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Abstract

Background: The current study tested the level of endocan, which is thought to have an effective role in both endothelial dysfunction
and inflammation, in infertile women with endometriosis treated with in vitro fertilization/intracytoplasmic sperm injection (IVF/ICSI).
It is based on the hypothesis of chronic inflammation in the pathophysiology of endometriosis. Methods: This prospective case–control
study included a total of 64 women who were in the IVF/ICSI program. The women were divided into two groups: endometriosis (n =
32) and non-endometriosis (n = 32). Their baseline characteristics, stimulation parameters, and IVF/ICSI outcomes (clinical pregnancy
and live birth rates) were recorded. Blood samples collected at the beginning of the IVF cycle for endocan levels were analyzed with
a sandwich enzyme immunoassay and the results were documented. Results: The endocan levels in the endometriosis group were
significantly higher than those in the non-endometriosis group, i.e., 5010 pg/mL and 2738 pg/mL, respectively (p< 0.05). A significant
weakly positive correlation was found between endocan levels and the presence of endometriosis (p < 0.05, r: 0.284). The cut-off
value for endometriosis was determined as 4693 pg/mL with a sensitivity of 53.13% and a specificity of 78.12%. Clinical pregnancy
was insignificantly higher in the non-endometriosis group (p = 0.079). However, live birth rates were significantly higher in the non-
endometriosis group (p< 0.05). No correlation was found between clinical pregnancy and live birth rate and endocan levels (p> 0.05).
Conclusion: High endocan levels were detected in women who underwent IVF/ICSI treatment for endometriosis and infertility and there
was a positive correlation between them. However, there was no relationship between endocan levels and IVF/ICSI outcomes.
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1. Introduction
Endometriosis is seen in about 5%–10% of women

in the reproductive age group. Although the retrograde
menstruation theory was first proposed, its pathophysiol-
ogy has not been elucidated. Endometriosis is associ-
ated with the inflammatory response and this process is
thought to be associated with endothelial dysfunction and
carcinogenesis. Inflammatory mediators (TNF-alpha, IL-
1b, and IL-6) in the endometrial tissue were increased in
cDNA array analysis in cases of endometriosis [1]. It has
also been reported that inflammatory cells (neutrophils and
macrophages) show higher chemotactic activity throughout
themenstrual cycle inwomenwith endometriosis compared
to women with normal endometrium [2]. T cell expression
and the CD4/CD8 ratio are also higher than in those with ec-
topic endometrium [3]. In addition, endometriosis inhibits
endothelial function [4]. Endometriosis is also a risk factor
for severe pelvic inflammatory disease. Thus, inflamma-
tion is both cause and effect. The intraperitoneal inflamma-
tion effect of endometriosis in infertile patients is empha-
sized [1,5]. Interestingly, it is stated in recent reviews that
exposure to environmental endocrine disrupting chemicals

(phthalates, bisphenols, and pesticides) and genital subclin-
ical infections may affect the development of endometriosis
by causing permanent immune dysregulation. The vulva
and cervicovaginal microbiota are affected, the local de-
fense mechanism and homeostasis are impaired, and a sub-
clinical inflammatory response occurs [6].

The spontaneous monthly fecundity rate in en-
dometriosis patients is between 2% and 10%, which is
lower than that in healthy women. ART can be recom-
mended in the event of inability to conceive despite surgery,
unsuccessful insemination attempts, or other reasons for in-
fertility. It is predicted that the chance of pregnancy is
lower when advanced disease is detected (moderate-severe
endometriosis or deep infiltrative), and in vitro fertiliza-
tion (IVF) may be recommended as the first option in these
patients [7,8]. It has been reported that women with en-
dometriosis who underwent IVF have lower fertilization
rates. These results may be due to high cytokine levels and
deterioration of oocyte quality [9].
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Endocan (endothelial cell-specific molecule 1 [ESM-
1]) is a unique soluble dermatan sulfate proteoglycan de-
rived from the endothelium. It has the ability to bind to var-
ious bioactive molecules associated with cellular signaling
and adhesion and thus regulates the proliferation, differenti-
ation, migration, and adhesion of different cell types. An in-
crease in the tissue expression or serum level of endocan re-
flects endothelial activation and neovascularization, which
are marked pathophysiological changes associated with in-
flammation and tumor progression. Endocan has been stud-
ied as a blood-based and tissue-based biomarker for numer-
ous cancers and inflammation and yielded promising re-
sults. Endocan has been shown to play a critical role in
terms of mitogenic and migratory effects on vascular en-
dothelium induced by vascular endothelial growth factor
(VEGF) [10]. It has an influence on endothelial dysfunc-
tion as a mediator of systemic inflammation and is asso-
ciated with cardiovascular disease [11]. Different studies
support its role in systemic inflammation [12]. Addition-
ally, there are studies documenting higher endocan levels in
endometrial and ovarian cancer [13] and women with poly-
cystic ovary syndrome [14,15] compared to control groups.
Moreover, in a recent study, higher endocan levels were re-
ported in women with endometriosis compared to the con-
trol group. It has been reported that endocan has higher
sensitivity than CA 125 in predicting endometriosis (93%
and 87%, respectively) [16].

