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Abstract
Aim: This study compares the effects of clomiphene citrate (CC) and letrozole on pregnancy outcomes in infertile patients with polycystic ovary syndrome 
(PCOS) and examines the influence of mild hyperprolactinemia on these outcomes. There is limited research examining the effect of mildly elevated prolactin 
(PRL) levels during ovulation induction cycles in PCOS patients.
Material and Methods: A retrospective analysis was conducted on 226 primary infertile PCOS patients with an infertility duration of 1-3 years. Patients were 
treated with either CC or letrozole as oral ovulation induction agents. Statistical analysis was performed using R software, applying Welch’s t-test, Student’s 
t-test, Mann-Whitney U test, Pearson chi-square test, and Fisher-Freeman-Halton test. A p-value of <0.05 was considered statistically significant.
Results: The letrozole group exhibited more mono follicular development compared to the CC group (92.52% vs. 83.54%; RR=1.11 [95% CI, 0.99 to 1.23], 
p=.037). The mean endometrial thickness was significantly greater in the letrozole group (9.86 ± 2.70 mm) compared to the CC group (8.77 ± 2.68 mm). No 
significant differences were found in clinical pregnancy rates (29.93% vs. 29.11%; RR=1.03 [95% CI, 0.67 to 1.57], p=.898) and live birth rates (25.85% vs. 
22.78%; RR=1.13 [95% CI, 0.70 to 1.85], p=.611) between the two groups. PRL levels did not significantly differ between the clinically pregnant and non-
pregnant groups.
Discussion: We found no difference in pregnancy or live birth rates between CC and letrozole. Letrozole increased endometrial thickness and mono-follicular 
development. Minimal PRL elevation did not affect pregnancy outcomes, suggesting treatment may be unnecessary.
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Introduction
Infertility is described as the inability to conceive after one year 
of trying for women under 35 years of age and after six months 
for women above 35 who do not use any contraception method 
[1]. Infertility may result from male, female, or combined reasons. 
Anovulation is the cause of infertility in 25% of couples [2]. The 
most common cause of anovulation is PCOS. PCOS is a complex 
disease encompassing metabolic and reproductive disorders. 
According to the 2023 International Evidence-based Guideline 
Criteria, to confirm the diagnosis of PCOS, at least two out of 
the following three criteria must be met: clinical or biochemical 
hyperandrogenism, ovulatory dysfunction, and polycystic 
ovarian morphology [3]. Management strategies for subfertility 
linked to PCOS typically focus on lifestyle modifications, drug 
treatments, surgical interventions, and the use of assisted 
reproductive technologies. Letrozole should be used as the 
first-line ovulation induction agent, followed by CC as the 
second option. Letrozole, a widely used selective non-steroidal 
third-generation aromatase inhibitor, is primarily utilized 
for ovulation induction. It acts by inhibiting the secretion of 
estradiol in the ovaries. Letrozole continues to be used off-label 
for ovulation induction despite not having approval from the US 
Food and Drug Administration (FDA) for this specific use [4]. CC 
has been used for many years as a selective estrogen receptor 
modulator, it antagonizes the negative effects of estrogen in 
the hypothalamus and stimulates follicular development as an 
endogenous gonadotropin [5].  Contrary to the multi-follicular 
development in CC, mono-follicular development in LE has 
been shown to reduce the risk of multiple pregnancies [6]. In 
many studies conducted on PCOS patients, LE is superior to CC 
regarding ovulation, pregnancy, and live birth [7, 8].
Elevated or reduced PRL levels can lead to infertility by causing 
anovulation or infrequent ovulation (oligo-ovulation) through 
mechanisms related to hormonal imbalances, with abnormal 
PRL activity occurring both in the blood and within ovarian 
tissues [9, 10]. Hyperprolactinemia was classified into three 
levels by the Canadian Medical Association: mild (serum PRL 
levels under 50 ng/mL), moderate (serum PRL levels ranging 
from 50 to 100 ng/mL), and severe (serum PRL levels exceeding 
100 ng/mL) [11].In 30% of patients with PCOS, elevated levels 
of serum PRL are observed during both the follicular and 
luteal phases of the menstrual cycle [12, 13]. A meta-analysis 
investigating PRL concentrations in women with PCOS versus 
those without shows generally elevated PRL concentrations in 
women diagnosed with PCOS, proposing that these could serve 
as a potential diagnostic indicator for PCOS [14].
In this study, we compared the ovulation induction parameters, 
clinical pregnancy, abortion, and live birth rates in groups using 
oral ovulation induction agents CC or letrozole in infertile PCOS 
patients. We also investigated whether mild PRL elevation in 
PCOS patients affected pregnancy outcomes.

