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Recurrent Vulvovaginal Candidiasis: Could It Be Related
to Cell-Mediated Immunity Defect in Response
to Candida Antigen?

Zahra Talaei, M.D.!, Saba Sheikhbahaei, M.D., Vajihe Ostadi, Ph.D.", Mazdak Ganjalikhani Hakemi, Ph.D.?,
Mohsen Meidani, M.D.?, Elham Naghshineh, M.D.%, Majid Yaran, Ph.D.", Alireza Emami Naeini, M.D.",
Roya Sherkat, M.D."”
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2. Cellular and Molecular Immunology Research Center, Isfahan University of Medical Sciences, Isfahan, Iran
3. Infectious Diseases and Tropical Medicine Research Center, Isfahan University of Medical Sciences, Isfahan, Iran
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Abstract
Background: Recurrent vulvovaginal candidiasis (RVVC) is a common cause of mor-
bidity affecting millions of women worldwide. Patients with RVVC are thought to have
an underlying immunologic defect. This study has been established to evaluate cell-me-
diated immunity defect in response to candida antigen in RVVC cases.

Materials and Methods: Our cross-sectional study was performed in 3 groups of RVVC
patients (cases), healthy individuals (control I) and known cases of chronic mucocuta-
neous candidiasis (CMC) (control II). Patients who met the inclusion criteria of RVVC
were selected consecutively and were allocated in the case group. Peripheral blood mon-
onuclear cells were isolated and labeled with CFSE and proliferation rate was measured
in exposure to candida antigen via flow cytometry.

Results: T lymphocyte proliferation in response to candida was significantly lower in
RVVC cases (n=24) and CMC patients (n=7) compared to healthy individuals (n=20,
P<0.001), but no statistically significant difference was seen between cases and control
II group (P>0.05). Family history of primary immunodeficiency diseases (PID) differed
significantly among groups (P=0.01), RVVC patients has family history of PID more than
control I (29.2 vs. 0%, P=0.008) but not statistically different from CMC patients (29.2
vs. 42.9%, P>0.05). Prevalence of atopy was greater in RVVC cases compared to healthy
individuals (41.3 vs. 15%, P=0.054). Lymphoproliferative activity and vaginal symptoms
were significantly different among RVVC cases with and without allergy (P=0.01, P=0.02).

Conclusion: Our findings revealed that T cells do not actively proliferate in response to
Candida antigen in some RVVC cases. So it is concluded that patients with cell-mediated
immunity defect are more susceptible to recurrent fungal infections of vulva and vagina.
Nonetheless, some other cases of RVVC showed normal function of T cells. Further evalu-
ations showed that these patients suffer from atopy. It is hypothesized that higher frequency
of VVC in patients with history of atopy might be due to allergic response in mucocutaneous
membranes rather than a functional impairment in immune system components.

Keywords: Allergy, Candida albicans, Cell Mediated Immunity, Vulvovaginal Candidiasis,
Atopy
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Introduction

Vulvovaginal candidiasis (VVC) is the second
most common cause of genital tract infections (1).
It has been shown that VVC aftfects 75% of female
population at least once during their lives and
5-10% at higher frequencies (2). In more than 85%
of the cases, VVC is primarily caused by candida
albicans, followed by candida glabrata with an in-
cidence of 4-5%, and to a lesser extent by candida
tropicalis and candida parapsilosis (3, 4). Recur-
rent VVC (RVVC) is defined as occurrence of four
or more episodes of VVC during 12 months (5).
Several risk factors have been proposed for RVVC
including pregnancy, diabetes mellitus, corticos-
teroid therapy, antibiotic therapy, and some hy-
giene habits. Primary impaired immune response
can also be considered as a predisposing factor in
RVVC patients with none of the risk factors above
(6-9). Our knowledge about immune response
against fungal pathogens has advanced consider-
ably in recent years. A low rate of immune cell
proliferation following antigenic or mitogenic
stimulation is assumed to be an indicator for im-
munodeficiency diseases in clinical and research
projects (10). Previous studies showed reduction
in candida-related lymphocyte proliferation in
RVVC patients, focusing on cellular immunity in-
volvement in the process of VVC (11-13). Anergy
to candida in in vivo skin test of RVVC patients
is in accordance with impaired T cell prolifera-
tion in these patients (14). However, paradoxical
evidences indicate no difference in lymphocyte
transformation, leukocyte migration inhibition and
lymphokines produced by Th1 cells among RVVC
patients and healthy individuals (15, 16).

There are several ways to evaluate cellular im-
munity against candida infection. Among the dif-
ferent laboratory methods to test T lymphocyte
proliferation stimulated by candida antigens flow
cytometry using carboxy fluorescein diacetate suc-
cinimidyl ester (CFSE), is an established method
describes cell division with simple intuitive and
meaningful parameters. CFSE provides clear
tracking of cell division via a 50% concentration
reduction of the fluorescent dye in each divided
cell. In the case of T cells this fluorescence reduc-
tion may be detected after 5 days. The goal of the
current study was to measure T cell proliferation
stimulated by candida antigen in RVVC patients
in comparison with healthy controls and chronic
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mucocutaneous candidiasis (CMC) subjects us-
ing CFSE. Moreover, our aim was to introduce a
simple and cost effective diagnostic test to be used
routinely in patients suffering from RVVC.

Materials and Methods

Our cross-sectional study was performed from
January 2014 till May 2015. Patients with 4 or more
episodes of VVC infection during the past year who
were initially visited by gynecologists and referred
to immunology clinics were enrolled in RVVC case
group. All episodes of RVVC were confirmed with
vaginal swab smear and culture. Control I subjects
were healthy individuals without history of vul-
vovaginitis during the past year and also had less
than 3 episodes of vulvovaginitis in a year during
the previous years. Age and educational level did
not vary among cases and individuals in control I
group. Patients with chronic, persistent or recurrent
non-invasive mucocutaneous candidiasis associated
with organ infections, autoimmunity, vasculopathy
and absence of predisposing conditions such as dia-
betes or HIV were enrolled in the study as control II
group (CMC patients) (17).

Patients with pregnancy, history of using any
antibiotic, corticosteroid, hormone therapy, anti-
fungal within the past 30 days and medical history
of diabetes mellitus were excluded. Also patients
with refractory VVC were excluded because RVVC
means episodes of candida infection, with complete
response to treatment each time. Required informa-
tion including age, education status, family history
of primary immunodeficiency diseases (PID) (in 1%,
2m or 3 degree relatives), history of allergy (con-
firmed by the clinical immunology and allergy spe-
cialist), history of hypothyroidism, history of using
antifungal and frequency of VVC within last year
was collected using a questionnaire. PID is defined
as a heterogeneous group of diseases with higher
susceptibility to infections as a result of immunity
defect. International Union of Immunological So-
cieties classifies PIDs in 8 large categories accord-
ing to the impaired components of immune system
(18). Severity of vaginitis was measured with a
semiquantitative basis scoring from 0-3: 0 (ab-
sent), 1 (mild), 2 (moderate), 3 (severe). Sign and
symptoms like pruritus, erythema, burning, edema
and excoriation/fissure have been scored according
to the patient’s statement. The sum-score of <4 is
considered as asymptomatic/mild vulvovaginitis



and excluded from our study and total score of >7
is defined as severe vulvovaginitis (19). Written
and signed informed consents were obtained from
all participants. The study was approved by Ethi-
cal Committee of Isfahan University of Medical
Sciences (reference number: 283457). All enrolled
patients were assisted by only one clinician.

At first, prior to blood sampling, phytohemag-
glutinin (PHA)-induced skin test was done in pa-
tients and control II group as an index of cell-medi-
ated immunocompetence. By this test the mitogen
PHA is injected subcutaneously and the swelling is
measured 24 hours later. Blood samples were taken
from the subjects. White blood cell count, immu-
noglobulin level and basic immunological mark-
ers were measured. Peripheral blood mononuclear
cells (PBMC) were isolated using Ficoll-hypaque
gradient separation (Amersham Biosciences, Ger-
many). The number of PBMCs was set at 5-10x10°
million cells per milliliter in PBS (Cayman Kit,
Canada), were labeled with CFSE (Cayman Kit,
Canada), and incubated for 30 minutes at 37°C
with 5% CO,. Cells were then centrifuged and the
supernatant was discarded. Cell pellet was re-sus-
pended in RPMI-1640 culture medium containing
10% fetal calf serum (FCS) and incubated again at
37°C with 5% CO, (Cyman kit, Canada). Tripli-
cate cultures of 2x10° cells in 200 pl medium per
well were established in 96-well round-bottomed
cell culture plates. The candida antigen (Hollis-

Cell-Mediated Immunity Defect in RVVC

terStier, Germany) was diluted at a ratio of 1 to
10 V/V in RPMI-1640 culture medium containing
10% FBS and added to the wells containing the
cell suspension. After addition of the antigen, cell
plate was incubated at 37°C and 5% CO,. After
5 days, the cells were transferred to microtubes
and washed with PBS. Finally, Proliferation was
evaluated with flow cytometery (Partec, Denmark)
using the FloMax software. The assays were done
in totally blinded manner. Statistical analyses were
done by Student’s t test, ANOVA and chi square
test using SPSS16 software program (SPSS Inc.,
Chicago, IL, USA).

Results

Twenty-eight patients with RVVC, 28 healthy
individuals (control I) and 7 patients with chronic
mucocutaneous candidiasis (control II) entered the
study. Four RVVC cases and 8 healthy subjects
were excluded; hence 24 cases, 20 controls and
7 CMC cases enrolled the study. Characteristics
of individuals in each group are shown in Table
1. Age and educational level were not different
among the 3 groups. Immunoglobulin level, white
blood cell (WBC) counts, immunological bio-
markers and PHA skin test were all normal among
controls and patients. Mean proliferation of T lym-
phocytes in response to candida antigen was 1.89
+ 1.6 in cases, 3.94 + 1.0 in healthy controls and
0.81 £ 0.42 in CMC patients (Fig.1).

Table 1: Characteristic of individuals divided in 3 groups of recurrent vulvovaginal candidiasis (RVVC) cases, control and chronic
mucocutaneous candidiasis (CMC)

RVVC case  Control I Control II (CMC) P value
n=24 n=20 n=7
Age (Y) 333+8.6 32.8+7.9 29.1+8.4 0.5
Educational status 0.3
Lower than high school 15 (62.5%) 8 (40%) 4 (57.1)
Higher than high school 9 (37.5%) 12 (60%) 3 (42.9%)
Family history of PID 0.013
Yes 7 (29.2%) 0 3 (42.9%) 0.008 (post hoc case-control 1)
No 17 (70.8%) 20 (100%) 4 (57.1%) 0.49 (post hoc case-control IT)
History of atopy NS
Yes 10 (41.7%) 3 (15%) 1(14.3%) 0.054 (post hoc case-control II)
No 15 (58.3%) 17 (85%) 6 (86.6%)
Drug history (antifungal)
Yes 15 (60%) 0 2 (28.6%)
No 10 (40%) 20 (100%)  5(71.4%)
Clinical symptom severity (mean + SD) 5.8+ 1.5 - 6.8+1.3 0.1

PID; Primary immunodeficiency diseases.
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Fig.1: Plots of flow cytometry in recurrent vulvovaginal candidiasis (RVVC), healthy individuals (control 1) and chronic mucocutaneous candidiasis
(CMC) patients (control Il). A. CFSE- labeled lymphocytes in a healthy control after 5 days, B. Proliferation of lymphocytes after 5 days with antigen
in a healthy control, C. Proliferation of lymphocytes after 5 days without antigen in a healthy control, D. CFSE-labeled lymphocytes in a RVVC case, E.
Proliferation of lymphocytes after 5 days with antigen in a RVVC case, F. Proliferation of lymphocytes after 5 days without antigen in a RVVC case, G.
CFSE- labeled lymphocytes in a CMC case, H. Proliferation of lymphocytes after 5 days with antigen in a CMC case, and I. Proliferation of lymphocytes

after 5 days without antigen in a CMC case.

Although T cell response was significantly differ-
ent among the 3 groups (P<0.001), it did not differ sta-
tistically between cases and CMC patients (P>0.05).
Family history of PID was seen in 29.2% of cases,
42.9% of CMC patients and none of the healthy in-
dividuals. History of PID in family members was
significantly different among the groups (P=0.01).
The prevalence of allergy in RVVC cases was higher
than control II group (P=0.054, 41.3 vs. 15%). The
median of recurrence in patients during last year was
5.5 times with 4 times as minimum and 8 times as
maximum episodes of recurrences. Vaginal symp-
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toms in RVVC cases were not different from CMC
group (P>0.05). T cell proliferation was negatively
correlated with frequency of RVVC and clinical
symptom severity respectively (r=-0.7, P<0.001, r=-
0.4, P=0.013). T cell activation was greater in RVVC
cases who had allergy compared to the ones without
allergy (P=0.01) and also in patients who had used
antifungals in comparison with patients who did not
have the history of using antifungals (P=0.057). Vag-
inal clinical symptoms were different in cases with or
without allergy and cases with or without history of
using antifungal agents (Table 2).
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Table 2: T cell proliferation and vaginal symptom severity in patients with/without atopy and in patients with/without
history of antifungal consumption

n T cell proliferation P value Clinical symptom severity P value
(mean = SD) (mean = SD

Atopy in RVVC cases 0.01 0.02
Yes 10 290+1.5 50£1.1

No 14 1.27£1.31 64+1.5

Antifungal 0.57 0.005
Yes 16 1.53+£0.89 53+£1.2

No 15 0.93+0.78 6.8+1.5

RVVC; Recurrent vulvovaginal candidiasis.

Discussion

VVC is a fungal infection predominantly
caused by candida albicans. Despite large num-
ber of surveys on mechanisms involving localized
vaginal yeast infections, the pathophysiology is
not determined yet. Clinical studies demonstrated
the role of both innate and adaptive immunity in
VVC (20). Both arms of adaptive immunity (cell
mediated immunity and humoral immunity) are
thought to be protective against candida infec-
tion (21). A study found infiltration of T cells
predominantly in vaginal fluid of fungal infected
rats; however, another study showed proliferation
of vaginal B-lymphocytes isolated from candida-
infected rats in response to fungal antigen (22).

There is considerable conflict about suscep-
tibility to RVVC in the literature, whether it is
mainly due to impairment in T cell function. A
study done by Corrigan et al. (23) revealed that
subjects with RVVC have decreased T cell pro-
liferation and IFN-y secretion in stimulation with
candida. Alternative clinical studies detected sig-
nificant decrease in lymphoproliferative activity
of helper T cells and pro-inflammatory cytokines
(24, 25). It is necessary to notice that response to
subcutaneous injection of PHA in RVVC patients
and healthy individuals did not differ. The test is
an approval document indicating that T cells are
responsive and have normal function in exposure
to other antigens. Our results showed that T cells
did not proliferate normally in 58% of RVVC
cases compared to control I group. However there
were RVVC cases (42%) who had normal LTT
but were suffering from allergy at the same time
or had the history of allergic reactions. So RVVC
patients with allergies showed higher T cell prolif-
eration than RVVC patients without allergies. Our
findings suggest two hypotheses for host defense

against recurrent candida infection. One empha-
sizes on the importance of T cell mediated defect
in response to candida predisposing vaginal tissue
to yeast infection, and the other one proposes an
underlying immune hypersensitivity reaction in
vaginal mucosa rendering the signs and symptoms
of vulvovaginitis in allergic patients who had nor-
mal T cell function. We indicated that sever form
of VVC is related to lower proliferation of T cells,
as higher clinical score was seen in patients with
cell-mediated immunity (CMI) defects in response
to candida than patients with normal T cells.

Early clinical studies have shown that defects
in CMI by Thl cells lead to recurrent fungal in-
fections (26-28). It has been revealed that muta-
tions affecting Th17/IL17 increase susceptibility
to CMC and was confirmed with results of the
study assessing vaginal yeast problems in re-
sponse to inhibition of Th17 (29). These results
are consistent with our findings while they are in
contrast with some other studies, which reported
normal cellular immunity in evaluation of RVVC
patients (15, 30, 31). Controversial results have
been published about contribution of Th2 cells in
protection against candida infection. Some stud-
ies propose no immunologic role of Th2 and se-
cretory cytokines (32, 33), while other studies
report higher levels of Th2-related chemokines in
vaginal fluid (34, 35).

Some of the studies conducted on the relation-
ship between patient’s immunity and the inci-
dence of VVC have focused on the evaluation of
local safety and allergic reactions in the vaginal
environment. Several evidences exist suggesting
that RVVC has strong correlation with atopy (36-
39). Treatment with zafirlukast, cetirizine or other
allergy immunotherapy medicines induce remis-
sion and are sometimes considered as mainte-
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nance therapy in patients who failed to get resolu-
tion of symptoms by variant antifungal treatments
(40, 41). Weissenbacher et. al. (42) have studied
immunological factors including IL-4, IL-5, IL-
13 and PGE?2 in vaginal discharge in women with
RVVC proposing that infected cases had a specif-
ic local immune deficiency in that area. Another
study evaluating patients with hypersensitivity to
their spouse’s seminal plasma proteins suggests
that IgE-mediated immune responses may be in-
volved in this process (43). We concluded that
the etiology of RVVC in allergic patients is an in-
flammatory response to allergens in different mu-
cosal membranes (oropharynx, sinus and vagina),
which provide vaginal environment susceptible to
fungal growth.

Other studies have demonstrated that main-
tenance therapy with antimycotic drugs is effec-
tive in lowering sign and symptom severity and
frequency of recurrence (44, 45). We found that
patients with history of using antifungal agents
did not have significantly higher lymphoprolifera-
tive activity but presented milder symptoms than
the groups not having received such drugs. In our
studies patients taking antifungal medicine in the
past 30 days were excluded and only patients who
had the history of receiving antimycotics prior to
that were analyzed. Previous in vitro studies per-
formed by Fidel et al. (46, 47) found that immu-
nity against candida is not mediated by systemic
host defense and it is mostly associated with local
acquired mucosal immunity.

As opposed to this publication, a study done
by Leigh et al. (48) indicated that the incidence
of mucosal infection was not different between
HIV+ patients and healthy persons. However,
another study evaluating HIV+ patients with oral
and vaginal candidiasis, suggested that immunity
to candida is mediated by immunity from both
systemic and local sources (49). Further stud-
ies demonstrated that reduced protection against
candida is mostly due to candida albicans-specif-
ic adaptive immunity (23, 50). As we extracted
lymphocytes from peripheral blood, it would be
an evidence of systemic immunity involvement in
this process. Our study did not assess local im-
munity to candida so it could not reveal the role
of local immunity in developing RVVC. Other
hypotheses about susceptibility to candida infec-
tion are increased polymononuclear leukocyte
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(PMN) response and chemotactic factors (23, 51),
impaired innate immune response (52) and defect
in Th17 response to candida due to dectin-1 muta-
tion (53).

Conclusion

The result of this study showed that the patients
with RVVC could have had a pre-existing defect
in their CMI or a proven history of allergy, which
could increase the susceptibility of mucosa to get
candida infection. Since T cell mediated immunity
seems to have an important role in development of
RVVC, diagnosis and treatment of this infection
should be performed with regard to T cell immuni-
ty. LTT is recommended to be employed routinely
using CFSE staining and measured by flow cytom-
etry in patients who complain about recurrent inci-
dents of candida vulvovaginitis. By further studies
confirming our results, RVVC may be classified as
CMC, one of the PIDs, which should then receive
treatment required for CMC patients, while oth-
ers with simultaneous history of allergy could take
benefit from allergy treatments.
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Abstract
Background: Infertility is the inability of a couple to conceive after one and a half years
of unprotected sex. Male infertility, which accounts for almost half of infertility cases, is
considered as a major problem all over the world. The aim of this study was to investigate
the association of CYPIAI polymorphisms with idiopathic non-obstructive azoospermia
in a South Indian cohort.

Materials and Methods: An experimental study was conducted with idiopathic non-
obstructive azoospermia. A total of 120 infertile and 80 fertile samples were collected,
and DNA was then extracted from all samples. The CYP1A41*24 polymorphism genotyp-
ing was carried out by polymerase chain reaction (PCR) and restriction fragment length
polymorphism (RFLP).

Results: The genotype distribution of CYPIA41*2A4 polymorphism showed significant
difference between patients and controls. Moreover, the CC genotype was associated
with decreased risk of idiopathic non-obstructive azoospermia in comparison with the
TT and TC genotypes.

Conclusion: The current experimental study identified that the CT genotype of

CYP1A1*24 polymorphism may contribute to the pathogenesis of male infertility in the
South Indian population.

Keywords: CYP1AL1, Restriction Fragment Length Polymorphism, Infertility, Cohort
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Introduction

Infertility is the inability of a couple to con-
ceive after one and a half years of unprotected
sex. It is one of the major medical problems
where about 10-15% of couples are affected
with infertility of which 50% of these cases are
male-related (1). The literature suggests that
about 15% of male infertility cases are due to
genetics factors (2). Besides genetic and envi-
ronmental factors, about 30% of cases of infer-
tility in men remain poorly understood in terms
of etiology and pathogenesis, and their condition
is thus considered idiopathic (3). A decrease in
sperm count and motility from 38.18 million/
ml and 61.16% in 1993-1994 to 26.61 million/

ml and 47.14% respectively by 2004-2005 was
recorded in a study on the Indian population.
Sperm morphology was 40.51% in 1993-1994
and was decreased to 19.75% by 2004-2005
(4). Ageing or environmental toxicants initiate
DNA strand break in the spermatozoa of af-
fected males, eventually leading to a mutation
in the embryo (5). Genetic factors can be identi-
fied in male infertility with congenital hypogon-
adotropic hypogonadism, congenital absence of
vas deferens and primitive testicular failure (6).
Epidemiological studies have been unequivo-
cal about the effects of lead (Pb**) and cadmium
(Cd*) on hormone concentrations, male fertility
and sperm parameters (7).
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CYPIAI (cytochrome P450, family 1, subfam-
ily A, polypeptide 1) (8) encodes the CYP1A1 en-
zyme that catalyzes the bioactivation of polycyclic
aromatic hydrocarbons (PAHs). In the natural en-
vironment, PAHs are capable of forming DNA ad-
ducts after it has being activated to generate DNA
reactive metabolism. In sperm cells DNA adducts
may be considered as a sign of severe DNA dam-
age and infertility is thought to be associated with
such damage, which may affect meiotic division
during spermatogenesis (9). The four most impor-
tant enzyme families involved in the metabolism of
xenobiotics are the N-acetyltransferase (NAT), cy-
tochrome P450 (P450), glutathione-S-transferase
(GST) and microsomal epoxide hydrolase (mEH)
enzymes (10). A study on the Chinese population
suggested that a CYPI1A1l polymorphism may
contribute to the pathogenesis of male infertility
(11). CYP1AI*24 (T—C substitution at nucleotide
3801 in the 3'-non-coding region; rs464693) is the
most prevalent in the Asian population (12). In-
crease in smoking, alcohol consumption and high
exposure to chemicals may lead to infertility. The
study was therefore designed to investigate the as-
sociation of the CYPIAI*2A4 polymorphism with
idiopathic non-obstructive azoospermia and to as-
sess the impact of the status of life style factors
on the relationship between the polymorphism and
susceptibility to idiopathic non-obstructive azoo-
spermia.

Materials and Methods

In this experimental study, 120 idiopathic azoo-
spermic men were included but excluding those
with known cases such as Y chromosome micro-
deletion, obstructive azoospermia and Klinefelter
syndrome all of which were tested at the Androl-
ogy Department, Stanley Medical College and
Hospitals, Chennai, India. The age of azoospermic
men ranged from 24-38 years and the 80 fertile
healthy subjects (control group) in the same age
range were included in the study. The criterion
for including healthy controls was to have at least
one child without assisted reproductive technolo-
gies. Couples reported with female factors were
excluded from the study. With the help of an ex-
perienced urologist at Stanley Hospital, for each
patient, a detailed case history was obtained and
a clinical examination was carried out. The life-
style habit and chemical exposure of the probands
were recorded including smoking habits, alcohol
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drinking and exposure to toxic chemicals. Semen
was collected from both infertile and fertile males
after three days of abstinence from sex and semen
volume, sperm count, and motility were recorded.
Blood sample from each participant was collected
by a physician with written consent. The study was
approved by the University Human Ethical Com-
mittee of the VIT University.

Genotype determination

DNA was extracted from 2 ml of venous
blood according to lab procedure and stored at
+4°C and then subjected to agarose gel elec-
trophoresis. Oligonucleotide sequences of the
polymerase chain reaction (PCR) primers were
5'-CAGTGAAGAGGTGTAGCCGC-3’ and
5'-TAGGAGTCTTGTCTCATGCC-3", and the
product length was 340 bp. Three pl of DNA was
amplified with initial temperature of 95°C for 5
minutes, 30 cycles of denaturation at 94°C for 45
seconds, annealling at 60°C for 50 seconds and
extension at 72°C for 1 minute, followed by a fi-
nal extension at 72°C for 10 minutes in a thermal
cycling machine. The 20 pl PCR mixture con-
tained 10 pmol of each forward and reverse prim-
er, 6 pl of master mix, 9 ul of autoclaved miliq
water and 4 pl of DNA. The PCR products were
separated by gel electrophoresis on a 3% agarose
gel containing ethidium bromide (50 pg/pl) and
were visualized under UV illumination. The re-
sults were analyzed with a gel analysis software
(MEDCARE). 2 pl of amplified PCR products
were then mixed with 7 ul of nuclease free water,
2 pul of 10X buffer and 2 units of Msp1 restriction
enzyme (Eurofins Genomic India pvt Ltd). The
digested fragments were visualized on an agarose
gel as above. When an Msp1 restriction site was
present, the fragment of 340 bp was digested into
two fragments of 140 and 200 bp. Homozygotes
for the ancestral allele lacked the 140 and 200 bp
fragments and had the PCR band of 340 bp while
heterozygous individuals had all the three bands
and homozygotes for the derived allele has the
two smaller bands (9).

Statistical analysis

Hardy-Weinberg equilibrium deviation was as-
sessed by using the Chi-Square goodness-of-fit
test. The difference in genotypic distribution was
analyzed using Fisher’s exact test (two-sided). The
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statistical package used to estimate the odds ratio
and 95% confidence intervals was Graphpad Prism
6.1. A P<0.05 was interpreted as statistically sig-
nificant.

Result

In total of 120 non-obstructive azoospermic
men, higher number of men with CT genotype
were observed in the 25-30 age group (>30%)
followed TT genotype with (>15%) than any
other groups with other genotypes (Fig.1) and
this study revealed that 74% of TC, 70% of TT
and 40% of CC genotype men had reduced se-
men volume (<1.5 ml) (Table 1).

Bands corresponding to the 340 bp PCR frag-
ment were observed, confirming amplification
of this region of CYPI1A41. The RFLP analysis of
CYPIAI*2A4 polymorphism results of the 120
patients (Fig.2, RFLP results of a few samples),
showed that the genotype counts were 70 het-
erozygous, 40 homozygous for the ancestral allele
and 10 homozygous for the derived allele. In the
control group the counts were 27, 53 and 1 respec-
tively. The observed frequency of patients with
homozygous CC was 8.34% of which all were ex-
posed to smoking, the percentage of homozygous
TT was 33.34% of which 50% were exposed to

smoking and 50% were exposed to chemicals, and
the percentage of heterozygous CT was 58.34% of
which 57.14% were not exposed to any harmful
chemicals and 28.57% were exposed to smoking
and 14.2% were exposed to both alcohol as well
as smoking. In the control group homozygous
CC was 1.25% of which 100% were exposed to
smoking, the percentage of homozygous TT was
65.00% of which 61.53% were exposed to alco-
hol and 38.46% were not exposed to any harmful
chemicals, and the percentage of heterozygous CT
was 33.75% of which 25.92% were not exposed
to alcohol and 74.07% were not exposed to any
harmful chemicals (Fig.3).

The differences in allele frequencies of this
CYPIAI1*24 polymorphism between fertile and
infertile men were found to be statistically sig-
nificant (P=0.0001). Differences in genotypic was
also observed between infertile and fertile men
(P=0.0001). The semen analysis report showed
the frequencies of TT, CT and CC genotypes in
azoospermic men were found to be 23.33, 43.33
and 3.33% in patients with less than 1.5 ml of re-
duced semen volume and 10, 15, 5% in patients
with more than 1.5 ml of reduced semen volume
respectively. In fertile controls with normal semen
volume, we observed 65% TT, 33.75% CT and
1.25% CC genotypes (Table 2).

Table 1: Semen volume in relation to the CYP1A1 polymorphism in azoospermic and fertile men

Semen volume

Reduced (<1.5 ml) Normal (>1.5 ml)

Group and genotype
Infertile TT (wild) n=40

TC (hetero) n=70

CC (homo) n=10
Fertile TT (wild) n=52

TC (hetero) n=27
CC (homo) n=1

28 12
52 18
4 6
0 52
0 27
0 1

Table 2: Genotype frequencies of the CYP1A1*2A polymorphism among infertile and fertile men (controls) and their association with male infertility

CYP1A1 genotypes Fertile men Infertile men P value OR (95% CI)
(Control) (Patients)
n=80 n=120
TT (Wild) 52 40 Reference
TC (Hetero) 27 70 0.0001" 3.43 (1.87-6.29)
CC (Mutant) 1 10 0.0001" 13 (1.597-105.8)
TC+CC 28 80 0.0001" 3.714 (2.046-6.741)

OR; Odds ratio and CI; Confidence interval.
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Fig.1: Age-wise distribution of CYP1A1 polymorphism genotypes
in infertile and fertile men.

Fig.2: CYP1A1 gene polymorphism was analyzed by polymerase
chain reaction (PCR). Description: Lanes L; Marker, Lanes 1-3;
Heterozygous genotype (CT), Lanes 4-6 and 8; Homozygous wild
(TT), and Lane 7; Homozygous mutant (CC).
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Fig.3: Association of smoke, alcohol and chemical exposure with
the CYP1A1 polymorphism in infertile and fertile men.

Discussion

CYP1ALl is an important phase I enzyme and
plays a key role in the metabolism of lipophilic xe-
nobiotics. The enzyme is vitally expressed in male
reproductive organs and its polymorphisms may
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be a determinant of individual susceptibility to in-
fertility. Metabolic activation or inactivation of xe-
nobiotics is catalyzed by hemethilate enzymes like
CYP1A1, which catalyzes PAHs in the first step
of metabolism. For instance, the process of con-
verting the carcinogen benzo[a]pyrene (B[a] P)
to its ultimate DNA-binding form is metabolized
by CYP1A1 (13). These metabolites have been
shown to cause small cell lung carcinoma (14),
recurrent pregnancy loss (15), coronary artery dis-
ease and diabetes (16). It is thought that CYP1A1
also plays a vital role in metabolism of endogenous
substrates like steroid hormones through catalyz-
ing the hydroxylation of 17b-estradiol at the C-2
position (17-19).

The genotypic distribution of CYP1A41%*2A4 pol-
ymorphism in the infertile male group deviated
from the Hardy-Weinberg equilibrium. There have
not been any reports describing such an incompati-
bility for CYP1A1 polymorphisms in the South In-
dian population. To remain in the Hardy-Weinberg
equilibrium, the population must be very large and
must follow random mating. Our study population
is relatively small and consanguineous marriages
are 5% common in this population. The observed
incompatibility may thus be inherent to the studied
population. In the overall analysis, we found that
individuals heterozygous for this polymorphism
had an increased risk. In the subsequent analysis,
we found that patients exposed to smoking, alco-
hol or chemicals have an overrepresentation of the
homozygous ancestral genotype TT, leading to
male infertility. The patients with smoking, alco-
hol consumption and high exposure to chemicals
may also have an increased risk in heterozygous
type polymorphism leading to male infertility.

It is suggested that in infertility, genetic poly-
morphisms of xenobiotic metabolism may play
an important role (20). Based on an Indian study,
the pathogenesis of male infertility was associ-
ated with the CC genotype of the CYPI1A41*24
polymorphism (9). Besides the study on the Indian
population, other studies have shown that being
homozygous for the CYPIAI*2A variant increased
susceptibility to estrogen-related breast cancer in
African-Americans (21). However, a case-control
study on Japanese women showed a decreased risk
with homozygous CYP1A41%*2A4 among breast can-
cer patients (22). A study of CYPI1A1 in the Chinese
population showed that variants in this gene may
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contribute to the pathogenesis of male infertility
in the Han population (10). To completely under-
stand the etiology of idiopathic male infertility, an
understanding of the complex gene-environment
interactions is necessary. This is particularly rel-
evant for genes such as CYP1A1 which is in di-
rect contact with environmental toxins. Smoking,
which was reported at a moderately high percent-
age in the infertile group of this study, could be an
additional contributory factor in the development
of male infertility by increasing levels of PAH in
the body (23). The study carried out by Abilash et
al. (24) estimated the frequency of Y chromosome
microdeletion in infertile men to explore the effect
of smoking, alcohol drinking, chemical exposure
and cellular chromosomal aberration among 34
azoospermia and 55 oligospermia patients. They
found that the chromosome aberrations per cell in
azoospermia and oligospermia were higher than
that of the control. The percentage of microdele-
tion observed in unexposed azoospermia had 15%,
azoospermia smokers 22%, azoospermia smok-
ers and alcoholics 25%; whereas the unexposed
oligospermia had 7%, oligospermia smokers had
12%, and oligospermia smokers and alcoholics
had 37%. Based on these results, they concluded
that the etiology of male infertility may differ be-
tween ethnicities and smoking, alcohol drinking
and chemical exposure may have deleterious ef-
fects on human fertility (24).

Conclusion

Our study indicates that the CT genotype of
CYP1A41*24 may contribute to the pathogenesis
of idiopathic non obstructive azoospermia. This
result thus suggests that the relationship between
this genetic variation and the vulnerability to the
disease depends on personal habits such as smok-
ing, alcohol drinking and other environmental
factors such as exposure to chemicals and heavy
metals. Since this study is a preliminary step in
investigating this association, further studies are
needed to identiyfing the underlying mechanism
and to validate our results.
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Abstract

Background: This study was designed to create an experimental varicocele model by a
simple surgical procedure in dog with minimum invasion and to investigate the effect of
varicocele-induced infertility on the expression of six related genes (HSP90, HSP70, IL-
4, TNF, KITLG and KIT receptor).

Materials and Methods: In this experimental study, the proximal part of the pampini-
form plexus of dog testes was partially occluded without abdominal incision which was
confirmed by venographic examination. To evaluate varicocele in its acute form, dogs
were castrated after 15 days and testes were dissected. Histopathologic evaluation was
undertaken and the relative expression of the six genes was assessed by quantitative real-
time polymerase chain reaction (PCR).

Results: Microscopic changes showed tubule degeneration. The Johnson score was sig-
nificantly decreased in the varicocele testes when compared with non-varicocele testes.
Expressions of HSP90, TNF, KITLG and the KIT-receptor gene were significantly down-
regulated (P=0.029, 0.047, 0.004 and 0.035 respectively) in varicocele-induced testes while
HSP70 was upregulated (P=0.018). IL-4 did not show differential expression (P=0.377).

