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BACKGROUND: The hyper androgenic status is a major complication of
PCOS women that deteriorates endometrial function and increases
miscarriage rate.
OBJECTIVE: This study was conducted to investigate the efficacy of GnRH
agonist before frozen- thawed embryo transfer in improving pregnancy
outcome in infertile women with PCOS.
MATERIALS AND METHODS: This single-blind, randomized controlled
trial was performed at Dr Shariati hospital and Omid Fertility Clinic in
Tehran, Iran. To do the study, 178 PCOS women were included. Patients
were then divided into two groups of control and intervention. All women
received the standard treatment for the preparation of the endometrial
using estradiol valerate at dose of 6-8 mg/day. The intervention group also

received diphereline, as GnRH agonist, at two doses 8 weeks before starting
the endometrial preparation.
RESULTS: Chemical pregnancy in intervention group was 47.7% compared
to 35.6% in the control group, revealing no significant difference between
two groups. No statistically significant difference was observed between two
groups concerning clinical pregnancy rate (43.2% vs. 27.3%). However, rate
of ongoing pregnancy was 42.0% in intervention group but 18.0% in the
control group, suggesting a significant difference (p=0.001). The rate of
miscarriage in the intervention group was 2.6% and in the control group
was 33.3% which was significantly lower (p=0.001).
CONCLUSION: It can be concluded that endometrial preparation using
GnRH improves ongoing pregnancy and decreases miscarriage rate. It seems
that reduction of androgen level in PCOS patients affects the endometrium
and improves the receptivity and implantation of the embryo, resulting in
better pregnancy outcomes by reducing the miscarriage rate.
Key Words: Hyperandrogenic polycystic ovary syndrome; Frozen embryo transfer;
Miscarriage rate

INTRODUCTION

Polycystic Ovarian Syndrome (PCOS) is the most common endocrine

disorder among reproductive-age women Common clinical features of
PCOS includes irregular menstruation, hyperandrogenism, and infertility
[1]. Various diagnostic criteria have been proposed, generally centered on
the features of hyperandrogenism and/or hyperandrogenemia, oligo-
ovulation, and polycystic ovarian morphology [2]. The prevalence of PCOS
is 6 – 15% in unspecified populations which depends on the studied
ethnicity and criteria [3-5].

The Rotterdam 2003 criteria were developed in response to a need for
broader diagnostic criteri [6]. According to the Rotterdam criteria (ROT), a
woman is diagnosed with PCOS if she has two of the following
manifestations: hyperandrogenism (clinical or biochemical), ovulatory
dysfunction (often manifested by menstrual irregularities), and/or polycystic
ovary in ultrasound [7,8].

The physiopathology of PCOS is mainly characterized by hypothalamic–
pituitary–ovary axis dysfunction and anovulation. PCOS typically includes
androgen excess and subtle alterations (not detected by routine tests) in
serum levels of gonadotropins and estrogens [9].

It seems that the most common challenge against PCOS patients of
reproductive age is infertility. Over 44% of infertile patients have shown
evidence of PCOS [10]. The most important cause of infertility in these
patients is ovulatory dysfunction, which results from an increase in serum
levels of insulin and androgens [11]. In some PCOS patients who normally

ovulate, the cause of infertility can be the negative effect of androgens on
endometrial receptivity. The fertility rate in these patients remains low,
despite the diversity of existing treatments suggested for ovulation
stimulation in PCOS patients [12]. The high level of androgen can result in
poor oocyte quality and endometrial receptivity for implantation, leading to
low fertilization and high miscarriage rates in PCOS patients [13].

The focus on treatment of infertile PCOS women is among the challenging
topics of infertility because the chance of fertility is low in these patients
[14]. Few studies have looked into ways of reducing pregnancy complications
in these patients [2].

The prevalence of early pregnancy loss is higher in PCOS women compared
with normal women (30 to 50% vs.10 to 15%) [15,16], that can be attributed
to impaired fibrinolysis, hyperandrogenism, increase in LH concentration,
obesity, endometrial dysfunction, and insulin resistance [17].

Another cause of miscarriage in PCOS patients is hyperandrogenemia or
clinical hyperandrogenism [18]. Hyperandrogenemia can have a direct effect
on  the  quality  of  oocytes  [19,20]  and  make  endometrial  environment
inappropriate for embryo implantation and ongoing of pregnancy. In two
different studies, it was discovered that elevated free/total testosterone ratios
and isolated elevated free and total testosterone levels were risk factors of
early pregnancy loss in PCOS women [18,21].

