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Effect of the cyst fluid concentration of iron on
infertility in patients with ovarian endometrioma
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Abstract. The causes of infertility in women with endome-
triosis may range from anatomical distortions to various
pathophysiological disturbances. The aim of the present study
was to examine the effects of the cyst fluid (CF) concentration
of iron on infertility in patients with ovarian endometrioma
(OMA). Patients with histologically confirmed OMA were
enrolled at the Department of Obstetrics and Gynecology,
Nara Medical University Hospital between 2013 and 2019.
The patients were divided into 2 groups, namely women expe-
riencing current infertility (infertile group) and those without
complaints of infertility (non-infertile group). There were
2 types of patients in the infertile group: Patients who failed to
achieve a clinical pregnancy following =12 months of regular
unprotected sexual intercourse and those who had already
been treated at fertility clinics. The CF concentration of iron
was measured by the inductively coupled plasma-optical emis-
sion spectrometry (ICP-OES) method. The clinical data were
analyzed retrospectively. A total of 77 patients were enrolled
in the present study. Among these, 32 (41.6%) patients had
infertility. When compared with the non-infertile women,
the infertile women were significantly younger (median age,
35 years; range, 24-47 years; vs. median age, 40 years; range,
21-53 years; respectively; P=0.003). The CF concentrations of
iron (median, 324.8 mg/l; range, 71.3-1046.3 mg/l; vs. median,
226.5 mg/l; range, 65.3-737.5 mg/1; respectively; P=0.019) were
significantly higher in the infertile group compared with the
non-infertile group. Multivariate logistic regression analysis
indicated that age at diagnosis (<38 years), the CF concentra-
tions of iron (>326.6 mg/l) and the infertility index (iron/age
ratio, >8.37) were independent risk factors for endometri-
osis-related infertility. Multivariate analysis revealed that age
(HR, 6.44; 95% CI, 2.06-20.12) and iron (HR, 4.90; 95% ClI,
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1.48-16.22) were independent factors for the identification of
patients with OMA who presented with a complaint of infer-
tility. In addition, the infertility index (iron/age ratio, >8.37;
HR, 4.85; 95% CI, 1.01-23.27) was an important predictor of
infertility. ROC curve analysis also revealed that the areas
under the ROC (AUC) for age, iron and infertility index were
0.699, 0.666 and 0.731, respectively. On the whole, the findings
of the present study demonstrate that age at diagnosis and the
CF concentration of iron may be potentially effective markers
for predicting infertility in women with OMA.

Introduction

Endometriosis is a common, estrogen-dependent inflamma-
tory disease characterized by the presence of endometrial
tissue outside the uterine cavity (1). Endometriosis includes
superficial peritoneal disease, ovarian endometrioma (OMA)
and deep endometriosis (DE) lesions as major phenotypes.
The main symptoms include pelvic pain, such as dysmenor-
rhea, dyspareunia and chronic pelvic pain, and infertility.
Statistically, 30-50% of females with endometriosis experience
infertility (2). Endometriosis-related pain symptoms may be
associated with the severity of diseases, such as adhesions and
posterior cul-de-sac and uterosacral lesions (3). Anatomical
abnormalities with adhesions and fibrosis lead to infertility,
although even mild endometriosis can cause infertility (4).
The severity of symptoms, including pain and infertility, is not
always associated with the extent of endometriosis.

Thus far, non-invasive diagnostic approaches, such as
transvaginal ultrasonography (TVS), magnetic resonance
imaging (MRI) and blood tests have exhibited considerable
power in the diagnosis of endometriosis (5). TVS and MRI
can help visualize OMA and DE, but not superficial peritoneal
disease. In addition, imaging is inadequate for the prediction
of endometriosis-associated infertility. Therefore, the lack of
non-invasive diagnostic tests that can predict infertility leads
to the long delay before treatment (6). The association between
endometriosis and infertility is well known; however, the
mechanisms underlying endometriosis-associated infertility
have not yet been well established. It has been pointed out that
inflammatory cytokines and oxidative stress may adversely
affect eggs, sperm and fertilized eggs, leading to impaired
fertilization and implantation, and decreased fertility (7,8).
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Recently, Yoshimoto et al reported that the cyst fluid (CF)
concentrations of iron were elevated in patients with OMA (9).
Excess labile and bioactive iron concentrations can enhance
toxic radical generation and induce oxidative stress (10). A
preclinical study revealed that the CF concentration of iron
was associated with oxidative stress, and was involved in
endometriosis progression and malignant transformation (11).
The present study measured iron levels to assess whether
iron-dependent oxidative stress is involved in infertility, as
it has previously been demonstrated that oxidative stress is
associated with infertility in endometriosis (12).