Conclusion: We conclude that partial occlusion of the proximal part of the pampiniform
plexus induces varicocele in the testis of dog. Differential expression of the mentioned

genes may be responsible for the pathophysiology of varicocele and related subfertility.
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Introduction

Varicocele is a pathologic dilation of the venous
pampiniform plexus in the spermatic cord (1) and
is thought to be associated with male infertility. Di-
agnostic techniques such as scrotal ultrasonogra-
phy and color Doppler imaging have demonstrated
that varicocele may be the cause of 91% of sub-
fertile human cases (2, 3). The pathophysiology of
testicular damage in varicocele is not completely
understood, however, histopathologic testicular

damages due to varicocele are well documented.
The effect of varicocele varies, but may often re-
sult in a generalized failure of sperm production
(from oligozoospermia to complete nonobstructive
azoospermia) (4). Varicocele not only affects the
normal function and the fertilizing capacity of the
sperm, but it also affects the reproductive poten-
tial of the haploid male gamete (5). Several studies
have suggested varicocele-mediated mechanisms
to explain impaired spermatogenesis (6-8). Im-
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paired temperature regulation and reactive oxygen
species (ROS) production may lead to DNA dam-
age and progressive apoptosis of testicular cells
(9-12). Research at cellular and molecular level,
while still in its infancy, may provide additional
insights into the varicocele puzzle (8).

The signaling of KIT is well-known for its abil-
ity to potentiate cell survival, proliferation and dif-
ferentiation. The KIT receptor and its ligand, KIT
ligand (KITLG), have been widely studied (13).
The KIT receptor is a transmembrane protein with
tyrosine kinase activity and a member of the type II1
receptor tyrosine kinase family. Binding of KITLG
to KIT leads to the activation of multiple pathways
including Src kinase, phospholipase C (PLC)-y,
Janus kinase (JAK)/signal transducers and activa-
tors of transcription (STAT), mitogen activated
protein (MAP) kinase and phosphatidyl-inositol-3
(P13)-kinase pathways (14, 15). Dysfunction of KIT
signaling thus results in an array of developmental
defects in melanogenesis, hematopoiesis, game-
togenesis and spermatogenesis (14, 16, 17).

Cytokines are small soluble proteins with a cru-
cial role in the regulation of inflammatory responses.
Also, they transmit signals to surrounding cells for
the regulation of cell growth and differentiation.
They could trigger complex intracellular signaling
events that regulate gene expression required for the
cellular response (18). A number of studies have re-
ported that KIT expression is regulated by various
proinflammatory signals (16, 19). Differential effects
are induced by some cytokines depending on the type
of the cell system. Among cytokines, interleukin 1
(IL-1), tumour necrosis factor (TNF), IL-4, granulo-
cyte-macrophage colony stimulating factor fibroblast
growth factor (FGF) and IL-10 have been reported to
change KIT synthesis (20, 21). However, the effects
of cytokines and KIT signaling in the inflammatory
process of varicocele are predicatable.

The heat shock proteins (HSPs), a family of en-
dogenous, protective proteins, are located in the
cytoplasm and nucleus (e.g. HSP70 and HSP90
respectively) to maintain normal cellular function.
ROS, cytotoxic lysosomal enzymes and cytoskel-
etal alterations are able to activate HSP expression.
HSPs, in turn, suppress pro-inflammatory cytokines,
reduce oxidative bursts, repair ion channels, protect
against the toxic effect of nitric oxide, modulate
immune-mediated injuries and prevent apoptosis.
The function of HSP and its dependant factors in
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inflammation provides a basis for its possible in-
volvement in the pathophysiology of varicocele.
Indeed, the presence of many HSPs in varicocele
has been confirmed by previous studies (22, 23). In
the present study, we therefore aimed to investigate
histopathologic changes in the varicocele testis and
whether same changes can be identified in non-var-
icocele testis. Variation in the expression of HSP90,
HSP70, IL-4, TNF, KITLG and the KIT-receptor
gene, and their potential contribution to varicocele-
mediated infertility is discussed.

Materials and Methods

In this experimental study, six adult male cross-
bred dogs (2-4 years old) with normal quality and
approximately 30 kg weight were used in this ex-
periment. They were cared for in the Faculty of
Shahrekord Veterinary Medicine and housed in
pens with ample run. Commercial food was pro-
vided twice a day and the dogs had free access to
water. Anti-parasitic drugs were administrated to
all dogs (mebendozole, 22 mg/kg, orally for 6 days
and praziquantel, 5 mg/kg, orally once). All ani-
mals were maintained according to the guidelines
of Animal Care and Use Committee of the Faculty
of Shahrekord Veterinary Medicine.

Experimental varicocele induction in dog

To induce experimental varicocele by surgery,
the inguinal canal region of dogs was prepared
aseptically for operation. Dogs were sedated with
2% acepromazine (0.2 mg/kg) and anesthetized by
ketamine and then maintained with 2% halothane.
An incision was made in the skin of the inguinal
canal region while animals were in the dorsal re-
cumbent position. Spermatic cord was exposed
and tunica vaginalis was incised to expose the
pampiniform plexus. To make a partial occlusion
and congestion in the pampiniform plexus, a piece
of silicone tube (INWAY® Suprapubic Catheter,
pfm Medical Co., Germany) of 1 cm long was lon-
gitudinally incised and opened, and then proximal
part of the pampiniform plexus was cited in it. To
prevent the movement of the tube, three interrupt-
ed sutures were applied by 2.0 absorbable suture
material and the skin was sutured by non-absorb-
able suture material. Dogs were kept for 2 weeks
and the diameter of the testes were examined and
recorded. On the 15" postoperative day, the ani-
mals were anesthetized, their spermatic cord was



incised and 2 milliliters of iohexol contrast media
(iodixanol, Visipaque 320, GE Healthcare, Cana-
da) was injected in the testicular vein and radio-
graphs were taken immediately from the injected
area. This venography was done to confirm con-
gestion and dilation of the venous pampiniform
plexus in the spermatic cord of varicocele-induced
testis. Finally, non-varicocele (left) and varicocele-
induced (right) testes were dissected by castration
of dogs. This was undertaken after two weeks to
evaluate varicocele in its acute form (short time) as
observed in many adult men (24). Half of each tes-
tis was immediately frozen in liquid nitrogen and
stored at -70°C for subsequent RNA and expres-
sion analyses. Another half was fixed in formalin
solution followed by embedding in glycol meth-
acrylate for histopathologic evaluation.

Histopathologic evaluation

Histopathologic evaluation of the induced vari-
cocele model was carried out by hematoxylin and
eosin staining in the non-varicocele and varicocele-
induced testes. To examine spermatogenic activ-
ity, spermatogenesis was categorized by using the
Johnson score (25). A grade from 1 to 10 for each
tubule cross section was provided according to the
following criteria: i. No germ cells and no Sertoli
cells present, ii. No germ cells but only Sertoli cells
present, iii. Only spermatogonia present, iv. Only
a few spermatocytes present, v. No spermatozoa
or spermatids but many spermatocytes present, vi.
Only a few spermatids present, vii. No spermato-
zoa but many spermatids present, viii. Only a few
spermatozoa present, ix. Many spermatozoa present
and disorganized spermatogenesis, and x. Complete
spermatogenesis and perfect tubules.

RNA extraction and cDNA synthesis

Total RNA from left (non-varicocele) and right
(varicocele) testes was extracted using the Rimazol
reagent (Sinaclon Bioscience, Iran) and then homog-
enized (Sinaclon Bioscience, Iran). The quantity of
extracted RNA was then measured by spectropho-
tometry. Only RNA samples with an absorbance ratio
(A260/280) of >1.9 was used for synthesis of cDNA
(26). Gel agarose (2%) electrophoresis (stained with
ethidium bromide) was applied to analyze the qual-
ity of extracted RNA. The cDNA was produced from
total RNA using M-MLYV reverse transcriptase (Sina-
clon Bioscience, Iran) according to the protocol of

Gene Expression in Varicocele-Induced Testes

a previous study (27). To denature residual RNA in
the cDNA mix, the sample was heated at 75°C for 15
minutes and subsequently stored at -20°C.

Quantitative real time polymerase chain reac-
tion analysis

The expression levels of HSP90, HSP70, IL-4,
TNF, KITLG, the KIT-receptor gene and GAPDH
(encoding glyceraldehyde-3-phosphate dehydroge-
nase) transcripts were determined by reverse tran-
scriptase quantitative polymerase chain reaction
(RT-gPCR) using the EvaGreen chemistry (Sina-
clon Bioscience, Iran). To normalise the input load
of ¢cDNA between samples, GAPDH levels were
used as an internal control which was confirmed as
a strong reference gene using Normfinder v20 (Ske-
jby Sygehus, Denmark) in this experiment. Specific
primers were designed based on mRNA sequences
with Primer-Blast (www.ncbi.nlm.nih.gov/tools/
primer-blast/). All primer sequences are given in Ta-
ble 1. PCR reactions were carried out in a real-time
PCR cycler (Rotor Gene Q 6000, Qiagen, USA)
in triplicate for each sample of testis. The reaction
mixture contained 1 pul cDNA, 0.5 uM of each spe-
cific primer and 4 pl of Titan Hot Taq Eva-Green
Ready Mix in a total volume of 20 pl. The thermal
profile was 95°C for 15 minutes, 35 cycles of 94°C
for 40 seconds, 60°C for 35 seconds and 72°C for
32 seconds. At the end of each stage, the level of
fluorescence emission was obtained for quantifica-
tion of expression levels. Data were analyzed using
the LinRegPCR software version 2012.0 (Amster-
dam, Netherland) to obtain the threshold cycle (Ct)
and reaction efficiency (28). The transcript level of
each target gene relative to GAPDH was estimated
for each sample in two experimental testes by us-
ing efficiency (E) in the formula E _ (5™ /E
target (“'smPl©) The comparison was then statistically
analyzed between the two groups of testes. To de-
termine fold change for each gene, the relative gene
expression of varicocele-induced testes relative to
the non-varicocele testes were calculated as follow-
ing (29).

E (Ct sample) E (Ct control)
RatiOZ GAPDH . GAPDH

(Ct sample)
traget traget

(Ctsacontrol)

Statistical analysis
Data are represented as mean + SE. Differential
expression was assessed statistically by using paired
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t test between the non-varicocele and varicocele-
induced testis pair. When the assumptions behind
a parametric test were violated, comparisons were
made by the Wilcoxon test. All statistical analyses
were performed with the Statistical Package for
Social Sciences software version 17 (SPSS Inc.,
Chicago, IL, USA). When paired t test was done,
differences between paired values were consistent
and P<0.05 were considered statistically significant.

Results

Venographic assessment

As observed in the right testicular venogram
(Fig.1), dilatation and toruosity of veins of the
pampiniform plexus, secondary to retrograde flow,
were apparent.

Fig.1: Venography of the right testis in a dog using iohexol con-
trast media. A. Non-varicocele testis; normal circulation in the
pumpiniform plexus (white arrow) and B. Varicocele-induced
testis on the 15th postoperative day; dilatation and congestion in
the veins of the pampiniform plexus (white arrow) due to partial
occlusion in its proximal part (black arrow).

Histopathologic evaluation

Gross pathologic changes of varicocele-induced
testes were congestion, edema and enlargement. Mi-
croscopic changes were evaluated after hematoxy-
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lin and eosin staining of different sections of testes
and were then compared between non-varicocele
and varicocele-induced testes. The histopathologic
changes consisted of testicular degeneration as well
as spermatogenic arrest at the spermatocyte stage and
formation of multinucleated spermatid due to failure
in spermatid separation (Fig.2A). In addition, coagu-
lative necrosis in the seminiferous epithelium and the
presence of eosinophilic material in the seminiferous
tubules along with hemorrhage in the interstitium
were induced (Fig.2B). Testicular atrophy was also
present in the form of complete absence of spermato-
genesis (but with normla Sertoli cells) and shrinkage
of some seminiferous tubules (Fig.2C). Furthermore,
epididimyal atrophy as a prominent dilation of epidi-
dimyal tubules with pressure atrophy of their colum-
nar epithelia (Fig.2D), severe congestion and dilation
of the spermatic cord vessels with inter-vascular fi-
brosis (Fig.2E), and epididymal squamous metapla-
sia and intertubular fibrosis (Fig.2F) were also among
the induced histopathologic changes.

Fig.2: Histopathologic evaluation of varicocele-induced testes
after hematoxylin and eosin staining. A. Normal testis with com-
plete spermatogenesis (arrows) (x10), B. Normal epididymis
containing spermatozoids and columnar epithelium lining the tu-
bular walls (arrows) (x10), C. Testicular degeneration as spermat-
ogenic arrest at the spermatocyte stage and formation of multi-
nucleated spermatids (arrows) (x40), D. Coagulative necrosis in
the seminiferous epithelium (arrows) (x10), E. Testicular atrophy
as complete absence of spermatogenesis (arrows) (H&E, x10), F.
Epididimyal epithelial cell pressure (arrows) and dilation of the
epididymal tubules (star) (x10), G. Severe congestion (arrows)
and dilation of the spermatic cord vessels with inter-vascular
fibrosis (star) (x10), and H. Epididymal epithelial metaplasia (ar-
rows) and intertubular fibrosis (star) (x10).
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Table 1: Primers used for reverse transcriptase quantitative polymerase chain reaction (RT-gPCR) of canine transcripts

Target Sequencing primer (5°-3) PCR product (bp) Accession no.

GAPDH CCCACTCTTCCACCTTCGAC 135 NM 001003142.1
CCTTGGAGGCCATGTAGACC

KITLG GGACTTGGAGACGGTGGCAT 130 NM 001012735.1
CCTAAGGGAGCTGGCTGCAA

KIT-receptor CAGAGCCCGCAGTAGATTGG 108 AF448148.1
CAGACGGTGACAGAGACGAG

1L-4 TGGGTCTCACCTCCCAACTG 154 NM _001003159.1
GTCAGCTCCATGCACGAGTC

TNF GCCGTCAGATGGGTTGTACC 116 NM _001003244.4
TCTGGTAGGAGACGGCGAAG

HSP90 TGTGGGAATGACCCGGGAAG 106 AB981782.1
TGGCCATCCTCTTGTGCCT

HSP70 GACCGCCTTTCGGAAACCTG 200 XM _005627164.1
GTGTCGGTGAAGGCCACGTA

Table 2: Relative expression of the six genes analyzed in the testis
Gene Relative gene expression Ratio (varicocele/non-varicocele) Pooled SD P value
Non-varicocele testis Varicocele testis

KITLG 0.084 0.0627" 83% 0.009 0.047

KIT- receptor  0.187 0.131° 71% 0.034 0.004

1L-4 0.057 0.070 110% 0.027 0.377

TNF 0.030 0.020" 76% 0.007 0.035

HSP90 0.704 0.434" 62% 0.054 0.029

HSP70 0.010 0.029" 290% 0.009 0.018

The Johnson score in the varicocele-induced Discussion

and non-varicocele testes was 4 (1-8) and 9.6 (9,
10) respectively with the difference being statisti-
cally significant (P=0.031).

Expression analysis of the six related genes

Expression level changes of all six genes were
quantified using real time quantitative PCR (RT-
gPCR) and are shown in Table 2. Expression level
of GAPDH was not different in non-varicocele and
varicocele-induced testes. Expression of HSP90,
KITLG, the KIT-receptor gene and TNF transcripts
in varicocele-induced testes was significantly
lower than non-varicocele testes (P=0.029, 0.047,
0.004 and 0.035 respectively) with fold-changes
of 0.62, 0.83, 0.71 and 0.76 respectively. On the
contrary, HSP70 was significantly up-regulated
(P=0.018, 2.9 fold-change) in varicocele-induced
testes. /L-4 transcript levels did not show differ-
ential expression between varicocele-induced and
non-varicocele testes (P=0.377).

This study was designed to induce an experi-
mental varicocele model by a simple surgical pro-
cedure in dog with minimum invasion and to also
investigate the expression of a number of genes
involved in varicocele-induced infertility. There
are many limitations in the study of varicocele
pathophysiology in humans with most studies be-
ing non-invasive. In addition, there are other fac-
tors such as the status of the varicocele, patient age
and level of fertility in the subject population that
further hinder the identification of its pathologic
basis, thus limiting research on varicocele in hu-
mans. Because of these limitations, varicocele has
been induced in several species as animal models
(7). The induction of varicocele in most animal
models involves partially occluding the left renal
vein medial near to the kidney. Increased venous
pressure proximal to the partial occlusion creates
the increased pressure in the left internal spermatic
vein, thus resulting in dilatation of the left internal
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spermatic vein and the pampiniform venous plex-
us. In all models, a midline abdominal incision
must be made from xyphoid to pubis to expose
the renal and pelvic vasculature (30). In the pre-
sent study, the surgical approach was only in the
inguinal canal region and contrary to other studies
abdominal incision was not made, rendering this
method more advantageous. This route was also
preferred by the Animal Care Committee and was
therefore approved. The histopathologic and ve-
nographic evaluations of manipulated testes con-
firmed the induction of varicocele and subsequent
infertility (caused by azoospermia), while the non-
varicocele testis was shown to be slightly influ-
enced as the Jonson score showed values ranging
9-10. This may be due to a transient inflammation
in the non-varicocele testis.

Some studies have suggested a relationship be-
tween cytokine levels and subfertility. It has been
found that concentrations of interleukins such as
IL-1, IL-6 and TNF were significantly increased
in semen of infertile patients (31). In varicocele,
it has been also suggested that expression of IL-
la and IL-1B, as proinflammatory cytokines, were
increased. These cytokines in varicocele shift the
balance in favor of inflammation and immune re-
sponses and therefore result in harmful effects in
testicular tissue, which may lead to male infertil-
ity. In the present study, the expression of /L-4
and TNF were evaluated in varicocele. We only
observed a significant down-regulation for 7NF
but not for /L-4. It has been shown that IL-4 and
TNF play anti-inflammatory and pro-inflammato-
ry roles respectively (32). Previous studies have
indicated that the level of TNF or the TNF-relat-
ed apoptosis-inducing ligand does not change in
varicocele (33), however, expression of recep-
tors of the TNF-related apoptosis-inducing ligand
were different (34). These reports, nevertheless,
evaluated TNF or its receptors at the protein level
by ELISA, immunohistochemical and Western
blotting techniques, while in our study, expres-
sion was evaluated at the transcript level by RT-
gqPCR. It has been shown that post-transcriptional
and post-translational factors affecting activity of
TNF at both gene and protein levels react to differ-
ent pathways in varicocele. It must be noted that
anti-inflammatory cytokines are able to suppress
pro-inflammatory cytokines at both transcriptional
and post-transcriptional levels. In fact, the balance
between pro-inflammatory and anti-inflammatory
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cytokines determines the outcome and severity of
this disease. Therefore, TNF downregulation in
our study may be due to the effects of anti-inflam-
matory cytokines such as IL-4 (35).

Another possibility is that the levels and the sub-
sequent effects of many cytokines alters with vari-
cocele duration. These changes could be to some
extent related to the interaction of anti-inflamma-
tory (e.g., IL-4) and pro-inflammatory (e.g., TNF)
cytokines in a time-dependent manner. It must be,
however, noted that non-varicocele testes probably
had a slight inflammation, resulting in an increase
in pro-inflammatory cytokines such as TNF.

In the current study, the expression of KITLG
and the KIT-receptor gene were evaluated. These
results, for the first time, demonstrated the down-
regulation of both genes at the transcript level in
varicocele-induced testis. Based on various reports,
KITLG/KIT-receptor represent one of the key reg-
ulators of testicular formation, development and
function since its impairment has been observed
in gonadal pathologies including testicular devel-
opmental defects, infertility and testicular cancer.
Downregulation of KITLG/KIT-receptor has been
also observed in oligozoospermia/azoospermia,
which is associated with an increase in the germ
cell apoptosis process (35, 36). Overall, downregu-
lation of KITLG/KIT-receptor, as reported in here,
may be a critical factor in varicocele-mediated in-
fertility. It has been documented that expression of
KIT is influenced by various cytokines during in-
flammation depending on the model or type of the
cell system used (18). This effect of cytokines on
the KIT system may explain the downregulation
of KITLG/KIT-receptor in varicocele observed in
this study. Of course, this correlation between the
KIT system and cytokines in varicocele needs to
be demonstrated more comprehensively since the
analysis of only two cytokines (i.e., TNF and IL-4)
are insufficient to establish this correlation.

The HSPs are present in spermatocytes during
meiosis, participating as an element of the synap-
tonemal complex, and during the maturation stage
of spermiogenesis. We observed a significant in-
crease in HSP7(0 expression at the transcript level
in the testis with varicocele. In agreement with
these results, an increase in HSP proteins has
been reported in sperm from oligozoospermic and
varicocele individuals (23). Afiyani et al. (37) and
Khosravanian et al. (38, 39) have also reported the



overexpression of HSP70-2 an HSP2A in varico-
cele testes. This cellular response is probably an
attempt to repair spermatogenic and germ-cell
damage due to heat stress. But it must be noted
that the expression of all HSP members at the tran-
script level could not increase during damage of
varicocele to protect the testicular cells as we ob-
served here for HSP90 expression or that observed
in Lima et al. (40) who examined the expression
of HSP2A. Probably, in a time-stage of varicocele,
transcriptional apparatus for some of the HSP
members would itself be prone to damage. On
the other hand, this situation could exacerbate the
damage of varicocele in a positive feedback.

Conclusion

Our data show that partial occlusion of the
proximal part of the pampiniform plexus induces
varicocele in the testis of dog. The expression of
HSP90, TNF, KITLG and the KIT-receptor gene
were considerably decreased in varicocele-in-
duced testes while HSP70 was increased. /L-4,
however, did not show differential expression. It
is likely that these expression changes may be in-
volved in the pathophysiology of varicocele and
related subfertility.
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Abstract

Background: The quality of semen depends upon several factors such as environment,
life style, physical activity, age, and occupation. The aim of this study was to analyze and
compare the conventional and functional semen parameters in men practicing vigorous
physical activity to those of sedentary men.

Materials and Methods: In this descriptive cross-sectional study, semen samples of 17
physically active men and 15 sedentary men were collected for analysis. Semen analysis
was performed according to the World Health Organization (WHO) guidelines, while
functional parameters were evaluated by flow cytometry.

Results: Results showed that several semen parameters (semen volume, viability, pro-
gressive motility, total motility, normal morphology, and moribund cells) were superior
in the physically active group in comparison with the sedentary group. Semen parameters
such as viability, progressive motility and total motility, as well as the percentage of mor-
ibund spermatozoa were significantly different between both groups. However, sperm
DNA damage, lipid peroxidation and mitochondrial potential were not significantly dif-
ferent among the groups.

Conclusion: Nevertheless, the physical activity shows better semen parameters than sed-
entary group. Taken together, our results demonstrate that regular physical activity has
beneficial impact in sperm fertility parameters and such a life style can enhance the fertil-
ity status of men.
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Introduction

The conventional semen analysis involves the
macroscopic (volume, pH, and colour) and micro-
scopic (motility, concentration, viability, and mor-

phology) examination (1). It reflects the secretory
activity of the testes, epididymis and accessory sex
glands indirectly (2). Although conventional semen
analysis provides both quantitative and qualitative
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information, it does not include evaluation of the
functional properties of spermatozoa (3-7). Further-
more, oxidative stress which may directly contrib-
ute to the origin of male infertility, is not measured
(8). Oxidative stress occurs due to the imbalance
between the reactive oxygen species (ROS), reac-
tive nitrogen species (RNS), and seminal antioxi-
dant reserve in the male reproductive tract (9, 10).
These ROS or RNS are produced during normal
cellular metabolism and can be from either endog-
enous (normally produced by oxidative phospho-
rylation in mitochondria) or exogenous origin (e.g.
produced by leukocytes) (10, 11).

Physiological levels of ROS exert a critical role
in spermatozoa, triggering and mediating important
signaling events to acquire essential functions such
as hyperactivation, capacitation, and acrosome re-
action (10-12). However, an excess in ROS levels is
detrimental to cellular function and spermatozoa are
highly susceptible to oxidative stress due to a lack in
repair mechanisms (8, 13). This may result in dam-
age to the structural components of the axoneme
which may impact on the motility patterns (14, 15).
It may also induce lipid peroxidation of cellular
membranes (16), thereby disrupting the fluidity of
mitochondrial and plasma membranes (12, 17) and
furthermore lead to oxidative damage to proteins
involved in the fusing of the spermatozoon with the
oolemma (15). Additionally, ROS may cause DNA
damage due to impaired histone remodeling during
sperm maturation (12). Oxidative damage to sper-
matozoa has been related with recurrent pregnancy
loss (13, 18, 19) and male infertility (5, 20).

It is well known that certain environmental fac-
tors including prolonged and continued exposure
of the whole body, testes or scrotum to: i. Increased
temperature, even at 37°C (21-23), ii. Environ-
mental pollutants and endocrine disruptors (21,
24), iii. Electromagnetic radiation (21, 25), as well
as lifestyle factors such as smoking, recreational
drug use, alcohol consumption, obesity and sed-
entary occupation or lifestyle (25-29), may influ-
ence sperm quality and male fertility potential (21,
23, 25) mediated by induction of oxidative stress
leading to cell apoptosis. Among several life style
factors, sedentarism have been found associated
with several medical conditions and considered
as one of the main causes of major public health
issues at present (30). According to the definition
of Bernstein et al. (31), individuals are considered
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sedentary when they spend less than 10% of their
daily energy expenditure on performing moderate
to vigorous-intensity activities. Also a sedentary
person frequently spends much time sitting or ly-
ing down and performing activities usually associ-
ated with this low energy consumption state such
as sleeping or watching television. Also it is com-
monly avoiding any form of exercise or sporting
activities (32). Over the past five decades, changes
in the occupational activities and leisure time have
promoted the sedentary behavior and impacted on
lifestyle (33, 34). As is true for other medical con-
ditions (obesity and heart diseases), this phenom-
enon is equally deleterious for semen quality (35).

On the other hand; physical activity has beneficial
effect on human health and is defined as any volun-
tary and repetitive body movements produced by skel-
etal muscle action that substantially increases energy
expenditure above the basal state (34, 36). It may be
included in the occupational activities or have di-
verse purposes like being aerobic training or training
strength, flexibility and balance, therefore it encom-
passes exercise and sport (37, 38). Physical activity
is classified according to the intensity with which it
is practiced and may be quantified in terms of the en-
ergy expenditure as a multiple of the resting metabolic
rate (39). Using the Metabolic Equivalent of the Task
(MET, a physiological measure expressing the ener-
gy cost of physical activities), the moderate physical
activity producing noticeable accelerated heart rate,
ranges from 3.0 to 6.0 MET while the vigorous physi-
cal activity, demanding greater physical effort causing
rapid breathing and a substantial increase in heart rate,
are all the physical activities above 6.0 MET (38, 39).
Some studies have reported a positive relationship (27,
33, 40-44), while others reported a negative one (45-
47) between the practice of physical activity and the
semen quality. Others report no impact of physical ac-
tivity on sperm quality (48-51), therefore, the effect of
a physically active lifestyle to improve semen quality
is still controversial (52). The present study was con-
ducted with the specific aim to evaluate and compare
the semen parameters, conventional as well as func-
tional, of men practicing vigorous physical activity to
those having a sedentary life style.

Materials and Methods

In this descriptive cross-sectional study, thirty
two men of reproductive age (physically active
group 27.5 + 6.0 and sedentary group 26.6 + 5.3



years) from Medellin, Colombia were included. The
inclusion criteria were: healthy men, without tes-
ticular disease, with a body mass index (BMI)<26
kg/m?, and those who followed the same lifestyle
pattern for the 12 months preceding the study, it
is, either be physically active group (PAG, prac-
tice vigorous physical activities with a >6 MET
for more than 2 hours per occasion at least 3 times
per week; activities included are cycling, station-
ary cycling, calisthenetics, weightlifting, dancing,
running, marital arts, football and swimming) or be
sedentary group (SG, minimal physical activity <3
MET, do not practice sportive activities) (39, 53)
(Table 1). Recreational drug and anabolic steroid
users, smokers or medicated men were excluded
from the study. Ethical approval was obtained from
the Research Ethics Committee of the University of
Antioquia and all patients gave informed consent.
Semen samples were collected from volunteers be-
tween January and July 2014 by masturbation after
a recommended ejaculation abstinence of 3-6 days.
In addition to sample collection, certain anthropo-
metric measurements (height and weight) necessary
to calculate BMI were also measured (Table 1).

Also Participants had to complete a self-adminis-
tered questionnaire by providing information regard-
ing their reproductive history and whether or not they
routinely practice any physical activity. If they did,
they were asked to fill the description, type, frequen-
cy, intensity and duration of the physical activities
practiced. This information was used to calculate the
physical activities MET using the “Compendium of
physical activities” as proposed by Ainswort et al. (39)
which provided a measurement of their intensity level.

Conventional semen analysis

After complete liquefaction of the semen sam-
ples (30-60 minutes, at 37°C), a basic semen
analysis was performed according to the World
Health Organization (WHO) guidelines (1) while
the sperm concentration was determined by us-
ing a Makler chamber (Sefi-Medical Instruments,
Haifa, Israel) (54). Finally, sperm morphology was
analyzed following the Tygerberg strict criteria
(55), and semen samples with leukocytospermia
(>1x10° white blood cells/mL) were excluded.

Functional analysis
All flow cytometry analysis reported in this study

Vigorous Physical Activity and Semen Parameters

were conducted on an Epics XL flow cytometer
(Becton Dickinson, CA, USA) with a 488 nm exci-
tation wavelength supplied by an argon laser. For-
ward scatter and side scatter measurements were
used to gate spermatozoa’ and exclude debris’ and
aggregates limiting undesired effects in the overall
fluorescence. All data were acquired and analyzed
using WinMDI 2.9 Software (Scripps Research In-
stitute, La Jolla, CA) and a total of 10000 events
were collected per sample.

Mitochondrial membrane potential

Mitochondrial membrane potential (AY ) was
measured by using 3, 3'-dihexyloxacarbocyanine io-
dide stain (DIOC,, Molecular Probes Inc., The Neth-
erlands) (3) a cationic lipophilic dye selective for the
mitochondria of living cells. Propidium iodide (PI,
Molecular Probes Inc., The Netherlands) was used
as counter stain to discriminate necrotic/dead cells.
Briefly, 2x10° spermatozoa were incubated in 300
uL of phosphate buffer saline (PBS, pH=7.4) con-
taining DIOC, (final concentration of 10 nM) and PI
(final concentration of 12 pM) in the dark (30 min-
utes, at 25°C). Then, samples were washed in PBS
(180 x g, 5 minutes), the pellet re-suspended in PBS
and subjected to flow cytometry. Data were acquired
as the percentage of living spermatozoa showing
high (AY . gh) or low (AY | ) green fluorescence
and dead spermatozoa-red fluorescence.

Intracellular reactive oxygen species production

The intracellular ROS and RNS (specifically
H,0,, HO", ROO" and ONOQ) levels were evalu-
ated using 2’, 7’-dichlorodihydrofluorescein diac-
etate (DCFH-DA, Sigma-Aldrich, St Louis, MO,
USA). Upon cleavage of the acetate groups by in-
tracellular esterases, DCFH is selectively oxidized
by the above mentioned ROS and RNS to the green
fluorescent DCF. PI was used to exclude the necrot-
ic/dead cells (5). DCFH-DA was diluted to a final
concentration of 1 uM in 300 pL of PBS contain-
ing 2x10° spermatozoa and PI (final concentration
12 uM). The cell suspensions were incubated in
the dark for 5 minutes, at 25°C, washed three times
with PBS (180 x g, 5 minutes) and the pellet re-sus-
pended in PBS before being analyzed by flow cy-
tometry. Results are expressed as the percentage of
live spermatozoa exhibiting the green DCF fluores-
cent response (DCF positive spermatozoa), as well
as the green media fluorescence intensity (MFI).
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Plasma membrane integrity evaluation

The LIVE/DEAD® Sperm Viability Kit (Mo-
lecular Probes Inc., The Netherlands) which distin-
guishes three populations of sperm based on their
staining patterns, was used to assess the integrity of
the plasma membrane according to the manufactur-
er’s instructions. Briefly, 2x10° spermatozoa were
incubated in 300 pL of PBS with Sybr-14 and PI
(green and red fluorescence emission, final concen-
tration of 1 uM and 12 puM, respectively) in the dark
(30 minutes, 25°C), washed once and re-suspended
in PBS prior to flow cytometry analysis. Data are
expressed as the percentage of viable spermatozoa-
intact plasma membrane cells (positive to SYBR-14
and negative to PI), necrotic/dead cells (positive for
PI only) or moribund sperm (positive for both dyes).

Lipid peroxidation assay

Oxidative degradation of lipids was measured us-
ing the BODIPY (581/591) C11 (Molecular Probes
Inc., The Netherlands) according to the method pro-
posed by Aitken et al. (16). BODIPY (581/591) C11
once incorporated into sperm membranes, undergoes
a fluorescent emission shift from orange to green
upon peroxidation by ROS. Briefly, 2x10¢ sperma-
tozoa suspended in 300 pL of PBS were incubated in
the dark (30 minutes, at 25°C) with BODIPY Cl11 (fi-
nal concentration 6.6 uM), washed and re-suspended
in PBS before flow cytometry analysis. Results are
expressed as the percentage of spermatozoa exhibit-
ing the green fluorescence response.

Sperm Chromatin Structure Assay

The Sperm Chromatin Structure Assay (SCSA)
was used to determine the sperm DNA fragmenta-
tion index by Evenson (56) as previously described
and modified in our laboratory (5, 13, 18, 19). Brief-
ly, 400 pl of acid detergent solution (HCI, NacCl,

Triton X-100, water, pH=1.2) were added to 10x10°
spermatozoa suspended in 200 pL of TNE buffer
(TRIS-HCL, NaCl and EDTA, pH=7.4). After 30
seconds, spermatozoa were stained with 600 pl of
acridine orange (Sigma-Aldrich, St Louis, MO,
USA) staining solution (final concentration of 6
png/mL). The ratio of single stranded DNA (red) to
single plus double stranded DNA (green) MFI was
expressed as the DNA fragmentation index (DFI).

Statistical analysis

The distribution of the data was evaluated with
the normality test of residuals. The t test was used
to compare groups of data that assumed Gauss-
ian distribution, while the Mann-Whitney test
used to compare the variables that did not assume
Gaussian distribution. Correlations between sperm
variables were determined with the Pearson cor-
relation coefficient. Data were analyzed by using
Prism 5.0 (GraphPad Software, San Diego, CA)
statistical software and a P<0.05 considered to be
significant. Data following Gaussian distribution
are expressed as the mean + SD and those not as-
suming Gaussian distribution are expressed as me-
dian and range.

