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Abstract
Objective To evaluate the benefit of Metfomin added to
Clomiphene Citrate in a primary ovulation induction proto-
col in PCOS patients
Design Prospective randomised controlled study
Setting Tygerberg Academic Hospital, Stellenbosch Uni-
versity and the Institute of Reproductive Medicine at
Vincent Pallotti Hospital, Cape Town
Patients 107 patients presenting with PCOS
Study Group A was pre-treated with metformin 850 mg
twice a day for at least 6 weeks before clomiphene was
added and the metformin was used throughout the study
period. Group B received clomiphene without pre-treatment
with metformin. In both groups clomiphene was given at a
starting dose of 50 mg day 4–8 and increase with
increments of 50 mg to a maximum of 150 mg if no
response was achieved.
Results The ovulation rate achieved in women in the M+C/C
arm was 34/52 (65.4%) compared to 36/55 (65.5%) in the C/C
arm. The treatment effect ((M+C/C) – C/C) is 0% with 95%
confidence interval of −18.1% to 18%. The per protocol

ovulation results were 34/42 (81%) in the M+C/C arm
compared to 36/48 (75%) in the C/C arm. The ovulation rate
difference was 6% with 95% confidence interval −11% to
22%. In a comparison of successful ovulating versus non-
ovulating women from the trial the following were significant
baseline determinants: lower median weight in the ovulating
group (77 kg versus 86 kg, p=.021), lower median bmi (29.0
versus 32.9, p=.009), lower median DHEAS at baseline (4.6
compared to 7.0, p=.049), lower median 17OH-progesterone
(2.2 versus 4.6, p=.027) and higher baseline median SHBG
( 37.8 compared to 28.5, p=.036).
Conclusion Although identical ovulation rates were ob-
served in both arms equivalence could not be concluded
with respect to the specified criteria.

Keywords Metformin . Clomiphene citrate . Ovulation
induction .Weight loss

Introduction

Polycystic ovary syndrome is one of the most common
endocrinopathies, affecting 5–10% of women of reproduc-
tive age [1]. Various criteria have been proposed for the
diagnosis of PCOS which hampered research into this
common disorder [2, 3]. Fortunately, in 2003 a joint
consensus meeting between the American Society of
Reproductive Medicine and the European Society of
Human Reproduction and Embryology proposed a unifying
definition [3]. Oligo-anovulation due to ovarian dysfunc-
tion continues to be the pivotal feature that makes this
syndrome the major cause of anovulatory infertility in
developed countries [4].

Clomiphene citrate (C/C) was the first agent used in
experiments for ovulation induction in oligomenorrheic
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Capsule Clomiphene with Metformin achieved the same ovulation
rate (65%) compared to Clomiphene alone. However the 2-sided 95%
confidence interval for ovulation rate difference was −18.1% to 18%.
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women [5]. For many years it was and may still be the first
therapeutic option managing anovulatory infertility. The
treatment with C/C in anovulatory PCOS women is
associated with an ovulation rate of 60–85% and a
pregnancy rate of 30–40% [6]. Reasons for this discrepancy
may be due to the anti-oestrogenic effect of C/C acting at
both endometrial and ovarian levels, in addition to the
development of a hostile cervical mucus [7].

The addition of metformin to C/C in C/C-resistant
women significantly improves the ovulation rate. A meta
analysis in a Cochrane review reported a significant benefit
for metformin compared to placebo for ovulation in
anovulatory women with PCOS [8]. Another metanalysis
showed a significant positive effect of metformin when
added to C/C in the C/C-resistant PCOS patient [9]. In a
recent review by Moll et al. [10], they confirmed the
superiority of the combination of Metformin and C/C in the
C/C resistant patient regarding ovulation and pregnancy
rates. This review also concluded that there is no difference
in effectivity between Metformin and C/C in therapy-naïve
women.

The aim of this study was to evaluate the benefit of
metformin if added to C/C in a primary ovulation induction
protocol in comparison to C/C alone. Pregnancy outcome
was not a primary aim of the study.

