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Original Article

Growth Hormone: A Potential Treatment of Patients with
Refractory Thin Endometrium: A Clinical Trial Study
Soghra Hosseini Aghdam, M.D.1, 2, Alyeh Ghasemzadeh, M.D.1, 2*, Laya Farzadi, M.D.1, 2, Kobra Hamdi, M.D.1, 2,
Nazli Navali, M.D.1, 2, Parvin Hakimi, M.D.1, 2, Marayam Baradaran-Binazir, Ph.D.3, Mohammad Nouri, Ph.D.4,
Amir Fattahi, Ph.D.1, 4*, Ralf Dittrich, Ph.D.5
1. Women’s Reproductive Health Research Center, Tabriz University of Medical Sciences, Tabriz, Iran
2. Department of Gynecology, Faculty of Medicine, Tabriz University of Medical Sciences, Tabriz, Iran
3. Community Medicine Department, Faculty of Medicine, Tabriz University of Medical Sciences, Tabriz, Iran
4. Department of Reproductive Biology, School of Advanced Medical Sciences, Tabriz University of Medical Sciences, Tabriz, Iran
5. Department of Obstetrics and Gynecology, Erlangen University Hospital, Friedrich-Alexander University of
Erlangen–Nürnberg, Erlangen, Germany

Abstract

Background: Growth hormone (GH) is a potential treatment in the assisted reproductive technology (ART) to improve
endometrial receptivity and thickness. In the current study, we investigated the effect of the intrauterine administration of GH on the endometrial thickness (EMT) and ART outcomes in the patients with refractory thin endometrium.
Materials and Methods: In this clinical trial study, women with a refractory thin endometrium and a history of
one or more frozen embryo transfer (FET) cancellation who were referred to the infertility center of the Tabriz AlZahra hospital (Tabriz, Iran) and Milad Infertility Clinic (Tabriz, Iran) received intrauterine injections of GH every
other day from day 14 of the menstrual cycle until the EMT reached ≥7 mm in addition to the routine endometrium
preparation protocol. EMT was evaluated during the treatment and in the cases with EMT ≥7 mm, biochemical/
clinical pregnancy was evaluated after embryo transfer.
Results: Thirty-one women aged 35.29 ± 6.21 years were included in this study. The mean amount of EMT was significantly increased following the GH treatment (7.03 ± 1.23 mm) vs. before treatment (5.14 ± 1.1 mm, P<0.001). The EMT
reached ≥7 mm in the 65% patients (20/31). Also, the embryo transfer resulted in pregnancy in the patients, biochemical
pregnancy: 9/20 (45%) and clinical pregnancy: 7/20 (35%). There was a positive correlation between EMT on the day 13
of cycle (before the treatment) and the maximum EMT (r=0.577 and P=0.001). The EMT was statistically different on the
embryo transfer day between clinically pregnant and non-pregnant women (7.18 ± 0.56 vs. 6.21 ± 0.72 mm, P=0.007).
Conclusion: The intrauterine administration of GH could be an appropriate therapeutic strategy for patients with
refractory thin endometrium. This treatment could significantly increase the EMT as well as implantation and pregnancy rates in these patients (registration number: IRCT20210220050429N1).
Keywords: Assisted Reproductive Technology, Growth Hormone, Implantation, Pregnancy
Citation:
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Introduction
Although assisted reproductive technology (ART) has
greatly advanced in recent years (1), clinical studies
show that even with the application of comprehensive
chromosome screening of embryos, the ongoing
pregnancy rate with euploid embryo transfer (ET) is
about 45% (2, 3). This means that factors other than
chromosomal abnormalities are responsible for more than
50% of ART failures. More recently, attention has been
directed to the endometrium in an attempt to optimize the
chance of embryo implantation. The embryo implantation
can be occurred in the window of implantation from day
22 to 24 of a 28-day cycle (4).
Received: 22/October/2021, Accepted: 06/February/2022
*Corresponding Address: P.O.Box: 5138665793, Women’s Reproductive Health
Research Center, Tabriz University of Medical Sciences, Tabriz, Iran
Emails: alghasemzadeh@yahoo.Co.uk, amirfattahi@gmail.com

The thin endometrium, the thickness <7 mm, with the
incidence of about 1% to 2.5% is one of the common issues
that can cause cycle cancelation or implantation failure
(5). It has been shown that the recovery of endometrium
thickness in patients with thin endometrium could improve
endometrial receptivity, implantation, and live birth rates
(6, 7). Currently, several therapeutic strategies have been
applied to restore endometrial thickness (EMT) and
receptivity in patients with refractory thin endometrium,
including administration of Tamoxifen, Pentoxifylline,
a high dose of estradiol, vitamin E, low dose of human
chorionic gonadotropin, low dose Aspirin, L-Arginine,
acupuncture and neuromuscular electrical stimulation,
Nitroglycerin patches, intrauterine infusion of granulocyte
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colony-stimulating factor (GCSF), and stem cells (8, 9).
However, the above-mentioned therapeutic methods have
not been able to produce very good results, especially
in patients with refractory thin endometrium; therefore,
novel treatments are required to improve the endometrial
thickness as well as the pregnancy rate in these patients.
Growth hormone (GH) is used as an adjuvant treatment
in the ART. Studies have demonstrated that this hormone
and its receptors are expressed in the endometrium and
might involve in the EMT and endometrial receptivity
(10-12). There are contradictory results regarding the
effectiveness of intravenous GH administration on the
EMT in the ART cycles (13, 14). The mechanism through
which GH improves the EMT and in vitro fertilization
(IVF) outcomes are almost unknown; however, different
molecules have been suggested to be involved in this
process, including insulin-like growth factor (IGF),
leukemia inhibitory factor (LIF), integrin, and home
box containing transcription factors (15). Since the local
administration of GH may be more effective on the
EMT and endometrial receptivity, for the first time, Yu
et al. (11) evaluated the intrauterine perfusion of GH for
the treatment of human thin endometrium. This study
demonstrated that intrauterine administration of GH could
positively affect EMT and endometrial receptivity.
Given the potential of GH to improve endometrial status
as well as pregnancy outcome and also, lack of sufficient
data on the effect of the intrauterine administration of
GH, the present study aimed to evaluate the effect of
intrauterine administration of GH on the EMT and ART
outcomes in the patients with refractory thin endometrium.

Materials and Methods
Ethical considerations
This study was conducted in accordance with the
Declaration of Helsinki and all procedures were approved
by the Ethical Committee of Tabriz University of Medical
Sciences, Tabriz, Iran (IR.TBZMED.REC.1399.1039).
Moreover, signed informed consent was obtained from
each participant before entering the study. The study has
been registered in the Iranian Registry of Clinical Trials
(IRCT20210220050429N1).
Study population
In this clinical trial study, the participants were recruited
from patients who were referred to the infertility center
of the Tabriz Al-Zahra hospital (Tabriz, Iran) and Milad
Infertility Clinic (Tabriz, Iran), for frozen ET (FET) in
the hormonal replacement cycle due to reduced ovarian
reserve the recruitment procedure is detailed in the
Figure 1. All participants had a history of one or more ET
cancellations due to EMT <7 mm after standard hormone
replacement therapy (HRT). The previous HRT treatment
included estradiol valerate tablets with a constant dose
of 6 mg per day for 7 days and increasing the dose of
estradiol valerate, up to 8mg/day for four more days in
patients with EMT<7 mm.
Int J Fertil Steril, Vol 16, No 4, October-December 2022
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Fig.1: Consolidated standards of reporting trials (CONSORT) flow diagram.
EMT; Endometrial thickness.

Inclusion criteria were as follows: i. Age range of 19 to
45 years, ii. EMT <7 mm at the end of estrogen priming
day in the frozen embryo cycle in the previous cycle(s),
and iii. No obvious abnormality during hysteroscopy
examination within the past 6 months. Patients with
a history of cancer, cardiovascular disease, uterine
abnormalities (e.g. Asherman’s syndrome, fibroid, polyp,
and adenomyosis), any medical contraindication for
GH treatment such as having diabetes, hyperlipidemia,
metabolic diseases, and thyroid disorders were excluded
from the study. Moreover, we excluded couples with
abnormal semen analysis (possibility of male infertility).
Treatments and ultrasound assessment
After collecting some demographic data (weight,
height, and age) of patients, the HRT in the FET cycle
was started after confirmation of no dominant follicles in
the ovaries and EMT <5 mm on the second day of the
menstruation period by using ultrasound. The EMT was
measured by ultrasonography (Micromaxx, Sonosite.inc,
USA) in the median sagittal plane at the thickest three-line
pattern part. In the HRT, the endometrium was prepared
by estrogen. In this regard, on the second day of the cycle,
all patients received estradiol valerate tablets (2 mg,
Aburaihan CO., Tehran, Iran) with a constant dose of 6
mg per day for 7 days (days 2 to 8 of the cycle) to prevent
follicular recruitment. After the one-week treatment (day
9 of the cycle), the second ultrasound evaluation was
performed. If the EMT was <7 mm at the thickest part of
the uterine longitudinal axis, the dose of estradiol valerate
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Following the ET in the 20 patients with EMT ≥
7 mm, we observed 17 pregnancies occurrence: 9
(45%) biochemical pregnancy and 7 (35%) clinical
pregnancy, and also, one (5%) ectopic pregnancy.
The EMT was not statistically different on the day
of ET between biochemically pregnant and nonpregnant women (P=0.266, Fig.2A). However, we
found a significant difference in the EMT on the day
of ET between clinically pregnant and non-pregnant
women (7.18 ± 0.56 vs. 6.21 ± 0.72 mm, P=0.007,
Fig.2B). The maximum EMT amount between
pregnant (biochemically or clinically) women with
non-pregnant ones was not significantly different
(7.89 ± 0.57 vs. 7.68 ± 0.57 mm, P=0.432 and 8.07
± 0.49 vs. 7.66 ± 0.55 mm; P=0.126, respectively).
Moreover, we found no significant difference in the
EMT on the menstrual cycle day 13 (before the GH
treatment), BMI, age, and estrogen levels among
pregnant (biochemically or clinically) with nonpregnant women (P>0.05).
A

Results
Thirty-one patients with a mean age of 35.29 ± 6.21
years and BMI of 28.4 ± 3.65 kg/m2 were included in
this study. Before and after the GH treatment, the mean
amount of EMT was 5.14 ± 1.1 mm and 7.03 ± 1.23
mm, respectively, that shows a statistically significant
increase in the EMT following the treatment (P<0.001).
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Data were statistically analyzed by SPSS (version
20, Chicago, USA). We demonstrated mean ± standard
deviation (SD) of numerical data and the categorical data
was shown as a number and percentage. The independent
t test was used to compare the body mass index (BMI),
EMT, and blood estrogen levels between the pregnant
and non-pregnant groups. The EMT before and after the
treatment was compared using the paired-samples t test. To
compare the frequency of GH injection between pregnant
and non-pregnant groups, the Chi-Square test was used.
Moreover, the association between quantitative factors
was evaluated by the Pearson coefficient correlation test.
The statistical significance was considered as P<0.05.
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In the cases with EMT ≥7 mm, serum estrogen
levels were measured after 48 hours using competitive
chemiluminescent immunoassay and the patients received
100 mg intramuscular progesterone (50 mg/ml Amp,
Aburaihan, Tehran, Iran) 3-5 days before ET depending
on the stage of the embryo. After transfer of 2-3 highquality embryos, progestin supplementation was done
until two weeks. If the pregnancy was achieved it was
continued till 12 weeks of pregnancy. The biochemical
pregnancy was confirmed when serum beta human
chorionic gonadotropin (β-hCG) levels reached >20
IU/L two weeks after the ET. The clinical pregnancy was
defined when the gestational sac was observed four weeks
after the ET by ultrasonography examination. Ongoing
pregnancy was defined as a ≥12 weeks of gestation.

Despite the significant increase in the EMT following GH
administration, the ET was canceled in the 11 (35.5%)
patients since the EMT did not reach 7 mm. There was a
significant positive correlation between the EMT on the
menstrual cycle day 13 (before starting the treatment) and
the maximum amount of the EMT (r=0.577 and P=0.001).
However, we found no significant correlation among
the EMT of pre- or post-treatment with age, BMI, and
estradiol levels (P>0.05).

EMT (mm)

was increased up to 8 mg/day for four more days. Then,
the ultra-sonography evaluation was repeatedly done two
times and the refractory thin endometrium was approved
in patients (n=31) when the EMT was still less than 7
mm. These patients received intrauterine injections of GH
(CinnaTropin®, CinnaGen, Tehran, Iran) every other day
from day 14 of the cycle until the EMT reached ≥7 mm
(maximum of five times injection). The GH solution was
prepared by dilution of 1.5 ml recombinant GH (5 mg/1.5
ml, CinnaTropin®, CinnaGen, Tehran, Iran) with 0.3 ml
of 0.9% saline (Iranian Parenteral and Pharmaceutical
Company (IPPC), Tehran, Iran). For intrauterine GH
therapy, cervical mucus was wiped out using a cotton
swab (Deltalab, Barcelona, Spain) and then 0.6 ml diluted
GH solution (contained 5 mg GH) was slowly injected
into the endometrial cavity at the bottom of the 0.5 cm-1. 0
cm at the distance, by a soft catheter (Labotec, Gottingen,
Germany) and then let the patient rest at 15-30 degrees
of hip elevation position for 15 minutes. In cases whose
EMT did not reach 7 mm, the FET cycle was canceled.

*

Fig.2: The endometrial thickness (EMT) of pregnant and non-pregnant
women. A. Biochemically pregnant women (serum beta human chorionic
gonadotropin >20 IU/L) vs. non-pregnant women and B. Clinically
pregnant women (existing of gestational sac) vs. non-pregnant women. *;
Significant differences (P<0.007) by using independent t test.

Discussion
The refractory thin endometrium is currently an
unresolved clinical problem which its underlying
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mechanism is not very clear (5). However, it has been
suggested that the endometrial stem cell damage and
subsequent impairment of endometrial tissue repair can be
the possible reason for the non-response thin endometrium
(11). Since thin endometrium is one of the reasons for ART
cycle cancellation, in the current study, we investigated
the potential of intrauterine GH administration in the
improvement of EMT and preparation of these patients
for the FET cycle.
Our results demonstrated that intrauterine administration
of GH could significantly increase EMT. In this regard,
the EMT of 64.5% of our patients who had the refractory
thin endometrium reached ≥ 7 mm. Previous studies
consistently reported a positive effect of subcutaneous
(SQ) injection of the GH on the EMT in the infertile
women with repeated implantation failure (RIF) and thin
endometrium (16-18). In a meta-analysis study, it has been
also documented that GH could enhance the EMT in the
women with thin endometrium [odds ratio (OR)=10.62,
95% confidence interval (CI) (2.97, 38.00)] (19); however,
this effect of GH was not confirmed by others (13, 14).
Such controversial findings regarding the effect of the GH
on the EMT could be due to the differences in the doses
of GH, starting time and duration of GH treatment, EMT
evaluation method as well as the patient selection. In this
respect, it has been observed that starting GH treatment
earlier in the menstrual cycle could improve better the
EMT (13). Moreover, in contrast to this study, GH was
systematically administrated by the subcutaneous (SQ)
or intravenous (IV) or intraperitoneal (IP) injection,
and as far as we know there is only one report on the
intrauterine administration of GH in the only five patients
with thin endometrium (11). In this regard, they indicated
that intrauterine administration of GH at 8-12 days after
menstruation every other day could significantly increase
the EMT in the patients with refractory thin endometrium.
The current study also confirmed the effectiveness of the
intrauterine perfusion of GH in the increasing EMT of
31 patients. It seems local administration (intrauterine)
of the GH could be more beneficial in comparison with
the systematic treatment (SQ, IV, and IP) due to i. Higher
effect on the endometrial cells because of the direct
delivery of the GH to the cells, ii. Application of a lower
dose in comparison with the systemic administration, and
iii. Lack or negligible side effect of the GH on the body.
Regarding the latter reason, it has been mentioned that
the GH may induce malignancy and metabolic disorder
in the individuals without GH deficiency (20). Moreover,
it has been documented that the GH can negatively affect
insulin resistance and glucose tolerance (21).
The mechanism(s) by which the GH can increase the
EMT has not been completely described. However, it has
been shown that this hormone can induce vascularization,
glandularization, and stromal loosen in the endometrium
via interacting with its receptor and IGFs. Moreover, the
GH stimulates the expression of inflammatory cytokines
such as integrin and LIF, and consequently mitosis of
endothelial cells and the endometrial blood flow (22).
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Since the vascular endothelial growth factor expression,
vascularization, and glandular epithelium growth are
decreased and the uterine artery blood flow is decreased
in the thin endometrium (23, 24), GH can promote EMT
amount by the above mentioned mechanisms.
We found that the transfer of embryos in the patients
with an EMT score ≥7 mm after GH administration,
resulted in 45% biochemical pregnancies and 35% clinical
pregnancies which are almost satisfying rates among
patients with refractory thin endometrium. Moreover, it
has been seen that the EMT score was significantly higher
among patients who got clinically pregnant in compared
to those who did not. These findings can confirm the
positive effect of the GH on the endometrial preparation
and receptivity and consequently the chance of pregnancy
in addition to increasing its thickness. Several studies
have also demonstrated a beneficial effect of the GH
on the embryo implantation and clinical pregnancy in
the infertile women , RIF affected as well as refractory
thin endometrium patients (12-14, 16-18). For example,
Cui et al. (16) reported that administration of the 4.5 IU
GH since the day of progesterone administration of the
ET day, every alternate day, could significantly increase
the EMT amount and subsequent implantation rate and
clinical pregnancy rate in patients with thin endometrium.
However, some studies observed a lack of beneficial
effects of the GH on the pregnancy rate (10, 25). Previous
studies have revealed positive associations between the
EMT with implantation and pregnancy rates (26, 27). It
has been also found that women with thicker endometrium
on the day of hCG injection had a higher pregnancy rate
than those who had thinner ones (28, 29). Therefore, it
can be postulated that one of the mechanisms of the GH
that increases the chance of pregnancy may be promoted
the EMT amount. Moreover, the GH induces production
of different factors by the endometrium such as LIF,
vascular endothelial growth factor (VEGF), IGFs, matrix
metalloproteinase-9 (MMP-9), and tissue inhibitors of
matrix metalloproteinase-1 (TIMP-1) which can positively
affect endometrial receptivity and subsequent pregnancy
outcome (16, 30); nevertheless, we did not evaluate the
molecular mechanisms underlying the positive effect of the
GH on the implantation and pregnancy and further studies
are required to shed more light on this issue. Moreover,
some confounding factors might be able to affect our
results, particularly the implantation and pregnancy
rates, such as genetic abnormalities of the embryos, the
difference in the stage of transferred embryos (cleave or
blastocyst) also the relatively small sample size.

Conclusion
This study showed that intrauterine administration of
the GH every other day from day 14 of the menstrual
cycle could be an appropriate therapeutic strategy for
the patients with refractory thin endometrium. This
treatment could significantly increase the EMT as well
as implantation and pregnancy rates in the patients with
refractory thin endometrium. Intrauterine perfusion of

Hosseini Aghdam et al.

the GH in comparison with the systemic administration
of GH can have negligible side-effects, while we did not
observe any adverse effects in our patients.
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Abstract

Background: Gonadotropin-releasing hormone antagonist (GnRH-ant), widely adopted protocol, is more in line with
the physiological processes, and induces a shorter and more cost-effective ovarian stimulation. In order to assess the success rate of embryo transferring (ET) in the antagonist in vitro fertilization (IVF) cycles, we compared the fresh ET with
the frozen ET outcomes.
Materials and Methods: In this retrospective cohort study, one hundred five cases of ET of the infertility clinic of
the Besat hospital (Kurdistan, Iran) between March 2014 to March 2020 that were treated with antagonist cycle (both
fresh and frozen) were analyzed. The difference between the two groups in baseline data and reproductive outcomes
were evaluated using Independent sample t test, Mann-Whitney U test, Chi-squared test, and Fisher's exact test in
SPSS software (version 22).
Results: Out of 105 cases, 48 and 57 were in the fresh and frozen ET groups, respectively. The participants age was
35.75 ± 4.9 Y. In the fresh ET group, and 33.98 ± 5.1 Y in the frozen ET group. The percentage of chemical pregnancy
was 12 (25%) in the fresh ET group and 15 (26.3%) in the frozen ET group (P=0.8); Clinical pregnancy rate was 11
(22.9%) in the fresh ET group and 11 (19.3%) in the frozen ET group (P=0.6); the rate of abortion in the fresh ET
group was 3 (6.3%, P=0.2), and in the frozen ET group was 8 (14%, P=0.2); and the live birth rate was 9 (18.8%) in
the fresh ET group, in comparison with 7 (12.3%) in the frozen ET group (P=0.3).
Conclusion: Not statistically significant, the percentage of chemical pregnancy and abortion were higher in the frozen ET
group. The percentage of clinical pregnancy and live birth were higher in the fresh ET group.
Keywords: Assisted Reproductive Technology, Embryo Transfer, In Vitro Fertilization
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Introduction
Infertility can be defined as the failure to achieve
a pregnancy within one year of regular unprotected
intercourse (1, 2). Infertility is affecting 8-12% of couples
worldwide (3). Couples undergo infertility treatments due
to male factor, female factors or unexplained infertility
(4). Female factor accounts for 33-41% of infertility cases,
male factor accounts for 25-39% of the cases and 9-39%
are due to a combination of both male and female factors
(5). The variability in patient characteristics and response to
assisted reproductive technology (ART) dictate the need for
proven, personalized diagnostic and therapeutic approaches
to optimize efficacy and safety of treatment (6). Under a
standard infertility treatment algorithm (SITA), couples
who do not become pregnant with ovulation induction,
undergo assisted reproductive techniques such as in vitro
fertilization and embryo transfer (IVF-ET). Although, a
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fresh ET is still routine practice in the IVF cycles, elective
frozen ET has emerged as an important method that can
influence IVF outcomes (7).
After 40 years of development of IVF and ET, many IVFET cycles are failing and no signs of embryo implantation
or the production of human chorionic gonadotropin (hCG)
are achieved (8). One possible cause of the unsuccessful
implantation rate is reduced endometrial receptivity despite
of high quality transferred embryos (9). Poor endometrial
receptivity is a major factor that leads to recurrent
implantation failure. However, the traditional method
cannot accurately evaluate endometrial receptivity (10).
Endometrial receptivity is reduced during ovulation cycles,
including in both gonadotropin-releasing hormone [GnRH
agonists (GnRH-a) and GnRH antagonist (GnRH-ant)
cycles], and is lower in patients who undergo GnRH-ant
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protocol cycles than in those who receive the conventional
GnRH-a long protocol cycles (11-13). Endometrial
receptivity should be assessed before transferring
embryos. Endometrial thickness (EMT) can be measured
by transvaginal ultrasonography (TVU). Several studies
suggest that an EMT <8 mm is associated with implantation
failure in both fresh and frozen ET cycles (14-16).
In evaluating the success rate in each cycle, we should
consider the expenses, treatment side effects, patient
satisfaction, and complications in mothers and fetuses. It
is necessary to focus on finding important indicator for
making decisions and should be considered as a key point
in defining the success of assisted reproductive technology
(ART) treatment. This not only reflects the outcome of an
embryo transfer, such as pregnancy rate, abortion rate, but
also evaluates the potency of all embryos after one oocyte
retrieval cycle (17). A successful fertilization depends on
the synchronic cytoplasmic and nuclear maturation (18). In
recent years, there have been many reports on the pregnancy
outcomes of fresh blastocyst transfer (BT) and frozen-thawed
BT, but the conclusions are controversial and incomplete (19).
GnRH antagonists have been widely used for prevention
of premature luteinizing hormone (LH) surges during
controlled ovarian stimulation (COS) before IVF-ET
(20). Simple method, short medication duration, and
low incidence of ovarian hyperstimulation syndrome are
some advantages of the GnRH-ant protocol (21). GnRH
antagonists are also not associated with acute induction of
gonadotropins, which may induce cyst formation. GnRH
antagonists (GnRH-ant) does not result in profound hypooestrogenemia observed with GnRH agonists (GnRH-a)
therefore no hot flushes are observed with GnRH-ant (22).
Patients with high risk of polycystic ovarian syndrome,
and poor responders are some of the main applications
of antagonist IVF cycles. The overall cumulative live
birth rate (CLBR) of poor ovarian responders (POR)
is extremely low. In studies, some poor responders
were retrospectively identified after some forms of
conventional ovarian stimulation. Patients with advanced
age or abnormal ovarian reserve tests [such as high
follicle-stimulating hormone (FSH) or low anti-mullerian
hormone (AMH) levels], are more appropriately defined
as expected poor responders (23). Due to the increasing
application of antagonistic cycles, in this single-center
retrospective cohort study, we aimed to analysis the
fertility rate and ART outcome of fresh ET and frozen ET
in the antagonist IVF cycles, to close the better chance of
ET with higher success rates. Many studies have compared
the results of fresh versus frozen ET in IVF cycles (both
agonist and antagonist), but there are not many research
studies that compare the ART outcome in antagonist IVF
cycles alone. Here, we focused on this to find a better
understanding of the factors affecting their outcomes.

Materials and Methods
Ethical considerations
Patients of the infertility clinic of the Besat Hospital

(Kurdistan, Iran) between March 2014 to March 2020,
who received antagonist IVF cycle treatment were
invited to this study. They were informed that only
the outcome of their clinical process will reanalyze
and targeted for research purposes. Then, the records
of whom that provided written informed consent used
in this study. This study was conducted after approval
by the Ethics Committee of the Kurdistan University
of Medical Sciences, Kurdistan, Iran (IR.MUK.
REC.1399.042).
Participants
The inclusion criteria for this study consisted of infertile
women, in their reproductive age, referred to the infertility
clinic of the Besat Hospital, admitted from March 2014 to
March 2020, and being treated with an antagonistic IVF
cycle. Patients with incomplete hospital records, that we
were unable to obtain the necessary information, patients
with no retrieved oocytes, and also patients who did not
complete their antagonist cycle and embryo transfer, were
excluded from the study.
Study design
We considered two groups for this study. Fresh ET
group, and frozen ET group. Fresh ET group includes
patients undergoing antagonistic IVF cycle who received
fresh embryo(s). The frozen ET group included the frozen
embryo(s) transfer. The demographic data and other
required clinical and paraclinical data were collected
from patients’ records.
ET was performed on the third day of fertilization
when the embryos were at the 8 cell stage (cleavage-stage
embryos). The embryos were graded into four categories
according to their fragmentation index: grade A: equal
size blastomeres and less than 10% fragmentation;
grade B: slightly unequal blastomeres with up to 20%
fragmentation; grade C: unequal sized blastomeres, up
to 50% fragmentation and large granules; and grade
D: unequal blastomeres with significant fragmentation
(>50%) and large granules (24, 25). Due to low
implantation potential of human embryos with greater
than 25% fragmentation, have a (25), we only transferred
embryos grade A and B.
We did not transfer embryos that were arrested in 2
cell stage, 4 cell stage, and 6 cell stage, as these factors
can be considered confounding variables. In this study,
we only transferred grade A, and B embryos. The criteria
we considered for ET included: being equal in size, low
fragmentation percent, and the accordance of embryo
growth to fetal age. We used vitrification technique. The
Kitazato vitrification kit (VT-601, Kitazato, Japan) was
used, and we followed Kitazato kit protocol; i.e. fifteen
minutes in the equilibration solution (ES), and the last one
minute in the vitrification solution (VS).
In the frozen group, all embryos have been frozen, and
with an interval of more than 2 months, the embryos were
257

Int J Fertil Steril, Vol 16, No 4, October-December 2022

Fresh ET vs. FET in Antagonist IVF

transferred in one of the following methods: i. Suppression
with the gonadotropin agonist, Diphereline, with half
of a 3.75 ampoule, one week before menstruation, and
initiation of the Estradiol valerate, the dose of which
was determined individually for each patient, ii. Starting
the cycle without suppression, starting with Estradiol
valerate from the second day of the cycle, iii. Cycle
stimulated with Clomiphene or Letrozole, and injection
of hCG during follicle maturation, and subsequent
embryo transfer, and iv. Patients’ own normal cycle and
stimulation with hCG.
After the EMT reached above 8 mm, 100 mg of
Progesterone (Fertigest, 50 mg Amp*2, Aburaihan
Company, Iran) was given daily for 2 to 4 days, and
frozen embryos were transferred according to the patient's
condition. We performed a Beta-HCG laboratory test to
assess chemical pregnancy, and ultrasound evaluation
of the patients to determine clinical pregnancy. If the
pregnancy was confirmed, patients were followed by
phone calls, clinic visits, and also obtaining information
from their medical records, to record any abortion, or
continuation of the pregnancy, or any other possible
consequences. We also contacted patients and reviewed
their hospital records, to obtain any information regarding
unwanted events.
Measurements
Demographic information of the patients, including age,
and body mass index (BMI), was collected from patients’
records. We also gathered information regarding the type
of infertility, and the reason they were selected for the
antagonist IVF cycle. BMI of the patients was divided into
five categories: i. Underweight (BMI<18.5), ii. Normal
(BMI: 18.5-24.9), iii. Overweight (BMI 25-29.9), iv.
Obese (BMI 30-34.9), and v. Extremely obese (BMI>35).
The type of infertility was divided into two groups: i.
Primary infertility ii. Secondary infertility. The reason for
choosing antagonist IVF cycle was categorized into three
reasons: i. Polycystic ovarian syndrome (PCOS), ii. Poor
responders, and iii. Failure of the previous agonist cycle.
During this study, we assessed and compared the number of
follicles, number of degenerated oocytes, mature oocytes,
immature oocytes, injected oocytes, fertilized oocytes,
number of transferred embryos, and quality of transferred
embryos, in both groups. After completing the antagonist
cycle, we studied cases leading to chemical pregnancy
and clinical pregnancy, which were determined using the
β-hCG test, and ultrasound results, respectively. Among
the pregnant cases, we studied the number of miscarriages,
twin, and live birth. In both groups, complications were
also recorded and compared based on hospital records and
specialist reports.
Data analysis
The collected data were analyzed using SPSS software
(version 22, SPSS Inc., Chicago, IL, USA). In the data
description section, descriptive statistical methods such
Int J Fertil Steril, Vol 16, No 4, October-December 2022
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as mean, standard deviation, frequency, and relative
frequency as well as the related tables were used to
summarize the results. The difference between the two
study groups were evaluated using Independent sample
t test, Mann-Whitney U test, Chi-squared test, and
Fisher’s exact test. The significance level of the tests was
considered 0.05.

Results
According to the number of available records and to
increase the accuracy of the study, 105 patients were
studied, including 48 patients in the fresh group, 57 patients
in the frozen group. The sample size was calculated using
alpha error of 0.05, and beta error of 0.20, and assuming
40% difference in outcome indices in the two groups,
using R software.
We compared the reason for choosing antagonist IVF
cycle and no statistically significant difference was found
(Table 1).
Table 1: Comparing the reason for choosing antagonist IVF cycle and type
of infertility between the two groups

Variables

Fresh

Frozen

Reason for antagonist cycle

P value
0.3*

PCOS

14 (29.2)

19 (33.3)

Poor responder

20 (41.7)

16 (28.1)

Previous failure of agonist cycle 14 (29.2)

22 (38.6)

Type of infertility

0.4*

Primary

39 (81.3)

43 (75.4)

Secondary

9 (18.8)

14 (24.6)

Data are presented as n (%). *; Chi-squared test, IVF; In vitro fertilization, and PCOS;
Polycystic ovarian syndrome. P≤0.05 was considered significant.