Material and Methods
Patient records were accessed from the computer system and 
infertility forms in the file archives of the Konya City Hospital 
IVF unit between the years 2018 and 2022. Due to being a 
training and research hospital, a general informed consent form 
is obtained from all patients at the time of application, allowing 

their data to be used in academic and scientific studies. Age, 
body mass index (BMI), basal hormone profiles on day 2 of 
menstruation, dominant follicle size, endometrial thickness on 
the day of dominant follicle measurement, sperm parameters, 
clinical pregnancy, live birth, abortion, birth week parameters 
were compared between the groups using letrozole and CC for 
ovulation induction. 
Inclusion-exclusion criteria
For this study, we included the first treatment cycle of primary 
infertile patients who had a history of infertility of at least one 
year but not exceeding three years and who were diagnosed 
with PCOS according to the Rotterdam criteria and used CC 
or letrozole as an oral ovulation induction agent. Information 
about the patients was obtained retrospectively from files and 
computer records. All patients had confirmed tubal patency via 
hysterosalpingography (HSG), and normal spermiogram values 
were observed. PRL levels measured on the 2nd or 3rd day 
of the menstrual cycle, ranging between 20-50 ng/mL, were 
considered as mild hyperprolactinemia. In our laboratory, the 
upper limit of normal PRL levels is deemed to be 20 ng/mL. 
Hyperprolactinemia treatment was not administered to these 
patients. 
Patients whose BMI exceeds 30 kg/m², those with endometrioma/
endometriosis, endometrial pathologies, and mullerian anomaly, 
detected tubal factors, systemic or immunological diseases, 
and patients with serum PRL levels of 50 ng/mL were excluded 
from the study.
Ovulation induction protocol
All patients were assessed on the 2nd or 3rd day of menstruation 
for basal hormone profile and were screened for persistent 
cysts using transvaginal ultrasound before starting CC (Klomen, 
Koçak Farma, Istanbul, Turkey) or letrozole (Femara, Novartis, 
Istanbul, Turkey) at a dose of 2x50mg or 2x2.5mg. In our 
infertility clinic, we primarily prefer letrozole as the oral agent. 
However, when the government does not cover this medication 
or patients sometimes choose not to use it for various reasons, 
we prescribe CC, which is covered by the government and is less 
expensive. After taking the medication for 5 days, patients were 
instructed to take a 5-day break and then invited to the hospital 
for folliculometry. When the endometrial thickness reached 
>7 mm, and the follicle diameter reached at least 20 mm, 
patients were recommended to engage in sexual intercourse 
every other day. They were called back to the hospital 15 days 
later for a pregnancy test. Patients who showed a heartbeat 
on transvaginal ultrasound were considered to have a clinical 
pregnancy positive, and those who delivered a live birth 
weighing 500 grams or more or after 24 weeks were considered 
to have a live birth.
Statistical analysis
The study was designed to achieve a power of 80% to detect an 
absolute difference in pregnancy rate between treatment groups 
using Pearson’s chi-square test at a two-sided significance level 
of 0.05 and a medium effect size of 0.5. We estimated that the 
analysis would need a sample size of 75 patients per treatment 
group, which was increased to 100 to account for a potential 
10% dropout rate.
Baseline characteristics were reported as counts (n) and 
proportions (%), or mean ± standard deviation and median with 
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ranges (minimum-maximum) or inter-quartiles [1st quartile – 
3rd quartile]. A Welch’s t-test, student’s t-test, Mann-Whitney 
U test, Pearson chi-square test, and Fisher-Freeman-Halton 
test were used to compare the baseline characteristics of the 
participants between drug groups.
A two-sided p-value of less than 0.05 was considered to indicate 
statistical significance. All statistical analyses were performed 
with R software, version 4.2.1. (The R Foundation for Statistical 
Computing, Vienna, Austria; https://www.r-project.org). 
Ethical Approval
This study was approved by the Ethics Committee of Karatay 
University Faculty of Medicine (Date: 2024-02-15, No: 
2024/027).

