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ABSTRACT

Background: Ovulation induction represents one of the most important treatments
for infertility and most commonly utilizes clomiphene citrate. Nevertheless, evidence
from recent studies indicates that the addition of metformin may enhance treatment
success in women of normal BMI. Objective: To compare the efficacy of clomiphene
citrate-metformin combination and clomiphene citrate monotherapy for ovulation
induction in infertile patients with normal BMI. Study Design: Randomized
controlled trial. Duration and Place of Study: The study was conducted from
December 2024 to May 2025 at the Department of Obstetrics and Gynaecology, POF
Hospital Wah Cantt. Methodology: A total of 100 infertile women aged 25-35 years
with a normal BMI (20-25 kg/m?) were enrolled using non-probability consecutive
sampling. Patients were randomized into two groups: Group A (clomiphene citrate
50 mg combined with metformin 1500 mg daily) and Group B (clomiphene citrate 50
mg daily). The primary endpoint was ovulation, assessed by progesterone levels on
the 21st day of the menstrual cycle. Results: The combination therapy group (Group
A) demonstrated a significantly higher ovulation rate (74%) compared to the
monotherapy group (Group B), which showed a 30% success rate (p<0.01). Stratified
analysis revealed superior outcomes in younger patients (<30 years), those with a
BMI <23 kg/m? and those with a shorter duration of infertility (<5 years).
Conclusion: Clomiphene citrate-metformin combination therapy is significantly
more effective than clomiphene citrate monotherapy for ovulation induction in

infertile women, particularly in younger women and those with a normal BMI.

INTRODUCTION

Infertility is a common problem for most couples around
the world, with about 10-15% of couples having trouble
conceiving.! The condition is usually linked with several
causes, ranging from hormonal imbalances, polycystic
ovary syndrome (PCOS), and other disorders of the
reproductive system.? Anovulation, one of the most
widespread causes of infertility in women, is caused by the
failure of ovaries to regularly release eggs, resulting in
conception difficulties.3 Ovulatory failure, especially in the
case of PCOS, is one of the major causes of infertility, and
thus effective treatment management is needed for
enhancing the ability of such women or men to conceive.*
Treatment of infertility encompasses both medical
intervention and changes in one's way of living with the
objective of improving fertility.> Ovulation induction
treatments are among the most frequently used
treatments, stimulating the ovaries into producing eggs.®
Such treatments involve medications such as clomiphene
citrate, metformin, and gonadotropins, which are usually
prescribed depending on the cause of infertility.” The
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success of these treatments is assisted with lifestyle
adjustments such as body weight control, exercise, and
diet modification.? Optimal ovulation, however, is still a
challenge for the majority of the patients, therefore, they
turn their attention towards combined treatments that
could provide more effective results.® The first-line oral
drug used commonly for triggering ovulation in women
suffering from failure of ovulation is clomiphene citrate
(CC). CC induces ovulation through blocking of
hypothalamic estrogen receptors, leading to the release of
gonadotropins and subsequent promotion of follicular
maturation and ovulation.’® Most notable is clomiphene
citrate's efficacy for women with anovulatory infertility,
including those with PCOS.1* Notwithstanding its efficacy,
certain side effects, such as ovarian cysts, multiple
gestations, and hot flashes, occur in some women.!2 In
addition, some of the patients do not respond to treatment
with clomiphene, and other or adjunct treatments need to
be used in order to maximize ovulatory results.

Metformin, which is a drug that has been used for years to
treat type 2 diabetes, has drawn interest for its
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effectiveness in enhancing the body's responsiveness to
insulin and leveling out hormonal imbalance in women
with PCOS.13 In PCOS women, resistance to insulin
frequently causes levels of androgens to be too high, which
disrupts proper ovulation.!* By enhancing the body's
responsiveness to insulin, metformin restores proper
hormonal levels and makes overlying more likely.15
Research has demonstrated that the association of
clomiphene citrate with metformin is more effective for
stimulating ovulation in PCOS women than clomiphene
citrate used individually.l6 The synergy between these
medications simultaneously combines treatment of both
the hormonal and metabolic causes of anovulation,
providing a new direction for improving fertility
treatment.16

A study conducted by Gul HM et al. demonstrated that the
combination of clomiphene citrate and metformin
achieved an ovulation induction success rate of 63.16%,
compared to a 35.09% success rate with clomiphene
citrate monotherapy in infertile patients.1”

There is increasing necessity for research into the effect of
the clomiphene citrate-metformin combination over
clomiphene citrate single treatment on ovulation of
infertile women with the average BMI. Whereas the
efficacy of these treatments has been proven in those with
disorders such as PCOS, few studies have investigated
their effect in women with the average BMI. The latter
group might be affected differently with treatment, and
knowledge of the particular outcomes in this group of
women could assist with more effective, personalized
treatment strategies for infertility. Through research into
this area, treatment protocols could be improved and
ovulation induction treatments be optimized for more
patients, providing improved fertility rates.

