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Application of machine learning techniques @
in the diagnosis of endometriosis
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Abstract

Objective The aim of this study is to assess the use of machine learning methodologies in the diagnosis of
endometriosis (EM).

Methods This study included a total of 106 patients with EM and 203 patients with non-EM conditions (like simple
cysts and simple uterine fibroids), all admitted to the Shunyi Women'’s and Children’s Hospital of Beijing Children’s
Hospital between January 2017 and September 2022. All participants were free of comorbidities and their diagnoses
were confirmed via postoperative pathology. Comparative analysis was conducted between the EM and non-EM
groups. Baseline data were assessed, including white blood cell count, neutrophil-to-lymphocyte ratio (NLR), platelet-
to-lymphocyte ratio, lymphocyte-to-monocyte ratio, mean platelet volume, hemoglobin, carbohydrate antigen 125
(CA125), carbohydrate antigen 199, coagulation parameters, and other serologic indicators. An optimal predictive
model was developed using an artificial intelligence algorithm to determine the presence of EM. The objective is to
provide new insights for the clinical diagnosis and treatment of EM.

Results The random forest algorithm demonstrated superior performance when compared to decision trees,
LogitBoost, artificial neural networks, naive Bayes, support vector machines, and linear regression in machine learning
methods. Combining CA125 with the NLR yielded a better prediction of EM than using CA125 alone when applying
the random forest algorithm. The accuracy of predicting EM with CA125 combined with NLR was 78.16%, with a
sensitivity of 86.21% and an area under the curve (AUC) of 0.85 (P<0.05). In contrast, using CA125 alone resulted in an
EM prediction accuracy of 75.8%, with a sensitivity of 79.3% and an AUC of 0.82 (P<0.05).

Conclusion The diagnostic value of serum CA125 combined with the NLR for EM is higher than that of serum CA125
alone. This finding indicates that NLR could serve as a new supplementary biomarker along with serum CA125 in the
diagnosis of EM.
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Background

Endometriosis (EM) is a prevalent benign condition
affecting the reproductive system in women of child-
bearing age, with a prevalence rate of 5-10% [1]. It is
characterized by the ectopic presence of endometrial
tissue outside the uterine cavity, which undergoes cyclic
changes in sync with the menstrual cycle. The etiology of
EM is multifactorial, involving sex hormones, immune
response, inflammation, and genetic predisposition,
although its specific pathogenesis remains unclear. The
dominant theory, Sampson’s theory of retrograde men-
struation, posits that endometrial cells reflux into the
pelvic cavity, where they adhere, invade, and undergo
vascularization to implant, grow, and develop. The “the-
ory of endometrium in situ” highlights the characteris-
tics role of the endometrial tissue in its ectopic location.
Additional theories include coelomic metaplasia, vascu-
lar and lymphatic transfer, and stem cell theory. Recent
research indicates a strong association between EM and
genetic factors, epigenetics, neovascularization, neural
neovascularization, epithelial-mesenchymal transition,
progesterone resistance, abnormal apoptosis, and inflam-
mation [2].

The ovary is a common site for EM, often affecting one
side. As the disease progresses, ectopic endometrial cysts
form on the ovary, leading to increased bleeding and
intracavitary pressure, especially near the ovarian sur-
face. The cyst wall is prone to repeated rupture, causing
the contents of the cyst to irritate the pelvic cavity, result-
ing in significant adhesions. This can manifest clinically
as lower abdominal pain, pain during sexual intercourse,
infertility, and other symptoms. Early diagnosis and treat-
ment are critical to enhance the quality of life and fertil-
ity outcomes for patients with EM. The gold standard for
EM diagnosis is the histologic examination of specimens
obtained via invasive procedures such as laparoscopy or
transabdominal surgery. These methods, however, are
associated with risks, invasiveness, and high costs. Con-
sequently, there is an urgent need for a simple, non-inva-
sive diagnostic test for EM. The objective of this study is
to assess the diagnostic value of tumor markers, coagula-
tion markers, and inflammatory factors in EM, with the
goal of identifying a new non-invasive diagnostic method
for predicting EM.

