
197© 2015 Journal of Human Reproductive Sciences | Published by Wolters Kluwer - Medknow

first line drug.[7] CC has many disadvantages; 
25–30% women fail to ovulate and there is a 
significant discrepancy between ovulation 
and pregnancy rates. Peripheral antiestrogenic 
effects of CC at the level of endometrium and 
cervical mucous, long half‑life, multi follicular 
ovulation are some are other disadvantages.

INTRODUCTION

Polycystic ovary syndrome (PCOS) is the 
most common endocrinopathy to affect 
women in the reproductive age.[1] Although 
prevalence varies in different socio‑ethnic 
groups, usually 5–20% women suffer from 
PCOS.[2] PCOS is a syndrome with a varied 
clinical presentation and long term metabolic 
risks.[3] In the reproductive age group, PCOS 
women have low fecundity, anovulation, 
increased early pregnancy loss, and many 
obstetric complications.[4‑6] Induction of 
ovulation in PCOS women is a challenge 
and the best ovulation induction drug is 
still debatable. Clomiphene citrate (CC) is a 
standard treatment for ovulation induction 
in these women and is still considered the 
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The main factors that predict the outcome of treatment are 
obesity, hyperandrogenemia, hyperinsulinemia, insulin 
resistance, and age.[8] PCOS women who are CC resistant or 
CC failure, have to go through laparoscopic ovarian drilling 
or gonadotropin therapy as the second line treatment. 
These are expensive and are associated with many side 
effects.[9] Thus, many adjuvants have been tried, with the 
aim to increase the efficacy of CC or as independent drugs 
aiding in ovulation. The basic etiology of anovulation 
associated with PCOS is thought to be insulin resistance 
and hyperinsulinemia.[10,11] Thus, insulin sensitizing drugs 
are a rational therapeutic option.[12]

Metformin is the most extensively studied insulin 
lowering agent in PCOS.[10] Current recommendations, 
limit metformin use in PCOS women who are glucose 
intolerant.[7] However, since the response to treatment varies 
so much and PCOS is a heterogenous entity, researchers 
continue to explore metformin, trying to find the subgroup 
of PCOS ideal for this drug.

Thus, CC and metformin are the two most commonly 
used pharmacological agents and a large amount of data 
is available. However, there exists marked heterogeniety 
in outcomes.[13] Comparative efficacy between these two 
agents and also response following combination of the two 
are important issues that need to be addressed. There are 
not many published studies of Indian PCOS women and 
metformin efficacy. The present study was undertaken to 
compare CC, metformin, and a combination of the two as the 
first line ovulation induction drug, in Indian PCOS women.

MATERIALS AND METHODS

This was a prospective randomized controlled trial at a 
private hospital in Bhubaneswar, India from November 2011 
to December 2013. Women attending gynecology 
outpatient with the primary complaints of infertility and 
oligomenorrhea were evaluated for PCOS. Diagnosis was 
based on Rotterdam criteria,[14] which included at least two 
of the three following criteria: (1) Chronic anovulation; 
(2) the clinical or biochemical hyperandrogenemia; 
(3) polycystic ovarian morphology.

Chronic anovulation was defined as menses <21 days 
and >35 days. Mostly, patients were diagnosed as 
hyperandrogenic by a modified Ferriman–Gallwey (F‑G) 
score of ≥8. Polycystic morphology was defined as the 
presence of 12 or more follicles in a single sonographic 
plane (with one ovary being sufficient for diagnosis) 
measuring 2–9 mm, or ovarian volume more the 10 cm3. All 
scans were performed by a single sonologist (author), using 
voluson E6 (GE healthcare). Women with PCOS, normal male 
factor and at least one patent tube by hysterosalpingography 

were included in the study. Only treatment naive patients 
with the 1st time diagnosis and the evaluation of infertility 
were included. Women with any major systemic illness such 
as diabetes, liver, heart, or kidney disease were excluded 
from the study. All patients gave written consent. The study 
was approved by Institutional Ethics Committee.

