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Abstract 
This study aims to construct and validate a nomogram for the differential diagnosis of ovarian endometriosis cyst versus ovarian 
cystadenoma. We retrospectively studied the clinical characteristics of patients with ovarian endometriosis cysts and ovarian 
cystadenomas from January 1, 2021, to June 1, 2022. Independent risk factors for differential diagnosis were investigated using 
univariate and multivariate logistic regression analyses. Based on these factors, a differential diagnosis of ovarian endometriosis 
cyst versus ovarian cystadenoma was established. The performance of the nomogram model was assessed by internal validation 
using bootstrapping resampling. Decision curve analysis (DCA) was performed to evaluate the net clinical benefit of the model. 
Immunohistochemistry showed that lactate dehydrogenase (LDH) A was overexpressed in ectopic endometrial tissues compared 
to that in normal endometrial tissues. In multivariate analysis, LDH, CA-125, and CA19-9 were identified as independent risk 
factors for the differential diagnosis of ovarian endometriosis cyst versus ovarian cystadenoma. LDH levels >135.50 U/L combined 
with CA-125 levels >25.20 U/mL and CA19-9 levels >13.59 U/mL as single covariates had a high value in the differential diagnosis 
of ovarian endometriosis cysts versus ovarian cystadenoma. The area under the receiver operating characteristic curve (ROC) 
of the nomogram constructed using LDH, CA-125, and CA19-9 expression data was 0.873 (95% CI, 0.827–0.920), and the 
bootstrap-validated concordance index (C-index) was 0.871. Decision curve analysis confirmed that the nomogram model 
had excellent clinical utility. Based on serum lactate dehydrogenase combined with CA-125 and CA19-9, we constructed and 
validated a nomogram for the differential diagnosis of ovarian endometriosis cyst versus ovarian cystadenoma to help physicians 
formulate the optimal treatment strategy.

Abbreviations: AUC = area under the curve, C-index = concordance index, DCA = decision curve analysis, LDH = lactate 
dehydrogenase, OR = odds ratio, ROC = receiver operating characteristic.
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1. Introduction
Ovarian endometriosis cyst is a common type of endometriosis 
mostly observed in women of childbearing age. The condition 
can lead to female infertility and severely affects the quality 
of life of patients.[1,2] Pathologically, endometriosis is charac-
terized by benign morphological changes but is invasive and 

metastatic and exhibits recurrent biological behaviors of malig-
nant tumors. Based on these characteristics, it is commonly 
considered a form of benign cancer. The pathogenesis of endo-
metriosis is unclear thus far, and the factors that promote the 
implantation and growth of ectopic endometrium are yet to be 
studied.[3]
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Ovarian cystadenoma is the most common benign tumor of the 
ovaries.[4] It is often necessary to distinguish endometriosis cysts 
of ovaries from cystadenoma of ovaries to establish a definite 
diagnosis to prepare an individualized treatment plan. At present, 
the differential diagnosis of the 2 conditions primarily relies on 
ultrasound examination, but the results of ultrasonic examina-
tion are affected by various factors and eventually depend on the 
subjective judgment of the sonographer. Thus, it is particularly 
important to explore objective evaluation indicators.[5,6] However, 
despite decades of research, clinically sensitive and specific bio-
logical indicators remain lacking.[7] Some studies have shown 
that serum CA-125 holds significance in the diagnosis of ovar-
ian endometriosis cysts, but its accuracy is inadequate, and its 
diagnostic performance is poor.[7,8] Several factors involved in the 
chronic inflammatory process of endometriosis, such as angio-
genesis factors and markers of oxidative stress, have been studied 
extensively, but their utility remains uncertain.[7]

In recent studies, the increase in the glycolysis levels in endo-
metriosis cells has been proposed to lead to lactic acid accumu-
lation and the M2 polarization of macrophages, which promote 
the formation and development of lesions.[9] These findings 
provide a novel idea for the diagnosis of ovarian endometriosis 
cysts. In this study, we evaluate serum lactate dehydrogenase 
(LDH) as a diagnostic marker in ovarian endometrial cysts and 
construct a differential diagnosis model of ovarian endome-
trial cysts versus ovarian cystadenomas based on serum LDH 
combined with CA-125 and CA19-9. We hypothesize that LDH 
combined with CA-125 and CA19-9 exhibit superior differen-
tial diagnostic value for ovarian endometrial cysts versus ovar-
ian cystadenomas, which may help clinicians select the most 
appropriate individualized treatment strategy for each patient.