METHODOLOGY

This randomized controlled trial was conducted from
December 2024 to May 2025 at the Department of
Obstetrics and Gynaecology, POF Hospital Wah Cantt. The
sample size was calculated using WHO sample size
software with an alpha level of 5% (two-sided) and a
power of 80%. The anticipated efficacy of clomiphene
citrate and metformin combination was 63.16%,
compared to 35.09% for clomiphene citrate
monotherapy.l” Based on these values, the required
sample size was 100 patients, with 50 patients in each
group.

Patients were selected using non-probability consecutive
sampling. Inclusion criteria required women aged 25 to 35
years with infertility, which was defined as the inability to
conceive after 12 months of regular, unprotected
intercourse. All participants had a male partner with a
sperm concentration of at least 14 million sperm per
milliliter, as confirmed by laboratory testing. Patients also
had to have a normal BMI, defined as a BMI ranging from
20 to 25 kg/m?. Exclusion criteria included women with
hyperprolactinemia (serum prolactin >40 ng/dL), a
history of a bicornuate uterus, chronic liver disease, or
renal impairment.

After receiving approval from the ethical committee,
informed consent was obtained from all participants. Basic
demographic data, such as age, BMI, residential status,

educational level, and duration of infertility, were
collected. Randomization was carried out using a lottery
method, with 50 patients assigned to the clomiphene
citrate and metformin combination group (Group A) and
50 patients assigned to the clomiphene citrate
monotherapy group (Group B). Group A received a daily
dose of 1500 mg of metformin in combination with 50 mg
of clomiphene citrate for three months, while Group B
received only 50 mg of clomiphene citrate daily for the
same duration.

After three months, all patients were sent to the hospital's
laboratory for progesterone level testing on the 21st day
of their menstrual cycle. Ovulation was considered to have
occurred if progesterone levels were 10 ng/mL or higher.
The efficacy of the treatments was documented.

Data analysis was performed using IBM SPSS version 26.
Frequencies and percentages were used to summarize
categorical variables. Quantitative variables were
presented as mean #* standard deviation or median
(interquartile range) for non-normally distributed data.
The normality of the data was assessed using the Shapiro-
Wilk test. Efficacy between the two groups was compared
using the chi-square test, with a significance level set at p
< 0.05. Additionally, stratified analysis based on age, BMI,
residential status, educational level, and duration of
infertility was conducted, and post-stratification analysis
was performed using either the chi-square or Fisher's
exact test. A p-value of < 0.05 was considered statistically
significant.

RESULTS

Both groups demonstrated similar baseline characteristics
with identical mean ages of 29.62+3.08 years and
comparable BMI values of 23.04+1.01 kg/m?® and
23.04+0.98 kg/m? respectively. The duration of infertility
was also similar between groups at 4.34+1.78 years for
combination therapy and 4.31+1.78 years for
monotherapy. Regarding residential distribution, the
combination group had 23 (46.0%) rural and 27 (54.0%)
urban patients, while the monotherapy group comprised
30 (60.0%) rural and 20 (40.0%) urban patients.
Educational levels varied with uneducated patients
representing 9 (18.0%) in combination therapy versus 10
(20.0%) in monotherapy, primary education 19 (38.0%)
versus 15 (30.0%), secondary education 16 (32.0%)
versus 14 (28.0%), and higher education 6 (12.0%) versus
11 (22.0%) respectively (as shown in Table 1).