Results

According to the MET scores, men were strati-
fied into a physically active group (PAG, 8-48
MET, n=17) and a sedentary group (SG, <3 MET,
n=15). Both PAG and SG present similar charac-
teristics with regards to abstinence (4.1 £ 0.69 vs.
3.7 £ 0.75 days), height (1.74 + 0.06 vs. 1.72 £
0.05 m) and BMI (23.7 = 1.5 vs. 22.7 = 1.8 kg/m?).
The average weight was slightly higher in the PAG
in comparison with SG (71.6 = 7.3 vs. 67 = 5.3
kg), because these men had increased body mass
in the form of muscle not of fat (Table 1).

Table 1: Characteristics of the participants

Characteristic Physically active group Sedentary group P value
n=17 n=15
Age (Y) 27.5+6.0 26.6+5.3 0.66"
Sexual abstinence (days) 4.1+0.69 3.7+0.75 0.56"
Weight (Kg) 71.6+7.3 67+5.3 0.07*
Height (m) 1.74 £ 0.06 1.72 £0.05 0.3*
BMI (Kg/m?) 237+1.5 22.7+1.8 0.11*
Metabolic Equivalent of the Task (MET) 19.7+10.6 1.8+ 0.6 <0.0001"

Results are expressed as mean + SD. BMI; Body mass index, *; Student t test (Gaussian distribution), and “; Mann-Whitney test (non-gaussian distribution).
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All semen samples from the PAG appeared
normal with regards to viscosity and showed no
agglutination, however various samples from
SG showed moderate to high viscosity (33%) as
well as isolated agglutination (47%) and moder-
ate to abundant agglutination (13%) respectively.
Among the conventional sperm parameters, total
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sperm motility, progressive motility and the per-
centage of viable sperm were significantly higher
(P<0.05) in the PAG compared to the SG (Table
2). The only functional parameter that showed sig-
nificant difference (P<0.05) between the PAG and
SG was the percentage of moribund spermatozoa
(Table 3).

Table 2: Conventional semen parameters

Variable Physically active group Sedentary group P value
n=17 n=15
Semen volume (mL) 43+1.2 35+1.5 0.14*
Sperm concentration (x10° sperm/mL) 95.2 +£47 114.4 £ 63.9 0.37*
Total sperm count (x10°) 353.6 (55.72-1080) 361.9 (100-997.4) 0.82"
Viability (%) 80.2+7.2 71.9+10.7 0.01*
Progressive motility (%) 63.0 (55.7-87.7) 56.8 (35.2-82.7) 0.03"
Non-progressive motility (%) 3.7 (1.6-22.0) 5.0(2.7-16.6) 0.13"
Total motility (%) 66.5 (70.0-89.3) 62.3 (42.5-45.6) 0.03"
Normal morphology (%) 7.3 (2.3-12.0) 4.8 (2.7-13.4) 0.52"
Abnormal head (%) 90.2+5.0 89.1+4.7 0.54"
Abnormal neck/middle piece (%) 449 +£16.0 53.9+ 18 0.14*
Abnormal tail (%) 5.13.3-7.1) 6.9 (2.5-8.7) 0.52"
Abnormal cytoplasmic droplets (%) 6.6+4.8 57+£29 0.56"

Values are expressed as mean * SD in data with normal distribution, and median (range) in non-normal distribution. *; Student t test (Gaussian distribution) and *: Mann-

Whitney test (non-gaussian distribution).

Table 3: Functional seminal parameters

Variable Physically active group Sedentary group P value
n=17 n=15
AY high spermatozoa (%) 63.5 (51.5-80.6) 63.8 (18.9-77.1) 0.45"
AY_ low spermatozoa (%) 4.0 (1.9-14.0) 4.4 (2.3-19.1) 0.54"
Sperm with intact plasma membrane (%) 68.1(43.7-83.1) 65.2 (26.2-72.6) 0.10"
Moribund sperm (%) 4.3 (2.0-17.0) 9.0 (4.6-14.4) 0.02"
Necrotic/dead sperm (%) 23.5+6.7 28.6+11.4 0.13*
DCEF positive spermatozoa (%) 59.3 (6.83-78.2) 49.3 (14.3-68.1) 0.09"
DCF positive spermatozoa (MFI) 50.6 (24.4-148.8) 57.7 (14.6-92.2) 0.74"
Sperm with lipid peroxidation (%) 3.3(0.5-18.8) 6.3 (0.15-33.6) 0.20"
DNA fragmentation index (%) 19.6 £8.6 17.1£83 0.40*

Values are expressed as mean * SD in data with normal distribution and median (range) in non-normal distribution. DCF; 2', 7'-dichlorofluorescein, MFI; Mean fluores-

cence intensity, *; Student t test (Gaussian distribution), and “; Mann-Whitney test (non-gaussian distribution).
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When comparing the combined data sets from
both groups, significant correlations were found
between total abnormal sperm forms and sperma-
tozoa with head defects (correlation coefficient-
r-=0.67, P<0.01), sperm with neck/middle piece
defects and progressive motility (r=-0.56, P<0.01),
ejaculation abstinence time and sperm with excess
residual cytoplasm (r=0.58, P<0.01), ejaculation
abstinence time and non-progressive motility (r=-
0.57, P<0.01), viable sperm and intracellular ROS
production (r=0.79, P<0.01), viable sperm and
sperm with high mitochondrial membrane poten-
tial (A¥Ym, r=0.83, P<0.01), and sperm with high
A¥m and intracellular ROS production (r=0.65,
P<0.01). In addition, when the PAG’s data were
analyzed separately, all of the above mentioned
significant correlations were found, together with a
few significant correlations exclusive to the PAG.
These include: ejaculation abstinence time and im-
motile sperm (r=-0.57, P<0.01), sperm concentra-
tion and normal morphology (r=0.72, P<0.01), and
sperm concentration and sperm with head defects
(r=-0.63, P<0.01).

Discussion

We found differences in conventional and func-
tional seminal parameters between physically ac-
tive group and sedentary group of men. The se-
men parameters were better in PAG, which is in
favor to adopt such a life style. The average values
of the conventional parameters analyzed for each
group, remained above the lower limit reference
values proposed by the WHO (1). The total and
progressive sperm motility, sperm viability, as
well as the percentage of moribund cells were sig-
nificantly higher in the PAG compared to SG. This
is the first study in addition to conventional semen
parameters, certain sperm functional parameters
ie. A¥_, plasma membrane integrity, intracellular
ROS and lipid peroxidation, were analyzed in re-
lation to the practice of vigorous physical activity
or following a sedentary lifestyle. Our results are
in accordance with previous study demonstrating
increased sperm motility in physical active men
(41) and comparable results in a group of assisted
reproduction patients classified according to their
physical status (43). However, significant differ-
ences in sperm viability due to physical activity
levels had not been previously reported.

Int J Fertil Steril, Vol 11, No 3, Oct-Dec 2017 161

Some studies reported that sperm concentration
and morphology are the main parameters improved
in men having moderate to vigorous physical ac-
tive lifestyle (47), against being sedentary (43).
Our results are not in agreement with these find-
ings, as we did not observe any significant differ-
ences in either sperm concentration or morphology
between PAG and SG. Nonetheless, a positive cor-
relation was found between sperm concentration
and normal morphology in PAG. Similar results
have been reported by Munuce et al. (57) in semen
samples obtained from men attending a reproduc-
tive clinic without regarding their physical status.
This finding is interesting because it may be re-
lated to an increase in hormones, specially follicle-
stimulating hormone (FSH), luteinizing hormone
(LH) and testosterone, responsible to stimulate
proper spermatogonia nutrition and division dur-
ing the process of spermatogenesis (58, 59). This
speculation is supported by the findings from pre-
vious studies where increased total and free blood
plasma and serum testosterone, as well as higher
FSH and LH levels have been demonstrated after
continuous moderate physical activity (41).

The plasma membrane integrity is a key determi-
nant for proper sperm interactions with other cells
and their environment, therefore it is a prerequisite
for successful fertilization (60). The percentage of
dual stained (moribund) spermatozoa was statisti-
cally higher in SG in comparison with PAG. This
sperm population have been described as slightly
damaged sperm with compromised plasma mem-
brane that have lost their ability to exclude PI,
indicating a transitional phase in which the cell
ultimately die (60-62). Although the biological im-
portance of moribund sperm has not been well es-
tablished, in works on bulls the percentage of mor-
ibund spermatozoa was positively correlated with
the low fertility status of males, possibly compro-
mising the availability of live sperm in the female
reproductive tract (62). Furthermore, Garner and
Johnson (61) have microscopically observed that
the change from green to red fluorescence of some
sperm, began at the posterior portion of the sperm
head, proceed anteriorly and is accompanied by
the progressive loss of motility until they are dead.
This increased percentage of moribund spermato-
zoa and negative correlation between sperm with
neck/middle piece defects and progressive motil-



ity in SG can be the possible explanations of sig-
nificantly lower progressive and total motility in
these men.

The evaluation of functional parameters has also
been used to determine the levels of oxidative
stress in spermatozoa. Common sedentary activi-
ties such as sitting for long, and some physical ac-
tivities including running or bicycling may disrupt
the intrascrotal temperature regulation (63, 64)
and increase the pressure force to the testicles (46,
47, 49), leading to oxidative stress (58).

Although the percentage of DCF positive sper-
matozoa in the PAG group was higher in SG, it
was not significantly different. We found higher
values of DCF positive sperm in comparison with
previous studies (65-67) intended to evaluate the
ROS/RNS production on spermatozoa using the
same method. However; the oxidative stress level
as depicted by lipid peroxidation measurement was
discernibly lower in PAG than SG, which is in ac-
cordance with previous findings by others (16, 68).
Sperm DNA integrity did not differ significantly in
our study between PAG, SG and DFI remained in
the range considered normal (16-24%) (69). This
is in accordance with a previous report where no
relation of sperm DFI was drawn in men with sed-
entary lifestyle in relation to their BMI and their
waist circumference (70).

In addition, no mitochondrial dysfunction was
detected either in the PAG or SG group despite the
total and progressive motility is significantly in-
creased in PAG. In fact, most of the spermatozoa
in the semen samples from both groups had high
AY_, which is indicative in proper mitochondrial
functioning (17, 71). It may support the assump-
tion that the rapid transition from viable to mori-
bund sperm was influencing the loss of motility
in the SG sperm rather than the viable sperm that
have diminished the A¥ _ as it may be commonly
related. As the higher ROS detection in the PAG
was not correlated with oxidative stress generation
in spermatozoa (higher lipoperoxidation-LPO-
and/or altered DFI), we speculate that there must
have been a balance between pro-oxidants and
antioxidants molecules in the PAG volunteers’
semen samples. Possibly the practice of vigorous
physical activity of volunteers, have contributed
to attenuate the oxidative stress events in conse-
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quence of the higher ROS/RNS production, since
it has been previously demonstrated that physical
training promotes blood total antioxidant capac-
ity (72), and also in semen, moderate to vigorous
physical activity practitioners had superior levels
of antioxidant enzymes in comparison with high
performance-elite athletes or sedentary men (73).

Furthermore; it is known that sperm cells have a
deficient ROS-scavenging system, in consequence
of its limited cytosolic space. So they are very de-
pendent on the antioxidant protection provided by
the male reproductive tract (74). This is directly
influenced by the men’s nutritional status and the
dietary intake of antioxidant molecules since they
form an essential part of the human antioxidant de-
fense system (75).

As we did not control the diet in our volunteers,
the effect of the diet cannot be ruled out, consider-
ing that, a physically active lifestyle is commonly
accompanied by a healthy diet. In the light of these
results, we consider convenient to include some
other informational aspects, certainly related to
the physically active or sedentary lifestyle and the
semen quality. For instance, nutritional aspects re-
lated with dietary antioxidants intake, the determi-
nation of blood hormonal levels (mainly LH, FSH
and testosterone) and the semen total antioxidant
capacity evaluation, directly involved in the de-
velopmental environment of spermatozoa and the
oxidative stress dynamics. On the other hand, it
has also been established that if the physical train-
ing is at least moderate but regular, it may turn into
an adaptation to diminish the increased amounts of
ROS producing during high oxygen consumption
derived from further vigorous physical activities
(41, 58, 76, 77). This physical activity linked-ad-
aptation constitutes an advantage over the possible
adverse conditions associated with the practice of
some previously mentioned physical activities that
may negatively affect the seminal quality.

Infertility affects approximately 15% of couples
of reproductive age, with significant impact on their
quality of life (11, 70). As it is estimated that men
contribute equally (50%) to the causes of fertility
problems (29, 59), the identification and modifica-
tion of some potential risk factors such as the rela-
tionship between physical activity or inactivity and
semen quality, may help some couples to achieve
their reproductive goals (70). The practice of vigor-

Int J Fertil Steril, Vol 11, No 3, Oct-Dec 2017 162



Lalinde-Acevedo et al.

ous physical activity is clearly not the unique solu-
tion. Most of the literature regarding the relatioship
between physical activity, sedentarism and semen
quality, have focused on elite athletes or men attend-
ing fertility clinics. However; various investigations
have demonstrated the positive influence of moder-
ate, constant exercise on the hormonal profile (41,
58, 76), libido (78), the psychological wellbeing
(59) and on the body condition (30, 38, 76), which
may also impact positively the male reproductive
outcome. Our volunteers may be clasified as recrea-
tional but vigorous physical activity practitioners,
since none of them were endurance sport competi-
tors and the activities performed included strenght
and aerobic training or vigorous occupational phys-
ical activities. This is important to clarify because
the type of physical training, specially the higher
intensity or constantly anaerobic training have been
related to diminishseminal parameters (45-47, 49)
and also may influence the hormonal effect on the
sperm quality, specially on the testosterone metabo-
lism (41, 59).

Conclusion

Despite the fact that some indicators of cellular
oxidative stress were higher in the PAG in com-
parison with the SG, no signs of developing a state
of oxidative stress was observed. On the contrary,
the practice of vigorous physical activity in the
conditions set in our study (8 to 48 MET, in ses-
sions of two hours minimum, with a frequency of
at least 3 days a week), was significantly related to
better semen parameters (increased viability, pro-
gressive and total motility and lower percentage
of moribund cells), when compared to individuals
following a complete sedentary lifestyle at least
for a year. It can therefore be concluded that the
levels of physical activity reported in this study,
exert a positive effect on the semen parameters of
these men or at least prevent its deterioration as a
result of environmental stressors. Our findings are
encouraging since they contribute to elucidate the
proper intensity and frequency of physical activ-
ity which may excerpt a positive effect on semen
quality or at least prevent its decline related to the
practice of higher intensity-endurance physical ac-
tivities. Future studies are required in defining the
intensity and threshold to be considered as benefi-
cial for semen quality.
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Abstract
Background: Reproductive toxicity is a major challenge associated with aluminum (Al)
exposure. No studies have evaluated the possible effects of curcumin (CUR) on Al-in-
duced reproductive dysfunction. Therefore, this study investigated the effects of CUR
treatment on Al-induced reproductive damage.

Materials and Methods: In this experimental study, 40 male Wistar rats were allocated
to the five groups (n=8) based on the treatment they received: no treatment (control), sol-
vent [dimethyl sulfoxide (DMSO) or distilled water], CUR 10 mg/kg body weight (BW),
Al chloride 10 mg/kg BW, and CUR+AI chloride (10 mg/kg BW/each alone). Treatments
were performed by intraperitoneal (IP) injections for 28 days. The left testis was assessed
for histopathological analysis as well as the incidence of germ cell apoptosis. One-way
analysis of variance (ANOVA) followed by the Tukey’s test was used. P<0.05 was con-
sidered significant.

Results: Significant reductions in body and testis weight; plasma testosterone and luteiniz-
ing hormone levels; sperm count, motility, morphology, and viability; germinal epithelium
thickness; seminiferous tubules diameter; as well as, superoxide dismutase activity were
observed in rats treated with Al. Moreover, Al exposure caused significant increments in
the lumen diameter of tubules, terminal deoxynucleotidyl transferase dUTP nick end labe-
ling (TUNEL)-positive cells and malondialdehyde (MDA) levels compared to the control
group. However, in rats receiving CUR+AI, CUR significantly reversed the adverse effects
of Al on testis and sperm quality. No significant differences in follicle-stimulating hormone
(FSH) levels and nuclear diameter of spermatogonia were detected among all groups.

Conclusion: It can be concluded that Al causes reproductive dysfunction by creating oxi-
dative damage. CUR, on the other hand, reduces the toxic effects of Al and improves the
antioxidant status and sperm quality in male rats.
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Introduction

Aluminum (Al) is the most common metallic el-
ement and the third most common element in the

Earth’s crust (1). The ionic form of this metal is
detectable not only in all natural waters, but also
most types of animal and plant tissues. Due to its
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reactivity, Al is naturally found in combination
with other elements to form compounds such as
Al sulfate and chloride (2). Al compounds are ex-
tensively used in a wide range of products from
household cookware and storage utensils to wa-
ter purification agents, pharmaceuticals (such as
antacids, vaccines, anti-diarrhea drugs, phosphate
binders, and allergy immunotherapy injections),
food additives, and even toothpastes (3).

The great abundance of Al increases the risk of
exposure and related health issues in humans (4).
High consumption of Al-containing products will
increase the concentration of this metallic element
in the consumers’ organs and damage their various
tissues (including the testicular tissues of humans
and animals). Moreover, high levels of Al in sper-
matozoa and seminal plasma of humans have been
reported to reduce sperm viability and motility (5,
6). Krasovskii et al. (7) have confirmed the gonadal
toxicity of lead and Al chloride in guinea pigs and
rats. Guo et al. (8) have attributed the oxidative
damage and testicular toxicity caused by Al to the
reduction in testis acetyl cholinesterase (AChE) ac-
tivity. Chinoy et al. (9) have also found the 30-day
consumption of sodium fluoride and Al chloride to
cause structural changes in the testis, such as for-
mation of giant cells. Testicular Al accumulation,
necrosis of spermatocytes/spermatids, and a sig-
nificant reduction in fertility were also observed in
both male rats and mice (10, 11). Al may cause male
reproductive toxicity through various mechanisms
such as inducing oxidative stress, interfering with
spermatogenesis and steroidogenesis, impairing
cell signaling, disrupting the blood-testis barrier,
and affecting the endocrine system (12).

In recent years, increasing attention has been
paid to the application of nutritional antioxidants
(such as herbal products) in diseases related to oxi-
dative stress. The protective effects of herbal prod-
ucts have been attributed to their role as free radi-
cal scavengers and antioxidant defense regulators
(13). Curcumin (Curcuma longa Lin, CUR), such
as the active component of turmeric, can serve as
an antioxidant and therapeutic agent without any
side effects (14). As a free radical scavenger, CUR
can largely inhibit the production of reactive oxy-
gen species (ROS) both in vitro and in vivo. It also
exhibits anti-carcinogenic, anti-inflammatory, and
antibacterial properties (15), as well as acts a po-
tent cancer chemopreventive agent (16) and tumor
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cell proliferation inhibitor (17).

Despite the reported antioxidant properties of
CUR (18-21), its effects on apoptosis, oxidative
stress and sperm quality in Al-treated rats have
not been investigated. Therefore, the present study
analyzed the protective effects of CUR on Al-in-
duced damage to the reproductive system of male
rats.

Materials and Methods
CUR powder (C,H,O,, Merck & Co. Inc.,

Germany) was dissz(l)lvzgd in dimethyl sulfoxide
(DMSO). Al chloride (Merck & Co. Inc., Germa-
ny) was diluted with distilled water before admin-

istration.

Experimental protocol

In this experimental study, a total of 40 male
Wistar rats (240-260 g) were obtained from
the animal house of Razi Institute (Iran). Rats
were housed in individually ventilated cages
on a 12-hour light/dark cycle, temperature of
24 + 2°C, with water and food ad libitum. The
experimental protocol was approved by the
Animal Ethics Committee in accordance with
the Guide for the Care and Use of Laboratory
Animals prepared by Qom University of Medi-
cal Sciences (Qom, Iran).

Over a two-week adaptation period, all rats were
fed by a standard pellet diet and closely monitored
to ensure normal growth and behavior. The rats
were then weighed and randomly allocated to five
groups of eight animals (two control groups and
three experimental groups) to receive the follow-
ing treatments for 28 days (22, 23): group I (con-
trol group): no injections. Group Il (control group):
intraperitoneal (IP) injections of only the solvent
(distilled water or DMSO). Based on the solvents,
we chose two control groups, distilled water and
DMSO. Since there were no significant solvents,
between the results of the control groups, we con-
sidered data from the distilled water group as the
control group. Group III (experimental group): [P
injections of CUR 10 mg/kg body weight (BW)
(22) in 0.2 ml DMSO. Group IV (experimental
group): IP injections of Al chloride 10 mg/kg BW
(23) in 0.2 ml distilled water. Group V (experi-
mental group): IP injections of CUR+AI chloride
at the above-mentioned doses alone.



All groups were fed by a normal diet. After the
treatment period, the rats were reweighed that was
followed by being euthanized and dissected. Blood
samples were collected into heparinized capil-
lary tubes through cardiac puncture. In order to
separate the plasma, the samples were poured into
clean tubes and centrifuged at 1500 g for 20 min-
utes at 4°C. Testis and epididymis were detached
from the adhering connective tissues, washed in
cold physiological saline, and weighed accurately.

Plasma hormone assay

Plasma was obtained and maintained at -20°C
until enzyme-linked immunosorbent assay (ELI-
SA) was performed. The concentrations of lutein-
izing hormone (LH), follicle-stimulating hormone
(FSH) and testosterone were determined using
ELISA kits (Elabscience Biotechnology Co., Ltd.,
Germany) according to the manufacturer's instruc-
tions. All measurements were carried out in du-
plicate. The intra- and inter- assay coefficients of
variation were less than 10%.

Assessment of lipid peroxidation

Thiobarbituric acid reactive substance (TBARS)
levels were determined as a measure of plasma
concentrations of malondialdehyde (MDA), the
end product of lipid peroxidation (LPO) (24).
MDA levels were reported as nmol/ml.

Assessment of superoxide dismutase levels

Superoxide dismutase (SOD) activity in plasma
was measured using a commercial assay kit (Cay-
man Chemical, USA) according to the manufactur-
er's instructions. This kit utilized a tetrazolium salt
for the detection of superoxide radicals generated
by xanthine oxidase and hypoxanthine. One unit of
SOD was defined as the amount of enzyme needed
to exhibit 50% dismutation of the superoxide radi-
cal. The SOD assay measured all three types of
SOD (Cu/Zn, Mn, and Fe SOD) in U/ml (25).

Sperm parameters

Assessment of sperm motility and count

The right cauda epididymis was incised and
semen was pressed on a pre-warmed slide. Two
drops of warm 2.9% sodium citrate were added to
semen and mixed with a coverslip. The percentage
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of sperm motility was evaluated visually (magni-
fication: x40). Motility estimates were performed
from three different fields in each sample. The
mean of the three successive estimations was used
as the final motility score. For sperm count, the left
cauda epididymis was incised and the dripped se-
men was quickly sucked into a red blood pipette
to the 0.5 mark. The collected semen was dilut-
ed with warm normal saline up to the 101 mark.
Approximately 10 pL of the semen mixture was
placed on a Neubauer chamber and viewed (mag-
nification: x40). The total numbers of sperm cells
were counted and expressed as 10%/ml (26).

Assessment of sperm viability and morphology

Eosin/nigrosin staining was used to determine
sperm viability (percentage of live spermatozoa).
A drop of semen (50 pL) with two drops of the
stain (100 uL) was placed on a microscope slide.
Thin smears were then prepared and observed
under a light microscope (magnification: x100).
While viable sperms remained colorless, non-
viable sperms appeared red. The stained and un-
stained sperm cells were counted. The mean val-
ues for each group were then recorded and used
in percentage viability calculation. In order to de-
termine the percentage of morphologically abnor-
mal spermatozoa, eosin-nigrosin staining was per-
formed, and the slides were viewed under a light
microscope (magnification: x100). A total of 200
sperm cells were examined on each slide, and the
head, tail and total abnormality rates of spermato-
zoa were expressed as a percentage (27).

Histological analysis

In brief, an abdominal incision was made, while the
testes were carefully dissected and fixed in 10% for-
mal-saline. After paraffin embedding, the sections of 5
um thickness were obtained using a rotary microtome,
stained with Heidenhain’s Azan, and observed under a
light microscope (magnification: x200) (28).

TUNEL method for analysis of apoptosis

The in-situ DNA fragmentation was visualized by
terminal deoxynucleotidyl transferase dUTP nick
end labeling (TUNEL) method. Briefly, dewaxed
testis sections were predigested with 20 mg/ml
proteinase K for 20 minutes and incubated in phos-
phate buffered saline (PBS) solution containing 3%
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H,O, for 10 minutes to block the endogenous per-
oxidase activity. The sections were incubated with
the TUNEL reaction mixture, fluorescein-d UTP
(Roche Applied Science, Germany), for 60 minutes
at 37°C, according to the manufacturer’s instruc-
tions. The slides were then rinsed three times with
PBS and incubated with secondary anti-fluorescein-
POD-conjugate for 30 minutes. After washing three
times in PBS, Hoechst stain (Sigma-Aldrich, USA)
was added for chromogenic reaction. As a control
for method specificity, the step using the TUNEL
reaction mixture was omitted in negative control
serial sections, so nucleotide mixture in reaction
buffer was used instead. The apoptotic index was
determined at 10-random locations within each
seminiferous tubule. In all groups, 100 seminiferous
tubules for each animal were recorded (29).

Statistical analysis

The normality of continuous variables was con-
firmed using the Kolmogorov-Smirnov test. Data
were reported as mean = SE and analyzed with one-
way analysis of variance (ANOVA) and Tukey’s
test for post-hoc analysis. P<0.05 were considered
significant. All analyses were performed with the
Statistical Package for the Social (SPSS) for Win-
dows 16.0 (SPSS Inc., USA).

Results

Effects of curcumin and aluminum on sperm
characteristics, the testis and body weight

Significantreductions in sperm count (P=0.0001),
motility (P=0.0001), viability (P=0.001), and mor-
phology (P=0.001) were detected in rats treated
with Al chloride compared to control group.
Moreover, sperm parameters were significantly

higher in rats treated with CUR alone (P=0.0001)
compared to those treated with Al chloride, but
this value was the same in control group (P>0.05).
Rats treated with CUR+AI chloride had signifi-
cantly higher sperm count (P=0.001), motility
(P=0.006), viability (P=0.001), and morphology
(P=0.001) compared to Al-treated rats (Table 1,
Figs.1, 2). As Table 1 shows, while the testis and
body weights were significantly reduced in Al-
treated rats (P=0.001) compared to control group,
the values were similar in other groups (P>0.05).

Fig.1: Assessment of sperm viability in rats treated by eosin-ni-
grosin stain (magnification: x1000).
A. Alive sperm and B. Dead sperm.

Table 1: Changes in body weight, testis weight, sperm count, sperm motility, sperm viability and sperm abnormalities in experimental groups

Parameter Experimental group
Control Solvent CUR Al CUR+AI

Body weight (g) 276.1 +3.1° 279.6 + 3.8 284.4+5.1° 2452 +4.2° 280.6 = 5.4°
Testis weight (g) 1.36 + 0.04° 1.35 +0.05° 1.37+0.03* 1.09 +0.02° 1.34 +£0.04*
Sperm count (10%/ml) 36.22 £2.8% 36.02 + 3.5a° 454 +3.5° 17.5+1.1° 32.6 1.9
Sperm motility (%) 84.8 £ 1.7 823 +3.1a° 87.1+1.7* 439+3.8° 68.3 £6.3°
Sperm abnormalities (%) 12.34 £ 1.5% 12.5+ 1.4a° 9.5+0.7° 40.1+£3.2° 20.4 +£2.8¢
Sperm viability (%) 79.8 £2.4° 78.5+2.7* 88.9+1.9° 36.3+3.2° 60.7 £2.7°

Data are shown as mean * SE. Means within the same row with different letters are significantly differed (P<0.05) using ANOVA, Tukey's test. CUR; Curcumin and

Al; Aluminum.
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Effect of curcumin and aluminum on reproduc-
tive hormones

We observed that testosterone and LH levels
were significantly lower in Al-treated rats com-
pared to other groups (P=0.01). Testosterone and
LH levels were higher in CUR-treated group than
all other groups. LH and testosterone levels in
CUR+ALl treated group were significantly (P=0.04)
different from Al-treated group, but this value was
not significantly different compared to control and
CUR-treated rats (P>0.05, Table 2). There was also
no significant differences in FSH levels among the
five groups (P>0.05).

Effects of curcumin and aluminum on lipid per-
oxidation status

Rats treated with Al chloride in comparison with
other groups showed significantly increased MDA
levels (P=0.01) and significantly decreased SOD
activity (P=0.0001). Treatment with CUR-+AI
chloride resulted in significant improvement of
LPO status when compared with Al-treated rats
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(P=0.001), but this value was not significantly dif-
ferent compared to control and CUR-treated rats
(P>0.05, Table 2).

Effects of curcumin and aluminum on the struc-
ture of the testes

Al chloride treatment led to degeneration and
necrosis with a significant reduction in the diam-
eter of seminiferous tubules and germinal epi-
thelium thickness compared to the control group
(P=0.0001). Moreover, the lumen diameter of
tubules was significantly higher in Al-treated
rats than in the control group (P=0.0001). This
effect was milder in rats treated with CUR+ALI
chloride, while the values in this group were
close to those in the control group. The diam-
eter of seminiferous tubules, germinal epitheli-
um thickness and the lumen diameter of tubules
were similar in CUR-treated rats and control
group (P>0.05, Table 3, Fig.3). In addition, we
observed no significant difference in the nuclear
diameter of spermatogonia among the groups
(P>0.05, Table 3).

Table 2: The changes of FSH, LH, Testosterone, MDA and SOD levels in experimental groups

Parameter Experimental group

Control Solvent CUR Al CUR+ALI
FSH (IU/L) 233+04 2.35+£0.3° 23+04 2.7+0.6* 2.13+£0.2°
LH (IU/L) 23+0.42° 2.6 +04° 2.84+0.45° 0.73£0.07° 2.2+0.32
T (ng/ml) 3.7+0.6° 3.6+0.7° 4.1+0.5° 1.3+0.3° 3.6+0.7°
MDA (nmol/ml) 4.8 +0.44° 5.01 +£0.43* 4.1+0.53* 7.4+ 0.65° 5.16 £0.54*
SOD (U/ml) 8.26 £ 0.4 8.27+£0.332 8.93 +0.43° 3.26 +£0.42° 7.5+0.43°

Data are shown as mean * SE. Means within the same row with different letters are significantly differed (P<0.05) using ANOVA, Tukey’s test. CUR; Curcumin, Al;
Aluminum, FSH; Follicle stimulating hormone, LH; Luteinizing hormone, T; Testosterone, MDA; Malondialdehyde, and SOD; Superoxide dismutase.

Table 3: The changes of histopathology on rat testis in the experimental groups

Parameter Experimental group

Control Solvent CUR Al CUR+AI
The diameter of seminiferous 181.27+0.8" 181.77 £ 0.6 184.32 £ 1.5° 157.19+1.2° 180.66 + 1.3*
tubules (p)
The lumen diameter of tubules (n) 77.02 + 1.5° 77.03 £1.4* 74.48 £ 1.45° 98.93 £0.73° 78.74 +0.82*
The nuclear diameter of spermato- 4.71 £ 0.01? 4.70 £0.01° 4.75+0.02° 4.69+0.01° 4.70+£0.01°
gonia (i)
Germinal epithelium thickness (n) 56.29 + 0.4 55.16 £0.8* 57.39+0.6* 36.46 + 0.6° 51.56 £ 0.9*

Data are shown as mean * SE. Means within the same row with different letters are significantly differed (P<0.05) using ANOVA, Tukey’s test. CUR; Curcumin and Al;

Aluminum.
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Fig.2: Some of abnormal sperm tail and head morphology af-
ter aluminum exposure by eosin-nigrosin stain (magnification:
x1000). A. Amorphous head, B. Cytoplasmic droplet, C. Amor-
phous mid-piece and tail, and D. Coiled or curled tail.
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Fig.3: Photomicrographs of transverse sections in the tes-
tis (Heiden hain’s azan stain, 5 pum sections, magnification:
x100). A. Testis of control group showing normal histologi-
cal structure of seminiferous tubules, B. Testis of aluminum
group showing an increase in the lumen diameter of tubules,
a decrease in the diameter of seminiferous tubules as well as
distorted seminiferous tubules with loss of normal distribu-
tion of epithelial lining and vacuolar cytoplasm (black arrow),
C. Testis of curcumin group showing no histological changes,
and D. Testis of CUR+AI group revealed no histopathological
changes.



CUR Improves Al-Induced Toxicity

Effects of curcumin and aluminum on apoptosis treated rats(P=0.01, Figs.4, 5). Moreover, the num-

Rats treated with Al chloride showed significantly ber of apoptotic. cells were significantly decreased
increased TUNEL-positive cells (P=0.001) in com- in rats treated with CUR alone (P=0.0001) as com-

parison with other groups. Treatment with CUR+AI pared to thosg treated with Al 'al().ne and CUR+A1
chloride resulted in significant increase the number groups, but this value was not significantly different

of TUNEL-positive cells when compared with Al- compared to control group (P>0.05).

35

Number of apoptotic
cells in 100 seminiferous tubules

0

Solvent AL CUR CUR+AL

Fig.4: Photomicrograph of the different groups showing the number of apoptotic cells in 100 seminiferous tubules following TUNEL stain-
ing. Values are expressed as mean * SE (n=8). Values bearing different superscript on the bar diagram vary significantly (P<0.05) using one
way ANOVA and Tukey’s test. Al; Aluminum and CUR; Curcumin.

Fig.5: Effects of CUR and Al on the number of apoptotic cells by fluorescence microscope (magnification: x400). A. Solvent (control), B.
Treated with Al, C. Treated with CUR, and D. Treated with CUR+AIl. Compared with the control group, the number of apoptotic cells were
significantly increased in Al group. The apoptotic of cells (green) can be recognized. Al; Aluminum and CUR; Curcumin.
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Discussion

This study evaluated the toxic effects of Al chlo-
ride in male rat and showed that CUR had the ca-
pability to contrary Al toxicity. The present study
confirmed reductions in body and testis weight
following Al exposure. This is similar to previ-
ous research (6). However, the administration of
CUR ceither alone or in combination with Al chlo-
ride could maintain testis weight at values close to
the control group. This is also in accordance with
previous studies (18, 21, 22). In accordance with
previous findings (30), we observed significantly
lower LH and testosterone levels in the Al-treated
group (compared to the control group). On the
other hand, since LH and testosterone levels were
significantly higher in rats treated with CUR+AI
than in those exposed to Al chloride alone, CUR
could effectively improve sex hormone levels and
decreases the harmful effects of Al. Comparable
findings were also reported by previous research
(31, 32). However, in present study, the FSH val-
ues remained unchanged in all groups. In contra-
ry, in a study, by Al-Nahari and Al Eisa (33) they
have showed that Al injection was significantly
decreased the rate of FSH. This different is prob-
ably due to the differences in dose and duration of
administration.