2. Materials and methods

2.1. Data sources and study population

Patients diagnosed with ovarian endometriosis cysts and ovar-
ian cystadenomas at the First Affiliated Hospital of Wannan 
Medical College from January 1, 2021, to June 1, 2022, were 
retrospectively included in the study. The inclusion criteria were: 
female surgical patients aged 20 to 45 years; patients patho-
logically diagnosed with ovarian cystadenoma and ovarian 
endometriosis. The exclusion criteria were Combination of con-
dition with hypertension or diabetes mellitus; combination of 
condition with rheumatic or immune diseases; Complications 
associated with diseases related to the heart, liver, kidney, and 
blood system; systemic or local infection with clinical symp-
toms; uterine leiomyoma or adenomyosis; intake of drugs that 
affect inflammatory factors and coagulation function; presence 
of mental health conditions and inability to cooperate actively; 
patients with menopause and anemia (Hb < 110 G/L). After 
screening according to the inclusion and exclusion criteria, 250 
patients with ovarian endometriosis cysts and 213 patients with 
ovarian cystadenoma were found to be eligible for the study. 
The study protocol was approved by our Institutional Review 
Board, and patient data was de-identified and handled ethically. 
As this study was retrospective, it was not possible to obtain 
informed consent. All clinical data were preserved in the clini-
cal data center of our institution. Data for our study were only 
accessible to researchers of this study and requests were refused 
without approval.

2.2. Clinical data extraction

Basic preoperative clinical data, including age; body mass index; 
obstetrical history; blood count; the levels of CA-125, CA19-
9, glutamic oxaloacetic transaminase, LDH, and D-Dimer; cyst 
location; and cyst diameter, were extracted from the medical 
records of patients. Measurements were conducted in strict 

accordance with the manufacturer’s requirements and kit 
instructions. The study was approved by the Ethics committee 
of the First Affiliated Hospital of Wannan Medical College, and 
patient data were analyzed anonymously.

2.3. Immunostaining

Immunohistochemical staining was performed on ectopic endo-
metrial tissues and normal endometrial tissues. Paraffin-embedded 
sections were dewaxed in xylene and dehydrated with different con-
centrations of ethanol. The slices were heated in 0.01 mol/L citronic 
acid buffer at a high temperature for 7 minutes, maintained at a 
lower temperature for 7 minutes, and cooled to room temperature 
for antigen repair. The slices were placed in 3% hydrogen perox-
ide and incubated at room temperature for 15 minutes to eliminate 
endogenous peroxidase activity. The slices were treated with normal 
goat serum at 37 °C for 15 minutes to block activity. The slices were 
then treated overnight with diluted primary antibodies at 4 °C. This 
was followed by treatment with a secondary antibody at 37 °C for 
20 minutes. Antibody binding was then observed using diamino-
benzidine. The staining was independently scored by 2 observers 
with no knowledge of the clinical data. According to the intensity of 
cell staining, 0 indicated a negative score, 1 a weak positive score, 2 
a medium positive score, and 3 a strong positive score.

2.4. Statistical analysis

The Kolmogoroff-Smirnov test was used to evaluate parameter 
distribution in the data. Continuous variables that are not nor-
mally distributed are expressed as medians (interquartile spacing). 
Categorical variables are expressed numerically and proportion-
ally and were compared either using the Mann–Whitney U test or 
the Kruskal–Wallis H test. ROC curve analysis was performed to 

Table 1

Comparison of general data between the observation and control groups.

