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ABSTRACT: The declining fertulity rate has been observed in the past few decades in
Maldives. One of the most prevalent diseases that cause this complication is polycystic
ovarian syndrome (PCOS). PCOS is a hormonal condition that has affected 13% of
women in the reproductive age group globally. This is a chronic condition where various
treatment options have been used to counter the complication. In this study, we analyze the
effectiveness of one of the most common treatment regimens available in Maldives, letrozole,
and letrozole combined with gonadotropins, for women with PCOS-related infertility. This
quantitative, retrospective study analyzes data from 2019 to 2024. The population consists
of women who recetved trearment for infertilivy due to PCOS at Indira Gandhi Memorial
Hospital and My Clinic Private Limited, between Fanuary 1, 2019, and December 31,
2023. Our total study sample was 173 patients. Using the logistic regression model, we
observed that, when compared with those who were more than 35 years, patients who were
less than 25 years old, had a 9.5 times more likelihood of getting pregnant. After excluding
the other variables, the odds ratio for ages less than 25 years increased from 9.5 to 13.3.
Furthermore, patients who are 26 to 30 years of age show a significantly higher successful
outcome when other variables are adjusted. This study shows that there is a significant
relationship between age and trearment outcome of PCOS-related infertility.

Keywords: Polycystic Ovarian Syndrome, Infertility, Letrozole, Gonadotropin, Treatment
outcome

Introduction

Polycystic Ovary Syndrome (PCOS) is a hormonal condition that affects 8 to
13% of women in the reproductive age range, according to WHO (2023). The
exact etiology of PCOS is still unknown. However, these patients have excess
levels of androgens which are associated with a myriad of symptoms that affect
both their physical and emotional well-being. These include acne, hirsutism, male-
pattern baldness, weight gain, menstrual irregularities, and even infertility. Women
suffering from PCOS also have a higher likelihood of having other comorbidities
such as type II diabetes mellitus, hypertension, dyslipidemia, etc (WHO, 2023).
Not only this, but they mention that unwanted facial hair and weight gain lead
to social stigma and a negative body image, which evidently affects their social
and occupational functioning, as well as causing anxiety and depression in some
individuals (WHO, 2023).

Although PCOS is a chronic condition, symptomatic treatment is available and
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lifestyle modifications with dietary changes and regular exercise have proven to
make a significant difference (WHO, 2023). This condition is diagnosed based on
the modified Rotterdam criteria, where having any two out of the three proposed
criteria is considered diagnostic (Christ & Cedars, 2023).

In the Maldives, not only is PCOS a common disorder, but a declining fertility
rate has also been a growing concern for the past few decades (Maldives National
Reproductive, Maternal, Newborn, Child, and Adolescent Health, 2021; The
World Bank, 2022; UNFPA Maldives, 2024). This is evidenced by the low fertility
rate in the year 2023, where the rate was 1.7; which is a marked decline from
the fertility rate 10 years back, where the rate was 2.1 (The World Bank, 2022;
UNFPA Maldives, 2024). This decline has been steeper and far more significant
when compared to the fertility rates 30 or 40 years back with the rates being 5.0
and 7.2 respectively (The World Bank, 2022).

For the treatment of PCOS-related infertility, a hierarchy has been established,
with the first line of treatment starting with lifestyle modifications to lose excess
weight (Akre et al., 2022; Flickr, 2024; Li et al., 2022). Ovulation induction
agents such as clomiphene citrate, aromatase inhibitors, and gonadotropins are
next in line; followed by laparoscopic ovarian drilling; and assisted reproductive
technology (ART) such as Intrauterine Insemination (IUI), In Vitro fertilization
(IVF), and Intracytoplasmic Sperm Injection (ICSI), as the next options in line
(Akre et al., 2022; Flickr, 2024; Li et al., 2022).