Al might induce such a reduction in testosterone
levels by blocking calcium channels and hence
down- regulating gonadotrophins secretion in the
hypophysis (34). Al exposure can also suppress
steroidogenesis by increasing testicular nitric ox-
ide concentrations and decreasing cyclic adeno-
sine monophosphate (cAMP) (10). Previous stud-
ies showed that Al injection in rat hypocamp was
significantly decreased the rate of glutamate (35).
Probably blocked voltage sensitive calcium can-
nels (VSCCs) in cells are responsible for gonad-
otropin-releasing hormone (GnRH) synthesis, af-
fecting calcium influx in those cells, and decreased
the GnRH secretion. Since FSH and LH secretion
is promoted by FSH-releasing hormone (FSHRH)
and LH-releasing hormone (LHRH) factors which
are produced in separated zones in hypothalamus
nucleoli, it is probable that Al inhibited LHRH
production in hypothalamus, but did not effect on
FSHRH production (35). In our study, rate of FSH
was not affected, which may be due to the FSH
synthesis mechanism that is different from LH and
not affected by calcium ion.

Int J Fertil Steril, Vol 11, No 3, Oct-Dec 2017 173

Based on our findings, Al exposure decreased
sperm quality. Likewise, previous studies docu-
mented reduced sperm count, motility, and viabil-
ity following Al treatment (36, 37). Furthermore,
the alteration in antioxidant system, a decrease in
cAMP and an increases in nitric oxide production
caused by Al treatment might have been responsi-
ble for the observed reductions in sperm motility
and viability and increased morphological abnor-
mality (12). LH stimulates the interstitial cells of
the Leydig to secrete testosterone (34). Therefore,
a reduction in LH and testosterone levels in the
present study, which are critical to spermatogen-
esis, following Al exposure can justify the reduced
sperm count in Al-treated rats. In our study, CUR
treatment significantly improved morphological
normality and sperm count, motility, and viability
in rats receiving Al chloride. In other words, CUR
could counteract the negative effects of Al in the
mentioned- reproductive parameters. Comparable
results were reported by Salama and El-Bahr (19),
Sharma and Singh (21), Jalili et al. (22), Al-Nahari
and Al Eisa (33).

In agreement with previous research (31), the re-
sults of this study showed that Al increased MDA
level (well-known LPO indicator) and reduced
SOD activity. SOD protects spermatozoa against
spontaneous O, toxicity and LPO. Several reports
have suggested that AICI, may inhibit the activity
of SOD. Since ROS have been indicated to have
a role in steroidogenesis and gametogenesis (12),
the mentioned effects might have been responsible
for the reduced reproductive hormones and poor
sperm quality seen in Al-treated rats. The reduc-
tion in sperm counts and sex organ weights follow-
ing Al exposure in the present study can confirm
the role of Al toxicity in increased oxidative stress
and reinforce the role of ROS. Meanwhile, CUR
has been shown to affect several targets in cells for
its biological activity, while it reduced LPO and
enhanced antioxidant levels in rats (13). CUR ex-
hibits protective effects against oxidative damage
by decreasing the levels of free radicals, through
its free radical scavenging activity, particularly
against oxygen radicals, which inhibit sulthydryl
(SH)-group oxidation. It inhibits nuclear fac-
tor kappa B (NF-kB) activity, cyclooxygenase-2
(COX-2), and mitogen-activated protein kinase
(MAPK) expression, while it modulates release of
several cytokines and testicular enzyme activities,



mRNA expression of 17 B-hydroxysteroid dehy-
drogenase (17B-HSD) and cytochrome P450 side-
chain cleavage (CYP450scc) enzyme in steroido-
genesis (13). It seems that CUR raises testosterone
and LH levels and increases the count and motil-
ity of normal sperms in treated groups through
enhancing the anti-oxidant defense by increasing
the expression of anti-oxidant genes in comparison
with Al-treated rats.

Al cytotoxicity may be mediated by free radi-
cals derived from this element and its capabil-
ity to induce apoptosis through a wide variety of
mechanisms including production of ROS, LPO,
cell membrane damage, down regulation of Bax
gene expression, diminished activity of alkaline
phosphatase and cAMP reduction in various tis-
sues (12, 38). In agreement with previous research
(38), the results of this study showed that Al in-
creased the amount of apoptotic cells compared
with control. However, a number of studies have
suggest that CUR, due to inhibition of NF-«B ac-
tivation and cell scattering, can be considered as a
potential therapeutic agent effective against apop-
totic genes to promote cell death and proliferative
processes (39). Assessment of apoptotic cells in
the seminiferous tubules in the testes of rats treat-
ed with CUR+AI showed a significant reduction
in the amount of apoptotic cells compared with Al
group. Comparable results were reported by Aktas
et al. (40). Therefore, we reported that Al induces
oxidative stress and apoptosis in testicular cells,
and that CUR as antioxidant prevents apoptosis
induced by Al

Histopathological analysis in the current study
indicated testicular structures to be different in
Al-treated rats with other groups. In fact, the Al-
treated group had thinner germinal epithelium
and very low spermatid and sperm counts in the
lumen. Similar findings have also been reported
by Guo et al. (10) and Kutlubay et al. (41). This
observation could be attributed to the ability of
Al to cause oxidative stress, cross the blood-testis
barrier, promote lipid peroxidation, and ultimately
damage the biological membrane of the testis. The
low sperm count, motility, and viability, as well as
the high morphological abnormality, seen in Al-
treated rats confirm the mentioned mechanism. On
the other hand, the protective effect of CUR on the
testis may be demonstrated that it inhibits cellular
damage and apoptosis occurring as a result of oxi-

CUR Improves Al-Induced Toxicity

dative stress in the spermatogenic cells of seminif-
erous tubules and Leydig cells (13). Chandra et al.
(42) have reported CUR to maintain normal serum
testosterone levels and prevent the reduction in
sex organ weights following chromium exposure.
In a study on male Wistar rats, Sharma and Singh
have highlighted the beneficial effects of CUR on
decreasing the reproductive toxicity caused by lin-
dane (organochlorine pesticide) (21). The protec-
tive effects of CUR have been attributed to its role
in regulating LPO and boosting the antioxidant de-
fense system. More specifically, CUR significantly
decreased the levels of free radicals (through its
free radical scavenging activity), induced the pro-
duction of detoxification enzymes, and provided
protection against degenerative diseases (43). The
findings of the present study suggested that CUR
treatment protected the cellular structure of the
testes by increasing the formation of antioxidant
products and decreasing LPO.

Conclusion

The results of this study highlighted the protec-
tive effects of CUR on male reproductive toxicity
of Al in an experimental rat model. CUR, as pow-
erful antioxidant, was able to reduce Al-induced
damage and improve sperm quality by decreasing
oxidative stress. We believe that further research
on the utility of CUR may indicate its usefulness
as a potential treatment for spermatogenesis after
testicular injury caused by Al treatment in rats.
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Abstract
Background: Polycystic ovary syndrome (PCOS) is a common but complex endocrine
disorder and is the major cause of anovulation and consequent subfertility. In this study
the effect of grape seed extract (GSE) on triglyceride (TG), total cholesterol (TC), high-
density lipoprotein-cholestrol (HDL-C), low-density lipoprotein-cholestrol (LDL-C) and
interleukin-6 (IL-6) in PCOS Wistar rats were assessed.

Materials and Methods: In this experimental study, 84 adult female Wistar rats were
divided into 7 groups (n=12) including control (intact), Sham (estradiol valerate solvent
injection), control PCOS and 4 experimental PCOS groups. To induce the syndrome, a
single subcutaneous injection of 2 mg estradiol valerate was applied. In experimental
groups, PCOS rats were treated with different doses of 50, 75, 100 and 200 mg/kg body
weight (BW) GSE by intraperitoneal injection for 10 consecutive days. After harvest-
ing blood serum, TG was measured by Glycerol-3-phosphate Oxidase-Peoxidase (GPO-
PAP), TC by Cholesterol Oxidase-Peroxidase (CHOD-PAP), and HDL-C by sedimenta-
tion method, LDL-C by Friedwald calculation and IL-6 by ELISA method. The serum
values of each parameter were analyzed using one-way ANOVA at P<0.05.

Results: In all experimental groups significant decrease of visceral fat was obvious as
compared with control PCOS group. LDL-C, TC and IL-6 levels in experimental groups,
particularly at dose of 50 mg/kg of GSE, were significantly decreased as compared with
PCOS group. However, HDL-C levels were not significantly changed.

Conclusion: : According to the findings of this study, it can be concluded that GSE with
its effects on serum TC, LDL-C and IL-6 could reduce the effects of dyslipidemia and
inflammation in PCOS rats and improve systemic symptoms of PCOS.

Keywords: Dyslipidemia, Grape Seed Extract, IL-6, Polycystic Ovarian Syndrome,
Wistar Rat
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Introduction

One of the most common endocrine disorders in
women is polycystic ovarian syndrome (PCOS), af-
fecting about 5 to 10% of women of reproductive age
(15 to 45 years old) (1). PCOS was first described in

1935 by Stein and Leventhal (2). PCOS is a hetero-
geneous disease with a spectrum of endocrine pro-
tests such as polycystic ovarian morphology, ovarian
follicular theca cell hyperplasia, chronic anovula-
tion, menstrual disturbances and infertility. Common
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metabolic symptoms associated with this disease are
obesity, hyperandrogenism, resistance to insulin and
cardiovascular disorders. Women with PCOS demon-
strate many features similar to metabolic syndrome,
including dysfunction of the hypothalamic-pituitary-
adrenal (HPA) axis, hyperinsulinemia, increase in cy-
tokines and fat-derived factors and dyslipidemia (3).

Dyslipidemia in PCOS is characterized by in-
creased triglycerides (TG) and decreased high
density lipoprotein-cholesterol (HDL-C) (4). The
classic criteria of atherogenic lipoprotein profile,
characterized by elevated TG-rich lipoproteins,
lower HDL levels, and higher low density lipo-
proteina (LDL)/HDL ratios, is the most distinc-
tive characteristics of PCOS women, especially
the obese ones (3). Besides conjunction of PCOS
symptoms with those associated with metabolic
syndrome, there is some evidence to present PCOS
as a pro-inflammatory state (5). Blood levels of
inflammatory markers, such as tumor necrosis
factor-alpha (TNF-a), interleukin-6 (IL-6) and C-
reactive protein (CRP), are higher in women with
PCOS than in controls matched for body mass in-
dex (BMI) and age (6). Most studies have reported
a close relationship between levels of the inflam-
matory markers and insulin resistance/obesity,
particularly central obesity (7). The location of
IL-6 gene in humans is on the short arm of chro-
mosome 7, and in mice it is on the proximal region
of chromosome 5 (8). IL-6, a major proinflamma-
tory cytokine, is produced in a variety of tissues,
including activated leukocytes, adipocytes, and
endothelial cells (9).

Grape is a plant growing throughout the world,
and its ingredients and properties have been widely
examined. One of the most abundant ingredients of
grapes are phenolic compounds which are present
in large amounts (10). Grape seed is one of the rich-
est sources of polyphenols (11), which exhibit anti-
oxidant, free radical scavenging properties, and lipid
lowering effects (12). The most common polyphe-
nols of grape seeds are procyanidins ranging in size
from monomers to long-chain polymers, such as cat-
echin, epicatechin, and procyanidin B2 (13). Because
of its different properties, grape seed extract (GSE)
has been proposed to be a good nominee for decreas-
ing metabolic and cardiovascular changes related to
obesity and metabolic disorders (14). United States
Food and Drug Administration (FDA) in 2011 rec-
ognized grape seed and skin extracts to be safe, due
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to their health food ingredients (15). Relying on the
fact that the antioxidant effects of GSE are 20 times
greater than vitamin E and 50 times greater than vi-
tamin C, the aim of this study was to determine the
impacts of GSE on lipid profile and one of the main
inflammatory markers, IL-6, in PCOS rat model.

Materials and Methods
Grape seed extract preparation

Red grape (Vitis vinifera) was obtained from the
city of Arak (Iran) and then washed and dried. Seeds
were separated from grapes and were ground in a
grinder (Shimaz, Iran). The powdered grape seeds
(75 g) were added to 200 ml of 70% ethanol and
were maintained in incubator (Fanazmagostar, Iran)
for 24 hours at 40°C, rotated daily for three hours on
a rotator device at 200 rpm and filtered by a filter pa-
per Whatman No. 1. The solvent was then removed
using a rotary evaporator (Hoilph, German). This
procedure was repeated three times, and all collected
samples were kept at -20°C. Shortly before each ex-
periment 50, 75, 100 and 200 mg/kg of the dry ex-
tract was dissolved in 0.9% normal saline as solvent
(Cytomatin gene, Iran).

Animals

In this experimental study, 84 female Wistar rats
weighing 160 + 20 g were used. Animals were kept
in the animal maintenance and breeding center of
Kharazmi University, in special cages under appro-
priate environmental conditions and desired tem-
perature of 20-24°C, in 12-hours light/dark cycles
and with free access to food and water. Rats with a
2-3 regular estrous cycles during the twelve to four-
teen days of vaginal smear, and in the estrous phase
of their reproductive cycle were chosen for experi-
ments. To induce PCOS phenotype a variety of hor-
monal and non-hormonal techniques exist including
treatments with testosterone, estradiol valerate (EV),
dehydroepiandrosterone (DHEA), adrenocortico-
tropic hormone (ACTH) or long-term use of light.
In this study hormonal induction of PCOS by EV
(Aburaihan Co., Iran) was used. Rats were divided
into 7 groups (n=12) including control (intact), sham
(estradiol valerate solvent injection), control PCOS
and 4 experimental PCOS groups. PCOS was in-
duced by a single subcutaneous injection of 2 mg
EV. Sham group received a similar dose of sesame
oil as a solvent of EV and the control group had no



injections. Successful induction of the syndrome was
achieved by eight weeks showing symptoms such as
irregular estrous cycle and occurrence of the persis-
tent vaginal cornification (PVC) phase. After ensur-
ing that the syndrome was induced, PCOS rats were
divided into 5 groups, named as control PCOS group,
and 4 experimentals (n=12 each). The experimental
groups received 50, 75, 100 and 200 mg/kg body
weight (BW) GSE by intraperitoneal injections for
10 consecutive days. Five days after the last injec-
tion, rats of all groups were sacrificed with carbon
dioxide inhalation and their blood was taken off from
left ventricle and serum samples were separated by
centrifugation at 6,000 rpm for five minutes. Samples
were stored at -20°C prior to examining the expres-
sion of IL-6 and lipid profile.

Lipid profile measurements

After 10 hours of fasting, 5 ml of rat blood was col-
lected in sterile bottles and allowed to clot for about
an hour at 37°C. Then serum was separated and
stored at -20°C. The serum level of TG were evaluat-
ed by the Glycerol-3-phosphate Oxidase-Peoxidase
(GPO-PAP), as End Point Assay. Total cholesterol
(TC) by Cholesterol Oxidase-Peroxidase (CHOD-
PAP) and the HDL-C level was determined after li-
poproteins were precipitated . The LDL-C level was
by the Friedewald’s equation (16).

VLDL=TG/5

LDL=TC-HDL-VLDL

IL-6 assay

The amount of IL-6 in blood serum was meas-
ured by ELISA using a rat IL-6 platinum ELISA kit
(Bender Medsystems, Austria). The sensitivity of the
assay for IL-6 was 12 pg/mL.

Statistical analysis

All data were presented as mean + SE. Statistical
significance was evaluated with one-way analysis of
variance (ANOVA) using SPSS18. Significant dif-
ferences between groups were measured using Tukey
tests. P<0.05 was considered significant and relevant
histograms were drawn by the EXCEL program.

Ethical considerations

All research animals were treated in compliance
with the guidelines for the care and use of animals
approved by our institutions in accordance with the

Effect of Grape Seed on PCOS in Rats

principles of laboratory animal care (NIH Guide for
the Care and Use of Laboratory Animals, Institute of
Laboratory Animal Resources, National Research
Council, Washington, D.C.) (code: No. 616.18)

Results

In all 4 experimental PCOS groups treated with
GSE, notable reduction of visceral fat was observed
as compared to sham, control and control PCOS
groups (Fig.1). In the PCOS group treated with 200
mg/kg GSE, a severe inflammation of abdominal
cavity and intensive changes in the appearance of
liver and abdominal cavity was observed, indicating
the destructive effects of the high dose applied.
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Fig.1: Ovary morphology showing decrease in visceral fat in
the grape seed extract (GSE) treated groups compared with
control and polycystic ovary syndrome (PCOS). Fat tissue in
the abdominal cavity, particularly around the uterus and ova-
ries decreased in PCOS treatment groups. A. Control group,
B. PCOS group, C. PCOS group treated with 50 mg/kg GSE, D.
PCOS group treated with 75 mg/kg GSE, E. PCOS group treated
with 100 mg/kg GSE, and F. PCOS group treated with 200 mg/
kg GSE.

As shown in Figure 2, a significant increase in the
serum levels of TC, TG and LDL-C, but not HDL-
C, was observed in PCOS group as compared to the
sham and control groups (P<0.05).
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Fig.2: Comparison of lipid profile levels in polycystic ovary
syndrome (PCOS) group as compared to the sham and control
groups. The serum level of TC, TG and LDL-C in PCOS com-
pared with sham and control groups have shown significant
increases.

TC; Total cholestrol, TG; Triglyceride, LDL-C; Low-density li-
poprotein-cholestrol, HDL-C; High density lipoprotein-chole-
strol, *; P<0.05, *; P<0.01, and **"; P<0.001 compared with
control and sham (treated with 0.9% normal saline).



Concentration of TC was significantly lowered in the
GSE50 and GSE200 groups as compared with con-
trol PCOS group. On the other hand, TG plasma con-
centration was significantly decreased in the GSE100
and GSE200 groups compared to the control PCOS
group. LDL-C level was significantly reduced in the
75 and 200 mg/kg GSE as compared with control
PCOS group (P<0 .001). Comparison of HDL-C lev-
els did not show significant differences between GSE
treated groups and PCOS group (Fig.3).
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Fig.3: Comparison of the lipid profile levels in grape seed extract
(GSE) treated groups with polycystic ovary syndrome (PCOS)
group. Lipid profile showed decrease in GSE groups compared
with PCOS.

TC; Total cholestrol, TG; Triglyceride, LDL-C; Low density lipo-
protein-cholestrol, HDL-C; High density lipoprotein-cholestrol,
GSE50; PCOS treated with a dose of 50 mg/kg GSE, GSE75; PCOS
treated with a dose of 75 mg/kg GSE, GSE100; PCOS treated with
a dose of 100 mg/kg GSE, GSE200; PCOS treated with a dose of
200 mg/kg GSE, *; P<0.05, **; P<0.01, and ***; P<0.001 compared
with PCOS.

In Figure 4A a significant increase in the amount of
IL-6 in control PCOS group compared to the control
and Sham groups was observed (P<0.001). By com-
paring PCOS groups treated with different doses of
GSE with control PCOS group, a significant decrease
in IL-6 level was observed (Fig.4B).
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Fig.4: Comparison of interleukin-6 (IL-6) levels between groups.
A. Serum interleukin-6 (IL-6) concentrations showed significant
increase in polycystic ovary syndrome (PCOS) group compared
to the control and sham groups and B. Comparison of IL-6 lev-
els in grape seed extract (GSE) treated groups with PCOS group.
A significant reduction in GSE treated groups were observed as
compared with PCOS group.

GSES50; PCOS treated with a dose of 50 mg/kg GSE, GSE75; PCOS
treated with a dose of 75 mg/kg GSE, GSE100; PCOS treated with
a dose of 100 mg/kg GSE, GSE200; PCOS treated with a dose of
200 mg/kg GSE, *; P<0.05, **; P<0.01, and ™*; P<0.001.

Discussion

PCOS is related to various patterns of dyslipi-
demia including reduced HDL-C, high levels of
TG, TC and LDL-C (17). Our analysis of serum
lipids showed increase in the TC, TG and LDL-C
levels after the induction of PCOS by EV. Abdom-
inal fat accumulation has been observed in about
half of PCOS patients (18). Obesity is a classic
characteristic of PCOS, with 30-60% of patients
being overweight to some degree (19). Increased
abdominal fat has been linked to insulin resistance
and increased cardiovascular risk. Because many
patients with PCOS present abdominal obesity,
it may be the cause of insulin resistance seen in
PCOS (20). In the present study, similar to previ-
ous studies, an increase in external visceral fat in
PCOS rats was observed. IL-6 modulates the ac-
tion of aromatase, a key regulatory enzyme for es-
trogen metabolism (21); The release of IL-6 into
the systemic circulation and the fact that this re-
lease is greater in obese subjects support a possible
novel role for IL-6 as a systemic regulator of BW
(an adipostat) and a regulator of lipid metabolism.
IL-6 receptors are present in the hypothalamus,
which also supports the idea that this cytokine has
direct central actions (22).

Dyslipidemia, type 2 diabetes and cardiovas-
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cular disorders and the link between these condi-
tions has been assumed to be chronic inflamma-
tion. Visceral obesity has been defined as a state
of low-grade inflammation because visceral adi-
pose tissue is able to produce cytokines (TNF-a,
IL-6, and IL-1), chemokines (IP-10, IL-8, IL-18,
monocyte chemotactic protein-1 (MCP-1), and
regulated on activation normal T expressed and
secreted (RANTES), and other adipokines, free
fatty acid (FFA), plasminogen activator-1 (PAI-1,
leptin, resistin, visfatin, and adiponectin) that act,
directly or indirectly, as mediators of systemic in-
flammation (23). Linscheid et al. (24) showed that
adipose tissue emerged as an important source of
pro-inflammatory mediators including TNF-q, IL-
6, and procalcitonin (ProCT). Results of IL-6 in
the present study are in accordance with that of
Kershaw and Linscheid.

Studies of Charradi et al. (14) showed that GSE
is a safe anti-obesity and cardioprotective agent
that should also have potential benefits in other
inflammatory damaging conditions like stroke.
Epidemiological studies report an inverse asso-
ciation between GSE consumption and mortality
from cardiovascular diseases (25). In numerous
studies, flavonoids and their derivatives have been
reported to reduce LDL oxidation in both humans
and animal models (26). Studies using flavonoids
have also shown reductions in plasma lipids and
multiple effects on lipoprotein metabolism (27).
GSE prevents the differentiation of adipocytes
in vitro (28). In the present study, all doses of 50,
75, 100, 200 mg/kg GSE decreased visceral fat in
the treated rats. However, with lower doses of (50,
75 mg/kg) GSE, appearance of the ovary tissue
was normal. Measuring the granulosa layer thick-
ness in PCOS groups treated with GSE revealed
significant increase as compared with the control
PCOS group. The diameter of theca layer of antral
follicles in PCOS groups treated with GSE at dos-
es of 50 and 75 mg/kg showed significant decrease
as compared with the control PCOS group.

We have previously shown that in doses of 50,
75, 100 mg/kg of GSE, the number of small folli-
cles, antral and Graafian follicles, and in all 4 dos-
es the number of corpus luteum has significantly
increased, indicating a dramatic improvement in
the polycystic ovaries (29). Since GSE at a dose
of 200 mg/kg caused remarkable visceral inflam-
mation, accumulation of fluid in the peritoneal
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cavity and severe damages to various organs (es-
pecially the liver), at this dose it was considered
as toxic, and two doses of 50 and 75 mg/kg GSE
due to their improving effects on systemic PCOS
symptoms were considered as effective doses.
Grape seeds possess cardioprotective effects by
alleviating inflammatory conditions and reduc-
ing oxidative stress (30). Besides the free radical
scavenging and antioxidant activity, pro-anthocy-
anidins exhibit vasodilatory, anti-carcinogenic,
anti-allergic, anti-inflammatory, anti-bacterial,
cardioprotective, immune stimulating, anti-viral
and estrogenic activities, as well as being inhibi-
tors of the enzymes phospholipase A2, cyclooxy-
genase and lipooxygenase (31).

Schewe et al. (32) showed that GSE has anti-
inflammatory properties. Terra et al. (33) showed
that orally ingested GSE helps preventing im-
balanced cytokine patterns. Polyphenols in GSE
could therefore be responsible for an anti-inflam-
matory effect in experimental studies (34). Terra
et al. (33) demonstrated that induction of IL-6,
CRP, and TNF-a expressions by high fat diet
were reduced by adding procyanidins extract to
the diet. They also showed that procyanidins re-
duced macrophage level. So, the inhibition of the
cytokine expression in adipose tissue might be
due to a decrease in the number of macrophages,
but procyanidins mayalso directly affect the pro-
inflammatory pathways in both adipocytes and
macrophages. In any case, these findings dem-
onstrate the potential effects of procyanidins on
such low-grade inflammation-related diseases as
obesity.

In an in vitro study by Moreno, GSE showed the
inhibitory effects on fat metabolizing enzymes-
pancreatic lipase and lipoprotein lipase activities
and on lipolysis of 3T3-L1 murine adipocytes.
This inhibiting activity suggests that GSE might
be useful as a treatment to limit dietary fat absorp-
tion and the accumulation of fat in adipose tissue
(35). Grape seeds contain numerous polyphenols
including resveratrol and quercetin and have been
used in an effort to treat conditions that comprise
metabolic syndrome. Pigs fed by Resveratrol at a
dose of 100 mg/kg per day for 7 weeks had lower
serum glucose, cholesterol, LDL, systolic blood
pressure, and BMI (36). In the present study, after
induction of PCOS, an increase in the visceral fat
and expression of IL-6 in animals was occurred,



while by using GSE, the level of IL-6, a marker
of inflammation, has been significantly reduced.

Conclusion

According to the results of this study, it can be
concluded that treatment with GSE causes sig-
nificant decrease in visceral fat, cholesterol, TG,
LDL-C and IL-6. Since the adipose tissue produc-
es the IL-6, treating with GSE might be helpful for
reducing adipose tissue, which is the main source
of IL-6. By lowering the levels of IL-6, choles-
terol, TG, LDL-C, dyslipidemia and inflammatory
symptoms of PCOS will be improved.
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Abstract
Background: /n vitro fertilization (IVF) and intracytoplasmic sperm injection (ICSI) are
two important subsets of the assisted reproductive techniques, used for the treatment of
infertility. Predicting implantation outcome of IVF/ICSI or the chance of pregnancy is
essential for infertile couples, since these treatments are complex and expensive with a
low probability of conception.

Materials and Methods: In this cross-sectional study, the data of 486 patients were
collected using census method. The IVF/ICSI dataset contains 29 variables along with
an identifier for each patient that is either negative or positive. Mean accuracy and mean
area under the receiver operating characteristic (ROC) curve are calculated for the clas-
sifiers. Sensitivity, specificity, positive and negative predictive values, and likelihood ra-
tios of classifiers are employed as indicators of performance. The state-of-art classifiers
which are candidates for this study include support vector machines, recursive partition-
ing (RPART), random forest (RF), adaptive boosting, and one-nearest neighbor.

Results: RF and RPART outperform the other comparable methods. The results revealed
the areas under the ROC curve (AUC) as 84.23 and 82.05%, respectively. The impor-
tance of IVF/ICSI features was extracted from the output of RPART. Our findings dem-
onstrate that the probability of pregnancy is low for women aged above 38.

Conclusion: Classifiers RF and RPART are better at predicting IVF/ICSI cases compared
to other decision makers that were tested in our study. Elicited decision rules of RPART
determine useful predictive features of IVF/ICSI. Out of 20 factors, the age of woman,
number of developed embryos, and serum estradiol level on the day of human chorionic
gonadotropin administration are the three best features for such prediction.

Keywords: In Vitro Fertilization, Intracytoplasmic Sperm Injection, Clinical Decision
Support, Data Mining
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Introduction

Assisted reproductive technologies (ART) include
all treatments that are used for in vitro handling of
human oocytes and sperms or of the embryos to es-

tablish a pregnancy (1). Infertility is defined as a cou-
ple’s inability to conceive after 12 months of regular
unprotected intercourse (2). Among ART treatments,
Invitro fertilization (IVF) and intracytoplasmic sperm
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injection (ICSI) are well-known methods for infertil-
ity treatment. The process of IVF involves ovarian
stimulation, oocyte retrieval, fertilization, embryo
culture, and transferring embryos to the uterus (3).
ICSI is another treatment used for infertile couples
that includes injection of a selected sperm into the
oocyte cytoplasm (4).

IVF and ICSI have almost similar variables in
terms of demographical and clinical features. The
latest study in Iran (5) demonstrates that the total av-
erage rate of infertility is about 10.9% of the popula-
tion. This study states that among patients of several
infertility clinics in the country, 78.4% had primary
and 21.6% had secondary fertility factors. The re-
sults yield 34.0% of the average percentage for male
factor, 43.5% for female factor, 17.1% for both fac-
tors, and 8.1% for unexplained infertility. Ovulatory
dysfunction was the most frequent etiologic factor
among female causes in that study.

Today, many couples suffering from infertility
try ART to have a baby and ask about the probabil-
ity of pregnancy due to several reasons. Firstly, due
to the high cost of IVF and ICSI treatments in Iran,
some couples cannot afford the cost of these treat-
ments. Next, the probability of conception is 20
to 25% in a normal reproductive cycle (3), which
by ART increases to about 30-40% in each cycle;
however, it is still considered to be low. Lastly,
ART consists of multiple steps that are time con-
suming and difficult to tolerate by infertile women.
There are also three main clinical causes that make
predicting pregnancy outcome necessary. First,
there are many prognostic factors to this treatment
that determine the chance of conceiving, which in
turn make the decision difficult for clinicians. Sec-
ond, using previous cases for this decision seems
to be reliable, while it is a time-consuming task for
clinicians. And last, there might be an alternative
method to IVF and ICSI that a specialist proposes
to couples with a very low chance of pregnancy,
such as adoption, that causes them to call off infer-
tility treatments. Data mining (DM) refers to using
machine learning, pattern recognition, and statis-
tical techniques to extract knowledge from data,
in this case, patient information, and is a specific
step in the process of knowledge discovery in da-
tabases (KDD) (6). In medical DM, classification
system predicts the class to which the patient be-
longs by learning a model based on input dataset.
Since DM methods perform data analysis and elic-
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it valuable information from data, clinical obstetri-
cians and gynecologists may use such information
for diagnosis and treatment (7). According to Cios
and Moore (8), medical DM can be beneficial for
patients when finding a solution to analyze various
types of clinical data.

In this study, five well-known -classification
techniques in DM are applied to our dataset along
with 5-fold cross validation (CV) for training and
testing. The main purpose of this research was
to choose the best predictive model for calculat-
ing the probability of IVF/ICSI success for each
couple, using a comparative study among various
classifiers. Furthermore, we aimed to find the most
effective factors for prediction of ART success
in infertile couples. Note that classical predictive
models could be used in this study; however, the
methods used here are limited to DM approach to
examine the effectiveness of artificial intelligence
on the subject. In addition, DM discovers patterns
from data and considers computational efficiency
comparing to classical predictive models. There
are several studies performed to predict IVF out-
comes (9-12), where different methods have been
used to predict IVF success with accuracies from
60.6% (9) to 84.4% (11).

In another similar study, unlike the attempts that
solely consider accuracy, Giivenir et al. (11) utilized
the area under ROC curve (AUC) as the performance
criterion since it is practical in evaluating quality of
the algorithm. Our dataset has 17 variables in com-
mon with the study of Guh et al. (10). Some of the
features, like the information about the first and sec-
ond stage culture medias, were not documented in
our infertility center. In the study of Giivenir et al.
(11), 19 variables similar to our database were used.
Some of the variables such as anemia, which were
used in their study were not considered as predictive
features of IVF/ICSI by our infertility specialist as
predictive features of IVF/ICSI, and therefore, were
not used in our study. Finally, another similar study
conducted by Chen et al. (12) used 9 variables in
common with our dataset. The only variable that our
infertility specialists considered a significant predic-
tive feature, which was not seen in previous studies,
was the number of gonadotropin ampules that were
used for our patients.

Materials and Methods
A dataset of 486 labeled records along with 29



variables was gathered belonging to Infertility
Research Center of Mother-and-Child Hospital
in Shiraz, Iran, from 2009 to 2015. Each patient
signed a consent form at the time of admission to
the hospital and before entering the study. This
study was approved by Ethics Committee of Shi-
raz University of Medical Sciences. The type of
this study is cross-sectional and the method of
sampling is census. This dataset contained 131
positive and 355 negative implantations. As far
as the number of negative samples outnumbers

Predicting Outcome of IVF and ICSI

positive ones, this dataset is highly imbalanced.
Required variables for this study were extracted
from paper-based medical records by our trained
staff. In order to use these records for computer
models, data entry process was performed. In this
study, frozen embryo implantation results were
excluded and only fresh embryo transfer was
considered due to the diversity of some features
between these two transferring methods. The
name, type, and value of IVF/ICSI attributes are
summarized (Table 1).

Table 1: IVF/ICSI attributes of our dataset

Attribute name Attribute type Attribute value
Age of woman Numeric 18-47

Age of man Numeric 23-70

Body mass index Numeric 14.53-45.78
Secondary fertility Text Yes, no

Tubal factor Text Yes, no

Pelvic factor Text Yes, no
Ovulatory factor Text Yes, no

Uterine factor Text Yes, no

Male factor Text Yes, no
Infertility duration Numeric 1-27
Experience of [VF treatment Text Yes, no

Sperm count Numeric 0-513 (in million)
Sperm morphology Numeric 0-95%

Sperm motility Numeric 0-85%

Follicle stimulating hormone Numeric 0.099-51.7
Anti-mullerian hormone Numeric 0.01-93.93
Antral follicle counts Numeric 2-57

Number of gonadotropin ampoules Numeric 8-110 (in 75 units)
Number of follicles in ultrasound Numeric 1-35

Serum E2 level on the day of hCG administration Numeric 0.95-32840.8
Number of retrieved oocytes Numeric 0-44

Number of oocytes of GV quality Numeric 0-8

Number of oocytes of MI quality Numeric 0-8

Number of oocytes of MII quality Numeric 0-27

Type of treatment Text IVE, ICSI
Embryo grade Text A,B,C,D
Number of developed embryos Numeric 0-26

Embryo transfer day Numeric 234

Number of transferred embryos Numeric 0-6

IVF; In vitro fertilization, ICSI; Intracytoplasmic sperm injection, hCG; Human chorionic gonadotropin, E2; Estradiol, GV; Germinal vesicle, MI; Metaphase |, and

Mil; Metaphase II.
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Preparation of raw data is one of the most impor-
tant steps in knowledge discovery. The importance of
data preparation is discussed by Zhang et al. (13). This
study asserts that almost 80% of the total efforts were
spent on preparing data. The patients’ records had
missing values in some features; therefore, the power
of classifiers declined in some cases. The most com-
mon methods in literature are case deletion, mean im-
putation, median imputation, and k-nearest neighbor
(KNN) imputation (14).

