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Background: Polycystic ovary syndrome (PCOS) is one of the most common endocrinopathies affecting women in the reproductive 
age group, and is one of the most common causes of hyperandrogenic anovulatory infertility. The aromatase inhibitor, letrozole, has 
been used for induction of ovulation. The purpose of this study was to compare the effects of letrozole and clomiphene citrate in induc-
tion of ovulation among patients with PCOS undergoing intrauterine insemination.
Methods: In a double-blind randomized study, 60 infertile patients with PCOS received standard doses of either clomiphene citrate or 
letrozole as an induction protocol prior to intrauterine insemination. A hormonal profile, pelvic ultrasound, hysterosalpingogram, and/
or laparoscopy were done for all patients. The patients were monitored for ovulation by translational ultrasonographic folliculometry, 
with measurement of number and size of the follicles, as well as endometrial thickness. Human chorionic gonadotrophin (HCG) was 
injected intramuscularly when at least one mature follicle $18 mm diameter was detected, and intrauterine insemination was performed 
32–36 hours later. Transvaginal ultrasound and β-HCG measurement were performed for confirmation of pregnancy.
Results: Letrozole and clomiphene citrate achieved follicle maturation within a mean ±  standard deviation (SD) of 13.2 ± 1.53 and 
14.1 ± 1.35 days, respectively, showing no significant difference (P . 0.05). The mean number of follicles reaching $18 mm on the day 
of HCG administration was significantly higher in patients who received clomiphene citrate (2.9 ± 1.77) than in those receiving letrozole 
(1.2 ± 0.9). Letrozole had a significantly greater effect than clomiphene citrate on endometrial thickness (9.16 ± 1.36 versus 4.46 ± 1.71). 
The number of pregnancies achieved in the letrozole group was significantly (P , 0.05) greater than in the clomiphene group.
Conclusion: Letrozole in patients with PCOS is as effective as clomiphene citrate in inducing ovulation, and although the number of 
follicles produced by induction with letrozole were less than those produced by clomiphene, letrozole had a significantly greater effect 
on endometrial thickness than clomiphene citrate, and the incidence of pregnancy after intrauterine insemination was significantly 
higher, with a lower incidence of multiple pregnancy.
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Introduction
Polycystic ovary syndrome (PCOS) is one of the most 
common endocrine disorders in women of childbear-
ing age. Although it is a major cause of infertility, its 
etiology remains unknown and its treatment is dif-
ficult. However, most symptoms of PCOS can be 
adequately controlled or eliminated with proper diag-
nosis and treatment. Therefore, treatment modalities 
and ovulation induction protocols must be balanced 
for optimal results.1

To date, clomiphene citrate has been the first-line 
treatment for induction of ovulation in PCOS, although 
aromatase inhibitors are an effective and safe alterna-
tive in this indication. Letrozole, a third-generation 
aromatase inhibitor, has the potential to be used for 
ovulation induction. It acts by reversibly inhibiting 
the enzyme responsible for estrogen biosynthesis. 
By decreasing estrogen levels in the body, letrozole 
releases the hypothalamus and/or pituitary gland 
from the negative feedback of estrogen. This results 
in increased levels of endogenous follicle-stimulating 
hormone and luteinizing hormone, which stimulates 
the development of ovarian follicles.2

Intrauterine insemination is a useful method of 
assisted reproduction, with better pregnancy rates 
now achieved by good patient selection and ovar-
ian stimulation.3 Intrauterine insemination, together 
with ovarian stimulation, is a less expensive and less 
invasive treatment in comparison with other assisted 
reproductive techniques, and has been widely used 
for the treatment of infertile couples, and has a vari-
ety of indications, including unexplained infertility, 
male subfertility, cervical mucus hostility, and ovula-
tory disturbances.4 The aim of this study was to com-
pare the effects of letrozole and clomiphene citrate in 
induction of ovulation in patients with PCOS under-
going intrauterine insemination.

Methods
This double-blind randomized study was conducted 
in 60 primary infertile patients (defined as one year 
of unprotected coitus without conception in patients 
who have never conceived before)5 with PCOS, aged 
younger than 35 years, and attending the infertility out-
patient clinic at Ain Shams University Hospital and/or 
a local private outpatient setting. Diagnosis of PCOS 
was based on the Rotterdam criteria (2003 ESHRE/
ASRM consensus),6 whereby patients diagnosed with 

PCOS require the presence of two of three criteria, 
ie, oligomenorrhea and/or anovulation, clinical and/
or biochemical signs of hyperandrogenism, and/or 
polycystic ovaries on ultrasound. All patients had a 
history of failed induction of ovulation with appropri-
ately timed intercourse at least 4–6 times. Informed 
consent was obtained from all participants, and the 
study was approved by the medical ethics committee 
of Ain Shams University Hospital.

