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Abstract

Background:

Polycystic ovary syndrome (PCOS) is a common endocrine disorder affecting 6—
26% of women of reproductive age

and remains a leading cause of anovulatory infertility. It is characterized by
insulin resistance, hyperandrogenism, and ovulatory dysfunction, which reduce
ovulation and conception rates.

Objective:

To evaluate the effects: of lifestyle interventions, pharmacological ovulation
induction (letrozole with or without metformin), and assisted reproductive
techniques (IVF) on fertility outcomes in women with PCOS at Pakistan
Emirates Military Hospital (PEMH), Rawalpindi.

Methods:

In this prospective cohort study (2023-2024, n=180), women with PCOS and
infertility were enrolled. All participants received standardized lifestyle counseling
and were allocated to one of three groups: letrozole alone, letrozole plus metformin,
or IVFE. Ouvulation was assessed by ultrasound and serum progesterone, conception
by positive S-hCG, and live birth by delivery of a viable infant.

Results:

The letrozoletmetformin group demonstrated significantly higher ovulation
(=75%), conception (45%), and live birth rates (35%) compared to letrozole alone
(ovulation =70%, conception 35%, live birth 25%) (p<0.05). The IVF group,
reserved for medically indicated cases, achieved the highest conception (=50%) and
live birth rates (=40%).

Combining lifestyle interventions with letrozole and metformin significantly
improves ovulation, conception, and live birth rates compared to letrozole alone.
IVF remains the most effective option for selected women. These findings support
current international guidelines recommending a multimodal approach to fertility
optimization in women with PCOS.
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INTRODUCTION

Polycystic ovarian syndrome (PCOS) is a diverse
endocrine condition that affects a sizable number
of reproductive-age women [1, 2]. It is defined by
hyperandrogenism, insulin resistance, and
persistent anovulation [2, 3]. PCOS is considered
the most frequent cause of anovulatory infertility,
accounting for up to 40% of infertility cases
globally [1, 4]. Women with PCOS usually have
metabolic syndrome symptoms, such as obesity,
insulin resistance, and poor glucose tolerance [5,
6). These metabolic alterations not only cause
ovulatory failure, but they also raise the risk of
miscarriage, gestational diabetes mellitus, and
pregnancy-related hypertensive diseases [7, 8].

Ali et al. recently found that women with PCOS
have considerably longer times to conception
and greater miscarriage rates than controls [10].
These findings emphasize the significance of
preconception health optimization. The current
consensus highlights the importance of weight
loss, food change, and improved metabolic
management in recovering ovulation and
increasing fertility [2,9].

Lifestyle modification, which includes caloric
restriction, a low-glycemic index diet, and regular
physical activity, is recommended as the firstline
treatment for PCOS-related infertility by
evidence-based guidelines [2, 9]. These therapies
increase insulin sensitivity, reduce testosterone
levels, and restore menstrual cyclicity and
ovulation [6,8]. A systematic study by Kim et al.
found that structured diet and exercise regimens
improved menstrual regularity and ovulation

rates in obese PCOS women (OR=4.3 for cycle

improvement)[8].
When lifestyle treatments are insufficient,
pharmacological ~ ovulation  induction  is

recommended. In multiple randomized trials,
letrozole, an aromatase inhibitor, outperformed
clomiphene citrate in terms of ovulation,
pregnancy, and live birth rates [3,4,14].
Metformin, an insulin-sensitizing medicine, is
routinely used in overweight or insulin-resistant
women; while metformin alone has limited
efficacy, when combined with letrozole, it has

been demonstrated to improve reproductive
results [6,13,16].

Finally, for women who do not respond well to
medical  treatment, assisted  reproductive
technologies (ART) such as intrauterine
insemination (IUI) and in vitro fertilization (IVF)
provide useful options. With modern stimulation
procedures, women with PCOS undergoing IVF
can achieve live birth rates equivalent to those
with other infertility etiologies [5,15].

Despite these possibilities, evidence on optimum
fertility care in clinical PCOS populations in
Pakistan is lacking. This study at PEMH
examined how lifestyle changes paired with
letrozole (+ metformin) or IVF affected ovulation,
conception, and live birth rates. We expected
that the combined approach of lifestyle, letrozole,
and metformin would produce better fertility
results than letrozole alone. This report describes
the study design, baseline characteristics, and
reproductive results, as well as how they relate to
current trial and meta-analysis findings [2,3,4].

Methods:

This prospective cohort study was carried out at
PEMH's Obstetrics and Gynecology department
from January 2023 to December 2024. The study
was authorized by the institutional ethics board,
and all subjects provided informed consent.
Participants: Women aged 18 to 40 years with
established PCOS (Rotterdam criteria) and a
history of infertility (>12 months) were included.
Other endocrine diseases (thyroid dysfunction,
hyperprolactinemia), diabetes, male factor
infertility, uterine
metformin/letrozole contraindications were all
excluded. A total of 180 qualified ladies were
recruited consecutively.

