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Ovarian Response can be Predicted in Women with PCOS
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ABSTRACT
Objective: To compare the clinical, metabolic, and hormonal characteristics of patients with and without selected dominant folli-
cles in infertile women with PCOS who used letrozole for ovulation induction.
Study Design: A descriptive cohort study.
Place and Duration of Study: Department of Obstetrics and Gynaecology of Bagcilar Research and Training Hospital, Istanbul,
Turkey, from October 2019 to November 2021.
Methodology: Eighty-eight female patients with PCOS, who underwent ovulation induction by giving 5 mg/day letrozole, were
screened for demographic characteristics, laboratory values, and dominant follicle development. Those who were given letrozole as
the first treatment agent, those who took clomiphene citrate (CC) and started letrozole the following month, and those who were
treated with letrozole and given letrozole again were recorded separately. Seventy-five patients responded to letrozole and devel-
oped a dominant follicle; 13 patients did not develop a dominant follicle. Threshold values were determined for statistically signifi-
cant parameters between patients with and without dominant follicles.
Results: Follicle development occurred in 85.2% of the women. A statistically significant variable in clinical and metabolic values,
between ovulating and non-ovulating groups could not be found. There was a significant difference between the two groups for the
serum AMH value, total testosterone value, and FSH level. The authors found that follicle response was higher in those with AMH
values less than 11.89 ng/mL, FSH levels higher than 6.25 Iu/L, and total testosterone less than 0.96 ng/mL. In this study, the preg-
nancy rate was found to be lower than in the literature (11%).
Conclusion: Among the women with PCOS who had ovulation induction with letrozole, follicle development was higher in women
with lower FSH, androgen and AMH values.
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INTRODUCTION

Twenty  five  percent  of  infertile  couples  have  ovulation
problems1 with polycystic ovary syndrome (PCOS) being the
most common cause of ovulation problems, at rates ranging
70‑85%.2

Although letrozole was previously used in animal experiments
for ovulation induction (OI),3 it started being used for ovulation
induction in PCOS patients in the early 2000s.4 In subsequent
studies, it has been suggested that it is more effective than
clomiphene citrate (CC) in PCOS patients.5 Its use as an OI agent
is controversial in cases of endometriosis and infertility.6

Correspondence  to:  Dr.  Ozlem  Karabay  Akgul,  Depart-
ment  of  Obstetrics  and  Gynaecology,  University  of  Health
Sciences  Istanbul  Bagcilar  Research  and  Training
Hospital,  Istanbul,  Turkey
E-mail:  ozlem74akgul@hotmail.com
.....................................................
Received: March 03, 2022;  Revised: May 05, 2022;
Accepted:  July  27,  2022
DOI:  https://doi.org/10.29271/jcpsp.2023.02.217

In the literature, the ovulation rate in ovulation induction treat-
ments with letrozole varies between 62% and 84%. The preg-
nancy rate with letrozole is 27%. The 2018 ACOG recommenda-
tion (Committee Opinion No. 738) is to use letrozole as the first
choice for women with infertile PCOS and OI in unexplained infer-
tility.7-9

Data on whether there will be an ovulation response with letro-
zole  in  infertile  patients  diagnosed  with  PCOS  are  limited.
However, in some studies, some patients were unresponsive to
letrozole.

The  objective  of  this  study  was  to  compare  the  clinical,
metabolic, and hormonal characteristics of patients with and
without  selected  dominant  follicles  in  infertile  women  with
PCOS who used letrozole for ovulation induction.

METHODOLOGY
This  retrospective  study  was  initiated  at  the  Department  of
Obstetrics and Gynaecology of Bagcilar Research and Training
Hospital,  Istanbul,  Turkey,  with  the  approval  of  the  ethics
committee,  dated  23/12/2021,  and  decision  number  1327.
Between October 2019 and November 2021, 88 infertile women
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with PCOS aged 20‑37 years, who were followed up and treated in
the infertility outpatient clinic of a tertiary centre, were recruited.
The diagnoses of PCOS were made according to the Rotterdam
criteria.2

Women with endocrine disease, autoimmune disease, patients
with ovarian cysts, those who previously used oral contracep-
tives, and patients who received ovulation induction following
assisted reproductive technology treatment were excluded from
the study.