The aim of the present study was to evaluate the effects
of the CF concentration of iron on infertility in patients with
OMA. The discovery of a sensitive, specific and non-invasive
biomarker for the prediction of endometriosis-associated
infertility may hold promise for the development of earlier
diagnosis and treatment strategies.

Materials and methods

Patients and study design. The present study was a
single-center, retrospective cohort study aimed at investigating
the association between infertility and the CF concentration
of iron in patients with OMA. Newly diagnosed patients were
registered consecutively from February, 2013 to May, 2019 at
the Department of Obstetrics and Gynecology, Nara Medical
University Hospital, Kashihara, Japan. Patients who visited
the hospital complained of pelvic pain and/or infertility.
Participants were recommended to undergo routine TVS and
pre-operative MRI, performed as part of the clinical care
program. A sonography was performed by 2 experienced
operators (MK and SM) with a single ultrasound system
(Voluson E8; GE Healthcare) using a transvaginal transducer
(5-7.5 MHz). MRI was obtained on a 3T system using TIW
and T2W sequences (Magnetom Verio, Siemens Healthcare).
The TVS test and MRI were performed within 4 weeks before
surgery.

The patients were divided into 2 groups, namely women
experiencing current infertility (infertile group) and those
without complaints of infertility (non-infertile group). There
were 2 types of patients in the infertility group: Patients who
failed to achieve a clinical pregnancy following =12 months
of regular unprotected sexual intercourse (13) and those who
have already been treated at fertility hospitals. Patients with
OMA who received laparotomy or laparoscopic surgery
were enrolled in the present study. Surgery was performed
not only to treat infertility, but also to improve pain. A
histological diagnosis was confirmed by surgical pathology.
Exclusion criteria were any of the following: No pathology,
benign ovarian tumors other than OMA, OMA co-existing
with DIE, adenomyosis and malignant transformation, prior
ovarian surgery, unmarried women, women who did not wish
to become pregnant, menopausal women and women who
had received hormonal therapy within 3 months. A form of
regional medical cooperation was established and maintained
with fertility hospitals, in order for all potential patients to be
referred to the appropriate reproductive specialist following
discharge. Therefore, detailed information on the variables
involved in the demographic and clinical characteristics, such
as the length of infertility, ovarian function, semen status, or

comorbidities of the infertile women could not be obtained.
The present study was conducted under the guidelines that
had been approved by the Medical Ethics Committee of Nara
Medical University. Written informed consent was obtained
from each patient.

Quantification of iron concentrations in CF. Cyst fluid
samples were obtained during surgery. Cyst fluids harvested
were collected into a plastic tube without an anticoagulant
and centrifuged at 2,000 x g for 10 min at 4°C. Supernatants
were immediately aliquoted and kept frozen at -20°C within
1 h of collection until the time of analysis. The amount of
iron was determined by inductively coupled plasma optical
emission spectrometry (ICP-OES) (Vista MPX, Varian, Inc.)
with internal standard method as described previously (9). The
results of the assays were not available to the clinicians and
therefore did not influence subsequent patient management.

Statistical analysis. SPSS 25.0 (SPSS Inc.) statistical soft-
ware was used for the statistical analysis. Comparison of
categorical variables between groups was performed using the
Chi-squared test. The Mann-Whitney U-test was used for the
univariate analysis of numerical data. The cut-off value of cyst
fluid concentrations of iron was calculated with the highest
sensitivity and specificity for predicting the two groups based
on the receiver operator characteristic (ROC) curve analysis.
The potential factors for predicting infertility were determined
by logistic regression analysis. The independent factors were
identified by multivariate regression analysis. Hazard ratios
(HRs) were calculated using a two-stage regression estimate
with the infertility as the instrumental variable to examine
associations with age and iron (Fig. 1) or parity and infer-
tility index (Fig. 2) by logistic regression and Cox regression,
respectively. Furthermore, the infertility index, defined as
iron level/age, was also subjected to a multivariate analysis.
Differences with P<0.05 were considered to be statistically
significant.