Materials and methods

Patients

This study was approved by the Ethical Committee of
Stellenbosch University at Tygerberg Academic Hospital
(2003/013). Informed consent was obtained from each
patient involved. A total number of 107 patients diagnosed
with PCOS were enrolled for ovulation induction in a
treatment period of 24 months, June 2004 to June 2006.
The inclusion criteria required that all couples needed to
present with a history of infertility for at least 18 months.
The diagnosis of PCOS was based on the recent Rotterdam
consensus statement. All patients had a complete infertility
and PCOS work up consisting of height, weight and body
mass index (BMI); hysterosalpingogram(HSG); basal hor-
monal tests (FSH, LH, TSH, Prolactin, 17-OH Progester-
one, DHEAS, SHBG, Testosterone, fasting insulin, fasting
glucose and fasting lipid profile; Abbott architect biochem-
ical assay was used); semen analysis on the husband; and
where indicated, a diagnostic hysteroscopy and laparoscopy
were performed. Patients with known tubal factors, azoo-
spermia or severe oligoteratozoospermia were excluded from
this study. The Tygerberg strict criteria was used to evaluate
the sperm morphology and the rest of the semen parameters
were evaluated according to the WHO manual 1999 [11].

All obese patients (BMI [kg/m2] >25) were instructed to
lose at least 5% of their weight and to participate in
exercise for at least 40 min per day, 3 days per week. The
mean BMI was >28. They were motivated regarding short-
term positive impact of weight loss regarding ovulation
induction and long term benefits on development of
Diabetes Mellitus, ischaemic heart disease and lipid
abnormalities. Specific data on weight loss prior to
randomization or during the study is, however, not
available.

Study

This was a prospective randomised controlled trial of 107
consecutive PCOS patients. The sample size was limited to
the number of patients recruited during the 24 months of
active recruitment.

The randomization was computer generated and patients
were randomised into two groups. A nursing sister (blinded
to the clinical data of the patients) had access to the
randomisation list and was responsible for allocating
consecutive patients to a group. Group A received pre-
treatment with metformin 850 mg twice a day for at least
6 weeks before C/C was added and the metformin was used
throughout the study period. Group B received C/C alone
without pre-treatment with placebo. In both groups C/C
was given at a starting dose of 50 mg day 4–8 and was
increased with increments of 50 mg to a maximum of
150 mg if no response was achieved. Four cycles of
ovulation induction were attempted. The primary outcome
of the study was successful ovulation. We regarded
pregnancy as a positive response and patients loss to
follow-up as a negative result for intention to treat analysis.

The patients were followed upwith transvaginal ultrasound
to record follicular growth and endometrial response. Day 21
progesterone was drawn to confirm ovulation (Fig. 1).

Statistical analysis

An intention to treat analysis was performed for the primary
outcome of ovulation success.

A test for equivalence was done by means of a 2-sided
95% confidence interval for the difference between the
ovulation rates. The equivalence limits specified were −.1
to .1. A per protocol analysis for the primary outcome was
also done using the same criteria.

A secondary analysis of the baseline patient factors
associated with ovulation was also performed. The Mann-
Whitney test was used to compare the ovulation and non-
ovulation groups with respect to characteristics such as
17OH Progesterone, Testosterone, SHBG and fasting
insulin. The median difference and 95% confidence interval
were calculated for the significant factors.
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For the tables of baseline characteristics the median as
well as the first and third quartiles were used as descriptive
statistics. Stata 9 was used for the statistical computations.

Results

One-hundred and seven women were randomised during
the 24 months of active recruitment; 52 women were
assigned to M+C/C and 55 women to C/C (Fig 1). The loss
the follow-up in both arms were similar: 10 women (16%)
in M+C/C compared to 7 women (11%) in C/C, p
=.603. Since the duration of the treatment is different with
M+C/C being much longer, one would expect this arm to
have a higher dropout. (Reasons for absconding mostly
unknown.) There were two women diagnosed with preg-
nancy before follow-up, one in each arm. These two

women received C/C 50 mg and did not attend their first
follow-up. They were regarded as having had a successful
ovulation at 50 mg. The baseline characteristics in the two
arms of the study were similar and are given in Table 1.