General information Control group
Observation 

group
t/Z 

value P-value

Number of cases 213 250
Age (yr) 30 (11) 31 (10) −1.108 .268
Matrimony
 � No 66 (31%) 61 (24.4%) −1.117 .264
 � Yes 147 (69%) 189 (75.6%)
BMI (kg/m2) 22.21 (5.79) 21.96 (4.32) −0.980 .327
Leukocyte (109/L) 6.1 (2.1) 6.2 (2.0) −0.807 .420
NLR 1.49 (0.84) 1.66 (0.78) −2.080 .038
Monocyte (109/L) 0.37 (0.30–0.42) 0.39 

(0.33–0.46)
−1.015 .310

CA-125 (U/mL) 17.50 (12.10) 50.25 (72.95) −8.691 <.001
CA19-9 (U/mL) 6.89 (9.95) 24.79 (39.66) −6.853 <.001
Aspartate aminotransferase  

(U/L)
13 (6) 14 (4) −0.360 .719

Lactate dehydrogenase 
(U/L)

132 (20) 144 (28) −4.160 <.001

D-D (µg/mL) 0.24 (0.20) 0.25 (0.20) −0.917 .359
Pregnancy
 � No 78 (36.6%) 88 (35.2%) −0.220 .826
 � Yes 135 (63.4%) 162 (64.8%)
Abortion
 � No 141 (66.2%) 148 (59.2%) −1.064 .287
 � Yes 72 (33.8%) 102 (40.8%)
Location
 � Bilateral 69 (32.4%) 69 (27.6%) −0.787 .431
 � Unilateral 144 (67.6%) 181 (72.4%)
Maximum cyst diameter
 � ≤50 mm 99 (46.5%) 119 (47.6%) −0.167 .868
 � >50 mm 114 (53.5%) 131 (52.4%)

NLR = neutrophil-to-lymphocyte ratio.
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determine the prediction accuracy of ovarian endometriosis cysts. 
The area under the curve (AUC) is used to assess the authenticity 
of the diagnostic model, and the cutoff value is confirmed when 
the Jorden index is maximized. Univariate and multivariate logis-
tic regression analyses were performed to identify independent risk 
factors for ovarian endometriosis cysts. Based on the results of the 
multivariate analysis, a nomogram model was constructed for the 
differential diagnosis of ovarian endometriosis cyst versus ovarian 
cystadenoma. To internally validate the nomograms, a bootstrap 
with 1000 resamples was performed. The performance of the nomo-
gram model was evaluated based on the C-index and calibration 
plot. DCA was performed to assess the net clinical benefit of using 
the model. The statistical tests were bilateral. P < .05 was considered 
statistically significant. Statistical analysis was conducted using IBM 
SPSS Statistics 23.0, GraphPad Prism version 6.0, and R (v 4.2.1; 
https://www.R-project.org).

3. Results

3.1. Patient characteristics

Two hundred and fifty eligible patients with ovarian endo-
metriosis cysts and 213 patients with ovarian cystadenoma 
were selected for this study. The clinical characteristics of the 

included patients are shown in Table 1. Clinical characteristics 
included age; body mass index; marital history; blood count; 
neutrophil-to-lymphocyte ratio (NLR); the levels of CA-125, 
CA19-9, LDH, and D-Dimer; cyst location; and maximum cyst 
diameter, among others. Statistically significant differences were 
observed in NLR (Fig. 1B), CA-125 levels (Fig. 1C), CA19-9 
levels (Fig. 1D), and LDH levels (Fig. 1A) between the ovarian 
endometriosis cyst group and ovarian cystadenoma group.