Table 1
Demographics of the Patients (n=100)
Group A Group B
Demographics (n=50) (n=50)
Mean+SD Mean+SD
Age (years) 29.62+3.08 29.62+3.08
BMI (kg/m?) 23.04+1.01 23.04+0.98
Duration of infertility (years) 4.34+1.78 4.31+1.78

Residential Rural n(%) 23 (46.0%) 30 (60.0%)
Status Urban n(%) 27 (54.0%) 20 (40.0%)

Uneducated n(%) 9 (18.0%) 10 (20.0%)
Educational Primary n(%) 19 (38.0%) 15 (30.0%)
Level Secondary n(%) 16 (32.0%) 14 (28.0%)

Higher n(%) 6 (12.0%) 11 (22.0%)

The primary efficacy analysis revealed significantly
superior ovulation induction with clomiphene citrate-
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metformin combination therapy achieving success in 37
(74.0%) patients compared to 15 (30.0%) patients with
clomiphene citrate monotherapy (p<0.01). Treatment
failure occurred in 13 (26.0%) patients receiving
combination therapy versus 35 (70.0%) patients receiving
monotherapy (as shown in Table 2).

Table 2
Comparison of Efficacy between the Two Groups
Group A (n=50) Group B (n=50)

Efficacy n (%) n (%) P value
Yes 37 (74.0%) 15 (30.0%)
No 13 (26.0%) 35 (70.0%) <0.01
Total 50 (100%) 50 (100%)

Stratified  analysis by  demographic  variables

demonstrated that age significantly influenced treatment
outcomes, with patients <30 years showing higher efficacy
rates in combination therapy (26 patients, 86.7%)
compared to monotherapy (12 patients, 40.0%) with
p<0.01. Similarly, patients >30 years had better outcomes
with combination therapy (11 patients, 55.0%) versus
monotherapy (3 patients, 15.0%) with p<0.01. BMI
stratification revealed that patients with BMI <23 kg/m?
responded better to combination therapy (22 patients,
88.0%) than monotherapy (13 patients, 52.0%) with
p<0.01, while those with BMI >23 kg/m? also favored
combination therapy (15 patients, 60.0%) over
monotherapy (2 patients, 8.0%) with p<0.01. Residential
status showed no significant difference in rural areas
(p=0.981) but urban patients demonstrated superior
response to combination therapy (20 patients, 74.1%)
compared to monotherapy (7 patients, 35.0%) with
p<0.01. Educational level analysis indicated that patients
with primary education had significantly better outcomes
with combination therapy (15 patients, 78.9%) versus
monotherapy (2 patients, 13.3%) with p<0.01, and those
with higher education also favored combination therapy
(5 patients, 83.3%) over monotherapy (2 patients, 18.2%)
with p=0.025, while uneducated and secondary education
groups showed no significant differences. Duration of
infertility significantly impacted treatment success, with
patients having <5 years of infertility showing superior
response to combination therapy (30 patients, 85.7%)
compared to monotherapy (15 patients, 42.9%) with
p<0.01, and those with >5 years of infertility also benefited
more from combination therapy (7 patients, 46.7%) than
monotherapy (0 patients, 0.0%) with p<0.01 (as shown in
Table 3).

Table 3
Association of Efficacy with Demographic Variables
. A Efficacy
Demographic Variables Groups Yes (n,%) No (m, %) P value
A 26(867%) 4(13.3%) .
Age (vears) <30 B 12(40.0%) 18 (60.0%) -1
se -30 A 11(55.0%) 9(45.0%) 0o
B 3(150%) 17(85.0%)
A 22(88.0%) 3(12.0%) .
. =28 B 13(520%) 12 (48.0%) <01
g/m 23 A 15(60.0%) 10(40.0%) _o o
B 2(8.0%) 23(92.0%)
A 17(73.9%) 6 (26.1%)
Residential Rural B 8(267%) 22(733%) *°81
Status A 20(741%) 7 (259%)
Urban B 7(35.0%) 13(650%) ~°0!
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5(55.6%) 4 (44.4%)

A .
Uneducated B 4(40.0%) 6 (60.0%) 0.439
. A 15(789%) 4 (21.1%) .
Educational MY B 3(33%) 13(@67%) 01
Level A 12(750%) 4 (25.0%) .
Secondary g 7'5000)  7(500%) 273
. A 5(833%) 1(16.7%) .
ey B 2(182%) 9(818%) °0%°
. A 30(857%) 5 (14.3%)
Duration of =5 B 15(429%) 20(57.1%) ~001°
(years) y o A 7(467%)  8(533%) o
y B 0(0.0%) 15 (100.0%)