Eligible women were randomized by picking up envelopes 
to either one of the three groups, consisting of CC (Group I), 
metformin (Group II), or a combination of metformin and 
CC (Group III). Equal numbers of envelopes for the three 
groups labeled I, II, and III were prepared by a nurse, naive 
to this study. The patients picked up the envelope and 
returned to the investigator for further advice.

Patients randomized to CC only (Group I) were given CC at 
an initial dose of 50 mg on days 2–6 of menses, increasing 
to a maximum of 150 mg/day. Transvaginal sonography for 
follicular monitoring was done starting day 8. If ovulatory, 
timed intercourse advice was given, and the same dose 
of CC was repeated. In case of anovulation, the cycle was 
canceled, progesterone withdrawal given, and CC dose 
increased in the next cycle. Women who failed to ovulate 
with 150 mg CC were termed CC resistant.

Patients randomized to metformin group (Group II) 
received sustained release 850 mg/day initial dose, increased 
to 1700 mg/day, over 2 weeks’ time. Patients were asked to 
report spontaneous menses and come for follicular tracking 
from day 8.

In the combination group (Group III), metformin was given 
in the same manner as metformin group. CC was given at 
a dose of 50 mg on days 2–6. Increased to a maximum of 
150 mg. Transvaginal sonography and follicular monitoring 
were done in a manner similar to CC group. All women were 
enrolled for 6 months. The study was continued till pregnant 
or CC resistant or until 6 months as applicable individually. 
Once pregnant, fetal cardiac activity documented at 
6 weeks of pregnancy. In metformin group, metformin was 
continued up to 14 weeks irrespective of glucose status. All 
pregnant women were followed up till delivery.

Statistical analysis
Primary outcome measure was live birth rate (LBR); 
secondary outcomes were ovulation rate, pregnancy 
rate, and early pregnancy loss. Quantitative variables 
were expressed as a mean ± standard deviation and were 
compared among groups using one‑way ANOVA, ANOVA 
and “Tamhane” post‑hoc statistical tests. Qualitative 
variables were expressed as frequencies in percent and 
were analyzed by Chi‑square tests. Statistical analysis was 
done using  SPSS version 18 (IBM corporation Developers). 
A P < 0.05 was considered statistically significant.
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A total of 105 patients diagnosed as PCOS and found eligible 
for this study were randomized into thirty‑five patients in 
each group. However, a total of eighty‑one women completed 
the study, that is, 6 months of follow‑up, or till pregnant, or 
CC resistant. Group I 32 patients (104 cycles), Group II 24 
(70 cycles), and Group III 24 patients (84 cycles). Patient’s 
data with the partially complete study was not included.

RESULTS

There was no significant difference among the three 
groups in the baseline variables [Table 1]. Age, body 
mass index (BMI), duration of infertility, waist, hip 
circumference, and F‑G scores were comparable among 
the three groups. The biochemical parameters, such as 
follicle stimulating hormone, luteinizing hormone, thyroid 
stimulating hormone, prolactin, insulin, fasting blood 
glucose, homeostatic model assessment‑insulin resistance, 
prevalence of insulin resistance, and metabolic syndrome 
were also comparable among the groups [Table 2].

The ovulation rate per patient was 56.2%, 62.5%, and 83.3% 
in CC, metformin, and CC + metformin groups, respectively. 
There was no statistically significant difference in ovulation 
rate between CC and metformin (P = 0.63), metformin and 
CC + metformin (P = 0.11). However, CC + metformin 
group was statistically significantly higher than the 
CC group (P = 0.03). Monofollicular ovulation was the 
highest in the metformin group (94.4%), against 71.8% in 
CC + metformin and 60% in CC group. Group II also had 
the longest days to ovulation (19.2 ± 5.25) as compared to 
the other two groups (15.2 ± 3.2 in Group I, 16.26 ± 3.41 in 
Group III).

LBR was the highest in the CC + metformin Group III (41.6%), 
followed by metformin group 37.5%, and CC group (28.1%). 
Treatment outcome data per patient for the three groups 
has been shown in Table 3.