3.2. LDHA expression in ectopic endometrial tissue

To compare the differences in LDHA expression levels between 
ectopic endometrial tissue and normal endometrial tissue, we 
used IHC and measured LDHA expression levels in the 2 tis-
sue types. The results revealed that LDHA was expressed in the 
cytoplasm of the cells (Fig. 2), and the LDHA expression levels 
in ectopic endometrial tissues were higher than those in normal 
endometrial tissues (P = .008; Fig. 1E).

3.3. ROC analysis of CA-125, and CA19-9, and LDH levels 
and NLR

The results of ROC analysis are shown in Figure 3 and Table 2, 
which includes the AUC, optimal critical point, sensitivity, and 

Figure 1.  Analysis of relevant differences in the data. Differential analysis of serum lactate dehydrogenase. (A), CA-125 levels (C), CA19-9 levels (D), and NLR 
(B) in patients with ovarian endometriosis cyst and patients with ovarian cystadenoma. (E) Quantification of immunohistochemical scores in normal endometrial 
tissues (n = 50) and ectopic endometrial tissues (n = 50). NLR = neutrophil-to-lymphocyte ratio.

https://www.R-project.org
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specificity for the detection of ovarian endometriosis cysts and the 
corresponding P-values. As shown in Figure 3A and Table 2, the 
AUC of LDH in the differential diagnosis of ovarian endometriosis 

cyst was 0.662 (P < .001), and the sensitivity and specificity were 
0.692 and 0.606, respectively. The AUC of CA-125 in the differen-
tial diagnosis of ovarian endometriosis cysts was 0.843 (P < .001), 

Figure 2.  Immunohistochemical staining of lactate dehydrogenase (LDH) A in normal endometrial tissues and ectopic endometrial tissues.

Figure 3.  ROC curves: (A) CA-125, CA19-9, and LDH levels and NLR in the differential diagnosis of ovarian endometriosis cysts with ovarian cystadenoma. (B 
and C) Different combinations of serum markers in the differentiation of ovarian endometriosis cysts versus ovarian cystadenoma. NLR = neutrophil-to-lympho-
cyte ratio, ROC = receiver operating characteristic.
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and the sensitivity and specificity were 0.822 and 0.779. The AUC 
of CA19-9 in the differential diagnosis of ovarian endometriosis 
cysts was 0.790 (P < .001), and the sensitivity and specificity were 
0.692 and 0.761. The AUC of NLR in the differential diagnosis of 
ovarian endometriosis cysts was 0.580 (P = .039), and the sensitivity 
and specificity were 0.824 and 0.366. The AUC of combined LDH 
and CA-125 levels in the differential diagnosis of ovarian endo-
metrial cysts was 0.858 (P < .001), and the sensitivity and specific-
ity were 0.676 and 0.916, respectively. The findings indicated that 
the combination of CA-125 and LDH significantly improved the 
specificity of the differential diagnosis of ovarian endometrial cysts 
(Fig. 3B, Table 2). The AUC of LDH levels combined with CA-125 
and CA19-9 levels in the differential diagnosis of ovarian endome-
trial cysts was 0.867 (P < .001), and the sensitivity and specificity 
were 0.848 and 0.817, respectively (Fig. 3C, Table 2). Therefore, 

LDH level combined with CA-125 and CA19-9 levels performs 
well in the differential diagnosis of ovarian endometriosis cysts ver-
sus ovarian cystadenoma. In addition, ROC curves were prepared 
to confirm the best cutoff levels. The best cutoff levels of NLR, 
CA-125, CA19-9, and LDH in the differential diagnosis of ovarian 
endometrial cysts versus ovarian cystadenomas were 1.185, 25.20 
U/mL, 13.59 U/mL, and 135.50 U/L, respectively.

3.4. Univariate and multivariate logistic regression 
analysis for ovarian endometriosis cyst versus ovarian 
cystadenoma

NLR, serum LDH, serum CA-125, and serum CA19-9 lev-
els were stratified according to the optimal cutoff values for 

Table 2

Diagnostic performance of each index and combined index.

