
Abstract

Background: Polycystic ovarian syndrome (PCOS) is among the important causes of infertility 
in young women. Premature luteinizing hormone (LH) surge (PLS) is one of its complications. 
PLS can reduce the quality of oocytes and therefore decrease the success of intrauterine insemi-
nation (IUI). Letrozole, a non-steroidal aromatase inhibitor, prevents LH surge. In this study, we 
aim to evaluate the effects of letrozole on preventing premature LH surge in clomiphene-resis-
tant patients with PCOS undergoing IUI.Materials and Methods: In this randomized clinical 
trial, 131 patients who were developed with PCOS were selected for IUI cycle, divided into two 
groups randomly: control group (n=67) and letrozole group (n=64). Incidence of premature LH 
surge, pregnancy, abortion and ongoing pregnancy rate, endometrial thickness and number of 
follicles were measured in both groups.Results: No significant difference was seen between 
mean ages in the two groups; 11.9% of the control group and 21.9% of the letrozole group be-
came pregnant (P =0.005); furthermore, premature LH surge was seen in 4.7% of the letrozole 
group and 8.9% of the control group (P =0.003). E2 and Endometrial thickness was higher in 
letrozole group; however, LH was significantly higher in the control group (P =0.026). Conclu-
sion: Administration of letrozole in clomiphene-resistant patients with PCO undergoing IUI cy-
cle can decrease the incidence of PLS. In addition, it can increase pregnancy rate significantly. 
Therefore, using letrozole is more reasonable in patients who have not responded to clomiphene 
or are hypersensitive.[GMJ. 2015;4(3):104-11]
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Introduction

Infertility is a big challenge for people and 
governments; it can impose social, eco-

nomic and psychological burden on the entire 

society. Infertility is defined as failure to con-
ceive despite having unprotected and frequent 
intercourse for a year [1]. Every year, many 
infertile couples are referred to infertility cen-
ters for treatment. Although many scientific 
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advances have been made in this field, many 
concerns are remaining unknown; thus, thou-
sands of couples are frustrated by these facil-
ities.
Polycystic ovarian syndrome (PCOS) is a 
common cause of infertility [2]. PCOS is a 
multi-factorial syndrome which presents by a 
broad range of manifestations including met-
abolic, psychological and reproductive disor-
ders [3]. The mechanism of infertility in PCOS 
is not yet clearly determined; however, defect 
in ovulation cycle which modulates through 
hypothalamus-pituitary-ovary axis is suggest-
ed to be one of the candidates for PCOS eti-
ology mechanism [3, 4]. Therefore, one of the 
goals in treatment of these patients is inducing 
ovulation. Insulin sensitizing agents, selective 
estrogen receptor modulators, gonadotropins 
and aromatase inhibitors are some examples 
of medication therapy for this syndrome [5]. 
Premature luteinizing hormone (LH) surge 
is another phenomenon in this syndrome that 
can affect the quality of oocytes and pregnan-
cy success [6]. Premature LH surge happens 
when LH concentration is >10 mIU/ml and 
progesterone≥1 ng/ml [7]. 
Clomiphene citrate (CC), a selective estrogen 
receptor modulator with peripheral anti-ste-
roidal effects, is used wildly as a first line 
therapy in infertile patients with PCOS. This 
drug inhibits estrogen receptors in hypothala-
mus and increases secretion of follicle stim-
ulating hormone (FSH) by blocking negative 
feedback [8-11]. Some studies suggested that 
CC has suppressive effects on premature LH 
surge during controlling ovarian stimulation 
with gonadotropins [8, 12, 13].  Unfortunately, 
along with these positive features, it can cause 
many side effects such as decreasing the qual-
ity and quantity of cervical mucosa and en-
dometrium (due to anti-steroidal effect), car-
diovascular defects in fetus and ovarian hyper 
stimulation syndrome (OHSS) [11]. In addi-
tion, some patients are detected to be resistant 
to CC. Thus, alternative drugs are considered 
more and more in its therapy [14]. Letrozole, 
a third generation non-steroidal aromatase in-
hibitor, is one of these candidates. Letrozole 
can lead to a decrease in estrogen levels and 
its negative feedback affects central nervous 
system (CNS) increasing secretion of FSH 