The main purpose of our study was to compare the en-
docan levels of women with endometriosis who started IVF
with women without endometriosis. It was investigated
whether there is a relationship between endocan levels and
clinical pregnancy and live birth rates. It has been hypoth-
esized that women with endometriosis, who are thought to
have chronic inflammation in the foreground, have high en-
docan levels and this reduces the implantation of the em-
bryo.

2. Materials and methods
2.1 Study design

This study was designed prospectively and approved
by Baskent University Institutional Review Board and
Ethics Committee (Project no: KA19/139, 09.07.2019) and
supported by Baskent University Research Fund. Power
analysis was performed using G Power 3.1 (Düsseldorf,
Germany) [17]. The sample size calculation was done by
two-tailed power analysis with a test comparing two inde-
pendent groups based on mean endocan levels. During the
design of our study, a pilot study was conducted because
there was no identical study in the literature. Endocan lev-
els of 10 patients from both groups were measured and the
effect size was determined as 0.73. Based on the pilot study,
the sample size that provides a significant difference be-
tween the two groups after the power analysis was 62 sub-
jects, with a minimum of 31 subjects for each group (al-
pha: 0.05, power: 80%, Cohen’s d: 0.73). A total of 64
women who underwent IVF/intracytoplasmic sperm injec-

tion (ICSI) cycles between June 2019 and March 2020 met
the criteria and were included in the study.

2.2 Selection criteria
The study (endometriosis) group consisted of 32 in-

fertile women undergoing IVF/ICSI treatment with en-
dometriosis that was diagnosed by laparoscopy, mag-
netic resonance imaging (MRI), or ultrasonography (USG).
Twenty-two women in the endometriosis group were di-
agnosed laparoscopically. The other ten patients were di-
agnosed with endometrioma ultrasonographically (homo-
geneous persistent diffuse low-level echoes without neo-
plastic components) and had symptoms of endometriosis
(dysmenorrhea, dyspareunia, chronic pelvic pain, pain with
bowel movements or urination, or excessive bleeding). The
ultrasound images were confirmed by MRI. The control
group (non-endometriosis) consisted of 32 women under-
going IVF/ICSI treatment without endometrioma and en-
dometriosis symptoms. Women with any ovarian cyst or
at least one suspected symptom of endometriosis were ex-
cluded from the study for the control group. Women who
were diagnosed with a disease that led to chronic inflamma-
tion (diabetes mellitus, hypertension, malignancy, thyro-
toxicosis, or urticaria) in the last year, women who had had
an infection or leukocytosis in the last month, and women
who had used an antiaggregant in the last month were ex-
cluded from the study. Written informed consent was ob-
tained from every woman for the use of their data.