The ovulation rate achieved in women in the M+C/C
arm was 34/42 (81%) compared to 36/48 (75%) in the C/C
arm. (Table 2) The treatment effect ((M+C/C) – C/C) is 6%
with 90% confidence interval of −9% to 20%. Since this
interval, does not fit within the equivalence interval we
cannot conclude equivalence. Using the confidence interval
we cannot conclude superiority of metformin and C/C
versus C/C alone since the interval spans 0%, the reference
value of no difference between the arms. In this analysis,
the patients who were lost to follow-up were excluded.

The estimated treatment effect by C/C dosage show an
increased effect by dose. However the sample size within
each dose is small and a test for a dose by treatment effect

 

 

Assessed for eligibility 
(n=107) 

Enrollment 

Prospective 
Randomised 

Allocation 

Follow-up 

Analysis Analyzed (n=42) 

Allocated to intervention 
Metformin + C/C 
(n=52) 

Allocated to intervention 
C/C 
(n=55) 

Lost to follow-up 
(n=10) 

Lost to follow-up 
(n=7) 

Analyzed (n=48) 

Fig. 1 Study flowchart
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is not significant, p=.414. The 95% confidence intervals for
the estimated treatment effect is also given for complete-
ness (Table 2).

The descriptive characteristics of the factors considered as
possible determinants for ovulation are mentioned in the
Materials and Methods section (Table 3). These factors were
weight and body mass index (BMI), hysterosalpingogram
(HSG), basal hormonal tests (FSH, LH, TSH, Prolactin, 17-
OH Progesterone, DHEAS, SHBG, Testosterone, fasting
insulin, fasting glucose and fasting lipid profile.), and semen
analysis. The Mann Whitney test was used to do a non-
parametric comparison of ovulating versus non-ovulating
women, for each of the factors, to assess if any of these
factors were associated with ovulation outcome. From this
analysis, weight (p=.021), DHEAS (p=.05), 17OH-
progesterone (p=.027), SHBG (p=.036) and BMI (p=.009)
were significant factors. Marginal risk factors for ovulation
outcome were height (p=.097) and fasting glucose (p=.085).

To further evaluate the factors affecting ovulation, a
logistic regression model was used where the factors found

above were evaluated with an adjustment for a treatment
effect. The variable SHBG is a significant factor after
adjustment for treatment with odds ratio (OR) 1.04; 95% CI
:1.0 to 1.07; p=.049. It is positively associated with
ovulation. The variables 17OH-progresterone (OR=.82;
95%CI: .67 to .99; p=.043), BMI (OR=.90; 95%CI: .82
to .98; p=.0.018) and weight (OR=.97; 95%CI: .94 to 1.0;
p=.049) were also significant factors after adjustment for
treatment. These factors were negatively associated with
ovulation. In this study all women with a BMI below
27 kg/m2 achieved ovulation irrespective of treatment
received. The variables DHEAS and fasting glucose were
no longer significant factors after adjustment for treatment.

Discussion

In the treatment of women with PCOS who wanted to
become pregnant, our study could not establish equivalence
or find any benefit of adding metformin to C/C compared to