Results
Patients who used the LE drug were older than those who used 
the CC (29.44 ± 5.84 years vs. 26.10 ± 4.86 years, p<.001). The 
BMI, FSH (follicle-stimulating hormone), and basal estradiol 
levels of the two trial groups were similar. Compared with 
patients who received CC, patients who received letrozole 
demonstrated higher LH (luteinizing hormone) levels (10.97 ± 
2.96 IU/mL vs. 9.33 ± 3.21 IU/mL, p<.001) and less PRL levels 
(28 ng/dl [IQR, 25 – 33] vs. 31 ng/dl [IQR, 25 – 36], p=.005). The 
mean endometrial thickness was measured at 9.86 ± 2.70 mm 
for the letrozole group and 8.77 ± 2.68 mm in those receiving 

CC, and this high measure was statistically significant. The 
sperm volume was significantly lower in the letrozole group (2.5 
ml [IQR, 2 – 3] vs. 3 ml [IQR, 2.5 – 3.35], p=.007). There was no 
evidence of sperm motility and TPMS (total progressively motile 
sperm) count between groups. The baseline characteristics of 
participants are presented in Table 1.
The reproductive outcomes of the study participants are 
presented in Table 2. The clinical pregnancy (29.93% vs. 
29.11%, RR=1.03 [95% CI, 0.67 to 1.57], p=.898) and live birth 
(25.85% vs. 22.78%, RR=1.13 [95% CI, 0.70 to 1.85], p=.611) 
rates in the letrozole group were slightly higher than that in the 
CC group, but the differences were not statistically significant. 
The patients who received letrozole had more mono follicular 
development than the patients who received CC (92.52% vs. 
83.54%, RR=1.11 [95% CI, 0.99 to 1.23], p=.037). 16.46% (13 
out of 79 patients) of patients who received CC and 6.80% (10 
out of 147) of those who received letrozole developed multi-
follicular growth, therefore letrozole was associated with a 
59% (RR=0.41 [95% CI, 0.19 to 0.90], p=.022) reduction in the 
risk of multi follicular development.
Table 3 compares the characteristics of the groups with and 
without clinical pregnancy. There was no difference in PRL 
levels between the groups who did and did not become pregnant 
(p=0.592).

Table 1. Baseline characteristics of participants

CC (n=79) Letrozole (n=147) Test statistics p-value

Age (years) 26.10 ± 4.86 29.44 ± 5.84 4.58 <.0011

BMI (kg/m2) 22.34 ± 2.61 21.86 ± 2.73 1.28 .2032

FSH (IU/mL) 5.67 ± 2.09 6.26 ± 2.21 1.94 .0542

LH (IU/mL) 9.33 ± 3.21 10.97 ± 2.96 3.86 <.0012

Basal E2 (pg/mL) 55 [44.5 – 71] 51 [35 – 66.5] 5266 .2493

Prolactin (ng/dl) 26 [20 – 31] 21 [15 – 30] 4487.5 .0053

Endometrial thickness (mm) 8.77 ± 2.68 9.86 ± 2.70 2.89 .0042

Dominant follicle size (mm) 20 (8 to 36) 20 (5 to 33) 5682.5 .7923

Sperm volume 3 [2.5 – 3.35] 2.5 [2 – 3] 4565.5 .0073

Sperm motility (%) 42 [34.5 – 55.5] 40 [24 – 51] 4972.5 .0753

TPMS (billion) 42 [23 – 67.5] 38 [15 – 61] 4995 .0833

Primary subfertility 50 (63.3) 49 (33.3) 18.73 <.0014

Live birth 1.12 .5695

<37 week 2 (9.1) 2 (4.5)

≥37 weeks 15 (68.2) 35 (79.5)

Abortion 5 (22.7) 7 (15.9)

1 Welch’s t-test; 2 student’s t-test; 3 Mann-Whitney U test; 4 Pearson chi-square test; 5 Fisher-Freeman-Halton test. Numerical data were presented as mean ± standard deviation or median 
with quartiles [1st quartile – 3rd quartile]. Categorical data were described as count (n) and percentage (%). CC: clomiphene citrate, BMI: body mass index, FSH: follicle stimulating hormone, 
LH: luteinizing hormone, TPMS: total progressive motile sperm 

Table 2. Outcomes for letrozole versus CC as a primary treatment-intention-to-treat analysis

CC (n=79) Letrozole (n=147) Absolute difference (95% CI) Rate ratio (95% CI) p-value

Monofollicular development
66/79 136/147 8.97 1.11

.037
(83.54%) (92.52%) (–0.24 to 18.19) (0.99 to 1.23)

Multifollicular development
13/79 10/147 –9.65 0.41

.022
(16.46%) (6.80%) (–18.79 to –0.52) (0.19 to 0.90)