Therefore, treatment with GNRH agonist can reduce the serum level of
androgens by suppressing or inhibiting hypothalamic-pituitary–gonadal axis,
resulting in enhancement of endometrial development as well as the rate of
successful pregnancy in these patients before frozen embryo transfer [22,23].
The aim of the study was to investigate the effect of treatment with GnRH
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agonist before frozen embryo on clinical pregnancy rates and miscarriage
rates in PCOS patients who are undergoing frozen-thawed ETs.

MATERIALS AND METHODS

The present single blind randomized clinical trial was conducted at two
infertility centers in Tehran, Iran, namely Dr Shariati Hospital affiliated
with Tehran University of Medical Sciences and Omid Fertility Center,
from January 2016 to October 2018. The current study was approved by the
Ethics Committee of Tehran University of Medical Sciences
(IR.TUMS.MEDECINE.REC.1397.096). This study was also in accordance
with the principles laid down in second revision of Helsinki Declaration
(1983). This investigation was also registered in Iranian Registry of Clinical
Trials (IRCT20140818018842N15). The randomization was done using
random number table. Written informed consent based on ethical
consideration was obtained from each patient. The total number of 300
infertile PCOS patients referred to these two centers during this period.
Out of these patients, 178 patients were recruited in this study (Figure 1).

Figure 1) CONSORT flow diagram of the progress of participants of the
randomized trial.

Patients were randomly assigned to two groups of intervention and control.
Patients and data analyzer were blinded to the study groups. Inclusion
criteria were defined as follows: being infertile, being aged 18–40 years,
having BMI ≤ 30 kg/m2, and being diagnosed with PCOS based on the
Rotterdam criteria (suffering from at least two of three manifestations:
oligo-/anovulation, hyperandrogenaemia and/or sonographic appearance of
polycystic ovaries) (Rotterdam ESHRE/ASRM-sponsored PCOS consensus
workshop group, 2004). Acne and hirsutism were considered as the
diagnostic criteria of hyperandrogenism in study. We excluded patients who
received hormonal drugs or other medications, had sever organ dysfunction
or mental illness, had congenital adrenal hyperplasia or androgen–secreting
neoplasm, and those with uterine abnormality, including bicornate,
didelphys, or myomatous uterus.

STUDY INTERVENTION

In accordance with our inclusion and exclusion criteria, patients were
selected. Then, the objective of the study was explained to them. Patients
were then divided into intervention and control groups by applying random
number table. All infertile PCOS women in the control group received
standard treatment for endometrial preparation using estradiol valerate (at
dose of 6-8 mg/day) before embryo transfer. Patients in the intervention
group were treated with GNRH agonist; they received two doses of GNRH
agonist (Diphereline S.R. 3.75 mg, IPSEN Pharmaceutical Co. France) with
an interval of 4 weeks. Two months after administrating GNRH agonist,
intervention group received standard treatment for endometrial preparation
using 6 mg estradiol valerate (Aburaihan Pharmaceutical Co., Tehran, Iran)
daily (at dose of 6-8 mg/day). Endometrial thickness was evaluated by
transvaginal ultrasonography. Progesterone intramuscular administration
was started when the endometrium reached a thickness >8 mm to support
the luteal phase (Fertigest, 50 mg, Aburaihan Pharmaceutical Co., Tehran,
Iran). When endometrial thickness was not in the expected range, Estradiol

administration was continued and increased to 8 mg per day until 3 days
while the patient was examined via ultrasound. Finally, after reaching the
desired endometrial thickness, maximum 2 thawed-embryos (blastocysts)
were transferred under the ultrasound guidance and according to the
method described earlier [24].

The luteal phase support with progesterone intramuscular injection was
tapered at week 10. The primary outcome was the clinical pregnancy rate
per patient and the secondary outcomes included the determination of
ongoing pregnancy and miscarriage rates.

Ongoing pregnancy is defined as the continuation of pregnancy after the
12th week. Clinical pregnancy is defined as the presence of an intrauterine
gestational sac with fetal cardiac activity documented by ultrasound
evaluations performed 6–8 weeks after the embryo transfer procedure. A
chemical pregnancy is defined as the increase in BHCG by more than 40
IU/ML [25].