All patients were subjected to full history-taking 
and a thorough clinical examination, including a pel-
vic examination. All patients had an infertility workup 
including:

•	 A hormonal profile, including follicle-stimulating 
hormone, luteinizing hormone, prolactin, thyroid-
stimulating hormone, estradiol, and free testoster-
one (day 2–3 of menstrual cycle)

•	 A pelvic ultrasound for confirmation of polycystic 
changes in the ovary (ovaries with at least 10 sub-
capsular cysts 2–10 mm in diameter and hyperac-
rogenic stoma) and exclusion of any other pelvic 
anomalies

•	 Hysterosalpingography and/or laparoscopy to 
determine tubal patency and any other pelvic 
pathology

•	 Semen analysis in the patient’s partner to rule out 
male factor.

Patients with infertility due to uterine and tubal 
pathologies or male factor were excluded from the 
study. They were then randomized into two groups 
using a computer generated program. Group 1 included 
30 women who were given the aromatase inhibitor, 
letrozole (Femara®, Novartis, Basel, Switzerland) 
orally at a dose of 2.5  mg once daily on days 3–7 
of the menstrual cycle. Group 2 included 30 women 
who were given clomiphene citrate (Clomid®, Sanofi 
Aventis, France) 50  mg orally twice daily on days 
3–7 of the menstrual cycle.

Transvaginal ultrasonographic folliculometry 
using a microconvex ultrasound endocavity probe 
6CV1 at 5–8  mHz (Mindray DC-3, China) was 
performed by the same operator starting from day 
10 of the menstrual cycle and every other day, with 
measurement of number and size of follicles and 
endometrial thickness.

Human chorionic gonadotrophin 10,000 IU (Chori-
omon IBSA, Switzerland) was given intramuscularly 
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to trigger ovulation when at least one mature 
follicle $18 mm diameter was detected. Endometrial 
thickness was recorded on the day of human chorionic 
gonadotrophin administration. Intrauterine insemina-
tion was performed 32–36 hours after administration 
of human chorionic gonadotrophin.

A single insemination was performed. Semen 
specimens were produced by masturbation and 
collected for insemination within half an hour of 
production. The semen specimen was diluted using 
5  mL of Ham’s F-10  medium with L-glutamine 
(Cellgro®, Mediatech, Inc, Inc, 9345 Discovery 
Blvd., Manassas, VA 20109, (800) Cellgro 
(235–5476)). After centrifugation at 600–900 × g for 
20 minutes, the pellet was resuspended and washed 
twice with Ham’s F-10 medium with L-glutamine 
(Mediatech Inc). The sperm suspension was kept 
at room temperature for 45  minutes until transfer 
into the uterine cavity using a Wallace intrauterine 
insemination catheter (LabIVF®, LEC Instruments, 
Scoresby, Victoria, Australia). The time interval 
between semen production and transfer did not 
exceed 2.5  hours. Luteal phase support was done 
using progesterone vaginal pessaries (Cyclogest®, 
Noristan Ltd, Waltloo, Pretoria) 400 mg once daily 
for 15 days.

The beta-human chorionic gonadotrophin level 
was measured two weeks after the intrauterine 
insemination procedure, and a level .5 mIU/mL was 
considered to be a positive pregnancy. Transvaginal 
ultrasound was performed 2–4 weeks later to confirm 
clinical pregnancy.

Statistical methods
The data were transferred to IBM cards using an IBM 
personal computer, and analyzed with the Statistical 
Program for Social Sciences V11.0 (SPSS Inc, 
Chicago, IL). Descriptive statistics comprised the 
mean, standard deviation (SD), minimum and maxi-
mum values, and number and percentage of qualitative 
data. Analytical statistics comprised the Student’s-test 
to make comparisons between independent quantita-
tive means, and the Chi-square test to make com-
parisons between the different groups with regard to 
qualitative data. For all tests, a P value . 0.05 was 
deemed insignificant, P , 0.05 was significant, and 
P  ,  0.001 was highly significant. Data were pre-
sented using Microsoft Office Word 2007.

Results
Group 1 included 30 women aged 21–34 (mean ± SD, 
27.2 ± 5.18) years, with a body mass index of 24–31 
(26.2  ±  1.8). Group 2  included 30 women aged 
20–33 (25.21 ± 5.18) years, with a body mass index 
of 23–32 (29.1 ± 2.3). There was no significant dif-
ference between the groups for body mass index 
(P  .  0.05, data not shown). Comparison of hor-
monal profiles between the groups was also insig-
nificant (Table 1).

During folliculometry, two patients in Group 1 
and four patients in Group 2  showed no follicular 
response and were excluded from the study. Com-
parison of the mean duration of days until human 
chorionic gonadotrophin injection between both 
groups showed no statistical significance (P . 0.05), 
although follicular maturity was achieved in a 
shorter period for women in Group 1 than in Group 2 
(Table 2).