Results

The present study included 77 patients who met the inclu-
sion and exclusion criteria during the period of the study.
Among these, 32 (41.6%) patients had infertility. Two women
in the infertile group became pregnant after receiving the
assisted reproductive technique (ART). The non-infertile
group included 36 women who have previously given birth
due to one or more spontaneous pregnancies. In addition,
9 women in the non-infertile group had one or more miscar-
riages, but failed to have live births. The patient demographic
factors and clinical characteristics of the study population
are summarized in Table 1. The patients were significantly
younger in the infertile group than in the non-infertile group
(median age, 35 years; range, 24-47 years; vs. median age,
40 years; range, 21-53 years, respectively; P=0.003). Since the
2 groups of patients were not homogeneous, with a median
age of 35 and 40 years for the infertile and non-infertile
groups, respectively, the association between age and the CF
concentrations of iron was analyzed. In the analyses of data
from all the study subjects, no significant correlation between
patient age and the CF concentration of iron was observed
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Figure 1. ROC curves with calculated AUCs of 2 indicators: (A) Age at diagnosis and (B) CF concentration of iron. The ROC curve was derived from the
sensitivity and the specificity. ROC, receiving operating characteristic; AUC, area under the curve; CF, cyst fluid.
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Figure 2. A ROC curve with a calculated AUC of the infertility index. The
ROC curve derived from the sensitivity and the specificity. ROC, receiving
operating characteristic; AUC, area under the curve.

[y (CF concentration of iron)=-1.63x (age) + 343.0, r’=0.004]
(data not shown). Not surprisingly, the infertile group exhib-
ited a significantly lower parity compared to the non-infertile
group (P<0.001). There were no significant differences among
the 2 groups in variables, such as pre-operative CA125 levels,
pre-operative CA19-9 levels, cyst diameter and tumor localiza-
tion. The CF concentrations of iron were significantly higher
in the infertile group compared with the non-infertile group
(median, 324.8 mg/l; range, 71.3-1046.3 mg/l; vs. median,
226.5; range, 65.3-737.5, respectively; P=0.019) (Table I).
Since parity is the most important factor that reflects
the outcome of infertility, the addition of parity to the
multivariate analysis eliminated the other 2 variables (age
and the CF concentration of iron). First, the present study
examined whether age at diagnosis and the CF concentration
of iron could identify women experiencing current infertility
(infertile group). ROC curves were applied to assess the poten-
tial utility of these indicators in discriminating between the
infertile and non-infertile groups (Fig. 1). ROC curve analysis

discriminated the infertile group from the non-infertile group
with an AUC value of 0.699 and an optimal cut-off value
of 37.5 years of age (sensitivity, 74.4%; specificity, 62.5%)
(Fig. 1A). It was also found that the CF iron measurement
successfully discriminated between the 2 groups (AUC, 0.666)
with an optimal cut-off value of 326.6 mg/1 (sensitivity, 50.0%;
specificity, 81.0%) (Fig. 1B). Based on the above-mentioned
data, a multivariate logistic regression analysis was conducted
to identify independent variables associated with infertility
(Table IT). The results revealed that age at diagnosis (HR, 6.44;
95% CI, 2.06-20.12) and the CF concentration of iron
(HR, 4.90; 95% CI, 1.48-16.22) were able to independently
identify patients with OMA experiencing current infertility.

Second, an age <37.5 years and a CF concentration of iron
>326.6 mg/l were predictors of infertility (Table II); thus, a
combined analysis of the 2 variables was performed. The
iron level/age ratio was defined as an infertility index. ROC
curve analysis discriminated between the infertile group from
the non-infertile group with an optimal iron level/age ratio
cut-off value of 8.37 with an AUC value of 0.731 (sensitivity,
67.9%; specificity, 81.0%) (Fig. 2). Multivariate logistic
regression analysis revealed that both parity (HR, 0.012;
95% CI, 0.001-0.10; P<0.001) and infertility index (HR, 4.85;
95% CI, 1.01-23.27, P=0.049) significantly predicted infertility
(Table III).