Dose M+C/C (%) C/C (%) Difference (%) CI(lower to upper) p-value

50 mg 20/27 (74) 18/23 (78) 4 −26 to 20 .776

100 mg 11/12 (92) 11/14 (79) 13 −17 to 40 .566

150 mg 3/3 (100) 7/11 (64) 36 −24 to 65 .332

All 34/42 (81) 36/48 (75) 6 −11 to 22 .592

Table 2 Per protocol ovulation
outcome by dosage

variable N(=52) M+C/C Q1–Q3a N(=55) C/C Q1–Q3a

median median

height 44 1.61 1.57–1.66 44 1.61 1.53–1.66

weight 50 78.90 68.70–91.00 51 76.60 62.00–93.00

BMI 44 30.48 26.55–34.05 44 30.71 24.05–34.48

FSH 50 4.15 3.10–5.10 53 4.20 2.80–5.30

LH 50 9.95 5.80–11.90 53 8.90 6.10–13.60

DHEAS 51 5.20 3.90–7.40 49 4.80 3.40–6.40

17-OH progesterone 49 3.90 1.90–7.20 52 2.55 0.80–5.40

testosterone 50 2.35 1.90–3.10 53 2.00 1.80–2.90

SHBG 48 30.25 21.45–45.25 50 29.55 20.40–47.30

fasting insulin 52 17.20 8.75–26.95 51 13.60 6.60–25.00

fasting glucose 52 5.00 4.60–5.35 53 5.10 4.60–5.40

tsh 48 1.62 1.05–2.27 53 1.55 1.09–1.96

prolactin 49 9.70 7.20–15.70 52 8.70 7.50–12.85

hdl 45 1.10 0.90–1.30 48 1.24 1.10–1.50

ldl 42 3.30 2.50–3.80 48 3.40 2.95–4.26

triglyceride 45 1.10 0.75–1.78 49 0.86 0.67–1.20

cholesterol 46 5.10 4.10–5.61 51 5.20 4.68–6.20

morphology 43 4.00 2.00–7.00 52 7.00 5.00–9.00

count % count %

obese 44 23 52 44 24 55

Table 1 Baseline characteristics
of the treatment groups

a Q1–Q3: Range from 1st to 3rd
quartile
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the standard treatment with C/C alone in women receiving
these options as primary induction choice. We found no
significant differences in outcome of ovulation induction in
the two different groups studied. We also observed no
difference in the discontinuation rate between the two
groups.

In addition to the results of our study, three prospective
randomised controlled trials were recently published [12–14].
In the first study by Moll et al. [12], they prospectively
randomised 228 women. The primary outcome of this study
was the ovulation rate. The ovulation rate in the metformin
and C/C group was 64% compared with 72% in the placebo
and C/C group which was not statistically significant. There
was no difference in the pregnancy rates or the abortion rates
of the two groups and the mean BMI was 28 in both groups.

In the second study by Legro et al. [13], 626 PCOS
patients were randomised. The primary outcome of their
study was live birth rates. They concluded that C/C (22.5%)
is superior to metformin (7.2%) but similar to the
combination group (26.8%) in achieving live birth rates.
They did not observe any difference in the abortion rates
between the three groups and observed a significantly better
live birth rate if the BMI is less than 30 regardless of the
treatment options used. The mean BMI in all three groups
was ±35.

In the third study by Neveu et al. [14], they prospec-
tively randomised 154 patients with PCOS. Pregnancy rates

were equivalent in the three groups. They also observed a
better ovulatory response in the women with a lower BMI
in the C/C group and patients with a BMI of 27–35
responded better to metformin for ovulation induction. The
mean BMI of the study was 31. This study had a better
ovulation rate in the metformin and the combination group
(P=0.005), but no difference in pregnancy rates between
the three groups (P=0.332). These three studies concluded
that it is not beneficial to add metformin to C/C in primary
ovulation induction protocols.

In one of the first studies to address this topic, Nestler et
al. [15] conducted a multicenter study. In this study they
studied 61 obese PCOS women. The BMI of all these
women was >28. They concluded that spontaneous ovula-
tion induced by C/C may be increased in obese women
with PCOS by decreasing serum insulin concentrations
with metformin. This was not a prospective randomised
control trial and it was also a very small study.

The lack of pre-treatment placebo in the C/C arm can be
considered as a limitation of our study. The treatment
comparison of this trial is however a comparison of the
treatments as applied in usual care and should be
interpreted as such. In our study, we prospectively
randomised 107 patients and 17 (16.3%) patients were lost
to follow up. In the study by Moll et al. [12], they lost 63
(27.6%) patients to follow up. In their study, more patients
were lost in the metformin group, which might have been