Indicator Youden index Sensitivity Specificity AUC P

LDH 0.298 0.692 0.606 0.662 <.001
CA-125 (U/mL) 0.621 0.822 0.779 0.843 <.001
CA19-9 (U/mL) 0.453 0.692 0.761 0.790 <.001
NLR 0.190 0.824 0.366 0.580 .039
Joint 1 (LDH + CA-125) 0.592 0.676 0.916 0.858 <.001
Joint 2 (LDH + CA19-9) 0.468 0.792 0.676 0.803 <.001
Joint 3 (LDH + NLR) 0.312 0.664 0.648 0.657 <.001
Joint 4 (LDH + CA-125 + CA19-9) 0.665 0.848 0.817 0.867 <.001
Joint 5 (LDH + CA-125 + NLR) 0.607 0.748 0.859 0.857 <.001
Joint 6 (LDH + CA19-9 + NLR) 0.480 0.804 0.676 0.801 <.001
Joint 7 (LDH + CA-125 + CA19-9 + NLR) 0.655 0.796 0.859 0.868 <.001

NLR = neutrophil-to-lymphocyte ratio.

Table 3

Univariate and multivariate analyses of serum LDH, CA-125, and CA19-9 levels and NLR with consideration of ovarian endometriosis cysts versus ovarian 
cystadenoma.

Variable

Univariate analysis Multivariate analysis

OR (95% CI) P-value OR (95% CI) P-value

Serum LDH
 � LDH ≤ 135.50 U/L Reference Reference
 � LDH > 135.50 U/L 3.450 (1.998–5.959) <.001 2.923 (1.468–5.818) .002
Serum CA-125
 � CA-125 ≤ 25.20 U/mL Reference Reference
 � CA-125 > 25.20 U/mL 18.489 (9.563–35.746) <.001 12.283 (5.969–25.274) <.001
Serum CA19-9
 � CA19-9 ≤ 13.59 U/mL Reference Reference
 � CA19-9 > 13.59 U/mL 7.137 (3.887–13.103) <.001 2.905 (1.417–5.956) .004
NLR
 � NLR ≤ 1.185 Reference Reference
 � NLR > 1.185 2.632 (1.473–4.704) .001 1.433 (0.670–3.062) .353

NLR = neutrophil-to-lymphocyte ratio.

Table 4

Univariate and multivariate analyses of NLR and serum LDH and CA-125 + CA19-9 levels in ovarian endometriosis cysts versus ovarian cystadenoma.

Variable

Univariate analysis Multivariate analysis

OR (95% CI) P-value OR (95% CI) P-value

Serum LDH and CA-125 and CA19-9
 � LDH > 135.50 U/L, CA-125 > 25.20 U/mL, and CA19-9 > 13.59 U/mL 19.000 (5.822–62.004) <.001 17.741 (5.419–58.075) <.001
 � Other Reference Reference
NLR
 � NLR ≤ 1.185 Reference Reference
 � NLR > 1.185 2.632 (1.473–4.704) .001 2.192 (1.176–4.086) .014

NLR = neutrophil-to-lymphocyte ratio.
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ovarian endometriosis cysts versus ovarian cystadenoma, as 
determined by ROC analysis. Univariate analysis was used 
for determining statistical significance, which was followed by 
multivariate logistic regression analysis. Multifactorial logistic 
regression analysis revealed that serum LDH > 135.50 U/L (OR, 
2.923; 95% CI, 1.468–5.818; P = .002), serum CA-125 > 25.20 
U/mL (OR, 12.283; 95% CI, 5.969–25.274; P < .001), and 
serum CA19-9 > 13.59 U/mL (OR, 2.905; 95% CI, 1.417–
5.956; P = .004) were independent factors in the differential 
diagnosis of ovarian endometriosis cysts versus ovarian cysta-
denoma (Table 3). Subsequently, LDH > 135.50 U/L was asso-
ciated with CA-125 > 25.20 U/mL, CA19-9 > 13.59 U/mL, and 
NLR > 1.185, and each association was used as a single covari-
ate for clustering analysis (Tables S1–S3, Supplemental Digital 
Content, http://links.lww.com/MD/O89). The results revealed 
that these combinations were independent parameters in the 
differential diagnosis of ovarian endometriosis cysts. Finally, 
LDH > 135.50 U/L combined with CA-125 > 25.20 U/mL and 
CA19-9 > 13.59 U/mL were used as single covariates for cluster 
analysis (Table 4). Multivariate regression analysis showed that 
LDH > 135.50 U/L combined with CA-125 > 25.20 U/mL and 
CA19-9 > 13.59 U/mL as single covariates had a high value in 
the differential diagnosis of ovarian endometriosis cysts versus 
ovarian cystadenoma (OR, 17.741; 95% CI, 5.419–58.075; 
P < .001).