The  age,  body  mass  indexes  (BMI),  and  previous  pregnancy
statuses of all the women were recorded. FSH, LH, E2, 17 OHP,
DHEA‑SO4, total testosterone, AMH, and HOMA‑IR tests were
recorded on one of the second and fourth days of menstruation.
Data were compared as dominant follicle in the developing and
non-developing groups.

An Esaote® brand Mylab X7 model ultrasonography device with
vaginal  probe  ultrasonography  (TVUSG)  was  applied  to  each
patient and both ovaries were evaluated for the presence of
antral follicles and cysts prior to starting the medicine. Letrozole
was administered orally at 5 mg daily between the third and
seventh days of the menstrual cycle.10 Following the end of the
drug administration, TVUSG control was performed every two
days.  The  newly  detected  anechoic,  thin-walled  structure  of
18 mm and above was recorded as the dominant follicle. Domi-
nant follicle follow-up was extended until the twenty-first day of
maximum  menstruation.  Two  hundred  and  fifty  micro-
gram/0.5 mL choriogonadotropin alfa was administered subcuta-
neously  to  women who  developed  dominant  follicles.  Intrau-
terine insemination (IUI) was performed 34‑36 hours later in all
patients  who  developed  follicles.  IUI  was  performed  using  a
Medbar catheter under outpatient conditions without any difficul-
ties. BHCG was requested for women who did not menstruate on
the  expected  menstrual  date,  and  menstruating  women and
non-pregnant women were checked with TVUSG. If letrozole was
started again, 5 mg per day was started.

Although  TVUSG was  performed  until  the  twenty-first  day  of
maximum  menstruation,  it  was  accepted  that  there  was  no
follicle  development  in  patients  who did  not  have 18 mm or
larger follicles. Development of the dominant follicle was consid-
ered as the outcome measure.

Mean Standard Deviation, Median, and IQR values were given in
descriptive statistics for the continuous data, and number and
percentage values were given in the discrete data. The Shapiro-
Wilk test was used to examine the conformity of the continuous
data to the normal distribution. In the comparison of biomarker
values between developing and non-developing follicles, an inde-
pendent samples t‑test was used on the data showing a normal
distribution. The Mann‑Whitney U test was used for the data that
did  not  show  a  normal  distribution  in  the  comparison  of
biomarker values between those with and without follicles. The
authors performed the student’s t‑test for FSH and DHEA, and the
Mann‑Whitney U‑test for the others. The strength of the hormone
values in the follicle development was evaluated by the area
under the ROC Curve (AUC). The best cut-off point was calculated

using  Youden’s  Index.  The  diagnostic  performance  of  the
hormone values was demonstrated by sensitivity, specificity,
PPV, and NPV values. Chi-square and Fisher’s Exact tests were
used for group comparisons (cross tables) of the discrete vari-
ables.

The IBM SPSS version 20 (Chicago, IL, USA) program was used in
the evaluations with p <0.05 being accepted as the statistical
significance limit.

RESULTS

A total of 88 patients aged 20‑37 years (mean 28 ± 4 years)
were included in the study. More than half of the patients (56%)
were under the age of 30. The mean BMI of the patients was
27  ±  5  (kg/m²),  and  nearly  half  (41%,  36  women)  were  of
normal weight. Approximately two-thirds (72%, 63 patients) of
the patients were primary infertile (Table I).

Follicle development was detected in 75 (85%) of the patients
using letrozole. Pregnancy occurred in approximately 13% (10 -
patients) of these.

The clinical features of the patients were grouped according to
whether the infertility was primary or secondary, and the order
of drug use in the treatment month.

A quarter of the patients (23.9%, 21 women) used letrozole in
the first treatment cycle, approximately 38% (33 women) used
letrozole after CC, and the remaining 39% (34 women) used
letrozole after letrozole. There was no difference between the
use of letrozole and the rates of follicle development between
the  primary  infertile  and  the  secondary  infertile  patients
(p = 0.751).  The follicle  development rates of  patients who
used letrozole as the first drug, patients who used letrozole after
CC, and those who used letrozole after letrozole was similar
again (p = 0.095).

There was no difference between the follicle development rates
of patients younger than 30 years of age and patients aged
30‑37  years  (p  =  0.287).  The  follicle  development  rates  of
normal BMI, overweight, and obese patients were found to be
similar (p = 0.081).