Since the attributes with missing values in our data-
set had skewed distribution, the missing values of
numerical features are replaced with median and cat-
egorical attributes are filled with the mode of their cor-
responding column. Support vector machines (SVM),
recursive partitioning (RPART), random forest (RF),
Adaptive boosting (Adaboost), and 1NN are the state-
of-art techniques employed in this research for intel-
ligent decision making. These models are compared
to each other for choosing the best option in order to
predict IVF/ ICSI, as well as obtaining the probabil-
ity of each decision rule. For implementation of the
mentioned classifiers, we used R 3.2.3. and a five-fold
stratified CV is utilized for the validation phase. K-fold
CV (15) is a common technique for performance eval-
uation which reports the average output for classifiers.
Since ROC is a good criterion for imbalance datasets,
the AUC of ROC is selected as the performance meas-
ure instead of accuracy. Visualization of ROC curves
is used frequently as performance graphing approach
in medical decision making (16). Finally, sensitivity,
specificity, positive predictive values (PPV), nega-
tive predictive values (NPV), positive likelihood ratio
(LR+), and negative likelihood ratio (LR-) are also cal-
culated (17).

Results

We applied the processed samples to each classi-
fier to calculate AUC and accuracy over 5-fold CV,

and represented them as mean values (Table 2). Each
experiment is repeated 20 times to examine a com-
prehensive combination of data samples. The average
over these experiments for each classifier is reported
besides standard deviation. In addition, specificity,
sensitivity, PPV, NPV, LR+, and LR- are also calcu-
lated for each classifier (Table 3). Our findings sug-
gest that RF and RPART outperform other classifiers
in terms of specificity, PPV, and NPV. RPART predicts
positive cases better than RF; however, negative cases
are classified by RF better than RPART. The higher
value of PPV in RF is due to the lower number of
false positives. Seemingly, the higher number of NPV
in RPART is because of the lower number of false
negatives in confusion matrices of both models. Ada-
boost has generally better values especially in terms
of sensitivity comparing to SVM, and 1NN. While the
specificity of SVM is 88.73% and higher than 1NN,
its value for specificity (14.5%) is very low. Interest-
ingly, given a positive pregnancy, the high positive
likelihood ratio of RF shows a large increase in the
likelihood of pregnancy, and the corresponding value
for RPART implies a moderate increase. However,
the rest of the models result in minimal increases. The
negative likelihood ratios of all classifiers, which are
almost between 0.5 and 1, represent minimal decrease
in the probability of pregnancy.

Table 2: Experimental results of applying SVM, Adaboost, RPART,
RF, and 1NN on our dataset. All values are rounded to two digitis
after the decimal

AUC (%) Accuracy (%)
SVM 57.57+1.51 68.3+1.05
Adaboost 4752445 66.99 +2.85
RPART 82.05+2.34 83.56+0.99
RF 84.23+0.91 83.96 +0.62
INN 50+0 64.84 £ 1.46

SVM; Support vector machines, RPART; Recursive partitioning, RF; Random
forest, INN; One-Nearest-Neighbor, Adaboost; Adaptive boosting, and AUC;
Areas under the ROC curve.

Table 3: Sensitivity, specificity, PPV, NPV, LR+, and LR- of RF, RPART, Adaboost, SVM and 1NN for models. All values are rounded to two

digits after the decimal

Sensitivity (%)  Specificity (%) PPV (%) NPV (%) LR+ LR-
RF 48.85 98.03 90.14 83.86 24.78 0.52
RPART 59.54 91.83 72.90 86.02 7.29 0.44
Adaboost 54.96 70.42 40.68 80.91 1.86 0.64
SVM 14.5 88.73 32.20 73.77 1.29 0.96
INN 35.88 73.52 33.33 75.65 1.35 0.87

PPV; Positive predictive values, NPV; Negative predictive values, LR+; Positive likelihood ratio, LR-; Negative likelihood ratio, RF; Random forest, RPART; Recursive
partitioning, SVM; Support vector machines, 1NN; One-Nearest-Neighbor, and Adaboost; Adaptive boosting.
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Among all tested classifiers in this study,
RPART leads to the most usable information
besides the probability of IVF/ICSI success.
Therefore, we present the significance of the 20
features of IVF/ICSI using RPART (Table 4).
The second column shows the scores of each
feature. Note that only 11 features have specific
values for positive pregnancy because these fea-
tures were significant in RPART decision mak-
ing. The other 9 variables are not considered in
predicting IVF/ICSI outcome, as they did not
have specific values for positive pregnancy. Fig-
ure 1 shows ROC curves for predictive models,
using all of the data samples. As it is apparent,
RF and RPART have higher AUC comparing
to Adaboost, SVM, and 1NN, and the curve of
SVM is closer to the top two classifiers than
INN and Adaboost.

Table 4: Importance of IVF/ICSI variables using RPART

Values for positive

Variable Score pregnancy
Age of woman 14 <38
Number of developed 13 >3 and <16
embryos

Serum E2 level 12 <1040 and >1780
Embryo grade 9 A,Band C
Sperm motility 9 >62%

Type of treatment 5 ICSIT

Sperm count 5 >4.5 million
Embryo transfer day 4 3 and 4 days
AFC 4 <10
Infertility duration 3 <7.5 years
AMH 3 >1.2
?muglr‘g),zrs of transferred 3 Not specific
I:of;azr of retrieved 3 Not specific
gfmug:lli:g of Gonadotropin 3 Not specific
Sperm morphology 3 Not specific
FSH 2 Not specific
Male factor 2 Not specific
Age of man 1 Not specific
Number of follicles 1 Not specific
Ovulatory factor 1 Not specific

IVF; In vitro fertilization, ICSI; Intracytoplasmic sperm injection, RPART;
Recursive partitioning, E2; Estradiol, AFC; Antral follicle counts, AMH; Anti-
Mullerian hormone, and FSH; Follicle stimulating hormone.
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Fig.1: Receiver operating characteristic curves of all classifiers.

Discussion

DM methods used in this research involved a
learning process, which utilizes previous IVF/
ICSI records to predict the outcome of a new test
case. This property improves the decision making
of the physicians using previous cases. The low
probability of success for a test case obtained by
applying DM methods is practical for domain ex-
perts to prevent couples from choosing IVE/ICSI
treatments. SVM, on the other hand, is suitable for
binary classification tasks. It has been employed in
many artificial intelligence fields, such as medical
diagnosis. Since medical datasets are naturally im-
balanced, SVM boundary will be biased in favor
of the class with higher population, hence unsat-
isfactory results of SVM model obtained in this
experiment are expected. KNN is a simple non-
parametric distance-based method used in many
applications. The complexity of kNN is highly de-
pendent on the number of attributes and instances
(18). In a study by Japkowicz and Stephen (19) the
low performance of kNN when facing imbalanced
dataset is demonstrated. Furthermore, kNN per-
formance can be declined in noisy environments
since the neighbors of each input take the decision
about its label.

Although Adaboost is a strong ensemble learner
that can construct a flexible boundary between
the classes, it highly suffers from high sensitiv-
ity to noisy samples. This deficiency is due to the
learning process of Adaboost in which learning of
weak learners is performed sequentially; therefore,
outlier and noisy samples are boosted in succes-
sive iterations and make the learners highly biased
to these samples. The set of [VF/ICSI predictive
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features in our findings indicates that the age of
a women who is seeking IVF/ICSI treatment,
plays the most important role in making a decision
whether to proceed with thesetreatments. Features
with the same score are considered to be equally
significant, like infertility duration and anti-Mul-
lerian hormone (AMH) testing features. In a study
done by Lintsen et al. (20), they claimed that age
of a woman is the key feature in the success of
IVF/ICSI and those with the age of over 35 had a
lower chance of pregnancy. The threshold obtained
by the decision tree method is determined 38 years
old. Another interesting finding is that AMH and
antral follicle count features, which have close
scores to each other, are considered to be accurate
in predicting excessive response of ovarian hyper-
stimulation in IVF/ICSI treatment (21).

It has been previously demonstrated that AUC
performs better than the accuracy index for com-
paring different learning algorithms (22, 23).
Among former investigations, only Giivenir et al.
(11) considered AUC as the main criterion. The
mean AUC obtained in their study was 83.3%,
which is close to the values obtained from RF and
RPART in our study. The age of a woman is also
indicated as the most remarkable feature for two
out of three methods employed in the studies by
Gubh et al. (10); however, the set of features in their
dataset differs from our dataset. One of the major
limitations of this work was the number of IVF/
ICSI records. This problem was mainly due to the
number of incomplete patients’ records available
to us. In addition, the newly-established center
from which our dataset was gathered didn’t have
enough considerable records of patients who did
fresh embryo transfers. The other problem was
missing values that affected the power of classi-
fiers, since missing values decrease the accuracy
of the classifiers. This issue affects the values of
ranked features, providing positive value for preg-
nancy.

A restriction of the current study is that classical
predictive models like Templeton, logistic regres-
sion, and Bayesian method are not considered for
comparison since the focus of this study was only
onaset of DM techniques. Note that logistic regres-
sion, for example, has a major limitation, which
is the features of a dataset should be independent
from each other. For example, follicle-stimulating
hormone (FSH) and AMH are two features that
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have inverse relationship with each other. Also, a
woman’s age has proved correlations with AMH,
FSH, the number of oocytes, and embryo quality.
Nevertheless, in order to obtain a more compre-
hensive comparison, classical predictive models
should have been used besides the DM models ob-
tained in this study. Further studies should develop
a suitable algorithm to tackle the problem of class
imbalance for the classifiers that are sensitive to
dissimilarity of the distribution of the classes. Ide-
ally, it would be very helpful for such predictive
analyses if healthcare institutes around the world
would design a global database for IVF and ICSI,
or ART in general. In that case, the results would
be more generalized and comparable to each other.
Presently, the variability in ART success among
research centers provides different or in some cas-
es contradictory results, which cannot be ignored.

Conclusion

According to the obtained results in the current
study, RF and RPART outperformed the other meth-
ods for pregnancy prediction with AUC of 84.23 and
82.05%, respectively. Besides the issue of classifiers,
knowledge in the form of selected features is extracted
from RPART model. Age of a woman, number of de-
veloped embryos, and serum estradiol (E2) level on
the day of human chorionic gonadotropin (hCG) ad-
ministration are introduced as the best three predictive
features for IVF/ICSL
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Abstract
Background: Multiple pregnancies are an important complication of assisted reproduc-
tive technology (ART). The present study aims to indentify the risk factors for multiple
pregnancies independent of the number of transferred embryos.

Materials and Methods: This retrospective study reviewed the medical records of pa-
tients who underwent intracytoplasmic sperm injection (ICSI) cycles in Royan Institute
between October 2011 and January 2012. We entered 12 factors that affected the number
of gestational sacs into the poisson regression (PR) model. Factors were obtained from
two study populations-cycles with double embryo transfer (DET) and cycles that trans-
ferred three embryos (TET). We sought to determine the factors that influenced the num-
ber of gestational sacs. These factors were entered into multivariable logistic regression
(MLR) to identify risk factors for multiple pregnancies.

Results: A total of 1000 patients referred to Royan Institute for ART during the study period.
We included 606 eligible patients in this study. PR analysis demonstrated that the quality of
transferred embryos and woman’s age had a significant effect on the number of observed sacs
in patients who underwent ICSI with DET. There was no significant predictive variable for
multiple pregnancies according to MLR analysis. Our findings demonstrated that both regres-
sion models (PR and MLR) had the same outputs. A significant relation existed between age
and fertilization rate with multiple pregnancies in patients who underwent ICSI with TET.

Conclusion: Single embryo transfer (SET) should be considered with the remaining embryos
cryopreserved to prevent multiple pregnancies in women younger than 35 years of age who
undergo ICSI cycles with high fertilization rates and good or excellent quality embryos. How-
ever, further prospective studies are necessary to evaluate whether SET in women with these
risk factors can significantly decrease multiple pregnancies and improve cycle outcomes.
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Introduction

At present, the use of assisted reproductive
technology (ART) is expanding worldwide. A re-
lated challenge after ovarian hyperstimulation is
multiple gestation and the health of children born
by ART. Recently, the rate of multiple pregnan-
cies has dramatically increased due to the wide-
spread use of ART (1). Multiple pregnancies are
associated with increased risk of maternal and
fetal complications (2). The ideal of infertility
therapy is to achieve one healthy baby at a time
(3). Despite the attempts to limit the incidence of
multiple pregnancies after ART by elective single
embryo transfer (SET), the average in vitro ferti-
lization (IVF) treatment includes transfer of two,
three or sometimes more embryos into the uterus.
SET, as a clinical practice, has not been executed
in some countries.

Previous studies evaluated embryo and cycle-
specific parameters associated with twin preg-
nancies after double embryo transfer (DET)
(4-8). Niu et al. (4) found that four factors-the
first treatment cycle, good ovarian response,
higher number of top-quality embryos, and de-
velopment stage score of the second-best embryo
transferred had an independent association with
twin pregnancies after DET. Xu et al. (5) report-
ed that women’s age and the number of high-
quality embryos transferred were risk factors
associated with twin pregnancies after IVF with
DET. Groeneveld et al. (6) demonstrated that the
height of the women and the number of oocytes
retrieved were associated with an increased risk
of twins after DET.

In a recent study, Kim et al. (8) concluded that
younger age, higher body weight, and better
quality of transferred embryos showed an asso-
ciation with increased chance for twin pregnan-
cies after DET at cleavage stage. Identification
of risk factors for multiple pregnancies can en-
able medical personnel to provide counseling and
information to couples at high risk for multiple
pregnancies and suggest SET in their infertility
treatment program. The aim of present study is
to evaluate the factors that affect the occurrence
of multiple pregnancies after transfer of two or
three embryos in intracytoplasmic sperm injec-
tion (ICSI) by two different regression analyses
(poisson and Logistic).

Factors Affecting Multiple Pregnancy after ICSI Cycles

Materials and Methods

This retrospective cohort study reviewed the
records of patients referred to Royan Institute be-
tween October 2011 and January 2012. The Insti-
tutional Scientific Board of Royan Institute ap-
proved this study. Admitted patients gave written
consent that stated which the treatment informa-
tion would be used for scientific purposes without
mentioning names or personal details.

The data related to infertile couples who un-
derwent ICSI cycles and included: demographic
information, medical records, and cycle charac-
teristics. Excluded from the study were: women
older than 40 years, uterine factor infertility
(myoma, polyps, and congenital malformations),
recurrent miscarriages, and stages II or III endo-
metriosis. Cycles with donor oocytes or embryos,
preimplantation genetics diagnosis, and blasto-
cyst embryo transfer were also excluded. In this
study we reviewed all ICSI cycles that had com-
plete data. Embryo quality was recorded based on
the fragmentation degree and regularity of blas-
tomeres on day 3 after fertilization, as follows
(9): excellent: 6-8 equal sized blastomeres with
<10% frag mentation; good: 6-8 equal or unequal
sized blastomeres with 10-20% fragmentation;
and fair: uneven sized and few blastomeres with
>20% fragmentation. We calculated the fertiliza-
tion rate according to the number of fertilized oo-
cytes per number of microinjected MII oocytes.
Multiple pregnancies were considered as the ob-
servation of more than one gestational sac with
heart beats by vaginal ultrasound evaluation six
weeks after embryo transfer.

Statistical analysis

The findings were described as mean + SD for
quantitative variables and number (%) for quali-
tative variables. We compared the study popula-
tion characteristics according to the number of
embryos transferred, either DET or triple embryo
transfer (TET) according to the student’s t test
and chi-square test for quantitative and qualita-
tive variables, respectively. To investigate the
relationship between factors and gestational sac,
we used the statistical software STATA 11 pro-
gram and the logistic and poisson regression (PR)
models. On the basis of previous studies (5, 8, 10,
11), the possible variables that affected the num-
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ber of gestational sacs included: women’s age,
body mass index (BMI), infertility type, infertil-
ity cause and duration, acquired uterine anomaly,
endometrial thickness on the day of the human
chorionic gonadotropin (hCG) injection, type of
stimulation protocol, present cycle type, ovarian
response type, total number of gonadotropin am-
pules, total number of retrieved oocytes, number
of MII oocytes, fertilization rate, and quality of
transferred embryos were listed in the PR model
for both study populations (DET and TET). Mul-
tiple logistic regression (LR) model was used to
determine significant variables related to multiple
pregnancies. We considered P<0.05 to be statisti-
cally significant.

Results

A total of 1000 patients referred to Royan Institute
for ART during the study period. We included 606
patients in this study. There were 336 patients with
DET and 270 patients with TET. Table 1 lists the
demographic and medical characteristics of patients
according to group (DET or TET). The women’s

mean age, duration of infertility, and number of
previous ART cycles in the TET group were greater
than those in the DET group (P<0.001). The two
groups showed no significant differences in terms
of BMI, infertility type, endometrial thickness, and
quality of transferred embryos. The DET group had
a higher mean number of retrieved and MII oocytes.
Despite a higher fertilization rate in the TET group,
we observed clinical pregnancy rate between the
two groups (P=0.1).

The distribution of the frequency of the number-
of sacs in the DET and TET groups were shown in
Table 2. The results showed that the mean of the
observed gestational sac in the TET group (0.64
+ 0.88) was greater than the DET group (0.48 =+
0.72, P=0.01). We calculated incidence rate ratios
(IRRs) for explanatory variables by the PR models
to identify the related variables to the number of
observed gestational sacs after the ICSI cycles. If
an IRR is greater than 1, the incidence rate (IR,
sac no.) increases as X (explanatory variable) in-
creases. If an IRR is less than 1, the IR decreases
as x increases.

Table 1: Study population characteristics in patients with double embryo transfer (DET) and three embryo transfer (TET)

Variable DET TET P value
n=336 n=270
Women'’s age (Y) 293+52 322442 <0.0001"
Body mass index (BMI) 252+3.7 25.7+3.8 0.1
Diagnosis infertility 0.09
Female 116 (34.5) 112 (58.5)
Male 220 (65.5) 158 (41.5)
Duration of infertility 59+42 7.5+53 <0.0001"
Type of infertility 0.5
Primary 270 (80.4) 212 (78.5)
Secondary 66 (19.6) 58 (44.6)
Previous ART attempts 1.09+ 1.2 1.6 +2.0 <0.0001"
Number of used gonadotropin ampules 26.8 £11.1 29.1£11.3 0.01"
Endometrial thickness on hCG day 10.3£1.8 10.3£2.0 0.6
Total number of retrieved oocytes 99+5.1 8.6+3.5 0.001"
Number of MII oocytes 84+45 7.6+3.1 0.009"
Quality of transferred embryos 0.1
Fair 28 (8.4) 14 (5.2)
Excellent 48 (14.3) 34 (12.6)
Good 260 (77.3) 226 (82.2)
Fertilization rate 0.59+0.24 0.65+0.22 0.002"
Clinical pregnancy rate 119 (35.4) 112 (44.6) 0.1

Results are presented as mean * SD, n (%). ART; Assisted reproductive technology, hCG; Human chorionic gonadotropin, and *; Significant at the 0.05 level.
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Table 2: Distribution of the frequency of observed gestational
sacs in the double embryo transfer (DET) and triple embryo
transfer (TET) groups

Number of sacs DET TET P value
n=336 n=270
Frequency (%) Frequency (%)

0 217 (64.6) 158 (58.5) 0.01"

1 78 (23.2) 62 (23)

2 39 (11.6) 38 (14.1)

3 3(0.6) 12 (4.4)

*; Significant at the 0.05 level.

The quality of the transferred embryos and wom-
an's age significantly impacted the number of ob-
served sacs in the DET group (Table 3). It means that
the IR of multiple sac in excellent grade embroyos
group was 9 times and meanwhile in good grade
embroyos group was 6 times respect to fair grade
embryos as refrence group. The results showed that
the IRR for women’s age was 0.96 (95% CI: 0.93-
0.99). In other words, one year increases in female
age showed an IR of the observed gestational sac
that decreased 4%. The other explanatory variables
did not impact the number of sacs.

In the TET group, women's age, type of infertil-
ity, and fertilization rate significantly impacted the
number of sacs (Table 4). The IRR for maternal
age was 0.94 (95% CI: 0.90-0.97) and IRR for the
fertilization rate was 6.02 (95% CI: 2.96-12.22).
The one year increase in female age showed an IR
of the observed gestational sac that decreased 6%.

Factors Affecting Multiple Pregnancy after ICSI Cycles

The IR of the observed gestational sac increases 6
times when one unit increases in the fertilization
rate. The results demonstrated that the IR of the
observed gestational sac in patients with second-
ary infertility decreased 42% with respect to those
with primary infertility (Table 4).

All the possible affecting variables that included
women'’s age, BMI, infertility type, infertility cause
and duration, acquired uterine anomaly, endome-
trial thickness on the day of the hCG injection, type
of stimulation protocol, present cycle type, ovarian
response type, total number of gonadotropin am-
pules, total number of retrieved oocytes, number of
MII oocytes, fertilization rate, and quality of trans-
ferred embryos were entered in the multiple loges-
tic regression (MLR) model. The result showed that
women's age, duration of infertility, and number of
transferred embryos were the most important vari-
ables related to multiple pregnancies in this popu-
lation (Table 5). Therefore, we repeated the MLR
analysis in the two separate populations (DET and
TET). The results showed that none of the variables
in the model had a significant association with mul-
tiple pregnancies in the DET group. Multiple LR
showed that in the TET group, women's age and
fertilization rate were significantly related variables
(Table 6). Women with increased age had a 20% re-
duction in the odds for multiple pregnancies. When
the fertilization rate increased one unit, the odds for
a multiple pregnancy increased 19.7 times.

Table 3: Results of poisson regression for assessing the effect of explanatory variables on number of sac in patients with double embryos transfer

Variable Coefficient SE P value IRR (95% CI)
Women age -0.05 0.02 0.004" 0.96 (0.93-0.99)
Quality of transferred embryos
Excellent 2.20 0.73 0.003" 9.00 (2.16-37.50)
Good 1.79 0.71 0.012" 6.01 (1.48-24.37)
Fair Reference - - -

SE; Standard error, IRR; Incidence rate ratio; Cl; Confidence interval, and * ; Significant at the 0.05 level.

Table 4: Results of poisson regression for assessing the effect of explanatory variables on number of sac in patients with three embryos transfer

Variable Coefficient SE P value IRR (95% CI)
Women age -0.07 0.02 <0.001" 0.94 (0.90-0.97)
Type infertility
Primary Reference - - 0.58 (0.37-0.90)
Secondary -0.55 0.23 0.016
Fertilization rate 1.79 0.36 <0.001" 6.02 (2.96-12.22)

SE; Standard Error; IRR; Incidence rate ratio; Cl; Confidence interval, and * ; Significant at the 0.05 level.
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Table 5: Multiple logistic regression analysis by backward manner for
predicting multiple pregnancy in all study population

Variable OR CI
(0.87-0.99) 0.04
(1.00-1.15) 0.03

P value*

Women age 0.93
Duration of infertility 1.07

No. of transferred embryos
Three embryos 1.73
Two embryos

(0.96-3.10)  0.06

Reference

OR; Odds ratio, Cl; Confidence interval, and *; Significant at the 0.05 level.

Table 6: Multiple logistic regression analysis by backward manner for
predicting multiple pregnancy in women with three embryos transfer
in ICSI cycles

Variable OR CI

P value*
(0.79-0.99) 0.06
Fertilization rate 19.7 (2.6-100.6)  0.004

OR; Odds ratio, Cl; Confidence interval, ICSI; Intracytoplasmic sperm injection,
and *; Significant at the 0.05 level.

‘Women age 0.8

Discussion

In present study, on the basis of the PR model, we
found that the quality of transferred embryos and
women’s age had a significant effect on the number
of observed sacs in patients who underwent ICSI cy-
cles with DET. However, based on the multiple LR
model, we found no significant predictive variable for
multiple pregnancy in these patients. Previous stud-
ies reported that maternal age (5, 8), body composi-
tion (6, 8), good ovarian response, cycle number, and
the number of retrieved oocytes (4) had a relationship
to multiple pregnancies after DET. The current study
results showed no impact by body composition, cy-
cle number, number of retrieved oocytes, and type of
ovarian response. In agreement with previous studies
(5, 8), we found that the quality of transferred embryos
significantly influenced the IR of sac numbers. Kaser
et al. (7) stated that there were six risk factor for twin
live births after cryopreserved cleavage stage DET cy-
cles: age <35 years, resumption of mitosis, 7-8 viable
cells in the non-lead embryo, transfer of a lead embryo
with >7 cells and a total of >14 viable cells.

Groeneveld et al. (6), in a large nationwide Dutch
cohort, demonstrated that tall stature and increased
number of retrieved oocytes independently increased
the chance for dizygotic twins after [IVF with DET. In
contrast to this study, we did not find any relationship
between multiple pregnancies and BMI or number of
retrieved oocytes in ICSI cycles with DET.

In agreement with Niu et al. (4), we found that
excellent and good quality transferred embryos in-
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dependently increased the chances of multiple im-
plantation after ICSI with DET. They suggested that
it was advisable to perform SET when patients had
high risk factors for twin pregnancies that included
initial IVF-ET treatment, good or high ovarian re-
sponse, more number of top-quality embryos, and
development stage score of the second best embryo
transferred. Fauque et al. (12) concluded that not
only the implantation and pregnancy rates, but also
the live birth rate depended on embryo quality.

On the basis of our knowledge, the present study
was the first to evaluate risk factors for multiple
pregnancies in patients who underwent ICSI with
TET. Our findings demonstrated that both regres-
sion models (poisson and logistic) had the same
outputs. In both models, women’s age and fertiliza-
tion rate showed significant relationships with mul-
tiple pregnancies in these patients. It could be taken
as a measure of oocyte quality, which has been
shown to be associated with increased implantation
potential. A higher rate of fertilization would likely
result in a higher number of MII oocytes and, con-
sequently, a higher chance of good quality embryos
would be associated with higher chances for multi-
ple pregnancies. In agreement with previous studies
we found a negative correlation between female age
and multiple pregnancies in ICSI cycles with TET.
Younger women had increased implantation poten-
tial and multiple pregnancies (10, 11).

In the present study, we have sought to evaluate
the risk factors of multiple pregnancies after trans-
fer of two or three embryos in ICSI cycles. If the
risk factors of multiple pregnancies could be iden-
tified, we can give proper counseling to couples at
risk for multiple pregnancies and suggest SET in
their infertility treatment programs.

Currently an ideal target is considered in ART;
a healthy baby is the success, not a positive preg-
nancy. The majority of twin or high order multiple
pregnancies (HOMP) are not successful or associat-
ed with poor maternal and neonatal outcomes (13).
De Neubourg and Gerris (14) have reported that the
twin rate after IVF/ICSI dropped by at least 50%
simply by transferring only one good-quality em-
bryo in the first and second fresh IVF/ICSI cycles
in young women, without a reduction in the overall
pregnancy rate. They believed that preventing ‘the
second half* of IVF/ICSI twins constituted anoth-
er, probably tougher challenge because the target



group was a heterogeneous mix consisting of pa-
tients in very different clinical situations. However,
they suggested expanding the SET policy to women
<38 years of age until the third cycle and to cry-
operservation cycles. In many European countries
the SET policy is the primary prevention method
used to prevent multiple pregnancies. However, in
Iran, the transfer of just one embryo, even with ex-
cellent morphology and quality, is taboo because it
is feared that the pregnancy rate will decline (15).
Despite warnings from physicians about the risks
associated with multiple pregnancies, patients that
have long-term infertility problems perceive twin
or multiple pregnancies as blessings from God. In
some cases they are not satisfied with multifetal
pregnancy reduction. However, physicians are ethi-
cally obligated to inform the patients regarding the
risks of multiple pregnancies.

A limitation of the present study is its retrospective
nature; therefore, we could not evaluate the effect of
some possible factors reported in previous studies.

Conclusion

We suggest the SET policy for prevention of mul-
tiple pregnancies in women younger than 35 years
of age who undergo ICSI cycles with high fertili-
zation rates and excellent or good quality embryos.
The remaining embryos should be cryopreserved.
However, further prospective studies are necessary
to evaluate whether SET in women with these risk
factors can significantly decrease the multiple preg-
nancy rate and improve cycle outcomes.
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Abstract
Background: Infertile couples only think of having children during their sexual inter-
course, and their constant concern about this issue increases their stress level. Psycho-
social and social stress leads to decreased life satisfaction, increased marital problems,
and reduced sexual confidence. This study aims to determine the effect of enrichment
program on marital and sexual satisfaction as well as marital intimacy among infertile
couples.

Materials and Methods: This randomized controlled clinical trial was conducted on
50 infertile couples in 2013 in Hamedan. The marital relationship enrichment pro-
gram was taught to the experimental group during seven 90 minutes sessions. Enrich
marital satisfaction, Linda Berg sexual satisfaction, and marital intimacy question-
naires were completed by both groups in 3 pretest steps immediately after the end of
training sessions, and 8 weeks later. The results were analyzed in STATA11 software
using t test, Chi-square, ANCOVA, RM-ANOVA, and Bonferroni post-hoc test. To
check the data normality, Kolmogorov-Smirnov test was used. P<0.05 was consid-
ered significant.

Results: Comparison of mean scores related to pretest on the one hand and imme-
diately after the test in 8 week later on the other hand showed marital relationship
enrichment program significantly increased marital and sexual satisfaction (P<0.001).
Also, mean score of marital intimacy immediately after the test (P=0.04) and 8 weeks
after the test (P<0.001) significantly increased in comparison with the pretest under the
influence of the program.

Conclusion: Enrichment training can increase marital intimacy and also
marital and sexual satisfaction in infertile couples (Registration Number:
IRCT201604299014N97).
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Introduction

Infertility fails to conceive after one year of sex-
ual intercourse without using contraceptives meth-
ods (1). According to the World Health Organiza-
tion’s report, infertility affects approximately 8
million couples around the world and its rate varies
from 5 to 30% in different countries (2). Accord-
ing to Systematic Review and Meta-Analysis con-
ducted on the infertility in Iran, the prevalence of
primary infertility has been reported to be 10.6%
(3). Infertility is considered as a sign of failure and
implies that the person is not perfect. Most people
do not think that they are infertile, so an infertility
diagnosis is a shock for them (4). Anxiety, loss of
self-esteem, shame, and depression caused by in-
fertility damage the infertile couples' sexual func-
tion. Also, diagnosis, investigation, and treatment
of infertility may interfere with their sexual satis-
faction (5). It is estimated that 80% of marital con-
flicts and incompatibilities are caused by couples'
lack of sexual satisfaction (6).

According to the results of Iranian reports, many
couples suffer from lack of satisfaction in their
sexual relations and 50 to 60% of divorces as well
as 40% of sexual infidelity are caused by this factor
(7). Infertility can be adversely associated with re-
lational, sexual and psychosocial wellbeing (8). It
has been reported that infertile couples only think
about having children during their intercourse;
therefore, constant concern about the issue of fac-
ing another failure leads to their increased level of
stress (9). Psychosocial and social stress leads to
decreased life satisfaction, increased marital prob-
lems, and reduced sexual confidence among infer-
tile couples (10). Based on Berg and Wilson (4)
conclusions marital adjustment is reduced with in-
creasing number of years of infertility and marital
distress created. Marital distress is affected by in-
tra couple coping method (11). Marital difficulties
in infertile men and women cause the self-blame
and detachment (12) and marital functioning is de-
creased in infertile couples with treatment process
(13, 14).

For this reason, physical infertility treatments are
not enough by themselves, and paying attention to
the mental needs of infertile couples is an essential
element in infertility treatment (15). Most thera-
pists regard training couples in communication
skills as the first step to improve the performance

Marital Relationship Enrichment Program in Infertility

of couples, because communication problems are
the most widespread complaints expressed by
the couples who seeking (16). There are multiple
approaches preventing marital difficulties or im-
proving marital compatibility, one of which is the
marital relationship promotion program known as
"marital preparation and enrichment" that was first
introduced by Olson and Olson (17). This program
is one of the most successful ones whose efficacy
has been reported in different works (16, 18). The
Enrichment program is one that seeks to improve
couples’ relationships and could determine the fac-
tors and conditions upon which marital satisfaction
and compatibility can be predicted after marriage.
This program includes 4 preventive character-
istics; first, it identifies the factors required by
marital success. Second, it assists couples needing
help to achieve growth and health criteria. Third, it
requires feedback and training for the progress of
couples. Finally, it provides some practices to cou-
ples that could affect their conflict resolution and
communication skills. This program has 6 objec-
tives and contains some exercises to help couples
achieve these objectives with the purpose of en-
couraging them to do planning and cooperate with
each other to deal with major issues (17).

Considering that a desirable sexual relationship
can increase the chance of fertility (19). Infertility
itself can be an important factor in marital dissat-
isfaction (20), and marital satisfaction can have a
mutual influence on sexual satisfaction (21). This
study was conducted to determine the effect of an
enrichment program on marital and sexual satis-
faction as well as marital intimacy of infertile cou-
ples using Enrich marital satisfaction, Linda Berg
sexual satisfaction, and marital intimacy question-
naires in order to specify the effect of this preven-
tive program on the satisfaction rate of infertile
couples in terms of the expressed variables.

Materials and Methods

In this randomized controlled clinical trial partici-
pants were selected from the infertile couples refer-
ring to IVF Center of Fatemieh Hospital, Hamedan,
for treatment in 2013. Using data from the study
by Choobforoushzadeh et al. (22), considering the
sample size at confidence interval (CI) 95%, statisti-
cal power of 0.90, and sample loss, finally, 50 cou-
ples were selected (25 couples in the intervention
group and 25 couples in the control group).
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First, the researcher prepared a list of the couples
who had at least one history of failure in the use
of assisted reproductive methods. After additional
investigations, it was found that only 60 couples
had all the inclusion criteria. From among these in-
dividuals, 50 couples who were willing to partici-
pate in the study were selected based on Helsinki
principles (Fig.1). The random stratified sampling
method was used to randomly assign these indi-
viduals into two experimental and control groups.
For this purpose, the couples were first divided
into two groups with monthly incomes of less than
5 million Rials and equal to or more than 5 mil-
lion Rials. Then, they were divided into two sub-
groups in terms of infertility duration (less than 5
years and 5 years or more) and each of these sub-
groups was divided into three other subgroups
according to education level (elementary, middle
and high school, college). Finally, randomization
was done based on drawing lots in the education
sub-group and the participants were assigned into
two studied groups with the ratio of 1:1. So, the as-

signment sequence was pre-determined. Assigning
individuals to the groups was done by drawing lots
and someone blind to the research, which led to
proper concealment of assignment, but due to the
intervention nature, blinding of the researcher and
participants was not possible. Design, implemen-
tation, and reporting of the study were set based on
the CONSORT statement (23).