3.5. Construction and validation of nomogram models

According to the ROC curve and the results of multivariate 
regression analysis, LDH > 135.50 U/L, CA-125 > 25.20 U/
mL, and CA19-9 > 13.59 U/mL were independent parameters 
for the differential diagnosis of ovarian endometriosis cysts ver-
sus ovarian cystadenoma (Table 3). Therefore, we incorporated 
these parameters into the model (Fig. 4). The calibration curve 
of the forecast nomogram showed that the model was well cali-
brated, i.e., the predicted curve and the ideal line were roughly in 

agreement (Fig. 5A). The C-index value of the calibration curve 
was 0.871. As shown in Figure 5B, the AUC of the nomogram 
model was 0.873 (95% CI, 0.827–0.920), indicating that the 
nomogram model had better differential diagnosis performance. 
With respect to clinical application, the histogram was found to 
be a reliable tool in the differential diagnosis of ovarian endo-
metriosis cysts versus ovarian cystadenoma (Fig. 5C), based on 
the DCA results.

4. Discussion
There are significant challenges in diagnosing endometriosis. 
Despite decades of research, sensitive and specific signs and 
symptoms of the condition are rare, and there are no blood 
tests to confirm endometriosis.[10] Clinically, it is difficult to dis-
tinguish ovarian endometrial cysts from ovarian cystadenoma. 
Imaging examination is the preferred method for the diagnosis 
of ovarian endometrial cyst, but it cannot reliably distinguish 
ovarian endometrial cysts from ovarian cystadenoma.[6,10] In 
this study, we observed differences in test indicators, including 
CA-125, CA19-9, LDH, and NLR, between patients with ovar-
ian cystadenoma and patients with ovarian endometrial cysts, 
and determined that CA-125, CA19-9, and LDH levels are 
independent risk factors for ovarian endometrial cysts. Based 
on this, we established the differential diagnosis model of ovar-
ian endometriosis cysts versus ovarian cystadenoma. Our model 
had high sensitivity and specificity, which make it convenient to 
use in clinical diagnosis.

Glucose is the primary source of energy in normal tissues. 
In the presence of sufficient oxygen, glucose can be completely 
decomposed into carbon dioxide and water through various 
methods of sugar metabolism, such as aerobic oxidation, anaer-
obic glycolysis, and the pentose phosphate pathway, and ATP 
can be generated to supply a large amount of energy for cells.[11] 
Under normal circumstances, aerobic oxidation is the primary 
metabolic pathway for glucose, and glycolysis only provides 

Figure 4.  Nomogram for the differential diagnosis of ovarian endometriosis cysts versus ovarian cystadenoma.

http://links.lww.com/MD/O89


7

Su et al.  •  Medicine (2024) 103:48� www.md-journal.com

energy for the body under hypoxia or other stressful conditions. 
However, in malignant tumors, tumor cells do not decompose 
glucose through the highly efficient oxidative phosphorylation 
process in the mitochondria even in the presence of sufficient 
oxygen; instead, the cells metabolize glucose via the high-speed 
and low-yield process of glycolysis.[12,13] This special mode of 
energy metabolism is called the Warburg effect. The acidic 
microenvironment formed by lactic acid, the final product of 
metabolism, is conducive to the rapid growth and distant metas-
tasis of tumor cells. Therefore, aerobic glycolysis is an important 
process in tumor cells and is closely related to the aggressiveness 
of tumors.[14,15] In recent years, ectopic endometrium was shown 
to have a higher glycolysis level than normal endometrium for 
the first time.[9] The high concentration of lactic acid in the 
microenvironment plays an important role in the development 
of endometriosis.