STATISTICAL ANALYSIS

The outcome measures and associated clinical variables were analyzed using
cross-tabulation analysis. Independent t-test was used to compare mean
values in two groups. Chi square test was used to compare two groups using
percentages. P<0.05 was considered statistically significant (SPSS V. 22.1,
Microsoft, California, USA).

RESULTS

A total number of 178 PCOS patients were included in the study, of which
88 patients were assigned to the intervention group and 90 patients to the
control group. Patients in both groups were compared in terms of age, BMI,
AMH, as well as FSH and LH serum levels, indicating no significant
difference (Table 1).

TABLE 1
Basal characteristics of patients

Variable Control
group N=90

Intervention
group N=88 P value

Age (years) 31.8 30.58 0.055

Weight (kg) 67.66 66.91 0.63

BMI (kg/m2) 25.981 25.478 0.384

AMH (ng/ml) 9.708 9.952 0.905

Basal FSH (m IU/ml) 5.691 5.948 0.365

Basal LH (m IU/ml) 8.616 7.463 0.688

ET (endometrial thickness on
first day of progesterone
supplementation) (mm)

9.203 9.866 0.014

BMI: body mass index; FSH: follicle stimulating hormone; LH: luteinizing
hormone.

n= the number of subjects with data.

The data were compared using Student’s t-test.

The mean age of the patients was 30.58 years old in the intervention group
and 31.80 years old in the control group. With respect to mean of patients’
weight, it was 66.91 kg in the intervention group and 67.66 kg in the
control group. The FSH level was 5.94 m IU/ml in the intervention group
and 5.69 m IU/ml in control group. The LH level was 7.46 m IU/ml in the
intervention group and 8.61 m IU/ml in control group. The endometrial
thickness on the starting day of progesterone was 9.86 mm in the
intervention group and 9.20 mm in the control group. The AMH was 9.95
ng/ml in the intervention group and 9.70 ng/ml in the control group.
Finally, BMI was 25.47 kg/m2 in the intervention group and 25.98 kg/m2

in the control group. No significant difference was found between the two
groups in terms of above mentioned variables (Table 1).
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In the intervention group, 37 (42.0%) patients continued their pregnancies
for more than 12 weeks and only one patient experienced miscarriage
(2.6%)). Pregnancy continuation for more than 12 weeks happened in only
16 patients (18.0%) in the control group and the other 8 patients
experienced miscarriage (Table 2).

TABLE 2
Effects of GNRH agonist on implantation and pregnancy
outcome

Variable Intervention
group N=88

Control
group
N=90

P value

Chemical pregnancy rate/ cycle start,
n (%) 42 (47.7%) 32

(35.6%) 0.099

Clinical pregnancy rate/cycle start, n/n
(%) 38 (43.2%) 24

(27.3%) 0.027

Ongoing pregnancy rate/cycle start,
n/n (%) 37(42.0%) 16

(18.0%) 0

Early miscarriage rate/ cycle start, n/n
(%) 1 (2.6%) 8 (33.3%) 0.001

n= the number of subjects with data.

The data were compared using Student s t-test.

DISCUSSION

The androgen secretion by ovarian may be gonadotropin dependent in
PCOS patients. Androgen deprivation is often achieved by suppressing the
release of luteinizing hormone from the anterior pituitary. Gonadotropin-
releasing hormone (GnRH) is a decapeptide hormone synthesized in the
hypothalamus. When GnRH is released in a pulsatile fashion, the anterior
pituitary gland is stimulated to release luteinizing hormone. Luteinizing
hormone induces theca cells in the ovaries, leading to androgens
production. A recent study has suggested that women with polycystic ovary
disease (PCOD), who have an increased follicular phase peripheral plasma
LH concentration and high level circulating androgen concentrations, tend
to have a poor reproductive history and an increased rate of miscarriage in
particular. The rate of miscarriage in our control group (33.3%) was similar
to that of other studies, suggesting that GNRH agonist can improve the
result of infertility treatment in PCOS patients. Therefore, it may be
possible to claim that by treating with GnRH agonists and suppressing LH
and androgen that contribute to increase of miscarriage rate in PCOS
patients, we can improve the outcome of pregnancy in these patients. The
results of this study showed that GNRH agonist could improve
implantation and pregnancy outcomes and decrease spontaneous abortion
in hyperandrogenism PCOS patients.