2.3 Management of IVF/ICSI cycle
Controlled ovarian hyperstimulation was applied as

a short antagonist protocol and fresh embryo transfer was
planned for all cycles. Gonadotropin (GND) dose (fol-
litropin alfa and/or human menopausal gonadotropin) was
determined based on antral follicle count (AFC), women
age, and BMI. Then, the dose was adjusted with serial USG
and E2 measurements. An oocyte trigger was applied when
the mean diameter of two or more follicles was 17 mm.
Oocyte retrieval was performed transvaginally under gen-
eral anesthesia 36 h after the trigger application. Choriogo-
nadotropin alfa was administered as a trigger in all cycles.
Embryo transfer was performed at the cleavage or blasto-
cyst stage 2–5 days after oocyte retrieval. Two embryos
were transferred to six patients in the endometriosis group
and four patients in the non-endometriosis group. Since
the embryo did not develop, transfer was canceled in 4 cy-
cles in the endometriosis group. Single embryo transfer
was performed in all other patients. The luteal phase was
supplemented by transvaginal administration of micronized
progesterone (Crinone gel, Merck Group, Darmstadt, Ger-
many) from the day of oocyte recovery.

2.4 Data collection
Age, BMI, duration of infertility, indication of IVF

treatment, hormone levels (Fsh, E2, Lh), and AFC were
recorded as baseline characteristics. Controlled ovarian hy-
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perstimulation (COH) monitoring parameters, total dose of
GND used, endometrial thickness on the trigger day, the
total number of oocytes retrieved, MII oocyte count, and
the number of obtained embryos were noted. Clinical preg-
nancy was determined by the presence of at least one ges-
tational sac documented by transvaginal USG two weeks
after a positive pregnancy test. Live birth rates were calcu-
lated by dividing the number of pregnancies resulting in live
births by the number of cycles with embryo transfer. Endo-
can levels in the blood samples were analyzed by a clinical
biochemist in the laboratory and the results were recorded.

2.5 Endocan (endothelial cell-specific molecule 1, ESM-1)
sample collection

Samples taken using a serum separator tube were
maintained at room temperature for 2 hours. They were
then centrifuged at 4 ◦C for 20 min at approximately 1000
× g. Samples were stored at –80 ◦C for later use. After all
samples were collected, the thaw cycle was applied.

2.6 Test principle and assay procedure

Serum ESM-1 level was measured by sandwich en-
zyme immunoassay using 96-well microplates (Cloud-
Clone Corp. CCC, Wuhan, China) according to the manu-
facturer’s instructions. The detection limit was 6.2 pg/mL.
The intra- and interassay variabilities were 10% and 12%,
respectively. The microplate provided in this kit is pre-
coated with an antibody specific for ESM-1. The samples
were then added to the appropriate microplate wells with
ESM-1-specific biotin-conjugated antibody and incubated
at 37 ◦C for 1 hour. The endocan present in the sample
is expected to bind with the capture antibody. Then avidin
conjugated to horseradish peroxidase was added to eachmi-
croplate well, followed by incubation for 1 hour at 37 ◦C.
After the washing step, the substrate solution was added
and the mixture was incubated for another 10 minutes in the
dark, until it turned blue. Then the acidic stopping solution
was added and the samples were expected to turn yellow
with its effect. Then the measurement was made immedi-
ately at 450 nm using a spectrophotometric automatic mi-
croplate reader. The results are expressed as picograms per
milliliter (pg/mL).

2.7 Statistical analysis

SPSS 25.0 (Başkent University licensed, IBM Corpo-
ration, Armonk, NY, USA) was used in the analysis of vari-
ables. The compliance of the data to a normal distribution
was evaluated with the Shapiro–Wilk test and variance ho-
mogeneity with the Levene test. Student’s t-test and the
Mann–Whitney U test were used in comparing two inde-
pendent groups with each other. In a comparison of cate-
gorical variables with each other, Pearson’s chi-square and
Fisher’s exact tests were used. In cases where the expected
frequencies were less than 20%, an evaluation was made
with the Monte Carlo simulation method to include these
frequencies in the analysis. The cut-off values according to

the parameters were evaluated by ROC analysis. The area
under the curve, sensitivity, and specificity were calculated.
Quantitative variables are mean ± SD (standard deviation)
and median (minimum, maximum) in the tables, while cat-
egorical variables are shown as n (%). The variables were
examined at a 95% confidence level and a p value of less
than 0.05 was considered significant.