Using an independent t test, we did not observe a
significant difference of age, and BMI, between our
groups. Also, no statistically significant difference was
found in the other parameters such as Immature GV
(Table 2).
The quality of transferred embryos
Considering the quality of transferred embryos in
fresh and frozen ET groups, can be concluded that
the most common type of embryo transferred in both
groups was grade "A". After grade A, the "both grades
A & B" group and the "grade B" groups were the most
frequent qualities used. Type C embryos were not used
in any of the patients in our study. Out of 48 patients
in the fresh ET group, 41 (85.4%) received the grade
"A" quality embryos, 2 (4.2%) received the grade "B"
quality embryos, and in 5 (10.4%) patients, "both grade
A and grade B" embryos were transferred. Out of 57
patients in the FET group, 50 (87.7%) received "A"
quality embryos, 4 (7%) received "B" quality embryos,
and 3 (5.3%) received both grade A and grade B. In this
study, no grade "C" embryos were transferred to any of
the patient groups (Table 2).

Seyedoshohadaei et al.
Table 2: Comparing age, BMI, embryogenic factors, and quality of
transferred embryos in our groups

Variable

Unwanted side effects
In this study, three types of unwanted side effects were
observed and recorded during the treatment period in
our groups. These unwanted events included: 1. Ovarian
hyperstimulation syndrome, 2. Ectopic pregnancy, and 3.
Loss of a fetus in a twin pregnancy (Table 4).

Fresh
(n=48)

Frozen
(n=57)

P value

35.75 ± 4.9

33.98 ± 5.1

0.07£

BMI (kg/m )

26.71 ± 3.8

27.52 ± 4.3

0.6£

Follicles/oocytes

6.63 ± 4.83

7.58 ± 6.02

0.3£

Degenerated oocytes

0.56 ± 0.82

0.56 ± 1.01

0.9₤

Immature GV

0.27 ± 0.70

0.40 ± 1.05

0.4

Type of adverse event

Immature M1

0.48±0.82

0.51 ± 0.98

0.8

3 (5.3)

Mature M2

5.29±3.74

6.18 ± 5.68

0.3₤

Severe ovarian hyper stimulation 4 (8.3)
syndrome

Injected oocytes

5.65±4.02

6.68 ± 5.69

0.2₤

Ectopic pregnancy

1 (1.8)

Fertilized oocytes 2PN

4.75±3.16

5.37 ± 4.45

0.4₤

Embryos

4.65±3.21

5.35 ± 4.48

0.3₤

A

41 (85.4)

50 (87.7)

0.5¶

B

2 (4.2)

4 (7)

A and B

5(10.4)

3 (5.3)

C

0

0

Age (Y)
2

₤
₤

Grade of transferred embryo

Data are presented as mean ± SD or n (%). ; Independent sample t test, ₤; Mann-Whitney U
test, ¶; Fisher’s exact test, BMI; Body mass index, SD; Standard deviation, GV; Germinal
vesicle, M1; Metaphase 1, M2; Metaphase 2, and 2PN; Two-pronuclear zygote. P≤0.05 was
considered significant.
£

Comparing the frequency of chemical pregnancies,
a positive serum β-HCG in the fresh ET group with the
frozen ET group, was non significantly lower (Table 3).
Comparing the frequency of clinical pregnancies detected
by a first trimester ultrasonography, in the fresh ET group
with the frozen ET group reveals that the percentage of
clinical pregnancy is higher in the group of fresh ET, but
this difference is not statistically significant. The abortion
frequency in the fresh ET group in comparison with the
frozen ET group, was non significantly higher in the
frozen ET group. Comparison of the frequency of twins
in the fresh ET group with the frozen ET group, confirms
that the rate of twins in the group of fresh ET is non
significantly higher. The live birth frequency in the fresh
ET group in comparison with the frozen ET group shows
the nonsignificant higher rate (Table 3).
Table 3: Comparing the final results between fresh vs. frozen embryo
transfer groups

Variable

Treatment group Yes

No

P value

Chemical
pregnancy

Fresh

12 (25)

36 (75)

0.8*

Frozen

15 (26.3)

42 (73.7)

Clinical
pregnancy

Fresh

11 (22.9)

37 (77.1)

Frozen

11 (19.3)

46 (80.7)

Abortion

Fresh

3 (6.3)

45 (93.8)

Frozen

8 (14)

49 (86)

Fresh

2 (4.2)

46 (95.8)

Frozen

1 (1.8)

56 (98.2)

Fresh

9 (18.8)

39 (81.3)

7 (12.3)

50 (87.7)

Twin
Live birth

Frozen

0.6*
0.2¶
0.5¶
0.3*

Data are presented as n (%). ; Chi-squared test and ; Fisher’s exact test. P≤0.05 was
considered significant.
*

¶

Table 4: Comparing the unwanted adverse events between the two groups

Fresh

0 (0)

Loss of one embryo in twin pregnancy 1 (2.1)
No adverse events

Frozen P value
0.48¶

0 (0)

43 (89.6) 53 (93)

Data are presented as n (%). ¶; Fisher’s exact test. P≤0.05 was considered significant.

Overall, adverse events happened in 5 patients (10.4%) in
the fresh group, and 4 patients (7.1%) in the frozen group
(P=0.48). Fortunately, 43 patients (89.6%) in the fresh
group, and 53 patients (93%) in the frozen group did not
experience any type of adverse events (P=0.48, Table 4).
Effect of quality of transferred embryos on final results
Using fisher’s exact test, and chi-squared test, we assess
the different quality of embryos that we transferred in
both groups and their effect on our results. We observed
that the highest rate of chemical and clinical pregnancy,
in both groups, was in “grade A” embryo transfer, but this
difference was not statistically significant. And also, the
highest percentage of abortions was seen in the frozen
ET group to which “grade A” embryos were transferred,
but this difference was not statistically significant. Three
cases of twins were observed, all cases from “grade A”
embryo group, 2 cases in the fresh group, and 1 case in the
FET group. It was seen that the most live births belonged
to the group that received “grade A” embryos, but this
difference was not statistically significant.

Discussion
The Gonadotropin Releasing Hormone antagonist
(GnRH-ant) protocol is widely used as a convenient and
cost-effective treatment for patients undergoing IVF (26).
Currently, there is no consensus whether fresh ET versus
frozen one, could improve IVF outcomes in GnRH-ant
cycles. In this retrospective cohort study, we reviewed the
treatment process and analyzed data from one hundred
five patients treated with antagonistic IVF cycles in two
groups of fresh and frozen ET.
Impaired endometrial receptivity has been suggested
as an etiology of reduced pregnancy rates in the fresh
embryos transferred ARTs (27). Endometrial receptivity
can affect implantation rate, and decrease the chance
of the embryo to implant (28). Frozen ET cycles are
performed in a physiological uterine environment, and
this may be the reason that some studies observed better
IVF outcomes following the frozen ET than after fresh
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ET (19, 27, 29). In a systematic review and meta-analysis
performed by Roque et al. (30), they compared the
outcomes in the fresh ET versus frozen ET in IVF cycles.
They concluded that IVF outcomes may be improved by
performing frozen ET (FET) compared with fresh ET.
The progress in embryo cryopreservation techniques has
made freeze-all strategy more acceptable. Freeze all strategy
has its advantages and disadvantages. No clinical data
supports the use of freeze-all strategy for all patients (31).
Dieamant et al. (32) conducted a meta-analysis to evaluate
whether the freeze-all strategy can improve the outcomes
when compared to the fresh ET in patients undergoing an
ART cycle in accordance with the mean number of oocytes
collected. They concluded that the freeze-all strategy could
be favorable when high numbers of oocytes are collected,
signaling an association between higher ovarian stimulation
and consequent impairment of endometrial receptivity.
However, when the mean number of oocytes collected
is <15, the freeze-all strategy does not appear to be
advantageous. In our study, the mean number of collected
oocytes was 6.6 in the fresh ET group, and 7.5 in the frozen
ET group, and the ART outcome was not significantly
different between the two groups, and therefore, the results
matched with "freeze-all strategy" study.
Similar results have been reported in other studies.
Basirat et al. (33) observed in their study population that
there was no significant difference in the pregnancy rate
following ICSI treatment between fresh ET and frozen ET
groups. Seyedoshohadaei et al. (34) reported that fresh
ET versus frozen ET in their patients who underwent
intracytoplasmic sperm injection (ICSI) had no significant
effect on the final ART outcomes. Although, they did
not study antagonist cycles specifically, they concluded
that no statistically significant difference was found in
the chemical and clinical pregnancy between frozen ET
and fresh ET methods. In the current study, we could not
find a significant difference in the chemical and clinical
pregnancy between the two groups as well.
However, some other investigations have reported
different results. Roque et al. compared IVF outcomes
between fresh ET and frozen ET (the "freeze-all"
policy) (35). Five hundred thirty patients underwent a
gonadotropin-releasing hormone-antagonist protocol,
and cleavage-stage, day-3 ET. The ART outcomes were
significantly better in the freeze-all group in comparison
with the fresh ET. Their results suggested that endometrial
receptivity may have been impaired by COS, and outcomes
may be improved by using the freeze-all policy, which is
different from the results obtained in our study. Liu et al.
(36) conducted a retrospective cohort study to compare
frozen ET versus fresh ET in GnRH antagonist cycle in
women with 3-10 oocytes retrieved. They concluded that
the pregnancy rate was significantly higher in the frozen
ET group than the fresh ET group (63.70% vs. 54.50%,
P<0.001), which is different with the results in our study.
Pregnancies following ART are at higher risk of
antenatal complications, and poor neonatal outcomes. This
Int J Fertil Steril, Vol 16, No 4, October-December 2022
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can result from not only a higher incidence of multiple
pregnancy, but also the manipulation involved in ART
processes (37). The high twinning rate is directly linked
to the number of embryos transferred (38). Particularly at
risk are young women who have good quality embryos.
Single embryo transfer (SET) can decrease the incidence
of multiple pregnancies, including twin pregnancies, after
assisted reproduction. Among our study population, we
had 2 twin pregnancies (4.2%) in the fresh ET group and
1 twin pregnancy (1.8%) in the frozen ET group. In a
recent study, Stormlund et al. (39) compared the ongoing
pregnancy rate (OPR) between a freeze-all strategy and
a fresh transfer strategy in ART treatment in women
with regular menstrual cycles. They had 223 patients in
the freeze-all group and 230 in the fresh transfer group,
no twin pregnancies occurred in either of the groups in
their study, that is lower than the twin rate in our study,
probably due to fewer number of embryos transferred. In
another study performed by Ashrafi et al. (40), the factors
affecting the outcome of a frozen ET cycle were assessed.
The number of singletons in their study was 45 (78.9%),
and multiple pregnancies were observed in 21.1% (17.6%
twins and 3.5% triplets), twin percentage was higher
compared to our study, this can be explained by different
number of embryos transferred.
Application of a proper embryo scoring system has
many potential benefits such as; i. Accurate selection
of embryos prior to transfer, ii. Reduction of the risk
of multiple pregnancies, iii. Assessment of different
culture media, and iv. Comparison of embryo quality
between patient cycles. Quality assessment of cleavage
stage embryos is a common method in embryo quality
assessment accepted by numerous embryologists. For this
aim, some morphological features have been suggested.
The most important qualities to consider are: fragmentation
rate (Fr), blastomeres irregularities, multinucleation and
blastomere number (25).
Also, there were studies in the past, which evaluated
the ART outcome of fresh ET and frozen ET, but present
study focused on the patients who received an antagonist
IVF cycle. As these patients are usually poor responders,
older in age, or polycystic ovary syndrome (PCOS) cases,
and therefore a much harder group to achieve pregnancy.
This study had its limitations. It was a single-center
research project with limited study population; therefore,
we suggest performing same studies on a larger study
population, prospective, or multi centric.

Conclusion
In order to have a better chance of ET with higher
success rates, we studied the fertility rate and ART
outcome of fresh ET and frozen ET in antagonist IVF
cycles. Currently, there is no consensus whether fresh
ET versus frozen one, could improve IVF outcomes in
GnRH-ant cycles. GnRH antagonists have been widely
used recently as a convenient and cost-effective treatment
for patients undergoing IVF, and has many advantages
including: prevention of premature luteinizing hormone
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(LH) surges during COS before IVF-ET, simple method,
short medication duration, and low incidence of ovarian
hyperstimulation syndrome. Moreover, no cyst formation,
and no hot flushes are observed. Patients with high risk
of polycystic ovarian syndrome, and poor responders are
some of the main applications of antagonist IVF cycles,
which are harder groups of patients to achieve pregnancy.
Therefore, it is worthwhile to study and analyze the factors
determining success rate and ART outcomes in GnRHant IVF cycles. Although not statistically significant,
the percentage of chemical pregnancy and abortion was
higher in the frozen ET group. The percentage of clinical
pregnancy and live birth was higher in the fresh ET group.
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Abstract

Background: Deep infiltrating endometriosis (DIE) is described as an endometriotic tissue that penetrates more than
5 mm under the peritoneal surface. It’s suggested that trans vaginal sonography (TVS) is 79% sensitive and 94% specific in the assessment of intestinal DIE. Considering the possibility that DIE ultrasonography (rectal and\or vaginal
ultrasonography) might be more accurate, we designed this study to assess this study to evaluate the accuracy of DIE
ultrasonography.
Materials and Methods: In this retrospective cross-sectional study, we designed and conducted this study from
2019 to 2020 on patients suspected of severe endometriosis. Our patients underwent ultrasonographic imaging
and based on the results became candidates for surgery. We compared histopathological results with sonographic
findings using crosstabulation and chi-square tests were used to measure accuracy. P<0.05 were considered
statistically significant.
Results: Following pathological assessments of 109 cases, 97 cases had ovarian endometrioma, 42 cases had
intestinal involvement and 56 cases had uterosacral DIE. The results for accuracy were as the following; uterosacral ligament (USL) involvement SE: 96.4% and SP: 59.1%; intestinal involvement SE: 97.6% and SP: 73.8%;
and Cul de sac involvement with SE: 100% and SP: 50.8%. With regards to ovarian endometrioma, ultrasonographic imaging was 99.0% sensitive and 84.6% specific. With regards to intestinal involvement, ultrasonography performed a reliable overall diagnosis (97.6% sensitive and 73.8% specific). However, the results showed
lower accuracy regarding the level of intestinal involvement. The accuracy for other sites and cavities was low
except for ovarian endometrioma.
Conclusion: The results of the present study demonstrated that pre-operative TVS and Transrectal ultrasound (TRUS) can
be a helpful paraclinical tool in the assessment and diagnosis of DIE and endometriosis in general and particularly with
adnexal and bowel lesions, it can have some shortcomings with respect to cul de sac and USLs.
Keywords: Laparoscopic Surgery, Ovarian Endometrioma, Ultrasonographic Imaging
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Introduction
Endometriosis is described as the presence of
endometrial tissue in a space outside of the uterus and
endometrial cavity. This disease affects almost 10% of
women of reproductive age and is usually diagnosed with
clinical history as most of the cases complain of chronic
pelvic pain (1, 2). The average interval between the start
of symptoms and surgical diagnosis is 10.4 years (3).
Beyond the clinical symptoms and physical examination,
imaging is the modality for the initial assessment of these
patients. Imaging techniques currently used to diagnose
endometriosis are magnetic resonance imaging (MRI)
Received:03/August/2021, Accepted: 11/December/2021
*Corresponding Address: P.O.Box: 1598116539, Department of Obstetrics and
Gynecology, Arash Women Hospital, Tehran University of Medical Sciences,
Tehran, Iran
Email: sara_farzadi800@yahoo.com

and ultrasonography with a preference for sonography in
recent years (4).
However, the combination of transvaginal sonography
(TVS) and MRI is not recommended for a more accurate
diagnosis (5). But still, other causes such as fibroma, corpus
luteum, cystadenoma, tubo-ovarian abscess, teratoma, and
carcinoma are needed to be ruled out (6-8). Identification
of the endometriotic nodules and their correct localization
enables complete lesion mapping before surgery and
prevents unexpected plan changes in surgery (1, 6, 9, 10).
Deep infiltrating endometriosis (DIE) is recognized as
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the most severe form of endometriosis has a complex
clinical approach; it is described as a lesion that penetrates
>5 mm under the peritoneal surface (11). DIE accounts
for 15 to 30% of all endometriosis cases of which 90%
are characterized by chronic pelvic pain and infertility,
and 25% are accidentally discovered during laparoscopy
or laparotomy (12, 13). DIE nodules infiltrate mostly
the uterosacral ligaments (USL), rectosigmoid, vaginal
fornix, rectovaginal septum, and/or bladder (14).
Intestinal endometriosis comprises a spectrum from
simple adhesions between the intestine and cervix to nodular
lesions that might involve serous membrane to the mucosa.
These kinds of severe involvements require simultaneous
cooperation between the colorectal and the gynecology
surgeons. Due to various diameters and involvement stages,
several surgical approaches have been proposed and used (1,
9). While smaller, less invasive, lesions are removed using
stapled trans-anal resection, the larger and more invasive
ones need segmental resection (6, 15).
A precise consensus on the definition and severity of
endometriosis isn’t reached yet but the most frequently
used classification is the American Society of Reproductive
Medicine (ASRM) classification; however, it fails to
completely represent DIE's characteristics (16, 17). It’s
suggested that TVS is 79% sensitive and 94% specific in
the assessment of the extent of DIE (2) meanwhile, it is
proposed that DIE pelvic ultrasonography, which includes
rectal and\or vaginal ultrasonographic imaging, is more
accurate regarding the extent and severity (1, 2, 6, 11).
We designed and conducted this cross-sectional study
to assess the accuracy of DIE ultrasonography and to
do so, we compared the results with pathological and
surgical findings, particularly with results of rectal
involvement. It’s suggested that TVS is 79% sensitive and
94% specific in the assessment of intestinal DIE. In this
study, we assessed the accuracy of DIE ultrasonography
(rectal and\or vaginal ultrasonography) which is thought
to be more accurate.

Materials and Methods
We designed and conducted this cross-sectional study on
patients with severe endometriotic symptoms who were a
candidate for laparoscopic surgery and their disease was
later confirmed histologically from December 2019 to
December 2020. Our patients who were suspected of DIE
were assessed in regards to the following characteristics
and variables: age, body mass index (BMI) category,
confirmed DIE or ovarian endometrioma (OMA), and
the respective location and the level of involvement.
Our patients were 35.41 years old on average with a
standard deviation of 5.94. The symptoms included
pelvic pain, dysmenorrhea, dyspareunia, infertility,
abnormal uterine bleeding (AUB), and dysphasia. The
patients were enrolled from the laparoscopic office of
Arash hospital at Tehran university of medical sciences.
Our exclusion criteria included the patients who were
pregnant, menopausal, or had a non-endometrial mass
Int J Fertil Steril, Vol 16, No 4, October-December 2022
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in adnexa, or other malignancies. We also excluded any
patients who had any contraindications from the surgery.
The patients who were of reproductive age and had a
typical medical history compatible with endometriosis
were also assessed, and if their imaging and pathological
findings were consistent, they were included in the study.
All patients included in the study provided informed
consent. In this study we considered pathologically
approved surgical results as our gold standard; thus, all
our data was compared and tested with surgical findings
confirmed by pathology. All patients were assessed by
both the attending professor and the fellowship trainees,
and all data relating to endometriosis such as pelvic
pain, dysmenorrhea, dyspareunia, infertility, and AUB
dysphasia were collected.
All the features and data gathered from ultrasonographic
imaging along with surgical and pathological findings
were collected, recorded, and analyzed. The patient’s
intestinal involvement was scored from 0 to 3 (0 being no
involvement and 3 being full mucosal involvement). Other
anatomical sites and areas such as adnexa, cul de sac,
USLs, and the salpinx were also assessed and compared.
We also gathered general body statistics of the patients
and assessed the accuracy using the aforementioned data.
Based on the assumption from previous studies that DIE
ultrasonography is up to 96% sensitive we calculated that
our minimum cases should include 70 patients (Cochrane’s
sample size formula). In total, 109 cases were chosen for
the study, and the data were analyzed using IBM’s SPSS
v26 software (IBM, USA). Our primary goal was to
assess the sensitivity, specificity, and positive predictive
value of DIE ultrasonographic examination particularly
in the extent of intestinal involvement. We also used cross
tabulation and chi-square tests to assess the significance
of the tests.
This study was ethically approved by the Ethical
Committee of the Tehran University of Medical Sciences
(IR.TUMS.MEDICINE.REC.1399.936) and all patients
had signed informed consent forms.

Results
In total, 150 cases with symptoms were chosen and 109
cases had either DIE or OMA, and 41 were not chosen
due to no findings in ultrasonography. As reported
by the pathology laboratory, there were 97 cases of
pathologically confirmed ovarian endometrioma, 42
cases had intestinal involvement, 56 had uterosacral
DIE, 19 cases had uterus adenomyosis and 9 cases were
diagnosed with myoma. We also asked the patients to
evaluate and score their symptoms from 0 to 10 and on
average; The main symptoms that patients complained
of were pelvic pain (80.3%), dysmenorrhea (85.3%),
dyspareunia (48.6%), dysphasia (43.1%), AUB
(29.4%) and infertility (29.4%) respectively (Fig.1).
The symptoms were scored as follows; scored as the
following dysmenorrhea at 6.74, dyspareunia at 3.36,
and dysphasia at 2.72 respectively.

Asgari et al.

Fig.1: Proportion of each symptom felt by patients.

In regards to the accuracy of ultrasonography imaging
in the diagnosis of intestinal DIE, which was our primary
outcome, we found that ultrasonographic imaging
performed excellently in overall diagnosis since it was
97.6% sensitive and 73.8% specific. However, laparoscopic
evaluation was far more diagnostic (97.6% sensitive and
97.2% specific). As for the levels of involvement in the
intestine, we compared the ultrasonographic imaging
findings with pathologic results and the results showed
lower accuracy; 55.6, 50.0, 66.7% sensitive, and 72.0,
85.6, 91.5% specific for serous membrane, muscular layer
and mucus membrane respectively. The average BMI
was 24.7 and most of the cases were in the normal range
(46.3%) (Tables 1, 2, Fig.2).

Fig.2: ROC curve diagrams showcasing the accuracy of DIE sonography and
laparoscopy in regards to intestinal involvement. ROC; Receiver operating
characteristic and DIE; Deep infiltrating endometriosis.

We also assessed the effect of obesity and weight on
US imaging; we compared the results of US imaging of
the intestine in 4 BMI brackets as follows: underweight
(BMI<18.5), normal range (18.5 to 24.9), overweight (25
to 29.9), and obese (BMI>30). The results showed that
both sensitivity and specificity were negatively affected.
These results were statistically significant except for the
underweight BMI bracket, which we believe was due to
the small sample size (Table 3).

Table 1: Diagnostic accuracy of DIE ultrasonography and laparoscopy in diagnosis of DIE and endometrial lesions

Accuracy assessment

Sensitivity (%)

Specificity (%)

PPV (%)

NPV (%)

Lesion location

DIE US

Laparoscopy

DIE US

Laparoscopy

DIE US

Laparoscopy

DIE US

Laparoscopy

Intestine

97.6

97.6

73.8

97.2

59.4

93.2

97.1

95.5

OMA

99.0

99.0

84.6

88.0

88.0

78.0

97.1

88.0

Cul de sac

100

100

50.8

100

25.0

100

58.0

100

Uterosacral ligament

96.4

85.7

59.1

84.9

58

85.7

84.9

84.9

DIE US; Ultrasonographic imaging, PPV; Positive predictive value, NPV; Negative predictive value, and OMA; Ovarian endometrioma.

Table 2: Diagnostic accuracy of ultrasonographic imaging in regards to intestinal level of involvement

BMI (kg/m2)

Sensitivity (%)

Specificity (%)

PPV (%)

NPV (%)

Chi square exact
(P value)

Frequency
n (%)

Fisher’s exact test
(P value)

BMI group I

100.0

80.0

75.0

100.0

0.071

8 (7.3)

0.071

BMI group II

94.7

70.0

66.7

95.5

<0.001

49 (45)

<0.001

BMI group III

93.8

61.0

55.6

87.5

0.037

35 (32.1)

0.037

BMI group IV

100

66.7

62.5

100

0.028

14 (12.8)

0.028

PPV; Positive predictive value, NPV; Negative predictive value, and BMI; Body mass index.

Table 3: The effect of body mass composition on accuracy of ultrasonographic imaging

Accuracy for assessment bowel layer

Sensitivity (%)

Specificity (%)

PPV (%)

NPV (%)

P value

Serous

55.6

72.0

39.5

83.1

0.009

Muscular

50.0

85.6

15.0

97.8

0.014

Mucus

66.7

91.5

40.0

93.3

0.003

PPV; Positive predictive value and NPV; Negative predictive value.
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We also assessed the accuracy with respect to OMA and
the DIE that infiltrates cul de sac and USLs. The results
indicated that ultrasonographic imaging was 99.0%
sensitive and 84.6% specific. The data of accuracy show
that the examination for cul de sac was 100% sensitive,
and 50.8% specific while it was 96.4% sensitive and
59.1% specific in assessing USLs. Although imaging is
quite sensitive, it can be inaccurate regarding cul de sac
and USL assessment since their positive predictive value
was 25.0 % and 58% respectively; however, the results
for ovarian assessment showed 92.3% PPV (Table 1).

Discussion
In our study, we identified that overall diagnostic
accuracy was 97.6% sensitive and 73.8% specific.
However laparoscopic evaluation was found to be far
more accurate (97.6% sensitive and 97.2% specific). DIE
was also found to lack accuracy in regard to the extent
of involvement. It was also not accurate with respect to
assessing cul de sac and USL. Imaging has always been
an important tool in both the diagnosis and surgical
approach to endometriosis. A thorough evaluation can
help diagnosis and the entire approach and planning.
Thus, it’s of utmost importance that the data pertaining
to the lesion is both accurate and reproducible, therefore
we aimed to assess DIE ultrasonographic imaging as a
complementary and multi-perspective imaging approach.
DIE pelvic ultrasonography consists of vaginal and\or
rectal US imaging (18). In a study conducted by S. Alborzi
et al. (19), it was stated that ultrasonographic imaging
(transvaginal or transrectal) is as accurate as MRI in the
detection of lesions.
In our study, the diagnostic accuracy of ultrasonographic
imaging in the identification of intestinal lesions,
which was our primary outcome, was almost as high
as laparoscopic evaluation. Therefore, we suggest that,
in the overall diagnosis of DIE in the intestine, this
procedure could be useful. In a multicenter prospective
and retrospective cohort study conducted in the royal
college of obstetrics and gynecology the accuracy of
the preoperative ultrasound‐based endometriosis staging
system (UBESS) regarding the complexity of surgery was
assessed; this study showed that US-based imaging can be
utilized to plan the surgery (16).
We also assessed the accuracy of DIE US imaging
with respect to other pelvic cavities and sites; in regards
to ovarian endometrioma, we concluded that DIE
ultrasonography can be a very efficient and accurate tool
(99.0% sensitive and 84.6% specific) and as manifested
by several other studies such as the study conducted by
Holland et al. (16) can distinguish between different
pathologies. Their study showed that TVS is an accurate
assessment tool for the severity of pelvic endometriosis
and the results are mostly in accord with laparoscopic
findings. Meanwhile, we also studied the accuracy of
DIE ultrasonographic imaging in the diagnosis of lesions
located at USLs and cul de sac and concluded that even
Int J Fertil Steril, Vol 16, No 4, October-December 2022
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though sensitivity for these lesions was high (100% and
96.4% sensitive for cul de sac and USLs respectively) the
tests can be inaccurate as their PPV and specificity were
low.
There were some limitations in our study that reduced the
diagnostic accuracy of ultrasonography in DIE patients.
We believe that ultrasound imaging accuracy could be
hampered as poor bowel preparation can limit ultrasound
wave penetration. On the other hand, the procedure itself
(TRUS) is painful. These two can both limit the time
required for investigation. Another reason that has led to
lower accuracy could be the fact that linear nodules could
be missed during laparoscopic surgery, particularly in cul
de sac. we lacked sufficient samples for specific groups
such as the patients with obese body composition.
In regards to the body composition of the subjects, we
concluded that with higher BMI values the efficacy of US
imaging plummets. As described by Bushberg et al. (20),
due to fat impedance, 94% of the original sound wave is
attenuated particularly in patients with more than 8 cm
of subcutaneous fat before it even reaches the peritoneal
cavity; hence, this phenomenon affects the acuity of
ultrasonographic imaging.

Conclusion
Our study showed that while DIE pelvic ultrasonographic
imaging can be a helpful paraclinical tool in the
assessment and diagnosis of DIE and endometriosis in
general and particularly with adnexal and bowel lesions,
it can have some shortcomings with respect to cul de sac
and USLs. We also suggest that in overweight patients
these procedures should be performed more meticulously
and probably in conjunction with other imaging methods
such as MRI.
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Abstract

Background: Overweight and obesity are associated with cardiometabolic risk in polycystic ovary syndrome (PCOS).
Lifestyle adjustment, such as increasing physical activity, is a first-line strategy to treat PCOS. The current study aims
to compare and examine the effect of high intensity intermittent training (HIIT) and combined (COM) training on some
anthropometric indices and aerobic performance in PCOS females.
Materials and Methods: This randomized controlled clinical trial was conducted on 45 women with PCOS divided
into three groups receiving HIIT (n=15), COM interventions (n=15) or control group (n=15) for eight weeks. Some
anthropometric indices factors including weight, body mass index (BMI), waist to hip ratio (WHR), body fat percent
(FP), and visceral adipose tissue (VAT) as well as VO2max were measured at the baseline at the eighth week. Data were
analyzed by one-way ANOVA test. Tukey post hoc tests were used to compare the pair differences.
Results: After eight-week intervention, weight, BMI, WHR, FP, and VAT decreased significantly in both groups of
COM and HIIT (P<0.05) relative to the control group. There were no differences between HIIT group and COM group
in terms of these variables (P>0.05). VO2max increased significantly after COM and HIIT interventions relative to the
control group (P=0.001); however, HIIT was statically more effective than COM (P=0.011).
Conclusion: The current study revealed that both HIIT and COM trainings could be beneficial in improving some anthropometric indices in addition to aerobic capacity, although HIIT was more effective on aerobic performance (registration
number: IRCT20130812014333N143).
Keywords: Body Composition, Endurance Training, High Intensity Intermittent Training, Polycystic Ovary Syndrome, Resistance Training
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Introduction
Polycystic ovary syndrome (PCOS) is distinguished as
the most frequent endocrine disease with 5 to 10 percent
patient among females in reproductive age (1). Multiple
factors have been reported to be involved in its pathogenesis
in which the main one is long-standing lack of ovulation
results from hyperandrogenism. Its clinical appearance
is various and may exist in anovulation, oligoovulation
as well as hyperandrogenism (2). Diverse elements like
dysregulation of mitochondria, inflammatory pathways,
oxidative stress and change in hormones, are seen in
PCOS (3). Furthermore, abdominal obesity, abnormal
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lipid and glucose metabolism, insulin resistance (IR), and
hypertension (4, 5) are related to PCOS development which
increase the danger of cardiovascular disease (CVD) and
type 2 diabetes mellitus (T2DM) incidence (5).
In addition to genetic involvement (6), environmental
aspects such as obesity are found to affect the progression
of PCOS or even to make patients’ clinical condition
worse. Diet (7) or physical activity (8) are recommended
as the first treatments for PCOS cure (9). Metabolic
comorbidities and hyperandrogenism have been reported
to be ameliorated by regular physical activity leading to the
treatment of anovulation and in turn fertility restoration.

