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strated. Because of the side effects profile and contraindica-
tions of M, we believe M should not be indicated as a pri-
mary ovulation induction agent in women with PCOS. 
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 Introduction 

 Polycystic ovarian syndrome (PCOS) is a very com-
mon endocrinopathy among infertile female individuals 
and affects approximately 6% of the general female popu-
lation  [1] . The most prominent presenting characteristics 
are anovulation and hyperandrogenism. The diagnosis of 
PCOS was recently debated and diagnostic criteria fol-
lowed in the Rotterdam consensus statement  [2] . This 
statement concluded that the diagnosis of PCOS could be 
made if two of the following are present: chronic anovu-
lation, polycystic ovaries on ultrasound, and hyperan-
drogenism  [2] .

  Insulin resistance and concomitant hyperinsulinemia 
are frequently found in obese women with PCOS (65%) 
 [3, 4] . The incidence of insulin resistance among lean 
women with PCOS is nearly 20%  [5] . This results in hy-
perinsulinemia and enhances the luteinizing hormone-
driven production of androgens from ovarian theca cells 
 [3] . Hyperinsulinemia, insulin resistance and an increase 
in androgen production are all linked in patients with 
PCOS  [4, 5] . It is also known that patients with PCOS and 
insulin resistance are often resistant to ovulation induc-
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 Abstract 

  Background:  A recent meta-analysis has proven that met-
formin (M) is highly effective for ovulation induction in the 
clomiphene citrate (CC)-resistant patient. There is uncertain-
ty whether M should be introduced as a primary ovulation 
induction agent in polycystic ovarian syndrome (PCOS). 
 Methods:  We conducted a systematic review and meta-
analysis to establish if M is better when given alone or in 
combination with CC (CC+M) when compared with CC alone. 
This systematic review studied live birth delivery rate as the 
primary outcome.  Results:  We identified 14 prospective tri-
als. Analysis of these results showed a reduction in the live 
birth rate in the group of patients treated only with M when 
compared with CC alone (OR = 0.48, 95% CI 0.31–0.73, p = 
0.0006). An increase in ovulation (OR = 1.6, 95% CI 1.2–2.1,
p = 0.0009) and pregnancy rate (OR = 1.3, 95% CI 1.0–1.6, p = 
0.05) with CC+M when compared with CC alone was report-
ed, but no difference was found when live birth rate was an-
alyzed (OR = 1.1, 95% CI 0.8–1.5, p = 0.61).  Conclusion:  CC 
alone is superior to M alone regarding live birth rate and ovu-
lation. The combination (CC+M) is superior to CC alone as
a primary method for ovulation induction and to achieve 
pregnancy in PCOS. However, when addressing live birth 
rate, no statistically significant difference could be demon-
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tion. Is the answer in the management of infertile women 
with PCOS the use of insulin sensitizers? Previous arti-
cles have been published where insulin sensitizers such as 
biguanides (metformin)  [6, 7]  and thiazolidinediones 
(troglitazone) have been used and proven to improve 
metabolic abnormalities in patients with PCOS  [8] .

  Metformin, a biguanide, is normally used in non-in-
sulin-dependent diabetes and the mechanisms of action 
include inhibition of gluconeogenesis in the liver and in-
creasing the peripheral uptake of glucose. Metformin re-
duces levels of luteinizing hormone, hyperinsulinemia 
and also decreases ovarian production of androgens  [9, 
10] . Most frequent side effects of metformin include gas-
trointestinal symptoms such as diarrhea, nausea and 
vomiting. Due to the adverse effects of metformin, 30% 
of women under treatment may stop this medication. 
Lactic acidosis is a rare but a serious side effect with a case 
fatality rate as high as 50.3%  [11] .

  Infertility secondary to chronic anovulation is one of 
the most common clinical presenting features  [1] . Clomi-
phene citrate (CC) is the standard drug used for ovulation 
induction in women with PCOS  [12–14] . Patients with 
PCOS are frequently resistant to CC and these results in 
numerous cycles where CC is unsuccessfully used. A re-
cent meta-analysis has proven that metformin is highly 
effective for ovulation induction in the CC-resistant pa-
tient  [15] .

  The question to be answered is whether metformin 
should be introduced as a primary ovulation induction 
agent in women with PCOS.

  The aim of this literature search is to determine live 
birth rate with metformin (M) when given alone or in 
combination with CC (CC+M) when compared with CC 
alone in ovulation induction protocols for women with 
PCOS.

  Methods 

 Identification of the Literature 
 The following electronic databases were searched: MEDLINE, 

Google Scholar, and  Cochrane Library:  CENTRAL Database for 
studies published from 1 January 2000 to 30 November 2010. A 
combination of Medical Subject Headings (MeSH) was used: met-
formin, side effects, CC ovulation induction, PCOS, randomized 
controlled trials. These subsets were combined with ‘AND’ to gen-
erate a subset of citations relevant to our research question. The 
reference lists of all known primary and review articles  [16–18]  
were examined to identify cited articles not captured by electron-
ic searches. Human reproduction and fertility and sterility jour-
nals were searched individually for additional articles. No lan-
guage restrictions were placed in any of our searches. The search-

es were conducted independently by T.I.S. and M.I.V. No written 
protocol of this review has been made or published.

  Study Selection 
 Clinical trials comparing two groups of patients were selected 

only if they met the inclusion criteria. The inclusion criteria were 
prospective randomized controlled trials where articles on met-
formin were randomized, and compared with CC+M, or with CC 
alone in ovulation induction protocols in women with PCOS. In 
all the studies mentioned, the recent Rotterdam statement  [2]  was 
used for the diagnosis. The dosage of metformin used in all arti-
cles was from 500 mg/day up to 2,000 mg/day maximum dose. 
The maximum dosage of CC was 200 mg/day. We reported live 
birth rate as a primary outcome and measures such as ovulation 
and clinical pregnancy as a secondary outcome.