3. Results
Sixty-four GnRH antagonist cycles were screened

prospectively. There were no significant differences in
terms of age, BMI, or baseline characteristics (E2, Lh,
FSH, AFC, duration of infertility, and indication of IVF
treatment) between the endometriosis (n = 32) and non-
endometriosis (n = 32) groups (p > 0.05 for all). In the en-
dometriosis group, peak E2 level was significantly higher
than it was in the other group (p < 0.05). Other parame-
ters including the total dose of gonadotropin used, the num-
ber of total and MII oocytes, the number of obtained em-
bryos, and thickness of the endometrium were similar and
there were no significant differences between the groups
(p > 0.05 for all). The results of analyzing the grade of
embryos showed interestingly that either the percentage
of development of blastocyst formation or rate of no em-
bryos was significantly higher in the endometriosis group
than in the non-endometriosis group (p < 0.05). Despite
the cancellation of transfer in 4 patients in the endometrio-
sis group, there was no significant difference between the
two groups in terms of patients who had one or two em-
bryo transfers (p = 0.080). The median value of endocan
(ESM-1) level in the endometriosis group was significantly
higher than that in the non-endometriosis group, i.e., 5010
pg/mL and 2738 pg/mL, respectively (p < 0.05). Clini-
cal pregnancy rates were higher in the non-endometriosis
group but not significantly so (p = 0.079). On the other
hand, live birth rates were significantly higher in the non-
endometriosis group than in the endometriosis group (Ta-
ble 1). After Spearman’s correlation analysis, a statistically
significant but weakly positive correlation was found be-
tween endocan levels and the presence of endometriosis (p
< 0.05, r: 0.284). However, there was no correlation be-
tween the clinical pregnancy and live birth rate and endocan
levels (p > 0.05 for both) (Table 2).

The limit values determined for endometriosis as a re-
sult of ROC analysis performed according to the endocan
cut-off value are statistically significant (p < 0.05). The
cut-off value for endometriosis was 4693 pg/mLwith a sen-
sitivity of 53.13% and a specificity of 78.12%. There is
a relationship between values below and above the cut-off
value and values with endometriosis and non-endometriosis
(Table 3, Fig. 1).

Based on the ROC analysis performed according to the
endocan cut-off point, there was no statistically significant
difference between the values below and above the endocan
cut-off value determined for the clinical pregnancy and live
birth rates (p > 0.05 for both).
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Table 1. Comparison of women with and without endometriosis in terms of data obtained during controlled ovarian stimulation
and IVF process.

Endometriosis

p valueNo Yes

(n = 32) (n = 32)

Mean ± SD or Median (Min./Max.) Mean ± SD or Median (Min./Max.)

AGE 31.25 ± 4,83 32.75 ± 5.32 0.243¥

BMI (kg/m2) 23.5 (16–33) 24.0 (19–35) 0.62€

FSH (day 2) (mIU/mL) 7 (2–14) 6.5 (2–15) 0.98€

Lh (day 2) (mIU/mL) 5 (2–10) 5 (2–13) 0.97€

E2 (day 2) (pg/mL) 36.0 (10–140) 37.5 (8–157) 0.45€

Peak E2 (pg/mL) 1545.38 ± 744,77 2099.75 ± 897.41 0.009¥∗

Peak progesterone (ng/mL) 0.45 (0.10–1.90) 0.65 (0.10–1.70) 0.06€

Gonadotropin dose (IU) 1800.0 (1150–4500) 2080.0 (1200–5400) 0.33€

Number of total oocyte 9.0 (2–16) 8.0 (1–20) 0.43€

Number of MII oocyte 8.0 (1–14) 6.5 (0–17) 0.483¥

Number of embryos 4.5 (1–12) 3.5 (0–11) 0.382¥

Endometrium thickness 10.0 (8–15) 10.0 (5–15) 0.83€

ENDOCAN level (pg/mL) 2738.0 (604–8875) 5010.5 (867–10456) 0.024€∗

n (%) n (%)

Grade of embryos
Clivage (stage) 26a (81.3) 18b (56.3) 0.040 ∗

Blastocyst 6a (18.8) 10b (31.3)
None 0a (0.0) 4a (12.5)

Antral folicle count
 1–4 3 (9.4) 4 (12.5) 0.747
5–9 11 (34.4) 13 (40.6)
>10 18 (56.3) 15 (46.9)