Discussion

In order to examine the role of iron in infertile women, the
present study analyzed the pre-operative CF concentrations
of iron in 77 patients with OMA who underwent laparoscopic
surgery. Women experiencing current infertility were 5 years
younger than those without complaints of infertility (median
age, 35 vs. 40 years). The present study demonstrated for the
first time, at least to the best of our knowledge, that the CF
concentrations of total iron were significantly higher in infer-
tile patients than in non-infertile women (median, 324.8 mg/1
vs. 226.5 mg/l; P=0.019). When the CF concentration of iron
was =326.6 mg/l, the patient was considered to be infertile,
with a sensitivity and specificity of 50.0 and 81.0%, respec-
tively. In addition, the combination of 2 variables (infertility
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Table I. Demographic and clinical characteristics of patients in the infertile and non-infertile groups.

Non-infertile group (n=45) Infertile group (n=32) P-value

Age, years; median (range) 40 (21-53) 35 (24-47) 0.003*
Parity

0 9 30

=1 36 2 <0.001°
CA125; median (range) 65.5 (10.0-1504.0) 58.0 (16.0-1830.0) 0.519*
CA19-9; median (range) 25.0 (1.0-252.0) 27.5(1.0-380.0) 0.783*
Tumor diameter; median (range) 65.0 (27.0-193.0) 70.0 (39.0-142.0) 0.103*
Localization

Unilateral 28 26

Bilateral 15 6 0.124*
CF concentration of iron; median (range) 226.5 (65.3-737.5) 324 .8 (71.3-1046.3) 0.019*

“Mann-Whitney U-test; "Chi-squared test; CA125, carbohydrate antigen

125; and CA19-9, carbohydrate antigen 19-9; CF, cyst fluid.

Table II. The univariate and multivariate logistic regression analy

sis for identifying women experiencing current infertility.

Infertility

Univariate analysi

S Multivariate analysis

Variables HR (95% CI) P-value HR (95% CI) P-value
Age, years

>38 1

<38 5.03 (1.83-13.80) 0.002 6.44 (2.06-20.12) 0.001
CF concentration of iron

<326.6 1

>326.6 425 (1.46-12.37) 0.008 490 (1.48-16.22) 0.009

CF, cyst fluid.

Table III. Univariate and multivariate logistic regression analysis for the identification of women experiencing current infertility.

Infertility

Univariate analysis

Multivariate analysis

Variables HR (95% CI) P-value HR (95% CI) P-value
Parity

0 1 1

=1 0.018 (0.004-0.09) <0.001 0.012 (0.001-0.10) <0.001
Infertility index

<8.37 1 1

>8.37 8.97 (2.97-27.10) <0.001 4.85(1.01-23.27) 0.049

index; iron level/age ratio) exhibited a high sensitivity (67.9%)
and specificity (81.0%) in predicting current infertility in
patients with OMA.

First, the severity of endometriosis is dependent on
anatomical factors and patient background. Age, the duration

of infertility, body mass index, the duration of the menstrual
cycle, history of abortion, dyspareunia, pelvic pain and a
family history of endometriosis are risk factors, and some
may be independent predictors of infertility associated with
endometriosis (14). In addition as regards various risk factors,
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some classifications have been reported to predict the severity
of endometriosis and infertility (15). Endometriosis has often
been classified by the size of its anatomical lesions; however,
not only the size of the lesions, but the location is also important
(15). The endometriosis fertility index (EFI) has more predic-
tive power for fecundity, in vitro fertilization (IVF) outcomes,
or post-operative pregnancy in patients with endometriosis
revised American than the Fertility Society classification
(r-AFS classification) (16-20).