Royan Institute
International Journal of Fertility and Sterility
Vol 16, No 4, October-December 2022, Pages: 268-274
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To our knowledge, there is no evidence comparing
the effects of HIIT and combined (COM) (resistance
and endurance) training concerning the improvement of
cardiopulmonary fitness, body composition or weight loss
in women with PCOS. Moreover, there is a wide variety
of training structures used in previous studies. Thus, it is
not feasible to advise a favorable type of training in PCOS
patients. Therefore, the purpose of study was to evaluate
the effects of these two well-known types of exercises on
improving PCOS.

Materials and Methods
Study design
This study was carried out as a randomized clinical
trial from April 2020 to December 2020 on the patients
referring to the gynecological clinic of Imam Reza

Enrollment

Assessed eligibility (n=51)
Excluded (n=6)
- Not meeting inclusion criteria (n=6)

Randomized (n=45)

Allocation

Moreover, fat hypertrophy, as an increase in cell size
resulting in a reduction in blood perfusion, eventually
causes hypoxia. This additionally leads to cell apoptosis,
resulting in a greater macrophage cell infiltration and
improves the secretion of pro-inflammatory cytokines.
Consequently, extra fat tissue can reflect an etiological
issue in the pathogenesis of PCOS (17).

At the beginning of this study, all individuals were asked
to sustain a normal diet during the project. To increase the
cooperation of patients, a short message was sent on their
mobile phone to confirm the time to attend the gym.

Allocated to
control
(n=15)

Allocated to
intervention
(COM)
(n=15)

Allocated to
intervention (HIIT)
(n=15)

Follow up

Nate less, the literature is restricted to sparse randomized
controlled trials (RCTs) limiting to some general
advise of training instead of developing a clear exercise
guideline for PCOS ameliorating (11). For instance,
diet and exercise interconnection, duration, appropriate
intensity, or modality of exercise have not been clear yet.
Also training has positive functions on elevating energy
consumption, hormones like cortisol, growth related,
insulin, sex related catecholamine, etc. as well as lowering
fat accumulation (12). Previous works have indicated
that high-intensity interval training (HIIT), containing
alternative phases of intensity, may increase the total
metabolic capacity and ameliorate metabolic diseases
such as diabetes mellitus and obesity which are both
important in PCOS progression (13). Sprung et al. (14)
revealed that, aerobic exercise interferences, three times a
week, 30-60% heart rate reserve, 20-45 minutes, improve
endothelial function and an adaptation associated with
reduced CVD risk independent of changes in body weight
and body composition. Besides, it has been reported that
resistance training improves insulin resistance, obesity
and metabolic factors (15). Thus, it could be reasonable
to prescribe resistance exercise to patients with PCOS.
Resistance training inhibits osteoporosis and benefits of the
musculoskeletal system. Additionally, resting metabolic
rate, glucose homeostasis and insulin resistance, as well
as body fat could be positively affected by this form of
exercise (16).

Hospital, Kermanshah, Iran. Rotterdam criteria was
applied for PCOS diagnosis (18). Patients were between
the ages of 18 and 40. The exclusion criteria included
taking oral contraceptives, taking hormone drugs affecting
total testosterone levels over the past three months. As the
flowing diagram in (Fig.1) illustrates, 51 women with
PCOS joined in this study; however, 6 individuals were
not eligible based on the inclusion criteria. Finally, 45
participants were randomly allocated in 3 groups called
HIIT training group; COM training group; and the control
group 15 in each group for eight weeks. All of the patients
completed the study. Randomization was done from a
computer-generated sequence, concealed in sequentially
numbered, sealed, opaque envelopes, and kept by the
gynecological clinic physician.

Lost to followup (n=0)

Lost to followup (n=0)

Lost to followup (n=0)

Analysis

The aerobic training with the intensity of moderate or
high benefits PCOS via ameliorating metabolic and
fertility related expressions in PCOS individuals. This
type of exercise can also positively affect anovulation, IR,
obesity and cardio metabolic indices (10).

Analyzed
(n=15)

Analyzed
(n=15)

Analyzed
(n=15)

Fig.1: Summary of patients’ flow diagram.

Exercise protocols
Combined (RT+MICT) and high intensity intermittent
training protocols

In the COM training group, the resistance training
program consisted 24 sessions of selected resistance
exercises during eight weeks holding 3 sessions each
week. The subjects performed different exercises
including, Bench press, Barbell curl, lying triceps press,
lat pull down, leg press، leg extension, lying leg curl,
and standing calf raise (19-23). Each training session
included a warming-up phase (5 minutes), a resistance
training phase [3 sets, 50-70% of one maximum repetition
(1 RM), 10-16 repetitions] and the cooling-down phase
(5 minutes). The whole training session lasted 30 to 40
minutes. Brzycki formula was applied to measure 1RM
as follow:
Weight of displaced
1 RM= ___________________________________
[1.0278- (Repeat to fatigue * 0.278)]
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Table 1: Combined training program (endurance and strength training) in eight weeks

Training programs

Weeks of training
First

Second

Third

Fourth

Fifth

Sixth

Seventh

Eighth

Intensity (HRR), %

60

60

65

65

60

65

70

70

Duration (minutes)

25

30

35

30

35

40

35

40

Intensity (1 RM), %

50

50

60

50

60

70

60

70

SET

2

3

3

3

3

3

3

3

Repetition

16

16

14

16

14

10

14

10

Rest (minutes)

1-3

1-3

1-3

1-3

1-3

1-3

1-3

1-3

Endurance training

Strength training

HRR; Heart rate reserve and RM; Repetition maximum.

The duration and intensity of training program was
30 minutes and 50% in the first week and reached to 40
minutes and 70% in the eighth week (Table 1). Immediately
after resistance training, the subjects were asked to perform
endurance training which consisted 24 sessions of running
on treadmill with 60 to 70% of the target heart rate (THR),
which was measured using the Carvonen formula as below:
Reserve heart rate=resting heart rate-maximum heart rate
Target heart rate=resting heart rate+(60-70% reserve
heart rate)
A Beurer pulse digital monitoring were used for
monitoring subject’s heart rate (made in Germany, model
PM80) during training. The duration and intensity of training
was 25 minutes and 60% in the first week and reached to 40
minutes and 70% in the eighth week (Table 2).
The subjects in the control group were also enquired to
do only their normal daily routines and avoid doing any
physical activities throughout the training program (19-23).
The high-intensity interval training program included
warming up for each session (including 15 minutes of
standard warm-up), starting with a low-intensity run (50%
of maximum aerobic speed) and then 3 repetitions of sprint
running for 30 seconds followed by 30. Seconds of slow
running and 5 minutes of dynamic stretching were performed.
The high-intensity interval training program for the first week
included intermittent running for 30 seconds with intensity
of 100% maximum aerobic speed (MAV),4×30-seconds
HIIT interspersed with 4×30-seconds of active recovery with
5 minutes of passive recovery between the repetitions. The
number of sets and laps for HIIT program changed according
to Table 2 for the following weeks.
Outcomes measurements
At baseline and the eight weeks, participants were
tested for 1 RM to determine muscle strength in the
COM and control groups. In the COM training group, the
resistance training was performed with (50-70% 1 RM)
and aerobic training (running, 60-70% HRR) programs
were performed three times weekly for eight consecutive
weeks.
Multi stage fitness test (MSFT) was carried out to
Int J Fertil Steril, Vol 16, No 4, October-December 2022
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determine aerobic power on the treadmill. The speed of
the subjects started from 8.5 km/h for one minute. In each
stage the patients’ speed increased by 0.5 km/h. Aerobic
power was calculated applying the following formula:
VO2max=6[measured speed (km/h)]-22.4
This speed was considered as maximum aerobic velocity
(MAV). HIIT program included intermittent running with
100% MAV and 50% MAV. The patients in the control
group was asked not to do any exercises during the
program and do only their normal activities (19-23).
Table 2: HIIT Training program
Training program

Weeks of training
First,
Second

Third,
Fourth

Fifth,
Sixth

Seventh,
Eighth

Repetitions

4

4

4

4

Intervals

4

6

6

6

Exercise/rest (seconds)

30:30

30:30

30:30

30:30

Exercise: rest intensity
(MAV%)

100:50

100:50

110:50

110:50

Rest (minutes)

5

5

5

5

HIIT; High Intensity intermittent and MAV; Maximum aerobic velocity.

Anthropometric quantities were weighed via a
professional technician at the clinic at the starting
point and the end of the trial. Height was measured
by automatic stadiometer (Aneascale, Iran). Weight,
body fat percent (FP), visceral adipose tissue (VAT)
and body mass index (BMI) were determined by 3D
body scanner (Anea 3D, Iran) (24). To measure the
waist to hip ratio (WHR), waist circumference and
pelvic circumference (cm) were calculated from the
lateral view.
Statistical analysis
The shapiro-wilk test was used to define the normality
of data. Two-way ANOVA and Bonferroni post hoc tests
were applied to compare the differences in each group.
One-way ANOVA test was used to assess treatment effects
(pre-test and post-test in terms of Delta, ∆ changes) on
study outcomes and comparison among groups. Tukey
post hoc tests were used to compare the pair differences.
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Calculations were performed by SPSS software version 23
(SPSS Inc., Chicago, Illinois, USA) and the significance
level of the tests was considered as P<0.05.
Ethical considerations
The current study has been approved by the Iranian
website of clinical trials registration with IRCT
number: IRCT20130812014333N143. The protocol
of this work was validated by the Ethics committee
of Kermanshah University of Medical Sciences,
Kermanshah,
Iran
(IR.KUMS.REC.1398.1186).
Paper-based illuminated consent was also attained
from all participants.

Results
The general characteristics of patients have been
presented in Table 3. As shown, there were no
significant variances among the participants in terms
of age (P=0.64), height (P=0.91), BMI (P=0.66) and
weight (P=0.42) at baseline.
Table 3: General characteristics of the participants

Variables

Control
group

COM
group

HIIT
group

P value*

Age (Y)

23.1 ± 5.1

24.4 ± 5.7

24.9 ± 5.4

0.64

Height (m)

162.6 ± 5.5 163.1 ± 4.5

162.3 ± 5.3

0.91

Weight-baseline (kg)

84.1 ± 6.3

80.7 ± 12.1

78.6 ± 13.9

0.42

BMI-baseline
(kg/m2)

30.7 ± 3.7

29.9 ± 4.3

29.3 ± 4.3

0.66

*; Obtained from Anova test, COM; Combined Training, HIIT; High intensity intermittent
training, and BMI; Body mass index.

After eight weeks of COM intervention, weight (80.7 ±
12.1 to77.8 ± 12.2, P<0.001), BMI (29.9 ± 4.3 to 28.8 ± 4.2,
P<0.001), WHR (0.93 ± 0.02 to 0.91 ± 0.03, P<0.001), FP
(29.7 ± 2.1 to 28.6 ± 2.1, P<0.001), VAT (120.4 ± 17.8 to
117.9 ± 18.2, P=0.014) significantly decreased compared
with pre-test. The result also revealed that after eight
weeks of HIIT intervention, weight (78.6 ± 13.9 to 74.8 ±
13.9, P<0.001), BMI (29.3 ± 4.3 to 28.2 ± 4.3, P<0.001),
WHR (0.91 ± 0.04 to 0.89 ± 0.04, P=0.005), FP (29.4 ±
2.4 to 27.7 ± 2.1, P<0.001), and VAT (121.5 ± 16.1 to
118.8 ± 16.7, P=0.007) significantly decreased compared
with pre-test .VO2max significantly increased in COM
(30.3 ± 1.9 to 31.8 ± 1.8, P<0.001) and HIIT (30.8 ± 2.3
to 34.1 ± 2.4, P<0.001) interventions after eight weeks
compared with pre-test (Fig.2). The result of delta change
(∆) through one-way ANOVA revealed that weight, BMI,
WHR, FP, and VAT significantly decreased in both groups
of COM and HIIT compared with the control (P<0.05).
The post-hoc tukey test indicated that there were no
differences between HIIT group and COM group in terms
of these variables (P>0.05, Fig.2). VO2max increased
significantly after COM and HIIT interventions compared
with control group (P<0.001). Moreover, the data from
tukey test showed there was statistically significant
difference between two groups of COM and HIIT as HIIT
was more effective than COM (P<0.001, Fig.2).

Fig.2: Anthropometrics and fitness variables at baseline and after 8-week
intervention in patients with PCOS used Paired t test, One-way ANOVA and
Tukey post hoc tests. BMI; Body mass index, WHR; Waist to hip ratio, VAT;
Visceral adipose tissue, VO2max; Maximal oxygen consumption, *; Compare
to pre-test (P<0.05), #; Compare with the change (∆) of the control group
(P<0.05), and †; Compare with the combined training group (P<0.05).

Discussion
This trial aimed to indicate a comparison between the
efficacy of two various exercise training programs in the
treatment of PCOS. In this trial, we analyzed the effects of
two different exercise protocols on anthropometrics and
fitness variables including weight, BMI, FP, WHR, VAT,
and VO2max in women with PCOS. The findings revealed
that both training programs had beneficial effects on these
variables in the patients during eight weeks. There was no
statistically significant difference among COM and HIIT
groups in BMI, FP, WHR, and VAT, although HIIT was
more operative only in VO2max compared to COM group.
In current study, it was reported that COM (resistant
and endurance) training could get VO2max significantly
increased. Two recent works on overweight and PCOS
women reported significant decreased amounts of
VO2max than healthy controls. A study by patten et al.
(9), suggested that exercises can improve VO2max in this
population. In addition, recent evidence showed that the
resistance training in young and elderly individuals led to
an elevation in VO2max (25, 26).
Decreased VO2max seems to be caused naturally by
age; however, inactivity is its main reason. An elevation
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in VO2max can improve oxygen consumption, leading to
a 15% reduction in the risk of CVD related mortality
(25, 26) . Moreover, Low VO2max has been related with
elevated risk and mortality of chronic diseases. More
consequences of decreased VO2max are impaired capability
to exercise, impairment in daily activity and quality of
life. Sabag et al. (27) also proved an association between
cardiopulmonary fitness (CRF) and cardiometabolic
health indices in type 2 diabetic patient. Thus, enhancing
VO2max of patients may be beneficial for the treatment of
PCOS.
We also found reductions in weight, FP, VAT, WHR
and BMI in COM group, telling that resistant workout in
combination with aerobic training can lead to advantages
in some anthropometric indices in women with PCOS.
WAT is thought to be a superior free predictor of obesityassociated disorders than BMI (28). Indeed, central
adiposity plays a main role in the progression IR and
T2DM, even in the individuals with standard BMI. Similar
to our work, Miranda-Furtado et al. (8), indicated that in
PCOS patients, WHR decreased after 4 months of strength
training. Moreover, Zhang et al. (29) investigation observed
that daily physical activities can improve weight and BMI
dramatically in addition to metformin. In contrast, an
investigation reported that resistance training (three times
weekly for 1 month) did not change BMI or metabolic
parameters, although it can ameliorate hyperandrogenism
and reproduction in PCOS patients (30).
In a recent study (30) examined WAT as an operative
sense for central adiposity, while Almenning et al. (31)
employed FP to determine overall body fat quantity. As
FP is the greatest assessment for total obesity, although
central adiposity can estimate the risk for chronic disease
more efficiently, we measured both FP and WAT that were
measured in the present study. Kogure et al. (30) reported
that visceral fat in overweight women with sedentary
life decreased after a resistance training intervention.
This point should be considered that resistance training
programs have been different in details such as repetition,
administration, and intensity leading to different results.
However, each of these resistance training protocols has
led to decreased amounts of body fat in women with
PCOS basically owing to decreased abdominal adiposity.
Based on recent data, endurance training with moderate
intensity diminishes the risk factors of cardio-metabolism
in PCOS (7). In a recent work, endurance training
improved symptoms in PCOS women by decreasing
total testosterone level and WAT. Aerobic training could
reduce heart rate, the levels of total cholesterol and LDL,
and WHR. Yilmaz et al. (6) indicated regular endurance
training ameliorated anthropometric variables as well as
hyperandrogenism in PCOS cases.
Literature evaluating the effects of combination of
resistance and endurance trainings in PCOS women
is very limited. A 20-week investigation evaluated the
impact of endurance and endurance-resistance training
programs joined with an energy-controlled high protein
Int J Fertil Steril, Vol 16, No 4, October-December 2022
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diet on metabolic as well as reproductive parameters in
overweight/obese women with PCOS. The findings from
this study reveal that weight and FP reduced in both
groups, but had no effect on cardiometabolic, hormonal,
and reproductive factors compared to diet alone (32).
Aerobic training benefits some anthropometric indices
and several cardiometabolic risk factors free of weight
reduction in obese people (32). Resistance training is also
efficacious for ameliorating insulin sensitivity and body
composition as well as reserving lean tissue in energycontrolled diet, improving declines in resting metabolic
rate after weight loss. Combining endurance and
resistance exercise training programs has been observed
to be more effective in insulin sensitivity reduction,
glycemic management, and abdominal fat loss in obese
population. Reduced BMI, and particularly abdominal fat
in PCOS patients, has a key involvement in lowering risk
factors for infertility leading to amelioration of hormonal
and clinical outcomes. Decreased body fat can also result
in improved insulin sensitivity and total cholesterol in
these patients (33).
In current study, it was reported that eight-week
intervention with HIIT led to an improvement in VO2max
in PCOS women which was greater than the effect of
COM intervention. Previous studies suggested significant
improvements in VO2max following HIIT interventions in
obesity, cardiometabolic disease and PCOS (34). Likewise,
a cross-over study evaluated the effect of HIIT along with
group counselling periods on anthropometry and cardiorespiratory health in women with PCOS (35). The result
showed a decline in waist circumference and BMI as well
as an elevation in VO2max. Previously, Daussin et al. (35)
observed elevated maximal stroke volume and cardiac
variables result from 2 months of interval training, but
not aerobic exercise, in low-active individuals. Moreover,
Perry et al. (36), indicated the effect of HIIT training on fat
and carbohydrate metabolism capacity. They showed that
these types of training resulted in an 18 to 29% increase
in the content of several mitochondrial proteins and an
increase in fatty acid transporters. They resulted that HIIT
training increased not only mitochondrial enzymes and
fatty acid transporters in the short period but also lipid
oxidation also.
Decreased amounts of body fat percentage and visceral
adipose index were observed after HIIT intervention for
eight weeks. Similar to our study, a recent trial found
a decrease in body FP after high intensity training.
This was similarly stated in other previous studies. For
illustration, in a recent randomized controlled trial PCOS
women were divided to take high intensity interval
training, or strength training, for three times per week.
The results showed that HIIT for ten weeks enhanced
body FP and deprived weight loss in women with PCOS
(31). In consistent to our results, Hutchison et al. (37)
showed decreased visceral fat after HIIT in obese
women with PCOS. A meta-analysis study indicated
that HIIT was more productive in lowering total body
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adiposity, whereas lower intensities had a better impact
on abdominal and visceral fat bulk (38).
Recent evaluations demonstrated that HIIT is potential
to elevate cardiopulmonary fitness and ameliorate insulin
sensitivity. Moreover, multiple works have indicated
no significant weight decline after HIIT compared with
continuous exercises (39, 40).
In a recent meta-analysis study seven trials with training
intensity among 90% and 95% of the maximum heart
rate, 3 times/week, no less than 10 weeks, were included.
Results indicated that HIIT alone is beneficial for lowering
weight and BMI in females with PCOS (39). In another
human study, obese patients with PCOS received AHIIT+
metformin, or metformin (control group). The exercises
were performed in three sessions for 12 weeks. After 12
weeks, no significant changes were seen in parameter of
WHR, but BMI and fat mass remarkably lowered and
clinical parameters were improved (40). Finally, the use
of an expert instructor to design and monitor the training
program and habitual physical activity changes in all
training sessions and monitoring the dietary change of the
subjects are considered as the strengths of this research.
Indirect meausres of VO2max and non-gold standard
measures of body composition are the limitations of the
study that might have affected the results.

Conclusion
The findings from the clinical trial showed that both
HIIT, COM aerobic and resistant training are successful
in improving some anthropometric indices parameters
including weight, BMI, WHR, FP, and VAT as well as
VO2max, as a cardiorespiratory element, in females with
PCOS. Further investigations involving large clinical
trials are needed to further determine health benefits and
establish optimal therapeutic exercise dose in PCOS.
Finally, if these two types of exercises are considered
suitable and advantageous as a treatment policy for women
with PCOS, additional trials with the aim of facilitating
and removing the obstacles to exercise especial to women
with PCOS is pivotal.
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Abstract

Background: The aim of this study was to determine the effect of couples coping enhancement counseling (CCEC)
on stress and dyadic coping of infertile couples.
Materials and Methods: In this parallel randomized controlled trial study in 2020, seventy infertile couples were
randomly divided into case and control groups. The intervention was performed in 7 sessions of couple counseling
based on CCEC for the intervention group, no intervention was performed in the control group. Fertility Problem
Inventory, Dyadic Coping Inventory and demographics questionnaires were completed by both couples separately
before the intervention and 4 weeks after the last consultation session. Data were analyzed using IBM SPSS statistics
24 and statistical tests such as mean ± SD, frequency, percentage, Independent t test, Mann-Whitney test, Chi-square
test or Fisher’s exact test and Analysis of covariance. Significant level was considered less than 0.05.
Results: The mean stress scores of women in the intervention group before and after intervention decreased from (156.83
± 23.57) to (139.43 ± 22.39) and the mean scores of dyadic coping increased from (126.83 ± 19.89) to (138.26 ± 16.92),
these differences were statistically significant (P<0.001), also the mean stress scores of men in the intervention group
before and after the intervention decreased from (143.80 ± 23.40) to (128.03 ± 22.24), the mean scores of dyadic coping
increased (131.34 ± 20.67) to (136.40 ± 19.38), these differences were statistically significant (P<0.001).
Conclusion: Positive effects of CCEC were observed in reducing infertility stress and increasing dyadic coping in both women
and men after the intervention, the effect of the intervention on women was greater than that of men. As a result, this intervention
can play an important role in reducing stress and increasing the solidarity and support of infertile couples for infertility treatments
(registration number: IRCT20120215009014N367).
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Introduction
Infertility is the failure to become pregnant after 12
months of regular and unprotected sex (1). Worldwide,
about 8 to 12% of reproductive age couples are affected
by fertility problems (2). The prevalence of primary and
secondary infertility in Iran was reported to be about
12.8% and 4.9% respectively in 2019 (3). Infertility may
have many psychological consequences (4). Inflexible
infertility treatment programs, long-term treatments, high
treatment costs, constant worries about the outcome of
treatment, the need for sex only for fertility, community
pressure, family breakdown and loss of spouse interest
puts a lot of stress on people and their spouses (5).
Infertility stress is similar to post-traumatic stress disorder
(6), results of a study by Roozitalab et al. (7) showed
that 41.3% of infertile women had posttraumatic stress
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disorder symptoms. Stress and anxiety can affect the
outcome of infertility treatment (8).
Increased stress due to infertility, leads to the activation of
stress management in couples as a unit (9). As a result, the
stress in couples is always considered a dual phenomenon,
and coping with this stressful event, must include joint coping
strategies (10, 11). Two major strategies for coping with stress
include individual coping and dyadic coping (12). Dyadic
coping includes perceived coping efforts by an individual
(dyadic coping by the individual) and perceived coping efforts
by the partner (dyadic coping by the partner) (13, 14). One
of the counseling programs to increase dyadic coping skills
is couples coping enhancement training (15), which improve
stress management ability and increases the ability to cope as
a couple, the couples' sensitivity to justice and mutual respect,
improves the problem-solving skills of the couples (16). It is
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necessary to consider the strategies used to control and manage
the consequences of infertility diagnosis (17).
Given that infertility stress studies have often been
performed on infertile women and couples have been less
studied, the present study aimed to determine the effect
of CCEC on stress and dyadic coping of infertile couples.

Materials and Methods
The present study was performed in 2020 as a parallel
randomized controlled trial with trial registration number:
IRCT20120215009014N367 on seventy infertile couples
who were referred to the infertility center of Fatemieh
Hospital in Hamadan city of Iran. Inclusion criteria included
the desire of both couples to participate in the study, the
presence of moderate stress in both couples (score 92-184)
according to the fertility problem inventory, couples age
between 20-45 years, first marriage and monogamy, having
primary infertility, having at least one year of infertility,
being literate, not attending other training programs,
and being able to attend consecutive training sessions.
Simultaneous participation in other treatment programs, the
occurrence of stressful events during the counseling period,
and positive pregnancy tests were the exclusion criteria.
Sample size was calculates using the following equation:

The Persian version of this questionnaire was approved
by Fallahchai et al. (19) with a reliability coefficient of
0.84 and Cronbach's alpha of 0.939 for the whole scale.
The Fertility Problem Inventory was designed by Newton
et al. (20) to measure perceived infertility-related stress.
This questionnaire has 46 questions and 5 subscales. Based
on 6-choice Likert the minimum and maximum scores in
this questionnaire will be 46 and 276 respectively. A score
between 92 and 184 indicates a moderate level of infertility
stress. The validity of this questionnaire was confirmed
by Latifnejad Roudsari et al. (5) in Iran. The demographic
information questionnaire also included information
regarding age, occupation, level of education of women
and their spouses, place of residence, history of illness,
duration of the marriage, duration of infertility, duration
and history of treatment and cause of infertility.
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The sample size in each group was estimated to be
at least 35 people, considering the confidence level of
the test to be 95%, the test power of 90%, the common
standard deviation of 34.76, the minimum significant
difference between the two groups equal to 30 units and
10% probable loss of samples (12).
Sampling was initially done by availability method from the
couples whom applied to and were eligible to participate in
the study. Informed consent was obtained before participants
who were recruited into the study by a colleague, then both
couples completed the questionnaires and finally 70 couples
were selected based on eligibility criteria and the score
obtained from infertility stress test. The selected couples
based on permutation block were divided into experimental
and control groups, in this way, 4 blocks were considered
as, ABAB, AABB, BAAB, ABBA, BABA, BBAA (A
represents the experimental group and B represents the
control group), then a list of the above blocks was randomly
produced using the R software, so that 35 letter As and 35
letter Bs were produced. A total of 70 samples were assigned
to one of the two groups of the test (A) and control (B),
respectively, based on the list prepared (Fig.1).
Primary and secondary outcomes were measuring stress
and dyadic coping before and after the intervention. In
order to collect data, Dyadic Coping Inventory, the Fertility
Problem Inventory, and demographics were completed
by both couples separately. Dyadic Coping Inventory
is a 37-item instrument designed to measure perceived
communication and dyadic coping. It has 9 subscales (18).
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Fig.1: Consort flow diagram of study.

The intervention was performed by holding 7
counseling sessions based on CCEC with one session per
week for the intervention group couples by the researcher
under the supervision of an expert psychologist (13, 21),
reassessment was performed in both groups 4 weeks after
the end of the intervention. The couples in the control
group did not receive any intervention until the end of
the treatment. In order to observe ethical principles, at
the end of the intervention with the coordination of the
participants, two counseling sessions were held for the
control group, and also all the necessary information was
provided to them in the form of CDs and pamphlets. The
content of the counseling sessions includes: Enhancing
individual coping, enhancing dyadic coping, integrating
fairness, equity, and boundaries, enhancing marital
communication and problem-solving skills (Table 1).

Monirian et al.
Table 1: Content of counseling sessions

Table 2: Description of demographic and infertility variables of participants

Counseling sessions

Content of counseling sessions

Variables

The concept of stress, causes, types and consequences of stress, cognitive assessment of stress,
the relationship between stress and emotional reactions according to Lazarus and Folkman

Control
group
(n=34)

P value

First session

Intervention
group
(n=35)

Women’s age (Y)

29.37 ± 4.97

32.63 ± 5.43

0.01c

Men’s age (Y)

34.26 ± 3.7

36.23 ± 5.7

0.09c

Second session

Third session

Fourth session

Fifth session

Sixth session
Seventh session

Definition of coping and its types, stress prevention by predicting stressful conditions and
preparation in advance, the role of planning, organizing activities and predicting the situation in
stress prevention, methods of coping with unavoidable stress, relaxation training

Women’s education
High school

8 (22.9)

9 (25.7)

Diploma

15 (42.8)

12 (34.3)

University

12(34.3)

14 (40.0)

Definitions and types of dyadic coping, the importance of dyadic coping in marital relationships,
increasing understanding of partner stress, teaching
dyadic coping skills, using the funnel and threestep method in dyadic coping and role playing

Men’s education

Reviewing the concepts of exchange, fairness and
justice in marital relations, improving the awareness of couples about the importance of fair and
reciprocal exchange in the field of marital confrontation, increasing sensitivity to personal needs and
partner needs, intimacy in marital relationships

Women’s employment status

The importance of marital communication skills,
negative and positive communication styles in
marital relationships, improving speaking and listening skills, discovering inadequate communication behaviors and learning to overcome them
Teaching problem-solving steps, strengthening
mutual problem-solving skills in couples
Summarize and review summary of past sessions

Ethical considerations
This master’s thesis was approved by the Ethics
Committee of Hamadan University of Medical Sciences
(IR.UMSHA.REC.1399.485). Necessary explanations
were also given to the participants and the confidentiality
of the information, and written consent was taken from
them in the native language (Persian) before the study.

Results
The mean ± SD age of the women was 29.37 ± 4.97 in the
intervention group and 32.63 ± 5.43 in the control group,
the two groups were not homogeneous (P=0.01). Other
demographic characteristics in the two intervention and control
groups were not significantly different and the two groups
were homogeneous (P<0.05). The highest cause of infertility
was related to women with 34.3% in the intervention group
and related to men with 34.3% in the control group. The most
reported treatment type in both groups was IVF (Table 2).

0.17a

High school

18 (51.4)

13 (37.1)

Diploma

6 (17.1)

13 (37.1)

University

11(31.5)

9 (25.8)
0.61b

Employed

1 (2.9)

3 (8.6)

Non employed

34 (97.1)

32 (91.4)

Men’s Employment status

0.09a

Employed

30 (85.7)

23 (65.7)

Non employed

5 (14.3)

12 (34.3)

Residency

1.00b

Urban

25 (71.4)

26 (74.3)

Rural

10 (28.6)

9 (25.7)

Economic situation

Statistical analysis
Data were analyzed using IBM SPSS Statistics 24 (IBM
Corp., Armonk, New York, USA). Descriptive statistics
such as mean/SD, Frequency and Percentage were used to
describe the data, comparison of the two groups in terms
of demographic and contextual variables was performed
with independent t test or Mann-Whitney test if there was
little data and with chi-square test or Fisher's exact test
if it was qualitative. Analysis of covariance was used to
compare the two groups after the intervention. Significant
level in all statistical tests was considered less than 0.05.

