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1  |  INTRODUC TION

Endometriosis is a painful disorder in which the endometrial tissue 
(glands and stroma) that normally lines the inside of the uterus, 

grows, and infiltrates outside the uterus, consequently causing re-
peated bleeding, pain, infertility, and the formation of nodules or 
tumor mass.1 It is a common disease in women of childbearing age 
and shows a significantly increasing trend, with a prevalence rate 
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Abstract
Background: We aimed to analyze the differences in the peripheral blood cells and 
tumor biomarkers between the patients with endometriosis and healthy people, and 
establish a more efficient combined diagnostic model.
Methods: We retrospectively analyzed the differences in the peripheral blood cells 
and tumor biomarkers between the patients with endometriosis and healthy people. 
Binary logistic regression analysis was used to establish a combined diagnostic model. 
We plotted the receiver operator characteristic (ROC) curve to analyze the diagnostic 
efficiency of different diagnostic indexes.
Results: Compared with patients in the control group, patients in the endometriosis 
group had significantly lower eosinophil% (p = 0.045), neutrophil (p = 0.001), lympho-
cyte (p < 0.001), red blood cells (RBCs) (p < 0.001), and hemoglobin (HGB) (p < 0.001), 
and had significantly higher monocyte% (p = 0.008), monocyte-to-lymphocyte ratio 
(MLR) (p = 0.001), platelet-to-lymphocyte ratio (PLR) (p < 0.001), carbohydrate an-
tigen (CA)-199 (p  <  0.001), CA125 (p  <  0.001), human epididymis protein (HE)-4 
(p < 0.001), and the risk of ovarian malignancy algorithm (ROMA) (p < 0.001). The 
combined diagnostic model of HGB, CA199, CA125, and HE4 was established by bi-
nary logistic regression analysis. The ROC curve showed that the combined diagnostic 
model reached a sensitivity of 85.4%, a specificity of 78.83%, and an area under the 
curve of 0.900, which was significantly higher than that of the individual index in en-
dometriosis diagnosis.
Conclusion: The combined diagnostic model of HGB, CA199, CA125, and HE4 may 
provide a new approach for the early non-invasive diagnosis of endometriosis.
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of 10–15% in China. Moreover, 80% of patients with endometrio-
sis exhibit pelvic pain, and 50% present infertility, which seriously 
affects the health and quality of life of young and middle-aged 
women.2 Despite being a benign gynecological disease, endome-
triosis has the biological behavior of malignant tumors due to its 
invasive growth, metastasis, and recurrence. It invades and de-
stroys the affected tissues, seriously reducing the quality of life of 
patients.3–5 Therefore, early diagnosis and treatment of endome-
triosis can improve fertility, inhibit the development of the disease, 
relieve pain, and improve quality of life.6,7 Laparoscopy is the gold 
standard for endometriosis diagnosis, but it has disadvantages such 
as severe trauma, high risk and cost, and complex operation proce-
dure.8 Studies have reported that carbohydrate antigen (CA)-125 
is highly expressed in endometriosis patients and can be used to 
predict recurrence and evaluate therapeutic effects, but without an 
acceptable sensitivity and specificity for early diagnosis.9,10 Human 
epididymis protein (HE)-4 is a novel tumor biomarker for monitoring 
the recurrence and progression of ovarian cancer. The application 
of the risk of ovarian malignancy algorithm (ROMA) constructed 
based on CA125, HE4, and patients' menstruation also has a certain 
diagnostic value in endometriosis.11–13 In recent years, the diagnos-
tic value of a variety of potential biomarkers, including CA125 and 
HE4, has been evaluated in endometriosis but is far from satisfac-
tory.10,14 Therefore, it is important to identify a suitable early non-
invasive serological diagnosis index.

In this study, we retrospectively analyzed the parameters of pe-
ripheral blood cells and serum tumor biomarker levels in the patients 
with endometriosis and healthy individuals and evaluated the diag-
nostic efficacy of HGB, CA199, CA125, HE4, and their combination 
for endometriosis, aiming to find an ideal combined diagnostic index 
for the early diagnosis of endometriosis.