from pituitary gland and promoting follicle 
development [11, 15, 16]. Many researchers 
suggested that the effect of letrozole on PCOS 
was comparable with CC [17, 18]. Its side ef-
fects are also limited (GI upset, weakness and 
back pain) and can be better tolerated by pa-
tients [9]. Unlike CC, shorter in vivo half-life 
of letrozole causes lower plasma level at the 
end of follicular phase. So, small and imma-
ture follicles become atretic; as a result, the 
risk of OHSS in letrozole therapy is dramati-
cally lower than CC therapy. The rates of mul-
tiple gestation and cardiac defects in fetus are 
also lower than CC. Moreover, this drug does 
not affect peripheral receptors; thus, no sig-
nificant side effects on endometrium and cer-
vix are reported till now. Furthermore, many 
studies have revealed that it is able to control 
premature LH surge [16, 19]. 
Letrozole has recently established a place in 
treatment of infertility caused by PCOS.  Due 
to limited evidence, in this study we aim to 
evaluate the effects of letrozole on preventing 
premature LH surge in CC-resistant patients 
with PCOS undergoing IUI. 

Materials and Methods

Study Population
This randomized clinical trial was performed 
among patients with CC-resistant PCOS who 
referred to the infertility center in Mother and 
Child hospital, a tertiary healthcare center for 
treatment. They underwent intra uterine in-
semination (IUI) between August 2011 and 
December 2012. We included 140 patients 
aged 18-35 with PCOS who had some prop-
erties that were referred below.
According to Rotterdom criteria [19], patients 
with at least 2 out of 3 of below criteria were 
included as a PCOS: 1- Chronic anovulation, 
2- Clinical and/or biochemical evidence of hy-
perandrogenism and 3- polycystic appearance 
of ovaries in Transvaginal Ultrasound (TVS)
Moreover, infertility was defined as failure to 
conceive despite having unprotected and fre-
quent intercourse for at least 1 year. CC-re-
sistance was considered as absence of ultra-
sound evidence regarding ovarian response 
consumption of 150mg of CC between the 
5th and the 9th day of menstruation cycle for 
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three consecutive cycles. 
The patients with breast cancer, renal and 
liver diseases, autoimmune problems and en-
docrinoligical problems such as diabetes, hy-
perprolactinemia, thyroid diseases, Cushing’s 
syndrome and smokers were excluded from 
the study due to other related causes of infer-
tility. None of them had a history of abdomi-
nal surgery.
Participants were banned from using any 
drugs that can affect carbohydrate metabolism 
(Metformin, Glybenclimide, etc.) including 
oral contraceptives in the last 2 months before 
this study. In addition, none of the patients re-
ceived oral contraceptives, steroid hormone or 
any drugs interfering lipid metabolism such as 
Gemfibrozil and Atorvastatin as well as ova-
ry, pituitary gland and hypothalamic function 
since 3 months prior to the study.
During our study, all patients received almost 
the same diet and exercise. Alcohol and al-
coholic beverages were also forbidden. All 
participants had a documented normal blood 
test, renal function test, liver function test, 
hysterosalpingography (HSG) and negative 
pregnancy test before the study. Hormonal 
study including prolactin (to evaluate adeno-
ma), thyroid stimulating hormone, FSH and 
LH were done in the 3rd day of cycle.
The partners should have at least two semen 
analyses. According to WHO, a normal semen 
analysis should have these properties: Sperm 
concentration ≥15 million/ml, total sperm 
count ≥39 million, mobility rate >40%, pro-
gressive motility ≥32% and normal morphol-
ogy ≥ 4% [20].