At enrollment, all participants received
standardized lifestyle coaching, which included a
calorie-restricted,

malformations, or

low-glycemic-index diet and moderate aerobic
exercise (>150 minutes per week). Participants
were subsequently assigned (non-randomized
for ethical reasons) to one of three therapy
groups depending on clinical indication and
patient preference:
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Letrozole group (n = 60): On cycle days 3-7, take
2.5 mg of letrozole orally once daily, with
scheduled intercourse.

Letrozole+Metformin group (n=60): Same
letrozole regimen plus metformin 500 mg three
times daily beginning with enrollment.

The IVF group (n=60) underwent standard in
vitro fertilization. Ovarian stimulation involved
a  GnRH antagonist regimen  (rFSH
commencing at 150-225 IU), a GnRH agonist
trigger, and a freeze-all method, followed by a
single frozen embryo transfer.

Clinical considerations influenced group
allocation (for example, individuals with severe
metabolic characteristics or past unsuccessful
induction were more likely to have IVF).
Outcomes: Ovulation was established by
midluteal serum progesterone levels more than 3
ng/mL and ultrasound evidence of follicular
rupture. Clinical pregnancy was determined by
positive [-hCG levels and an intrauterine
gestational sac on ultrasonography. A live birth
was defined as delivering a viable child at >24
weeks. Secondary outcomes included increased
menstrual  regularity, follicle count, and
pregnancy problems (such as miscarriage or
multiple pregnancies).

Data Collection:

Baseline variables (age, BMI, and PCOS
phenotype) were documented. Women were
monitored for up to six treatment cycles, or until
pregnancy. Ovulation and pregnancy outcomes
were recorded for each cycle.

Statistical analysis was performed using SPSS.
Continuous variables are reported as mean+SD
and compared using ANOVA or ttests. The
categorical outcomes (ovulation, pregnancy, and
live birth) were compared using the X? test or
Fisher's exact test. A pvalue of <0.05 was judged
statistically significant. The sample size (n=180)
was sufficient to detect around 15% variations in
pregnancy rates between groups (80% power at

a=0.05).

Results:

1. Baseline Characteristics

The cohort included 180 women with PCOS,
divided equally into three groups: Letrozole
(n=60), Letrozole + Metformin (n=60), and IVF
(n=60). The mean age was 30.1 + 3.8 years, and
the mean BMI was 29.3 = 4.1 keg/m? No
significant differences in baseline
anthropometric or hormonal profiles were
observed among groups (p>0.05).

Table 1. Baseline Characteristics of Participants by Group.

Parameter Letrozole (n=60)
Age (years) 30.2+35
BMI (kg/m?) 28.7+4.0

Duration of Infertility (years) 2.6 = 1.0

PCOS Phenotype (A/B/C) 38/15/1
LH/FSH ratio > 2.5 (%) 65.5%
HOMA-IR > 2.5 (%) 58.3%

2. Ovulation Outcomes

Letrozole + Metformin (n=60) IVF (n=60)
29.8 £ 3.6 30.5+4.0
294+42 29.8+39
28+ 1.1 29+1.1
40/14/6 317/16/1
62.3% 63.4%
60.0% 59.5%

Ovulation rates were assessed via midluteal serum progesterone and follicular rupture monitoring.
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Table 2. Ovulation Outcomes (Per-Cycle)

Outcome Letrozole Letrozole + Metformin IVF
Ovulation Rate (%) 70.0 75.0 N/A
Anovulation (resistant cases) 5.0 33 N/A

Figure 1: Ovulation Trend Over 3 Cycles
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A line graph showing gradual improvement in ovulatory response across treatment cycles, particularly in the
Letrozole + Metformin group, peaking at cycle 3 (80% ovulation).

Conception Rates and Time to Pregnancy compared to 35% in the Letrozole group and
The Letrozole + Metformin group achieved the 50% in IVE. Most conceptions occurred within
highest cumulative conception rate at 45%, the first 3 treatment cycles.

Table 3. Pregnancy and Conception by Cycle

Outcome Letrozole Letrozole + Metformin IVE
Conceptions by Cycle 1 (%) 13.3 183 333
Conceptions by Cycle 3 (%) 35.0 45.0 50.0
Miscarriage Rate (%) 28.6 22.2 10.0

A stacked bar chart showing the number of conceptions per group over 3 cycles, highlighting faster
conception in IVF but the highest slope improvement in Letrozole + Metformin.
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Figure 2: Cumulative Conception Rate by Cycle

3. Live Birth Outcomes
Table 4. Live Birth Outcomes:

Outcome Letrozole Letrozole + Metformin IVF

Total Live Births (%) 25.0 35.0 40.0

Preterm Deliveries (n) 3 2 1

Multiple Gestation Rate (%) 0.0 T4 12.5
IEER
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Figure 3: Live Birth bar Chart by Group