Clinical pregnancy rate
23/79 44/147 0.82 1.3

.898
(29.11%) (29.93%) (–11.64 to 13.27) (0.67 to 1.57)

Live birth rate
18/79 38/147 3.7 1.13

.611
(22.78%) (25.85%) (–8.58 to 14.71) (0.70 to 1.85)
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Discussion
We did not observe any difference in clinical pregnancy and live 
birth rates between the groups using CC and letrozole in PCOS 
patients. We concluded that minimal PRL elevation has no 
adverse effects on clinical pregnancy and live births. Literature 
includes studies on the impact of elevated PRL levels on IVF 
outcomes, but there is limited research examining the effect of 
mildly elevated PRL during ovulation induction cycles in PCOS 
patients on pregnancy outcomes.
The treatment of infertility due to anovulation in women with 
PCOS requires a multifaceted approach. According to Balen 
et al. [15], lifestyle interventions are recommended as the 
initial treatment, especially for obese patients, to enhance 
the effectiveness of subsequent therapies. Pharmacologically, 
CC is commonly used, but letrozole may offer better ovulation 
and pregnancy rates. For resistant cases, options like bariatric 
surgery or IVF are considered, though they carry inherent risks. 
According to a comprehensive individual participant data (IPD) 
meta-analysis, letrozole significantly improves live birth and 
clinical pregnancy rates in women with PCOS compared to CC. 
Notably, the efficacy of letrozole is further enhanced in women 
with higher baseline serum total testosterone levels. This 
finding suggests that letrozole may be particularly beneficial 
for a subgroup of PCOS patients characterized by higher 
androgen levels, supporting a more personalized approach to 
treatment [16]. 
The management of infertility in women with PCOS continues 
to evolve, particularly in the context of selecting optimal 
ovulation induction agents. The studies by Bahawi et al. and 
Wang et al. [17, 18], along with our data, provide insights into 
the effectiveness of letrozole and CC in inducing ovulation 
and achieving pregnancy in PCOS patients. Both Bahawi et al. 
and our study reported slightly higher pregnancy rates with 
LE compared to CC, but this was not statistically significant. 
Wang et al. [18] also noted superior endometrial receptivity 
in the letrozole group, which could theoretically lead to higher 

pregnancy rates, though this was not directly compared in our 
study. 
Patients in the Bahawi et al. [17] study required fewer 
treatment cycles when using letrozole compared to CC, a 
finding somewhat echoed in our data, where letrozole also 
demonstrated a higher rate of mono follicular development. 
This could indicate a more targeted and efficient follicular 
response with letrozole, reducing the risk of multi-follicular 
development and its associated complications, such as ovarian 
hyperstimulation syndrome. The collective findings underscore 
the potential benefits of letrozole in treating infertility 
associated with PCOS, particularly in terms of endometrial 
receptivity and the efficiency of achieving pregnancy. However, 
the absence of significant differences in live birth rates and the 
similar overall pregnancy rates observed in our study suggests 
that both medications remain viable first-line options, with the 
choice potentially guided by patient-specific factors such as 
tolerance to medication and specific endocrine profiles. 
PRL, traditionally associated with lactation and reproductive 
functions, also plays a significant role in metabolic regulation, 
which is particularly relevant in the context of PCOS. Research 
indicates that PRL levels may influence various metabolic 
processes in PCOS, affecting glucose and lipid metabolism and 
overall metabolic homeostasis [19]. PCOS is often accompanied 
by hormonal imbalances that include not only the well-known 
issues of hyperandrogenism and insulin resistance but also 
varied PRL levels. Elevated PRL levels, or hyperprolactinemia, 
can exacerbate the symptoms of PCOS, including menstrual 
irregularities and infertility, by impacting ovarian function 
directly and by altering metabolic functions [19]. Interestingly, 
while extremely high or deficient PRL levels are linked to adverse 
metabolic effects, a specific range of elevated PRL levels 
might be beneficial, potentially enhancing metabolic stability 
in PCOS patients. This suggests a nuanced role of PRL, where 
its concentration-dependent effects could either contribute to 
or mitigate metabolic dysfunctions associated with PCOS [20]. 