Machine learning, an artificial intelligence discipline
emerged from the confluence of multiple fields, inte-
grating principles from probability theory, statistics,
and logic. Contemporary machine learning research
has yielded advanced algorithmic tools such as Bayesian
methods, logistic regression, and neural networks. These
tools are selected based on their suitability for specific
application scenarios. For instance, recurrent neural net-
works are particularly effective for processing text data
with sequential and logical order characteristics, while
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convolutional neural networks are used for image rec-
ognition tasks [3]. Also, regression and clustering algo-
rithms are well suited for data fitting and classification
problems. Therefore, various machine learning methods
are used in the diagnosis and prediction of EM, yielding
diverse results [4].

In a study focused on the preoperative diagnosis and
prognosis prediction of ovarian cancer using serum
markers, seven machine learning models were assessed:
gradient boosting machine (GBM), support vector
machine (SVM), random forest (RF), conditional ran-
dom forest (CRF), naive Bayes (NB), neural network,
and elastic net (EN). When compared to the traditional
multiple logistic regression analysis (MLRA) statisti-
cal model, which has a prediction accuracy of 86.7%, the
area under the curve (AUC) of each machine learning
model exceeded this benchmark. Notably, the prediction
accuracies of GBM, RF, and CRF were 93.7%, 92.4%, and
93.7%, respectively. These results indicate that machine
learning models offer significant value in predicting
ovarian cancer-related diseases, outperforming tradi-
tional statistical methods in this context [5]. In scenarios
involving big data and high complexity among variables,
traditional statistical approaches demonstrate limita-
tions in data processing capabilities. Recent biomarker
studies have identified serum caspase 3, Annexin A2
(ANXA2), and Soluble Fas Ligand (sFasL) as significant
predictors of endometriosis severity [6]. These findings
highlight the potential of combining multiple biomarkers
for improved diagnostic accuracy. Unlike classical ROC
analysis, which evaluates the diagnostic performance of
individual markers, the machine learning approach can
analyze multiple markers simultaneously and capture
complex interactions between them, leading to improved
diagnostic accuracy.

Several studies have compared the predictive perfor-
mance of machine learning models against traditional
statistical models in cervical cancer prognosis, assisted
reproduction outcomes, maternal postpartum hemor-
rhage risk, and gestational diabetes risk. These stud-
ies consistently reveal that machine learning models
demonstrate superior accuracy and higher AUC values
compared to their traditional statistical counterparts
[7-10]. In the diagnosis of EM, serum markers offer
notable advantages such as non-invasiveness, ease of col-
lection, rapid results, and high sensitivity. While carbo-
hydrate antigen 125 (CA125) and carbohydrate antigen
199 (CA199) are frequently used to assist in EM diag-
nosis, their limited specificity and sensitivity result in
elevated levels primarily observed only in severe cases.
Recent studies have explored the diagnostic use of vari-
ous biological markers such as CA125 and Human Epi-
didymis Protein 4 (HE4), in EM diagnosis, although with
unsatisfactory results [11]. However, emerging evidence
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indicates that as EM progresses, there are discernible
changes in hematological markers such as leukocytes,
lymphocytes, neutrophils, and neutrophil-to-lymphocyte
ratio (NLR) levels [12, 13]. Hence, there is a critical need
to identify biomarkers with heightened sensitivity and
specificity for individuals with EM, using machine learn-
ing modeling methods [14, 15].

Data & methods

General data

The data used in the study were derived from partici-
pants who had been hospitalized and had undergone
surgery at Shunyi Women’s and Children’s Hospital of
Beijing Children’s Hospital between January 2017 and
September 2022. These participants had received patho-
logical diagnoses of EM, uterine fibroids, or simple ovar-
ian cysts. Information regarding the study was conveyed
to the patients and their families, and informed consent
forms were signed.