Furthermore, endometriosis and its severity have been
reported to be dependent on multiple biochemical, genetic
and environmental factors, such as hormonal factors, altered
immune system, inflammation, growth factors, an imbal-
ance between pro-apoptosis and anti-apoptosis, increased
neuroangiogenesis, familial predisposition, genetic altera-
tions, diet, environmental factors and excessive oxidative
stress (21-23). Redox-related changes in the peritoneal
microenvironment are closely associated with the patho-
genesis of endometriosis, creating favorable conditions for
endometriotic cell proliferation and survival. A number of
researchers have investigated factors associated with the
disease severity using surgically resected tissue, follicular
fluid, peritoneal fluid, and blood. Wang et al reported that
inflammatory factors, such as interleukin (IL)-6, IL-10,
IL-13 and tumor necrosis factor (TNF)-a, could be indica-
tors for the diagnosis of endometriosis with infertility (24).
Cyclooxygenase-2 (COX-2), a rate-limiting enzyme of
prostaglandin (PG) synthesis, plays a crucial role in the
inflammation, proliferation and spread of endometriotic
lesions through the upregulation of certain growth factors,
such as transforming growth factor (TGF)-f expression (25).
In the peritoneal fluid of infertile women with endometriosis,
increased concentrations of PGs have been shown to cause
adverse effects on fertilization, implantation and embryonic
growth, which will lead to infertility (26). Furthermore, an
imbalance between reactive oxygen species (ROS) and the
antioxidant system in the follicular fluid causes abnormal
oocyte development and poor egg quality through DNA,
cytoskeleton and cell membrane damage (27). Excessive
oxidative stress is regarded as a possible mechanism of
endometriosis-related infertility (27). Inflammatory cyto-
kines, ILs and oxidative stress may all be reliable markers for
diagnosing endometriosis and its severity (12). However, the
methods for non-invasively predicting or diagnosing infer-
tility associated with endometriosis are extremely limited,
and no clinically available markers have been reported thus
far, at least to the best of our knowledge.

The present study found that age at diagnosis and the CF
concentrations of iron could predict the risk of infertility in
patients with OMA. It is considered that women who presented
with complaints of infertility are more likely to be younger
than women without infertility as they often visit the clinic
for infertility counseling. The identification of risk factors can
help select populations that are prone to infertility.

Second, the present study aimed to determine whether
iron can induce infertility. When red blood cells are
hemolyzed in the peritoneal cavity or endometriotic
cysts, hemoglobin releases heme iron and free iron (28).
Hemoglobin undergoes autoxidation of the iron in its heme
groups and produces superoxide radicals through conversion

to methemoglobin (10). Bioactive free iron also generates
hydroxyl radicals, a potent ROS, through the Fenton reac-
tion (10). ROS, such as superoxide anion, hydroxyl radical
and hydrogen peroxide, are inflammatory mediators known
to exert deleterious effects by causing DNA damage, meth-
ylation and epigenetic errors (29,30). Therefore, iron-induced
oxidative stress adversely affects female and male gametes,
sperm fertilizing ability, implantation, embryo development,
uterine receptivity, ART outcome and pregnancy rates after
IVF, resulting in infertility (12). Based on the above, it was
thus speculated that women with a high CF concentration of
iron may be more likely to become infertile. Women who
wished to become pregnant may require accurate counseling
and an appropriate conception plan, depending on iron
levels.

Third, over the past decade, certain non-invasive methods
have been developed to quantify iron concentrations in human
organs. There are at least 2 different techniques for the quan-
tification of the iron concentration: T2 magnetic resonance
relaxometry methods and near infrared optical method. The
hepatic and cardiac iron content can be estimated on the
effective transverse relaxation rate (R2*) (31). Recently, T2
relaxometry has allowed the non-invasive quantification of
iron levels in CF and has enabled the diagnosis of endometri-
osis (32). In addition, near infrared spectroscopy is a validated
method that allows for the quantification of the CF concentra-
tion of iron non-invasively and repeatedly (11). A new device,
consisting of transvaginal ultrasonography and near infrared
spectroscopy system (composite-type optical device), is
currently under development for the non-invasive quantifica-
tion of iron concentration in endometriotic CF (11,33). Iron
quantification may assist in the identification of patients at
high risk of infertility.

Finally, there are some limitations to the present study.
Patients with adenomyosis and/or DIE were excluded from the
study to evaluate the effects of OMA itself on infertility. As
a result, the small sample size limits the power of the present
study. It is necessary to accumulate data on CF concentrations
of iron in a large number of patients for clinical application.
Moreover, the cause of infertility was not clarified in the
present study. In addition, the present study does not mention
that the CF concentration of iron is a predictor of post-operative
infertility.

In conclusion, the present study demonstrated that patients
with OMA experiencing current infertility visited the Nara
Medical University Hospital at a younger age than those
without complaints of infertility, and that the CF concentra-
tion of iron was significantly higher in the infertile group
than in the non-infertile group. If the CF concentration of
iron is =326.6 mg/l or the iron/age ratio is =8.37, the cause
of infertility should be evaluated for women who wish to
become pregnant. CF iron may provide useful information for
comprehensive counseling and treatment decisions regarding
endometriosis-related infertility. Future studies are required
however, to elucidate the key mechanisms that link iron with
infertility.
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