The results of ovulation and LBR, when compared between 
two groups, have been shown in Table 4. The combination 
group had a significantly higher ovulation rate as compared to 
CC only group (P = 0.03) odds ratio: 3.888 (1.08–13.997). There 
was no significant difference in LBR among the three groups.

DISCUSSION

CC has been a time tested drug for ovulation induction 
for the last 30–40 years. Ovulation occurs in 60–80% of 
women and pregnancy is achieved in about 35–40%.[15] 
This discrepancy between ovulation and pregnancy is 
also well documented. The probable causes are the 
antiestrogenic effect of CC on the cervix and endometrium, 
which results in thick cervical mucous, impending sperm 
transport and thinning of the endometrium which could 
affect implantation.[16] In PCOS women, CC has no effects 
on hyperinsulinemia and hyperandrogenism. This study 
shows an ovulation rate of 56% in CC group which appears 
low. We noted CC resistance in 47.5% women (14/32) who 
failed to ovulate with 150 mg of CC for 5 days. This could be 
related to ethnic variations in the population of the Indian 
subcontinent, who are known to have a high prevalence of 
visceral obesity and hyperinsulinemia.[17,18]

Metformin has also been extensively used as an oral 
antihyperglycemic agent, which inhibits hepatic glucose 
uptaken and increases peripheral glucose uptake.[19] Thus, 

Table 1: Baseline characteristics of women in the three groups
Characteristics Group I (CC) (n=32) Group II (metformin) (n=24) Group III (CC + metformin) (n=24) P
Age 25.8±2.46 25.2±3.47 26.62±3.54 0.35
Duration of infertility (years) 2.75±1.56 1.7±1.056 2.53±2.15 0.20
BMI 26.5±3.7 24.5±5 27.2±3.7 0.11
FG score 17.64±6.64 16.07±8.11 16.24±6.78 0.53
Waist circumference 87.38±10.89 82.3±14.5 85.77±15.35 0.36
Hip circumference 96.87±12.52 94.88±13.57 97.88±10.38 0.21
BMI= Body mass index, CC= Clomiphene citrate, F‑G= Ferriman–Gallwey

Table 2: Biochemical parameters in the three groups
Characteristics Group I (CC) (n=32) Group II (metformin) (n=24) Group III (CC + metformin) (n=24) P
FSH 4.59±1.27 4.78±1.47 5.01±1.36 0.3143
LH 4.58±2.9 5.68±4.15 5.46±3.17 0.0724
Prolactin 23.68±11.14 26.04±16.97 24.35±8.56 0.2980
TSH 4.97±11.91 3.43±6.02 3.98±4.08 0.1724
Fasting insulin 14.14±9.88 10.32±7.48 12.85±14.05 0.46
Fasting blood glucose 95.25±12.54 90.18±8.39 94.55±15.8 0.67
HOMA‑IR 3.2±1.79 3.86±3.7 2.94±1.82 0.59
IR (HOMA‑IR >4.5) (%) 33.3 23.5 15.4
Metabolic syndrome (%) 18.2 33.3 20
FSH= Follicle stimulating hormone, LH= Luteinizing hormone, TSH= Thyroid stimulating hormone, HOMA‑IR= Homeostatic model assessment‑insulin resistance
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metformin reduces peripheral insulin levels and improves 
glucose tolerance. Furthermore, metformin may directly 
decrease ovarian androgen production.[20] The role of 
metformin as the first line ovulation induction drug is 
still debatable. Some studies demonstrate efficacy[10,21,22] 
others disagree.[23‑25] Major problems of these studies are 
small sample size, variation in populations, treatment, and 
outcomes reported. A recent meta‑analysis[26] of four high 
quality randomized controlled trial (RCTs) concluded that 
owing to conflicting findings and heterogeniety across 
the RCTs, there is insufficient evidence to establish a 
difference between metformin and CC in all outcomes. 
There are no RCTs in Indian PCOS women, as seen in 
PubMed search.