Inclusion criteria included: i. Infertile couples
with at least one failure history in infertility treat-
ment using assisted reproductive methods, ii. Pri-
mary infertility, iii. Risk of infertility with female,
male, both, and unknown factors, iv. Willingness to
participate in the study, v. Having reading and writ-
ing literacy, and vi. Having less than 40 in marital
satisfaction score in basis of Enrich marital satisfac-
tion questionnaire. The participants were excluded
from the study for the following reasons: lack of
regular attendance at all sessions, attendance of
only one of the marital partners, or pregnancy oc-
curred during the treatment because the volunteers
did not complete all of the survey instruments.

N
Couples who had the primary criterion for enter the study (history of at least one failure in
assisted reproductive technology) (n=150) )
= Excluded (n =100): )
g Not having all inclusion criteria
< — (n=90)
3 Declined to participate (n=10)
v /
[ Randomized (n=50)
|
v v
4 ] ] N\ 4 N
8 Allocated to intervention group (n=25):
8 Received allocated intervention (n=25) Allocated to control group (n=25)
= Did not receive allocated intervention (n=0)
< ¢ _J g ¢ J
g s N s N
% Lost to follow-up (n=0) Lost to follow-up (n=0)
= Discontinued intervention (n=0) Discontinued intervention (n=0)
o N\ ¢ J (. ¢ J
2 Analyzed (n=25) Analyzed (n=25)
:% - J - J
Fig.1: Flow diagram of the study.
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The data collection tool included demographic char-
acteristics, Persian Enrich marital satisfaction, Linda
Berg sexual satisfaction, and marital intimacy ques-
tionnaires. Persian Enrich marital satisfaction ques-
tionnaire contained 47 questions, 5 of which were re-
lated to children. Since the questionnaire was used for
infertile men and women, these 5 questions were re-
moved in the expert panel formed based on the related
specialists (2 Ph.D. holders in reproductive health, 2
epidemiologists, 2 Ph.D. holders in health education,
and 1 Ph.D. holder in nursing) and the infertile couples
answered 42 questions. The validity of this question-
naire is confirmed in previous studies conducted in this
field (8). The Linda Berg sexual satisfaction question-
naire has 17 questions, whose validity was confirmed
by Salehi Fedardi (24). The marital intimacy ques-
tionnaire’s content validity was confirmed the Oulia
et al. (25) study. Regarding reliability of each of the
employed questionnaires, we obtained acceptable reli-
ability for all tools examined by the Cronbach’s alpha
coefficient analysis (Persian Enrich marital satisfac-
tion, 0.87; Linda Berg sexual satisfaction, 0.91; and
marital intimacy questionnaire, 0.85).

The participants in the study were contacted and

Marital Relationship Enrichment Program in Infertility

asked to return to the center in order to complete the
pretest questionnaires after assigning the individu-
als into two above-mentioned groups. The question-
naires were given to 100 people (50 men and 50
women) as intervention (25 men and 25 women) and
control (25 men and 25 women) groups. The provi-
sional norm of these questionnaires were calculated
separately for the interventional and control groups.
Before performing the research, written informed
consent was obtained from all participants. One ses-
sion of the expert panel was held, in which the respec-
tive professors attended (1 social prevention special-
ist, 1 statistician and epidemiologist, 1 psychiatrist,
and 1 reproductive health specialist) to determine the
best intervention method to promote the marital rela-
tionship of infertile couples. Finally, it was decided
to use the couples' relationship enrichment model.
For the experimental group and based on the cou-
ples' relationship enrichment model, training classes
seven 90 minutes sessions as a group with couples
(men and women at the same time) were held twice
per week, which included indeed, the fourth session
(training on sexual relationship promotion) was held
separately for men and women (Table 1).

Table 1: Marital relationship enrichment program

First session

Objective: Familiarity with the members and expression of the

logic and objectives of the training sessions
Educational content
Acquaintance with the participants
Expression of goals

Conclusion of a contract and getting a commitment for regu-

lar participation
Second session
Objective: Open cognitive interpretation training
Educational content

Studying the problem from the viewpoint of each infertile

couple

Making couples informed about kinds of irrational beliefs

on infertility

Training A-B-C principles in infertility Methods to deal with

irrational beliefs on infertility
Third session
Objective: Training intimacy between couples
Educational content
Defining intimacy and its dimensions
Training how to establish intimacy
Practicing intimacy methods
Feedback on the implementation of solutions
Fourth session
Objective: Training on the improvement of sexual relationship
Educational content
Expressing importance of sexual relationship
Expressing cycle of sexual issues
Factors hindering proper sexual relationship
Diagnosis and intervention
Training about wrong sexual myths

Fifth session
Objective: Evaluating conflict resolution methods
Educational content
Conceptual definition of marital conflict in infertility
Understanding the normality of conflict between couples
Extracting common ways of dealing with conflict among
participants
Training correct principles and practices of conflict reso-
lution on infertility
Practicing proper way of conflict resolution on infertility
Sixth session
Objective: Conflict resolution via teaching problem solving
Educational content
Effect of having self-attitude on the manner of infertility
problem solving
Identifying infertility problem solving process
Steps of problem solving process
Hindering factors of problem solving
Seventh session
Objective: Home management training
Educational content
Training how to deal with infertility problem
Training how to deal with main families
Training how to deal with financial problems of infertility
Training how to deal with gender roles
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In other words, six training sessions were held for
men and women together, and the fourth session was
held separately. The educational program was done
by the researcher with Ph.D. degree in reproductive
health along with a psychologist. Immediately after
the end of the training sessions and 8 weeks later,
sexual and marital satisfaction as well as marital in-
timacy questionnaires were given by someone who
was not aware of the content of the training sessions
and completed by both groups. A pamphlet contain-
ing the instructional materials of enrichment relations
was presented to the control group after the follow-up
completion in order to comply with the ethical issue.

Statistical analysis

Results were analyzed in STATA 11 software
using t test, Chi-square, ANCOVA, Repeated-
Measure ANOVA, and Bonferroni post-hoc test.

To check data normality, Kolmogorov-Smirnov
test was used. P<(.05 was considered significant.

Ethical considerations

This study was approved by the Medical Ethics
Committee of Hamedan University and all partici-
pants gave an informed consent before commenc-
ing the study (code: IRRUMSHA.REC.1395.10).

Results

Participant recruitment and follow-up began in
September and ended in December 2013. Fifty
patients (25 couples) participated in each one of
the group. None of the participants were excluded
from the study during the training and follow-up
periods. Characteristics of the participants are
compared in Table 2; no significant difference was
found between the two groups.

Table 2: Baseline characteristics of participants by intervention and control groups

Variable Intervention group Control group P value
Age (Y), mean + SD 30.0+4.9 283+44 0.89"
Gender, n (%)
Male 25 (50) 25 (50) 1.00™
Female 25 (50) 25 (50)
Education level, n (%)
Primary 5(10) 4 (8) 0.37
Secondary 6(12) 12 (24)
High school and diploma 23 (46) 17 (34)
College 16 (32) 17 (34)
Employment status, n (%)
Employed 27 (54) 25 (50) 0.63™
Unemployed 23 (46) 25 (50)
Residence, n (%)
City 40 (80) 40 (80) 0.34™
Village 10 (20) 10 (20)
Duration of marriage (Y), mean + SD 6.7+4.1 5.5+2.1 0.08"
Duration of infertility (Y), mean = SD 45+39 4.1+24 0.58"
The number of previous IVF, n (%)
1 43 (86) 40 (80) 0.13™
2 5(10) 2 (4)
3 2(4) 4(8)
6 - 4 (8)
Cause of infertility, n (%)
Female 17 (34) 10 (20) 0.53™
Male 17 (34) 16 (32)
Female-male 16 (32) 24 (48)
Monthly income (1 million Rial), mean + SD 6.8+3.7 64+1.7 0.42"

*; Independent t test, ”; Chi-square test, and IVF; In vitro fertilization.
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In this study, the P value for the Mauchly’s test
of sphericity was not significant (P=0.62). So re-
peated measure test was used to compare the mean
scores of marital and sexual satisfaction as well as
marital intimacy at different times of investigation
in both groups. Findings showed that the mean
score of marital satisfaction had a significant dif-
ference (P<0.001) at different times between the
two groups. The Bonferroni post-hoc test demon-
strated statistically significant difference in mari-
tal satisfaction scores between immediately after
completing the training courses and the pretest
(P<0.001) as well as 8 weeks after completion
of the training courses and the pretest (P<0.001).
These results were repeated in the case of sexual
satisfaction. Investigating the marital intimacy

Marital Relationship Enrichment Program in Infertility

mean scores showed statistically significant dif-
ference between the experimental and control
groups (P<0.001). The Bonferroni post-hoc test
demonstrated that, immediately after the comple-
tion of the courses, the marital satisfaction score
was significantly increased compared with the pre-
test (P=0.04). Also, the investigation conducted 8
weeks after the course completion showed signifi-
cant increase of marital intimacy scores in com-
parison with the pretest (P<0.001, Table 3).

ANCOVA was used to eliminate the effect of pre-
test on the results obtained in the posttest. The find-
ings showed that, by controlling for the pretest effect,
the intervention significantly increased the marital
and sexual satisfaction immediately after the inter-
vention and 8 weeks later (P<0.001, Table 4).

Table 3: Comparing the intervention and control groups in terms of mean scores of marital satisfaction, sexual satisfaction and marital intimacy

Before intervention Immediately after intervention 2 months after intervention P value”
(mean %= SD) (mean = SD) (mean %= SD)
Marital satisfaction
Control group 48.1 £8.4 43.4+£10.6 40.6 £10.3 <0.001
Intervention group  42.9+9.3 71.0+ 1.0 62.6 0.8
P value™ <0.001 <0.001 <0.001
Sexual satisfaction
Control group 264+11.0 393+£18.0 40.0+19.4 <0.001
Intervention group  57.8 £ 18.0 84.0£1.2 83.4+1.6
P value™ <0.001 <0.001 <0.001
Marital intimacy
Control group 226.4+43.2 2249 £43.7 223.9+443 <0.001
Intervention group  301.4 £ 76.0 318.0+£77.2 4232420
P value™ <0.001 <0.001 <0.001

“; Repeated-Measure ANOVA and “; Independent t test.

Table 4: Results of ANCOVA investigating the relationship between grouping on marital satisfaction and sexual satisfaction

Measuring tool Statistical indicators of variables P value
Immediately after intervention
Marital satisfaction Pretest 0.06
Grouping <0.001
Sexual satisfaction Pretest <0.001
Grouping <0.001
Two months after intervention
Marital satisfaction Pretest 0.01
Grouping <0.001
Sexual satisfaction Pretest 0.005
Grouping <0.001
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Discussion

The present study was performed to determine
the effect of enrichment program on marital as
well as sexual satisfaction and marital intimacy of
infertile couples. As far as the effect of the pro-
gram on marital satisfaction was concerned, indi-
viduals in the control group attained a higher mean
score of marital satisfaction before the interven-
tion, but after the test and two months later, these
scores were decreased, which was probably due to
the marital satisfaction effect of time and contin-
ued duration of infertility. The mean score in the
individuals of the experimental group was higher
immediately after the intervention in comparison
with the pretest. Two months after the interven-
tion, although this mean score was higher than the
pretest, it was decreased compared with the study
conducted immediately after the intervention.

A drop after 2 months proved the necessity of
continuing the enrichment trainings. Providing
continuous training either in person, through mass
communication means, or by family, and friends,
and other relatives could have a major role in in-
creasing marital satisfaction. Maintenance and
skills help couples maintain and apply what they
have learned during the sessions and expand them
to other areas of their life such as work environ-
ments (26). Laub et al. (27) concluded that the
longer-term the enrichment program and the more
emphasis on the formation of skills, the higher
and more stable its positive effect on the couples
and their life satisfaction would be. As mentioned,
among infertile couples undergoing infertility treat-
ment, couples relationship enrichment program
could increase the level of marital satisfaction in
the experimental group. The findings of this study
were consistent with the results of other works (16,
26); in the study by Isanezhad et al. (26) conduct-
ing on 36 couples in Comprehensive Medical and
Counseling Center in Isfahan, the relationship en-
richment program could significantly improve the
total score of couples’ marital quality, including
marital agreement, satisfaction, and marital cohe-
sion. This effect persisted in the follow-up carried
out 1 month later. Ghasemi Moghadam et al. (16)
in their study which was conducted on married
women in Tehran during 2010 to 2011 observed
that marital relationship enrichment training using
Olson’s method could significantly increase the
mean score of overall marital satisfaction, even
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when husbands did not participate in the training
program.

The results of the current study showed that
the marital relationship enrichment training was
effective in increasing the infertile couples’ inti-
macy in the pretest and 2 months later. The find-
ing that satisfaction with marital relationship could
have an effect on marital intimacy was consistent
with Etemadi’s finding in 2005 on the application
of cognitive-behavioral techniques and increased
marital intimacy (28). In another hypothesis by
these authors representing the role of applying
therapeutic communication techniques to increase
marital intimacy, it was found that use of the thera-
peutic communication techniques could increase
affective, psychological, intellectual, spiritual, so-
cial, and entertainment intimacy. This finding was
consistent with our research results.

Another objective of the present study was to
determine the effect of this program on the cou-
ples' sexual satisfaction. The marital relationship
enrichment training increased sexual satisfaction
in infertile couples. In support of this finding,
Shams Mofarahe et al. (29) also demonstrated
that the sexual satisfaction of women, 1 month
after consultation, was higher in the intervention
group than the control group. In fact, if sexual
relations between spouses are not satisfactory,
this leads to feelings of deprivation, frustration,
insecurity and lack of happiness. Dissatisfaction
with sexual relationship might cause problems
such as depression (30) or divorce (31). Satisfac-
tory sexual relations could contribute to family
strengthening and become the basis for acquir-
ing and consolidating a solid relationship (32).
Laub et al. (27) investigated the effectiveness of
a relationship enhancement program on couples’
relationships in the long run and concluded that
the spouses attained higher sexual and physical
intimacy as well as more communication stabil-
ity than the control group. To prevent sample loss
due to the large number of training sessions, the
sessions were held twice per week.

Conclusion

Considering the positive impact of the enrich-
ment program at posttest and follow-up stages on
marital and sexual satisfaction and sexual intimacy
in the infertile couples, it can be concluded that the
program can be appropriately used in infertile cou-



ples with sexual problems. Enrichment skills are the
skills that help satisfy the strongest desires of fami-
lies (sexual desires) and are used in almost all cul-
tures. Considering the fact that enrichment training
is a preventive and non-invasive program and can
prevent deterioration into marital conflict, establish-
ing and developing a center to provide such training
is recommended, especially for vulnerable groups
such as infertile couples who need special attention.
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Abstract
Background: This study compared common psychological symptoms and life satis-
faction in husbands and wives according to infertility diagnosis.

Materials and Methods: We conducted this cross-sectional study on 248 infertile cou-
ples between November 1, 2014 and February 28, 2015 at Royan Institute, Tehran,
Iran. Participants answered three questionnaires. First, they completed a demographic
questionnaire followed by the Hospital Anxiety and Depression Scale (HADS, 14-item
self-report instrument) composed of two sub-scales: anxiety (HADS-A) and depression
(HADS-D). Participants also completed the Satisfaction with Life Scale (SLWS) com-
prised of 5 items. Both our questionnaires were validated for the Iranian population.

Results: In couples with male factor infertility, wives had a significantly higher mean
score for anxiety compared to their husbands (P<0.001). When the cause of infertil-
ity was female factor, the wives appeared significantly more anxious (P<0.001) and
depressed (P=0.004) than their husbands. Male patients, those with unknown and fe-
male factors, expressed greater satisfaction with life compared to other male patients
(P=0.022). Significantly greater depression existed among the couples in which the
wives’ educational levels was above their husbands (P=0.045).

Conclusion: Our findings showed that when the infertility etiology was male factor,
female factors or unexplained, wives showed significantly higher anxiety than their
husbands. In couples diagnosed with female factor infertility, wives showed signifi-
cantly more depression than their husbands.

Keywords: Anxiety, Depression, Reproduction, Infertility
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Introduction

Childbearing is an important, valuable issue
in marital relationships, especially in traditional
societies because it stabilizes the family and in-
creases marital satisfaction (1). After attempts
at pregnancy over an extended period of time,
the inability to have a child may cause marital
problems (2). Most infertile couples report loss

of self-esteem, sexual stress, depression, anxi-
ety, guilt, frustration, emotional distress, ten-
sion in their marital status, and reduced life
satisfaction (3). Most commonly reported forms
of infertility related mood disorders are anxiety
and depression. These disorders are influenced
by a number of factors such as gender, cause of
infertility, uncertain treatment duration, finan-
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cial stress, and pressure from others (4). Several
studies have reported the psychosocial impacts
of an infertility diagnosis on men and women
(1). Infertile couples showed higher rates of psy-
chological symptoms when they had female fac-
tor and unexplained causes for infertility. Wom-
en have been shown to experience more stress
and depression, along with less marital satisfac-
tion compared to their partners. This finding is
most probably due to increased involvement in
therapeutic procedures, which affects women
more (5). Men diagnosed with male factor infer-
tility have more negative emotional responses
than other infertile men. They have expressed
feelings of stigma and loss of self-esteem (6). It
is reported that individuals diagnosed with male
factor infertility have greater stress and sexual
concern than those with either idiopathic or fe-
male factors (7).

Life satisfaction is defined as an assessment
of feelings and attitudes about a person’s life
at a particular time that ranges from negative
to positive and it is a cognitive, judgmental
process based on a comparison of individual
circumstances to an appropriate standard (8).
Research has found that infertile women ex-
pressed less satisfaction with their lives com-
pared to fertile women (9). Some studies have
focused on marital adjustment, sexual func-
tioning and marital satisfaction in infertile pa-
tients (10, 11). Relatively little is known about
the influencing factors on life satisfaction in
women and men who undergo assisted repro-
ductive technology (ART). We have conducted
this study to investigate anxiety, depression,
and life satisfaction in Iranian infertile couples
who experienced ART.

Materials and Methods

We conducted this cross-sectional study at
Royan Institute, a referral infertility clinic in
Tehran, Iran. The sample size was 280 couples
from which we gathered 248 completed ques-
tionnaires from these couples, for a response
rate of 88.5%. Inclusion criteria were: 18 years
of age or older, first time undergoing ART, no
history for treatment of psychological disorders
or chronic diseases, and ability to read and write
in Persian. The Ethical Committee of Royan In-
stitute approved this study. Participants received

Cause of Infertility and Life Satisfaction in Infertile Couples

clear explanations about the study aims and data
confidentiality. Eligible individuals were as-
sured that acceptance or refusal to participate
in the research was voluntarily had no influence
on their treatment procedures. Voluntary com-
pletion of the questionnaires was considered as
consent.

Participants completed three questionnaires. The
demographic and fertility information question-
naire included age (years), sex, educational levels
(illiterate/under diploma/diploma/academic), du-
ration of infertility (years), and cause of infertil-
ity (male factor/female factor/both/unknown). The
second questionnaire, the Hospital Anxiety and
Depression Scale (HADS) was published in 1983
by Zigmond and Snaith (12). This is a 14 item
self-report instrument composed of two subscales:
anxiety (HADS-A) and depression (HADS-D).
Both consist of 7 items scored on a 4-point Likert
scale (0 to 3). In both subscales, 8 items require
reverse scoring; then, the anxiety part (HADS-A)
and depression (HADS-D) totals can be summed.
Both HADS-A and HADS-D scores range from 0
to 21 where higher scores indicate a higher level of
anxiety and depression.

The Persian version of HADS has been vali-
dated with a Cronbach’s alpha coefficient of 0.78
for HADS-A and 0.86 for HADS-D (13). In the
current study, we have determined Cronbach’s
alpha scores to be 0.88 for HADS-A and 0.77
for HADS-D. The Satisfaction with Life Scale
(SWLS) was published in 1985 by Diener et al.
(8). This scale measures global life satisfaction
and subjective well-being, and does not tap re-
lated constructs such as positive affect or lone-
liness. It includes 5 items scored on a 7-point
Likert scale, that ranges from 1 to 7. The Iranian
version of SWLS as determined by Maroufiza-
deh et al. (14), has a Cronbach alpha coefficient
of 0.887. The current study Cronbach alpha co-
efficient was determined to be 0.85.

Statistical analysis

We used SPSS version 16.0 (SPSS Inc, Chi-
cago, IL, USA) for statistical analyses. Con-
tinuous variables were expressed as mean +
SD and categorical variables as number (%).
The relationship between individual independ-
ent variables (demographic and fertility char-
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acteristics), and dependent variables (anxiety,
depression, and SWLS) were assessed by the
Pearson correlation coefficient, paired t test
(between wives and husbands), independ-
ent samples t test (between men and women),
and one-way analysis of variance (ANOVA)
between causes of infertility followed by the
Duncan post hoc test. P<0.05 was considered
statistically significant. After paired and pulled
analyses, as the mood of husbands and wives
influenced each other, we defined a new vari-
able which considered a single, mean score for
each couple. We called this analysis “couple
analysis” (CA).

Results

Participants had a mean age of 33.25 + 5.70
years for men and 29.15 + 5.28 years for wom-
en. We observed no significant difference in de-
pression between men (5.50 = 3.63) and women
(6.65 = 4.09). Women (8.96 + 5.00) had signifi-
cantly more anxiety compared to men (6.04 =+
3.86, P<0.001). No significant difference existed
between men (24.46 = 7.07) and women (23.64 +

7.06) in terms of SWLS. CA showed that SWLS
had a value of 24.05 + 6.07, anxiety of 7.50 & 3.58,
and depression was 6.07 + 3.22 for couples. Only
97 (39.1%) men and 95 (38.5%) women had aca-
demic educations. In 25% of our couples, wives
had a higher educational level compared to their
husbands; 24% of husbands had a higher educa-
tional level compared to their wives; and the re-
maining 51% had the same educational level. No
significant difference existed between the different
educational levels among husbands and wives in
SWLS and anxiety (P>0.05). However, there was
significantly greater depression among couples in
which the wives had a higher educational level
than their husbands (P=0.045) or their educational
levels were same (P=0.018) compared to those in
which the husbands had higher educational levels.
According to the cause of infertility, 98 (39.5%)
couples had male factor infertility, 76 (30.6%) had
female factor, 23 (9.3%) had both, and 51 (20.6%)
were unknown. The mean duration of infertility
was 4.82 £ 3.50 years in couples. Table 1 lists the
participants’ demographic and fertility character-
istics.

Table 1: Demographic and fertility characteristics of participants (n=248 couples)

Men Women P value
Mean £ SD or n (%) Mean £ SD or n (%)
Age (Y) 33.25+5.70 29.15+5.28 <0.001
Education 0.899
Illiterate 2(0.8) 2(0.8)
Under diploma 65 (26.2) 59 (23.9)
Diploma 84 (33.9) 91 (36.8)
Academic 97 (39.1) 95 (38.5)
Location -
City 224 (90.3)
Village 24.(9.7)
Cause of infertility -
Male factor 98 (39.5)
Female factor 76 (30.6)
Both 23 (9.3)
Unknown 51 (20.6)
Duration of infertility (Y) 4.82+3.50 -
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Gender differences in anxiety, depression, and
the Satisfaction with Life Scale in male factor

group

In couples with male factor infertility, wives had
a significantly greater mean score for anxiety com-
pared to their husbands (P<0.001). No significant dif-
ference existed between husbands and wives for the
HADS-D (P=0.960) and SWLS (P=0.594, Table 2).

Gender differences in anxiety, depression, and
the Satisfaction with Life Scale in the female
factor group

In couples with female factor infertility, the
wives had significantly higher mean scores for
anxiety (P<0.001) and depression (P=0.004) com-
pared to their husbands, but no significant differ-
ence was seen in SWLS (P=0.094, Table 2).

Gender differences in anxiety, depression, and
the Satisfaction with Life Scale in the both fac-
tor group

In this group, no significant differences existed
in anxiety, depression, and SWLS between wives
and husbands (Table 2).

Gender differences in anxiety, depression and
the Satisfaction with Life Scale in the unknown
factor group

In couples with unexplained infertility, there was

no significant difference in depression and SWLS
between husbands and wives. Wives had a signif-
icantly higher mean score for anxiety than their
husbands (P=0.041, Table 2).

The influence of infertility etiology on anxiety,
depression and the Satisfaction with Life Scale

The Kruskal-Wallis test was used separately for
males and females for anxiety, depression, and
SWLS to identify differences according to the diag-
nosis of infertility. No significant difference existed
among the male patients in anxiety and depression
between different causes of infertility (Table 2).
In contrast, males with unknown factor fertility
had significantly greater SWLS compared to other
males (P=0.022). No significant differences were
apparent among females in HADS-A, HADS-D,
and SWLS between the different etiology groups of
infertility (P=0.729, P=0.397, P=0.122 respective-
ly). In CA, we observed no significant differences
between couples with different infertility etiologies
in SWLS, anxiety, and depression.

Association between the two questionnaires

Anxiety had a positive, significant association
with depression (P<0.001). A significant, negative
correlation existed between anxiety and depres-
sion with SWLS (P<0.001). These correlations
were the same when we analyzed them separately
in women and men (Table 3).

Table 2: Anxiety, depression, and the Satisfaction with Life Scale (SWLS) in couples and groups

Male Female Both Unknown P value’
(Mean = SD) (Mean = SD) (Mean + SD) (Mean + SD)
Anxiety
Male 6.15+4.11 5.91 £3.96 6.13+4.38 6.41 £3.74 0.834
Female 8.36 £ 4.60 9.09 £5.11 8.35+4.07 8.04+4.16 0.729
P value™ <0.001 <0.001 0.071 0.041
Depression
Male 5.94+3.75 5.41 +£4.28 6.04 £4.29 524+3.25 0.603
Female 6.29 +4.28 691 +4.12 6.52 £3.96 5.65+3.25 0.397
P value™ 0.690 0.009 0.671 0.508
SWLS
Male 24.40 +6.73 25.51+6.28 21.35+7.39 26.31 +6.31 0.022
Female 24.12+7.05 23.89 +6.62 21.48 £7.25 25.63+5.91 0.122
P value™ 0.594 0.094 0.807 0.578

*; Test for several independent groups and **; Paired test
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Table 3: Correlation between anxiety, depression, and the Satisfaction with Life Scale (SWLS)

Anxiety Depression SWLS
R P value R P value R P value
Anxiety 1 - 0.536" <0.001 -0.348" <0.001
Depression 0.536" <0.001 1 - -0.431" <0.001
SWLS -0.348" <0.001 -0.431° <0.001 1 -

R; Pearson correlation and *; P<0.05.

Discussion

To the best of our knowledge this was the first
study on life satisfaction in both husbands and wives
(couples) who underwent ART. It appeared that
when men have superiority in the family, the fam-
ily had a lower mean depression score. Our results
showed that when the husbands’ educational levels
were higher compared to their wives, the couples had
a significantly lower mean depression score.

Most studies investigated psychological moods
in infertile patients and showed that infertile wom-
en experienced higher psychological problems es-
pecially for anxiety, depression, and stress (15-17).
Our results showed no difference between males
and females for depression, also a meta-analysis
conducted in Iran showed same results about dif-
ference between males and females in depression
(18). However, in other studies, infertile women
reported more depression than men (19, 20). We
found significantly more anxiety in females com-
pared to males which supported results from pre-
vious studies (3, 19). An Iranian study showed a
greater prevalence of anxiety in infertile women
that increased with a history of treatment failure.
This finding agreed with the current study results
(21). We observed no significant difference be-
tween males and females in SLWS.

In 2001, Wischmann et al. (22) reported more
satisfaction with life in women compared to men
which contradicted to findings of the current study.
In this study used a questionnaire on life satisfaction
which covered more social factors that included vo-
cational life, financial situation, leisure, marriage,
self-esteem, sexuality, and living situation along
with health but we have used the SWLS introduced
by Diener et al. (8). This questionnaire consists of
two major components: i. The emotional or affec-
tive component and ii. The judgmental or cognitive
component. The difference between our study and
Wischmann et al. (22) was possibly due to the dif-
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ferent type of the questionnaires and cultures.

We could not find any paper on the relationship
between etiology of infertility and satisfaction with
life, but we found papers on a similar factor-marital
satisfaction. In a Chinese study, wives with both
male and female factors expressed less marital sat-
isfaction than their husbands (1). Another study in
Iran showed that women with female factor infertil-
ity had less marital satisfaction than their infertile
counterparts (11). Although our study did not evalu-
ate marital satisfaction, we could not find any sig-
nificant difference in satisfaction with life between
the different infertility etiologies among females.

We found that when the infertility etiology was
male factor, female factors or unexplained, wives also
showed strongly significantly higher anxiety than
their husbands. The reason was thought to be caused
by the idea that conception and childbirth have been
considered women’s responsibility, especially in
traditional societies and some developed countries
(15). Ramezanzadeh et al. (23) have explained that in
Islamic and Middle Eastern countries, such as Iran,
childbearing is very important and leads to family
stabilization and increased marital satisfaction. They
also reported that in these countries negative attitudes
toward infertility exist such as stigmatization, marital
instability, divorce, and abuse for infertile women.
Therefore, involuntary childlessness may be associ-
ated with enhanced psychological problems. In our
study, in couples who suffered from female factor in-
fertility, wives showed significantly more depression
than their husbands.

Wischmann et al. (22) found that anxiety and de-
pression in couples with unexplained factor infertil-
ity were higher than couples with other factors, and
in women more than men. A study reported that less
anxiety and depression in females whose male part-
ners were infertile (24), but we did not observe these
results in the current study. Ogawa et al. (2) reported
that females with knowledge of their male partner’s



infertility had lower anxiety scores on the HADS test
than infertile women who did not have such knowl-
edge. Our study could not confirm this finding.

The current study had several limitations. First,
we have relied on infertile couples who presented
to a single center. However this is a referral clinic
for infertility treatment that treats patients from all
of Iran. Second, the cross-sectional nature of the
study only reveals a correlation, but no conclusion
on causality. Additional longitudinal studies are
required to explore the direction of causality and
to determine how the study variables may change
over the course of the infertility treatment.

Conclusion

Infertile women with female and male factor
showed higher anxiety and depression compared to
their husbands. Couples with unknown factor showed
no significant differences in depression and SWLS
between husbands and wives. SWLS was higher in
men with unknown factor compared to other males.
Women with female factor expressed more anxiety
and depression than women with male factor infertil-
ity, but SWLS did not differ among these women. It
has been suggested to add psychological counseling
before and during treatment cycles.
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Abstract
Background: The Islamic Republic of Iran has experienced a dramatic decrease in fer-
tility rates in the past three decades. One of the main issues in the field of fertility is the
couple’s preferences and the desire to bear children. This study aimed to determine de-
sired number of children, fertility preference, and related factors among people referring
pre-marriage counseling to clarify their presumed behavior in case of fertility.

Materials and Methods: This study was a descriptive analytic cross-sectional survey,
conducted during 8 months. The participants were 300 couples came to pre-marriage
counseling centers of two health centers of Karaj and asked to complete a 22 items ques-
tionnaire about of demographic characteristics, participants’ interest, preference about
fertility, and economic situation.

Results: Majority of the males were between the ages of 20-30 years (66.6%) while
majority of the females were below 25 years of age (57%). About 17 percent of men and
22.3 percent of women stated that they want to have 1 child and equally 52.7 percent of
men and 52.7 percent of women wanted to have 2 children. The only factor that contrib-
uted to the female participant’s decision for a desirable number of children was the num-
ber of siblings that they have. In male participants with an increasing age at marriage and
aspiration for higher educational level, the time interval between marriage and the birth
of the first child has increased. There was a convergence in desired number of children in
male and female participants.

Conclusion: Majority of the participants express their desire to have only one or two
children in future but in considering the fact that what one desires does not always come
into reality, the risk of reduced fertility is generally present in the community. Appropriate
policies should be implemented in order to create a favorable environment for children.
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Introduction

Changes in fertility rates are seen throughout the
world. The Islamic Republic of Iran has experi-
enced a dramatic decrease in fertility rates in the
past three decades. Population studies showed that
total fertility rate (TFR) has decreased from 7.7 in
1966 to 6.3 in 1976. Years after the Islamic Revo-
lution, there was a slight increase in fertility rate to
about 7 in 1980 but with initiation of the country’s
national family planning program, this figure has
declined to 5.5 (1). The fertility rate in the Islamic
Republic of Iran fell dramatically from around 7.0
births per woman in the early 1980s to 1.9 births
per woman in 2006. The total fertility rate was be-
low replacement level from 2006 onwards. Based
on the report given by the world bank, Iran’s popu-
lation growth rate will be below 1% by 2025 (2).

Also based on the 2006 census, the National Sta-
tistical Center of Iran has reported a TFR of 1.9.
Postponing of childbearing is one of the reasons
of fertility decline (3). Also childbearing has been
postponed due to several reasons; advanced mater-
nal age at marriage, higher education and the aim
to secure economic stability before conception (4).
In Iran, fertility rate is influenced by factors such
as education, number of children, age of partner
and age at first marriage while age and income are
not considered important factors (5). It is the fact
that, the preference of family size and women’s
social background has great relevance. A study
conducted in China showed that factors contribut-
ing in family’s preference for smaller family size
include; young age, preference to reside in the city,
and pursue higher education (6). Lower education
was associated with more number of children.

In Japan, younger women desire to have fewer
children while women in rural areas prefer to have
more numbers of children than those residing in
urban areas. The mean desired number of children
was 2.55 which were significantly more than the
mean actual number of children 1.77 in all genera-
tions (7). One of the most important issues in rela-
tion to fertility is the age of mother at the time of
attempting conception. Results for study conduct-
ed in the United States of America to assess the at-
titudes and awareness of male and female students
regarding conception, indicated that although 90%
of these students showed desire to have children
and highly valued parenting as an important part
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of their future; lack of understanding between age
related fertility decline and the complications as-
sociated with higher maternal age and delayed
conception proved to be extensively high (3). Due
to Iran’s declining population, the government and
policymakers have expressed great concern re-
garding the sharp decline and the negative growth
in the next 40 years. Accordingly, policies on
population control that have been implemented in
Iran for 25 years have been abandoned and those
policies encouraging birth in the country’s 6th de-
velopment program are very much emphasized. It
seems that socio-economic changes that have been
shaped in Iran’s society would make it difficult to
reverse the trend of the country’s fertility rate. De-
layed fertility is related to factors including; eco-
nomic, social, and cultural which can be affected
by the couple’s intention for childbearing and their
concept of a desired family size. Education, access
to health care services, awareness, and authority to
decide on the number of children have important
role in fertility preferences (4, 8-10). Evidences
suggest that in many parts of the world, funda-
mental change has taken place in an individual’s
attitude towards marriage and childbearing (2).

One of the main issues in the field of fertility and
in assessing the factors related to fertility behavior
is the couple’s preferences-fertility and the desire to
bearing child. Aside from this, the number of desired
children is considered a very important and serious
issue in predicting the actual number of children that
couple would desire as emphasized by various stud-
ies conducted by Habbema et al. (11), and Giinther
and Harttgen (12). After three years of policymaking
on the population of Iran, few studies have been con-
ducted specially on childbearing trends. This study
aimed to determine desired number of children, fer-
tility preference, and related factors among people
refer to pre-marriage counseling to clarify their pre-
sumed behavior in case of fertility.