0.82a

a
0.92
-

Good

2 (5.7)

2 (5.7)

Medium

14 (40.0)

12 (34.3)

Poor

19 (54.3)

21(60.0)

0 (0)

0 (0)

Women’s smoking
Yes
Men’s smoking

0.21b

Yes

4 (11.4)

9 (25.7)

Women’s history of physical illness

0.25b

Yes

6 (17.1)

2 (5.7)

No

29 (82.9)

33 (94.3)

2 (5.7)

2 (5.7)

Marriage duration (Y)

7.8 ± 3.5

7.9 ± 3.1

Duration of infertility (Y)

5.45 ± 2.98

5.98 ± 4.76

Men’s history of physical illness

-

Yes

Cause of infertility

0.91c
0.20a

Women

12 (34.3)

8 (22.8)

Men

7 (20.0)

12 (34.3)

Women and men

10 (28.6)

5 (14.3)

Unknown

6(17.1)

10 (28.6)

Treatment history

0.33a

Yes

17 (48.6)

22 (62.9)

No

18 (51.4)

13 (37.1)

Type of treatment

0.23a

Drug

6 (17.1)

6 (17.1)

IUI

5 (14.3)

7 (20.0)

IVF

22 (62.9)

20 (57.2)

ICSI

2 (5.7)

2 (5.7)

Data are presented as mean ± SD or n (%). ; Chi-square, ; Fisher’s Exact test, c; Independentsample t test, IUI; Intrauterine insemination, IVF; In vitro fertilization, and ICSI; Intracytoplasmic
sperm injection.
a
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Table 3: Comparison of intervention and control groups in terms of fertility stress and dyadic coping after adjusting the impact of before intervention scores in women

Variables

Group

Before intervention

Adjusted mean after intervention

P value

Effect size

Social concern

Intervention

27.49 ± 7.36

22.00 ± 6.73

<0.001a, b

0.694

Control

28.23 ± 7.24

27.71 ± 6.55

Intervention

21.23 ± 7.81

17.17 ± 6.86

<0.001a, b

0.592

Control

20.83 ± 7.33

21.11 ± 7.18

Intervention

29.66 ± 7.57

24.34 ± 7.73

<0.001a, b

0.631

Control

29.51 ± 7.86

29.11 ± 7.56

Intervention

46.46 ± 8.55

45.77 ± 8.57

0.04a, b

0.297

Control

44.14 ± 11.91

44.34 ± 11.81

Intervention

32.00 ± 6.45

30.14 ± 6.05

<0.001a, b

0.063

Control

28.46 ± 7.65

28.83 ± 8.16

Intervention

156.83 ± 23.57

139.43 ± 22.39

<0.001a, b

0.871

Control

151.17 ± 26.55

151.11 ± 25.96

Intervention

126.83 ± 19.89

138.26 ± 16.92

<0.001a, b

0.402

Control

127.29 ± 18.06

131.77 ± 16.06

Sexual concern
Relationship concern
Need for parenthood
Rejection of childfree lifestyle
Total score of stress
Dyadic coping score

Data are presented as mean ± SD. a; Adjusted for age and before intervention scores and b; Analysis of covariance.

Table 4: Comparison of intervention and control groups in terms of fertility stress and dyadic coping after adjusting the impact of before intervention scores in men

Variables

Adjusted mean after intervention

Before intervention

Group

Effect size

P value

Social concern

20.26 ± 6.33

24.80 ± 7.13

Intervention

0.401

<0.001a, b

25.69 ± 6.74

26.09 ± 6.75

Control

14.60 ± 6.82

17.51 ± 7.86

Intervention

0.627

<0.001a, b

20.54 ± 7.74

20.14 ± 8.04

Control

24.71 ± 6.32

28.23 ± 6.83

Intervention

0.584

<0.001a, b

28.26 ± 6.90

28.06 ± 7.09

Control

41.14 ± 10.33

42.94 ± 10.31

Intervention

0.242

0.03a, b

40.91 ± 12.15

41.34 ± 12.06

Control

27.31 ± 6.13

30.31 ± 6.45

Intervention

0.064

<0.001a, b

27.57 ± 6.50

27.66 ± 6.47

Control

128.03 ± 22.24

143.80 ± 23.40

Intervention

0.629

<0.001a, b

142.97 ± 24.70

143.29 ± 25.61

Control

136.40 ± 19.38

131.34 ± 20.67

Intervention

0.267

<0.001a, b

129.31 ± 16.38

Control

Sexual concern
Relationship concern
Need for parenthood
Rejection of childfree lifestyle
Total score of stress
Dyadic coping score

130.66 ± 15.36

Data are presented as mean ± SD. ; Adjusted for before intervention scores and ; Analysis of covariance.
a

b

In order to control the variables before intervention
and compare the effects of the intervention, analysis of
covariance was used and the results are summarized in
Tables 3 and 4. Based on the results, after the intervention in
men and women in the intervention group compared to men
and women in the control group, a significant decrease in
all components of infertility stress, including social concern
(P<0.001), sexual concern (P<0.001), relationship concern
(P<0.001), rejection of childfree lifestyle (P<0.001), and
the need for parenthood (women P=0.04, men P=0.03) was
observed. Also, the overall stress score in both sexes in the
intervention group had a significant decrease (P<0.001).
Due to the intervention, the dyadic coping score in both
sexes in the intervention group increased significantly
compared to the control group (P<0.001, Tables 3, 4).
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Discussion
The aim of this study was to determine the effect of CCEC
on stress and dyadic coping of infertile couples. Based on
the results, CCEC was able to reduce all components of
infertility stress, including social concern, sexual concern,
relationship concern, rejection of childfree lifestyle, and
the need for parenthood in both men and women in the
intervention group compared with controls. In most
studies, infertile women are usually studied (22-25), and
in a few studies, infertile men were studied (26, 27), while
in the present study, the focus was on both genders. In
line with the present study, in the study of Ordoni Awal
et al. (28), the score of all 5 dimensions of the infertility
stress questionnaire decreased in the participants after the
intervention, Karaca et al. (29) reported that cognitive-

Monirian et al.

behavioral group therapy intervention reduced the
infertility-related psychosocial problems of infertile
women. Similarly, in the study of Starabadi et al. (30),
the effect of acceptance and commitment-based therapy
in significantly reducing infertility stress in infertile
couples was identified. Lukse (31) also reported the
effect of group counseling in reducing the symptoms of
grief experienced by some infertile couples. In contrast
with the present study, Hammerli et al. (32), reviewed
21 controlled studies and concluded that psychological
interventions were not associated with significant changes
in mental status. Consistent with other studies and the
present study, women felt more stress than men regarding
infertility (33, 34).

counseling sessions and the impossibility of more followups due to time constraints.

According to the results of the study, CCEC significantly
increased the dyadic coping score in men and women in
the intervention group. The study of Sodani et al. (21)
was conducted to determine the effectiveness of couple
coping enhancement training on dyadic coping, conflict
resolution style, ineffective dialogue, and intimacy
security in couples. Based on the findings of this study,
receiving training for strengthening couple confrontation
could have an effect on couple confrontation variables. In
the couple confrontation variable, the mean scores in the
post-test had a significant increase compared to the pretest. The results of a study by Omidian et al. (35) showed
that couples coping enhancement training can improve the
marital adjustment of wives in a sample of troubled couples
in Shahr-e Kord city. Results of a study by Molgora et al.
(36) showed that the adoption of positive coping styles
by couples leads to increased marital adjustment and the
success of ART treatment may be less in couples who do
not have this type of reciprocal supportive behavior (36).
In a randomized clinical trial conducted by Bodenmann
et al. (37), coping-oriented couple therapy did not show
better results compared to dyadic coping or relationship
satisfaction, but it significantly improved the expression
of emotions by partners.
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Abstract

Background: Granulocyte colony stimulating factor (GCSF) has been introduced as an immunomodulatory agent by
increasing implantation rate in vitro fertilization (IVF) patients but it has not been studied in intrauterine insemination
(IUI) patients. The aim of this study is to answer the role of GCSF in implantation rate of IUI.
Materials and Methods: In this prospective double-blind randomized control trial, 320 eligible patients were enrolled, who were referred to the referral infertility clinic of Shiraz University of Medical Sciences from February 2018
till the end of 2019. They were divided into two groups randomly. After collecting the demographic data, all patients
received clomiphene citrate from the 5th day of the menstruation cycle for 5 days. 50-150 units of recombinant purified
follicle-stimulating factor (FSH) were started from the 8th day of the cycle. Follicle monitoring was done by transvaginal sonography till a mature follicle of 18 mm or more was developed. Human chorionic gonadotropin (HCG)
injection was done in both groups with intrauterine administration of 300 μg GCSF in the case group and normal
saline in the control group simultaneously. After 36 hours, IUI was performed. The clinical pregnancy, miscarriage,
and ongoing pregnancy rates of both groups were calculated by SPSS software.
Results: The results showed improvement of clinical pregnancy rate [15.38% vs. 13.81% OR=1.17 (0.62-2.21)], miscarriage rate [3.84% vs. 5.26% OR=0.74 (0.25-2.20)] and ongoing pregnancy rate [11.53% vs. 8.55% OR=1.37 (0.65-2.92)]
in the GCSF group compared to the control. However, the results revealed no statistically significance (P>0.05).
Conclusion: Although it was not statistically significant, 300 μg Intrauterine GCSF administration simultaneously
with hCG injection in standard IUI procedure might increase the pregnancy outcomes. Further studies are warranted
(registration number: IRCT201212079281N2).
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Introduction
Nowadays, unexplained subfertility is an issue of
concern in infertility clinic visits among 30-50% of
couples (1, 2). Expectant management controlled ovarian
hyper-stimulation with intrauterine insemination (IUI) as
a less invasive method, or the more aggressive technique
of in vitro fertilization (IVF) are the accepted practices
for managing unexplained subfertility (3-5). Although
treatment strategies should be selected individually, some
authors recommend stimulated IUI as the first method of
therapy with a success rate of 12% per cycle that is followed
by IVF after three cycles of failure (1, 2). In addition, some
authors indicated that the success rate of IUI is defined to
be more similar to IVF than previously recognized (6).
It is logical to manage unexplained subfertility patients
stepwise and gradually start with inexpensive, less invasive,
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and low-risk treatments (2). As IUI is less invasive and
more economic than IVF with considerable benefits, it
is reasonable to improve the success rate of IUI in these
patients. Normal semen analysis and patent uterine tubes
of unexplained subfertility patients highlight the role of the
uterus as the main target of therapy for IUI improvement of
success rate by affecting the implantation rate (7).
Granulocyte colony stimulating factor (GCSF) is
introduced as an effective cytokine in reproduction and
fertility via overcoming immunologic factors by the final
consequence of altering the implantation rate (8, 9). This
cytokine is derived from the bone marrow and cells like
the monocyte, macrophage, and fibroblasts; it triggers the
proliferation of the neutrophils and promotes releasing
them into the blood circulation (10). It plays a role in
inflammatory prohibition, angiogenesis, and prevention
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of apoptosis (8, 11). Also, GCSF is responsible for
advancing ovarian function, promoting oocyte maturation,
regulating the endometrium by increasing receptivity, and
improving embryo implantation (8, 12, 13). Although
there are controversies, GCSF is introduced as a
successful immunotherapy modality in IVF for advancing
fertility in Recurrent Implantation Failure (RIF) patients
by impacting the implantation process (8, 9, 11, 14-17).
Also, GCSF is found in endometrial and fetal cells which
may bold the possible role of this cytokine to improve
pregnancy outcome (18). A noticeable point is the minimal
harm of administration of GCSF for pregnancy outcome
(19, 20).
To the best of our knowledge, there are limited data
on IUI improvement by immunotherapy, especially
on the effect of GCSF on IUI. Considering multiple
aspects of IUI including low cost, less invasiveness,
and patient-friendly points, and recognizing the
uterus as the possible cause of IUI failure, we were
encouraged to conduct this survey to evaluate the
possible effects of intrauterine GCSF administration
on the pregnancy success rate among patients with
recurrent IUI failure to avoid the burden of IVF in
unexplained subfertility.

Materials and Methods
The study protocol and setting
In this randomized control prospective study, we
aimed to evaluate the effect of GCSF on the IUI
success rate by measuring chemical and clinical
pregnancy as primary outcome and miscarriage and
ongoing pregnancy rates as secondary outcomes. It was
approved by the Ethics Committee of Shiraz University
of Medical Sciences following the Declaration of
Helsinki Guideline (IR.SUMS.MED.REC.1395.60)
and registered at the Iranian Registry of Clinical Trials
(IRCT201212079281N2). To calculate the sample size
based on a previous study (21), the success rate for the
control and case groups was determined to be 19.6%
and 44.6%, respectively. Considering the confidence
interval of 95%, power of 80%, and type one and two
errors of 0.05 and 0.20 respectively, the sample size
was set to be 87 patients in each group (22). In previous
studies on GCSF efficacy which were carried out on
IVF protocol, the number of embryos was more than
the patients due to the transfer of more than one embryo
for most patients. Since this study was performed on the
IUI protocol with an almost equal ratio of patients and
embryos in each cycle, we increased the total studied
samples to 320 eligible patients who were referred to
the referral infertility clinic of Shiraz University of
Medical Sciences from February 2018 till the end of
2019.
Patients were recruited after filling out the informed
consent. Demographic data and basic fertility
characters were checked. Randomization was done
exactly performing IUI by a web-based software,
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considering each block size to be 4 (160 patients
in each arm study). It should be mentioned that
all laboratory tests of participants were done at the
laboratory of our center, and the staff was blind to
the study groups too. Also, all patients’ endometrial
thickness was examined by an expert sonographer
using the Voluson E8 machine who was blind to
allocations.
Inclusion and exclusion criteria
The inclusion criteria were a mean age of 20-40
years, normal body mass index, and anti-Mullerian
hormone level of 2-3.5 ng/ml, patent tubes in
hysterosalpingography, and normal hormonal assay
including follicle-stimulating factor (FSH), luteinizing
hormone (LH), thyroid stimulating hormone (TSH),
and prolactin. The patients should have subfertility
subtype of primary unexplained infertility for less
than three years with normal endometrium thickness
in women. The husband should have been examined
by the urologist of our center in order to have a
normal physical exam and normal laboratory studies
including semen analysis with no medical diagnosis.
It is emphasized that they should have a total motile
count of more than 10 million in semen analysis. The
exclusion criteria were the participants who had thin
endometrium (less than 7 mm) on the day of human
chorionic gonadotropin (HCG) injection, any chronic
disease (like malignancy, chronic hypertension,
Diabetes Mellitus, thyroid or kidney disease, anemia,
polycystic ovarian disease), history of previous
surgery on the uterus, ovulatory dysfunction, any
contraindication for GCSF administration (patients with
allergy to E. coli-derived proteins or previous history of
severe side effects), severe male factor infertility, any
stages of endometriosis, or unwillingness to continue
the project.
Treatment protocol and outcome
All patients had a basal evaluation of antral follicular
count (AFC) on the second day of their cycle by
transvaginal sonography. The enrolled patients received
100 mg clomiphene citrate (Iran Hormone Laboratory,
Tehran, Iran) daily from the 5th day of the menstruation
cycle for 5 days. In addition, starting from the 8th day of the
cycle, 50-150 units of recombinant purified FSH (Gonal-F,
Merck Serono, Switzerland) were prescribed individually.
Then, on the 11th day of the cycle, transvaginal sonography
was done by an assigned gynecologist who was blind to
the group of patients by using the Voluson E8 machine.
Based on the number and size of the dominant follicles,
FSH dosage was adjusted for the next days till at least one
mature follicle with a diameter of 18 mm or more was
developing. At this time, 5000 units of hCG intramuscular
injection (Choriomon, IBSA, Switzerland) was injected.
Meanwhile, to make the study blind to the patients and
remove the distributing factors, we inserted the IUI
catheter (Prince medical, France) for all patients. Then, an
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intrauterine injection of 300 μg of GCSF (1 cc, single-dose
vial of Neupogen, Roche, Switzerland) was done for the
case group, while 1 cc normal saline was injected in the
control group in the same manner of the case group (23).
Saline was in a bottle exactly like GCSF with the material
the same in color and odor. There was an assigned staff
in charge of preparing the syringe for injection of GCSF
or saline after opening the sealed envelope of the patient
group’s allocation. The gynecologist who performed the
procedure was blind to the group allocation and type of
the substance in the syringe. 36 hours later, IUI was done
by an expert gynecologist blinded to the group allocations
by the standard local protocol method with swim-up
technique of sperm preparation (24). After two weeks, the
serum pregnancy test was done. Pregnancy was clinically
established by transvaginal sonography at 6 weeks of
gestational age in the patients with positive serum tests.
The clinical pregnancy rate was calculated by dividing the
number of patients with the presence of gestational sac
in sonography divided into the total number of patients
in each group. Also, miscarriage rate was defined as
pregnancy loss before 12 weeks of gestational age. The
ongoing pregnancy rate was calculated by subtracting the
miscarriage rate from the total clinical pregnancy rate.
Statistical analysis
Quantitative data were presented as mean ± SD while
qualitative data were presented as number (n) and
percentage. The comparison between two groups with
quantitative data and normal distribution was done by
using an independent Student t test while the MannWhitney U-test was used only with non-parametric data.
Logistic regression analysis was used to assess the odds
ratio of factors related to birth rates between two groups.
Statistical analysis was carried out using SPSS version 21
(SPSS IBM, Armonk, NY, USA). P<0.05 was considered
statistically significant.

Results
As shown in Figure 1, 156 cases received GCSF (3 cases
did not complete their follow up, one case had a technical
problem in the administration of GCSF), and 152 control
patients that not received GCSF (all omitted cases with
not availability for follow up after IUI procedure) were
enrolled at the end of the study. Six patients out of the
GCSF group and 8 patients out of the control group had
a miscarriage. In this study, all the ongoing pregnancies
had live births. In the pregnancy course, one patient of
each group (case at 27 weeks of gestation and control
at 25 weeks of gestation) had alive premature birth that
the neonates of both groups expired due to prematurity.
Except for developing leukemia in one of the infants of
the control group, no other specific event was notable in
their follow-up. The demographic data of each group is
presented in more detail in Table 1.
As demonstrated, both groups were not statistically
different in age, endometrial thickness, number of
follicles, parity, AFC, and body mass index (BMI).

Enrollment

Assessed for eligibility (n= 400)

Excluded (n=80)
Not meeting inclusion criteria (n=70)
Declined to participate (n=5)
Other reasons (n=5)

Case

Control

Randomized (n=320)

Allocation
Allocated to control (n=160)

Allocated to intervention (n=160)

Follow-Up

Lost to follow-up (no visit, no answer the phone)
(n=3)

Lost to follow-up (no visit, no answer the phone)
(n=8)

Discontinued intervention (technically problem in
administration of GCSF) (n=1)

Analysis
Analysed (n=156)

Analysed (n=152)

Fig.1: Flow chart of patients enrollment in the study that were randomly
divided into groups of case and control.
Table 1: Demographic data of the case and control group

Characteristics

Groups

P value*

GCSF
(n=156)

Control
(n=152)

Age (Y)

30.01 ± 5.18

29.05 ± 6.32 0.145

ET (mm)

7.47 ± 1.46

7.63 ± 1.49

0.38

Follicle number (n)

2.39 ± 0.82

2.33 ± 1.05

0.358

Parity (n)

0.2 ± 0.49

0.16 ± 0.44

0.546

AFC on the second day
of cycle (n)

9.38 ± 3.31

9.42 ± 3.28

0.45

BMI (kg/m2)

22.48 ± 2.43

22.5 ± 2.41

0.315

Data are presented as mean ± SD. GCSF; Granulocyte colony stimulating factor, ET;
Endometrial thickness, AFC; Antral follicular count, BMI; Body mass index, and *; Twotailed t test.

The pregnancy rate in the GCSF group was 24 out of
156 patients (15.38%) in comparison to 21 out of 152
patients (13.81%) calculated for the control groups.
Although the data showed an improved pregnancy rate
documented by sonography in the GCSF group, it was not
significant (P=0.63). No specific side effects were seen
among the case and control groups. Also, non-significant
improvement in ongoing pregnancy and miscarriage is
shown in the GCSF group (Table 2, P>0.05).
Table 2: IUI outcome in case and control group

Characteristic

GCSF
group
(n=156)

Control
group
(n=152)

OR
(95%CI)

P value

Clinical
pregnancy rate

24 (15.38)

21 (13.81) 1.17
0.63
(0.62-2.21)

Miscarriage rate

6 (3.84)

8 (5.26)

0.74
0.55
(0.25-2.20)

Ongoing pregnancy rate

18 (11.53)

13 (8.55)

1.37
0.38
(0.65-2.92)

Data are presented as n (%). IUI; Intrauterine insemination, GCSF; Granulocyte colony
stimulating factor, OR; Odds ratio, and CI; Confidence interval.
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Discussion
The results of this study showed no statistically significant
improvement in fertility rate in patients who received
GCSF on the day of hCG injection in the IUI cycle. To
the best of our knowledge, we found no previous study
on testing GCSF to improve the IUI success rate study.
There are some articles in the literature focusing on GCSF
in assisted reproductive techniques (ART) success among
patients suffering from recurrent miscarriage (10, 25) or
thin endometrium in ARTs (9, 26) although there are
some non-specific side effects like nausea and vomiting,
anorexia, and headache; moreover, chest pain, hypoxemia,
and syncope are mentioned as its side effects (12).
There is a controversy on GCSF efficacy to treat RIF
patients (20). Kamath et al. (27), in a recent systematic
review, Kalem et al. (23) in a randomized control
study on intrauterine administration of GCSF in normal
endometrium patients (23), and Davari Tanha et al.
(28), in a randomized double-blind placebo control
trial presented GCSF as an ineffective treatment in RIF
patients. They are all in line with the Practice Committee
of the American Society for Reproductive Medicine
which believes there is no effect of GCSF considering
insufficient study on the issue (29). In contrast, the
following mentioned studies indicated that GCSF
was beneficial. Zhang et al. (15) revealed the positive
effect of GCSF in either systematic or intrauterine root
administration in RIF patients. Also, the potency of
GCSF to increase fertility in RIF patients is shown in
a systematic review as well as other immunotherapy
methods (10). Zhao et al. (30), in a systematic review
and meta-analysis presented this cytokine as a beneficial
method of fertility improvement. These controversies
occur due to national, ethical, and genetic variations as
well as different sample sizes and study design studies,
the dosage of administration, and root of injection (8,
31). In line with the Practice Committee of the American
Society, Davari Tanha et al. (28), we found no significant
improvement in the fertility rate although it was more in
the groups that received GCSF. It may be attributed to the
very short lag between the administration of GCSF and
insemination (36 hours). More time might be needed to
present the positive effects of GCSF. Also, we perfused
GCSF once in the uterine cavity, with possible benefit in
more times of administration of the cytokine.
The outstanding root of GCSF administration is
uncertain. Zeyneloglu et al. (14) demonstrated the benefits
of dual subcutaneous and intrauterine administration of
GCSF in patients with recurrent implantation failure in the
intracytoplasmic sperm injection process. Patients received
GCSF subcutaneously for 15 days starting from the oocyte
retrieval day. The intrauterine dose was injected on the day
of ovulation induction. The result of the study revealed
the effectiveness of combination therapy of GCSF as the
best method of prescription. Kalem et al. (23) showed no
effectiveness in intrauterine administration of GCSF daily
on hCG. Recently, a systematic review emphasized the
Int J Fertil Steril, Vol 16, No 4, October-December 2022
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effectiveness of GCSF in both intrauterine and subcutaneous
administration with more success for subcutaneous method
(8). Cavalcante et al. (10) in a systematic review showed
the subcutaneous root as the method of choice for recurrent
miscarriage treatment purposes, while the intrauterine
root was a suitable choice for RIF or thin endometrium.
In a systematic review, the beneficial effect of GCSF was
attributed to the subcutaneous root of administration (30).
Incongruently, Xie et al. (32) presented the effectiveness of
intrauterine administration of GCSF in patients suffering
from thin endometrium. In the present study, although
we presented a better outcome in patients who received
intra-uterine GCSF, this improvement was not statistically
significant in patients with normal endometrium thickness.
Effects on the patients with thin endometrium were not
studied in this survey, so the possible intrauterine positive
effect of GCSF might have been ignored. The potential
effects of systematic administration of GCSF on normal
endometrium patients should be investigated in further
studies.
The strength of our study is its large population with the
study design of a double-blind randomized control trial.
Sonographer, laboratory, and IUI performer were the same
among all participants, leading to a reduction in bias. Also,
to the best of our knowledge, there is limited data on the
effect of GCSF administration on the IUI success rate. We
focused on the possible effects of GCSF that could lead to
altering the protocols of subfertility management. Finally,
it is concluded that less expensive modalities with less
invasive procedures should be used. Performing this study
only on patients with normal endometrial thickness is the
limitation of our study. It is recommended that further
studies be conducted considering the thin endometrium
group and those with normal endometrium. Also,
considering different lags between GCSF prescription
and insemination should be examined in future studies
to evaluate the possible positive effects of the cytokine
prescribed in systemic, intra-uterine, or both methods.

Conclusion
Intrauterine 300 μg GCSF administration simultaneously
with hCG injection in standard IUI procedure has increased
the pregnancy outcome although it was not statistically
significant. More studies are warranted that focus on the
root and day of administration and studied population.
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Abstract

Background: Impaired expression of genes which act on hormone signaling pathways is one of the factors affecting
miscarriage. In this study, the expression levels of insulin receptor (INSR) and insulin receptor substrates-1 (IRS-1)
genes in endometrial tissue of infertile women and fertile women with miscarriage in less than twenty weeks gestation
for unknown reasons were evaluated.
Materials and Methods: In this case-control study, forty-two fertile women with children and 42 infertile women,
who underwent in vitro fertilization (IVF), were selected. Both groups had abortions under twenty weeks gestation for
unknown reasons. The endometrial tissue of all patients was prepared to evaluate the expression of INSR and IRS-1
genes by quantitative real-time polymerase chain reaction (PCR) method after RNA extraction.
Results: There was a statistically significant relationship between the expressions of INSR and IRS-1 genes in the
endometrial tissue of the infertile women compared with the fertile women (P=0.002 and P=0.008, respectively). The
expression level of genes was decreased in both groups by age and increasing body mass index (BMI). Comparison of
genes expression levels in healthy and diabetic participants in each group showed a significant difference (P<0.0001),
but no meaningful difference was indicated between diabetic infertile and fertile groups in terms of gene expression.
INSR gene expression levels showed an increase in the fertile group in the second 10 weeks and a decrease in IRS-1
gene expression. But in the infertile group, both genes showed a slight increase in expression.
Conclusion: It seems a decreased expression of insulin signaling pathway genes in the endometrial tissue of infertile
women can be one of reasons for unspecified abortion. These genes may be strong molecular markers for infertility.
Keywords: Abortion, Female Infertility, Insulin Receptor, In vitro Fertilization, Unexplained Symptom
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Introduction
Successful pregnancies in humans and non-human
mammals rely on a unique set of events, such as embryo
implantation, separation, mating, and parturition. Implantation is associated with molecular and physiological
events regulated between the embryo and the receiving
endometrium. In the implantation process in humans, fundamental events such as adhesion, adhesion / attachment,
invasion, and immune regulation occur (1).
Spontaneous abortion is a significant issue in terms of
social and economic effects. Today, most women face the
possibility of reduced fertility and increased spontaneous
abortion due to delayed pregnancy. Infertility has various
causes, the most common of which are tubular and pelvic
diseases, ovulation disorders, polycystic ovary syndrome
(PCOS) and premature ovarian failure (2).
Insulin is a pivotal metabolic hormone for regulating en-

ergy homeostasis in the body. Insulin-dependent signaling
also plays an important role in embryo reproduction and
early growth (3). In humans, insulin and proinsulin levels
(prohormones with less activity than insulin) are significantly associated with weight, height, head circumference,
and skin thickness of infants at birth (4). Insulin sends messages through its heterotetrameric receptor. After binding
of insulin to alpha extracellular subunits, deformation occurs in the second tyrosine kinase present in the two beta
intracellular subunits, resulting in activation of tyrosine
kinase to auto-phosphorylate tyrosine components in the
Tyr-1158, Tyr-1162, and Tyr-1163 positions, followed by
rapid phosphorylation of docking proteins such as insulin receptor substrates (IRS) and several other signaling
proteins (5). In endometrial cancer, the insulin hormone,
as a growth factor, can increase cell proliferation and inhibit the process of apoptosis through the PI3K/Akt and
RAS/MAPK pathways (6, 7). Activation of insulin recep-
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tor (INSR), insulin receptor substrates -1 (IRS-1) and AKT
has also been linked to the invasive nature of endometrial
cancer, and insulin has mitogenic and anti-apoptotic properties for these cells (6).
Human placental growth hormone is increased continuously during the first 20 weeks of gestation, and
this hormone has a strong effect on insulin metabolism. Because of this, the insulin signaling pathway is
necessary to regulate cell metabolism. In the present
study, we hypothesized that energy balance was essential for embryo implantation and growth. Therefore,
the disruption of the insulin signaling pathway due to
decreased expression of INSR and IR-1 genes in the
endometrial tissue of infertile women is considered a
factor affecting infertility and abortion in in vitro fertilization (IVF).