Table 3. Comparison of the characteristics of the clinical pregnancy positive and negative groups

Clinical Pregnancy Negative 
(n=159)

Clinical Pregnancy Positive 
(n=67)

Test statistics p-value

Age (years) 28.51 ± 6.06 27.72 ± 4.88 1.4 .3021

BMI (kg/m2) 21.92 ± 2.77 22.28 ± 2.48 0.92 .3602

FSH (IU/mL) 6.17 ± 2.15 5.78 ± 2.27 1.24 .2172

LH (IU/mL) 10.38 ± 3.20 10.45 ± 3.02 0.15 .8782

Basal E2 (pg/mL) 52 [35 – 70] 53 [43 – 69.5] 4977 .4373

Prolactin (ng/dl) 22.70 ± 9.05 23.40 ± 8.92 0.54 .5922

Endometrial thickness (mm) 9.51 ± 2.73 9.40 ± 2.79 0.29 .7712

Dominant follicle size (mm) 19 (5 to 36) 21 (10 to 33) 4539 .0793

Sperm volume 3 [2 – 3] 3 [2 – 3] 5034 .5073

Sperm motility (%) 41 [25 – 54] 42 [33 – 52] 4934.5 .3833

Sperm TPMSS (billion) 40 [18 – 62.5] 40 [22 – 65] 5237.5 .8443

Primary subfertility 63 (39.6) 36 (53.7) 3.812 .0514

Time to pregnancy

<37 week 4 (6.1)

≥37 weeks 50 (75.8)

Abortion 12 (18.2)

1 Welch’s t-test; 2 student’s t-test; 3 Mann-Whitney U test; 4 Pearson chi-square test
Numerical data were presented as mean ± standard deviation or median with quartiles [1st quartile – 3rd quartile]. Categorical data were described as count (n) and percentage (%).
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While there are studies in the literature on the impact of 
elevated PRL levels on IVF outcomes, there is no research on the 
effect of mild PRL elevation during ovulation induction cycles in 
patients with PCOS on pregnancy outcomes. A study examines 
serum PRL level changes during Intracytoplasmic Sperm 
Injection (ICSI) in 90 patients and their impact on pregnancy 
rates. Results indicate a significant increase in PRL levels post-
ovum pickup, which normalized before embryo transfer and 
did not affect pregnancy outcomes. A positive correlation was 
found between early PRL levels and higher-quality embryos, 
suggesting that early PRL measurements may help predict 
embryo quality [21]. 
Another study complementing this research examined the 
correlation between serum PRL levels and cumulative pregnancy 
outcomes in in-vitro fertilization and intracytoplasmic sperm 
injection (IVF/ICSI) cycles. The study suggests that higher 
baseline PRL levels, particularly those below 50 ng/mL, might 
positively influence the number of oocytes retrieved and 
embryos and increase the rates of clinical pregnancies and live 
births. The study explores the potential positive implications 
of maintaining mildly elevated PRL levels during IVF/ICSI 
treatments, challenging previous assumptions about the need 
to suppress high PRL levels [22]. In contrast to these studies, 
a series of 20,877 patients examined the relationship between 
PRL levels and live birth in patients without PCOS, indicating 
that there is a significant relationship between serum PRL 
levels and live birth rates. Specifically, PRL levels below 14.8 
ng/mL positively correlate with higher live birth rates. However, 
once PRL levels exceed this threshold, the relationship becomes 
insignificant, suggesting an optimal range for PRL that may 
influence pregnancy outcomes positively [23].
In our study, when we compared PRL levels between the group 
with clinical pregnancies and the group without, although 
the PRL levels were slightly higher in the group with clinical 
pregnancies (27.70 ± 9.05 ng/mL vs. 28.40 ± 8.92 ng/mL), this 
difference was not statistically significant (p=0.592).
Limitation
Limitations of the study are: first, it was a retrospective study 
with a small sample size. Secondly, we recommended coitus 
every other day, but we did not check for ovulation or whether 
the patient’s coitus regularly and at the recommended time. 
Age values were significantly higher in the letrozole group 
compared to the CC group, which may be one of the reasons for 
the lack of statistically significant high pregnancy rates in the 
letrozole group. On the other hand, the reason why PRL levels 
did not affect pregnancy outcomes may be that the patients 
in the study did not have very high PRL levels. Therefore, it 
may not be correct to conclude that high prolactin levels do not 
affect pregnancy outcomes based on our results.
Conclusion
In conclusion, we observed no difference in clinical pregnancy 
and live birth rates between groups using CC and letrozole. 
Consistent with the literature, we found that the group using 
letrozole had greater endometrial thickness and higher rates 
of mono follicular development compared to the CC group. 
Additionally, we discovered that minimal PRL elevation was 
not statistically significant between the groups who did and 
did not become pregnant. This research contributes to our 

understanding of how PRL might affect fertility outcomes. It 
may assist clinicians in deciding whether or not to treat minimal 
PRL elevation.
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