The number of follicles on the day of human cho-
rionic gonadotrophin administration showed a statis-
tically significant (P , 0.05) difference between the 
groups (1.2 ±  0.9 for Group 1 versus 2.9 ±  1.77  in 
Group 2). Endometrial thickness on the day of 
human chorionic gonadotrophin administration also 
showed a statistically significant (P  ,  0.05) differ-
ence (9.16 ± 1.36 for Group 1 versus 4.46 ± 1.71 for 
Group 2, Table 3).

Comparison of the number of pregnancies achieved 
in the groups showed a significant statistical differ-
ence (P , 0.05), being higher in Group 1 (33%) than 
in Group 2 (20%, see Fig. 1). Two twin pregnancies 
were recorded in Group 2, while no multiple pregnan-
cies occurred in Group 1.

Discussion
PCOS is a common endocrine disorder. It is associ-
ated with chronic anovulation, and causes infertility 
in 4%–6% of women in the reproductive age group. 
Despite the wide acceptance of clomiphene citrate as 
the first-line drug for ovulation induction in women 
with PCOS, a significant proportion of women do not 
respond to this treatment.2 Recent studies have sug-
gested that letrozole, a third-generation aromatase 
inhibitor, can be used for ovulation induction, and it 
is associated with a higher chance of uncomplicated 
pregnancy and a lower risk of multiple pregnancy 
than clomiphene citrate.7
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Table 1. Comparison of hormonal profiles for Groups 1 and 2.

Group 1 (n = 30)  
Letrozole

Group 2 (n = 30) 
Clomiphene citrate

P Sig.

Range Mean ± SD Range Mean ± SD
FSH mIU/mL 3.1–5.6 4.23 ± 0.56 3.5–5.5 4.51 ± 0.5 .0.05 NS
LH mIU/mL 6.7–11.5 8.25 ± 1.2 7.1–12.2 9.1 ± 0.9 .0.05 NS
TSH uIU/mL 1.5–2.0 1.8 ± 0.1 1.3–2.4 1.9 ± 0.2 .0.05 NS
PRL ng/mL 5–15 11.2 ± 2.2 9–16 12.4 ± 1.9 .0.05 NS
Serum E2 pg/mL 46–65 50.56 ± 7.8 52–68 51.1 ± 6.9 .0.05 NS
Free testosterone pg/mL 3.2–4.3 3.6 ± 0.2 3.1–4.4 3.5 ± 0.2 .0.05 NS

Abbreviations: FSH, follicle stimulating hormone; LH, luteinizing hormone; NS, not statistically significant; TSH, thyroid-stimulating hormone; PRL, prolactin; 
Sig., significance level.

Table 2. Comparison of the mean duration of days until human chorionic gonadotropin injection between Groups 1 and 2.

Group 1 (n = 28) 
Letrozole

Group 2 (n = 26) 
Clomiphene citrate

P Sig.

Range Mean ± SD Range Mean ± SD
Days of cycle  
until HCG injection

11–16 13.2 ± 1.53 12–17 14.1 ± 1.35 .0.05 NS

Abbreviations: HCG, human chorionic gonadotropin; NS, not significant; Sig., significant.

The results of this prospective randomized study 
showed that letrozole was as effective as clomiphene 
citrate for induction of ovulation, and both letrozole 
and clomiphene achieved follicle maturation within a 
similar time frame (13.2 ± 1.53 and 14.1 ± 1.35 days, 
respectively).

Although the number of follicles reaching $18 mm 
on the day of human chorionic gonadotrophin admin-
istration was significantly higher in patients who 
received clomiphene than in those receiving letro-
zole, the number of pregnancies achieved after intra-
uterine insemination in Group 1 was significantly 
higher than in Group 2 (P , 0.05). This statistically 
significant difference in the number of pregnancies 
could be attributed to the finding that letrozole had a 
significantly (P , 0.05) better effect on endometrial 
thickness than clomiphene.

Similar studies comparing letrozole with clomiphene 
citrate for ovulation induction in PCOS detected signif-
icantly fewer mature follicles but a greater endometrial 
thickness in the letrozole group.2 Letrozole was found 
to be as effective as clomiphene citrate in inducing ovu-
lation, and with a slightly higher pregnancy rate.1

In addition, a clinical trial comparing the efficacy 
of letrozole and clomiphene for ovulation induction 

in 107  infertile patients with PCOS with induction 
protocols similar to those used in this study, showed 
no significant difference in the number and size of 
mature follicles, but a higher pregnancy rate in the 
letrozole group was observed.8

In contrast, other research has shown no superi-
ority of letrozole over clomiphene citrate for induc-
ing ovulation prior to intrauterine insemination in 
women with unexplained infertility.9 This could be 
related to other factors, such as differences in the 
study populations, drug doses, or intrauterine insemi-
nation technique, or to the fact that the study groups 
showed no significant difference in endometrial thick-
ness at the time of human chorionic gonadotrophin 
administration.