2  |  MATERIAL S AND METHODS

2.1  |  General materials

A total of 137 endometriosis patients aged 33 (28, 38) years were 
selected and admitted to the Affiliated Suzhou Hospital of Nanjing 
Medical University between January 2015 and December 2017. 
Inclusion criteria: patients who underwent laparoscopic surgery and 
were diagnosed with endometriosis by pathological examination; 
patients signed the informed consent forms and participated volun-
tarily. Exclusion criteria were complicated with hormone-dependent 
diseases, such as adenomyosis and uterine leiomyoma; taking any 
hormone drugs and having a history of pregnancy within 6 months; 
complicated with other endocrine, immune, and metabolic diseases; 
and malignant tumors. Patients with endometriosis were staged ac-
cording to the modified endometriosis staging method (1997) pro-
posed by the American Society for Reproductive Medicine (ASRM). 
Among all the patients, 24% (33/137) were in stage I–II, 33% (45/137) 
were in stage III, and 43% (59/137) were in stage IV. Meanwhile, 

137 healthy women aged 32 (28, 37) years were selected as the con-
trol group. This study was approved by the Ethics Committee of the 
Affiliated Suzhou Hospital of Nanjing Medical University (K-2020-
083-K01), and informed consent was obtained from all participants 
involved in this study.

2.2  |  Sample testing

The clinical data of all participants were collected, including their 
age, complete blood count, levels of alpha fetoprotein (AFP), 
CA199, CA125, CA153, HE4, and ROMA. Complete blood count 
was performed using XN-20 [A1] (Sysmex, Japan). Neutrophil-to-
lymphocyte ratio (NLR), monocyte-to-lymphocyte ratio (MLR), 
platelet-to-lymphocyte ratio (PLR), eosinophil-to-lymphocyte 
ratio (ELR), systemic immune inflammation index (SII, calculated 
by platelet count  ×  neutrophil count/lymphocyte count), and sys-
temic inflammatory response index (SIRI, calculated by neutrophil 
count × monocyte count/lymphocyte count) were calculated from 
the results of the complete blood count. AFP was detected using 
a UniCel DxI 800 chemiluminescence apparatus (Beckman Coulter, 
USA). CA199, CA125, CA153, and HE4 were detected using an 
ARCHITECT i2000SR chemiluminescence apparatus (Abbott, USA). 
ROMA was calculated by combining the results of CA125, HE4, and 
the menstruation patterns of the patients.

2.3  |  Statistical analysis

The sample size requirement was calculated using PASS 2021 (pur-
chase from www.ncss.com/softw​are/pass/) with a 5% alpha error 
(two-sided), 10% beta error, and the null value of the AUC was 0.5. 
The ratio between the groups was 1:1. At least 97 patients with 
endometriosis and 97 healthy controls were included in this study. 
Taking 10% sample loss during follow-up into account, 107 patients 
with endometriosis and 107 controls should be included in the study. 
This study included 137 patients with endometriosis and 137 con-
trols, and the statistical power was 0.97. SPSS 22.0 software (pur-
chase from www.ibm.com/suppo​rt/pages/​node/230551) was used 
for performing all statistical analysis. The Shapiro-Wilk test was 
used to analyze the type of data distribution. The Mann-Whitney 
U test was used to evaluate the difference in the detection indexes 
between the patients with endometriosis and healthy people. The 
Kruskal-Wallis univariate analysis of variance (ANOVA) test was 
used to evaluate the differences in the detection indexes between 
more than two groups. The correlation of categorical data within the 
groups was analyzed using the Pearson's χ2 test. A binary logistic 
regression analysis was used to construct the diagnostic model. We 
used MedCalc 20.0 (purchase from www.medca​lc.org) to plot the 
receiver operator characteristic (ROC) curve and calculated the area 
under the curve (AUC) to analyze the diagnostic efficiency of differ-
ent diagnostic indexes. Statistical significance was set at p < 0.05.