Assays
One hundred and forty patients who partic-
ipated in this study were divided random-
ly into 2 groups: Control group (n=70) and 
Letrozole group (n=70). For all patients, com-
plete history was taken, physical examination 
was done and positive findings were record-
ed in the questionnaires. Before starting the 
medication, TVS was done on the 3rd day of 
menstruation cycle for all of the participants. 
Blood samples were also taken for hormon-
al study. Following that, all of them received 
75 IU/day highly purified recombinant FSH 
(Gonal-f, Serono, Hellas, Puregon, Greece) 

intra muscularly, from the 3rd day through the 
day of human chorionic gonadotropin (HCG) 
injection. Moreover, members of Letrozole 
group received 5 mg/day letrozole (Razak 
Drug Laboratory, Tehran, Iran) since the 8th 
day of cycle up to the day of HCG injection.
Since the 8th day of cycle, TVS was done ev-
ery 2 or 3 days to monitor the size and the 
number of follicles. When at least two folli-
cles became bigger than 18 mm and serum 
estradiol level lesser than 2000 pg/ml, HCG 
was injected. Endometrial thickness, LH and 
estradiol concentrations were also measured 
that day.
Estradiol levels higher than 2000 pg/ml were 
eliminated due to the risk of OHSS and 36 
hours later, HCG injection IUI was done.
We performed IUI 36 hours after HCG admin-
istration. Furthermore, HCG was checked for 
documented pregnancies. Moreover, we pre-
formed TVS during the 6th and 7th weeks of 
pregnancy for better confirmation. This trial 
was registered in Islamic Republic Clinical 
Trials Database (IRCT2014010615102N2).

Statistical Analysis
All collected data were analyzed with SPSS 
version 14.0 using appropriate statistical pa-
rameters such as mean ± SD, Range and per-
centages and tests such as T-test, Chi-square, 
one-way ANOVA and their non-parametric 
equivalent. P values less than 0.05 were con-
sidered as significant.

Results

In this study, 140 cases with PCOS resistant to 
CC were enrolled and divided into two groups 
of control (n=70) and letrozole (n=70). During 
this study, we eliminated 6 patients from the 
control group, 4 fell out of the study and 2 
were finally diagnosed for OHSS. Three pa-
tients were also eliminated from the letrozole 
group; one fell out of the study protocol and 
2 due to OHSS. Thus, 67 patients (age ranges 
18-39 years) remained in control group and 
64 cases (age ranges 21-37 years) remained 
in letrozole group. Demographic data, period 
of infertility, endometrial thickness, type of 
infertility and estradiol, luteinizing hormone, 
follicular stimulating hormone, thyroid stim-
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ulating hormone and prolactin levels as well 
as premature secretion of luteinizing hormone 
were assayed in all patients, demonstrated in 
table-1.
Results of conducting IUI in infertile patients 
who had PCOS are presented in table-2. As 
seen, except abortion rate and number of big 
follicles, all IUI parameters had significant 
differences between letrozole and control 
groups.

Discussion

PCOS is a common hormonal imbalance de-
fect of reproductive ages in women. It can 
manifest by various complications; mostly 
infertility and chronic illnesses. Its etiology 
has not been determined yet; therefore, no 
definite treatment is found for infertility fol-
lowed by PCOS [9]. One suggested etiology 
for infertility followed by PCOS is explained 

Table 1. Basic data of 131 patients with polycystic ovarian syndrome resistant to Clomiphene citrate; P values 
from student t-test and Chi2. BMI: Body mass index, LH: luteinizing hormone, FSH: follicular stimulating 
hormone, TSH: Thyroid stimulating hormone.

Control group
(n=67)

Letrozole group
(n=64) P value

Age (years) 27.7±1.8 27.9±1.9 0.713
Weight (kg) 67.1±7.8 65.6±12.2 0.630
Height (cm) 161.7±2.3 161.6±7.1 0.910
BMI (kg/m2) 25.6±3.2 25.1±4.4 0.045
Infertility duration (yrs.) 5.35±1.9 5.0±3.0 0.099
Infertility type
Primary% 80.6%(54) 81.25%(52) 0.835
Secondary% 19.4%(13) 18.75%(12) 0.810
Previous IUI% 55.2%(37) 50%(32) 0.638
Day 3 LH (m IU/ml) 7.3±5.6 8.2±7.86 0.613
Day 3 FSH (m IU/ml) 6.8±2.5 .8±2.2 0.181
TSH (µg/dL) 3.9±2.1 3.5±5.3 0.615
Prolactin (mg/dL) 15.4±5.8 14.3±11.2 0.835

Table 2. Results of conducting IUI in infertile patients who had polycystic ovarian syndrome. P values from 
student t-test and Chi2. BMI: Body mass index, LH: luteinizing hormone  FSH: follicular stimulating hormone, 
TSH: Thyroid stimulating hormone.