Exclusion criteria:

1. Patients with concomitant malignant tumors and
other organic lesions.

2. A history of previous infection and diabetes.

3. Exhibiting poor adherence to treatment and testing
protocols.

4. Pregnant or lactating women.

5. Patients with neurological disorders, who were
unable to communicate normally.

Inclusion criteria:

1. Underwent laparoscopic or open surgery at Shunyi
Women’s and Children’s Hospital and received
pathological diagnoses consistent with the diagnostic
criteria for EM, ovarian cysts, or uterine fibroids.

2. Underwent preoperative blood and serum CA125
and CA199 testing.

3. Had not undergone hormone therapy.

Methods

A total of 106 patients diagnosed with EM (EM group)
and 203 patients diagnosed with non-EM conditions
(such as uterine fibroids and simple ovarian cysts, control
group) and were admitted to Shunyi Women’s and Chil-
dren’s Hospital of Beijing Children’s Hospital between
January 2017 and September 2022, were enrolled. All
enrolled patients were aged 18 to 45 years old, were free
of comorbidities, and postoperative pathological exami-
nations confirmed the presence of EM, uterine fibroids,
or simple cysts. Comparative analyses between the two
groups were conducted based on baseline data, includ-
ing white blood cell count (WBC), hematocrit value,
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NLR, platelet-to-lymphocyte ratio (PLR), lympho-
cyte-to-monocyte ratio (LMR), mean platelet volume
(MPV), hemoglobin (Hb), CA125, CA199, and coagula-
tion parameters (activated partial thromboplastin time
(APTT), prothrombin time (PT), thrombin time (TT),
and fibrinogen (Fib)). These parameters were further ana-
lyzed for their correlation with EM.

CA125 and CA199 levels were measured using the
cobas® 8000 chemiluminescence instrument manufac-
tured by Roche, Switzerland, along with its respective kit.
WBC, neutrophils, lymphocytes, NLR, MPV, Hb, and Fib
levels were determined using the CA700 automatic coag-
ulation analyzer produced by Sysmex Corporation, Japan,
along with its corresponding kit from Sysmex Corpora-
tion, Japan.

Machine learning

A range of machine learning models such as RF, SVM,
NB, multiple linear regression, LogitBoost, decision
trees, neural networks, and other relevant features, were
used. The model demonstrating the highest accuracy was
selected for optimal feature targeting and subsequent
model development.

Algorithm principle
The RF algorithm was used to develop an auxiliary diag-
nostic model for EM, using a dataset categorized into EM
and non-EM conditions (including cysts and fibroids).
Missing data were imputed using the mice v3.14 pack-
age in R v4.1.0, using the RF interpolation method with
5 iterations. Subsequently, separate training and test
sets were constructed for the two datasets, with 70% of
the dataset allocated to the training set and 30% to the
test set. The training set for EM and non-EM comprised
200 samples (67 in the EM group and 133 in the control
group), while the test set included 87 samples (29 in the
EM group and 58 in the control group). RF model train-
ing was conducted using the caret package in R ver-
sion 4.1.3 with 500 trees. The training process involved
repeated 10-fold cross-validation, and the optimal model
was selected based on the highest accuracy, along with
default parameters. Important markers, represented as
feature vectors (features), were identified based on their
high-ranked importance in contributing to the prediction
accuracy of EM. This feature selection process was con-
ducted using the varImp function of the caret package.
Subsequently, the RF model was reconstructed for two-
by-two combinations of CA125 and the selected markers.
Following the construction of the prediction model, it
was initially applied to the test set, and the receiver oper-
ating characteristic (ROC) curve was generated to com-
pute the AUC value. The optimal threshold point on the
ROC curve was determined based on Youden’s index.
Youden’s index is calculated as Sensitivity + Specificity — 1.
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Table 1 Accuracy, specificity, and sensitivity of each model

Model Accuracy(%) sensitivity(%) specificity(%) AUC
LogitBoost 7871 65.52 74.14 0.759
cart tree 79.66 75.86 82.76 0.793
RondomForest 834 89.66 67.24 0.851
knn 79.33 86.21 67.24 0.798

Samples with a predicted probability greater than or
equal to the threshold were classified as EM, while sam-
ples with probabilities lower than the threshold were
classified as non-EM. Subsequently, various performance
metrics such as accuracy, sensitivity, specificity, positive
predictive value, negative predictive value, and kappa
coefficient were computed on the test set to assess the
performance of the model.