http://www.ncss.com/software/pass/
http://www.ibm.com/support/pages/node/230551
http://www.medcalc.org
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3  |  RESULTS

3.1  |  Comparison of the peripheral blood cell 
parameters and serum tumor biomarkers between the 
endometriosis and control groups

The differences in peripheral blood cell parameters, blood cell de-
rivative parameters, and serum tumor biomarkers between the 
endometriosis and control groups were analyzed. Compared with 
patients in the control group, those in the endometriosis group 
had significantly lower eosinophil% (p  =  0.045), absolute neutro-
phil count (p = 0.001), lymphocyte count (p < 0.001), red blood cell 
count (RBC, p < 0.001), and hemoglobin (HGB, p < 0.001), and had 
significantly higher monocyte% (p = 0.008), MLR (p = 0.001), PLR 
(p < 0.001), CA199 (p < 0.001), CA125 (p < 0.001), HE4 (p < 0.001), 
and ROMA (p < 0.001) (Figure 1). There were no significant differ-
ences in neutrophil%, lymphocyte%, absolute value of monocyte 
count, platelet count, NLR, ELR, SII, SIRI, AFP, or CA153 between 
the two groups (Table 1).

3.2  |  Comparison of the peripheral blood 
cell parameters, tumor biomarkers, and clinical 
parameters in the patients with endometriosis at 
different clinical stages

We analyzed the differences in age, monocyte%, eosinophil%, neu-
trophil count, lymphocyte count, RBC, HGB, MLR, PLR, CA199, 
CA125, HE4, and ROMA among patients with stage Ⅰ – II, III, and 
IV endometriosis, and explored the correlation between differ-
ent endometriosis stages and related clinical parameters. The re-
sults showed that there were significant differences in eosinophil% 
(p = 0.043), CA199 (p = 0.002), and CA125 (p < 0.001) among differ-
ent endometriosis stages (Table 2, Figure 2), and the endometriosis 
stages were correlated with infertility (p < 0.001) and pelvic mass 
(p < 0.001) (Table 3). However, there were no statistical differences 
in age, monocyte%, neutrophil count, lymphocyte count, RBC, HGB, 
MLR, PLR, HE4, ROMA, delivery, dysmenorrhea, induced abortion, 
pregnancy, cesarean section, and abdominal pain among different 
endometriosis stages.

F I G U R E  1 The differences in peripheral blood cell parameters, and serum tumor biomarkers between the endometriosis and control 
groups. Compared with patients in the control group, those in the endometriosis group had significantly lower eosinophil% (p = 0.045, B), 
neutrophil count (p = 0.001, C), lymphocyte count (p < 0.001, D), RBC (p < 0.001, E), and HGB (p < 0.001, F), and had significantly higher 
monocyte% (p = 0.008, A), MLR (p = 0.001, G), PLR (p < 0.001, H), CA199 (p < 0.001, I), CA125 (p < 0.001, J), HE4 (p < 0.001, K), and 
ROMA (p < 0.001, L). RBC, red blood cell; HGB, hemoglobin; MLR, monocyte-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; CA, 
carbohydrate antigen; HE4, human epididymis protein 4; ROMA, the risk of ovarian malignancy algorithm
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TA B L E  1 Comparison of the peripheral blood cell parameters and serum tumor biomarkers between the endometriosis and control 
groups