The AMH values of the patients who developed follicles were
found to be significantly lower than those who did not develop
follicles  (median  5.28  ng/mL  and  16.8  ng/mL,  respectively,
p <0.001). AUC was found significant in ROC analysis for AMH
values (p <0.001) and the threshold value for the AMH value
was determined to be 11.89 ng/mL. While the rate of follicle
development was 97% in patients with an AMH value less than
11.89  ng/mL,  the  rate  of  follicle  development  was  48%  in
patients  with  a  higher  AMH  value  (p  <0.001,  Tables  II,  III,
Figure 1).

The FSH values of the patients with follicles were found to be
higher  than  those  without  follicles  (mean  7.04  IU/L  and
5.82  IU/L,  respectively,  p  =  0.02).  In  the  ROC  analysis,  the
threshold value for FSH was found to be 6.25 IU/L in those who
developed follicles with the rate of follicle development being
94% at values above this (p <0.01, Table III).
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Table I: Comparison of age, BMI, pregnancy, and hormone cutoff values and follicle development rates of those with and without follicles.
Patient characteristics Total

(n = 88)
Dominant follicle
developed (n = 75)

Dominant follicle
did not develop (n = 13)

p-value

Age (years)     
<30 49 (55.7%) 40 (81.6%) 9 (18.4%) 0.287
30-37 39 (44.3%) 35 (89.7%) 4 (10.3%)  
BMI (kg/m²)     
18-25 normal 36 (40.9%) 34 (94.4%) 2 (5.6%) 0.081
25-30 overweight 27 (30.7%) 22 (81.5%) 5 (18.5%)  
>30 obesity 25 (28.4%) 19 (76%) 6 (24%)  
Infertility status     
Primary infertility 63 (71.6%) 53 (84.1%) 10 (15.9%) 0.751
Secondary infertility 25 (28.4%) 22 (88%) 3 (12%)  
Cycle     
First drug 21 (23.9%) 18 (85.7%) 3 (14.3%) 0.095
After CC 33 (37.5%) 25 (75.8%) 8 (24.2%)  
After Letrozole 34 (38.6%) 32 (94.1%) 2 (5.9%)  
• Chi-Square / Fisher’s Exact test.

Table II: Comparison of hormone values of patients with and without follicles.
 Follicle did not develop (n = 13) Follicle developed (n = 75) p-value
AMH Median (IQR) 16.8 (8.4) 5.3 (5.2) <0.001*
FSH Mean ± SD 5.8 ± 2.0 7.0 ± 1.6 0.019**
LH Median (IQR) 7.80 (3.58) 5.90 (3.60) 0.082*
E2 Median (IQR) 44.30 (22.95) 39.00 (20.10) 0.668*
17-OHP Median (IQR) 1.02 (1.83) 1.78 (2.17) 0.621*
DHEA Mean ± SD 240.7 ± 144.6 218.8 ± 88.3 0.605**
T.TEST. Mean ± SD 0.96 ± 0.3 0.58 ± 0.2 <0.001**
HOMA 2.43 (3.86) 1.89 (1.44) 0.070*
* Mann Whitney U test; ** Student’s t‑test.

Table III: ROC curves of hormone values in follicle development and diagnostic performance.

 AUC 95% CI p Threshold Sensitivity 95% CI
Specificity 95% CI

PPV
NPV

AMH 0.84 (0.69-0.99) <0.001 <11.89 0.87 (0.77-0.92) 0.97 (0.90-0.99)
 0.84 (0.57-0.96) 0.52 (0.41- 0.63)

FSH 0.68 (0.51-0.85) 0.041 >6.25 0.64 (0.52-0.74) 0.94 (0.86-0.97)
 0.77 (0.49-0.92) 0.27 (0.18-0.37)

Total testosterone 0.83 (0.68-0.99) <0.001 <0.96 0.95 (0.87-0.98) 0.95 (0.87-0.98)
 0.69 (0.42-0.87) 0.69 (0.58-0.78)

The total testosterone values were also lower in those who
did not develop follicles. (p <0.001). The rate of follicle devel-
opment was 95% in patients with total testosterone values
less  than  0.96  ng/mL  (p  <0.001,  Table  III).  The  LH,  E2,
17‑OHP,  DHEA,  HOMA‑IR  values  of  the  patients  with  and
without  follicles  were  not  significantly  different  in  patients
with  and  without  follicles  (p  >0.05).