Results

As depicted in Table 1, RF achieved the highest accu-
racy of 83.4%, followed by Decision Tree with 79.66%,
K-Nearest Neighbors with 79.33%, and LogitBoost with
78.71%. Therefore, the RF model was selected as the opti-
mal model.

A) |,.
30 1
)
©
S
pe= 1
Q
($)
<20-
£
(0]
@
*k
o
(8]
[0
(a)
c 101
©
[}
> ok
*
0.
5P DR QD RO DD O IR E P a®
S B TSTYE T T YPOS O T EQ

Fig. 1 Optimal feature metrics
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In using the RF model for feature selection (Fig. 1),
CA125, CA199, APTT, Hb, and NLR were identified as
the optimal indicators.

As depicted in Table 2, the RF model proved most effec-
tive in predicting EM. Among the parameters assessed,
the combination of CA125 and CA199 predicted EM
with an accuracy of 79.31%, sensitivity of 86.2%, speci-
ficity of 75.8%, and an AUC of 0.84. The combination
of CA125 and Hb exhibited the highest sensitivity at
93.10%, accuracy of 74.1%, and specificity of 65.5%. Also,
the combination of CA125 and NLR achieved a maxi-
mum AUC of 0.850, with a cutoff of 0.247, an accuracy of
78.1%, sensitivity of 86.2%, and specificity of 74.1%.

In addition, we found that CA125 combined with Hb
predicted EM with a specificity of 65.5% and an AUC
of 0.84. Additionally, CA125 combined with APTT pre-
dicted EM with an accuracy of 78.1%, sensitivity of 75.8%,
specificity of 79.3%, and an AUC of 0.78. Currently, con-
sensus is lacking on whether APTT and Hb can be com-
bined with CA125 to predict EM diagnosis.

As depicted in Fig. 2, CA199, Hb, NLR, and APTT were
combined with CA125 to predict the ROC curves of EM.
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Table 2 Predicting endometriosis using the RF algorithm for each feature data

Feature Accuracy(%) Sensitivity(%) Specificity AUC P 95%Cl

(%)
cal25 75.80 79.30 74.10 0.822 0.041 0.655, 0.844
cal25+cal99 79.31 86.21 75.86 0.841 0.006 0.6929,0.8725
cal25+APTT 78.16 75.86 79.31 0.789 0.0132 0.6802,0.8631
cal25+NLR 78.16 86.21 74.14 0.850 0.0132 0.6802,0.8631
cal25+HB 74.17 93.10 65.50 0.841 0.067 0.6425,0.8342

Note: area under the curve (AUC)
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Fig. 2 ROC curve of CA125 combined with each feature

The AUC values indicate the effectiveness of each com-
bination in predicting endometriosis The combination
of CA125 with NLR showed the highest AUC, indicating
superior performance. Figure 3 displays the ROC curve
for the combination of NLR and CA125 highlighting its
effectiveness in predicting endometriosis. The midpoint
of the curve at 0.247 indicates the threshold value that
maximizes the sum of sensitivity and specificity, resulting
in an optimal balance for diagnostic accuracy. The AUC
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for this combination was 0.85, demonstrating a signifi-
cant improvement over using CA125 alone.

Discussion

The cyclic rupture of ectopic cysts associated with EM,
along with the subsequent repeated irritation caused
by the cyst contents, induces a chronic inflammatory
response within the body, thereby exacerbating the pro-
gression of EM [16, 17]. Consequently, it is crucial to
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Fig. 3 ROC curve of CA125 combined with NLR

explore new methodologies for predicting the presence
of EM and instituting timely treatment interventions to
enhance the quality of life and reproductive health of
individuals with EM.