Unfortunately, even with PCOS being the most common cause of anovulation
leading to infertility, research on PCOS in the Maldives is scarce (WHO, 2023;
Maldives National Reproductive, Maternal, Newborn, Child and Adolescent
Health, 2021). Additionally, the treatment for PCOS was not covered under the
governments universal healthcare insurance scheme, Aasandha, until December
of 2023 (The President’s Office, 2023). Thus, it is irrefutable that an utmost
importance should be given for the research and treatment needed to overcome
this worsening dilemma in this country.

Background

Polycystic ovarian syndrome (PCOS) is a complex endocrine disorder, affecting
females of reproductive age. This syndrome has a plethora of manifestations,
including insulin resistance, obesity, infertility, and cardiovascular consequences.
PCOS accounts for 90% of cases of anovulatory infertility and represents the
leading cause of female infertility (Eniola et al., 2017). Globally, infertility accounts
for 10% of the world’s population.

Several diagnostic criteria for PCOS have been used in various studies. The
Rotterdam criteria, published in 2003, is one of the most commonly adopted. As
per the criteria, diagnosis of PCOS requires the presence of two of the following
three criteria: (1) oligo-ovulation or anovulation, (2) hyperandrogenism (clinical
evidence of hirsutism, acne, alopecia, and/or biochemical hyperandrogenemia), and
(3) polycystic ovaries, as assessed by ultrasound scan with >20 follicles, measuring
2-9 mm in diameter and/or an ovarian volume of >10 cm3 in at least one ovary
Confirmation of diagnosis also requires other related disorders to be ruled out.
(The Rotterdam ESHRE/ASRM-sponsored PCOS consensus workshop group,
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2004).

Various factors influence the ovarian function in PCOS, including patients
being overweight, having hyperandrogenism, and having elevated serum LH.
Hyperandrogenism results in an increased number of preovulatory follicles,
measuring 2-5mm, which do not respond to the normal concentration of the
follicular-stimulating hormone (FSH). In addition, the action of premature
luteinizing hormone impairs the formation of the dominant follicle, resulting in
anovulatory cycles (Costello et al., 2012).

Furthermore, additional factors influence infertility, including age, weight,
frequency of sexual activity, and behaviors, such as smoking. Studies report that
patients diagnosed with PCOS gain more weight in comparison to women without
PCOS, which further exacerbates androgen and insulin levels, increasing the
severity of reproductive features observed in PCOS (Glueck et al., 2005). Although
fertility rates are lower among obese patients, there is limited evidence of successful
pregnancy outcomes with lifestyle intervention in PCOS (Balen et al., 2016).

As there is no definitive cure for PCOS, the management focuses on a holistic
approach to the different manifestations of the disease. Treatment modalities
include lifestyle modification, through diet and exercise, pharmacotherapies,
such as clomiphene citrate, letrozole, metformin, and gonadotropins, and surgical
therapies, such as laparoscopic ovarian surgery. The overall management of PCOS
is targeted towards the improvement in the quality of life of the patients.

Two studies were conducted to study the effect of letrozole and clomiphene citrate
in ovulation induction. Al-Omari reported 84.4% of patients treated with letrozole
to have ovulated, while another study reports 62% successful ovulation among
the sample population. As reported by Banerjee, no differences were observed in
the efficacy of letrozole and clomiphene citrate. However, letrozole was reported
to significantly improve the endometrial thickness, resulting in a higher rate of
successful conceptions (Banerjee et al., 2012). As the rate of ovulation and live
birth rate observed with letrozole was higher than CC, letrozole is now considered
the first line of treatment for ovulation induction (Waldman et al., 2019).

A study conducted comparing letrozole and hMG for ovulation induction
observed an ovulation rate of 70%, with multiple births reaching up to 5.7%. A
second study comparing FSH and hMG, reported that 75% of women induced
with FSH ovulated, while 94% induced with hMG ovulated (Sagle et al., 1991).