In general, use of clomiphene citrate is known to 
have several disadvantages, including a discrepancy 
between ovulation and conception rates.10 Clomiphene 
citrate initiates ovulation by blocking the negative 
feedback of endogenous estrogen at the level of the 
hypothalamus and pituitary gland, and promoting an 
increase in the pulsatile release of luteinizing hor-
mone and follicle-stimulating hormone. However, 
clomiphene citrate has an antagonistic effect on the 
endometrium and may reduce endometrial thickness 
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and receptivity, which could contribute to this 
discrepancy.

Letrozole, on the other hand, acts by decreasing 
the conversion of androstenedione and testosterone 
to estrogen in the ovary. This decrease in circulating 
estrogen increases gonadotropin secretion. Multiple 
developing follicles appear from day 7, but because 
letrozole does not deplete estrogen receptors, normal 
negative feedback occurs centrally as the dominant 
follicle grows and the estrogen level increases. This 
results in follicle-stimulating hormone suppression 
and atresia of smaller follicles, and midcycle mono-
ovulation occurs in most patients.11

Furthermore, letrozole has been shown to be effec-
tive in inducing ovulation and pregnancies in women 
with anovulatory PCOS and in patients with clomiphene 
citrate resistance or failure.12 Letrozole has fewer side 
effects, a shorter half life than clomiphene citrate, and 
has no adverse effects on endometrial receptivity. Also, 
its safety is superior to that of clomiphene citrate. Using 
bioequivalent doses, letrozole pregnancy rates are equal 
or superior to those achieved with clomiphene.13

Previous studies have demonstrated that mono-
ovulation is one of the major advantages of using 
the aromatase inhibitors for induction of ovulation.14 
Because patients with PCOS are often hyperrespon-
sive to gonadotropins, a drug that consistently results 
in a single ovulation would be particularly desirable. 
In this study, letrozole achieved a significantly higher 
number of pregnancies than clomiphene citrate (33% 
versus 20%, P  ,  0.05), and twin pregnancies were 
only recorded in the clomiphene group, further sup-
porting the notion that letrozole could be superior to 
clomiphene citrate in induction of ovulation in PCOS.

Despite the fact that gonadotropin therapy may be 
superior in achieving higher pregnancy rates than clo-
miphene citrate or letrozole, it is expensive, and there is 
a significantly higher risk of ovarian hyperstimulation 
and multiple pregnancies.1 Studies have shown that 
ovarian stimulation with letrozole is associated with 
more acceptable pregnancy rates than in(s) gonado-
tropin therapy, and at significantly less cost, less risk, 
and more patient convenience.15 Furthermore, combi-
nation protocols are less costly and equally effective, 

Table 3. Comparison of number of mature follicles (.18 mm) and endometrial thickness between Groups 1 and 2 on day 
of human chorionic gonadotropin administration.

Group 1 (n = 28) 
Letrozole

Group 2 (n = 26) 
Clomiphene citrate

P Sig.

Range Mean ± SD Range Mean ± SD

Number of follicles .18 (mm) 1–3   1.2 ± 0.9 2–7   2.9 ± 1.77 ,0.05 S
Endometrial thickness (mm) 9–12 9.16 ± 1.36 4–7 4.46 ± 1.71 ,0.05 S

Abbreviation: SD, standard deviation.
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Figure 1. Comparison of the number of pregnancies in each group.
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with potentially fewer multiple births than with 
gonadotropins alone. Letrozole may be more effec-
tive than clomiphene and tamoxifen in a combination 
protocol.16

In conclusion, letrozole in patients with PCOS is 
as effective as clomiphene citrate in inducing ovula-
tion, and although fewer follicles were produced by 
induction with letrozole than with clomiphene, letro-
zole had a significantly better effect on endometrial 
thickness than clomiphene citrate, and the incidence 
of pregnancy after intrauterine insemination was sig-
nificantly higher, with a lower incidence of multiple 
pregnancy.

Letrozole could replace clomiphene citrate as the 
primary medication for chronic anovulation in PCOS. 
Furthermore, letrozole may be advantageous in the 
intrauterine insemination procedure, being less liable 
to result in multiple pregnancies. It could augment or 
even obviate the use of gonadotropins in the treatment 
of women who have been unsuccessful in achieving 
pregnancy with clomiphene citrate. Further studies 
are needed to determine optimal dosing and the long-
term safety for women treated with the drug.
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