Serum CA125, a tumor marker, is widely present in
the epithelium and mesothelial cells of the mesonephric
ducts. It exhibits a high concentration in various bodily
fluids and is present in the cervical epithelium, endo-
metrium, peritoneum, and fallopian tubes. Serving as
a valuable indicator for the clinical diagnosis of numer-
ous obstetrics and gynecology disorders, serum CA125

is highly expressed in both EM and adenomyosis. Serum
CA199, a high molecular glycoprotein produced by
tumor cells within the digestive tract, has been exten-
sively investigated for its diagnostic and therapeutic sig-
nificance in digestive tract pathologies. Over the past few
years, some studies have discovered its expression in EM
and mature cystic teratoma. However, the current under-
standing within the academic community regarding its
relevance and diagnostic use for gynecological diseases
remains relatively limited, lacking a unified and objective
theoretical framework. Presently, CA125 and CA19-9 are
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commonly used as adjuncts in the diagnostic assessment
of EM [18]. However, due to the modest specificity and
sensitivity, coupled with increased levels predominantly
observed in severe cases, the NLR [19] emerges as a new
inflammatory index capable of predicting and diagnosing
immune system disorders. A Recent study on tubo-ovar-
ian abscess patients showed that higher NLR levels were
associated with medical treatment failure, suggesting that
NLR can be a useful marker in predicting treatment out-
comes in gynecological conditions [20].

Routine inexpensive blood tests that are widely used
can provide valuable insights into the inflammatory
response of the body. Clinically, changes in individual
blood cell counts can sensitively indicate inflammation,
though their specificity is limited. Conversely, blood cell
derivatives, involving at least two cell types, provide a
more accurate reflection of the inflammatory state of the
body. The NLR is significantly correlated with the levels
of both cell types. Increased NLR levels can reflect the
immune status and inflammatory response, indicating
significant correlations with the diagnosis and progno-
sis of various immune disorders and malignant tumors,
such as psoriasis, rectal cancer, and lung cancer based
off numerous studies [21]. In this study, by comparing
patients in the EM group with those in the control group,
it was found that CA125 and NLR were significantly
associated with the risk of developing ovarian EM. The
combined prediction of CA125 and NLR was superior to
the prediction using CA125 alone. It is important to note
that CA125 can be elevated due to various causes such
as pelvic inflammatory disease, menstruation, and other
benign gynecological conditions [22]. This underscores
the necessity of combining CA125 with other markers
like NLR to improve diagnostic accuracy.

Our data demonstrated that the combination of NLR
and CA125 was more sensitive (86.2%) than CA125 alone
(79.3%) in diagnosing EM. Similarly, Tokmak et al. [23].
reported that the combination of NLR and CA125 exhib-
ited higher sensitivity (80%) and specificity (82%) com-
pared to CA125 alone in diagnosing EM. Our findings
indicated that the NLR-CA125 combination increased
sensitivity with minimal change in specificity when com-
pared to CA125 alone when differentiating EM from
benign ovarian tumors or healthy controls. The ROC
curves, sensitivity, and specificity of CA125 and NLR
confirmed their use in diagnosing ovarian EM, with
the AUC being 0.85. The combined assays significantly
enhanced the detection rate of ovarian EM, achieving a
sensitivity of 86.21%. Therefore, the combined detec-
tion of CA125 and NLR holds substantial value in diag-
nosing ovarian EM [16]. This study illustrated that NLR
combined with CA125 has higher sensitivity than CA125
alone.
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Inflammatory processes can initiate and promote coag-
ulation, increasing the risk of bleeding, microvascular
thrombosis, and organ dysfunction [24]. In the coagula-
tion cascade reaction, activated platelets and tissue factor
bind coagulation factors and thrombin to induce inflam-
mation [25, 26]. Activated Fib also induces thrombin pro-
duction, further activating chemokine production and
macrophage adhesion [27]. It has been suggested that
women with EM may exhibit a hypercoagulable and a
hyperfibrinolysis state due to platelet aggregation at EM
lesions [28, 29]. In patients with EM, platelet count and
plasma Fib levels are elevated. Additionally, APTT and
TT are decreased, while PT remains at normal levels.
Paola et al. [30]. demonstrated that APTT was reduced,
while TT remained normal in patients with EM. In con-
trast, Guo et al. found that both TT and APTT were
reduced, with PT maintaining normal levels [31]. Varia-
tions in coagulation parameters typically arise from using
different reagents and manufacturers [28]. Consequently,
further investigation into the coagulation function of
patients with EM is necessary.