DISCUSSION

According to the results of this study, 85% of the patients
developed dominant follicles from ovulation induction with
letrozole;  pregnancy  was  achieved  in  10  (13%)  of  these
patients.  A  higher  basal  serum  FSH  level  was  found  in
patients with dominant follicles compared to those without
follicles.  In  addition,  patients  with  dominant  follicles  had
lower AMH and total testosterone levels.

In studies in the literature, the rate of ovulation with CC in
women with PCOS is between 56% and 73%, while the rate of
ovulation with letrozole is between 73.08% and 93.1%.9  In

this study, there were more than 85% dominant follicle devel-
opment in patients with PCOS who received letrozole.

It is known in the literature that normal basal FSH level is not
useful in predicting the clinical pregnancy rate.11 It is gener-
ally accepted that ovarian reserve is low only when the FSH
level exceeds 10‑12 IU/L.12  In this study, there were lower
follicle responses when FSH was below 6.25 IU/L, which is
inconsistent with the literature.

Although AMH is a test that shows the ovarian reserve of
women of reproductive age, it does not reflect oocyte health
or the probability of conception.13 AMH elevation is used to
predict the response in patients using CC.14 In literature, the
threshold values between 3.2 ng/mL and 12.38 ng/mL were
determined in the prediction of CC resistance in women with
PCOS.15 Although many studies are showing that the ovarian
response to CC is reduced with high AMH, there is no defined
threshold value for letrozole.14 In this study, the women with
AMH <11.9 ng/mL developed significantly more dominant folli-
cles with the use of letrozole.
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Figure 1 (a-c): ROC curve of AMH (a) FSH (b) and total testosterone
(c) values in follicle formation.

According to a meta-analysis published in 2019, higher live
birth rates than CC were found with the use of letrozole in
women with PCOS with high total testosterone levels.6 The
present authors did not make a comparison between letrozole
and CC in this study, but there was a high follicle response at
low total testosterone levels, in line with the literature.

In this study, although the ovulation rates were consistent
with the literature, the pregnancy rates were found to be
lower than those in the literature. According to Nakajo et al.
in  a retrospective study comparing letrozole and CC, the
pregnancy  rate  was  found  to  be  21.8% in  the  letrozole
5 mg/day group.16 In the present study, the pregnancy rate
was 13.3% in the patients whose follicles were obtained. The
reason for the low pregnancy rate may be the application of
the IUI method, the difference in coitus frequency before and
after IUI, endometrial thickness, and the endometrial stage
not being taken into account. In addition, the small number
of cases makes it difficult to evaluate the pregnancy rate.

In this study, a difference was found in terms of follicle devel-
opment between women who took letrozole as the first drug,
starting with letrozole after CC, and starting letrozole after
letrozole.  However,  the rate of  follicle  selection (86%) in
women who used letrozole as the first treatment option was
found to be higher than in women who started letrozole after
CC (76%). The highest follicle response was in patients who
received  letrozole  followed  by  letrozole  (94%).  In  the
comparison  between  the  groups,  a  statistically  significant
difference  was  found  between  the  patients  who  received
letrozole  as  the  first  drug  and  the  patients  who  used  letro-
zole after letrozole in terms of follicle response. However,

patients using letrozole after CC had a lower response than
patients using letrozole after letrozole. Letrozole is a short-
-acting  agent,  while  CC  is  a  long-acting  agent.  The  low
follicle response in women using letrozole after CC can be
explained by the long duration of action of CC.

Despite all these successful results, letrozole has not been
approved for use in ovulation induction in Turkey or around
the world. Shakeel et al. from Pakistan in 2022 mention that
professionals dealing with infertility are familiar with the use
of this drug off-label. Letrozole should be given if it is mutu-
ally discussed with the patient and consent is given.17

In this study, approximately one-third of the patients were
secondary infertile patients who had previously been preg-
nant. However, previous pregnancy history did not change
the response to letrozole.

CONCLUSION

The  study  showed  that  letrozole  is  an  effective  ovulation
induction  agent  with  a  high  follicle  response  in  all  age
groups and all weight groups in infertile women with PCOS.
However, elevated AMH and total testosterone decrease the
follicle response to letrozole.
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