Indication of ART
Unexplained 13 (40.6) 14 (43.8) 0.945
Male factor 10 (31.3) 11 (34.4)
Poor ovarian reserve 6 (18.8) 5 (15.6)
Tubal factor 3 (9.4) 2 (6.3)

Clinical pregnancy
Positive 18 (56.3) 11 (34.4) 0.079

Live birth rate 16 ( 50) 8 (25) 0.039 ∗

Duration of infertility
≤3 11 (34.4) 10 (31.3) 0.999
>3 21 (65.6) 22 (68.8)

€Mann Whitney-U test, ¥Student’s t test, Pearson Chi-Square (Exact-Monte Carlo), SD, Standard deviation; *bold values mean p
< 0.05, Min., Minimum; Max., Maximum; different letters (a,b) reflect the statistical difference in line-based lettering.

4. Discussion
In our research, women with endometriosis undergo-

ing IVF/ICSI treatment had significantly higher endocan
levels than those without endometriosis did; however, live
birth rates were significantly lower. Although endocan lev-
els contribute to the prediction of endometriosis, we did
not find any predictive effects on clinical pregnancy or live
birth rates.

ESM-1 was first described in 1996 by Lassale et al.
[18]. It has been reported that it may have strong effects
on vascular cell biology and is associated with inflamma-
tion. Subsequent articles reported that endocan plays a role
in the development of vascular tissue in health and disease.
In particular, the expression in the “tip cells” of develop-
ing blood vessels significantly increased [10,19]. Actual
evidence suggests that the increase in endocan expression
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Table 2. Correlation analysis between endocan levels and
studied variables.

Endocan level

r p value

Clinical pregnancy rate –0.88 0.492
Live birth rate –0.103 0.418
Endometriosis (yes) 0.284 0.023
Peak estradiol level 0.116 0.36
Spearman’s rho Test (two-tailed), r, Correlation co-
efficient; *bold value means p < 0.05.

Fig. 1. ROC curve for endocan (with cut-off value calculated
for Endometriosis).

induced by pro-angiogenic factors (VEGF, FGF-2) is as-
sociated with tumor neovascularization, angiogenic change
in stem cells, and remodeling [20]. In fact, increased endo-
can expression has been reported in tumors with high neo-
vascularization such as the lung, colon, liver, and kidney
[21–24]. In recent studies, increased endocan levels were
reported in both ovarian and endometrial cancer, but this
elevation was not detected in the healthy and benign con-
trols [13]. A study of this proteoglycan showed that women
with polycystic ovary syndrome have increased endocan
levels, which may predict an increased risk of cardiovascu-
lar disease [14,15]. However, a comparative study involv-
ing women with premature ovarian failure did not report
any changes in endocan levels [25].

Endometriosis is a chronic inflammatory, progressive,
hormone-dependent disease. Its etiopathogenesis is multi-
factorial and it can lead to infertility in diverse ways [7].
The most highlighted theory is the inflammatory process,
which leads to retrograde menstruation [1]. The relation
between inflammation on peritoneal surfaces and infertil-

ity has been emphasized in the literature [1,5]. It may also
reduce fertility by decreasing oocyte quality and degrada-
tion in endometrial receptivity. Surgical and medical ap-
proaches can be applied to ensure fertility. The IVF/ICSI
strategy is a strong option for patients if indicated. Both
oocyte quality and endometrial receptivity play an impor-
tant role in success in IVF/ICSI practice, and, in this pro-
cess, endothelial dysfunction may be associated with in-
creased endocan levels. Our study was designed on this ba-
sis and endocan levels in women with endometriosis were
found to be higher, as in the previous study by Güralp et
al. [16]. They found higher endocan levels in women with
endometriosis and reported a positive correlation between
the stages of the disease and endocan levels. However,
they noted a nonsignificant difference in women with ad-
vanced stage (stage 3–4) endometriosis compared to early
stage (stage 1–2) [16]. The positive link between stage and
endocan levels in their study is consistent with previous
studies [26] showing that endocan levels correlate with the
severity of inflammation. In a study to understand its role
in inflammation, it was shown that endocan expression and
blood level induced by inflammatory cytokines (IL-1, TNF-
α) after endothelial dysfunction in patients with sepsis are
closely related to the presence and severity of inflammation
[25].