Materials and Methods
Sample collection
In this case-control study, two groups were selected
from the clients referred to the infertility centers of Yas
and Mirzakoochak Khan Hospitals in Tehran (20182019). Forty-two women with children, who had experienced at least one normal pregnancy, were selected as the
fertile group. Forty-two women without children with a
regular menstrual cycle that were married more than one
year and also had an unknown reason for infertility were
selected as the infertile group. The sample size was calculated based on the following assumption: type1 and 2
errors: 0.05 and 0.20, respectively; expected implantation
rate in control group: 65%; expected frequency of abortion: 35%. The infertile group underwent the IVF method
to get pregnant, but the fertile group had a normal pregnancy. Both groups had an abortion under twenty weeks
for unknown reasons. The aborted fetus also had a normal
karyotype. The selection criteria of the groups were as
follows: regular menstrual cycles, normal ovarian function, and absence of abnormalities in the uterus and fallopian tubes, or signs of endometriosis on ultra-sonographic
or laparoscopic examinations. In addition, the spouses of
subjects had sufficient sperm volume; and analysis of semen was according to WHO criteria. Those who did not
have this characteristic were excluded.
The subjects ranged in age from 24 to 36 years. Endometrial samples of individuals were collected using a
Novak curette/ Pipelle catheter and transferred to a karyotype containing RNA to be stored in liquid nitrogen until
RNA extraction.
RNA extraction and cDNA synthesis
Approximately 150-200 mg of endometrial tissue samples were washed twice with phosphate buffered saline
(PBS, Bioidea, IRAN). Then, the RNA of all samples was
extracted with the help of a commercial kit instruction
(Invitrogen, Carlsbad, CA, USA). After evaluating the
quantity and quality of the extracted RNA according to
the kit instructions (Takara Bio Inc., Japan) about 1 mg

of the total RNA from each sample was added to random
hexamer primers, RT enzyme, and enzyme buffer used for
cDNA synthesis and placed in a thermos-cycler.
Quantitative real-time polymerase chain reaction
analysis
Using the ABI StepOne PlusTM system (Applied
Biosystems, Germany), gene expression (INSR and
IRS-1) was evaluated by quantitative real time polymerase chain reaction (qRT-PCR). Primers (F: 5′-TTCCGAGACCTCAGTTTCCC-3′ and R: 5′-AGATGACCAGCGCGTAGTTA-3′) were used to proliferate the
INSR gene, primers (F: 5′-AGGTGGATGACTCTGTGGTG-3′ and R: 5′-GGGATTGTTGAGATGGTGCC-3′)
were used for the IRS-1 gene, and primers (F: 5′-CGTGCGTGACATTAAAGAGAA-3′ and R: 5′-GGGATTGTTGAGATGGTGCC-3′) were used for the beta-actin
gene (internal control). The proliferation steps included
95°C for 5 minutes for initial DNA denaturation, then
35 cycles at 95°C for 30 seconds, 55°C and 60°C for 30
seconds, and 72°C elongation for 30 seconds. All tests
were performed in pairs. Several proliferated products
were sequenced. To analyze the sample proliferation,
the threshold line was drawn based on the exponential
phase of the products to be statistically analyzed using
the 2-ΔΔCT method.
Statistical analysis
Data were analyzed using Graph Pad software version
9. The normal distribution of data was first examined by
the Kolmogorov - Smirnov test. Then the variables of age,
BMI, duration of marriage and length of pregnancy were
calculated based on an independent t test and were reported as mean ± SD. Other data such as diabetes, number of
children and abortions were calculated based on Fisher’s
exact test between the two groups. The expression level
of genes was reported as fold change according to the formula fold change=2-ΔΔCt. The fertile and infertile groups
were divided into two subgroups for age (30≥ and 30<),
body mass index (BMI, 25≥ and 25<), diabetes (healthy
and diabetic), length of pregnancy (10 ≥ and 10< week).
Fold change of the INSR and IRS-1 gene expression was
compared between subgroups, using a two-sample t test.
The differences in expression of INSR and IRS-1 genes
in the two groups, the effect of age, BMI, diabetes, and
length of pregnancy on gene expression were assessed by
t-test. The missing data were excluded from the study. In
all statistic testes, a P value of less than 0.05 was considered significant. Results were reported with 95% confidence intervals (CIs).
Ethical considerations
The study protocol conforms to the ethical guidelines of
the 1975 Declaration of Helsinki as reflected in a prior approval by the Tehran Islamic Azad University of Medical
Sciences (IR.IAU.TMU.REC.1397.007). After obtaining informed consent, the structured questionnaires were
filled out by subjects.
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Results
There was no significant difference between the mean
age of the two groups, duration of the marriage, number
of abortions, smoking and diabetes. In terms of mean
BMI, duration of pregnancy and the number of children
the groups were statistically significant. Individual
information is presented separately in Table 1.
Evaluation of changes in INSR and IRS-1 gene
expression in endometrial tissue of infertile women
compared to fertile women

mRNA fold change of INSR and IRS-1

In the fertile group, the expression of the INSR gene was
2.61 times higher (P=0.002, 95% CI: 0.639-2.622) and
the IRS-1 gene was 2.87 times higher (P=0.008, 95% CI:
0.177-1.137) than the infertile group. These differences
were also statistically significant. The results are shown
in Figure 1.
✱✱

1.5

✱✱

Evaluation of age parameters on the expression of
INSR and IRS-1 genes
In terms of age, each group was divided into two
subgroups ≤30 and >30 years. Sixteen women in the
fertile group and nineteen women in the infertile group
were ≤30 years old; and 26 in the fertile group and 23
in the infertile group were >30 years old. In comparison
with the fertile group, the expression of the INSR gene
was 2.95 times (P=0.005, 95% CI: 0.397-4.010) higher
and the IRS-1 gene was 2.92 times (P<0.0001, 95% CI:
0.204-1.719) higher than that of the infertile group with
the age of ≤30. The same comparison at age >30 showed
that the expression of the INSR gene increased by 2.42
times (P=0.001, 95% CI: 0.147-2.459) and the expression
of the IRS-1 gene increased by 1.59 times (P=0.356,
95% CI: -0.131-0.333). Both groups did not differ in
the expression of the IRS-1 gene, except for the ≤30 age
range. The results are shown separately in Figure 2.
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Fig.1: Quantitative real-time polymerase chain reaction (PCR) validation of
transcriptome data for INSR and IRS-1 genes. The mRNA fold change was
used for comparative gene expression between fertile and infertile women.
Independent samples student’s t test was performed to compare INSR and
IRS-1 expression between fertile and infertile women. **; P<0.001.

Fig.2: The effect of age parameter on the expression of INSR and IRS-1
genes. The mRNA fold change was used for comparative gene expression
between fertile and infertile women. Independent samples student’s t
test was performed to compare INSR and IRS-1 expression between the
two age groups. **; P<0.001, ****; P<0.00001, and ns; P>0.01.

Table 1: Baseline characteristics of the infertile and fertile women

Variable

Fertile (n=42)

Infertile (n=42)

P value

95% CI

Age (Y)

34.1 ± 5.80

33.76 ± 5.37

0.770

(-3.76-2.03)

BMI (kg/m )

27.3 ± 2.80

24.09 ± 3.86

<0.0001

(-4.71--1.01)

Duration of marriage (Y)

7.67 ± 3.74

6.50 ± 1.33

0.060

(-2.38-0.05)

Chemical pregnancy or duration of pregnancy (days)

86.1 ± 24.46

19.55 ± 9.93

<0.0001

(49.92-69.65)

0.234

(0.47-0.76)

0.131

(0.15-0.42)

<0.0001

(0.01-0.07)

2

Abortion
Non

32 (76.19)

36 (85.71)

1

10 (23.81)

5 (11.90)

2

0

1 (2.39)

Positive

4 (9.52)

9 (21.43)

Negative

38 (90.48)

33 (78.57)

Diabetes

Child
Non

0

42 (100)

1

17 (40.48)

0

2

20 (47.62)

0

3

5 (11.90)

0

Data are presented as mean ± SD or n (%). Age, BMI, duration of the marriage and length of pregnancy were calculated based on the independent t test. Fisher’s exact test was used to
compare the distribution of other variables (abortion, diabetes and number of children) between the two groups. BMI; Body mass index and CI; Confidence intervals.
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Evaluation of the BMI parameter on the expression of
INSR and IRS-1 genes
Twenty-six fertile women and seven infertile ones had a
BMI ≤25, and 16 fertile women and 35 infertile ones had a
BMI >25. The expression of both genes was decreased by
increasing BMI. Comparison of BMI ≤25 in the fertile women
compared to the infertile women showed that the expression
of the INSR gene was 10.07 times (P=0.002, 95% CI: 0.2515.161) and IRS-1 gene was 4.31 times (P<0.0001, 95% CI:
0.533-2.270) higher. Also, fertile and infertile persons at
BMI >25 had 1.78 times (P=0.042, 95% CI: 0.214-2.026)
more expression of the INSR gene and 2.19 times (P<0.0001,
95% CI: 0.069-0.812) more expression of the IRS-1 gene. A
comparison of the subgroups is shown in Figure 3.

CI: 0.697-3.071) higher in the second ten weeks than the
infertile group. In terms of IRS-1 gene expression, the
fertile group had 8.71 times (P<0.0001, 95% CI: 0.3323.165) more expression in the first ten weeks and 1.48
times (P=0.653, 95% CI: -1.064-0.321) more in the
second ten weeks. The results of gene expression in the
first ten weeks and the second ten weeks are shown in
Figure 5.

Fig.4: The effect of diabetes on the expression of INSR and IRS-1 genes. The
mRNA fold change was used for comparative gene expression between
fertile and infertile women. Independent samples student’s t test was
performed to compare INSR and IRS-1 expression between women who
were healthy or with diabetic disease. ****; P<0.00001 and ns; P>0.01.

Fig.3: The effect of BMI parameter on the expression of INSR and IRS-1
genes. The mRNA fold change was used for comparative gene expression
between fertile and infertile women. Independent samples student’s t
test was performed to compare INSR and IRS-1 expression between the
BMI of the two groups of women. BMI; Body mass index, *; P<0.01, **;
P<0.001, and ****; P<0.00001.

Evaluation of diabetes on the expression of INSR and
IRS-1 genes
Nine fertile women and four infertile ones had
diabetes (type II). Diabetes affected the expression of
genes and caused a reduction in the expression of both
genes in subjects with diabetes compared to healthy
ones. This difference was statistically significant for
the expression of the INSR gene (P=0.007) and IRS-1
gene (P=0.029). Healthy fertile subjects had 23.82 times
higher expression of the INSR gene than the fertile ones
with diabetes (P<0.0001, 95% CI: 2.207-4.293) and
13.83 times higher IRS-1 gene (P<0.0001, 95% CI:
0.679-1.813). Healthy infertile subjects showed 21.35
times more expression of the INSR gene (P<0.0001, 95%
CI: 0.230-0.604) than the infertile ones with diabetes
and 16.82 times more expression for the IRS-1 gene
(P<0.0001, 95% CI: 0.091-0.152). The comparison of
the subgroups is shown in Figure 4.
Evaluation of the duration of pregnancy on the
expression of the INSR & IRS-1 genes
The length of pregnancy was shorter in the infertile
group than in the fertile group. This length was divided
into two subgroups: ≥10 weeks and <10 weeks. In the
fertile group, the expression of the INSR gene was 2.79
times (P<0.0001, 95% CI: 0.130-2.503) higher in the first
ten weeks of pregnancy and 3.63 times (P<0.0001, 95%

Fig.5: The effect of the length of pregnancy on the expression of INSR
and IRS-1 genes. The mRNA fold change was used for comparative gene
expression between fertile and infertile women. Independent samples
student’s t test was performed to compare INSR and IRS-1 expression and
the length of pregnancy between groups. *; P<0.01 and ns; P>0.01.

Discussion
Reproduction is controlled by the common function
of several neuronal and hormonal signals (neurohormonal system). For central reproduction controlling,
the deca-peptide gonadotrophin-releasing hormone
(GnRH) is formed to activate the lower elements of the
hypothalamus-pituitary-gonadal (HPG) axis, especially
the secretion of the famous gonadotrophins luteinizing
hormone (LH) and follicle-stimulating hormone (FSH).
Also, environmental hormones affect GnRH activity.
These gonadal hormones and various metabolic factors
are essential for regulating energy homeostasis and
fertility. Among these, insulin is a pivotal regulator of
the HPG axis. Removing insulin receptors in animal
models led to the development of severe metabolic
disorders, hypogonadotropism, hypogonadism, and
infertility (8). A study by Anjali and his colleagues
demonstrated the effect of FSH on the expression of
genes related to energy homeostasis. They showed that
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FSH could increase the expression of the IRS-2 gene
and the functional deficiency of FSH reduced follicular
growth and metabolism and led to infertility.
The pivotal role of the reproductive function of
insulin activity in humans is determined by the
expression of the insulin receptor in most tissues
of the body, the hypothalamus, pituitary, uterus and
ovaries (8). The binding of insulin to its INSR receptor
causes induction of tyrosine phosphorylation in the
insulin receptor substrate (IRS). Then the signal is
transmitted through downstream enzymes such as PI3K
and AKT2. Knockout mouse model of INSR causes
hyperinsulinemia and hyperglycemia rapidly following
diabetic ketoacidosis (9).
Human implantation is a complex and multifactorial
process. Successful implantation requires some factors
such as a healthy embryo, a receptive endometrium,
the molecular coordination between them, and the
protection of the host's immunity. Endometrial tissue has
a transient functional state and allows blastocysts to be
implanted and pregnancy to occur (10). Recent advances
in the study of implantation processes have indicated that
endometrial acceptance evaluation and pre-implantation
genetic testing are necessary to overcome the possibility
of implant failure (11, 12) and successful initiation of
pregnancy. Early detection of endometrial abnormalities
and the discovery of new strategies increase the chances
of pregnancy, especially in infertile women.
In this study, a comparison between infertile women
who had undergone IVF and fertile women was made.
Both groups had an abortion less than twenty weeks
for unknown reasons. The infertile group had lower
expression of the INSR and IRS-1 genes in uterine
tissue compared to the fertile group. This difference of
expression was statistically significant. The effect of some
variables on gene expression was also evaluated.
Those in each group had less gene expression with aging
(over 30 years). This reduction was more in the fertile
group than in the infertile group. Comparing infertile with
fertile women indicated a significant relationship between
aging and the rate of decreased expression of insulin
messaging genes. Also, Dunson et al. (13) examined
the relationship between age and fertility. Their results
demonstrated that women aged 19-26 were significantly
more likely to become pregnant than women aged 27-29,
and the infertility percent was estimated at 8% for women
aged 19-26 and 13 to 14% for women aged 27 to 34, and
18 % for women aged 35 to 39.
The role of obesity is pivotal due to the increased
production of hormones derived from adipose tissue,
especially leptin (14). Leptin plays a role in energy
balance and reproduction (8). Lack of leptin signaling in
rats and humans causes obesity and infertility. Increased
leptin in obese people reduces the activity of the
hypothalamic-pituitary- gonadal (HPG) axis by creating a
state of resistance (14). In the current study, the subgroups
Int J Fertil Steril, Vol 16, No 4, October-December 2022
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with BMI ≥25 and BMI <25 were also examined. Thirty
infertile individuals and only sixteen fertile individuals
had a BMI >25. Comparison of the two groups showed
that the expression of both genes is decreased by
increasing BMI. In obese fertile women, expression of
both genes decreased significantly, but the infertile group
showed a slight expression decrease in the INSR gene and
an increased expression in the IRS-1 gene.
Because insulin directly stimulates GnRH secretory
activity (8), hyperglycemia occurs by decreased
insulin secretion in diabetes. Also, diminished insulin
secretion leads to infertility for reasons such as damage
to the hypothalamic-pituitary-gonadal axis, increased
DNA damage, oxidative stress, increased endoplasmic
reticulum stress, mitochondrial function damage, and
cell pathway modulation. Regulation of insulin levels
directly affects INSR and IGF1R expression. Also, it
leads to activation of signaling pathways associated
with cell proliferation, differentiation, metabolism, and
survival. In men with unexplained infertility, the lack
of INSR and IGR1R in Sertoli cells causes reduction of
testicular size by 75% and daily sperm production (15),
insulin resistance also affects reproductive anomalies
and their metabolism (16). In the present study, women
with diabetes in both groups had a low-level expression
of INSR and IRS-1 genes compared to healthy subjects.
But comparing infertile women with diabetes with
fertile women with diabetes did not indicate a significant
difference in terms of gene expression.
Concerning the length of pregnancy until termination,
the two groups were divided into two subgroups of
women less than 10 weeks pregnant and the women in
the second 10 weeks of pregnancy. It aimed at evaluating
the expression levels of INSR and IRS-1 genes. The fertile
women in the second 10 weeks of pregnancy showed that
the expression levels of INSR and IRS-1 genes increase
and decrease, respectively. Infertile women in the second
10 weeks had a slight increase in INSR gene expression
compared to the women in the first 10 weeks. They had
a significant increase in IRS-1 gene expression. It seems
that decreasing or increasing one of the genes could
disrupt the insulin signaling pathway.

Conclusion
Hormones affect fertility and cause changes in gene
expression for implantation and fetal growth through
messaging pathways. Disorders in the signaling pathway
of endometrial tissue can be one of the reasons for the lack
of fetal growth and abortion. One of the most important
hormones is insulin, which transmits the message inside
the cell through the receptor and the receptor substrate.
Genetic changes in infertile women lead to reduced
expression of these proteins and disrupted hormone
signaling. Other factors such as obesity, diabetes, old age
and smoking also reduce the expression of these genes
and aggravate the problem of infertility. Therefore, it
is apparent that genetic disorders are one of the factors
affecting infertility.
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Abstract

Background: This study evaluated association between glucose uptake by individually cultured oocyte and their maturation competence in mice with polycystic ovarian syndrome (PCOS).
Materials and Methods: In this experimental study, PCOS and non-PCOS cumulus-oocyte complexes (COCs), and cumulus-denuded oocytes (DOs) were cultured individually and categorized in four groups: i. PCOS DOs (n=83), ii. PCOS COCs
(n=35), iii. Non-PCOS DOs (n=61) and iv. Non-PCOS COCs (n=62). After the culture period, 50 µl aliquots of the spent
drops were used for glucose change analysis using high performance liquid chromatography. Polar NH2 column was used
for the study of carbohydrates, acetonitrile with deionized water as the solvent phase and UV as detectors. Oocyte quality
(growth differentiation factor 9: GDF-9), viability [bcl-2-like protein 4 (BAX) and B-cell lymphoma2 (BCL2)], in addition
to fertilization and embryonic development rates were also evaluated in relation to glucose consumption rate of each oocyte.
Results: Maturation rate was significantly higher in non-PCOS COCs and DOs compared to PCOS COCs (IV: 70.9%
vs. II: 45.71%) and DOs (III: 67.2% vs. 1: 53.01%), respectively. There was a significant negative correlation between
high glucose intake (38.17 ppm) and BCL2 gene expression (P=0.03) in PCOS COCs compared to non-PCOS COCs.
There was a significant difference in the GDF-9 gene expression from PCOS DOs (0.66 ± 0.02, P=0.003) and COCs
(0.37 ± 0.02, P=0.0001) compared to non-PCOS DOs and COCs, respectively. A negative correlation was also observed between quality of PCOS-DOs and -COCs with glucose intake. Non-PCOS COCs significantly showed higher
rate of successful IVF and development compared to PCOS COCs (P=0.01).
Conclusion: Based on the importance of metabolic analysis, the glucose consumption by DOs and COCs in culture
medium can be a suitable criterion for their quality assessment. So that, glucose consumption may reflect oocyte maturation competence.
Keywords: Glucose Intake, High Performance Liquid Chromatography, In Vitro Maturation, Oocyte Quality,
Polycystic Ovarian Syndrome
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Introduction
In vitro maturation (IVM), a modified method of conventional in vitro fertilization (IVF), used smaller follicles after little or no exogenous gonadotropin stimulation
(1, 2). During IVM, the immature oocytes at the stages of
germinal vesicle (GV) or metaphase I (MI) were retrieved.
The oocyte maturation and meiosis resumption were followed in the laboratory. Therefore, using gonadotrophin
and an ovulation trigger were deleted or minimized during in vivo or in vitro maturation (1, 3). Additionally, a
range of patients was treated in various manners [including follicle-stimulating hormone (FSH) resistance, oocyte
donors, candidate for fertility preservation, the presence
of severe effects of elevated estradiol, and patients with
thrombophilia)] using IVM. Subsequently, there is an
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emerging interest to treat women with polycystic ovarian syndrome (PCOS) using IVM (1, 2). PCOS is commonly known as an endocrine disorder in the reproductive years of 4-12% of women. Anovulation and infertility
are observed in the PCOS women (4). In addition, ovarian
hyper-stimulation syndrome (OHSS) might be developed
in women with PCOS undergoing IVF cycles to induce
more antral follicles (1, 4).
Using animal models have been common, as a valuable resource, to elucidate potential mechanisms of PCOS
pathology. The strategies have been introduced to develop animal models of PCOS, such as treatment with
androgens, estrogens, progesterone receptor antagonists
and genetic manipulations (5). The PCOS mouse models showed that exogenous androgen administration was
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sufficient to produce some symptoms of human PCOS,
including hyper-androgenic and PCOS phenotypes [such
as increased testosterone and luteinizing hormone (LH)],
polycystic ovaries and acyclicity after treatment (6, 7).
Oocyte maturation has two stages: i. Nuclear maturation
that is observed as resumption of the first meiosis and extrusion of the first polar body and ii. Cytoplasmic maturation.
The other changes within oocyte was defined as cytoplasmic maturation, such as organelles development, accumulation of proteins and mRNA, cytoskeleton reorganization
and changes in cellular metabolism. Insufficient cytoplasmic maturation leads to declined developmental potential
of in vitro matured oocytes. The energy required for progression of all the dynamic processes during oocyte maturation is supplemented via energy metabolism from different
substrates such as amino acids, lipids and carbohydrates.
Increased glucose metabolism commonly occurs to produce
mature oocyte at the metaphase II (MII) stage (6).
The successful fertilization, implantation and ongoing
pregnancy influence quality of oocytes (7). So that, studies showed the association of fertilization failure with
oocyte abnormalities. One of the most common methods
to assay oocyte quality is observation of morphological
oocyte characteristics at the light microscopy level (1).
However, assessment of oocyte morphology is debatable
for embryo selection and prediction of implantation potential. Pre-implantation genetic (PGD) diagnosis is another method for examination of embryo quality. Due to
blastomere(s) and/or polar body biopsy as well as possible physical injuries, this is known as an invasive method
that lead to a possible reduction of embryo quality (8, 9).
Therefore, using a non-invasive oocyte evaluation such as
metabolism of spent culture medium could introduce the
best oocyte for subsequent fertilization processes.
As mentioned above, energy metabolism is necessary
for oocyte maturation. So that, some studies indicated that
glucose consumption was mediated gonadotropin-induced
meiosis. In addition, the effect of glucose consumption on
nuclear maturation of oocyte has been reported in many
studies. For example, Xie et al. (6) showed that glucose
consumption during IVM led to the release of metabolites
from cumulus cells, their absorption by the oocyte and
promotion of oocyte maturation. It has also been reported
that glucose concentrations at certain level was important
for normal mouse ovulation (10) and control of meiotic
maturation in mouse cumulus oocyte complexes (11).
There are few studies on the effect of glucose consumption on oocyte maturation (10-13), while there is no data
showing the effect of glucose consumption on IVM of
oocytes with PCOS. Therefore, due to the importance of
oocyte quality analysis and its role on the selection of the
best embryo for implantation during assisted reproductive techniques, use of a non-invasive method to analyze
oocyte quality is critical in IVF laboratory. Evaluation of
maturation medium and changes of its metabolites is suggested as a suitable non-invasive method during in vitro
oocyte maturation.

To the best of our knowledge, rate of glucose consumption by mouse PCOS oocyte as well as its association with
in vitro oocyte maturation, viability and quality has not
been evaluated. Therefore, the aim of this study was to
answer the following questions: i. Is there an association
between glucose consumption and IVM of mouse PCOS
oocytes? ii. Does the rate of glucose consumption reflect
quality of mouse PCOS oocyte and/or its apoptosis?

Materials and Methods
Study of animals
This experimental study was conducted in the University of Guilan (Rasht, Iran) between October 2020 and
June 2021. Twenty adult Naval Medical Research Institute (NMRI) female mice (30-35 g, 7-8 weeks old) were
used for the present study. Animals were housed in a central animal care room with controlled environment of 22
± 3°C temperature, 45-55% humidity and 12 hours light/
dark cycle. Each four mice were kept in a cage and fed
with standard diet and water accessed ad libitum. All
chemicals and reagents were purchased from Sigma Aldrich Company (Germany), unless otherwise specified.
All investigations were confirmed with the ethical principles of research and they were approved by the Research
Ethics Committee for Guilan University of Medical Sciences (IR.GUMS.REC.1399.255).
Polycystic ovarian syndrome induction
All the experimental animals, except control groups
(groups III and IV), were administered with estradiol
valerate (Aburaihan Co., Iran) at a dose of 40 mg/kg body
weight dissolved in 0.5% sesame oil by intramuscular
injection once daily for 60 days (14). Vaginal epithelia
smears were obtained daily and evaluated by light microscope using Giemsa stain to determine induction of PCOS.
So that, the irregular estrous cycle and occurrence of persistent vaginal cornification phase were the symptoms of
PCOS induction. With evidence of symptoms, ovaries
were also cut through at longest longitudinal dimension
and fixed in alcoholic Bouin's solution. After dehydration
stage, the ovary was serially sectioned at 5 µm and stained
with hematoxylin and eosin. The sections were used for
histologic evaluation of PCOS ovaries.
In addition, to confirm the PCOS induction, the blood
samples of PCOS mice were collected transcardially. Then,
the separated serum was stored at – 20°C to estimate hormones. Levels of serum LH and FSH were evaluated using
immunofluorometric techniques. The coefficient of variation for the total trial was 2.9 and 2.6%. Serum testosterone was measured directly through the Coat-A-Count RIA
(CA) kit. The inter- and intra-assay coefficients of variation
were 12% and 10%, respectively and they were considered
with a sensitivity of 4 ng/dl (0.139 nmol/l).
In vitro maturation of oocytes
After confirmation of PCOS induction, the PCOS ovaries were collected and placed in α-minimum essential
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medium (α-MEM, Gibco, UK) supplemented with 5%
fetal bovine serum (FBS, Gibco, UK). The ovaries were
mechanically dissected and oocytes at the germinal vesicle (GV) stage and cumulus-oocyte complexes (COCs)
were collected. In this way, only COCs with more than
three layers of un-expanded cumulus cells and oocytes
greater than 70 µm in diameter with a homogenous cytoplasm were selected. The selected COCs were denuded
mechanically by pipetting and cumulus-denuded oocytes
(DOs) were also prepared.
After three times washing, each PCOS DOs and COCs
was cultured (one PCOS DOs/drop or one PCOS COCs/
drop) in the α-MEM supplemented with 5% FBS, 0.23
mM sodium pyruvate, 75 mU/ml of follicle-stimulating
hormone, 7.5 IU/ml human chorionic gonadotropin, 50
μg/ml penicillin and 50 μg/ml streptomycin (experimental group). Non-PCOS DOs and COCs was also cultured
individually (one Non-PCOS oocyte or COCs/drop as
control group). Therefore, groups were culture as following: i. PCOS DOs (n=83), ii. PCOS COCs (n=35), iii.
Non-PCOS DOs (n=61) and iv. Non-PCOS COCs (n=62).
Maturation rate of each DOs and COCs was examined 24
hours after culture in maturation medium at 37°C under
5% CO2 in humidified air.
In vitro fertilization and embryo culture
Sperms were collected from the caudal epididymis of
male mice (n=8, 10-12 weeks old) and capacitated for 1
hour in Hams’F10 medium, at 37°C and 5% CO2. PCOS
and non-PCOS COCs as well as the matured DOs, in vitro,
were inseminated with capacitated sperm in α-MEM supplemented with 10% of FBS for 4-5 hours, at 37°C and
5% CO2. Subsequently, two pronucleus (2PN) zygotes
were cultured in α-MEM medium with 10% FBS and incubated at 37°C and 5% CO2. Only embryos with normal
morphology from 2-cell, 8-cell to blastocysts were collected and studied.
Measurement of glucose intake
High performance liquid chromatography (HPLC, Waters, USA) method was used to study glucose changes in
the culture medium. One of the advantages of the HPLC
method is that it detects the smallest changes in the amount
of culture medium’s glucose. At the end of each culture
period (24 hours after DOs and COCs culture), 50 µl of

the culture medium was taken from each dish to measure glucose level to measure glucose level. Therefore, the
samples were included as the following: i. Pre-IVM culture medium, ii. Culture medium of matured PCOS DOs,
iii. Culture medium of matured PCOS COCs, iv. Culture
medium of matured non-PCOS Dos, and v. Culture medium of matured non-PCOS COCs. HPLC system in this
study used UV detection made at 195 nm with column
temperature of 50°C. The utilized column was NH2 column (250 mm×4.6 mm). Ratio of the used acetonitrile and
deionized water was 80 to 20%. A guard column was attached to the inlet of the column of prevent clogging (15).
RNA isolation and quantitative reverse transcription
polymerase chain reaction
Twenty-four hours after culture period, the matured
DOs and COCs (experimental and control groups) were
collected for RNA extraction. While the spent medium
was also used to measure glucose intake using HPLC
method at the same time. Extraction of total RNA was
performed using RNeasy Mini Kit (Roche Molecular
Bio Chemicals, Germany) and stored at -80˚C. Complementary DNA (cDNA) was synthesized by the cDNA kit
(Thermo Scientific, EU) as directed by the manufacturer’s
instructions at 42˚C for 60 minutes, and stored at -20˚C.
Quantitative reverse transcription polymerase chain reaction (qRT-PCR) was used to quantify mRNA transcript
levels of BAX, BCL2 and GDF9 genes. Primer pairs for
amplifying these genes were designed using GenBank
at NCBI. The primer sequences are shown in Table 1.
In this study, housekeeping gene was Glyceraldehyde3-phosphate dehydrogenase (GAPDH). Real time thermal
cycler (Applied bio systems, USA) was used for analyzing gene expression. QuantiTect SYBR Green RT-PCR
kit (Applied Bio systems, USA) was also employed for
amplifying the targeted genes. Amplification of reference
and target genes was performed in the same run, for each
sample. The protocol of qRT-PCR was programmed as:
the holding step at 95˚C for 5 minutes, cycling step at
95˚C for 15 seconds, 58˚C for 30 seconds and 72˚C for 15
seconds, which was followed by a melt curve step at 95˚C
for 15 seconds, 60˚C for 1 minute, and 95˚C for 15 seconds. Determining relative quantitation for target genes
was performed using ΔΔCt method. All experiments of
qRT-PCR were done five times.

Table 1: Primer sequences used for quantitative reverse transcription polymerase chain reaction

Genes

Primer pair sequence (5ʹ-3ʹ)

Annealing temperature (°C)

Size (bp)

GDF-9

F: CACCGTACTCATTCACCCT

57.5

19

R: CACCTGGTCTTTTGTGCAT

57.0

19

F: CACTGGACTTCCTCCGTGA

57.0

19

R: CTCCAGCCACAAAGATGGTCA

57.2

21

F: GCGGATATACCTTCTTCCCT

56.4

22

R: ATTCTGGTGTTTCCCCGTTG

57.2

20

F: CAAGGTCATCCATGACAACTTTG

61.3

23

R: GTCCACCACCCTGTTGCTGTAG

59.6

22

BAX
BCL2
GAPDH
(endogenous)
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Statistical analysis

was also observed in the rate of glucose intake in the PCOS
COCs compared to non-PCOS COCs (P=0.001). There
was no significant difference in the rate of glucose intake
between non-PCOS DOs and POCs DOs groups (P=0.29).
But non-PCOS DOs consumed more glucose than PCOS
DOs. Maximum rate of the glucose intake for each oocyte
was observed in PCOS COCs (38.17 ppm, Fig.1).

All experiments were repeated five times and data
were expressed as mean ± standard deviation (SD). The
χ2, One-Way ANOVA and Tukey’s post-hoc tests have
been used to analyze differences among the groups and
gene expression. Statistical analysis was performed using
SPSS version 20 (IBM, USA). P<0.05 was considered
statistically significant.

Results
PCOS ovaries evaluation
The irregular estrous cycles were confirmed in the
PCOS mice and restricted to estrous stages upon estradiol
valerate treatment. Histological examinations showed that
number of pre-antral follicles was increased in the PCOS
mice. In addition, the atretic and cystic follicles were
observed in these mice (n=6 ovaries) and their ovaries
contained fewer corpora luteal. Evaluation of steroid
hormones showed that serum testosterone and luteinizing
hormone levels were increased in the estradiol valeratetreated mice (P=0.04) at 60 days. Serum FSH level was
not changed after treatment with estradiol valerate.
In vitro maturation of PCOS oocytes and glucose intake
Overall rate of in vitro DOs and COCs matured in the
different groups are shown in Table 2. The results indicated
that 67.2% of non-PCOS DOs and 53.01% of PCOS DOs
had the first polar body. In addition, 70.9% of non-PCOS
COCs and 45.71% of PCOS COCs developed to MII
stage. Maturation rate was significantly (P=0.001) higher
in the group of non-PCOS COCs compared to PCOS
COCs. In addition, significant difference was observed
in the maturation rate of non-PCOS DOs compared to
PCOS DOs (P=0.04). Simultaneously, proportion of GV
and GVBD oocytes was higher in the group with PCOS
COCs (Table 2).
The measured glucose levels in the MEM-α culture
medium after IVM are shown in Table 2. Level of glucose
in the MEM-α culture medium was 957.75 ppm. It should
be mentioned that this level of glucose was detected in the
culture medium before IVM (pre-IVM medium). Glucose
measurement of medium culture after IVM indicated that
level of glucose intake was significantly lower in the nonPCOS DOs and PCOS DOs compared to the PCOS COCs
(P=0.001) and non-PCOS COCs (P=0.03). An increase

Fig.1: Distribution of relative amounts of glucose in the used culture medium
from each group. A. MEM-α, B. Non-PCOS COCs, C. Non-PCOS DOs, D. PCOS
COCs, and E. PCOS DOs. Maximum point of each curve (arrows) indicates
the amount of glucose in each utilized culture medium. Obviously, amount
of glucose in the used culture medium is inversely related to the amount
of glucose consumed by the DOs/COCs. Rate of glucose consumption is
higher in PCOS COCs (P=0.001). MEM-α; Modification of minimum essential
medium-α, PCOS; Polycystic ovarian syndrome, COCs; Cumulus-oocyte
complexes, and DOs; Cumulus-denuded oocytes.