In our study, metformin (Group II) showed an ovulation rate 
per patient of 62.5%, the pregnancy rate of 54.2% and LBR 
of 37.5% which appears to be very high. In the metformin 
group patients were expected to come for ovulation study 
only after spontaneous cycles. Four patients came back 
pregnant within 1–3 months of therapy, without ever going 
through follicular monitoring. Therefore, a number of cycles 
studied in metformin group was smaller. Furthermore, all 
patients in our study were very young, with short duration 
of infertility, BMI < 30, and treatment naive [Table 1] which 
explains the high pregnancy and LBR across all groups. 
Early pregnancy loss was highest in Group II (30.7%). In 
our study pregnancy rate and LBR was comparable between 
metformin and CC groups. This is in contradiction to a 
large multicentric trial by Legro et al.[12] which reported no 
advantage of metformin, either alone or in combination 
with CC.

Palomba et al. [27] reported much higher LBR with 
metformin as compared to CC (52% vs. 18%) in naive 
young nonobese PCOS women and a comparable 
ovulation rate. In this study, metformin alone has shown a 
high LBR, comparable to the other two groups. The small 
sample size is definitely a big disadvantage to project 
the success of metformin in our PCOS population. The 
study results have prompted us to undertake an RCT 
comparing metformin versus placebo to show efficacy of 
metformin in our ethnic population. Neveu et al.[28] showed 
metformin was better than CC for ovulation induction and 
equivalent for pregnancy achievement. However, they 
showed no advantage of adding the two together. This 
study had the disadvantage of lack of randomization and 
standardization. Our study shows a clear advantage of 
CC + metformin as compared to CC, or metformin alone 
both in the ovulation rate and LBR [Table 3], which is also 
statistically significant. This result is comparable to many 
studies while comparing the two.[25,29,30]

It is well documented that race and ethnicity influence 
the phenotypic manifestations and response to treatment 
in PCOS women. Published research articles mostly 
represent European and North American population. 
Studies on Asian women are few. A good RCT [25] 
involving 115 PCOS women of Asian origin was from 
Malaysia having mostly Malay ethnic group. The Indian 
subcontinent is a large population with exploding 
issues of obesity, trunkal obesity, diabetes mellitus, 
hypertension, metabolic syndrome, and PCOS. It is likely 
the Asian Indian ethnic group is genetically predisposed 
to abdominal obesity, insulin resistance.[17] We have 
shown a high prevalence of metabolic syndrome, insulin 
resistance, and abdominal obesity in Indian PCOS 
women.[18] Further randomized well‑designed studies 
are required to see benefits of metformin therapy in our 
population. Our study highlights that metformin may be 
an effective alternative or adjuvant to CC for ovulation 
induction in PCOS women.

CONCLUSION

Thus, this study shows that metformin was as good as CC in 
terms of “LBR” and the combination of CC and metformin 
gave the highest ovulation and LBR. Larger multicentric 
trials should be taken up comparing metformin, with CC 
and placebo to consolidate the role of metformin in young 
infertile PCOS women.
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Table 3: Outcomes (rates per patient)
CC (n=32) (%) Metformin 

(n=24) (%)
CC + metformin 

(n=24) (%)
Ovulation 18/32 (56.2) 15/24 (62.5) 20/24 983.3)
Pregnancy 10/32 (31.2) 13/24 (54.2) 12/24 (50)
EPL 1/10 (10)

Ectopic pregnancy
4/13 (30.7)

Missed abortion
2/12 (16.6)

Missed abortion
LBR 9/32 (28.1) 9/24 (37.5) 10/24 (41.6)
CC= Clomiphene citrate, LBR= Live birth rate, EPL= Early pregnancy loss

Table 4: Comparing the groups
Groups P OR (CI)
CC versus metformin

Ovulation rate 0.63 1.296 (0.439‑3.824)
LBR 0.45 1.533 (0.496‑4.746)

CC + metformin versus CC
Ovulation rate 0.03 3.888 (1.08‑13.997)
LBR 0.29 0.547 (0.178‑1.677)

CC + metformin versus metformin
Ovulation rate 0.11 0.333 (0.086‑1.292)
LBR 0.76 0.84 (0.263‑2.674)

CC= Clomiphene citrate, LBR= Live birth rate, OR= Odds ratio, CI= Confidence interval
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