In our study, we demonstrated the significance of
APTT as a complementary marker to CA125 in dis-
criminating ovarian EM from non-EM cases. The com-
bined diagnostic accuracy was 78.1%, with a sensitivity of
75.8% and a specificity of 79.3%. This combined accuracy
was higher than that of CA125 alone in predicting EM,
although the AUC for the combined markers was 0.789,
which was lower than the AUC of 0.822 for CA125 alone.

Results by Moinia regarding Hb levels are consistent
with other studies indicating that women with endo-
metrial disease tend to have lower Hb concentrations
[23]. Severe EM with low Hb levels may be linked to
disruptions in erythrocyte regulation or iron metabo-
lism. Parameters such as NLR, Hb levels, and neutrophil
counts were effective diagnostic predictors of EM in the
study conducted by Moinia [32].

These results indicate that EM is associated with an
inflammatory process, implying that measuring these
serum markers could provide a simple, non-invasive,
inexpensive, and accessible diagnostic tool for clinicians.

In summary, results of the regression analysis con-
ducted in this study confirmed that among several small
molecule markers, CA125 and NLR were significantly
associated with EM. ROC curve analysis revealed that
NLR could complement CA125 in diagnosing EM. Com-
bining these two markers enhanced the sensitivity of
diagnosing ovarian EM compared to CA125 alone [33].
Despite this, serum CA125 remains a crucial marker in
the diagnosis of EM. It has been suggested that platelets
and PLR can predict EM when combined with OMA
or uterine fibroids [16]. However, due to the single-
center, retrospective design of this study, prospective,
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multicenter clinical validation is required to confirm
these findings before they can be applied in clinical
practice.

As an auxiliary diagnostic tool, RF falls within the cri-
teria of computer-assisted diagnosis and cannot entirely
replace the judgment of clinicians. However, the diag-
nostic auxiliary model for EM established in this study,
based on the Rf algorithm, can serve as a powerful tool
for clinicians in diagnosing EM.

Conclusion

The diagnostic value of serum CA125 combined with
NLR for EM is superior to that of serum CA125 alone.
This indicates that NLR may serve as a new adjunctive
biomarker for the diagnosis of EM. Women with ovarian
EM exhibit hypercoagulability, likely due to the inflam-
mation associated with EM. Consequently, APTT and
Hb are also emerging as potential adjunctive biomarkers
supporting CA125 in the diagnosis of EM. However, the
findings in this area are not yet consistent.

Currently, the application of machine learning in EM
remains in the preliminary exploration stage. While some
progress has been made in constructing diagnostic mod-
els, their accuracy requires further validation. Translating
theoretical research into practical clinical diagnostic tools
continues to be challenging. Also, the research focus in
constructing machine learning prediction models for EM
has been relatively narrow. There are numerous prognos-
tic outcomes that warrant further investigation, such as
predicting infertility risk, recurrence risk after treatment,
pregnancy prediction, and the malignancy rate in EM.
At this stage, it is impractical to rely solely on machine
learning models for the diagnosis of EM. However, using
these models for patient self-testing and pre-screening
triage is feasible and likely to become a focus of future
research.
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