Table 2: Association of glucose consumption with in vitro DOs/COCs maturation rate

Groups

Number

GV (%)

GVBD (%)

M II (%)

Deg. oocytes
(%)

Average of glucose
intake/each oocyte (ppm)

No. of replicates

Normal DOs

61

7 (11.47)

8 (13.11)

41 (67.2)a

5 (8.19)

25.05 ± 0.05

18

Normal COCs

62

6 (9.6)

7 (11.29)

44 (70.9)

5 (8.06)

29.8 ± 0.05

16

PCOS DOs

83

10 (12.04)

20 (24.09)

44 (53.01)

9 (10.84)a

23.18 ± 0.06

25

PCOS COCs

35

5 (14.2)

3 (8.57)

16 (45.71)

11 (31.42)

38.17 ± 0.07

16

**

*

**

Data are presented as mean ± SD or n (%). DOs; Cumulus-denuded oocytes, COCs; Cumulus-oocyte complexes, PCOS; Polycystic ovarian syndrome, GV; Germinal vesicle, MII;
Metaphase II, GVBD; Germinal vesicle breakdown, Deg. Oocytes; Degenerated oocytes, No; Number. There is significant difference in maturation rate of non-PCOS COCs compared to
PCOS COCs. Higher degenerated oocytes were observed in PCOS COCs. *; P<0.05, **; P<0.001 vs. COCs, ª; P<0.05 versus DOs by one-way ANOVA.
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In vitro maturation- in vitro fertilization outcomes

According to the data obtained and statistical analysis, it
can be concluded that there was a negative correlation in
the quality of DOs and COCs and glucose intake among
the non-PCOS and PCOS groups. In this way, the nonPCOS DOs and COCs of control group had higher level of
GDF-9 expression than PCOS groups. Mean expression
levels of GDF-9 gene in non-PCOS DOs and COCs
groups were 1.00 ± 0.08 and 1.24 ± 0.02, respectively.
Whereas, the mean values of GDF-9 gene expression in
the PCOS DOs and COCs groups were 0.66 ± 0.02 and
0.37 ± 0.02, respectively. Statistical analysis revealed
a significant difference at PCOS DOs (P=0.0002) and
COCs (P=0.0001) groups compared to non-PCOS DOs
and COCs, respectively (Fig.3).

To evaluate effects of glucose intake by PCOS and nonPCOS DOs/COCs on the development competence, their
fertilization and development rate were analyzed among
the groups (groups I-IV). In comparison with PCOS
COCs, non-PCOS COCs significantly showed higher rate
of successive IVF and development to 2-cells, 8-cells and
blastocyst stages (P=0.01). As shown in Table 3, nonPCOS DOs had also significantly higher development
rate compared to PCOS DOs (P=0.03).
BAX and BCL2 mRNA content and glucose intake
status in PCOS oocytes
Expression level of two apoptosis marker genes (BAX
and BCL2) are observed in Figure 2A-D. Our results
showed equal expression levels of BAX gene in nonPCOS and PCOS groups. According to the data obtained
from qRT-PCR assay and statistical analysis, it can be
concluded that there is no significant difference in the rate
of BAX expression gene between non-PCOS and PCOS
groups (P=0.21). Therefore, statistical analysis revealed
no significant difference at the expression level of BAX
gene and glucose intake between non-PCOS and PCOS
groups (Fig.2A, C).
Level of BCL2 gene expression in the different groups
of non-PCOS and PCOS DOs/COCs was also measured.
A significant negative correlation (CR=-0.8) of glucose
intake (38.17 ppm) and BCL2 gene expression (0.605,
P=0.0005) in PCOS COCs was detected (Fig.2D). Minimal
expression level of this gene was observed for BCL2 in
PCOS COCs compared to non-PCOS COCs (P=0.0005).
There is not significant difference in the expression
level of BCL2 gene between PCOS and non-PCOS DOs
(P=0.058, Fig.2C). It can be calculated that this minimal
expression level of BCL2 gene can be correlated to more
presence of atretic oocytes in the PCOS COCs than the
other groups.
GDF-9 mRNA content and glucose intake status in
PCOS oocytes
In this study, expression of gene related to oocyte
quality (GDF-9) was investigated by qRT-PCR in nonPCOS and PCOS groups. The results showed a decline in
GDF-9 gene expression level of PCOS COCs and DOs
compared to non-PCOS COCs and DOs, respectively.

Fig.2: Relative expression of BAX and BCL2 genes in the PCOS and nonPCOS groups. A, B. Non-PCOS and PCOS DOs and C, D. Non-PCOS and
PCOS COCs. Statistical analysis shows significant difference of BCL2 gene
expression in PCOS COCs compared to non-PCOS COCs. PCOS; Polycystic
ovarian syndrome, COCs; Cumulus-oocyte complexes, Dos; cumulusdenuded oocytes, and ***; P=0.0005.

Table 3: In vitro fertilization and embryo development outcomes

IVF outcomes

Non-PCOS DOs

Non-PCOS COCs

PCOS DOs

PCOS COCs

No. of MII oocytes

41

32

49

24

Fertilization rate (%)

58.23 ± 1.33a

67.48 ±3.2**

51.11 ± 2.01

43.62 ± 2.4

2-cell rate (%)

43.13 ± 2.31

54.349 ± 2.2

30.52 ± 1.41

29.13 ± 2.26

8-cell rate (%)

34.2 ± 2.24

41.25 ± 1.37

22.94 ± 2.12

21.95 ± 3.05

Blastocyst rate (%)

30.91 ± 2.12a

38.29 ± 2.07**

20.97 ± 2.54

18.87 ± 2.18

b

**

a

*

Data are expressed as mean ± SD and percentage. IVF; In vitro fertilization, PCOS; Polycystic ovarian syndrome, COCs; Cumulus-oocyte complexes, Dos; cumulus-denuded oocytes,
MII; Metaphase II, No; Number, *; P<0.05, **; P<0.01 vs. PCOS COCs, ª; P<0.05, and b; P<0.01 vs. PCOS DOs by one-way ANOVA. There is a significant difference in fertilization and embryo
development rate of oocytes in the non-PCOS COCs compared to the PCOS COCs as well as the non-PCOS DOs compared to the PCOS DOs.
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Fig.3: Relative expression level of GDF-9 gene in the non-PCOS and PCOS
groups. The level of GDF-9 gene expression was significantly decreased in the
A. PCOS DOs and B. COCs compared to non-PCOS DOs and COCs, respectively.
PCOS; Polycystic ovarian syndrome, COCs; Cumulus-oocyte complexes, Dos;
Cumulus-denuded oocytes, ***; P=0.0002, and ****; P=0.0001.

Discussion
In the present study, relative abundance of genes
potentially involved in oocyte quality, apoptosis markers
and maturation competence of PCOS DOs and COCs was
analyzed. Then, association of oocyte parameters with
glucose intake from IVM culture medium was studied.
During the first part of the present study, a lower
maturation competence and higher degeneration rate
were observed in the PCOS COCs. In addition, the PCOS
COCs showed decreased expression of anti-apoptotic
marker (BCL2 gene). In the second part, analyzing
glucose consumption revealed that each PCOS COCs
had a significant increase in glucose intake. Therefore,
the results suggest that glucose consumption rate of each
oocyte could introduce a non-invasive method to predict
oocyte maturation competence and its quality. Attempts to
identify potential biomarkers, to determine oocyte quality
using metabolic pathways, have been reported in the
literature. Although, they differ from this study in various
aspects, such as evaluation of PCOS oocytes and using
a non-invasive method to evaluate each oocyte through
amount of the consumed glucose.
Given that the crosstalk between oocytes and granulosa
cells is necessary for their survival and showing quality
of oocyte growth, therefore, analysis of the used culture
media for DOs and COCs IVM provides valuable
information about the usage of different metabolites by
oocytes (16, 17). Metabolism of oocytes and embryos has
mainly been studied in antral follicles and mature oocytes.
So that, metabolism of COCs plays an important role in
oocyte quality (17). However, little information is known
about metabolism of immature oocyte, especially oocyte
with PCOS. Of note, to the best of our knowledge, this is
the first study in which the rate of glucose intake by PCOS
oocyte was studied during IVM.
In a study, McLennan et al. (18) reported that glucose
intake played an important role in determination of the

most suitable oocyte during IVM. It was also indicated that
changes in the glucose concentration from culture medium
affected cytoplasmic maturation of oocytes. Furthermore,
it was well revealed that glucose was necessary for
oocyte maturation and COCs expansion (19). In the other
studies, it was reported that maturation process of bovine
and porcine oocytes needed metabolite, such as glucose
and fatty acids (20). It was documented that maturation
of mouse COCs to the MII stage did not happen due to
the lack of energy supply (6). This is in agreement with
our study, whereby glucose intake was detected by both
COCs and DOs. In addition, difference of glucose intake
between normal and PCOS COCs or DOs was observed.
Role of glucose consumption on the aging prevention of
DOs and COCs has also been reported during IVM (21).
Therefore, in the present study, it was shown that glucose
consumption among PCOS oocytes was significantly
increased, in comparison with the normal types. It seems
that presence of cumulus cells plays an important role in
glucose intake. In addition, glucose intake in the PCOS
COCs was increased due to the increase in the thickness
of theca layers, oocyte volume, glycolysis process and
glucosamine synthesis by cumulus cells to proliferate.
On the other hand, there was not significant difference
in the glucose intake among PCOS DOs and non-PCOS
COCs or DOs. Therefore, it was inferred that abnormal
glucose uptake and maturation of PCOS oocytes was
occured by cumulus cells. So that, it has been reported
that bi-directional communication between the cumulus
cells and oocyte facilitated glucose transport into the
oocyte. Glucose transport has been demonstrated as a
gradient through cumulus cell-corona radiate-oocyte by
gap junction during bovine COC culture. It has been
found that the cumulus cells metabolized the glucose and
provided the metabolites for oocyte (22).
Due to the static IVM conditions, presence of a
supra-physiological concentration of glucose in the
culture medium led to improved nuclear maturation and
developmental competence of oocytes (22). However, to
the best of our knowledge, there is currently limited data
on the influences of PCOS on the oocyte developmental
competence and its association with glucose consumption.
The results of present study showed different behavior of
cumulus cells in the mouse PCOS COCs during IVM.
The glucose consumption by PCOS cumulus cells was
increased in comparison with intact COCs. However,
the glucose intake by PCOS DOs was lower than nonPCOS DOs. Therefore, another possible explanation for
the differences of glucose intake was related to oocyte
quality (low expression of GDF-9). The lower capacity
of PCOS DOs for intake and using glucose led to the
accumulation of absorbed glucose in the follicular fluid
and cumulus cells of PCOS COCs. Further evidences of
metabolic cooperation between oocyte and cumulus cell
should be provided to established the oocyte improve
glucose metabolism in cumulus cells via influencing
their transcriptome (17). So that, oocyte-secreted growth
factors regulated metabolism of cumulus cells. Therefore,
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simultaneous evaluation of the other metabolites and
oocyte-secreted factors can also help understand the exact
metabolism of oocytes and/or follicles which this is one
of the most important limitations in this study.

Conclusion
It is obvious that PCOS oocytes have poor maturation
capacity than normal oocytes, due to poor folliculogenesis
and the incidence of follicular apoptosis. So that,
developmental oocyte competence may influence culture
condition and metabolites consumption, especially
glucose consumption. Therefore, glucose consumed
by the COCs and DOs can be utilized for evaluation of
oocyte quality and developmental capacity during IVM
and pre-implantation processes and effects on the success
of fertilization and subsequent embryo development.
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Abstract

Background: The ovarian Ischemia/reperfusion is one of the gynecological emergency concerns that may lead to the
ovary damage and folliculogenesis. The present research aimed to evaluate the impact of the Chrysin (CH) on the
ischemia-reperfusion (I/R) injury in the rat model.
Materials and Methods: In this experimental research, 48 adult female rats, 8 weeks age and 180-200 g weight,
have been categorized into 6 equal groups (n=8) including one sham and 5 ovarian torsion groups (OT+CH groups)
that received different treatments. Each group has been treated 30 min before detorsion with gavage of CH or normal
saline for 1 week and pregnant mare serum gonadotropin (PMSG) has been injected on the day 5 for initiating folliculogenesis. Finally, bio-chemical, molecular, histopathological, apoptotic and hormonal evaluations were performed.
Results: The anti-oxidant enzyme, superoxide dismutase and glutathione peroxidase, ameliorated in the ovarian tissues of the OT+CH groups in comparison with the OT group (P<0.001). Moreover, the level of serum Luteinizing
hormone considerably declined and estradiol level (P<0.001), partly enhanced in the rats treated with CH in comparison with the ones in the OT group (P<0.05). In addition, histopathological scores of the OT+CH groups ameliorated in comparison with the OT group scores (P<0.05). Furthermore, the expression Caspase-3 and Bax genes were
significantly increased while the expression of Bcl-2 was notably decreased in the OT group in comparison with the
sham group (P<0.05).
Conclusion: Here, it seems that CH is possibly beneficial for the protection of ovaries against reperfusion injury and
ischemia.
Keywords: Bax/Bcl-2, Chrysin, Ischemia, Ovary, Reperfusion Injury
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Introduction
Adnexal torsion refers to higher resistance or termination
of blood circulation due to the ovaries’ rotation around a
suspensory ligament (1, 2). With regard to lower venous
pressure, venous return ends as a result of torsion whereas
the arterial blood flow continues regularly and edema
expands in the ovarian tissues. Because of edema, supplying
blood to ovaries discontinues that result in high ovarian
pressure and ischemic damages (3). Then, prolonging this
period leads to the necrosis as well as irreversible damages
in the ovarian tissues. Notably, ovarian torsion has been
considered the commonest gynecological emergency that
accounts for 2.7% prevalence (4).

Nonetheless, detorsion of the twisted ovaries results in
the other risk called ischemia/reperfusion (I/R) injury that
has an association with the tissues neutrophil infiltration
and reperfusion. The production of reactive oxygen
species (ROS) enhances in the ovarian tissues due to the
reperfusion procedure (5), leading to cellular damage via
peroxidation of the poly-unsaturated fatty acids (6, 7).
Multiple anti-oxidants prevent oxidative injuries
and inflammations in the ovarian tissue (8). In this
regard, Karaçor et al. (9) found that providing Iloprost
has a higher impact on the reduction of the ischemiareperfusion (I/R) injuries in the ovarian tissues. Some
studies have shown the helpful impact of administering
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Montelukast or Telmisartan that prevent the ovarian I/R
injury (10, 11).
To sum up, any acceptable treatment has been not
presented for curing the ovarian failure induced by I/R
injury; therefore, we tried the usage of Chrysin (CH) for
curing the ovarian failure in the rats.
It is well known that CH has been proposed as one
of the natural flavonoids in the propolis, honey as well
as several other plant extracts. Many investigations
confirmed anti-inflammatory, anti-diabetogenic and antioxidant effects of CH (12-14). Researchers confirmed the
advantages of the anti-oxidants for I/R injury in the brain,
heart and ovary. As far as we know, there are no reports
about the CH impact of the I/R injury in the course of
folliculogenesis. Therefore, we aimed at the evaluation of
the impacts of CH on experimental I/R ovaries injuries in
the rat model.

Materials and Methods
Ethical considerations
The Ethical Committee of the Gonabad University of
Medical Sciences (Khorasan Razavi, Iran) verified this
experimental research (IR.GMU.REC.1398.134).
Experimental design
Totally, 48 adult female Wistar rats with a weight of 230
± 10 g and 8 weeks age have been stored at a constant
temperature of 25 ± 2°C at 30 to 70% humidity with 12-h
light/12-h dark cycle in the animal room with free access
to food and water.
Then, they were classified into 6 equal groups (n=8):
1. Sham group: A longitudinal cutting (2.5 cm) was
considered in the mid-line of lower abdomen and 5/0
nylon (SUPA medical divice, Iran) sutures were used
to close the incision.
2. Torsion/detorsion group (OT): The left ovaries were
chosen to induce torsion for 3 hours. After that, 30
min prior to the detorsion operation, the normal saline
(Samen pharmacutical Co, Iran) was administered
intra-peritoneally.
3. Torsion/detorsion/Chrysin group (OT+CH30): As
well as OT group, we induced the ovarian torsion, but
the 30 mg/kg CH 30 minutes prior to the detorsion
operation was administered.
4. Torsion/detorsion/Chrysin group (OT+CH50): Like
OT group, we induced the ovarian torsion, but the 50
mg/kg CH 30 minutes prior to the detorsion operation
was administered.
5. CH groups (CH30): This group did not receive any
operation; however, each rat received 30 mg/kg CH
(Cat No: 480-40-0, Sigma Aldrich, Germany).
6. CH groups (CH50): This group did not receive any
operation; however, each rat received 50 mg/kg CH.
Then, each group has been treated. The treatment was
started 30 minutes before detorsion and continued for once
daily for 1 week, with gavage CH or normal saline and PMSG
Int J Fertil Steril, Vol 16, No 4, October-December 2022
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has been injected on day 5 for initiating folliculogenesis. At
the end, the animals have been sacrificed and the ovary and
blood samples have been gathered.
Surgical procedure
Following the acclimatization period, we used Xylazine
(10 mg/kg) and Ketamine (50 mg/kg) (Sigma Aldrich,
Germany) to anesthetize the rats. After that, we made a
longitudinal cutting (2.5 cm) in the central area of the
lower abdomen and a small peritoneal cutting has been
made, which revealed the left uterine horns and adnexa.
Then, the left ovary has been rotated 720° in a clockwise
direction around its axis and fixed to the abdominal wall
with 6/0 nylon for avoiding its detorsion. Next, 5/0 nylon
sutures have been used to close the incision, which kept
torsion for 3 hours. Moreover, 30 minutes prior to the
opening of the ovarian torsion, CH extract has been injected
intraperitoneally. With the completion of ischemic period
that lasted 3 hours, the ovaries’ twisting opened and a week
has been allowed to the ovaries’ reperfusion. By ending
this operation, we injected Buprenorphine (0.02 mg/kg,
Exir, Iran) as the analgesics and at the end of a week, the
animals of each group have been were anesthetized by
Xylazine and Ketamine. Afterwards, the blood specimens
have been drawn out from the heart in order to assess the
metabolic changes. In addition, the blood samples have
been centrifuged at 4000 rpm for 5 minutes and serum
has been separated. Next, all the serum samples have been
added into 3 micro-tubes (500 μL, Shimi Tajhiz, Iran) and
transported to freezer at a temperature of -70°C till the
experiment time. Finally, we removed the ovarian tissues
for evaluating the genes expression and histological
changes (15).
Tissue
fixation,
samples
histopathological evaluation

preparation,

and

Following the ovariectomy process, we fixed the
ovaries and put the samples in 10% formalin (Cat No:
1.1150, Notron, Iran) for 72 hours. After dehydration, we
put them in paraffin (Cat No; CellWax, UK) and procured
histological slides with 5 μm cutting by microtome. Then,
hematoxylin-eosin (H&E) has been used to stain the
samples (16). Moreover, for histo-metrical and histological
investigations, the tissue sections of all ovaries have been
examined from the cortex to medulla in a spiral clockwise
direction. In the next step, we counted the number of preantral, antral and graafian follicles, as well as corpora lutea
in each slide, and compared them with various groups for
the respective analyses (10). The sections were observed
by a microscope (BX63 , Olympus, Tokyo, Japan) and
magnification x400.
Apoptotic cell detection
TUNEL staining, the ovarian tissues were monitored
to assay apoptotic cells. According to this method, the
samples have been fixed in formalin 10% for 1 week
and dehydrated by ascending degrees of alcohol (Razi,
Iran). Then, Xylene has been used to clear the samples
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and finally we blocked them in paraffin. In the next step,
paraffin blocks have been incised into sections of 5 µm
thickness and the slides have been transferred to Poly-LLysine slides (Sigma Aldrich, Germany). Afterwards, we
deparaffinized the tissue sections and act with regard to the
common histological procedures. It should be mentioned
that we put the samples in 3% hydrogen peroxide solution
(Chemicaliran, Iran) in ethanol (Razi , Iran) for 15 minutes
for blocking the tissue internal peroxidase. The samples
were washed, then proteinase K (Boehringer Mannheim,
Germany) was used and the samples were incubated at
the room temperature for 20 minutes. Then samples were
rewashed and incubated with the reaction solution of the
TUNEL staining kit (C10619, TermoFisher, Germany).
Following, slides were incubated with a diaminobenzidine
(DAB) solution (34002, TermoFisher, Germany) at
room temperature for 15 minutes and then hematoxylin
(TermoFisher, Germany) phosphate buffered saline (PBS)
(6) staining was performed for all slides. At the end,
those cells with brown nucleus have been assessed as the
TUNEL-positive cells (17).
RNA extraction
The Favor Prep Blood/Cultured Cell Total RNA Mini
Kit (FABRK000, Favorgen, Taiwan) has been used to
isolate the total RNA. While preparing the RNA extraction,
we added 5-10 mg of the rat ovaries into 800 µl of lysis
buffer (FABRK000, Favorgen, Taiwan). Upon the
homogenization, we transported the solution and added 200
μl of Chloroform (CX1055-6, EMD Millipore, Germany).
Then, centrifuge has been performed at 4ºC, 12000 rpm,
and 10 minutes. Following the centrifugation, the threephase process has been formed and we transferred the upper
phase to a new 1.5 ml micro-tube and added 200 μl ethanol
(70%) (Razi, Iran), mixed completely by vortexing for 30
seconds and transported cautiously to an RNA binding pure
link spin column (FABRK000, Favorgen, Taiwan). In the
next step, we washed the buffer to remove the impurities
and eluted the extracted total RNA in 50 μl of RNasefree water stored at -80ºC. Afterwards, Nanodrop Epoch
2 microplate spectro-photometer (model No. UV-1100,
Biotech, USA) has been applied for quantitative evaluation
of 260/280 and 260/230 ratio of absorbance values so that a
260/280 ratio of 2.0 and a 260/230 ratio in ranges between
2.0 and 2.2 have been chosen as pure for RNA. Finally,
%1.5 agarose gel electrophoresis was utilized for assessing
the samples’ integrity.

that for every reaction set, one RNA sample was procured
without RevertAidTM M-MuLV reverse transcriptase
(YT4500, Yekta Tajhiz Azma®, Iran) (RT reaction) for
providing a negative control in the consequent PCRs.
Finally, the RT reaction product was maintained at -20°C
for less than a week. However, in order to enjoy a longer
storage, the samples were transferred to -70°C.
Real-time polymerase chain reaction
The real- time polymerase chain reaction (PCR) was
performed in a total volume of 20 μl consisting of Primer
(0.4 μM), BioFact™ 2X Real-Time PCR Smart mix Syber
green (BioFact, Korea), cDNA (20 ng/μl) and nucleasefree water (model No. 7498 ABI, USA). These primers
were designed by the Perlprimer 1.1.20 software (Table
1). All reactions were done in triplicate. Also, β-actin was
chosen as an endogenous housekeeping gene. Therefore,
45 thermal cycles were run as follows: 5 minutes at 95ºC,
45 cycles, 95ºC for 15 seconds, and 61ºC for 1 minutes.
Then, Delta CT values were computed using the β-actin
CT values via 2-ΔΔCT method where ΔCt refers to the
difference(s) between CT-value of the target genes and
CT-value of β-actin (1).
Table 1: Primers for quantitative real-time reverse transcription-polymerase
chain reaction

Gene

Oligomer sequence (5'-3')

Amplicon
size (bp)

β-actin

F: GTCGTGCTTGCCATTCAG
R: GGTATCTTCTTTCCATTCTTCAGTAG

309

Bax

F: TTTGCTACAGGGTTTCATCCAG
R: GTTGTCCAGTTCATCGCC

145

Bcl2

F: TGTGGATGACTGACTACCTGAACC
122
R: CAGCCAGGAGAAATCAAACAGAGG

Caspase3 F: GTGGAACTGACGATGATATGGC
R: CGCAAAGTGACTGGATGAACC

135

Evaluation of oxidative stress markers
The serum level of oxidative stress markers was
measured according to the procedures described in details
in our previous study (5).
Measurement of luteinizing hormone and estrogen level
The serum level of the Estrogen hormones was determined
by the Demeditec Diagnostics kit (E-FS-E117, Germany).
And, the serum luteinizing hormone (LH) level was assayed
by ELISA kit (CSB-E12654r. Cusabio: China) (18).

cDNA synthesis

Statistical analysis

According to the research design, kit of cDNA synthesis
(YT4500, Yekta Tajhiz Azma®, Iran) was used to convert
the total RNA (> 500 ng) to cDNA. Then, 500 ng of total
RNA was employed for the first-strand cDNA synthesis
in a total volume of 20 μl based on the manufacturer’s
manual. Upon the centrifugation, we incubated the tubes
at 70°C for 5 minutes. In addition, for oligo (dT), the tubes
were incubated at 42°C for 60 minutes and the reaction
was ended by heating at 70°C for 5 minutes. It is notable

SPSS version 20 (IBM, USA) was used to perform
statistical analyses. The Kolmogorov-Smirnov test was
employed to determine normal distribution of data. It
is notable that all data have been written as the mean ±
standard (mean ± SE) error. Also, one-way analysis of
variance (ANOVA) as well as Tukey post-hoc test was run
to comparing Oxidative Stress values and histopathological
variables. Here, the statistical significance level was
considered P<0.05.
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Results
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The number of follicles, antral, Graafian as well as
pre-antral follicles were evaluated and its comparison
between the OT group and the sham group showed a
significant increase (P<0.001). We observed a significant
reduction (P<0.001) in the corpus luteum in the OT
group in comparison with the sham group. The number
of Graafian and pre-antral follicles were decreased
significantly in the OT group in comparison with the
sham group (P<0.001, P=0.002). Comparing the number
of preantral follicles, we observed a significant decline
in the OT group and the OT+CH group (P<0.001) and a
significant increase in the number of corpus luteum in
the OT group (P<0.001, Table 2, Fig.1).
Table 2: The count of follicles in study groups

Group

Antral
follicles

Graafian
follicles

Atretic
bodies

Sham

16.1± 0.22

4.3 ± 0.26

5.5 ± 0.18

2±0

OT

4.6 ± 0.26*** 2.5 ± 0.18***

2.7 ± 0.16***

5.6 ± 0.18***

OT+CH30

6.5 ± 0.18

2.6 ± 0.18

3.3 ± 0.18

3.1 ± 0.12###

OT+CH50

7.7 ± 0.16### 2.6 ± 0.18

3.3 ± 0.18

3.1 ± 0.12###

CH30

14.1 ± 0.12

4.3 ± 0.18

4.1 ± 0.22

2±0

CH50

14.7 ± 0.16

4 ± 0.18

4.3 ± 0.18**

2±0

***

0

Data are presented as mean ± SD. OT; Ovarian torsion, CH; Chrycin, *; Significant
difference with sham groups, #; Significant difference with OT group, **; P=0.002, ***;
P<0.001, and ###; P<0.001.

A

B

10

5

Preantral
follicles

###

15

C

Sham

OT

OT+ CH 30

OT+ CH 50

CH 30

CH 50

Fig.2: Apoptotic cells of ovarian tissue. A. Sham group. B. Ovarian torsion/
detorsion. C. Three hours’ ovarian torsion and receiving 30 mg/kg of
Chrysin. D. Three hours’ ovarian torsion and receiving 50 mg/kg of Chrysin.
E. Healthy rats receiving 30 mg/kg of Chrysin. F. Healthy rats receiving 50
mg/kg of Chrysin. G. Apoptotic index of ovarian tissue in study groups.

Expression of Bax, Bcl-2, and Caspase-3
Outputs obtained by the Bax gene expression indicated
a significant reduction in the sham group in comparison
with the OT+CH groups, OT+CH30 group and OT+CH50
group (P<0.001, Table 3). Moreover, comparing the OT
group with OT+CH groups showed a significant reduction
of Bax gene in OT+CH50 group (P<0.001); however, any
differences were not seen in the OT+CH30 group.
Table 3: The Bax, Bcl-2, and Caspase-3 genes experssion in study groups

D

E

F

Group

Bax

Bcl-2

Sham

0.20 ± 0.02

1 ± 0.03

OT

1 ± 0.04

014 ± 0.01

1 ± 0.02***

OT+CH30

0.42 ± 0.06###

0.45 ± 0.04

0.45 ± 0.06###

OT+CH50

0.35 ± 0.08

0.45 ± 0.07

0.40 ± 0.04###

CH30

018 ± 0.03***

0.92 ± 0.05

0.22 ± 0.02

CH50

016 ± 0.01***

0.95 ± 0.04

0.18 ± 0.03

***

Caspase-3
0.25 ± 0.03
***

###

Data are presented as mean ± SD. The asterisk sign ( ) represents a significant difference
between the OT and sham groups and (#) indicates a significant difference between
OT+CH0.5 and OT group. OT; Ovarian torsion, CH; Chrycin, ***; P<0.001, and ###; P<0.001.
*

Fig.1: Histological findings. A. Sham group. B. Ovarian torsion/detorsion.
C. Three hours’ ovarian torsion and receiving 30 mg/kg of Chrysin. D.
Three hours’ ovarian torsion and receiving 50 mg/kg of Chrysin. E. Healthy
rats receiving 30 mg/kg of Chrysin. F. Healthy rats receiving 50 mg/kg of
Chrysin (scale bar: 20 µm).

Apoptosis index
The count of TUNEL positive cells in the TD group in
comparison with the sham group was higher significantly
(Fig.2). Apoptosis index in the pre antral, antral and
grafian follicles were enhanced in the OT group in
compression with the sham group. Also, the apoptosis
index of ovarian tissue cells and follicles of our treated
groups with various doses of CH was significantly in
comparison with the TD group.
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We observed no significant difference expression of Bcl2 in the control group in comparison with the OT group;
while, CH30 and 50 groups showed a significant decline
(P<0.001). Also, we considered a significant reduction
of Bcl-2 expression in the OT+CH 50 group (P<0.001);
although, the OT+CH30 group showed no changes.
The Casp3 gene expression indicated a significant
decline in the sham in comparison with the OT+CH groups,
OT+CH 30 group and OT+CH 50 group (P<0.001). Also,
we observed a significant reduction of Casp3 expression
in the OT+CH 50 group (P<0.001); although, the OT+CH
30 group showed no changes.

Chrysin and Ovarian Torsion

Biochemical results

treated groups but it was not significant (Fig.3D).

Serum level of malondialdehyde

Serum estrogen level

The malondialdehyde (MDA) level of serum significantly
enhanced in the sham group in comparison with the OT
group (P<0.001). Moreover, treatment with CH diminished
the MDA level in the treated groups in comparison with the
OT group (P<0.001, P=0.001, Fig.3A).

The level of serum estrogen declined in the OT groups
in comparison with the sham group (P<0.001). Moreover,
we observed no significant enhancement between the OT
group and treatment groups (OT+CH) (Fig.3E).