Parameters Control group (n = 137) Endometriosis group (n = 137) p-value

Age 33.00 (28.00, 38.00) 32.00 (28.00, 37.00) 0.689

Neutrophil% (%) 56.00 (51.65, 60.50) 56.10 (51.00, 63.00) 0.478

Lymphocyte% (%) 36.00 (31.05, 40.90) 34.00 (29.10, 40.45) 0.303

Monocyte% (%) 5.10 (4.20, 6.20) 5.50 (4.95, 6.80) 0.008

Eosinophil% (%) 1.80 (1.20, 2.80) 1.60 (1.00, 2.50) 0.045

Neutrophil count (×109/L) 3.60 (2.93, 4.23) 3.03 (2.36, 4.03) 0.001

Lymphocyte count (×109/L) 2.25 (1.89, 2.65) 1.86 (1.49, 2.21) <0.001

Monocyte count (×109/L) 0.33 (0.26, 0.40) 0.31 (0.25, 0.39) 0.265

RBC (×1012/L) 4.47 (4.29, 4.64) 4.24 (4.01, 4.48) <0.001

HGB (g/L) 134.00 (127.00, 140.00) 123.00 (115.00, 131.00) <0.001

Platelet count (×109/L) 262.00 (218.50, 302.50) 252.00 (209.50, 298.50) 0.351

NLR 1.56 (1.29, 1.93) 1.66 (1.25, 2.18) 0.368

MLR 0.14 (0.12, 0.18) 0.16 (0.13, 0.22) 0.001

ELR 0.05 (0.03, 0.08) 0.04 (0.03, 0.07) 0.056

PLR 117.09 (94.06, 146.08) 131.48 (111.20, 169.47) <0.001

SⅡ 392.64 (314.88, 569.15) 422.56 (314.82, 588.12) 0.538

SIRI 0.53 (0.36, 0.70) 0.52 (0.33, 0.80) 0.984

AFP (ng/ml) 2.18 (1.43, 3.43) 2.00 (1.56, 2.99) 0.876

CA199 (U/ml) 7.90 (4.08, 14.19) 22.14 (9.30, 54.31) <0.001

CA125 (U/ml) 15.50 (12.20, 21.60) 47.60 (30.50, 75.00) <0.001

CA153 (U/ml) 7.80 (6.05, 11.55) 8.40 (6.30, 11.20) 0.509

HE4 (pmol/L) 32.50 (28.00, 38.70) 36.10 (31.20, 42.80) <0.001

ROMA 2.80 (1.96, 4.36) 3.87 (2.67, 5.76) <0.001

Note: Data are presented as medians (interquartile ranges).
Abbreviations: AFP, alpha fetoprotein; CA, carbohydrate antigen; ELR, eosinophil-to-lymphocyte ratio; HE4, human epididymis protein 4; HGB, 
hemoglobin; MLR, monocyte-to-lymphocyte ratio; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; RBC, red blood cell; 
ROMA, the risk of ovarian malignancy algorithm; SⅡ, systemic immune inflammation index; SIRI, systemic inflammatory response index.

TA B L E  2 Comparisons of the peripheral blood cell parameters and serum tumor biomarkers in the patients with endometriosis at 
different clinical stages

Parameters Stage Ⅰ–Ⅱ (n = 33) Stage Ⅲ (n = 45) Stage Ⅳ (n = 59) p-value

Age 30.00 (27.00, 36.00) 33.00 (30.00, 38.50) 32.00 (27.00, 37.00) 0.135

Monocyte% (%) 5.70 (5.20, 6.60) 5.50 (4.40, 6.10) 5.50 (5.00, 7.00) 0.371

Eosinophil% (%) 2.20 (1.10, 3.35) 1.70 (0.90, 2.55) 1.30 (1.00, 2.00) 0.043

Neutrophil count (×109/L) 3.00 (2.35, 4.40) 2.63 (2.28, 3.67) 3.40 (2.40, 4.14) 0.084

Lymphocyte count (×109/L) 1.96 (1.57 2.38) 1.77 (1.37, 2.31) 1.86 (1.49, 2.15) 0.391

RBC (×1012/L) 4.39 (4.08, 4.59) 4.29 (4.04, 4.49) 4.18 (3.93, 4.40) 0.084

HGB (g/L) 123.00 (115.00, 132.50) 125.00 (117.00, 132.00) 123.00 (113.00, 129.00) 0.688

MLR 0.16 (0.14, 0.22) 0.15 (0.11, 0.19) 0.18 (0.13, 0.24) 0.122

PLR 129.06 (104.99, 157.42) 139.35 (107.59, 181.82) 126.78 (114.52, 169.32) 0.876

CA199 (U/ml) 9.01 (4.68, 25.87) 23.90 (14.90, 54.40) 29.97 (12.62, 70.76) 0.002

CA125 (U/ml) 24.00 (16.00, 40.15) 48.10 (33.35, 64.90) 58.10 (40.00, 117.60) <0.001