Although gonadotropins are more effective, it is also associated with a higher risk
of ovarian hyperstimulation syndrome (OHSS) and multiple gestations. OHSS is
more commonly observed in young age, low body weight, and high dosage regimen
of gonadotropins (Amer, 2007). Studies report that treatment regimens consisting
of letrozole combined with gonadotropin increase the number of preovulatory
follicles, decrease endometrial thickness, and decrease the gonadotropin
requirements (Mitwally et al., 2003). Thus, decreasing the side effects related to
gonadotropin.
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General Objectives

The goal of this research is to understand the effectiveness of various treatment
regimens in cases of infertility due to Polycystic Ovarian Syndrome among women
consulting at Indira Gandhi Memorial Hospital and My Clinic Private Limited.

Specific Objectives

1. To study the distribution of women diagnosed with PCOS-related infertility,
depending on age group and the type of infertility (primary and secondary) at
Indira Gandhi Memorial Hospital and My Clinic Private Limited.

2. To study the association between age and the treatment outcome of treatment
regimens (Letrozole, and Letrozole combined with Gonadotropins) for PCOS-
related infertility.

3. To study the association between the number of cycles of treatment with
the treatment outcome of the treatment regimens (Letrozole, and Letrozole
combined with Gonadotropins) for PCOS-related infertility.

4. To study the association between the type of infertility (primary and secondary)
and the treatment outcome of treatment regimens (Letrozole, and Letrozole
combined with Gonadotropins) in PCOS-related infertility.

Methodology

Research Designs

This is a quantitative, retrospective study, analyzing data from January 1, 2019
to December 31, 2024. It will focus on women with diagnosed PCOS who are
consulting at Indira Gandhi Memorial Hospital and My Clinic Private Limited.
The variables that were collected included patient age, the type of infertility, and
the number of cycles of treatment taken, and these variables were compared to the
different treatment regimens.

Sample, population, or subjects

The study population consists of women who received treatment for infertility
due to PCOS. Census sampling was done, where all patients who received and
completed or terminated PCOS-related infertility treatment at Indira Gandhi
Memorial Hospital and My Clinic Private Limited, between January 1, 2019, and
December 31, 2023, were collected. The patients who received treatment up until
December 31, 2023, were followed via medical records until February 29, 2024.
After the application of the inclusion and exclusion criteria, the study sample was
173 patients.

Inclusion criteria:

e Patients who are between 18 to 45 years of age.

e Patients who are diagnosed with PCOS.

e Patients who have taken at least 1 cycle of infertility treatment by taking
letrozole therapy alone or letrozole therapy with gonadotropins.

e Patients who have taken infertility treatment between January 1, 2019, and
December 31, 2023.
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Exclusion criteria:

e Patients with other causes of infertility such as endometriosis, structural
disorders, endocrine disorders, and male factors.

e Patients who did not follow up regularly after initiation of treatment.

Instruments and Materialsy

Data was collected from the records kept in Hinai (a computer-based hospital
information management system with patient prescriptions, laboratory reports,
etc.), as well as the Medical Records Department in Indira Gandhi Memorial
Hospital, and patient record files from My Clinic Private Limited. Data relevant to
this study was recorded on Google Sheets (attached in Annex 1). Data collection
and recording was done using laptops and tablets. The collected data was processed
using IBM SPSS software, as well as Microsoft Excel Office 2016.

Data Collection

After ethical approval from the National Health Academy (NHA), the management
of My Clinic Private Limited, National Health Research Council (NHRC), and
the Research Development Office of the Maldives National University (MNU),
data collection was commenced.

Data was taken from the records in Hinai and the Medical Records Department
of Indira Gandhi Memorial Hospital, as well as the patient records from My Clinic
Private Limited. A list of patients diagnosed with PCOS and being treated for
infertility was obtained from both institutions, and all those that meet the criteria
were manually chosen after evaluation of their data by the 4 members of the
research team.