Discussion
In the present study, we have evaluated the CH effect
on the ovary in a rat model of ovarian I/R injury. We
found that I/R injury considerably diminishes the ovarian
reserve while is related to the great oxidative stress. This
amount of oxidative stress contributes to the hormonal
changes, and enhances histological damages. On the
contrary, oxidative stress variables, histopathological
changes and ovarian reserve markers partly improved in
the animals receiving CH following the I/R injury. An
ovarian detorsion without oophorectomy may protect the
ovarian functions; however, prophylactic measures would
be necessary against I/R injury following the procedures.
There is not enough information about the cellular
damages following I/R injury. For this reason, knowledge
of I/R injury mechanism can present a robust platform for
new treatment options as well as prevention of injuries.
Halestrap et al. (19) proposed the oxygen free radical
generation as one of the essential mechanisms involving
in the injuries of the post-ischemic tissues and cells.

Fig.3: Biochemical and hormonal results. Comparison of the serum level
of A. MDA, B. SOD, C. GPx, D. LH, and E. Estrogen in various groups.
MDA; Malondialdehyde, SOD; Superoxide dismutase, GPx; Glutathione
peroxidase, and LH; Luteinizing hormone.

Serum level of superoxide dismutase
The level of superoxide dismutase (SOD) serum in the
OT group indicated a decline in comparison with the sham
group. In addition, treating with CH enhanced this level in
treated groups, but not significant (Fig.3B).
Serum level of glutathione peroxidase
According to our analysis, glutathione peroxidase (GPx)
serum level remarkably diminished in the OT group in
comparison with the sham group (P<0.001). Moreover,
treatment with CH enhanced the GPx level in treated
groups, but it was not significant (Fig.3C).
Serum level of luteinizing hormone
The serum level of LH in the OT group demonstrated
an enhancement in comparison with the sham group and
treatment with CH declined the level of this hormone in

The ovarian Ischemia/reperfusion led to the generation
of the pro-inflammatory cytokines caused by the
inflammatory cells could stimulate migration and
adhesion of the circulating neutrophils to the endothelial
cells as well as ROS production that raised the neutrophil
infiltration and caused the ischemic injuries. Moreover,
ROS and the respective poisonous products cause DNA
damages and lipid peroxidation in the mitochondrial and
cellular membranes, impair ion channels, and cause cells
damages and even death. In addition, the cells’ damages
induced by the lengthy I/R injuries could cause autophagy,
apoptosis, necroptosis and necrosis (20). It is notable that
moderate I/R injury can result in the dysfunction of the
cells through autophagy and actuate recovery systems to
be survived. Severe damages can induce the cell death
through necrotic or apoptotic pathways. However, in
the human physiology, anti-oxidants and ROS preserve
equilibrium. Furthermore, levels of antioxidant agents
in the ischemic cells would be essential to eliminate
the detrimental impact of ROS. The ROS production
is enhanced as a result of the decreased concentration
of anti-oxidative agents in the ischemic tissues (21). In
this regard, numerous investigations emphasized the
drug agents of the anti-oxidant and/or anti-inflammatory
impacts in the ovarian I/R injuries preventing via animal
models (22, 23). According to our data, this research is
the first application of the CH in the I/R injury treatment
thorough folliculogenesis period in the ovary. The
mechanisms of anti-inflammatory and anti-oxidative
impacts of CH are not fully known. Some studies showed
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that the CH anti-oxidative features suppress the inducible
nitric oxide synthase and cyclooxygenase-2 expression.
This inhibits the pro-inflammatory nuclear factor kappa
B (NF-κB) activities that proposes anti-inflammatory
impacts of CH (24, 25).
Our outputs verified anti-oxidative effect as well as
anti-inflammatory impacts of the CH via examining their
protecting impacts against the I/R injury in the ovary of
rats like the reduction of lipid peroxidation, improvement
of histo-pathological scores and enhancement of antioxidant activities.
It is well known that MDA is an end product of the lipid
peroxidation and the enhanced level of MDA reflects OS.
On the contrary, greater activity of GPx and SOD indicated
the tissues cure following the oxidative damages (26).
Melekoglu et al. (27) determined the effect of 50 mg/
kg/day CH on the prevention of ovaries I/R injury. They
demonstrated significant GPx and SOD activities increase
and considerable reduction of MDA content in the CH
treatment group following the I/R injuries.
Also, we found that CH influences beneficially the ovarian
restoration following of I/R injuries and enhances the level
of E2. Tsai et al. (28) addressed the evaluation of stem
cells impact against damages to the rats’ ovarian reserve.
They reported a considerable increase of the serum LH and
decrease of estradiol (E2) in the ovaries of I/R animals;
however, treating the stem cells restored the impacts.
We observed that ovaries damages through an ovarian
torsion and found that torsion-detorsion declines number
of the follicles in each stage such as antral, graafian and
preantral whereas numbers of the atretic bodies enhance.
Put differently, CH therapy resulted in better histological
signs. Also, other investigations confirmed the reduced
number of follicles in each of these stages by ovarian
torsion-detorsion. Therefore, they used the anti-oxidants
to cure the disease ameliorated the condition (15, 29).
Nikoletopoulou et al. (30) introduced apoptosis as a one
of the prominent mechanisms of the modulated mortality,
which happens due to the cells damages or external
stresses as well as in the course of morphogenesis and
normal development. Multiple pathways mediate
apoptosis. It seems two main, non-excluding, caspasedependent pathways of apoptosis occur (31). Therefore, in
the first pathway, extrinsic or receptor-mediated pathway,
an external stimulus or signal is translated into an internal
death signal. T-cell inactivation of the immune system is
one of the examples where Fas receptor ligation starts a
proteolytic cascade that results in cell death. However, in
the second pathway, the upstream effector proteins such as
Bax activates intrinsic pathway that is caspase machinery.
Anyway, it is largely hypothesized that Bax and Bcl-2
apply antagonistic impacts (32).
The cells survival and death signals are related to
apoptosis in the cells that are induced and integrated by
the proteins of the Bcl‑2 family as the anti‑apoptotic
Int J Fertil Steril, Vol 16, No 4, October-December 2022
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proteins. On the contrary, higher expression of the Bax,
a proapoptotic protein, mediates the great apoptosis. Sun
et al. (33) determined the impacts of dexmedetomidine
on the intestine I/R. They found that the level of Bax and
caspase-3 considerable increases in the ischemia group and
Bcl-2 decline in tissues with the completion of treatment
but reverse outputs observed in the treatment group.
Ayan et al. (34) observed the protecting impact
of Thymoquinone against the testicular torsion and
demonstrated an apoptosis increase due to ischemia.
Moreover, as an anti-oxidant, Thymoquinone remarkably
decreased the damages.
In the present study, we detected that, the Bax expression
level as well as a labeling index, caspase‑3, that declines
considerably in the ovary tissue of IR group, and the Bcl2 expression diminishes to some extent. Some studies
reported, that progesterone suppresses apoptosis and the
uterine glandular cells exhibit maximum apoptotic index
at the estrus and lower apoptotic index at diestrus and
metestrus (35, 36). Such a change could result from the
estrous cycle (metestrus) of rats or ischemia duration.
Therefore, it is necessary to do additional investigations
in this regard.

Conclusion
Based on the findings, as one of the hydro-alcoholic
sources, CH can modulate sexual hormone level, partly,
protect ovarian tissues against the oxidative stress (OS)
and tissue injuries, and diminish apoptosis induced by the
ovarian torsion/detorsion.
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Abstract

Background: Oligospermia is defined as a less than 15 million per milliliter sperm in each ejaculation of semen.
Proper and complete spermatogenesis requires the expression of a large number of genes. As a result, stopping
the expression of any of them may lead to disrupt the process of spermatogenesis. In order to understand the
disorders of spermatogenesis, it is necessary to study expression of effective genes in the spermatogenesis process. Therefore, in the present study, USP7 and SET9 (SETD7) gene expression was examined in the healthy and
oligospermic men.
Materials and Methods: In this case-control study, semen samples of individuals with normal sperm and oligospermia were collected from men who referred to the Roya Clinic (Qom, Iran) according to World Health
Organization (WHO) parameters after obtaining consent. Then the expression of USP7 and SET9 genes in two
groups was analyzed using quantitative polymerase chain reaction (qPCR).
Results: There was no difference forage between the healthy and oligospermic individuals (P=0.889). The data
showed that, USP7 gene expression in the patients was 3.99 times higher than the control group (P<0.001).
The expression of SET9 gene in the patient was 1.28 times less than the control group, which was not significant (P=0.231). The results indicated that USP7 gene expression was increased in the 84% of oligospermic
individuals.
Conclusion: The USP7 gene can be considered as one of the molecular markers in the development of oligospermia.
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Introduction
Infertility refers to a couple’s inability to conceive
after at least one year of intercourse without the use
of contraceptives. According to the World Health
Organization (WHO), today, almost 80 million couples
suffer from infertility worldwide (1). The prevalence of
infertility among Iranian couples ranges from 10.3 to
24.9% of which 50% is related to male causes (2).
Male-induced infertility is a complex disorder that
affects a large portion of the male population, however
many of its causes are unknown. Studies have shown
that different genes affect the process of spermatogenesis
and incomplete spermatogenesis is one of the important
factors in the male infertility.
Oligospermia is not an uncommon disorder and is seen
in about 5% of infertile couples. Also, 10-20% of infertile
men are diagnosed with abnormal semen analysis. In
recent years, our understanding of the genetic etiology of
oligospermia has been advanced. Genetic factors cause
more than 20% of oligospermia (3). If a gene is expressed
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at a certain stage of spermatogenesis, it is possible to
predict how spermatogenesis will progress through
molecular methods and its adaptation to histopathological
findings. So far, the role of different genes in this category
has been investigated and it has also been observed that
many autosomal genes may be involved in male infertility.
The two genes, USP7 and SET9, can play a role in the
spermatogenesis process (4, 5). The USP7 gene is located
at chromosomal position 16p13.2 and has 35 exons and
seven RNA transcripts are made from it and the SET9
gene is situated on chromosome 4q31.1 and has 10 exons
and five RNA transcripts are made from it.
The SET9 and USP7 genes interfere in the FOXO
(forkhead box O) signaling pathway. FOXO is one of
the pathways involved in the process of spermatogenesis
through involvement in ubiquitination. Also, FOXO as a
critical factor influences the PI3K/AKT pathway in the
spermatogonial cells (6).
The SET9 has numerous activities such as chromatin
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binding, cellular response to DNA degradation, histone
lysine N-methyltransferase activity, binding to P53,
protein binding and lysine protein N-methyltransferase.
Also, this gene is effective in the epigenetic process. One
of the causes of oligospermia is epigenetic disorders
which their importance has recently been realized (7).
The USP7 or ubiquitin specific protease 7 is a highly
common deubiquitinating enzyme (DUB) involved
in the cellular process such as apoptosis and DNA
damage (8). USP7 has methyltransferase property and
inhibits FOXO by methylation. Previous studies have
documented the specific role of two factors, FoxO1 and
FoxO3a in the fertility of mice (9). Since Foxo is a vital
factor in the PI3K/AKT pathway in the spermatogonial
stem cells, regulatory factors of this pathway like USP7
can be considered as a candidate for oligospermia in
the diagnosis and treatment process. Therefore, in this
research, the expression of SET9 and USP7 genes in
the oligospermic individuals was studied and compared
with the fertile men.

on 1% agarose (116801, Merk, Germany) gel followed by
ethidium bromide (111615, Merk, Germany) staining. The
gel was visualized under the gel doc system at 260 nm UV
wavelength (Fig.1). cDNA was synthesized by HyperScript
TM RT premix with the Random Hexamer kit (501-025,
GeneAll, South Korea) according to the manufacturer’s
protocol. A total amount of 1 µg of RNA was used for cDNA
synthesis. In order to ensure cDNA synthesis, the reverse
transcription polymerase chain reaction (RT-PCR) product
was used as a template for amplification of GAPDH, SET9
and USP7 gene. Then the PCR product was run on 2%
agarose gel (Fig.2).

Materials and Methods
Sampling
This case-control study was approved by the Research
Ethics Committee of Islamic Azad Tehran Medical Science
University, Tehran, Iran, (IR.IAU.PS.REC.1398.325).
Also, written consent was just obtained from all volunteer
participants.

Fig.1: RNA gel electrophoresis.

Fifty infertile men with oligospermia who referred to the
Roya Fertility Clinic (Qom, Iran), between October and
December 2020, were invited to this case-control study.
Also, 50 fertile men with at least one child and no family
history of infertility were considered as a control group.
Exclusion criteria in the case group were varicocele,
high agglutination in the semen sample and unhealthy
karyotype and/or Y chromosome microdeletion. Also, all
participants were asked for habitats concerning alcohol
consumption, smoking, taking any herbal and chemical
medication or special treatment such as radiotherapy and
chemotherapy.
Semen samples were collected from the participants
after 3-4 days of sexual abstinence. The samples were
incubated for 20 minutes at 37°C for liquefaction and
evaluated following the WHO criteria (1).
RNA extraction and cDNA synthesis
Semen samples were washed with phosphate-buffered
saline (P5-119, Sigma, Germany) and then the total RNA
content was extracted using a GeneAll Biotechnology kit
(404-304, GeneAll, South Korea). Quantity of the extracted
RNAwas determined using the NanoDrop spectrophotometer
(NanoDrop Thermo Scientific, USA). RNA purity and
concentration was indicated by measuring the absorbance
ratio (260/280 and 260/230), after adjusting pH of the
solution. Quality of RNA was monitored by electrophoresis

Fig.2: cDNA gel electrophoresis.

Real-time polymerase chain reaction
FASTA sequences of USP7 and SET9 genes and
housekeeping gene, GAPDH, were obtained from NCBI
website, and then primers were designed and blasted using
Oligo 5 software (Table 1). The efficiency of all primer
pairs was calculated using the standard curve method.
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Table 1: Sequences of the primers

Genes

Primer sequence (5'-3')

Accession

Product length (bp)

Annealing temperature (◦C)

Usp7

F: GGGAGGAGGAGGAGGAGG
R: GCTTTCTGCTGCTGCTGC

NM_003470.3

160

60

SET9

F: TACGGGCGGTCCAAGTGTC
R: GGCCCGTCAGCGTTTCTCT

NM_030648.3

106

61

GAPDH

F: TGGCTACAGCAACAGGGTG
R: CTCTTGTGCTCTTGCTGGG

NM_001289746.2

92

58

Each PCR contained 10 µl of real Q-plus 2x Master
mix SYBR Green High ROX (A325402, , Ampilicon,
Denmark), 0.6 µl of forward primer and 0.6 µl of
reverse primer (5 µm concentration), 2 µl of cDNA
and deionized water in a final volume of 20 µl.
Amplification was carried out on a STEP ONETM
Real Time PCR (4376375, Applied Biosystems, USA)
with the following program: 95°C for 10 minutes and 1
cycle for primary denaturation, 40 cycles of secondary
denaturation 93°C for 20 seconds, Annealing 58°C
for USP7 and 61°C for SET 9 for 35 seconds, and
extension 72°C for 20 seconds. All runs were followed
by a melting curve analysis at 55-59°C for 10 seconds.
Non-template controls (deionized water) and NonRT controls (without RT enzyme) were used to assess
genomic DNA contamination.

Table 2: Frequency of genes expression

Genes

Total
cases

Frequency of Frequency of
Frequency of
up expression down expression non-significant
cases (value) cases (value)
cases (value)

USP7

50

84% (5.93)

-

16% (1.41)

SET9

50

20% (3.28)

38% (3.125)

42% (1.02)

Figure 3 demonstrates the mean expression levels of
USP7 and SET9 genes in the oligospermic and control
groups. The USP7 gene expression in the oligospermic
group increased 3.99 times in comparison with the
control group, which was significant (P<0.001). While,
the expression of SET9 gene in the oligospermic
group was 0.783 ± 0.06 which decreased 1.28 times
in comparison with the control group and was not
significant (P=0.231).

After the end of the reaction, melting curve analysis
was performed in order to confirm the specificity of
the reaction product and the absence of non-specific
products such as primer dimer. Finally, the expression of
genes was analyzed using the 2-ΔΔCt method. The GAPDH
was used as reference gene in each sample to standardize
the results. All products were analyzed at least in three
technical replicates.
Statistical analysis
The independent t test was used for the mean
comparison in the control and oligospermic groups
using SPSS software version 22 (BMI SPSS statistics
version 22, USA).
The raw data were extracted as Ct from the Real time
PCR device and analyzed using REST 2009 software by
independent t test. P<0.05 was considered as significant.

Results
The mean age of control and oligospermic individuals
was 31.12 ± 2.14 years. and 31 ± 1.69 years, respectively.
The age difference was not significant between our
groups (P=0.889).
The results of the absorbance ratio confirmed purity
of RNA. A ratio ≥1.8 and ≤2.2 was interpreted as a pure
RNA sample. All qPCR experiments were conducted
with three replications.
Table 2 shows the frequencies and values of USP7
and SET9 genes expression in all three modes (increase,
decrease and non-significant) in the oligospermic group
(n=50).
Int J Fertil Steril, Vol 16, No 4, October-December 2022
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Fig.3: Expression levels of USP7 and SET9 genes. ***; P<0.001 and ns; No
significant. All experiments were performed in triplicate.

Discussion
Our results found that the SET9 gene expression was
reduced in the oligospermic group in comparison with the
control group, but this decrease was not significant. This
gene is involved in the histone methylation process which
is a type of epigenetic process. Epigenetic factors can play
an important role in the reproductive process by affecting
the developmental stages of spermatozoa. ProtamineDNA interaction leads to spiraling of sperm DNA into
cyclic subunits that each subunit consists of 50,000 bp
(10). Each histone protein contains a central nucleus
surrounded by DNA (nucleosome) and N-terminal tails
protruding outwards and subjected to post-translational
changes such as methylation, acetylation, phosphorylation
and ubiquitination. The combined effect of these posttranslational modifications are a key to DNA regulation,
such as replication, repair, and activation or inhibition
of DNA (11). Given that the SET9 gene (SETD7) can
influence the sperm lysine methylation process. We
observed lysine methylation reduction in the oligospermic
group that also was associated with sperm count decrease.

USP7 and SET9 Expression in The Oligospermic Men

In this study, it was found that USP7 gene expression was
significantly increased in our oligospermic participants in
comparison with the healthy fertile participants. This gene
is involved in the deubiquitination process. USP7, which is
primarily located in the nucleus, regulates the stability of
several proteins involved in the various cellular processes,
including DNA damage response, transcription regulation,
epigenetic control of gene expression, and apoptosis (12).
USP7 has been documented that regulates the cell level of
p53 tumor inhibitor protein in most cancers due to its role in
the ubiquitination process (13). Ubiquitin (Ub) is a labeling
cellular proteolytic peptide that plays a controlling role in
the complex functions of human and animal cells. Protein
labeling for degradation is its main function through the
proteasomal system. It also controls the stability, function,
and location of intracellular proteins (14, 15).

study. The authors would like to thank all the lab assistants of
the Islamic Azad University, Central Tehran Branch. There
is no financial support and conflict of interest in this study.

P53 and E3Ub ligase MDM2 are USP7 targets. There
are reports of switch-like manner function of USP7 in
the these factors regulation. Under normal condition,
USP7 associates with MDM2 to protect the E3Ub ligase
from auto-ubiquitination. Therefore, MDM2 ubiquinates
P53 and allows it for proteasomal degradation. However,
under stress signals or patient circumstances, such as
oligospermia that leads to DNA damage the expression of
USP7 increases and it preferentially binds p53, stabilizes it
through deubiquitination process and causes induction of
the apoptosis pathway (16). This can be a good reason for
reduction of sperm cells in the oligospermic men.

2.

After the spermatozoa leave the testicle, they are stored in
the epididymis, where they reach their final maturity (17).
These stages of maturation and stabilization, protects sperm
from oxidative damage during storage and after releasing
into the female reproductive tract. The Ub enzymes exist in
human semen plasma as well as in damaged spermatozoa
that are secreted by epididymal epithelial cells during the
epididymal passage (18). Damage to the DNA structure
or other structures in the testicle may trigger apoptosis
pathways, and ubiquitinated these sperms. Also, improper
twisting of sperm surface antigens or the loss of their
structure may cause ubiquitination of damaged sperm (19).

Conclusion
Overall, our data showed that the RNA expression of SET9
did not change significantly in the oligospermia. On the other
hand, a significant increase in the USP7 gene expression,
RNA level, was observed and this increase was not related
to the age. The USP7 by involving in deubiquitination may
cause a defect in the spermatogenesis process due to trigger
apoptosis pathway. Therefore, the number of sperm is reduced
as we observed in our oligospermic patients. Our results
illustrated important effect of this gene that directed to further
study on the oligospermia issue. The USP7 can be used as a
reference gene in the prognosis, detection and screening of
oligospermia.
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Abstract

Background: Infertility is a major clinical problem that affects people psychologically and medically. For the past 40
years, studies have linked nearly 50% of childlessness to male infertility. It is worth noting that unlike other factors
contributing to infertility, diet is a tunable factor and can be applied in counseling infertile men. The goal of this study
was to determine the relationship between plant diet index (PDI) and semen parameters in Iranian infertile men.
Materials and Methods: In this cross-sectional study, dietary intake was determined by a valid 168-item questionnaire (FFQ). In this study, four dependent semen parameters, including total sperm motility (TSM), sperm concentration (SC), normal sperm morphology (NSM), and semen volume (SV) were measured.
Results: Results of this study stated that greater adherence to the healthful plant-based diet index (hPDI), can significantly increase sperm density and motility in men, as well as greater adherence to the PDI dietary pattern is related
to a lower risk of sperm volume deficiency, and ultimately more adherence to the unhealthful plant-based diet index
(uPDI), can reduce the risk of sperm motility.
Conclusion: In this study, for the first time, the relationship between PDI, hPDI, uPDI and male infertility was evaluated.
Altogether, this study demonstrated that nutrition has an impact on semen quality and fertility of men.
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Introduction
The psychological impact of infertility has been debated
for years as one major clinical problem. According to the
World Health Organization (WHO), infertility is a disease
determined by failure to become pregnant after 12 months
of unprotected and ordered intercourse (1). Nearly 15% of
couples worldwide face this problem and male infertility
is responsible for not less than 50% of the occasions
(2). While for many years women were considered the
main issue causing infertility for couples, many recent
studies have related nearly 50% of childlessness to male
reproduction system problems (3, 4). So, considering
the reproductive science progression in the female
reproduction system, male infertility needs to be studied
very well as it could result in many problems in pregnancy
and embryo development (5).
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Many physiological, environmental, and genetic
factors could be respected in the pathogenesis of male
infertility and sperm dysfunction (6). Disorders such as
industrial chemicals exposures, alcohol consumption
and smoking, infections, varicocele, stress, depression,
nutritional deficiencies, and genetic disorders have been
identified as factors that have negative impacts on semen
quality (7). According to recent studies, lifestyle and
nutritional factors play a key role in the functioning of
the reproductive system (8, 9). Moreover, new researches
showed that nutritional factors such as folate, omega-3 fats,
saturated fats, soy, soy isoflavones, zinc, and antioxidants
could affect semen quality (10). Spanish researchers
introduced a positive relationship between sperm quality
and consumption of folate-rich food sources, such as
fruits and vegetables (11). Vujkovic et al. (12) reported
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a better quality of sperm DNA for men with a “healthconscious” diet (high intake of fruits, vegetables, fish,
and whole grains). Another study by Jurewicz et al. (13)
of dietary patterns also showed a diet rich in vegetables,
fruits, fish, poultry, and whole grains could correlate
positively with the percentage of motile sperm. Diet is a
complex variable, and traditional analyzes in nutritional
epidemiology often examine the association between
a disease and a nutrient, or a small number of them.
People eat a variety of nutritious foods daily that contain
complex nutrient compositions. Therefore, dietary pattern
analysis is a method that can determine the relationship
between diet and disease (14).
Today, researchers have developed new indices to
assess the quality of a diet that measures adherence to
a predominantly plant-based diet (15). Plant-based diet
index (PDI), healthful plant-based diet index (hPDI), and
unhealthful plant-based diet index (uPDI) evaluated the
consumption of animal foods and plant foods according to
the health of plant foods (16). Considering many studies in
the field of male infertility, the relationship between PDI
and male infertility has not yet been studied. Therefore,
more research is needed. It is worth noting that unlike
other factors contributing to infertility, diet is a tunable
factor and can be applied in counseling infertile men.
The goal of this study was to determine the relationship
between PDI and sperm quality in Iranian infertile men.

Materials and Methods
This cross-sectional study was performed in a
major infertility clinic in Isfahan province in 2018.
270 infertile adult men aged 18-55 years who met
the inclusion criteria were selected. Before entering
the study, participants signed an informed consent
form. Subjects with the following criteria were not
included in the study: (history of testicular atrophy,
urinary tract infection, azoospermia, testicular
torsion, genital surgery, and other genital diseases,
endocrine, anatomical disorders), metabolic diseases
(cardiovascular disease, cancer, diabetes, kidney
disease or osteoporosis), psychiatric and physiological
disorders such as depression, alcohol and drug
abuse, supplement use, previous hormone therapy,
anticoagulants, anti-androgens, androgens, cytotoxic
drugs or immunosuppressants (17). Ten participants
were excluded from the study due to calorie
consumption of more than 4200 or less than 800 kcal
per day or lack of basic information. Finally, 260 data
were used for the final analysis Ethics Committee
of Isfahan University of Medical Sciences (IUMS),
Isfahan (IR.MUI.RESEARCH.REC.1397.232).
Assessment of semen parameters
Semen samples were taken from the participant after
3 days of abstinence and collected in sterile containers
and half an hour before analysis was liquefied at 37°C.
The 5th edition of the World Health Organization (WHO)
laboratory manual was used to assess semen. Accordingly,

sperm motility was expressed as A to D. A+B is defined as
total progressive motility, C is defined as non-progressive
motility, A+B+C is defined as total motility, and D is
defined as immotile sperm. In this study, four dependent
semen parameters, including total sperm motility (TSM),
sperm concentration (SC), normal sperm morphology
(NSM), and sperm volume were measured for evaluation
(18).
Assessment of dietary intakes
Dietary intake was determined by a valid 168-item
questionnaire (FFQ). FFQ validation is confirmed in
Iran (19). This questionnaire contains common dietary
guidelines in the country and can be used for adults.
Participants specified their average frequency of
consumption over the past 12 months (number of daily,
weekly, monthly and annual) in this form. Specific groups
were categorized as follows: 6 times or more a day, 3–5
times a day, 2-3 times a day, every day (once daily), 5-6
times /week, 2-4 times /week, once a week, 1-3 times a
month and less than once a month. Finally, the frequency
category chosen for each food item was converted into a
daily intake for evaluation. Data extracted from the FFQ
questionnaire were calculated by modified Nutritionist IV
software for Iranian food.
Plant Diet Index
To create three versions of plant based diets PDI, hPDI,
and uPDI, we use the Satije et al. method (20). All foods
were grouped into 18 food groups in three main classes.
According to food groups, hPDI included whole grains,
fruits, vegetables, nuts, legumes, vegetable oils, and
tea/coffee, uPDI included fruit juices, sugar-sweetened
beverages, refined grains, potatoes, and sweets/desserts,
and animal food included animal fat, dairy, egg, fish/
seafood, meat, and miscellaneous animal-based foods.
In each group, food items were altered to deciles and
received 1-10 score according to the lowest and highest
intake in each group. In PDI and hPDI index, the highest
intake gets a 10 score and the lowest intake get a 1 score.
In uPDI, scored 1 for highest intake and 10 for lowest
intake of animal food intake by participants. Scores were
summed up to get a score ranging from 18 to 180 for each
PDI, hPDI, and uPDI index. A higher total score for every
index showed higher conformity to that pattern.
Assessment of other variables
All participants were interviewed face-to-face and
the height (in centimeters) and weight (in kilograms)
of the subjects were measured by standard methods for
calculating body mass index (BMI) in kilograms per
square meter.
Statistical analysis
Participants were classified based on tertiles of PDI,
hPDI, and uPDI. To compare continuous variables across
tertiles of PDI, hPDI and uPDI, we use One-way analysis of
311

Int J Fertil Steril, Vol 16, No 4, October-December 2022

Nouri et al.

variance (ANOVA) and chi-squared test used to compare
the categorical variables across the tertiles of each pattern
score. To determine the relation between plant-based
diet scores and odds of sperm parameters, multivariable
logistic regression was used in different models. This
relation was observed in both crude and adjusted models.
In the first model, we adjusted age and energy intake. In
the second model, additional controls for BMI, physical
activity, marriage time, educational status, smoking,
and alcohol history were done. Statistical analyses were
conducted using SPSS for Windows software (version
20.0), SPSS Inc., and Chicago IL. P<0.05 was considered
statistically significant.

Results
Baseline characteristics of participants according to
tertiles of PDI, hPDI, and uPDI are shown in Table 1.
The mean age, body mass index, waist circumference,
and physical activity of infertile men were 31.24 years,
26.94 kg/m2, 94.51 cm, and 29.27 Met/day, respectively.
BMI and waist circumference were higher in the last
tertile of hPDI and waist circumference was higher in
the first tertile of uPDI scores. Furthermore, there was a
significant change between tertiles of uPDI with alcohol
history and supplement use.
The energy-adjusted dietary nutrients and food items
intakes of participants through tertiles of PDI, hPDI,
and uPDI are shown in Table 2. Participants in the last
tertile of PDI had a higher intake of fiber, vitamin E,

B9, C, whole grains, fruits, legumes, vegetable oils, tea/
coffee, and sugar sweetened beverages, but lower intake
of carbohydrate, protein, SFA, cholesterol, B12, calcium,
dairy, eggs and fish/seafood compared to lowest tertile.
Moreover, in the highest tertile of hPDI, participants
consumed higher amounts of energy, carbohydrate, protein,
fat, fiber, vitamin E, B9, magnesium, iron, whole grains, fruits,
vegetables, legumes, vegetable oil, and tea/coffee, but lower
intake of SFA, cholesterol, B12, refined grains, potatoes, sugar
sweetened beverage, sweets desserts, animal fat, dairy, eggs,
fish/seafood, and meats compared to the first tertile.
Furthermore, higher intake of refined grains and sugar
sweetened beverages, but a lower intake of protein,
cholesterol, vitamin A, B6, B12, and C, as well as fruits,
vegetables, nuts, legumes, vegetable oil, animal fat, dairy,
eggs, fish/seafood, and meats, as well as fruits, vegetables,
nuts, legumes, vegetable oil, animal fat, dairy, eggs, fish/
seafood and meats were observed in the highest uPDI
tertile in comparison with those the lowest tertile.
The mean and standard deviation (SD) of sperm parameters
in crude and adjusted models across tertile of PDI, hPDI, and
uPDI are shown in Table 3. For the hPDI score, participants
in the highest tertile had a higher mean of sperm density
compared with those in the lowest tertile in the crude model.
Also, after adjustment for potential covariates, the difference
was significant. In addition, the mean of sperm motility in
the third tertile of uPDI was higher than those in the first
tertile in crude and adjusted models.