HE4 (pmol/L) 35.60 (30.75, 41.30) 36.40 (29.90, 45.25) 36.50 (32.30, 43.40) 0.284

ROMA 3.51 (2.44, 5.14) 3.83 (2.44, 6.22) 4.16 (3.04, 6.00) 0.146

Note: Data are presented as medians (interquartile ranges).
Abbreviations: CA, carbohydrate antigen; HE4, human epididymis protein 4; HGB, hemoglobin; MLR, monocyte-to-lymphocyte ratio; PLR, platelet-
to-lymphocyte ratio; RBC, red blood cell; ROMA, the risk of ovarian malignancy algorithm.
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3.3  |  Diagnostic efficacy of HGB, CA199, 
CA125, and HE4 for endometriosis

After adjustment for monocyte%, eosinophil%, neutrophil count, 
lymphocyte count, RBC, MLR, PLR, and ROMA, binary logistic 
regression analysis showed that HGB, CA199, CA125, and HE4 
were significantly correlated with the incidence of endometriosis 
(p < 0.001, p = 0.022, p < 0.001, and p = 0.049, respectively). The 
combined diagnostic model of HGB, CA199, CA125, and HE4 was 
established (Table 4), and the combined diagnosis model = 3.352–
0.056 × HGB + 0.018 × CA199 + 0.062 × CA125 + 0.04 × HE4. 
Setting the control group as a reference, we plotted the ROC curves 
to analyze the individual diagnostic efficacy of HGB, CA199, CA125, 
and HE4, as well as their combined diagnostic efficacy, in the diagno-
sis of endometriosis. ROC curves showed that HGB, CA199, CA125, 
HE4, and the combined diagnosis model had AUCs of 0.748, 0.747, 
0.867, 0.631, and 0.900, respectively (p < 0.05). Thus, the combined 
diagnosis of the four indices had a significantly higher AUC than each 
index alone (Figure 3). The sensitivity, specificity, positive predictive 

value, negative predictive value, cutoff value, and Youden index of 
HGB, CA199, CA125, HE4, and the combined diagnosis model are 
shown in Table 5.

4  |  DISCUSSION

Patients with endometriosis suffer from pelvic pain, infertility, and 
other symptoms, all of which seriously affect their quality of life.15,16 
Endometriosis has a high recurrence rate and delayed diagnosis.17,18 
Laparoscopy is the gold standard for the diagnosis of endometriosis, 
but laparoscopy is likely to be missed for minor, atypical, extraperi-
toneal lesions, and severe pelvic adhesions, and the potential risk 
and cost of laparoscopy are high.19 Therefore, it is of great clinical 
significance to identify appropriate early non-invasive serological di-
agnostic indicators and reduce unnecessary intervention measures.

In this study, we retrospectively analyzed the peripheral blood 
cells and their derivative inflammation index, AFP, CA199, CA125, 
CA153, HE4, and ROMA in patients with endometriosis, and 

F I G U R E  2 Comparisons of the peripheral blood cell parameters and serum tumor biomarkers in the patients with endometriosis at 
different clinical stages. There were significant differences in eosinophil% (p = 0.043, B), CA199 (p = 0.002, I), and CA125 (p < 0.001, 
J) among different endometriosis stages. RBC, red blood cell; HGB, hemoglobin; MLR, monocyte-to-lymphocyte ratio; PLR, platelet-to-
lymphocyte ratio; CA, carbohydrate antigen; HE4, human epididymis protein 4; ROMA, the risk of ovarian malignancy algorithm
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evaluated the difference and diagnostic efficacy between endome-
triosis patients and healthy people, in order to find an ideal com-
bined diagnostic index for early endometriosis diagnosis.