Once patients were chosen, the relevant information was recorded in a
common Google Sheet which was only accessible to the members of the team and
supervisors. The information collected includes patient ID, age, type of infertility,
comorbidities, type of treatment taken, number of cycles, and whether there was
a successful conception. The patients were assigned unique number codes, and
the ID numbers were permanently deleted after cross-checking between the two
institutions and verifying that patients were not repeated. Data collected by each
member of the team was re-checked by the remaining members, in order to verify
that the data entered was error-free.

Patient confidentiality was maintained throughout the data collection process,
as all ID numbers were permanently deleted after cross-checking to verify no
patient data was repeated. Additionally, the devices with access to the patient data
were password-protected and any Google sheets with any patient information were
exclusively shared between the 4 members of the research team our coordinator,
and 2 supervisors. Furthermore, all the remaining data will also be deleted, 6
months after publication.

Data Management and Data Analysis

After data collection, the collected data was cleaned and coded. They were then
analyzed using IBM SPSS software version 29.0.2.0, and Microsoft Excel . For
descriptive statistics, mean, median, and mode were obtained for continuous
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variables, and frequency and percentage were obtained for categorical variables.
These are presented in the form of tables, graphs, and charts.

The hypotheses were tested for inferential statistics with a critical value of
p=0.05. The data was tested for normality. Logistic regression tests were run to
analyze the treatment outcomes based on age, type of infertility, number of cycles,
and treatment type.

Results

Table 1 shows the demographic data that was collected during this study. For the
percentage age distribution of the total study population, the majority of patients
(46.2%) were found to be between the ages of 26 to 30 years old. The least number
of patients were in the age group above 35 years (11.6%). When looking at the
letrozole group and the combined group separately, similar trends were seen.

Table 1
Percentage distribution of age distribution, type of infertility, number of cycles, and
treatment outcome among the study group.

Percentage (%)
Age-groups Overall Letrozole | Combined
<25 12.1 13.2 9.6
26-30 46.2 48.8 40.4
31-35 30.1 27.3 36.5
> 35 11.6 10.7 13.5
Type of Infertility
Primary 68.8 67.8 71.2
Secondary 31.2 32.2 28.8
Number of Cycles
1 58.4 60.3 53.8
2 27.2 23.1 36.5
>3 14.5 16.5 9.6
Treatment Outcome
Successful 254 273 21.2
Unsuccessful 74.6 72.7 78.8

The percentage distribution of types of infertility shows that more than half of
the study population had primary infertility at %68.8, and %31.2 had secondary
infertility (Figure 1). This trend is similar in both letrozole and combined groups.
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Figure 1: Percentage distribution of type of infertility among the total study population.
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The percentage distribution of the number of cycles shows that %58.4 of the

study population was given only one cycle of treatment (Figure 2). This is similar
in both individual groups.

Figure 2: Percentage distribution of the number of cycles among the total study population
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The percentage distribution of treatment outcomes for the total study population
showed that the greater percentage of treatments were unsuccessful. This is
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observed in both letrozole and combined groups individually as well (Figure 3).

Figure 3: Percentage distribution of treatment outcomes among the study population and
individual group
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To obtain inferential statistics, the logistic regression model was used. Based on
our analysis, when compared with those above the age of 35, patients who were less
than 25 years old had a nine and a half times higher likelihood of getting pregnant,
which was significant. Hence indicating that there is a relationship between age
and treatment outcome, thus rejecting our null hypothesis. However, for the ages
between 26 to 30 and 31 to 35, the results were not significant.

When analyzing how the number of cycles affected the treatment outcome, the
results obtained were not significant. This indicates that the number of cycles does
not influence the treatment outcome.

The results for the relationship between type of infertility and treatment outcome
were also not significant. This confirms our null hypothesis, which states that there
is no relationship between infertility and treatment outcome.

The logistic regression model for the relationship between the type of treatment
and the treatment outcome was also not significant, confirming our null hypothesis.

