; 0.86] -

Guo et al., 2022 121 145 122 145 6.6% 0.95[0.51; 1.78]

Total (95% CI) 624 624 19.8% 0.82[0.44; 1.53]

Heterogeneity: Tau® = 0.2172; Chi® = 6.35, df = 2 (P =0.0419); I” = 68.5%

Diagnostic Model = Inflammatory marker + HPA

Turgut et al., 2019 106 121 91 121 6.5% 2.33[1.18; 4.60] : 3
Diagnostic Model = CA125 Conventional

MacSharry et al., 2024 62 79 55 79 64% 1.59[0.77; 3.27]

Herranz-Blanco et al., 2023 71 136 63 136 6.9% 1.27[0.79; 2.04]

Total (95% CI) 215 215 13.3% 1.36[0.91; 2.02]

Heterogeneity: Tau® = 0; Chi? = 0.27, df = 1 (P = 0.6029); I = 0%

Diagnostic Model = CA125 + Inflammatory Marker

Jansa et al., 2023 29 32 19 32 49% 6.61[1.66; 26.35]

Nouri et al., 2025 216 230 142 230 66% 9.56[5.23; 17.46] =

Total (95% Cl) 262 262 11.6% 9.02[5.19; 15.66] . 2
Heterogeneity: Tau? = 0; Chi” = 0.23, df = 1 (P = 0.6319); I = 0%

Diagnostic Model = Combination model

Wang et al., 2025 393 441 368 441 7.0% 1.62[1.10; 2.40] =

Zhou et al., 2024 330 434 234 434 71% 2.71[2.03; 3.63]
Srivastava et al., 2025 51 65 34 65 6.3% 3.32[1.54; 7.14] E

Total (95% Cl) 940 940 20.4% 2.33[1.55; 3.49] 2 3
Heterogeneity: Tau? = 0.0745; Chi? = 5.15, df = 2 (P = 0.0763); 1> = 61.1%

Diagnostic Model = Overall Biomarker

Abedi et al., 2025 45 45 35 45 24% 26.92[1.52;475.08] —_—
Total (95% CI) 3187 3187 100.0% 2.64[1.54; 4.53] <>
Heterogeneity: Tau? = 1.0508; Chi® = 139.47, df = 16 (P < 0.0001); I> = 88.5% f T T !
Test for subgroup differences: Chi® = 94.28, df = 7 (P < 0.0001) 0.01 0.1 1 10 100

Figure 3. Forest plot illustrating the sensitivity of combined diagnostic models compared with single
approaches (serum biomarker or clinical variable alone) for the detection of endometriosis. Blue squares
represent individual study effect estimates, with horizontal lines indicating 95% confidence intervals. The
area of each square corresponds to the study weight, and the black diamond denotes the pooled effect
estimate.
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Figure 4. Funnel plot illustrating the difference regarding sensitivity in diagnosing endometriosis, showing
the relationship between study size and reported effect estimates. The vertical axis represents trial size,
whereas the horizontal axis corresponds to the effect size.
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Study or Experimental Control Odds Ratio Odds Ratio
Subgroup Events Total Events Total Weight MH, Random, 95% CI MH, Random, 95% CI
Diagnostic Model = CA125 Combination with TVUS

Braicu et al., 2022 789 804 607 804 9.3% 17.07 [9.99; 29.16] E 3
Diagnostic Model = Molecular/genetic markers

Suryawanshi et al_, 2013 29 33 25 33 83% 2.32[0.62; 8.63] -
Vanhie et al., 2019 73 82 55 82 9.0% 3.98[1.73; 9.15] -
Amanda et al., 2024 18 20 15 20 7.5% 3.00[0.51;17.74] ——
Moustafa et al., 2020 37 4 40 41 6.7% 0.23[0.02; 2.16] ——

Total (95% CI) 176 176 31.6%  2.28 [0.94; 5.51] -
Heterogeneity: Tau® = 0.2989; Chi” = 5.54, df = 3 (P = 0.1362); I’ = 45.9%

Diagnostic Model = Inflammatory marker + HPA

Turgut et al., 2019 55 121 83 121 9.3% 0.38[0.23; 0.64] R |}
Diagnostic Model = CA125 + Inflammatory Marker

Nouri et al., 2025 141 230 227 230 8.5% 0.02 [0.01; 0.07] ——

Diagnostic Model = Combination model

Zhou et al., 2024 304 434 354 434 94% 0.53[0.38; 0.73]
Srivastava et al., 2025 54 65 60 65 86% 0.41[0.13; 1.25] —r

Total (95% CI) 499 499 18.0%  0.52 [0.38; 0.70] *
Heterogeneity: Tau® = 0; Chi” = 0.19, df = 1 (P = 0.6662); I° = 0%