We found a weak positive correlation between endo-
can levels and the presence of endometriosis. We have no
evidence about whether this link is caused by the inflamma-
tory process or vascular endothelial pathologies. However,
we obtained findings that the increase in endocan expres-
sion that is likely triggered by endothelial dysfunction was
not correlated with clinical pregnancy or live birth rates in
patients that received IVF treatment. Thus, we concluded
that it has no remarkable effect on endometrial receptivity,
which plays an important role in implantation. However,
this result will be clarified in new studies with endocan lev-
els to be studied in endometrial tissue samples.

When the IVF results were studied in the presence of
endometriosis in a robust meta-analysis, a lower implan-
tation and clinical pregnancy rate and a poorer oocyte re-
sponse were noted compared with tubal factor infertility.
Moreover, advanced disease was associated with worse out-
comes [27]. In the meta-analyses published later, the re-
sults in early stage disease were similar to other indica-
tions, but, in advanced stage disease, less oocyte retrieval
and lower implantation rate and pregnancy outcomes were
reported [8,28]. In large data series published with an up-
to-date and different perspective, according to the Society
for Assisted Reproductive Technologies Database, women
with endometriosis had higher cancelation and lower preg-
nancy rates after IVF. However, interestingly, they reported
a higher live birth rate in women who were diagnosed
with isolated endometriosis without an additional diagno-
sis, compared to women who received IVF treatment for
other reasons [29]. In our results, the live birth rate was
significantly lower in the endometriosis group and clinical
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Table 3. ROC analysis for endocan levels calculated according to the presence of endometriosis.

Variable Cut off value
Endometriosis

p valueNo Yes

n n

Endocan

<4693 25 15

0.0161*
>4693 7 17

Sensitivity (95% CI)/Specificity (95% CI) PPV/NPV AUC ± Se
53.13 (34.7–70.9)/78.12 (60.0–90.7) 70.8 (%)/62.5 (%) 0.664 ± 0.0682

Roc Curve Analysis, Se, Standard error; AUC, Area under the ROC curve; PPV, positive pre-
dictive value; NPV, negative predictive value; *bold value means p < 0.05.

pregnancy was insignificantly low. However, both the cy-
cle cancelation rate and blastocyst formation were slightly
higher in the women with endometriosis. These results may
be consistent with those of previous studies, but the women
in our study were patients with IVF indication not only with
endometriosis but also with other accompanying diagnoses.
Therefore, although it is difficult to say that endometriosis
is directly responsible for negative IVF results, it has at least
an indirect effect. Our priority was to examine the relation
between negative results and endocan in this group, and no
relationship was found between IVF outcomes and endocan
levels. As a matter of fact, both the controlled ovarian stim-
ulation parameters and the number of oocytes and embryos
obtained were at comparable levels in the two groups. Only
peak estradiol levels were high in the endometriosis group
but no correlation was detected.

Our research has some limitations. Apart from the
variables examined for the relation between endocan levels
and inflammation, the results could be confirmed by includ-
ing other biochemical markers of inflammation like CRP,
interleukins, or TNF-α. In addition, endocan blood sam-
ples collected at the beginning of the cycle may not be use-
ful for predicting new inflammation with the effect of drugs
used in the IVF treatment process, and, therefore, more ac-
curate results could be obtained by collecting blood samples
in mid-cycle or at the end of the cycle. In our study, we did
not define infertility indications as selection criteria in both
groups, as we first investigated the effect of the presence of
endometriosis on the results. However, the fact that only
the male factor could be selected for infertility indications
in women in the control group can be expressed as a lim-
itation. One more limitation is that not all patients in the
endometriosis group were diagnosed histologically. Some
were diagnosed by USG and MRI.

5. Conclusions
High endocan levels, which are thought to be ex-

pressed by endothelial dysfunction, in women diagnosed
with endometriosis, a chronic inflammatory disease, and
undergoing IVF/ICSI treatment due to infertility indicate
that new studies are needed. However, it was observed that
there was no relationship between endocan and stimulation
parameters, clinical pregnancy, or live birth rates during the

IVF process. However, it should be kept in mind that in-
fertility also has a multifactorial etiology and new studies
that will cover other variables that may cause inflammation
other than endometriosis will shed light on this issue.
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