When all four variables are combined, the odds ratio for ages less than 25 years
increased from 9.5 to 13.3. This indicates that compared to patients aged more
than 35, patients aged less than 25 had a 13 times higher likelihood of getting
pregnant when adjusted to other variables. The p-value for the age group 26 to 30
years, was previously not significant. However, when we exclude other variables, it
is now significant, suggesting that when adjusted to other variables, this age group
is 10 times more likely to get pregnant compared to the age group of more than 35.
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Table 2.2
Logistic Regression Model for factors predicting treatment outcome
Variable Category n OR CL-95% p-value
Age 25 21 | 13.259 1.392- 0.025
126.302
26-30 80 110.502 1.271- 0.029
86.806
31-35 52 [6.941 0.830- 0.074
58.065
>35 20 [ Reference category
Number of 1 101 | Reference category
cycles 2 47 11.632 0.716-3.719 | 0.244
>3 25 |1.205 0.434-3.343 [0.721
Type of Primary 121 | Reference category
infertility | gecondary |52 [2.14 [0.973-4.705 {0.058
Treatment Letrozole 119 | Reference category
type Combined |54 [0.73 [0.322-1.656 | 0.451
Discussion

In this study, the majority of patients belonged to the 26 - 30 years age group, with
a mean age of 30. Similarly, in a study done at Bangabandhu Sheikh Mujib Medical
University, Dhaka, Bangladesh assessing the prevalence and characteristics of
PCOS in women, 47% of the patients were between 21 and 25 years old. However,
this study had a mean age group of 24.3 years (Fatema et al., 2021). In a meta-
analysis done to study the prevalence of PCOS among Chinese women, it was
shown that the prevalence of PCOS decreases with age - suggesting a relationship
between age and PCOS.This may be due to the gradual decline in ovarian endocrine
function with advancing age (Wu et al., 2021).Gupta & Deshpande reported that
57.5% of patients had primary infertility in a study done to identify the causes
and prevalence of factors causing infertility (Deshpande & Gupta, 2019). In a
systematic review where the prevalence of primary and secondary infertility was
reviewed, it was found that out of 6400 infertile couples, 3600 (56.25%) reported
primary infertility (Jabeen et al., 2022). Similar to the results of these studies, this
study also found that the majority of women have primary infertility.

In this study, the majority of women received only one cycle of treatment. A
few received more than 3 cycles. However, it was noted that women with PCOS
require at least 90 days or about 3 cycles of letrozole therapy for successful
conception (Kotlyar & Seifer, 2023). In another study, it was shown that patients
receiving letrozole only underwent an average of 4.1 cycles, and those receiving
combination therapy underwent an average of 2.9 cycles (Chen et al., 2016). In
women undergoing in-vitro fertilization, no significant difference was found for the
number of cycles that need to be administered when compared to patients with
other causes of infertility (Hwang et al., 2016).

Overall, 25.4% of the patients in this study had successful conception. This
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includes 27.3% of the letrozole group and 21.2% of the letrozole + gonadotropin
group. When compared to other infertility treatments; - for IUI, out of 1053 cycles,
11% resulted in positive pregnancy tests (Vargas-Tominaga et al., 2019). In women
with PCOS aged 33-35 years, the live birth rate was 41.3% with in-vitro fertilization
(Hwang et al., 2016). In contrast to our study, in women receiving Letrozole
treatment, 52% resulted in clinical pregnancy, with 44% live births (Sakar &
Oglak, 2020). Similarly, in another study, those receiving letrozole in combination
with gonadotropins had a pregnancy rate of 55.7% which was significantly higher
than those receiving letrozole therapy alone (Chen et al., 2016).Analytical results
after comparing the different age groups with the treatment outcome showed a
statistical significance (p = 0.045) in our study, where patients who were 25 years
and younger were 9.5 times more likely to conceive, compared to patients who were
35 years or older. In addition, when all four variables of our study were combined,
the odds ratio of this age group increased up to 13.3, and the age range between
26 to 30 years also showed a statistical significance (p = 0.029); patients aged 26
to 30 years were 10.5 times more likely to have a successful treatment outcome
compared to those who were 35 years or older. These findings may be explained
by the fact that the peak reproductive age of a woman ranges between late teens
and late 20s, (ACOG, 2023) with an 85% chance of conception within 1 year,
in those who are younger than 30 years (Delbaere et al., 2020). This likelihood
decreases at age 30, with a steeper decline at age 35 with the rates being 75% and
66% respectively (ACOG, 2023; Delbaere et al., 2020). There is also evidence that
the other variables (number of cycles, type of infertility, and the treatment type)
in the study affect the treatment outcomes in women of different ages. This is
evidenced by the change seen in the p-value of the age group 26 to 30 years when
the influence of all these other factors was excluded.