Diagnostic Model = Inflammatory marker only

Yaseen et al., 2025 33 45 19 45 89%  3.76 [1.55; 9.13] —-
Guo et al., 2022 139 145 127 145 8.8%  3.28[1.26; 8.53] —-
Total (95% CI) 190 190 17.7% 3.53 [1.84; 6.77] -
Heterogeneity: Tau® = 0; Chi® = 0.04, df = 1 (P = 0.8375); I = 0%

Diagnostic Model = Overall Biomarker

Abedi et al., 2025 45 45 45 45 0.0%

Diagnostic Model = CA125 Conventional

Herranz-Blanco et al., 2023 131 136 136 136 56% 0.09[0.00; 1.60] i

Total (95% CI) 2201 2201 100.0%  0.97 [0.33; 2.85] o
Heterogeneity: Tau? = 3.1823; Chi® = 212.69, df = 11 (P < 0.0001); I = 94.8% I ‘ I I ‘
Test for subgroup differences: Chi? = 201.03, df = 6 (P < 0.0001) 0.01 0.1 1 10 100

Figure 5. Forest plot illustrating the specificity of combined diagnostic models compared with single
approaches for the detection of endometriosis. Blue squares represent individual study effect estimates, with
horizontal lines indicating 95% confidence intervals. The area of each square corresponds to the study
weight, and the black diamond denotes the pooled effect estimate.
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Figure 6. Funnel plot illustrating the difference in the specificity in diagnosing endometriosis, showing the
relationship between study size and reported effect estimates. The vertical axis represents trial size, whereas
the horizontal axis corresponds to the effect size.
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Odds Ratio
MH, Random, 95% CI

Study or Experimental Control Odds Ratio
Subgroup Events Total Events Total Weight MH, Random, 95% CI
Diagnostic Model = CA125 Combination with TVUS

Braicu et al., 2022 772 804 740 804 153% 2.09[1.35; 3.23]
Diagnostic Model = Inflammatory marker only

Zhou et al., 2015 359 434 343 434 180% 1.27[0.90; 1.78]
Guo et al., 2022 133 145 132 145 79% 1.09[0.48; 2.48]
Total (95% CI) 579 579 25.8% 1.24[0.91; 1.70]

Heterogeneity: Tau? = 0; Chi® = 0.11, df = 1 (P = 0.7384); I’ = 0%

Diagnostic Model = CA125 + Inflammatory Marker

Jansa et al., 2023 30 32 27 32 24% 2.78[0.50; 15.52]
Nouri et al., 2025 208 230 207 230 11.2% 1.05[0.57; 1.94]
Total (95% CI) 262 262 13.6% 1.21[0.62; 2.36]

Heterogeneity: Tau? = 0.0383; ChiZ = 1.09, df = 1 (P = 0.2969); I = 8.1%

Diagnostic Model = Molecular/genetic markers

Amanda et al., 2024 20 20 18 20 08% 5.54[0.25; 123.08]
Moustafa et al., 2020 39 41 28 41 28% 9.05[1.89; 43.34]
Total (95% ClI) 61 61 3.6% 8.19[2.03; 33.15]

Heterogeneity: Tau® = 0; Chi = 0.08, df = 1 (P = 0.7817); ¥ = 0%

Diagnostic Model = Combination model

Wang et al., 2025 408 441 395 441 145% 1.44[0.90; 2.30]
Zhou et al., 2024 346 434 354 434 18.0% 0.89[0.63; 1.24]
Srivastava et al., 2025 52 65 45 65 81% 1.78[0.80; 3.97]
Total (95% Cl) 940 940 40.7% 1.20[0.79; 1.83]

Heterogeneity: Tau? = 0.0700; Chi® = 4.18, df = 2 (P = 0.1238); I = 52.1%

Diagnostic Model = Overall Biomarker
Abedi et al., 2025 45 45 33 45 09% 33.96[1.94;593.92]

Total (95% Cl) 2691 2691 100.0% 1.46 [1.10; 1.93]
Heterogeneity: Tau® = 0.0840; Chi’ = 23.27, df = 10 (P = 0.0098); I = 57.0%
Test for subgroup differences: ChiZ=15.22,df=5 (P = 0.0095)
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Figure 7. Forest plot showing the effect of AUC in two different diagnostic arms (combined and single).
Each square represents the effect size of an individual study, with horizontal lines showing the 95%
confidence interval. The diamond represents the pooled standardized mean difference estimate.
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Figure 8. Funnel plot of the AUC difference on diagnostic approach for endometriosis as a graphical
representation of the size of trials plotted against the effect size they report. The vertical axis represents the

study size, while the horizontal scale represents the effect estimates
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Figure 9. Probability Modifying Plot (Reitsma) on diagnostic approach for endometriosis.
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Figure 10. SROC Curve on diagnostic approach for endometriosis showing AUC of the included studies.
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Figure 11. Deeks Funnel Plot/ Asymmetry Test showing the publication bias of the analyzed studies.
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