Our results showed that eosinophil%, neutrophil count, lympho-
cyte count, RBC, and HGB were lower in patients with endometrio-
sis than in the control group, while MLR, PLR, CA199, CA125, HE4, 
and ROMA in endometriosis patients were higher than those in the 
control group. This reflected the abnormal immune function and 

Clinical parameters Case

Different endometriosis stages

p-valueStage Ⅰ–Ⅱ Stage Ⅲ Stage Ⅳ

Delivery

No 67 22 20 25 0.063

Yes 70 11 25 34

Infertility

No 116 21 39 56 <0.001

Yes 21 12 6 3

Pelvic mass

No 13 11 1 1 <0.001

Yes 124 22 44 58

Dysmenorrhea

No 65 21 20 24 0.095

Yes 72 12 25 35

Induced abortion

No 85 20 28 37 0.98

Yes 52 13 17 22

Pregnancy

0 57 17 19 21 0.495

1 35 6 10 19

≥2 45 10 16 19

Cesarean section

No 106 28 32 46 0.355

Yes 31 5 13 13

Abdominal pain

No 101 29 31 41 0.105

Yes 36 4 14 18

TA B L E  3 The correlation between 
different endometriosis stages and related 
clinical parameters

TA B L E  4 Binary logistic regression to construct the diagnostic 
model

Parameters
β 
coefficient p-value OR 95% CI

HGB (g/L) −0.056 <0.001 0.95 0.921–0.971

CA199 (U/
ml)

0.018 0.022 1.018 1.003–1.033

CA125 (U/
ml)

0.062 <0.001 1.064 1.041–1.088

HE4 
(pmol/L)

0.04 0.049 1.041 1.000–1.084

Constant 3.352

Abbreviations: CA, carbohydrate antigen; CI, confidence interval; HE4, 
human epididymis protein 4; HGB, hemoglobin; OR, odds ratio.F I G U R E  3 Receiver operator characteristic curves of HGB, 

CA199, CA125, HE4, and the combined diagnosis model for the 
diagnosis of endometriosis. HGB, hemoglobin; CA, carbohydrate 
antigen; HE4, human epididymis protein 4
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inflammatory state of the patients with endometriosis. Moreover, 
endometriosis patients may have a higher risk of anemia.

After adjusting for monocyte%, eosinophil%, neutrophil count, 
lymphocyte count, RBC, MLR, PLR, and ROMA, we found that HGB, 
CA199, CA125, and HE4 were significantly correlated with the in-
cidence of endometriosis. Therefore, we evaluated the diagnostic 
value of HGB, CA199, CA125, HE4, and their combination in the 
diagnosis of endometriosis. The ROC curve showed that the combi-
nation of the four indexes had a higher AUC (0.900) and sensitivity 
(85.40%) than that of the individual index in endometriosis diagno-
sis. The combined diagnostic model shows better diagnostic efficacy 
for endometriosis and has not been reported in the literature.

In addition, our study found that there were significant differ-
ences in CA199, CA125, infertility, and pelvic mass among endo-
metriosis patients at different stages. Patients with moderate and 
severe endometriosis (stage III/IV) had higher CA199 and CA125 
levels than those with mild endometriosis (stage I/II). However, mild 
patients (stage I/II) had more infertility, which might be due to the 
fact that infertile patients take the initiative to seek medical treat-
ment earlier.

NLR, MLR, PLR, and SII have been reported to correlate with 
endometriosis20–23; therefore, they could be used as hematologi-
cal indicators for the diagnosis of endometriosis. In this study, we 
found that MLR and PLR were higher in endometriosis patients than 
in healthy individuals, which could effectively reflect the inflam-
matory status of patients with endometriosis. However, there was 
no statistical difference in the NLR and SII between patients with 
endometriosis and healthy individuals. This might be related to the 
different sample populations included in the study and the sample 
size. Therefore, further studies among the population with a larger 
sample size are necessary to evaluate the diagnostic efficiency of 
early non-invasive diagnostic indicators for endometriosis.

To conclude, we established a combined diagnostic model based 
on HGB, CA199, CA125, and HE4 in this study, which may provide a 
novel approach for the early non-invasive diagnosis of endometriosis.
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