According to findings of this study, prescription of GNRH agonist before
embryo transfer led to better results in ART cycle of PCOS patients. In this
clinical trial study, we demonstrated that administration of GnRH agonist
before embryo transfer also led to high ongoing pregnancy rates (42.0%in
the intervention group vs. 18.0% in the control group).

Pregnancy loss rates amongst women with PCOS have been reported to be
as high as 30% to 50%, but some research has reported contrasting results.
In a recent study, it has been revealed that women with PCOS have a 2-fold
increase of miscarriage loss after undergoing ART (IVF or IUI) [26]. While
the rate of miscarriage in health women is pretty substantial (11%)
according to findings of a study performed by Chason et al. [26]. it is as
high as 30 to 59% in women suffering from PCOS. PCOS has also been
found in approximately 40% to 80% of women with recurrent miscarriages
[27-29].

Studies have shown that plasma androgen concentrations are higher in
patients with recurrent miscarriage and spontaneous abortions than in
fertile women which can affect endometrial function [18]. Therefore, the
cause of miscarriage in PCOS patients can be attributed to unfavorable
condition of their endometrium. When the endometrium of a PCOS

patient is compared with a fertile woman, it is seen that PCOS patients
have abnormalities in endometrial development, such as an abnormal
expression of HOX10 [14], Wilms tumor suppressor (WT1) [30] during the
window of implantation [30], different expression of l-selectin ligands,
Mucin-1, estrogen receptor, progesterone receptor (PR), and steroid
metabolic enzymes [31,32].

Therefore, according to previous studies, it seems that infertility in PCOS
patients after ovulation or abortion following IVF can be due to
endometrial receptivity and hyperandrogenism status that have an adverse
effect on the level of steroid hormones, endometrial development, and
implantation. According to previous studies, in 33% of women who have
normal ovulated but polycystic-appearing ovaries in the ultrasound, the
androgen level is high [33]; in addition, increased testosterone and
androstenedione on days 4 and 7 of luteal phase causes abortion even in
non-PCOS patients [18]. Given that researchers believe that high androgen
levels act as antagonize for estrogen and can adversely affect endometrial
development and implantation, it seems that efforts to reduce androgens
can improve pregnancy outcome in these patients [17].

One of the disadvantages of treating with GNRH agonist is that prolonged
pituitary down-regulation induced by the agonist may suppress ovarian
response to gonadotropin stimulation, particularly in patients with
compromised ovarian reserve [34]. However, GNRH agonist treatment did
not affect our study results because embryos were transmitted in freeze cycle
[35]. Nevertheless, another concern is that GnRH agonist therapy may
suppress response to subsequent ovarian stimulation.

GNRH agonist applies its useful role in patients' fertility in two ways: first,
by reducing the amount of androgens and second, by affecting the
endometrium and its developmental factors. In addition, the impact of
GnRH agonist on endometrial αvβ3 vitronectin (integrin) expression has
been evaluated and it is revealed that this protein may play a role in the
initiation of trophoblast invasion and act as a site of interaction between
the embryo and the endometrium [36,37].

It therefore seems logical that in the endometrial preparation cycle for
embryo transfer in the freeze cycle using GNRH agonist, we can improve
the pregnancy outcome. There are few studies in this regard [38]. In Taiwan
were the first ones who studied 60 PCOS patients who were candidate for
frozen embryo transfer in IVF cycle. A maximum of two doses of
Leuprolide acetate was prescribed at the stage of preparing the
endometrium by using estradiol valerate. In their study, clinical and
ongoing pregnancy rates were significantly higher and the miscarriage rate
was significantly lower in the group treated with Leuprolide acetate [38].
However, they found no significant difference between two groups in terms
of clinical pregnancy rate, confirming the exclusive effect of androgen
inhibition on improving endometrial development and receptivity.

CONCLUSION

The findings of this study suggested that treating with GNRH agonist led to
better pregnancy outcomes and decrease of miscarriage rate. Accordingly,
the prescription of GNRH agonist before embryo transfer in PCOS patients
is recommended to improve pregnancy outcomes in this group. Moreover,
the cost of treatment is low, it can be used in the freeze cycle, it does not
affect the quality of follicles, and it also minimizes the probable fetal adverse
effects.

LIMITATIONS

We did not study the safety of long term administration of GnRH agonist
on ovarian function in PCOS patients; however, no adverse effect was
reported during the course of study.
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