A bar chart showing the proportion of total live 4. Stratification by BMI
births across the three arms: IVF (40%), Letrozole Further subgroup analysis based on BMI (cut-off
+ Met (35%), Letrozole (25%). 30 kg/m?) demonstrated significantly better

ovulation and pregnancy rates in women with
BMI <30 across all groups.
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Table 5. BMI-Stratified Ovulation and Pregnancy Rates:

BMI Category Ovulation Rate (%) Pregnancy Rate (%) Live Birth Rate (%)
<30 81.4 52.1 41.6
> 30 64.7 35.2 28.5

Pregnancy Rate by BMI Category
(Letrozole + Metformin Group)
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Figure 4: BMI vs Pregnancy Rate (Scatter Plot)

Demonstrates inverse correlation between BMI and pregnancy success, most pronounced in the Letrozole +

Metformin arm.

5. Adverse Effects
Mild side effects were reported in both letrozole
and metformin arms, including:

° Letrozole: headache (8.3%), mood
changes (6.7%)
° Metformin: gastrointestinal discomfort

(20%), transient nausea (10%)

° IVE: 2 cases of mild OHSS (3.3%),
managed conservatively

No serious adverse maternal or fetal outcomes
occurred.

Summary of Key Findings

° Letrozole + Metformin was superior in
ovulation, conception, and live birth compared to
Letrozole alone.

° IVF offered the highest success, but is
more invasive and costlier.
° BMI <30 correlated with better

reproductive outcomes across all groups.

Lifestyle  modification, when  consistently
followed, amplifies medical therapy benefits.

Discussion

In this real-world study at PEMH, we discovered
that combining extensive lifestyle adjustments
with  pharmacological ovulation induction
dramatically improves reproductive results in
PCOS. All groups exhibited significant
improvement in reproductive indices compared
to untreated PCOS; however, the letrozole +
metformin group had the best results, and IVF
offered the highest absolute success when
medically indicated.

Our pregnancy and live birth rates with letrozole
alone (735% and 25%, respectively) are
comparable to other recent trials. Wasim et al.
(Pakistan) observed 29.0% pregnancy and 25.4%
live birth with letrozole [4]. Liu et al. discovered
that letrozole significantly increased pregnancy
rates compared to clomiphene (RR =1.48) [3]. In
our trial, metformin increased pregnancy and live
birth rates by approximately 10% (to 45% and
35%, respectively).
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This improvement supports the hypothesis that
treating insulin resistance improves ovarian
responsiveness. Saadati et al. recently examined
metformin use in PCOS and concluded that it
can improve ovulation and conception "in some
subgroups," particularly when paired with other
treatments [6]. Our data support combination
therapy: while letrozole remains the primary
ovulation inducer, concomitant metformin (and
weight loss) appears to improve endometrial
receptivity and follicular growth.

All participants were encouraged to modify their
lifestyles. Several studies have found that even
modest weight loss in PCOS improves
reproductive function [2,8]. Approximately 30%
of our sample lost >5% of their body weight
throughout the research, which may have
enhanced ovulation rates. Kim et al. found that
a structured diet and exercise improve menstrual
function in obese PCOS patients (OR=4.3) [8].
Similarly, diet composition is important: low-
glycemic-index and Mediterranean-style diets
have been proven to reduce insulin and
testosterone levels, enhancing ovulatory cycles [2,
9]. While we could not precisely measure dietary
adherence, the high ovulation rates in the
letrozole-only group (70%) indicate that lifestyle
improvements were successful.

The IVF arm's results (50% pregnancy, 40% live
birth) are promising. According to Kotlyar and
Seifer's recent analysis, while PCOS increases the
risk of OHSS, modern IVF methods can produce
favorable results with careful management [5].
Our technique (antagonist protocol, GnRH-
agonist trigger, single FET) reduced problems and
increased live birth rates. This demonstrates that
when ovarian stimulation fails, ART is a feasible
alternative: embryo implantation and pregnancy
rates in PCOS patients can be comparable to
those in non-PCOS patients using contemporary
procedures [5,15].

Our study has limitations. It was not a
randomized experiment, and group sizes
(particularly for IVF) were small, potentially
adding selection bias. We also lacked long-term
follow-up on all live newborns after delivery.
Nonetheless, the findings are consistent with
worldwide guidelines that propose a sequential

approach: initial lifestyle management and
letrozole-based induction, with metformin for
insulin-resistant patients, and IVF for refractory
cases [9,16].

In conclusion, multimodal treatment significantly
increases fertility in PCOS. Combining lifestyle
optimization with letrozole (+ metformin) leads
to considerably higher rates of ovulation,
conception, and live births compared to

medicine alone. These real-world findings from a
Pakistani center support global evidence that an
integrated approach is most successful for PCOS
infertility [2,4,6,9]. Future research should
optimize methods (e.g., drug initiation timing,
inositol or other adjuvants) and analyze long-term
maternal outcomes, but our findings support
current practice: first create a healthy weight and
metabolic profile, then administer the strongest
tolerated ovulation treatment.
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