*Fisher Exact Test

DISCUSSION

The present study demonstrates that clomiphene citrate-
metformin combination therapy is significantly more
effective than clomiphene citrate monotherapy for
ovulation induction in infertile patients, with success rates
of 74.0% versus 30.0% respectively (p<0.01). This
superior efficacy can be attributed to the synergistic
mechanisms of action, where clomiphene citrate acts as a
selective estrogen receptor modulator to stimulate
gonadotropin release and follicular development, while
metformin enhances insulin sensitivity and reduces
hyperinsulinemia, thereby improving ovarian function
and reducing androgen levels that may interfere with
normal ovulation.

The age-stratified analysis revealing better outcomes in
younger patients (<30 years) with combination therapy
(86.7% vs 40.0%) reflects the natural decline in ovarian
reserve and oocyte quality with advancing age, making
younger patients more responsive to ovulation induction
agents. The significant improvement observed in patients
with BMI <23 kg/m? receiving combination therapy
(88.0% vs 52.0%) is explained by metformin's insulin-
sensitizing properties, which are particularly beneficial in
patients with normal BMI who may have underlying
insulin resistance without overt metabolic dysfunction.
The enhanced efficacy in patients with shorter duration of
infertility (<5 years: 85.7% vs 42.9%) suggests that
prolonged anovulation may lead to progressive ovarian
dysfunction and reduced responsiveness to ovulation
induction, emphasizing the importance of early
intervention.

These findings are consistent with several previous
studies that have demonstrated the superiority of
combination therapy. Vaidya et al. [18] reported similar
results with combination therapy achieving a higher
ovulation rate (66.74%) compared to clomiphene alone
(57.12%), while Uzma et al. [19] found significantly higher
ovulation rates in the combination group (39.2%) versus
clomiphene-only group (21.6%) with p=0.02. Similarly,
Sadiq et al. [20] demonstrated superior efficacy with
metformin plus clomiphene (23.2%) compared to
clomiphene alone (17.9%) with statistical significance
(p=0.044). These consistent findings across multiple
studies strengthen the evidence for combination therapy's
superior efficacy in ovulation induction.

However, some studies have reported contrasting results.
Abuelghar et al. [21] found no significant differences in
biochemical pregnancy rates between clomiphene citrate
alone, clomiphene with metformin, and clomiphene with
pioglitazone groups in overweight and obese women with
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PCOS. Similarly, Abd EI-Al et al. [22] reported no
statistically significant difference in ovulation rates
between combination therapy and clomiphene alone.
These discrepancies may be attributed to differences in
patient populations, with Abuelghar's study specifically
focusing on overweight and obese patients, while our
study included patients with normal BMI, suggesting that
metformin's insulin-sensitizing benefits may be more
pronounced in patients without overt obesity-related
insulin resistance.

The age-stratified analysis in our study revealing better
outcomes in younger patients (<30 years) with
combination therapy (86.7% vs 40.0%) reflects the
natural decline in ovarian reserve and oocyte quality with
advancing age, making younger patients more responsive
to ovulation induction agents. This finding aligns with the
general principle discussed by Palomba et al. [23], who
emphasized that younger women with PCOS typically
respond better to ovulation induction therapies due to
preserved ovarian function.

Our study's significant improvement observed in patients
with BMI <23 kg/m? receiving combination therapy
(88.0% vs 52.0%) is particularly noteworthy as it extends
the benefits of metformin beyond obese populations.
While Basirat et al. [24] found that adding metformin
significantly increased follicular development (68% vs
54.5%) but did not enhance pregnancy rates, our study
demonstrates both improved ovulation induction and
clinical efficacy in normal BMI patients. This suggests that
metformin's insulin-sensitizing properties are beneficial
even in patients with normal BMI who may have
underlying insulin resistance without overt metabolic
dysfunction.

The enhanced efficacy in patients with shorter duration of
infertility (<5 years: 85.7% vs 42.9%) observed in our
study suggests that prolonged anovulation may lead to
progressive  ovarian  dysfunction and reduced
responsiveness to ovulation induction, emphasizing the
importance of early intervention. This concept is
supported by Kamenov et al. [25], who demonstrated that
early intervention with insulin-sensitizing agents like
myo-inositol improved ovarian activity in PCOS patients
with insulin resistance.
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