The logistic regression model for the number of cycles predicting the treatment
outcome was not statistically significant in our study when compared to 1 cycle of
the treatment regimen. Similarly, a study done in 2022 comparing the pregnancy
outcomes in patients with PCOS-related infertility who underwent IUI with
different attempts of previous OI also shows no significant difference in pregnancy
rates between the number of cycles of treatment with OI agents (Gao et al., 2022).
In our study, 58% of the participants had only one cycle of treatment regimen and
27% had two, with the remaining participants having undergone three or more
cycles of treatment. According to a retrospective record review done in 2023 where
the pregnancy rates in PCOS patients were compared between letrozole and CC,
the average number of cycles to achieve a successful pregnancy in the letrozole
group was observed to be 1.8%0.8 cycles (Bahawi et al., 2023).

There was no statistical significance between the type of infertility and treatment
outcome according to the results of our study. A study done in Canada showed the
cumulative pregnancy rates in secondary infertility at 56% and the rates of primary
infertility at 44%, with a significance of p = 0.001, indicating a better prognosis in
patients with secondary infertility (Collins et al., 1986). The study predicts that the
results may be due to a high proportion of participants with ovulation disorders
having a short duration of infertility. Our study may have shown no significance
relationship due to the small sample size and the fact that only 31% of our sample
population consists of those with secondary infertility.

Our study showed no significance when logistic regression was done to predict
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the treatment outcome depending on the type of treatment given. Similarly, a
study on the effects of letrozole combined with hMG in ovarian stimulation for TUI
cycles also showed no significance relationship between pregnancy rates ,letrozole
and letrozole combined with hMG (Yu et al., 2019). On the other hand, 2 studies
comparing the effects between letrozole and letrozole combined with hMG on
ovulation and pregnancy of patients with PCOS-related infertility showed that the
pregnancy rates of letrozole combined with hMG were significantly higher than
that of the letrozole group (Chen et al., 2016; Dai et al., 2023).

Strengths and Limitations

The strengths of this research are as follows: all the data of women with PCOS-
related infertility within the past 5 years were collected from the 2 major health care
facilities in Male’ that provided infertility treatments at the time of our research.
These samples were collected while being vigorously checked for the inclusion
and exclusion criteria that have been clearly stated in this article. Furthermore, all
these cases were thoroughly discussed in detail with our clinical supervisor before
they were enrolled in the study.

The limitations of this study are as follows: due to the loss to follow-up of
numerous patients, multiple samples that fit into the inclusion criteria had to be
excluded, shrinking the sample size. The final small sample size was a mere 173
participants. Moreover, among the sample population that was tested, other causes
of infertility such as lifestyle factors could not be excluded due to lack of data. This
could potentially influence the results of the research.

Conclusion

From our study, we have deduced that patients with PCOS-related infertility who
are 25 years and younger have a higher likelihood of having a successful conception
after receiving Letrozole or Letrozole combined with hMG. Additionally, patients
who are in the age range 26 to 30 years, also show a significantly higher chance of
having a successful treatment outcome when all other variables (type of infertility,
number of cycles and treatment type) are excluded.
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