Materials and Methods

The present descriptive analytic cross sectional
study was conducted in the Province of Alborz, lo-
cated in the neighboring capital of Iran (with a dis-
tance of 45 km) having an area of 5121 square kilo-
meters and a population of about 3 million, between
May 2014 and March 2015. This province, due to
its nearness to Tehran is the reason behind the num-
ber of migration taking place in different parts of
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the country and due to the diversity of ethnicity has
been coined a name ‘““small Iran”. The study popula-
tions were women and men who planned to marry
in near future. The mentioned couples referred to the
pre-marriage counseling centers of Alborz province.
These centers are two university pre-marriage coun-
seling centers that one of them is referral.

This paper was a part of the larger study with 60
variables (items) and we have selected 10 samples
for each variable. As a result, 600 women and men
were recruited. Based on convenience sampling
method, during 8 months all the women and men
who came to two pre-marriage counseling cent-
ers including 300 couples (600 individual) aged
between 15 to 45 years participated in this study
and were asked to complete a questionnaire. Ex-
clusion criteria were lack of consent to participate
in the study or any other nationality except being
Iranian. A written informed consent was obtained
from each participant after explaining the aims of
the study. None of the participants were excluded.
The self-administered anonymous questionnaire
was included 13 items; 7 items about demographic
characteristics, 6 items related to participants’ inter-
est and preference related to fertility. The question-
naire included variables such as: age, education,
occupation, condition of house, predicted status of
future residence, monthly family income, number
of brother (s) or sister (s), desired number of chil-
dren, number of children based on the child’s gen-
der, suitable years of interval for conception of the
first baby after marriage, suitable age of marriage
for females, suitable age of marriage for males, lev-
el of interest to become a father/mother and suitable
years of interval between pregnancies.

This questionnaire was designed and implemented
by the Ministry of Health and Medical Education,
Tehran throughout the country in order to assess
the decision making patterns of childbearing inten-
tions. Validity and reliability of the questionnaire was
evaluated. Content validity was analyzed by experts
in the field of fertility and demographics and minor
corrections implemented. Reliability of the question-
naire was determined as 0.88. Statistical analysis was
done using SPSS software version 19. Also descrip-
tive and analytical statistics were implemented to
data analysis. This study was a small part of a larger
study designed by MOH of Iran. Ethic Committee of
Alborz University of Medical Sciences approved the
study (ABZUMS.Rec.1393.45).
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Results

The age range of male participants was be-
tween 19-54 years (mean = SD: 28.36 £ 5.8)
while the in female participants was between
13-45 years (mean + SD: 24.8 £+ 5.9). Majority
of the males were between the 20-30 years of
age (66.6%) while females were below 25 years
of age (57%). A higher percentage of men than
women had education level less than diploma. A
large percentage of men (87%) were employed,
while only 35% of women employed. Both, men
and women thought that they are going to live in
arental house. About half of the male participants
and 37.3% of females earned less than 10 million
Rials (280 US $) respectively. The vast major-
ity of the participants were anticipated that they
will live in a house with size of 50 to 100 square
meters. More than 70% of samples had 1 to 4 sib-
lings (Table 1).

In item of the participants’ desire to be parent,
more than 80% of men and 70% of women stated
that they are interested much and/or very much
to be parent. Less than 2 percent of both genders
were not interested to be parent. The male partici-
pants believe that appropriate age for marriage is
26.3 for men and 21.6 for women and the female
participants mention 27.2 and 22.9 respectively for
men and women. Appropriate time for attempting
the first conception after marriage was 2.7 years
from opinions of men and women. About 17 per-
cent of men and 22.3 percent of women stated that
they want to have 1 child and equally 52.7 percent
of men and women wanted to have 2 children. The
only factor that contributed to the female partici-
pant’s decision for a desirable number of children
was the number of siblings that they have. There
was a convergence in desired number of children
in male and female participants. About 10% of
men and 11% of women want to have 2 children
no difference in gender. Three percent of men and
none of the women have decided to have no child.
Demographic characteristics and desired number
of children according to gender were analyzed. Bi-
variate test showed that there was significant dif-
ference between numbers of women’s sibling and
desired numbers of children (P<0.001). Other de-
mographic characteristics were not related to de-
sired numbers of children. With the increase in the
number of siblings, desired numbers of children
was increased.
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Table 1: Demographic characteristic of participants

Variable Men Women Total
n % n % n %
Age
<20 12 4 83 273 95 15.8
20-24 88 29.3 88 29.3 176 29.3
25-39 112 373 78 26 190 31.7
30-34 56 18.7 36 12 92 15.3
35-39 20 6.7 11 3.7 31 5.2
40-44 7 2.3 4 1.3 11 1.8
>45 5 1.7 0 0 5 0.9
Education
Less than diploma 169 56.3 148 49.3 317 52.8
Diploma and higher 131 43.7 152 50.7 283 47.1
Job
Employee 261 87 105 35 366 61
Unemployed 21 7 170 56.0 191 31.8
Job seeker 18 6 25 8.4 43 7.2
Opinion about housing condition in future
Renter 139 46.4 120 40 259 43
Landlord 106 353 111 37 217 36
Belong to father 55 18.3 69 23 124 21
Income
No income 7 23 138 46 145 242
< 1 million tomans 148 493 114 37.3 262 43.6
1 to 2 million tomans 107 35.7 41 13.7 148 24.7
2 to 3 million tomans 26 8.7 5 1.7 31 52
> 3 million tomans 12 4 2 0.7 14 2.3
Opinion about house size in future
<50 m? 15 5 9 3 24 4
51-75 m? 113 37.3 108 36 221 36.8
76-100 m? 113 37.7 119 39.7 232 38.7
101-150 m? 40 133 56 18.6 96 16
>151 m? 19 6.3 8 2.7 27 4.5
Number of siblings
None 10 33 19 6.3 29 4.8
1to4 213 71 231 77 444 74
5to0 8 67 223 56 15 112 18.7
>8 10 33 5 1.7 15 2.5
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Table 2 shows demographic characteristic
and the first birth interval according to gender.
There was a statistically significant relationship
between the age of marriage and the first birth
interval (P<0.001). Also education (P<0.001)
and numbers of siblings of the participants
(P=0.007) were related to the first birth interval.
With the increase in marriage age and education
level, the first birth interval was increased, but
having more siblings led to decrease in the first
birth interval marriage age, education, income
and numbers of women’s siblings were related
to proper age for male marriage (Table 3). These
relationships were positive for all mentioned
variables. The same variables were related to
proper age of male marriage that had relation-
ship to proper age of female marriage (Table 4).
There was a statistically significant relationship
between income (P=0.01), house size of male
participants (P=0.01) and pregnancy intervals
(Table 5). Increasing the number of siblings was
associated with pregnancy intervals inversely
(P<0.05). In term of interest to be parents, there
was a significant relationship with ages of the
male participants (P=0.01). Indeed older men
had lower interest to be parent (Table 6).

Table 2: Demographic characteristic and the first birth interval
according to gender

Demographic Gender The first P value

variable birth interval

Marriage age Male Krus-kalwalis  <0.001"
Female Krus-kalwalis <0.001"

Education Male Chi-square <0.001"
Female Chi-square <0.001"

Job Male Chi-square 0.2

Female Chi-square 0.91
Housing condition Male Chi-square 0.07

Female Chi-square 0.47

Income Male Chi-square 0.19

Female Chi-square 0.4

House size Male Chi-square 0.4

Female Chi-square 0.22

Number of sisters ~ Male
and brothers

Spearman 0.007"

Female Spearman 0.01"

Table 3: Demographic characteristic and proper age for male
marriage according to gender

Demographic Gender Proper age for P value

variable male marriage

Marriage age Male Spearman <0.001"
Female Spearman <0.001"

Education Male Mann-withney ~ 0.001"
Female Mann-withney  0.002"

Job Male Mann-withney  0.88

Female Mann-withney 0.19

Housing condition Male Krus-kalwalis ~ 0.001"
Female Krus-kalwalis 0.19

Income Male Krus-kalwalis 0.001"

Female Krus-kalwalis 0.005"

House size Male Mann-withney  0.31

Female Mann-withney  0.43

Number of sisters  Male
and brothers

Spearman 0.37
Female Spearman 0.004"

*; Significant at P<0.05.

Table 4: Demographic characteristic and proper age for female
marriage according to gender

Demographic Gender Proper age for P value

variable female marriage

Marriage age Male Spearman <0.001"
Female Spearman <0.001"

Education Male Mann-withney ~ <0.001"
Female Mann-withney  <0.001"

Job Male Mann-withney  0.62

Female Mann-withney 0.4

Housing condition Male Krus-kalwalis 0.01°
Female Krus-kalwalis 0.53

Income Male Krus-kalwalis 0.01"
Female Krus-kalwalis 0.001"

House size Male Mann-withney  0.68

Female Mann-withney  0.54

Pearson 0.05

Female Pearson 0.001"

Number of sisters  Male
and brothers

*; Significant at P<0.05.
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Table 5: Demographic characteristic and pregnancy intervals ac-
cording to gender

Demographic Gender Pregnancy P value
variable intervals
Marriage age Male Krus-kalwalis 0.06
Female Krus-kalwalis 0.11
Education Male Chi-square 0.19
Female Chi-square 0.3
Job Male Chi-square 0.68
Female Chi-square 0.3
Housing condition Male Chi-square 0.62
Female Chi-square 0.28
Income Male Chi-square 0.01"
Female Chi-square 0.47
House size Male Chi-square 0.01"
Female Chi-square 0.6
Number of sisters  Male Pearson 0.007
and brothers Female Pearson 0.01"

*; Significant at P<0.05.

Table 6: Demographic characteristic and interested to be parents
according to gender

Demographic Gender Interested to be P value

variable parents

Marriage age Male Krus-kalwalis 0.01"
Female Krus-kalwalis 0.23

Education Male Fishers exact test  0.53

Female Fishers exact test  0.64
Job Male
Female Fishers exacttest  0.33

Fishers exact test  0.07

Fishers exact test  0.87

Housing condition Male
Female Fishers exacttest 0.8
Income Male Fishers exact test 0.9
Female Fishers exacttest 0.77
House size Male Fishers exact test ~ 0.22
Female Fishers exacttest  0.36
Krus-kalwalis 0.28

Female Fishers exacttest 0.04"

Number of sisters  Male
and brothers

*; Significant at P<0.05.

The only factor that contributed to the female
participant’s decision for a desirable number of
siblings was associated with the number of sib-
lings that they have. In male participants, no asso-
ciation was observed between the demographic in-
formation and their desire in a number of children.

Desired Number of Children among Couples

With an increasing age at marriage and aspiration
for higher educational level, the time interval be-
tween marriage and the birth of the first child has
increased. But this gap has decreased with the in-
creasing number of siblings. With increasing age
of marriage, education, income and type of resi-
dence, male participants have believed that the age
of marriage of the male gender should be higher.
In female participants, age of marriage, education,
income, and the number of sister(s) or brother (s)
were associated to appropriate age of men for mar-
riage.

The same relationship exists where women con-
sidered a certain age to be suitable for marriage.
With the increase in men’s income, the preference
for bigger houses and higher intervals for pregnan-
cies have increased but with the increasing number
of siblings both female and male groups stated less
number of intervals between desired pregnancies.
With the increasing age of men at marriage, the de-
sire to become a father has decreased but this issue
has not been observed in women. With the increas-
ing number of siblings in women, their desire to
become a mother has increased but this case yield
an opposite results for male participants. There ex-
ist an association among an increasing desire for
parenthood, increasing number of desired children
and also a lesser interval between marriage and the
first conception. For fathers, this desire was as-
sociated with a desire to decrease the interval be-
tween pregnancies.

Discussion

In this study, we presented viewpoints of young
Iranian people and explored related factors. About
50% of the female and male participants have ex-
pressed that the desired number of children for a
desired family is 2 (one girl, one boy). In this study,
the desired number of children per woman from
the perspective of the participants was calculated
to be approximately 1.91 which is below replace-
ment level. Some sociologists and policy makers
strongly believed that fertility rate is mostly influ-
enced by the demands and preferences of families
especially women, regarding the desired number
of children. Also the study conducted by Giinther
and Harttgen (12) indicated a strong correlation
between the desired number of children and the
actual number of children. The desired number
of children per generation could be affected by
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the context in which an individual grows (9). Al-
though some studies have not confirmed this issue,
the actual number of children for a family to the
desired number can be completely different (13).
They believed that between the number of children
expected, and the number of actual children, there
was a slight difference in developed and develop-
ing countries. Developing countries with a high
fertility rate usually expects a lower number of
children, lower than the actual number but in de-
veloped countries the opposite is true. In a study
conducted in Japan, the actual number of children
was 1.77 and the number of desired one has been
reported 2.55 which is significantly lower than the
number of children considered desired (7). The de-
sired number of children not necessarily will be
concordant with the reality of fertility behavior of
families that named "fertility gap". The reason of
this gap can be due to socio-economic factors such
as divorce, financial problems, higher education,
employment and aspiration for higher income (4).

The number of desired children as expressed by
83.1% of'the participants in this study was between
1 to 2. About 20 % favors one child while 63.3%
favors 2 children. On the other hand, despite the
immense interest of the couple to become parents
as observed in this study the desire for less concep-
tion can serve as a warning sign for an increasing
decline of fertility in the country resulting to an
aging population and a reduction of the productive
younger generation. It seems that the overall popu-
lation policies must be directed towards more fa-
vorable conditions for economic security and wel-
fare for the society especially the women’s need
in nurturing her child and transform these policies
to the stage of implementation in order to increase
fertility to a satisfactory condition.

Although in some western countries the desire to
be childless is an ordinary issue, studies have indi-
cated that European and especially Asian countries
desire to have the number children of that every-
one wants which, is the foundation of living (3, 7).
In Japan, 58.4% of individuals aging 20-29 years
old have expressed that 2 children is desired for a
family, in South Korea 58.7, in the United States
of America 42.2% and in France 56.6% have ex-
pressed 2 children as a desired number in a family
(14). Interestingly, there exist a similar tendency in
the desired number of children in most countries
and it seems that there is a convergence of opin-
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ions in this issue in most developed countries and
also in Iran.

In the present study, none of the demographic fac-
tors were related to the men’s choice for a desired
number of children while in women, the increased
number of siblings has been reported to affect the
choice for a desired number. In some studies, the
relationship between age at marriage, education,
income and financial situation justifies childbear-
ing behavior (8, 13). In fact, motivation to higher
education and higher incomes decreases the moti-
vation for childbearing (4, 15). The result of this
study about relation between the participants’ age
at marriage and desired number of children was in
line with that of another study in Iran (5).

The results of a study conducted to assess fertil-
ity desire of women in Tehran showed that poor
income was related to fertility disinterest (16).
Although some researchers argued that income
might not purely interpret child birth behaviors
of couples, it is necessary to assess the different
kinds of social support that people receive (10).
One related reason that higher education levels
may lead to less childbearing is balancing be-
tween education affairs and mother roles. Moreo-
ver, more- educated women may attain to a better
career than other women. Also more income and
authority, may provide more control on child-
bearing for educated women (17). The possible
reason for the difference in the results of the pre-
sent study in comparison to other studies might
be due to the fact that only 12.7% of male par-
ticipants have monthly income of 600 US dollars
and approximately 50% have an income of 3003
monthly. In women, these figures have been less.
An important point in this study is that there is
a unanimous agreement among individuals with
different demographic characteristics in the de-
sired number of children a couple should have.

In this study, advanced age of men and women
during marriage and the pursuit of higher educa-
tion has increased the interval between marriage
and the conception of the first child and also the
increased age considered appropriate for marriage
in men and women. With improved income, the
age considered appropriate for marriage in both
genders have also increased. Findings in this study
correspond to the findings of the study conducted
by Ericsson et al. (18) in Sweden which is a quali-
tative study on professional men and women post-



poning conception in favor to acquire higher edu-
cation. Participants expressed that the reason for
delayed childbearing in men and women having
higher education is to cope with adapting social
changes and the new life style. Hence; a change
in priorities. Another reason is that nowadays chil-
dren are expensive and then parents decide to post-
pone their childbearing until they feel they achieve
to more stable economic position. Therefore it is
predictable that most of the couples will have their
first child at later age. Advanced maternal age can
pose a lot of problems in considering the socio-
cultural changes in Iran’s present society in which
a little less than half of the female population have
university education. With increasing age of mar-
riage and time interval between marriage and con-
ception of the first child, decline in female fertility
will occur (19). Furthermore; advanced maternal
age during pregnancy may be associated with
more medical and obstetrical complications for
mother and fetus that could create a negative ef-
fect on population growth, health and dynamics
respectively (20-22).

Accordingly; as indicated by results of some
studies conducted on Iranian society, there is an in-
creasing trend between the interval of marriage and
the conception of the first child which can general-
ly affect the rate of fertility (2). Some studies have
shown that there were misconceptions regarding
fertility in a way that couples presumed that with
the emergence of the modern methods of fertility
treatments, age associated infertility problems will
be completely resolved. Based on the conducted
by Virtala et al. (23) more than 50% of male and
1/3 of female college students have believed that
decline in fertility would only occur at the age of
45 in women. Also, in another study conducted on
non-medical students, they believed that women’s
fertility can still be preserved even with increasing
age. Therefore, they can plan to have their preg-
nancy at ages when fertility declines (24).

Community policy-makers must be aware of
this issue and should address significant issues in
their policies regarding childbearing to support
families. Some studies have shown that policies
designed and implemented to resolve conflict be-
tween work and study have played an important
role in strengthening the couples desire for child-
bearing and helping couples to counter their deci-
sion for postponement of conception on their first

Desired Number of Children among Couples

child (4). Although the availability of contracep-
tive methods is considered to be one of the factors
affecting reproductive behavior, the most impor-
tant factor in order to achieve success in changing
the community’s behavior towards fertility is more
understanding in order to reduce conflicts between
maternal and paternal roles, education and em-
ployment (4).

In this study, having more siblings was related to
higher number of desired children in women, the
shorter first birth intervals, and pregnancy intervals
in men and women. One key point in this regard
is the effect that someone may receive from his
family background variables. It may be related to
common values of individuals in a family. Several
studies have emphasized the essential role of so-
cial interaction for fertility behaviors (4, 25). The
present study has several strengths. It was a part of
the first national study about fertility preferences
and desired numbers of children. The mentioned
topic that has also not been studied among the gen-
eral population in Iran. Convenience sampling was
a limitation of our study. The sample was a part of
the large study that has been conducted by MOH
of Iran. The response rate was very good and neat
to all of the couples answered to the questionnaire,
therefore the study results reflect their opinions
reliably. Further studies with a larger number of
samples, or nationally representative studies are
suggested to achieve to more precise findings. In
addition, future studies are proposed to assess at-
titude of couples about fertility and their fertility
awareness to obtain more interpretable findings.

Conclusion

In this study, preferences and desires related
to the reproductive behavior on couple’s prior to
marriage were evaluated and one of the strong
points that can be pointed out is that, these cou-
ples will serve as representatives for the whole
province for the reason that all couples would re-
fer to these 2 clinics for pre-marriage counseling.
Majority of the participants of the present study
express their desire to have one or two siblings.
In considering the fact that what one desires does
not always come into reality, the risk of reduced
fertility is generally present in the community
and in order to create a favorable environment
for childbearing, appropriate policies should be
implemented.
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Abstract
Background: The multiple pregnancy incidence is increasing worldwide. This increased
incidence is concerning to the health care system. This study aims to determine the fre-
quency of multiple pregnancy and identify factors that affect this frequency in Tehran, Iran.

Materials and Methods: This cross-sectional study included 5170 mothers in labor be-
tween July 6-21, 2015 from 103 hospitals with Obstetrics and Gynecology Wards. The
questionnaire used in this study consisted of five parts: demographic characteristics; in-
formation related to pregnancy; information related to the infant; information regarding
the multiple pregnancy; and information associated with infertility. We recruited 103
trained midwives to collect data related to the questionnaire from eligible participants
through an interview and medical records review. Frequencies and odds ratios (OR) for
the association between multiple pregnancy and the selected characteristics (maternal
age, economic status, history of multiple pregnancy in first-degree relatives, and repro-
ductive history) were computed by multiple logistic regression. Stata software, version
13 (Stata Corp, College Station, TX, USA) was used for all statistical analyses.

Results: Multiple pregnancy had a prevalence of 1.48% [95% confidence interval (CI):
1.19-1.85]. After controlling for confounding variables, we observed a significant as-
sociation between frequency of multiple pregnancy and mother’s age (OR=1.04, 95%
CI: 1.001-1.09, P=0.044), assisted reproductive technique (ART, OR=6.11, 95% CI: 1.7-
21.97, P=0.006), and history of multiple pregnancy in the mother’s family (OR=5.49,
95% CI: 3.55-9.93, P=0.001).

Conclusion: The frequency of multiple pregnancy approximated results reported in previ-
ous studies in Iran. Based on the results, we observed significantly greater frequency of
multiple pregnancy in older women, those with a history of ART, and a history of multiple
pregnancy in the mother’s family compared to the other variables.

Keywords: Multiple Pregnancy, Pregnancy, Labor, Cross-Sectional Study, Prevalence Rate
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Introduction

The occurrence of twin and multiple pregnan-
cies has increased in developed countries (1)
and is associated with concern in the health care
system. Multiple pregnancy results in premature
delivery, underweight newborns, and increased

congenital anomalies. The worst outcome is
maternal and neonatal mortality (2). The ex-
isting evidence shows a significantly lower
one-year survival in multiple infants compared
to singletons. The frequency of growth disor-
ders, as well as physical and mental disabilities
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is higher in multiple newborns, if the infants
survive (3, 4). A few studies conducted in Iran
have reported a frequency of twin pregnancy
from 1.5 to 8% (5-7). However, these studies
were frequently conducted in one or several
hospitals. Most were retrospective studies that
reviewed the records. Inconsistency in report-
ing the frequency of multiple pregnancy could
be due to structural differences in the popula-
tions studied and design effect and systematic
errors (selection or information bias), in addi-
tion to changes in the frequency of the interest-
ed outcome over time (8). Hence, it is necessary
to accurately identify the frequency of multiple
pregnancy and impacting factors which lead to
identification of high-risk groups and increased
care for these groups, and assists authorities and
policy makers in evidence-based decision mak-
ing to increase cost effectiveness of the inter-
ventions. The aim of this study is to determine
the frequency of twin and multiple pregnancy
and to identify factors that affect the frequency
of this phenomenon in Tehran Province, one of
the main provinces in Iran.

Materials and Methods

We conducted a cross-sectional study in Tehran
Province, Iran which included the twenty-fifth
most populated city worldwide-the capital of Iran
(9). Participants comprised 5170 mothers in labor
between July 6 to 21, 2015 who referred to the
Obstetrics and Gynecology Wards of 103 hospi-
tals. These hospitals are affiliated with Tehran,
Beheshti, and Iran medical universities, which
oversee and mange 19 (Tehran), 43 (Beheshti),
and 41 (Iran) hospitals. We included all women
in this study regardless of the type of delivery
(natural or cesarean section) and the pregnancy
outcome (live birth, stillbirth, or spontaneous
abortion).

The Ethical Committee of Royan Institute ap-
proved this study (EC/92/1097). All participants
received complete explanations about the study
aims and data confidentiality, which mentioned
their complete freedom to participate. Eligible in-
dividuals were also assured that acceptance or re-
fusal to participate in the research had no influence
on their treatment procedures. Completion of the
questionnaire was considered as written informed
consent.

Int J Fertil Steril, Vol 11, No 3, Oct-Dec 2017 221

According to the 2% prevalence of multiple
pregnancy in the population (10), the effect size
of 0.006 and a design effect of approximately 2,
we estimated the required minimum sample size to
be approximately 4181 pregnant women (0¢=0.05).
The dependent variable studied was multiple preg-
nancy (twin or higher). The questionnaire used in
the study included five parts: demographic char-
acteristics (13 items); information related to preg-
nancy (26 items); information related to the infant
(15 items); information regarding the multiple
pregnancy (18 items); and information associated
with infertility (7 items).

Face and content validity

A total of 10 experts in gynecology, sexology,
and methodology assessed face and content va-
lidity of the questionnaire. The validity index
for each question and total validity were calcu-
lated (11). To equalize the experts’ perceptions of
content validity indices (relevancy, clarity, and
comprehensiveness of the tool), we sent the defi-
nitions of these indices with the questionnaire.
Relevancy, clarity, and comprehensiveness were
defined as follows. Relevancy was the ability of
selected questions in order to reflect the content,
lucidity of the questions concerned their wording,
concept was clarity, and the instrument’s ability to
include all content domains or areas was consid-
ered comprehensiveness. The experts were asked
to review clarity and relevancy of each item, and
comprehensiveness of the total questionnaire.
Scores were given as: 1 (inappropriate), 2 (some-
what appropriate), 3 (appropriate), and 4 (quite
appropriate). Experts’ responses were gathered
within 1 to 3 weeks (12).

Data related to the questionnaire was collected
from eligible participants through interviews con-
ducted by 103 trained midwives. If pain was a bar-
rier to mothers’ responses to the questionnaire, data
were taken after childbirth at the time of admission
in the hospital, which took 24 hours. To ensure
valid and reliable data collection, the following ac-
tions were taken. We conducted three training ses-
sions for midwives who collected the data. In these
sessions, the correct way to collect data, definition
of variables, and creation of a common perception
among midwives were considered. A pilot study
for operational feasibility and identification of im-
plementation problems and difficulties related to



the questionnaire was conducted in five hospitals.
A visit to hospitals without previous coordination
for examining how to complete the questionnaires.

Statistical analysis

Categorical and continuous variables were
summarized as number (%) and mean (SD). The
frequency of multiple pregnancies was calcu-
lated as the percentage of multiple pregnancies
by mother’s age, history of infertility, assisted re-
productive technique (ART), history of multiple
pregnancy in the mother’s family, history of mul-
tiple pregnancy in the father’s family, the mother
born of multiple pregnancy, and the father born
of multiple pregnancy. Crude odds ratios (OR)
for the association between the selected charac-
teristics (maternal age, economic status, a history
of multiple pregnancy in first-degree relatives,
and reproductive history) and multiple pregnancy
were computed by univariate logistic regression.
In the analysis we considered hospitals as a clus-
ter. Multivariate logistic regression was used to
adjust OR simultaneously for the aforementioned

Frequency of Multiple Pregnancies in Iran

variables. Criteria for model building was based
on the Hosmer-Lemeshow method (13). Results
were presented as OR with 95 % confidence in-
tervals (CI) (14). The Hosmer-Lemeshow test
was used for goodness of fit of the model (15).
We used Stata version 13 (Stata, College Station,
TX, USA) for statistical analysis.

Results

In this study, the IRA (Inter Rater Agreement) rel-
evancy of the questions was 78.34% with a clarity
0f'92.78%. The questionnaire had a total relevancy
of 86.23%, clarity of 87.48%, and comprehensive-
ness of 82%. In this survey we examined 5170
eligible pregnant women. Among the examined
pregnancies, there were 5093 single cases and 77
multiple cases. Multiple pregnancy had a frequen-
cy of 1.48% (95% CI: 1.19-1.85). Mothers had a
mean age of 29.23 years (95% CI: 29.08-29.38).
Mothers with single pregnancy had a significantly
lower mean (SD) age of 29.20 (5.46) compared to
30.98 (5.86) for mothers with multiple pregnancy
(P=0.004, Table 1).

Table 1: Association between multiple pregnancy and potential predictors

Variable Multiple pregnancies Crude OR 95% CI for OR
Yes No

Mother’s age (Y)

Mean (SD) 30.98 (5.86) 29.20 (5.46) 1.05 1.01-1.10
Type of pregnancy

Wanted 63 (1.56) 4069 (98.48) 1 -

Unwanted 14 (1.37) 1006 (98.63) 0.89 0.50-1.61
History of infertility

No 55 (1.15) 4719 (98.85) 1 -

Yes 22 (5.70) 364 (94.30) 5.18 3.12-8.59
Received assisted reproductive technique (ART)

No 57 (1.16) 4876 (98.84) 1 -

Yes 20 (8.44) 217 (91.56) 7.88 4.65-13.35
History of multiple pregnancy in mother’s family

No 24 (0.62) 3832 (99.38) 1 -

Yes 53 (4.05) 1257 (95.95) 6.73 4.13-10.94
History of multiple pregnancy in father’s family

No 50 (1.20) 4100 (98.80) 1 -

Yes 27 (2.66) 989 (97.34) 2.23 1.39-3.59
Mother as the outcome of multiple pregnancy 1

No 74 (1.45) 5014 (98.55) -

Yes 3(3.85) 75 (96.15) 2.71 0.83-8.79
Father as the outcome of multiple pregnancy

No 75 (1.47) 5012 (98.53) 1 -

Yes 2(2.53) 77 (97.47) 1.73 0.41-7.19

OR; Odds ratio and Cl; Confidence interval.
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There were 237 (4.58%) cases treated with ART.
The frequency of multiple pregnancy was 1.15%
in women who did not receive ART (95% CI: 0.08-
1.49), while the frequency of multiple pregnancy
was 8.44% in women who received ART (95%
CI: 5.5-12.72). Using logistic regression analysis,
we estimated the OR for the association between
ART and multiple pregnancy to be approximately
7.88 (95% CI: 4.65-13.35, P<0.001). Hence, the
frequency of multiple pregnancy in women who
received ART was 7.88 times greater.

As seen in Table 2, a significant association
existed between variables such as mother’s age
(OR=1.04, 95% CI: 1.001-1.09, P=0.044), ART
(OR=6.11, 95% CI: 1.7-21.97, P=0.006), and his-
tory of multiple pregnancy in the mother’s family
(OR=5.49, 95% CI: 3.55-9.93, P=0.001) with the
frequency of multiple pregnancy after controlling
for other variables in this table. No significant as-
sociation existed between the frequency of multi-
ple pregnancy and other variables. The goodness
of fit test was performed for the final version,
which showed a good fit of the model (Hosmer-
Lemeshow chi2=5.57, P=0.695).

Table 2: Demographic characteristic and the first birth interval
according to gender

Variable Adjusted 95% CI P
OR value

Mother’s age (Y) 1.04 1.01-1.09  0.044

ART 6.11 1.70-21.97  0.006

History of multiple pregnancy  5.94 3.55-9.93  0.001

in mother’s family

0.44-1.51 0518
0.27-3.25  0.929
0.79-2.17  0.293

Type of pregnancy 0.81
History of infertility 0.94

History of multiple pregnancy  1.31
in father’s family

Mother as the outcome of 1.30 0.38-4.47  0.669

multiple pregnancy

Father as the outcome of 1.88 0.43-8.24  0.399

multiple pregnancy

ART; Assisted reproductive technique, OR; Odds ratio, and Cl; Confidence
interval.

Discussion

After remarkable reduction in multiple births
during the second half of the twentieth century,
most recently a steady increase exists in multiple
births and its adverse subsequent consequences
worldwide (16). Studies have shown that the ma-
jority of this increase is due to the increased age at

Int J Fertil Steril, Vol 11, No 3, Oct-Dec 2017 223

pregnancy and the emergence of ART. In the Unit-
ed States from 1972 to 1999, there were 6 times
more triplets and 12 times more multiples than the
past. If women who became pregnant at an older
age were considered in the calculation, the above
prevalence would increase approximately 50-60
times (17). Iran, like other developing countries,
has experienced major changes in the structure of
its population. The socio-economic development
and establishment of health care networks caused
major changes in indicators of population health
and epidemiology in Iran (18, 19). Demographic
information, mainly derived from the censuslO
years once in Iran, along with health indicators
confirmed the above mentioned. Fertility indica-
tors (birth and total fertility rate) showed that since
2000, Iran has experienced a downward trend and
the population growth rate has been close to one.
By taking into account the age composition of the
community, we have found that the population is
increasing in age, whereas the relative frequency
of marriage has decreased and the age of marriage
increased in both men and women (9). During the
last 10 years, no study has evaluated the frequency
of multiple pregnancy and its trend. With regard to
information obtained in a few studies, the results
have suggested a subtle increase in multiple births
in Iran. The highest frequency reported was 2%
estimated from the last study conducted in 2005 in
three large teaching hospitals in Tehran (10). In the
current study, multiple pregnancy had a frequency
of 1.48 (95% CI: 1.19-1.85), which approximated
the frequency reported in previous studies. The
rate has been affected by Genetics agents and ART.
Therefore, it differs in various regions of the world.
Bortolus et al. (20) carried out a systematic review
on the epidemiology of multiple births. The re-
sults showed a higher frequency of multiple births
in African countries and the black race compared
with other countries. The lowest frequency was re-
ported from Japan and Southeast Asian countries.
Our results showed a moderate rate in Iran.

An international committee for monitoring ART
suggested that one embryo should be transferred
per cycle (21). Saraswat et al. (22) conducted a
systematic review in 2010. The results indicated
that infertility centers increased the number of
embryos transferred (sometimes up to 4 embryos)
according to domestic law and patient preference.
In the current study, the OR for an association be-



tween ART and multiple pregnancy was estimated
at 7.88 (95% CI: 4.65-13.35), which confirmed
findings of other studies (23). Another systematic
review on studies from 1950 to 2010 in the United
States revealed that 20% of twins, 40% of triplets,
and 71% of other types of multiple pregnancy
were caused by ovarian stimulation whereas 16%
of twins, 45% of triplets, and 30% of other types
were the result of IVF (16).

Martikainen et al. (24) conducted a study in four
centers in 2001. The results showed the clinical
pregnancy rate per transfer was 32.4% in the one
embryo transfer group and 47.1% in the two em-
bryo transfer group. The relative risk for twin birth
was 10.18. Mclernon et al. (25) reported a relative
risk for twin birth of approximately 24.4 (95% CI:
3.42-173.8), which indicated a very high risk for
twin pregnancy after the transfer of two or more
embryos. A review study conducted in 2002 by De
Sutter et al. (26) compared double embryo transfer
(DET) to single embryo transfer (SET) according
to the results of the 7407 cycles in 6 cohort studies.
Overall, the pregnancy success rate had no signifi-
cant difference between the two procedures (SET:
33.9%-DET: 35%) Twins were 1% in SET which
increased to 32.6% in DET. In the current study,
we have observed a direct association between
the mother’s age and multiple pregnancy. Age is
one of the risk factors for multiple pregnancy. The
trend for this type of pregnancy exactly depended
on the pattern of change in women's age at mar-
riage (27, 28).