Table 3 Baseline characteristics of ovulation groups

variable N(=20) No ovulation N(=70) Ovulation Mann-Whitney

median Q1–Q3a median Q1–Q3a p-value

height 17 1.58 1.52–1.61 60 1.62 1.55–1.67 0.097

weight 19 86 73.5–90 66 73 62–86.4 0.021

BMI 17 32.9 29.8–37.3 60 29.4 23.2–33.7 0.009

FSH 20 4.3 3.45–5.5 67 4 2.8–5.1 0.274

LH 20 9.3 6.7–11.9 66 8.55 5.7–12.1 0.602

DHEAS 17 7 4.7–7.8 66 4.7 3.4–6.3 0.049

17-OH progesterone 20 4.6 2.8–5.9 64 2.2 0.8–5.2 0.027

testosterone 19 2.5 1.9–3 68 2.29 1.8–3.1 0.531

SHBG 17 28.3 15.8–32.5 65 37.8 23–48.3 0.036

fasting insulin 19 17.2 8.8–25.8 68 13.65 5.8–19.8 0.164

fasting glucose 20 5.1 5–5.6 68 4.95 4.6–5.3 0.085

tsh 20 1.64 0.89–2.30 64 1.52 1.08–2.03 0.793

prolactin 19 9.6 7.7–15.9 65 9.6 7–14 0.785

hdl 18 1.3 1–1.5 59 1.2 1–1.5 0.484

ldl 19 3.2 2.9–3.8 55 3.4 2.8–4.2 0.326

triglyceride 18 0.9 0.7–1.2 60 0.94 0.67–1.3 0.995

cholesterol 19 4.87 4.5–5.6 62 5.15 4.6–6 0.632

morphology 19 7 4–9 65 5 3–8 0.267

a Q1–Q3: Range from 1st to 3rd quartile
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due to the side effects. In contrast, in our study a similar
number of women were lost to follow up in the two groups
studied; most of them absconded without any given reason.
The sample size of the study is one of the major
shortcomings of our study. To conclude equivalence from
this trial we have to use a 72% 2-side confidence interval
for the ovulation rate difference.

In the secondary analysis of our study, we found that
BMI was a significant baseline determinant and observed
that all patients with a BMI<27 ovulated. With a BMI>27
there was no difference in ovulation rates between C/C
alone or metformin and C/C. Legro et al. [13] observed a
significantly higher rate of live births in women with a BMI
less than 30 when compared to those with a BMI more than
30. However, in the study by Neveu et al. [14], they
observed a better outcome when metformin was added in
the more obese group with BMI 27–35. This improved
outcome on metformin in the more obese patients was also
observed in the study by Nestler et al. [15]. The role of
BMI in our study is a very important finding and supports
the current recommendation in literature to optimize the
BMI first, lose weight if needed, before commencing any
ovulation induction regimen [16]. Lifestyle changes (diet
and exercise) are also encouraged to reduce the risk of type
2 diabetes and cardiovascular disease [17].

Other important factors observed in the current study
were SHBG (sex hormone binding globulin) and 17hy-
droxy progesterone (17OH Progesterone). The variable
SHBG was a significant factor and positively associated
with ovulation. The physiological effect of SHBG is a
lowering of the free androgen index. This may lead to an
improved ovulation outcome. In a study by Ghazeeri et al.
[18], rosiglitazone was administered to 25 obese, C/C-
resistant, PCOS women who desired pregnancy. They
observed a significant improvement in ovulation rates when
rosiglitazone was added to C/C. One of the important
findings was a significant rise in SHBG in the group of
women treated with rosiglitazone. Our study confirms this
finding of improved ovulation rates with a higher SHBG
level. Several other investigators have similarly observed an
increase in SHBG and a decrease in testosterone and
androgenicity with improved conception rates in patients
with weight loss [19, 20]. In a recent Cochrane review it was
concluded that metformin significantly reduced androgen
levels [8]. This subgroup of women with PCOS and high
androgen levels may have an improved outcome when
metformin is added for ovulation induction. However, more
data is required before it can be concluded that this subgroup
is a definite indication for the use of metformin. The variable
17OH-progesterone was also a significant factor and was
negatively associated with ovulation. Fasting glucose and
insulin had no positive or negative association with
ovulation.

Based on the results of this trial, we conclude that the
addition of metformin is not indicated in patients with
primary anovulation. The sample size (n=107) was the
biggest limitation of our study. However, two other
prospective randomised control trials had similar outcomes
to our study [12, 13] regarding ovulation outcome. It was
also concluded by these authors that metformin should not
be added to patients in primary ovulation induction
protocols [12–14]. In a recent meta-analysis, it was found
that the addition of metformin is beneficial when added to
C/C in the C/C-resistant PCOS women [9]. However, it is
of utmost importance that all obese PCOS women should
first be placed on an active exercise and weight loss
programme before any treatment is offered.
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