Control group
 (n:67)

Letrozole 
group(n:64) P value

Premature LH surge 14.9%(10) 4.7%(3) 0.003
Pregnancy rate 8.9%(6) 21.9%(14) 0.005
Abortion rate 33.3%(2) 21.4%(3) 0.095
Ongoing pregnancy 5.9%(4) 17.2%(11) 0.005
E2*(pmol/L) 943.2±215.3 1542.3±1747.1 0.005
LH*(mIU/ml) 9.4±2.1 7.2±1.3 0.026
Number of follicles>18 mm 2.94±1.01 3.00±1.0 0.86
Endometrial thickness(mm) 8.31±1.6 9.9±1.3 <0.001

*The day of injecting HCG.



by defect in ovulation which is as a result of 
hyper-secretion of LH. An important stage for 
a successful pregnancy is the ovulation. To 
have a normal ovulation, hormones such as 
LH, FSH, estrogen and progesterone should 
be secreted in a regular pattern; therefore, 
premature LH surge not only causes defect in 
ovulation, but also, it can cause defect in IUI. 
Thus, ovulation inducing methods should pay 
attention to LH reducing agents more than be-
fore [21]. CC is an anti-estrogen drug which is 
used as the first line therapy for such patients. 
Its mechanism is inducing the ovulation as 
well as reducing the LH serum levels. Some 
studies suggested that consuming CC at the 
end of follicular phase before using HCG can 
prevent premature LH surge; thus, it seems 
that CC can be effective in patients with 
PCOS who underwent IUI [8, 22]. Although 
it seems that CC can be effective in PCOS in-
fertility, researchers reported about 20% resis-
tance; moreover, like any other drug, CC can 
also have some complications such as ovarian 
overstimulation, high rate of multiple gesta-
tion, congenital anomalies, damages to cer-
vical and endometrial mucosa and low birth 
weight [10, 11, 17, 21]. Thus, its effectiveness 
in infertility therapy was undetermined.
One choice which can be replaced by CC is 
Letrozole which is a specific aromatase in-
hibitor. This agent can induce ovulation by 
reducing the secretion of estrogen as well as 
increasing the secretion of LH in brain tissue; 
therefore, it can be used as a treatment for 
PCOS infertility. Moreover, letrozole can in-
hibit premature LH surge by reducing positive 
feedback effect in hypothalamus-hypophysis 
axis. While it induces some defect on endo-
metrium and cervix because of its local effect, 
it also can have positive impact on maturation 
of endometrium and implantation [15, 16, 23, 
24]. A study by Begum et al. demonstrated that 
letrozole is more effective than CC in treat-
ment of PCOS [25]. Another study by Casper 
et al. showed that aromatase inhibitors such 
as letrozole can increase ovarian sensitivity 
to OHSS and thus, can play a role in IUI as 
well as treating PCOS[24]. Another study by 
Sedighi Maroof et al. suggested letrozole as 
a better and less expensive therapy for PCOS 
than ovarian drilling method [21]. However, 