Adashi et al. (29), in a research conducted in
the United States, found that 20% of the increase
in twin births was attributed to the reproductive
age of women. From the remaining 80%, ovula-
tion with fertility drugs comprised 40 and 40%
was attributed to IVF. In Denmark, an increase
in multiple births was seen exclusively in women
30 years of age and older; most of the pregnan-
cies were dizygotic. Blondel and Kaminski (30)
have reported a one-quarter to one-third increase
in twin pregnancies attributable to an increase in
reproductive age in women. The increase in re-
productive age is effective in twin birth of dizy-
gotic, but the rate of monozygotic pregnancies is
constant with changes in maternal age. This is due
to the increase in gonadotropin levels with increas-
ing age (31). Maximum follicle stimulation occurs
between the ages of 35-39 years, after which ovar-

Frequency of Multiple Pregnancies in Iran

ian function declines. Another finding of our study
was the strong association between multiple preg-
nancy and a positive history of multiple births in
the mother’s family. This association was not seen
between multiple pregnancy and a positive history
of multiple birth in the father’s family. In a case-
control study in Italy the OR in women who had a
history of multiple pregnancy in their first-degree
relatives were 2.4 for dizygotes and 2.7 for mo-
nozygotes (14). Baldwin (32), observed these find-
ings only in dizygotic twins. In a systematic re-
view by Bortolus et al. (20) on factors that affected
multiple births, an increase existed in the risk of
multiple pregnancy in those with a history of mul-
tiple pregnancy in their first-degree relatives. The
findings were confirmed for dizygotic twins. The
mechanism of this association was explained in
1970 by Bulmer (33).

Our study was the first survey conducted with
the large sample sizes from both public and pri-
vate hospitals that had no selection bias (response
proportion: 100%). We attempted to hold the same
training session for interviewers (midwives) to
minimize information bias. A pilot study carried
out at the beginning of the study during over one
week detected operational problems, and exam-
ined reliability and validity of the questionnaire.
Our study has several limitations. First, the cross-
sectional nature of the study did not allow for con-
clusions on causality due to the because of tempo-
rality between the exposure and outcome. Second,
in this study we only assessed multiple pregnancy
without considering the type of multiple pregnan-
cy (i.e., monozygote or dizygote).

Conclusion

Based on the our study results, frequency of mul-
tiple pregnancy in older women, women with his-
tory of ART, and a history of multiple pregnancy in
the mother’s family had a significant relationship
with increased frequency of multiple pregnancy.
We observed no significant relationship between
the frequency of multiple pregnancy and other in-
cluded variables.
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Abstract
Background: One of the most controversial issues related to the human embryo is the
determination of the moment when an embryo is considered a human being and acquires a
moral status. Although personhood and moral status are frequently mentioned in medical
ethics, they are considered interdisciplinary as concepts that shape the debate in medical
law (figh) since their consequences are influential in the way which the parents and other
individuals behave towards the embryo.

Materials and Methods: This analytical-descriptive research gathered relevant data in a
literature search. After a description of the fundamentals and definitions, we subsequent-
ly analyzed juridical texts and selected one of the viewpoints that regarded the surrogacy
contract revocation.

Results: The surrogacy contract is a contract based upon which two sides (infertile cou-
ple and surrogate mother) involved in making the contract are obligated to fulfill its
terms. Therefore, contract revocation can be surveyed from three perspectives: mutual
revocation (iqala), legal unilateral wills (khiar al-majlis, khiar al-ayb), and contractual
wills (khiar al-shart).

Conclusion: Revocation of a surrogacy contract either by the genetic parents, surrogate
or the fertility clinic is allowed by Muslim jurists only when the embryo lacks person-
hood. Based on Islamic teachings, the termination of a surrogacy contract in and after the
sixteenth week of pregnancy, when the embryo acquires a human soul (ensoulment), is not
allowed. However religious thought emphasizes the moral status of the fetus before the
sixteenth week and states that optional termination of the surrogacy contract is not permit-
ted while the fetus becomes a human being.
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Introduction

The desire to have children is associated with
the creation of human beings. Surrogacy is one
method used by infertile couples who wish to
have a baby. The first legal surrogacy agreement
was enacted in the mid-1970s. The first paid tradi-

tional surrogacy arrangement was conducted in the
United States in 1980. In 1983, the first successful
pregnancy occurred via egg donation. This event
later led to the first gestational surrogacy in the
United States in 1985 (1, 2). In a study reported the
first surrogate gestational pregnancy that resulted
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in heated debates in the UK. In 1985, the UK es-
tablished the Surrogacy Law (3) which permitted
surrogacy under special circumstances. Therefore,
the UK became one of the few European countries
where a surrogacy contract was permitted under
specific circumstances. In 1959, Patrick Steptoe
and Professor Robert Edwards initially introduced
the surrogacy contract in Europe. Finally, in 1990,
the UK passed the Human Fertilization and Em-
bryology Act (the 1990 Act), which was revised
in 2008 (4). However, since the United States has
legally allowed commercial surrogacy contracts,
the majority of these contracts reportedly occur in
this country.

In Iran, the first infertility center was inaugu-
rated in Yazd in 1989. The Gamete and Embryo
Donation law (5) was passed in 2003 which has
permitted gestational surrogacy for infertile cou-
ples. Gestational surrogacy is when in vitro ferti-
lization (IVF) is performed after aspiration of the
husband's sperms and wife's eggs. The zygote or
embryo is subsequently transferred into the womb
of the surrogate mother to naturally spend his early
development. After birth, the surrogate then gives
the child to the intended (genetic) parents. Use of
a surrogate and surrogacy during pregnancy is di-
vided into several classes based on the presence
or absence of a genetic link between the surrogate
and the intended parents. The most common type
of surrogacy is “full surrogacy" that has no ge-
netic link (6). Full surrogacy is used when there
is a fertility disorder or dysfunction such as habit-
ual abortion or another unknown problem. In this
case, the ovum is fertilized by husband’s sperm in
vitro and the embryo is subsequently transferred
into the surrogate uterus (7, 8).

Materials and Methods

This analytical-descriptive research gathered
the relevant data as a literature search. After de-
scribing the jurisprudents’ fundamentals, we sub-
sequently analyzed the Shiaat figh sources. This
was not a clinical trial, hence no need existed for
patient consent or Ethical Committee approval.

Validity of the surrogacy contract

The surrogacy contract is an arrangement be-
tween an infertile couple and a woman who agrees
to conceive with reproductive methods using their

Int J Fertil Steril, Vol 11, No 3, Oct-Dec 2017 227

embryo. Based on this contract, the surrogate
agrees to accept transfer of the embryo from the
genetic parents to her uterus. The surrogate accepts
responsibility to maintain the pregnancy and per-
form conventional measures for fetal growth until
the child is born. She agrees to refrain from risky,
harmful behaviors that affect fetal growth and con-
sents to return the child to the infertile (genetic)
couple after its birth. There are two, legal surroga-
cy contracts: commercial surrogacy and altruistic
surrogacy. If the genetic parents (with the surro-
gate’s agreement) guarantee compensation for her
involvement, this contract is termed a commercial
surrogacy. However, altruistic surrogacy is when
the surrogate accepts to become pregnant and de-
liver the baby to the parents without any financial
compensation and only for charity motives. The
surrogacy contract has three essential participants:
surrogate mother, infertile couple (sperm owner
and ovule owner) and the fertility clinic. The fertil-
ity clinic is the therapist center in which necessary
actions for fertilization of the infertile couple’s
sperm and ovule is performed which results in its
subsequent placement into the surrogate mother’s
uterus by a necessary medical procedure.

This agreement is legal according to article 10 of
the civil law, “freedom of contracts”, and permitted
(ebahah principle) (9) since it is not contrary to the
law. This contract is valid and effective, and Com-
mercial and Altruistic of this contract has not effect
on its being lawful (javaz) or validity (sehhat). Al-
though the principle of autonomy sovereignty and
freedom of contracts can prove the legality of a
surrogacy contract, of note, such an argument may
not suffice since the sanctity of using reproduc-
tive organs outside the context of marriage can be
the primary obstacle to the effect of the autonomy
sovereignty. The need to respect the precautionary
principle (asle ehtiat) in such cases is an obstacle
to perform freedom of contracts principle (ebahah
principle). Thus, the validity of a surrogacy con-
tract faces a fundamental problem (10).

Contract revocation due to cancellation by the
parties of the contract

Based on the principles of Islamic Law and juris-
prudence, the contract can be revoked (11). It is
possible only due to the application of one of the
legal wills (khiar; khiar al-majlis, khiar al-ayb) or



contractual wills (khiar al-shart). A surrogacy con-
tract is a contract based upon which the two sides
involved in making the contract are obligated to
fulfill its terms unless a health risk or problem oc-
curs for the surrogate mother. Therefore, contract
revocation can be surveyed from two perspectives:

Mutual revocation

Iqala is one of the ways to terminate the com-
mitments whereby the contract can be annulled by
mutual agreement of the parties (12) and avoid its
sequence effects in the future. Annulment of a sur-
rogate contract by iqala is examined in three as-
sumptions.

Mutual revocation before starting the process

If the genetic parents, surrogate mother, and fer-
tility clinic agree upon creation of the embryo and
its transfer to the surrogate’s uterus and they sign
a contract with the mediation of the fertility clin-
ic but no embryo has yet formed in vitro, can the
contract be revoked by cancellation of each of the
parties involved? There is no doubt that the sur-
rogacy contract is a continuous contract whereby,
before the process (the issue of contract), mutual
revocation (iqala) exists (13). However, regarding
the fact that mutual revocation (igala) is permis-
sible according to mutual agreement of the parties
(tarazi), can either of the parties involved (the ge-
netic parents, surrogate mother or fertility clinic)
alone dissolve the contract or is it dependent on
mutual agreement of all the members?

If, after signing the contract, the genetic parents
are not inclined to give their sperm and egg to the
fertility clinic to form the embryo during the pro-
cess of fertilization, then the fertility clinic and
the surrogate mother have no commitment to the
terms of the contract. Furthermore, if the fertility
clinic is not willing to perform IVF and its transfer
to the surrogate’s uterus, the surrogate’s commit-
ment to the contract is meaningless. Finally, if the
surrogate refrains from pursuing the contract and
she does not allow the fertility clinic to implant an
infertile couple’s IVF embryo into her uterus, no
issue will remain for the surrogacy contract. Ethi-
cally she has a duty for the contract’s execution,
but she cannot be forced to uphold the contract.
There is a longitudinal relationship between the
effective parties’ demands and their commitment

Personhood and Surrogacy Contract Revocation

to this contract. Each party’s commitment is an
essential condition for contract execution and no
action can be considered a sufficient condition,
however the commitment of all parties toward the
terms of the contract is a sufficient condition for
its performance. In this case when one of the par-
ties is not inclined to continue the surrogacy con-
tract and decides to terminate the contract, it will
automatically be terminated due to the loss of its
subject. It is obvious that this revocation results
from failure to commit from each of the parties,
and is not due to iqala. Therefore, each party’s will
in the surrogacy contract is alone sufficient for
contract revocation, either with iqala that includes
the mutual consent of all parties or not to commit
to contract terms that would lead to termination of
the contract.

Mutual revocation after egg cell formation and
before implantation in the surrogate’s uterus

If the fertility clinic performs IVF after the re-
quest and consent of the genetic parents and agree-
ment of the surrogate, the contract revocation can
be surveyed from three perspectives: i. The deci-
sion made by one or both genetic parents about not
having a child, ii. Refusal of the fertility clinic to
continue the process, or iii. Refusal of the surro-
gate to lend her uterus for the embryo’s implanta-
tion. The common point in these three assumptions
is that cancellation of each of the parties involved
will destroy the human embryo. If the created em-
bryo is not used for scientific research or donated
to other infertile couples or frozen for the genetic
parents’ future use, will this be embryo destruc-
tion or prevention of its life. Is this permissible or
not? In the first and second cases, the request of
contract revocation from the genetic parents or fer-
tility clinic, and lack of commitment to contract’s
terms results in destruction of the embryo. Howev-
er, the third case that the surrogate refuses to lend
her uterus does not prevent the embryo from sur-
viving because the embryo can survive in vitro be-
fore being implanted in another uterus. Although,
finding other appropriate surrogates takes time and
the golden time for implantation could be lost.

Permitting or not permitting the destruction of a
human embryo is based upon two issues: the per-
sonhood of the embryo and the condition of embryo
placement in the uterus. If we consider the zygote as
a human being after its formation, then we should
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accept that it possesses human dignity and therefore
each action which leads to its destruction will be
unlawful. Moreover, if we accept the validity of em-
bryo placement in the uterus, not in terms of its sub-
ject matter, but only in terms of its method (14), the
refusal of genetic parents, the fertility clinic, or both
to follow surrogacy contract terms is still not al-
lowed since it will destroy a human being. However
if before ensoulment, the fetus or human embryo is
not considered to be a human being or we consider
its placement in the uterus as a subject, it will be
allowable. Because the prevention to perform the
contract’s terms and it’s termination does not cause
the destruction of a human being and this beings
doesn’t place in surrogate’s uterus. The Qur'an con-
siders two stages of embryo development: before
and after ensoulment (15).

Thus, human life begins with its ensoulment, as its
revocation occurs with separation of the soul from
the body (16, 17). There is no doubt that a human
embryo after ensoulment is considered a human be-
ing; any action that leads to its death (abortion) is
the killing of a living creature (manslaughter) and
this is an unlawful action. Whoever performs this
action, regardless of whether it is the mother, father
or any other person must pay blood money for kill-
ing a full-grown man in addition to eternal punish-
ment. Nevertheless, this judgment does not imply
that the human embryo lacks personhood before
ensoulment (i.e., before the sixteenth week, from
the 4™ month onwards) and therefore it will ethi-
cally and religiously be allowed to perish since the
Qur'an considers beginning of human creation from
the moment of egg cell (Notfa) creation (18).

The egg cell does not refer only to male sperm
but it refers to the fertilized male sperm and female
egg (zygote) (Notfa Amshaj) (19). Since the egg
cell will fail to humanize before it is implanted in
the uterine wall, God considers implantation in the
uterine wall as the precondition for human crea-
tion (according to the author’s understanding of
this verse) (20). Accordingly, after implantation,
after the second week onwards, the human be-
ing will undoubtedly be formed. The question is
whether any human person exists before this pe-
riod? The simplest interpretation is to say that an
egg cell is not considered a human before reaching
this stage (i.e., from the baseline week until the
second week). In other words, when the egg cell is
only an egg cell (21).
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However, a human can be defined since the for-
mation of the egg cell, that is, shortly before reach-
ing the implantation stage. A proof of this claim, in
addition to narratives of the infallible Imams (22),
is the understanding of Muslim jurists (foqaha).
Therefore, the request for surrogacy contract dis-
solution is an unlawful (haram) act since it causes
the death of a potential life. In the third case where
the genetic parents and the fertility clinic are com-
mitted, the parents provide sperm and ovule to the
institution and the institution creates a germ cell
and embryo, but the surrogate has requested to ter-
minate the contract. She does not lend her uterus
for implantation despite the previous agreement.
What should be done?

According to the principle of autonomy sover-
eignty and a human’s inherent genetic ownership
of his/her body’s integrity (23, 24) as well as the
lack of legal hindrance to terminate the contract
in terms of self-preservation, the contract is termi-
nated by the request of the surrogate and consent
of the other parties of the contract. Because the
duty of self-preservation, is not a duty that only
the surrogate should notice; and the other women
could not have a mediating role and they could
not perform it until when the surrogate cancel it,
potential human is destroyed. But if there is no
consent by the other parties of the contract, there
will not be iqala and the surrogate must fulfill her
commitment. Until the surrogate does not lend
her uterus, it cannot act on the contract terms and
create a human. On the other hand, there is not a
binding force of the surrogate to the nine months
of pregnancy acceptation and the surrogacy con-
tract is automatically terminated. It is clear that the
surrogate mother is responsible to compensate for
the losses imposed on the genetic parents or fertil-
ity clinic since contract revocation by the person
who has requested it does not negate compensa-
tion for the losses that result from revocation. As
in the previous two cases, contract revocation by
the genetic parents or the fertility center does not
negate the compensation for the losses imposed on
the surrogate or the other party.

Mutual revocation after implantation in the
surrogate’s uterus

If the genetic parents, the fertility clinic, and the
surrogate fulfill their obligations based on the sur-
rogacy contract and the in vitro formed embryo is



injected into the surrogate's uterus can the parties
involved refuse to fulfill contractual provisions
(terms) afterwards? Contract revocation by the ge-
netic parents or the surrogate means that they are
not inclined to continue the process of pregnancy.
As aresult, the process of pregnancy should be ter-
minated. The existence of the right to revocation
for each in this assumption is subject to determin-
ing the time of the embryo’s personhood, since the
embryo has been settled in the surrogate's uterus.
If we consider the human embryo as a person even
before the sixteenth week, neither the genetic par-
ents nor the surrogate has the right to annul the
contract because taking into consideration their
rights for revocation conflicts with the right of the
embryo's life. However, if we do not consider the
human embryo as a person until ensoulment, then
we can possibly consider the right of revocation
for both the genetic parents and surrogate.

Following these explanations, it is clear that no
right of revocation exists for the parties involved in
the contract after ensoulment because the embryo
in the surrogate’s uterus, though not a property, be-
longs to all three parties involved: genetic parents,
surrogate, and the embryo itself (although the fe-
tus is not directly a party for the contract, but by
performance of the contract terms and its creation
by the fertility clinic, it will have the right to life).
Therefor neither the mother nor father can use their
hypothetical right to annul the contract. In addition,
their agreement upon revoking the contract, assum-
ing the agreement of the surrogate, will not be a
reason for revocation since it is in contrast with the
right of an embryo’s life. The right of life precedes
any other right that negate that life, except in cases
where not allowing the embryo to live is permitted,
such as the priority of the mother’s life over the em-
bryo’s life if the mother’s life is saved by an abor-
tion (25, 26). Hence, one can claim that malformed
or patient fetus abortion is not lawful after ensoul-
ment or 16 weeks when the possibility exists for a
viable birth or survival. Accordingly, use of mutual
revocation (igala) by any of the parties involved to
annul the surrogacy contract is permitted only when
the obligation to contractual provisions has not yet
started or if it has started, the embryo has not been
implanted in the surrogate’s uterus.

Applying option

Option (khiar) in Islamic texts refers to the abil-
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ity (governance) of one or two parties involved in
contract revocation (27). The existence of the op-
tion of revocation (khiar al-faskh) for each of the
effective parties involved in a surrogacy contract
can be investigated from four perspectives:

Mention of the right to revocation in the con-
tract

Mentioning the right to revocation in the con-
tract and its application does not differ from what
has been previously mentioned about mutual
revocation (iqala) according to legal-jurisprudent
(figh) texts.

Option of violation from a conduct’s condition

The conduct's condition refers to the obligation
of either one party of the contract, both parties or a
person outside the contract to do something which
can be either within the regulations of the con-
tractual provisions or beyond its provisions (28).
Within the contract each of the effective parties is
obligated to do something. For example, the obli-
gation of the genetic parents to financially support
the surrogate and pay for medical expenses related
to surrogate's pregnancy; the surrogate's obliga-
tion to use essential nutrients necessary for growth
of the fetus and refrain from alcohol and smoking
(quitting the conduct), and have regular visits to
a health center for checkups; or the obligation of
the fertility center to monitor the health status of
the surrogate and her embryo, and timely detec-
tion of fetal genetic diseases. However, if one side
does not observe the contractual provisions, can
the other side annul the surrogacy contract due to a
contract violation?

Undoubtedly, violation from a conduct men-
tioned in the contract will lead to the option of
revocation (khiar al-faskh) for the other side; how-
ever, as far as the surrogacy contract is concerned,
the issues of embryo’s life and his personhood dis-
tinguish this contract from the others. If a viola-
tion from the condition mentioned in the surrogacy
contract occurs before starting the procedure the
possibility of revocation exists for other sides as
well; however, if it occurs after implantation of the
embryo (egg cell) in the surrogate’s uterus and if
we consider personhood for the embryo, then the
surrogacy contract cannot be annulled due to op-
tion of violation from the condition. This type of
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revocation means revocation of pregnancy and
killing a human embryo which is an unlawful con-
duct based on Islamic regulations. However, it can
force the violator to follow the condition by setting
up some regulations; if any loss occurs, the person
who has suffered a loss can force the violator to
compensate for their loss. In cases where the con-
dition is beneficial for the embryo, the genetic fa-
ther, due to his right of custody of the embryo can
act on behalf of the embryo and its rights.

Option of violation from a characteristic condition

A characteristic condition (shart e sefat) is one
of the correct conditions in contracts that refer to
one of the qualitative or quantitative features of the
contract (12). The option of violation from a char-
acteristic condition in the surrogacy contract refers
to the clinic’s obligation to create a child with a
specific attribute not realized in the child (embryo).
For example, the clinic’s obligation to create a spe-
cific sex (boy or girl) or specific physical attributes
by using genetic changes (specific eye color, ear
and nose shape, or hair type, or a defined genetic
trait) or to create specific number of children (sin-
gle or twins). The fertility clinic’s commitment for
creating an embryo with special characteristics is
unmoral and illegal. However, if we assume that
the fertility clinic is committed to this action, in
those characteristics that their understandings are
possible after the embryo’s growth in the surrogate
mother’s uterus. In case of non-fulfillment of that
characteristic, the surrogacy contract cannot be
terminated due to a violation of the characteristic
condition (shart e sefat). The prerequisite required
to terminate the contract by the genetic parents is
abortion or abandoning the child by entrusting it to
the surrogate, and not accepting responsibility for
the embryo-none of which are acceptable.

Option of deficiency

The fertility clinic is obligated to prevent crea-
tion of an embryo with physical abnormalities
(paralyzed or disabled) in a timely manner by us-
ing diagnostic techniques based on previously ac-
cepted medical science and to prevent embryo de-
velopment or at least tell the genetic parents about
the condition of the embryo when such abnormali-
ties occur. Then, the genetic parents can make a
decision about the future of their child. However,
if the fertility clinic, intentionally or mistakenly,
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does not fulfill its responsibility despite having
the knowledge or necessary equipment and this
oversight results in an abnormal embryo and at
any stage of the embryo development, the genetic
parents are not informed about the embryo’s de-
fect, can the genetic parents based on the option of
deficiency (khiar al-ayb) annul their contract with
the surrogate?

Contract revocation based on option of deficien-
cy (khiar al-ayb) is possible in two cases. The ab-
normality exists at the time of signing the contract;
however, the other side is not aware of this abnor-
mality or that another abnormality has occurred
due to the previously existing abnormality after
signing the contract. Accordingly, a surrogacy
contract can be annulled based on option of defi-
ciency (khiar al-ayb) when the genetic abnormal-
ity existed prior to signing the surrogacy contract
with the fertility clinic in cases where the clinic,
whether intentionally or mistakenly, did not dis-
close the abnormality to the parents that resulted
in other physical abnormalities in the embryo due
to a genetic disorder.

Nevertheless, the right to revocation cannot be
given to the genetic parents at least after embryo
ensoulment. However the contract has the finan-
cial burden and can be subject to the rules govern-
ing the termination of transactions. On the other
hand, it is associated with human life. Other au-
thors have discussed causes of malformed and
pros and cons of patient fetus abortion (29). If a
deformity or congenital defect in the fetus in the
surrogate’s uterus is one of the indications listed
in the Therapeutic Abortion Act approved 30 of
May 2005, then the genetic parents can terminate
the contract with the carrier and abort the embryo.
However, if the deformity or congenital defect is
not listed in the Act or the parents are informed
after the sixteenth week, by citing the terminate
authority, the contract can no longer be terminated
and the embryo aborted.

Under such conditions, the genetic parents,
fertility clinic, and surrogate should fulfill their
contractual obligations towards the embryo. The
genetic parents should accept their own deformed
or abnormal child after birth. This custodial right
cannot be ignored, as it is a natural-genetic right
whereby the parents should take care of the child
once their mutual relationship occurs (depend-
ent on both parents and the child) (30). However,



since taking care of a deformed child is financially
more difficult than taking care of a normal child;
therefore, the fertility clinic should compensate for
this financial loss for not fulfilling its obligation to
the issues of the surrogacy contract. The compen-
sation rule exists, whether or not the fertility clinic
had the obligation to create a healthy child. Based
on common understanding, the contract relates to
the creation of a healthy child unless the fertility
clinic denies this responsibility (i.e., creating a
healthy, not deformed child) in the contract.

Discussion

Use of surrogacy is a new phenomenon which,
like any other method, has raised questions that are
mostly beyond the medical scope. These questions
are legal and jurisprudent. One important ques-
tion that relates to surrogacy is whether each of
the parties involved in the contract have the right
to terminate the surrogacy contract. The current
article attempts to find an answer to this question
and in case of cancellation by any member, what
decision should be made regarding continuation of
the pregnancy and the resultant baby. Each of the
effective parties involved in the surrogacy contract
can annul the contract prior to embryo formation
without the consent of the other sides. The permis-
sion for surrogacy contract revocation by each of
the effective parties involved in the contract after
egg cell formation and prior to its implantation in
the surrogate’s uterus is subject to not consider-
ing personhood for the embryo. The validity of
embryo placement in the uterus does not permit
its abortion. The permission for surrogacy con-
tract revocation by each of the effective parties in-
volved in the contract after embryo implantation in
the surrogate’s uterus prior to ensoulment is sub-
ject to not considering personhood for the embryo.
Surrogacy contract revocation by each of the ef-
fective contractual parties after embryo implanta-
tion in the surrogate’s uterus and its ensoulment
is not permitted due to its inconsistency with the
embryo’s right to live. Surrogacy contract revo-
cation after embryo (egg cell) implantation in the
uterus due to violation of one of the parties from
the terms of the contract is not permitted. The vio-
lator is obligated to fulfill the condition; otherwise,
he/she should compensate for the loss(es) imposed
on the other parties.

In case of the clinic’s obligation to create a child
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with specific physical attributes which is not ful-
filled, the surrogacy contract cannot be annulled
based on a violation from shart e sefat. In this case,
contract revocation by the genetic parents will re-
sult in an abortion or embryo abandonment (the
burden of which would fall on the surrogate). If the
fertility clinic is aware of a genetic disorder of the
embryo prior to signing the surrogacy contract and
does not, intentionally or mistakenly, tell the ge-
netic parents about this defect, then the surrogacy
contract can be annulled only before ensoulment
(sixteenth week) based on option of deficiency
(khiar al-ayb). Nevertheless, contract revocation
after ensoulment is not permitted and the genetic
parents should take custody of their abnormal/de-
formed child; however, the fertility clinic should
compensate for the loss that resulted from not ful-
filling its (clinic) obligations.

Conclusion

According to the result of this paper there is a di-
rect relationship between legitimacy of surrogacy
contract revocation and moral status of the embryo.
Surrogacy contract revocation either by the infertile
couple, surrogate, or the clinic is allowed by Mus-
lim Jurists only when the embryo lacks personhood.
Based on Islamic teachings, termination of a sur-
rogacy contract in and after the sixteenth week of
pregnancy, when the embryo acquires human soul
(ensoulment), is not allowed. However, religious
teachings emphasize that the moral status of the fe-
tus before 16 weeks that leads to optional termina-
tion of the surrogacy contract becomes is not per-
missible when the fetus becomes a human being.
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It is not to be denied that one of the greatest
breakthroughs of modern medicine is the day-to-
day improvement in the diagnosis and treatment of
cancer. Global statistics show a declining rate of
mortality from cancer and rising rate of survival
from this ominous disease (1). Mortality data over
the past quarter-century is quite promising as it
shows a decreasing mortality rate from all cancers
combined by 1.5% per year since 1993 in men
and by 0.8% per year since 1992 in women (2).
It is most fortunate which all of the most common
cancers in men (lung, colorectal, and prostate) and
women (breast and colorectal) show this decreas-
ing trend. Even lung cancer mortality in women
has finally leveled off after several decades of in-
crease. Despite such improvements in the survival
rate of cancers, the incidence rate in Iran shows an
increasing trend (3-5).

Iran, as a developing country, is undergoing an
epidemiologic transition from communicable to
non-communicable diseases (6). Breast cancer, the
most common malignancy in women, has shown
an increasing incidence in Iran in recent decades,
especially in women of reproductive age (7, 8).
The largest age group of Iranian women with
breast cancer is among those 40-49 years of age.
Although worldwide, breast cancer is uncommon
in women less than 40 years of age, 23% of female
breast cancer cases in Iran are under the age of 40
years (8). Thus, compared with the global aver-
age, the incidence of breast cancer in Iran is nearly
one decade behind (9). A total of 42% of cervical
cancer cases are diagnosed in women less than 45
years of age (10). In colorectal cancer, 42.9% of
patients are younger than 50 years (11). Therefore,
it appears that a considerable group of our cancer

patients are or will be of reproductive or pre-pu-
bertal age in the future.

Detrimental effects of cancer on fertility and
mental health

It should be noted that cancer does not bequeath
a valuable heritage to its survivors; rather, there are
considerable prolonged physical and mental com-
plications. One of the most important is the detri-
mental effect of cancer on fertility and reproduction
in survivors. Fertility in patients with cancer can
be impaired in one of two ways, either as a sequel
of the cancer itself or an adverse effect of the treat-
ment protocol in use such as radio-chemotherapy
regimens or bone marrow transplantations (12). In
Iran, the increasing incidence of cancer, improving
trend in survival rates, and significant proportion
of young patients with cancer attach considerable
importance to this issue. Delaying childbearing
for social and financial reasons causes even more
women to endure fertility threats because of early-
stage cancer diagnoses (13). Infertility that results
from cancer or its treatment jeopardizes self-es-
teem, personal identity, sexuality, and self-image
of cancer patients. It also causes feelings of empti-
ness and defeat, and a negative effect on families
and marriages (14).

Available fertility preservation options

Fertility preservation options in male patients
include sperm collection either by masturbation,
electroejaculation, or testicular biopsy followed
by cryopreservation of semen and testis tissue
cryopreservation (15). In women, due to the non-
replenishable number of ovarian follicles, fertil-
ity preservation is more complex and depends

Received: 4 Jul 2016, Accepted: 29 Oct 2016

*Corresponding Address: P.O.Box: 1419733141, Thrombosis Hemo-
stasis Research Center, Imam Khomeini Hospital Complex, Qarib
Street, Keshavarz Blvd, Tehran, Iran

Email: toogeh.gh@gmail.com

234

.

Royan Institute
International Journal of Fertility and Sterility
Vol 11, No 3, Oct-Dec 2017, Pages: 234-237



Toogeh et al.

on patient age, urgency of the treatment, and the
regimen and treatment dosages. These techniques
include immature and mature oocyte cryopreserva-
tion, ovarian tissue cryopreservation, ovarian sup-
pression with a gonadotropin-releasing hormone
(GnRH) agonist, ovarian transposition, embryo
cryopreservation, gonadal shielding, and conserv-
ative gynecologic surgery (16, 17). According to
American Society of Clinical Oncology (ASCO)
and European Society for Medical Oncology
(ESMO) guidelines on fertility preservation for
cancer patients, established, highly recommend-
ed fertility preservation methods include sperm
cryopreservation in males and embryo and oocyte
cryopreservation in females. Patients should also
be informed that other methods (i.e., testicular or
ovarian tissue cryopreservation) are experimental.
Hormone therapy to preserve fertility should not
be recommended in males or females, as there is
insufficient evidence of its effectiveness (18, 19).

Figure 1 summarizes the fertility preservation op-
tions for male and female patients. Of note, these
fertility preservation methods are available, in var-
ious forms, in Iran (20-22).

Lack of knowledge: physicians versus patients

It is a fact that women with cancers report great
emotional distress and misgiving from unmet in-
formation about fertility preservation options be-
sides cancer treatment (16, 23, 24). Ghorbani et
al. (25) studied Iranian oncologists’ attitudes on
fertility preservation. Only 46% of oncologists
expressed awareness of fertility preservation tech-
niques. Although the oncologists believed that
radio-chemotherapy had a 30% damage rate on
reproductive organs, 67% of them believed that
fertility preservation should be offered to all pa-
tients. Howeveronly 40% offered fertility preser-
vation. Of note, only 15% of oncologists delayed
treatment to refer patients to fertility preservation

Patient .
Intervention Storage
assessment
Pre- Testis biops Testis ti
pubertal psy estis |ssut§
| Testis cryopreservation
Male Able to biops
Pubertal d No psv/
produce a gamete
suitable extraction Sperm
semen i
Post- semen ves cryopreservation
pubertal P
. . . Ovarian tissue
Ovarian tissue biopsy crvopreservation
Fertility risk Lo
assessment Pre- Yes Ovarian transposition
(includes
o pubertal _ —
intrinsic and Ovarian shielding
extrinsic Ovarian ti
o . varian tissue
factors) No Ovarian tissue biopsy .
Treatment: cryopreservation
Radiation to Ovarian transposition
Female pelvis without
any systemic Ovarian shielding
chemotherapy Yes
Partner donor sperm Embryo
Post- Ovarian cryopreservation
pubertal stimulation .
Oocyte cryopreservation
Embryo
. Partner donor sperm 0 .
No Ovarian cryopreservation
stimulation .
Oocyte cryopreservation

Fig.1: Fertility preservation options for both male and female with cancer.
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centers. The most important reason why parents of
children with cancer did not think of fertility pres-
ervation before cancer treatment was the lack of
knowledge. Sadri-Ardekani et al. (26) studied on
parental attitudes toward fertility preservation in
456 boys with cancer. They reported that parents
of boys with cancer had limited knowledge about
the risks of infertility due to cancer treatment.
However, the majority desired some sort of fertil-
ity preservation once informed about these risks.
More than one-third of parents wanted some sort
of fertility preservation even if the chance of infer-
tility was less than 20%.

In sum, the results of these studies highlight the
fact that knowledge of both oncologists and patients
about the necessity and importance of fertility preser-
vation in Iran is inadequate. The increasing incidence
of cancer, improving trend in survival rates, and sig-
nificant proportion of young patients with cancer in
Iran emphasize that this important issue, termed "on-
cofertility" by Dr. Teresa Woodruff in 2006 as new
interdisciplinary field of obstetrics and gynecology
(16), should be brought to the fore front in the health
system policies of Iran. In order to achieve this, we
make the following recommendations:

1. Ministry of Health and Medical Education or-
ganized and supervised educational programs,
panels, and seminars should be held with the
contribution of all related medical subspecial-
ties including adult and pediatric oncologists,
gynecologists, surgical oncologists, urolo-
gists, radiotherapists, and embryologists.

2. Regulations should be established by deputies
of treatment in medical universities to oblige
fertility counseling before the start of cancer
treatment, in the same manner as routine labo-
ratory tests and cardiology counseling.

3. National clinical guidelines should be developed
for proper case selection and referral, and the
choice of an appropriate fertility preservation
technique. These guidelines should be developed
by a committee of relevant specialist groups and
supervised by the Treatment Deputy of the Min-
istry of Health and Medical Education.

4. Standard institutes specialized in the prepara-
tion and preservation of reproductive tissues
that include sperm, ovule, fetus, and testis and
ovary tissues should be endorsed, equipped
and expanded under the supervision of the
Ministry of Health and Medical Education.

Fertility Preservation in Iranian Cancer Patients

5. Appropriate insurance and financial support
should be provided for adequate coverage of
costs, guaranteeing the integrity of tissues and
compensation for probable damage.
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