At present, the pathogenesis of ovarian endometriosis cyst 
is not clear, and immune dysfunction is a widespread con-
cern.[2,3,16–18] The high concentration of lactic acid resulting from 
higher glycolysis levels in ectopic endometrial tissues promotes 
the M2 polarization of macrophages. M2 macrophages show 
immune inhibition via decreased phagocytosis function.[9,19–21] 
Therefore, the change in the phenotypic balance of M1/M2 
macrophages is closely related to the occurrence and develop-
ment of endometriosis.

LDH is a key enzyme in glycolysis.[22] Several clinical stud-
ies have confirmed that the migration and invasion of tumors, 
including oral squamous cell carcinoma, head and neck can-
cer,[23] laryngeal squamous cell carcinoma,[24] breast cancer,[25] 

pancreatic cancer,[26] kidney cancer,[27] prostate cancer,[28] gas-
tric cancer,[29] and cervical cancer,[30,31] are associated with LDH 
levels,.[32] At present, there is no clinical study on LDH levels 
in patients with ovarian endometriosis cysts. In this study, we 
observed that the combination of CA-125, CA19-9, and LDH 
had excellent specificity in the differential diagnosis of ovarian 
endometriosis cyst versus ovarian cystadenoma. To aid the clin-
ical application of these markers, we calculated their optimal 
critical value. Based on the ROC curve, the value of CA-125 was 
25.20 U/mL, that of CA19-9 was 13.59 U/mL, and that of LDH 
was 135.50 U/L. As single covariates, CA-125 levels >25.20 
U/mL, CA19-9 levels >13.59 U/mL, and LDH levels >135.50 
U/L are considered to be independent factors in the diagnosis 
of ovarian endometrial cysts. A clinical nomogram for the dif-
ferential diagnosis of ovarian endometrial cysts versus ovarian 
cystadenomas was established, and the diagnostic efficiency was 
calculated to be 0.873 (95% CI, 0.827–0.920).

The study had some limitations. First, this study was 
designed retrospectively. All retrospective analyses may have 
selection bias. Second, the sample size is relatively small, 
which may have affected the discrimination ability of the 
model. Lastly, the clinical data of the patient was missing lipid 
indexes, including serum total cholesterol, low density lipo-
protein, triglyceride, etc. Studies have shown that women with 
hypercholesterolemia have a higher risk of developing ovarian 
endometrial cysts,[33] and that hypercholesterolemia is often 
accompanied by a significant increase in LDH levels.[34] This 
evidence provides a reliable theoretical basis for our research 
results, but these findings cannot be comprehensively analyzed 

Figure 5.  Calibration curve (A), receiver operating characteristic (ROC) curve (B), and DCA (C) of the nomogram for ovarian endometriosis cyst. DCA = decision 
curve analysis.
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and discussed owing to the lack of clinical data. In future 
studies, we intend to collect comprehensive and high-quality 
clinical data for prospective trials and test model performance 
through external validation.

5. Conclusion
We confirmed the correlation between LDH levels and ovarian 
endometrial cysts and established a convenient, sensitive, and 
specific nomogram based on serum lactate dehydrogenase com-
bined with CA-125 and CA19-9 for the differential diagnosis 
of ovarian endometriosis cyst versus ovarian cystadenoma. The 
application of this model had achieved good results and could 
help physicians formulate the optimal treatment strategy.
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