another study declared that these two methods 
were both equal in treating PCOS [26].
Fisher et al. compared CC and letrozole in 
treating PCOS in normal ovulatory women. 
They demonstrated that ultrasound view of 
endometrium and gonadotropin hormone lev-
els in serum was all the same in both drugs; 
yet, estradiol levels after prescribing letrozole 
were more than 2 times greater than after CC 
consumption [15]. A few studies have assessed 
the effects of these two drugs on premature 
LH surge. In a cohort study by Branigan et 
al., the effects of CC and oral contraceptive 
pills (OCP) in preventing hypersecretion of 
LH in women who were gone under IUI was 
assessed. Thirty-two patients were placed on 
monophasic low-dose Desogen continuously 
for 5-6 weeks; 100 mg CC was started on day 
3 after the start of menses for 8 days. Daily ul-
trasound, estradiols and twice daily serum LH 
levels were drawn after 5 days of stimulation. 
HCG (10,000 IU im) was given when at least 
two follicles were ≥16–20 mm mean diameter 
and an endometrial thickness of ≥7.5 mm was 
present. After repeating this cycle for about 71 
times, results manifested that this treatment 
had no significant difference by the routine 
one (prescribing the gonadotropins agonists); 
yet , reduction in secretion of LH was signifi-
cantly more than the routine treatment [27].
Al-Inany et al. assayed the effect of CC in re-
ducing LH secretion. Two-hundred thirty cou-
ples who were admitted by unknown origin of 
infertility were divided into 2 groups. From 
day 3 of their menses, they prescribed 75 IU 
human menopausal gonadotropin (HMG) for 
about 5 days. After 4 days, 50 mg CC was 
started every 3 days. Then after 5 days, TVS 
as well as 10000IU HCG was begun to be 
prescribed till the size of at least 2 follicles 
reached ≥15mm. IUI was conducted after 36-
48 hours. Afterwards HCG, estradiol, LH and 
endometrial thickness were measured. The re-
sults showed that the number of patients with 
premature LH surge had a significant differ-
ence than those in control group; however, 
the rate of pregnancy had no significant dif-
ference between the two groups [8]. Recent-
ly, letrozole was also introduced as an appro-
priate treatment for inhibiting premature LH 
surge, meanwhile, few studies can be found in 

108 GMJ. 2015;4(3):104-11
 www.gmj.ir

Zarei A, et al. Letrozole in Prevention of Premature LH Surge in Polycystic Ovarian Syndrome



References

this regard. In a review article by Ziemger in 
2003, it was suggested that letrozole can have 
a role in inhibiting premature LH surge by re-
ducing estradiol serums levels which inhibit 
LH secretion at the end of follicular phase [28, 
29]. In a study conducted by Bedaiwy et al. 
the effect of letrozole on hormones and endo-
metrium thickness was evaluated. Two hun-
dred and eight infertile women were divided 
into 3 groups: the first (n=47) group received 
nothing, for the second group (n=125) 2.5 mg 
Letrozole was prescribed in days 3 to 7 and 
the third one (n=36) was given 5 mg letrzole 
in days 3 to 7 of menstruation period. After 
reaching the size of at least 2 follicles to ≥ 
16 mm, 10000IU of HCG was injected to all 
patients. TVS was conducted four times for 
them in days 3, 7, 9 and 11. After measuring 
LH, estradiol serum levels and endometrial 
thickness, it was concluded that letrozole can 
both inhibit premature LH surge and increase 
the rate of pregnancy in infertile patients [30]. 
Another survey conducted by Allegra et al. 
showed that prescribing gonadotropin releas-
ing hormone antagonists for promoting IUI in 
stimulatory ovarian cycles can effectively re-
duce premature LH surge. Hundred and four 
patients were gathered in mentioned study 
and they were divided randomly into two 
groups. One group (n=52) was given recom-
binant FSH as well as Citrorelix (injectable 
gonadotropin-releasing hormone antagonist) 
while the other group was just given FSH. 
The percent of pregnancy was achieved about 
53.8% in the experimental group and 30.8% 

in control ones. Moreover, the serum LH level 
was also detected to be obviously lower in the 
experimental group compared with the con-
trol group [23].

Conclusion

In conclusion, this study showed that letrozole 
could inhibit premature LH surge, be useful 
in treatment of infertility followed by poly-
cystic ovarian syndrome (PCOS) resistant to 
CC and can improve the efficacy of IUI. How-
ever, small statistical population, low perfor-
mance in conducting the study and differenc-
es among the individuals could all affect our 
results; thus, because of the importance of 
infertility among the society as well as eco-
nomic disadvantages in conducting ineffec-
tive procedures, further studies are needed to 
investigate the effects of letrozole in improv-
ing the results of IUI procedures for patients 
with PCOS.
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