Table 1: Basic characteristics of participants across the tertiles of PDI, hPDI, and uPDI scores
Variable

PDI

hPDI

uPDI

T1 (n=96)

T2 (n=76)

T3 (n=82)

P

T1 (n=85)

T2 (n=89)

T3 (n=80)

P

T1 (n=90)

T2 (n=83)

T3 (n=81)

P

Age (Y)

30.94 ± 3.73

31.94 ± 4.88

31.12 ± 4.40

0.70

30.75 ± 3.69

31.26 ± 4.85

31.48 ± 4.29

0.53

30.98 ± 4.15

31.40 ± 4.05

31.12 ± 4.75

0.81

Body mass index
(kg/m2)

26.68 ± 27.43

27.43 ± 4.35

26.82 ± 3.88

0.46

26.67 ± 4.02

26.38 ± 3.76

27.88 ± 4.47

0.04*

27.49 ± 4.08

27.23 ± 4.28

26.07 ± 3.89

0.06

Waist (cm)

94.47 ± 10.11

95.01 ±
10.23

94.65 ±
10.88

0.94

94.66 ± 9.63

92.99 ± 9.52

96.61 ± 11.72

0.07

95.29 ± 10.92

95.11 ± 10.33

93.59 ± 9.78

0.51

Marriage time (Y)

5.66 ± 3.17

5.38 ± 2.71

5.43 ± 3.20

0.80

5.37 ± 2.40

5.33 ± 3.02

5.84 ± 3.62

0.49

5.86 ± 3.23

5.71 ± 2.96

4.89 ± 2.84

0.08

Physical activity
(Met/day)

29.51 ± 2.15

29.11 ± 2.20

29.08 ± 1.99

0.45

29.35 ± 2.10

29.30 ± 1.97

29.09 ± 2.34

0.78

29.20 ± 2.14

29.20 ± 2.25

29.44 ± 1.96

0.79

Smoking history
Yes
No

35 (36.45)
61 (63.55)

30 (39.47)
46 (60.53)

29 (35.36)
53 (64.64)

37 (43.53)
48 (56.47)

35 (39.33)
54 (60.67)

22 (27.50)
58 (62.50)

33 (36.67)
57 (63.33)

30 (36.15)
53 (63.85)

31 (38.30)
50 (61.70)

Alcohol history
Yes
No

17 (17.70)
79 (82.30)

21 (27.63)
55 (72.37)

15 (18.30)
67 (81.70)

21 (23.60)
68 (76.40)

13 (16.25)
67 (83.75)

28 (31.11)
62 (68.89)

12 (14.46)
71 (85.54)

13 (16.05)
68 (83.95)

Supplement use
Yes
No

30 (31.25)
66 (68.75)

25 (32.89)
51 (67.11)

25 (30.49)
57 (69.51)

23 (25.85)
66 (74.15)

25 (31.25)
55 (68.75)

37 (41.11)
53 (58.89)

19 (22.90)
64 (77.10)

24 (29.63)
57 (70.37)

16 (16.66)

17 (22.37)

23 (28.05)

14 (16.47)

17 (19.10)

25 (31.25)

18 (20.00)

18 (21.70)

20 (24.70)

28 (29.17)

23 (30.26)

27 (32.93)

25 (29.41)

30 (33.70)

23 (28.75)

33 (36.66)

23 (27.70)

22 (27.16)

52 (54.17)

36 (47.37)

32 (39.02)

46 (54.12)

42 (47.20)

32 (40.00)

39 (43.34)

42 (50.60)

39 (48.14)

Education status
Less than high
school
High school
diploma
Bachelor degree
or higher

0.85

0.22

19 (22.35)
66 (77.65)

0.94

32 (37.65)
53 (62.35)

0.29

0.08

0.46

0.24

0.14

0.95

0.01*

0.03*

0.63

Values are mean (SD) for continuous and percentage for categorical variables. Using one-way ANOVA for continuous and Chi-square test for categorical variables. PDI; Plant-base diet
index, hPDI; Healthful plant-base diet index, uPDI; Unhealthful plant-base diet index, T1; First tertile, T2; Second tertile, T3; Third tertile, P; P value, and *; P˂0.05 was considered as significant (more explanation are reported in result section).
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15.88 ± 4.67

18.07 ± 5.89

Iron (mg/d)

43.47 ± 64.81

408.90 ± 175.35

327.70 ± 198.10

Whole grains
(g/d)

Fruits (g/d)

Vegetables
(g/d)

Food items

124.95 ± 51.89

Zinc (mg/d)

2.27 ± 0.57

Vitamin B6
(mg/d)

Selenium (mg/d)

12.80 ± 5.99

Vitamin E
(mg/d)

477.22 ± 156.36

844.51 ± 428.17

Vitamin A
(RAE/d)

Magnesium
(mg/d)

390.35 ± 246.70

Cholesterol
(mg/d)

1362.73 ±
435.79

17.87 ± 10.13

PUFA (g/d)

Calcium (mg/d)

30.11 ± 15.16

MUFA (g/d)

233.35 ± 121.22

31.98 ± 13.18

SFA (g/d)

Vitamin C
(mg/d)

38.79 ± 16.61

Dietary fiber
(g/d)

7.22 ± 3.68

95.44 ± 45.20

Fat (g/d)

Vitamin B12
(µg/d)

105.00 ± 27.24

Protein (g/d)

552.80 ± 141.71

364.83 ± 113.98

Carbohydrate
(g/d)

Vitamin B9
(µg/d)

2640.21 ±
751.37

T1 (n=96)

Energy (kcal/d)

Nutrient items

Variable

367.37 ±
169.88

490.74 ±
177.37

65.20 ± 65.23

17.62 ± 4.82

13.85 ± 4.37

109.91 ± 36.21

438.89 ±
114.41

1183.35 ±
405.30

264.20 ±
142.11

5.96 ± 3.08

555.77 ±
139.59

2.22 ± 0.61

13.46 ± 7.87

818.43 ±
439.16

303.54 ±
204.51

15.79 ± 6.89

26.99 ± 11.68

25.77 ± 9.80

41.22 ± 14.64

81.98 ± 31.06

92.02 ± 24.38

360.26 ± 96.95

2465.46 ±
632.88

T2 (n=76)

PDI

373.79±165.95

599.12 ± 354.15

74.40 ± 93.48

17.79 ± 5.56

12.76 ± 4.08

110.70 ± 43.85

436.31 ± 148.21

1076.67 ±
389.21

233.87 ± 117.18

5.00 ± 2.68

560.61 ± 161.81

2.06 ± 0.60

14.51 ± 6.17

752.68 ± 348.31

238.87 ± 102.62

16.99 ± 7.02

27.85 ± 10.60

24.49 ± 8.89

42.26 ± 18.03

81.95 ± 28.41

84.44 ± 25.16

357.55 ± 103.55

2427.66 ±
661.09

T3 (n=82)

0.17

<0.001*

0.01*

0.05

<0.001*

0.31

0.77

<0.001*

0.02*

<0.001*

0.02*

0.05

0.001*

0.62

<0.001*

0.28

0.55

<0.001*

0.009*

0.15

<0.001*

0.003*

0.08

311.90 ± 179.31

424.43 ± 158.97

34.50 ± 41.11

16.01 ± 3.83

14.17 ± 4.17

104.26 ± 27.39

405.38 ± 102.31

1178.37 ± 422.94

219.51 ± 113.90

7.16 ± 3.82

502.36 ± 114.18

2.05 ± 0.54

11.57 ± 5.44

780.59 ± 382.89

369.87 ± 198.90

15.50 ± 7.56

27.51 ± 11.78

28.92 ± 11.63

32.54 ± 11.05

86.49 ± 35.15

95.38 ± 24.41

331.48 ± 87.00

2413.03 ± 635.32

P value T1 (n=85)

362.13 ± 175.42

471.87 ± 171.17

54.32 ± 59.54

17.52 ± 4.95

13.77 ± 4.56

115.66±45.36

439.90±133.43

1176.70 ± 385.98

226.49 ± 118.10

5.64 ± 2.98

551.46 ± 121.72

2.12 ± 0.58

14.01 ± 7.62

745.43 ± 357.69

293.31 ± 231.29

16.98 ± 7.72

27.38 ± 10.94

26.30 ± 9.26

40.61 ± 13.59

82.63 ± 29.04

89.79 ± 25.37

345.99 ± 92.27

2410.82 ± 611.83

T2 (n=89)

hPDI

391.12 ± 180.01

595.07 ± 374.31

93.28 ± 104.89

20.17 ± 6.60

14.92 ± 4.97

128.37 ± 56.77

516.72 ± 166.84

1301.70 ±
469.14

285.53 ± 139.62

5.56±2.89

618.71 ± 179.05

2.40 ± 0.62

15.14 ± 6.28

903.76 ± 468.98

282.33 ± 173.86

18.50 ± 9.45

30.62 ± 15.46

27.97 ± 13.21

49.27 ± 19.86

92.58 ± 45.06

98.74 ± 30.92

409.41 ± 120.31

2752.91 ±
780.83

T3 (n=80)

*

0.01*

<0.001*

<0.001*

<0.001

0.10

0.06

<0.001*

0.89

0.79

<0.001*

<0.001*

0.10

0.009*

0.51

<0.001*

0.20

0.28

<0.001*

<0.001*

0.01
*

0.004*

<0.001*

0.001*

P value

414.36 ± 167.57

582.62 ± 338.87

334.12 ± 182.14

477.76 ± 191.76

54.80 ± 66.84

17.72 ± 6.32

17.90 ± 4.46
71.08 ± 85.03

14.14 ± 5.21

115.56 ± 52.62

455.64 ± 164.39

1213.67 ± 436.52

247.20 ± 128.30

5.98 ± 3.41

544.48 ± 149.54

2.14 ± 0.57

13.86 ± 8.43

802.77 ± 398.12

317.91 ± 228.66

17.23 ± 10.69

28.58 ± 16.30

27.97 ± 14.00

14.71 ± 4.08

111.53 ± 31.04

458.62 ± 118.24

1262.96 ± 423.62

269.05 ± 125.80

6.90 ± 3.49

559.11 ± 134.36

2.29 ± 0.59

13.83 ± 5.36

919.07 ± 447.39

345.37 ± 210.16

17.69 ± 5.88

29.35 ± 9.92

28.36 ± 9.31

39.48 ± 14.57

88.70 ± 47.20

88.43 ± 27.52
41.95 ± 16.40

93.77 ± 31.30

364.30 ± 121.50

2523.86 ± 840.85

T2 (n=83)

uPDI

98.39 ± 24.23

354.53 ± 88.74

2523.91 ± 552.97

T1 (n=90)

Table 2: Dietary intakes of participants across the tertiles of PDI, hPDI, and uPDI scores

308.72 ± 176.40

414.47 ± 179.17

52.88 ± 74.50

17.92 ± 5.60

13.90 ± 4.42

120.95 ± 50.75

442.63 ± 146.01

1168.42±436.52

208.95 ± 120.31

5.41 ± 2.89

656.01 ± 159.44

2.12 ± 0.62

12.92 ± 5.95

687.01 ± 335.16

279.75 ± 173.18

15.88 ± 7.80

27.30 ± 11.68

26.70 ± 10.64

40.37 ± 18.57

83.84 ± 33.79

90.86 ± 25.16

365.14 ± 105.63

2509.51 ± 672.53

T3 (n=81)

<0.001*

<0.001*

0.22

0.84

0.22

0.18

0.54

0.18

0.002*

0.004*

0.37

0.004*

0.51

<0.001*

0.07

0.17

0.33

0.37

0.51

0.31

0.009*

0.19

0.98

P value
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30.17 ± 23.82

9.86 ± 7.32

274.75 ± 247.36

28.81 ± 42.38

278.82 ± 143.28

25.48 ± 29.19

34.94 ± 46.91

41.38 ± 43.31

8.37 ± 12.93

527.79 ± 243.42

23.24 ± 20.88

27.83 ± 23.27

70.71 ± 39.39

25.25 ± 26.26

Legumes (g/d)

Vegetable oil
(g/d)

Tea and coffee
(g/d)

Fruit juice (g/d)

Refined
grains (g/d)

Potatoes (g/d)

Sugar
sweetened
beverage (g/d)

Sweets
desserts (g/d)

Animal fat
(g/d)

Dairy (g/d)

Eggs (g/d)

Fish and seafood
(g/d)

Meats (g/d)

Miscellaneous
animal based
foods (g/d)

24.19 ± 32.35

68.72 ± 50.87

21.08 ± 22.70

18.67 ± 14.09

463.57 ±
225.46

5.93 ± 10.17

35.68 ± 25.13

51.12 ± 60.96

25.82 ± 22.77

292.02 ±
131.91

48.55 ± 81.39

361.96 ±
256.35

14.11 ± 9.42

31.15 ± 17.57

15.95 ± 12.17

T2 (n=76)

PDI

18.18 ± 11.66

57.04 ± 34.86

14.29 ± 10.75

15.72 ± 11.24

386.20 ± 170.12

4.96 ± 5.87

47.93 ± 24.66

77.79 ± 84.47

29.20 ± 17.14

325.65 ± 124.46

47.57 ± 62.35

462.37 ± 257.30

21.01 ± 11.47

38.14 ± 17.51

17.65 ± 13.00

T3 (n=82)

*

*

0.13

0.07

<0.001

0.008*

<0.001*

0.06

0.06

<0.001*

0.53

0.06

0.05

<0.001*

<0.001

0.02*

0.57

24.76 ± 18.52

25.45 ± 26.42

62.50 ± 41.23

17.85 ± 16.33

30.69 ± 22.67
82.13 ± 36.32

17.39 ± 12.69

442.53 ± 199.84

7.19 ± 11.71

41.34 ± 31.02

60.58 ± 72.13

24.06 ± 18.70

323.18 ± 132.79

32.35 ± 48.00

24.40 ± 19.82

535.87 ± 231.23

8.26 ± 8.19

56.92 ± 36.58

63.91 ± 70.90

36.97 ± 29.17

295.28 ± 115.53

53.93 ± 49.01

375.55 ± 237.01

14.85 ± 9.78

12.35 ± 8.91
286.73 ± 216.92

37.53 ± 24.50

18.21 ± 20.43

T2 (n=89)

28.46 ± 16.49

17.57 ± 14.96

P value T1 (n=85)

hPDI

Table 2: Continued

17.29 ± 28.44

51.80 ± 43.51

15.61 ± 19.41

16.47 ± 15.40

407.92 ± 223.18

3.98 ± 10.35

26.21 ± 23.81

34.92 ± 53.52

18.99 ± 18.75

272.53 ± 152.15

36.16 ± 85.48

425.04 ± 317.20

17.13 ± 12.28

32.89 ± 18.09

16.77 ± 15.38

T3 (n=80)

*

0.05

<0.001*

<0.001

0.003*

<0.001*

0.01*

<0.001*

0.008*

<0.001*

0.04

0.05

0.002

0.01
*

0.01*

0.85

P value

24.15 ± 22.79

75.01 ± 45.88

26.59 ± 23.29

23.14 ± 17.39

505.34 ± 203.11

9.04 ± 13.15

40.59 ± 34.34

37.09 ± 45.25

27.72 ± 23.53

262.57 ± 122.06

36.82 ± 62.48

384.94 ± 242.90

18.03 ± 11.95

40.66 ± 21.15

23.46 ± 18.68

T1 (n=90)

25.25 ± 33.61

58.91 ± 35.79

19.12 ± 17.57

20.04 ± 12.87

485.93 ± 216.57

5.65 ± 7.64

40.13 ± 30.47

45.75 ± 45.31

24.88 ± 25.03

292.23 ± 113.01

38.96 ± 55.76

374.56 ± 270.01

13.45 ± 9.14

32.63 ± 19.54

15.96 ± 16.86

T2 (n=83)

uPDI

18.32 ± 14.29

62.32 ± 42.48

18.10 ± 19.43

14.74 ± 17.86

392.04 ± 238.28

4.67 ± 8.59

44.82 ± 35.10

80.04 ± 94.26

27.70 ± 23.26

342.93 ± 156.46

47.01 ± 70.47

321.81 ± 279.28

12.38 ± 9.22

24.98 ± 17.13

12.58 ± 13.50

T3 (n=81)

0.16

0.02*

0.01*

0.004*

0.002*

0.01*

0.61

<0.001*

0.67

<0.001*

0.54

0.25

0.001*

<0.001*

<0.001*

P value

Values are mean ± SE. All values are adjusted for energy intake using ANCOVA. SFA; Saturated fatty acid, PUFA; Polyunsaturated fatty acid, MUFA; Monounsaturated fatty acid, T1; First tertile, T2; Second tertile, T3; Third tertile, and *; P˂0.05 was
considered as significant (more explanation are reported in result section).

18.71 ± 22.75

T1 (n=96)

Nuts (g/d)

Variable

Nouri et al.

4.19 ± 2.23

Model IIIc

10.83 ± 10.75

4.67 ± 11.54

3.47 ± 8.29

4.14 ± 10.65

4.14 ± 10.65

4.14 ± 10.65

28.51 ± 17.52

28.51 ± 17.52

28.51 ± 17.52

13.32 ± 18.55

13.32 ± 18.55

13.32 ± 18.55

4.31 ± 2.04

4.31 ± 2.04

4.31 ± 2.04

T3 (n=82)

0.91

0.87

0.74

0.36

0.43

0.43

0.07

0.11

0.14

0.59

0.56

0.57

3.85 ± 9.98

3.85 ± 9.98

3.85 ± 9.98

26.60 ± 16.22

26.60 ± 16.22

26.60 ± 16.22

9.35 ± 6.93

9.35 ± 6.93

9.35 ± 6.93

4.17 ± 2.18

4.17 ± 2.18

4.17 ± 2.18

P value T1 (n=85)

4.24 ± 9.92

4.24 ± 9.92

4.24 ± 9.92

31.74 ± 19.72

31.74 ± 19.72

31.74 ± 19.72

15.58 ± 19.22

15.58 ± 19.22

15.58 ± 19.22

3.82 ± 1.65

3.82 ± 1.65

3.82 ± 1.65

T2 (n=89)

hPDI

4.03 ± 10.52

4.03 ± 10.52

4.03 ± 10.52

29.81 ± 17.97

29.81 ± 17.97

29.81 ± 17.97

14.15 ± 17.59

14.15 ± 17.59

14.15 ± 17.59

4.54 ± 2.33

4.54 ± 2.33

4.54 ± 2.33

T3 (n=80)

0.96

0.98

0.96

0.19

0.19

0.16

0.03*

0.02
*

0.02*

0.13

0.14

0.07

P value

4.27 ± 10.64

4.27 ± 10.64

4.27 ± 10.64

25.65 ± 16.74

25.65 ± 16.74

25.65 ± 16.74

11.96 ± 13.18

11.96 ± 13.18

11.96 ± 13.18

4.21 ± 2.05

4.21 ± 2.05

4.21 ± 2.05

T1 (n=90)

Table 3: Mean sperm parameters across tertiles of PDI, hPDI, and uPDI scores

3.34 ± 7.40

3.34 ± 7.40

3.34 ± 7.40

28.09 ± 19.33

28.09 ± 19.33

28.09 ± 19.33

13.36 ± 15.24

13.36 ± 15.24

13.36 ± 15.24

4.13 ± 1.80

4.13 ± 1.80

4.13 ± 1.80

T2 (n=83)

uPDI

4.51 ± 11.80

4.51 ± 11.80

4.51 ± 11.80

34.94 ± 17.14

34.94 ± 17.14

34.94 ± 17.14

13.93 ± 18.75

13.93 ± 18.75

13.93 ± 18.75

4.14 ± 2.37

4.14 ± 2.37

4.14 ± 2.37

T3 (n=81)

0.67

0.67

0.73

0.009*

0.002*

0.002*

0.93

0.69

0.70

0.93

0.96

0.96

P value

Data are presented as mean ± SE. a; Crude, b; Adjusted for age and energy intake, c; Additionally adjusted for BMI, physical activity, marriage time, educational status, smoking and alcohol history, d; These values are mean (SE), T1; First tertile, T2;
Second tertile, T3; Third tertile, and *; P˂0.05 was considered as significant (more explanation are reported in result section).

Model III

3.47 ± 8.29

Model IIb

c

4.67 ± 11.54

3.47 ± 8.29

Model Ia

Normal
morphology (%)

4.67 ± 11.54

31.68 ± 18.91

28.38 ± 17.99

Model III

31.68 ± 18.91

28.38 ± 17.99

c

Model IIb

31.68 ± 18.91

28.38 ± 17.99

Model Ia

Total motility (%)

15.54 ± 17.51

15.54 ± 17.51

10.83 ± 10.75

Model IIIc

Model II

15.54 ± 17.51

10.83 ± 10.75

b

Model Ia

Density (×106/ml)

3.97 ± 1.92

3.97 ± 1.92

4.19 ± 2.23

Model II

3.97 ± 1.92

T2 (n=76)

4.19 ± 2.23d

T1 (n=96)

PDI

b

Model Ia

Volume (ml)

Variable

PDI and Semen Parameters
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1.00

Model IIIc

1.00

Model IIIc

1.00

Model IIIc

1.00

1.00

1.00

Model Ia

Model IIb

Model IIIc

Normal morphology (%)

1.00

Model IIb

Model Ia

1.00

1.00

Model IIb

Total motility (%)

1.00

Model Ia

0.71
(0.21, 2.30)

0.73
(0.23, 2.30)

0.65
(0.21, 2.04)

0.66
(0.32, 1.33)

0.69
(0.35, 1.37)

0.72
(0.37, 1.41)

0.52
(0.26, 1.07)

0.59
(0.30, 1.17)

0.60
(0.31, 1.18)

0.92
(0.47, 1.78)

1.05
(0.55, 1.99)

1.11
(0.59, 2.08) d

0.86
(0.25, 2.96)

0.93
(0.28, 3.06)

0.84
(0.26, 2.72)

1.17
(0.56, 2.42)

1.13
(0.56, 2.30)

1.18
(0.59, 2.38)

1.02
(0.50, 2.11)

0.98
(0.49, 1.97)

0.97
(0.49, 1.94)

0.43
(0.21, 0.87)

0.49
(0.25, 0.98)

0.53
(0.27, 1.05)

T3 (n=82)

0.82

0.90

0.76

0.75

0.77

0.68

0.97

0.91

0.89

0.02*

0.05

0.08

P value

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

T1 (n=85)

1.01
(0.27, 3.78)

1.10
(0.30, 4.01)

1.05
(0.29, 3.76)

0.68
(0.34, 1.38)

0.69
(0.35, 1.39)

0.69
(0.35, 1.38)

0.44
(0.21, 0.89)

0.45
(0.22, 0.91)

0.46
(0.23, 0.93)

1.47
(0.77, 2.81)

1.48
(0.78, 2.80)

1.48
(0.78, 2.79)

T2 (n=89)

hPDI

0.35
(0.10, 1.21)

0.43
(0.13, 1.39)

0.49
(0.15, 1.54)

0.88
(0.41, 1.88)

0.87
(0.42, 1.81)

0.80
(0.39, 1.65)

0.71
(0.33, 1.56)

0.66
(0.31, 1.40)

0.70
(0.33, 1.45)

0.84
(0.40, 1.75)

0.86
(0.42, 1.74)

0.80
(0.40, 1.59)

T3 (n=80)

0.09

0.14

0.20

0.66

0.70

0.55

0.36

0.26

0.34

0.72

0.75

0.56

P value

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

T1 (n=90)

2.08
(0.61, 7.09)

1.64
(0.50, 5.31)

1.52
(0.47, 4.85)

0.49
(0.23, 1.06)

0.45
(0.21, 0.95)

0.45
(0.21, 0.95)

0.97
(0.48, 1.96)

0.88
(0.44, 1.73)

0.89 9
0.45, 1.75)

0.85
(0.43, 1.68)

0.84
(0.44, 1.62)

0.85
(0.44, 1.63)

T2 (n=83)

uPDI

1.72
(0.51, 5.73)

1.28
(0.42, 3.91)

1.22
(0.40, 3.67)

0.39
(0.18, 0.85)

0.34
(0.16, 0.72)

0.34
(0.16, 0.72)

0.92
(0.45, 1.89)

0.86
(0.43, 1.70)

0.86
(0.44, 1.70)

0.99
(0.50, 1.96)

0.98
(0.51, 1.88)

0.99
(0.52, 1.89)

T3 (n=81)

0.42

0.63

0.70

0.01*

0.005*

0.005*

0.84

0.66

0.67

0.90

0.95

0.97

P-value

; Crude, b; Adjusted for age and energy intake, c; Additionally adjusted for BMI, physical activity, marriage time, educational status, smoking and alcohol history, d; These values are odd ratio (95% CIs), e ; Obtained from logistic regression, T1; First
tertile, T2; Second tertile, T3; Third tertile, BMI; Body mass index, CI; Confidence interval, and * ; P˂0.05 was considered as significant (more explanation are reported in result section).

a

1.00

Model IIb

Density (×106/ml)

1.00

T2 (n=76)

PDI

Table 4: Crude and multivariable-adjusted odds ratios and 95% CIs for sperm parameters rs across tertiles of PDI, hPDI, and uPDI scores

T1 (n=96)

Model Ia

Volume (ml)

Variable

Nouri et al.

PDI and Semen Parameters

Multivariable-adjusted odds ratio (OR) and 95%
confidence intervals (CIs) for sperm parameters across
tertiles of PDI, hPDI, and uPDI are indicated in Table 4.
Although there was no significant association between
volume and PDI in the crude model (OR=0.53, 95% CI:
0.27, 1.05, P=0.08), which became significant in the fullyadjusted model and participants in the highest PDI tertile
had a lower risk of volume deficiency (OR=0.43, 95%
CI: 0.21, 0.87, P=0.02). In the crude model, there was a
significant association between total motility and uPDI,
and participants in the highest uPDI tertile had a lower risk
of sperm motility (OR=0.34, 95% CI: 0.16, 0.72, P=0.005).
After adjustment for potential confounders including age,
energy intake, BMI, physical activity, marriage time,
educational status, smoking, and alcohol history, the
association was significant and participants in the highest
uPDI tertile had a lower risk (OR=0.34, 95% CI: 0.16,
0.72, P=0.005 and OR=0.39, 95% CI: 0.18, 0.85, P=0.01).

Discussion
In this study, for the first time, the relationship between
PDI, hPDI, uPDI and male infertility was studied and
the results of this investigation revealed that greater
adherence to the hPDI dietary pattern could significantly
increase sperm concentration and motility in men.
Greater adherence to the PDI dietary pattern also could
associate with a lower risk of sperm volume deficiency,
and ultimately more adherence to the uPDI dietary pattern
could reduce the risk of sperm motility.
We create three different plant food patterns to be able
that compare them more easily and even distinguished
between healthy and unhealthy plant food according to their
effect on various diseases such as type 2 diabetes mellitus,
cancers, cardiovascular disease, and also some hazardous
conditions (hypertension, hyperlipidemia, obesity, and
inflammation). Previous studies have applied this type and
category of dietary patterns (20, 21), but the association of
it with infertility in men, has not been evaluated, yet.
Participants who have a higher hPDI score and
consumption more amount of energy, carbohydrate,
protein, fat, fiber, vitamin E, B9, magnesium, iron,
whole grains, fruits, vegetables, legumes, vegetable oil,
and tea/coffee, have a higher mean of sperm density and
motility. These findings can partly confirm the results
of one study that reported diet rich in vegetables, fruits,
whole grains, fish and chicken can be a suitable way
to improve semen quality (12). Joanna Jurewicz et al.
(13) also conducted one important study to evaluate the
association between dietary patterns and male infertility.
The results indicated that men who consumed more fruits,
cruciferous, vegetables, tomatoes, leafy green vegetables,
whole grains, legumes, fish, and chicken had higher
sperm concentration and testosterone levels. Besides, in
a specific evaluation of the effect of extra virgin olive oil
(vegetable oil) consumption on male fertility was found
that extra virgin olive oil, due to changes in plasma lipid
profile, affects the activity of several peptidases in the
testes. In addition, with changes in angiotensinase activity

in the testis, it is able to modulate the renin-angiotensin
system and its functions in male fertility (22).
The suggested mechanism that a healthy diet is correlated
with better semen quality maybe is related to a high amount
of fiber sources such as fruits, vegetables, and whole-grain
can bind to estrogen and reduce its level in the blood (23,
24). Also, a healthy dietary pattern is associated with more
consumption of antioxidants, and several studies showed
that more intake of an antioxidant such as carotenoids,
vitamin E, and vitamin C can affect semen quality and
especially enhance sperm motility (25, 26). Because one of
the main reasons for male infertility is direct damage to the
DNA of sperm cells and peroxidation of their membranes
by reactive oxygen species (ROS) (22).
Even a review article that is about the effect of
antioxidants and phytocompounds on seminal oxidative
stress concludes that plant foods not only can reduce
oxidative stress, but also can improve male reproductive
functions (3). Recent studies conducted in the Iranian
male population have also shown that there is a positive
relationship between healthy dietary patterns and
improvement of sperm indices, even following a healthy
and traditional dietary pattern has been introduced as a
protective factor against male infertility and western and
fat-based dietary pattern as a risk factor (27, 28).
Our study also shows that men who follow most of the
PDI dietary patterns with lower intake of carbohydrates,
protein, SFA, cholesterol, B12, calcium, dairy, eggs, and
fish, had a lower risk of volume deficiency. In the same
way, Attaman et al in their study about dietary fat and
semen quality have reported that high consumption of
saturated fat can diminish sperm concentration (29).
In both PDI and hPDI patterns, men in the highest tertile
with better semen quality had a lower intake of vitamin
B12 and it is in contrast with many previous investigations
that said vitamin B12 and folate are important for DNA
methylation and improve sperm motility and concentration
(30, 31). That may be this role can be more associated
with folate compare to vitamin B12. Also in Vujkovic
et al. (12) study, there is a positive association between
traditional Dutch dietary patterns and seminal vitamin
B12 concentration, which maybe is related to the high
consumption of meat in this dietary Patten.
Also, the results of this study demonstrate that
participants in the highest tertile of uPDI that have a
higher intake of refined grains and sugar sweetened
beverages were at lower risk of abnormal sperm motility.
That could be because a high intake of simple sugar causes
insulin resistance and oxidative stress that can affect
sperm motility (32, 33). However, excessive fats and
carbohydrates have always been the cause of obesity, but
today it has been found that more complex relationships
of macronutrients or even micronutrient deficiency in
unhealthy dietary patterns can be involved in this case and
consequently its relationship with infertility in men (34).
Some of the straight points of the current study are that
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this topic is new and we had innovation for choose of it,
also an appropriate sample population of infertile men was
available who were accurately evaluated for inclusion and
exclusion criteria and also were relatively homogenous in
age, ethnicity and anthropometric indexes, that reduces
the chance of finding results be related to peripheral and
uncontrolled factors. Additionally, to minimize errors in
the results of this study after evaluating the cured model in
another model adjusted in terms of BMI, physical activity,
age, energy intake, BMI, marriage time, educational
status, smoking, and alcohol history conducted that cause
results become more valid and reliable.
In the present study for evaluating male infertility,
semen samples were applied in a standard situation and
taking into account all of the WHO criteria, but we have
access only to one sample of each man, similar to other
epidemiological studies, whereas it can be better to have
several semen samples collected over 1-2 weeks (35).
In this investigation, we use the dietary pattern method
which is considered a complex of food consumption and
different connections between food compounds, since
dietary intake is a multidimensional variable and people
do not consume food individually, using this dietary
pattern method has more potential to be associated
with health outcomes and provide a basis for dietary
recommendations (36, 37).
In this study, 168-item FFQ was used for collecting
nutritional data. This tool has adequate validity and
reproducibility (19), However, there is likely to have
some measurement error, which can usually cause errors
in dietary classifications and reduce associations of
interest in all observational studies (38, 39). But so far,
it is the only tool available and suitable tool. There were
not numerous limitations in this study, just because it was
observational cross-sectional we cannot prove causality
between diet and semen quality parameters.
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statistical analysis of data and editing the manuscript. All
authors read and approved the final manuscript.
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