  Studies were selected in a two-stage process. First, two review-
ers (T.I.S. and M.I.V.) scrutinized the titles and abstracts from the 
electronic searches independently and full manuscripts of all cita-
tions that were likely to meet the predefined selection criteria were 
obtained. Secondly, final inclusion or exclusion decisions were 
made on examination of full manuscripts. In cases of duplication 
the most complete or the most recent publication was used. Any 
disagreements about inclusion criteria were resolved by consen-
sus or arbitration by a third reviewer (T.F.K.).

  Statistical Analysis 
 The data on the outcomes of each included trial were summa-

rized in two-by-two tables. The Peto odds ratio (OR) with its 95% 
confidence interval (CI) was calculated for the use of metformin 
alone or in combination with CC (CC+M) when compared to CC 
alone in ovulation induction. Statistical significance was inferred 
when the OR did not include 1.

  The weight of each study in each analysis was calculated as 
inversely proportional to the variance. The degree of heterogene-
ity of studies was calculated using the  �  2  test. Where the p value 
was  ! 0.05, or where I 2   1 50% the OR and 95% CI are still reported, 
but the applicable studies were re-analyzed to find an explanation 
for any differences. We also applied a fixed effect and a random 
effect analysis to each dataset.

  Results 

 The search strategy yielded 309 citations, all captured 
from electronic citations ( fig. 1 ). Of these, 203 publica-
tions were excluded, as it was clear from the title that they 
did not fulfill the selection criteria. From the remaining 
106 articles, 60 were excluded on the basis of the abstract. 
For the remaining 46, we obtained full manuscripts and 
following scrutiny of these, we identified 32 potentially 
relevant studies; 6 publications were duplicated  [19–24] . 
From these 32, another 4 were excluded because they in-
cluded women with PCOS who were CC resistant. The 
remaining 22 articles were excluded for not meeting the 
inclusion criteria by protocol. Therefore the total number 
of studies included in this review was 14 ( fig. 1 ). All the 
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studies were in English, 13 were full manuscripts and 1 
was an abstract  [25] , only abstract is available.

  All 14 included studies were prospective randomized 
controlled studies whereby the target population was 
women with PCOS and anovulation. In these studies, CC 
was compared with metformin alone or the combination 
of CC+M. The primary outcome was live birth rates and 
as a secondary outcome pregnancy and ovulation rates 
were reported. The main characteristics of the 14 studies 
included in the review are presented in  table 1 .  Figures 
2–9  show the results of comparisons assessing primary 
and secondary outcomes.

  There were no differences between the OR for each 
outcome, irrespective of whether Peto fixed effect or ran-
dom effects analyses were done.

  Heterogeneity  1 50% can be mainly explained by the 
influence of specific clinical differences between studies. 
Different groups of PCOS patients between studies were 
noticed: overweight patients, non-obese patients, obese 
patients or a mixture of any of the above. Although doses 
for M and CC were comparable between studies, some of 
the publications expressed a doses range without speci-
fied number of patients treated with specific dose. Time 
of exposure was also different between some of the stud-
ies. Previous treatments received by different populations 
groups versus newly diagnosed patients not exposed to 
previous therapy or either diet should also be taken into 
consideration to explain heterogeneity.

  Primary Outcome 
 Live Birth Rate 
 Pooling of results of the 4 prospective studies that 

compared CC alone with metformin alone showed a 53% 
reduction in the live birth rate in the group of patients 
treated only with metformin (OR = 0.48, 95% CI 0.31–

0.73, p = 0.0006;  fig.  2 ). Meta-analysis for the primary 
outcome of live birth rate showed a not statistically sig-
nificant difference between the two groups when the 
combination (CC+M) was compared with CC alone
(OR = 1.1, 95% CI 0.78–1.5, p = 0.61;  fig. 3 ).

  Secondary Outcomes 
 Ovulation 
 Pooling of results from 2 of the 14 studies that report-

ed ovulation as an outcome showed a statistically signifi-
cant 53% relative reduction in the occurrence of ovula-
tion when metformin was used compared with CC alone 
(OR = 0.48, 95% CI 0.41–0.57, p  !  0.00001;  fig. 4 ) Women 
were randomized in studies comparing the use of CC 
alone with metformin.

  Meta-analysis of the 8 prospective studies that report-
ed ovulation when CC+M was compared with CC alone 
showed a statistically significant difference between the 
two groups, in favor of the combination (CC+M) (OR = 
1.6, 95% CI 1.2–2.1, p = 0.0009;  fig. 5 ).

  Pooled analysis of the 3 prospective studies that report-
ed ovulation in the subgroup of obese patients (with body 
mass index, BMI  1 25) when CC+M was compared with 
CC alone, showed a statistically significant increase in 
ovulation in the patients treated with both drugs (CC+M). 
Ovulation was reported twice as often as compared with 
CC alone (OR = 2.2, 95% CI 1.2–4.0, p = 0.01;  fig. 6 ).

  Pregnancy Rate 
 Pooling of results from 6 of the 14 prospective studies 

that reported pregnancy as an outcome showed no statis-
tically significant difference when CC alone was com-
pared to metformin alone (OR = 0.78, 95% CI 0.59–1.0,
p = 0.06;  fig. 7 ).

Total number of citations retrieved from electronic
searches and from examination of reference lists
of primary and review articles: n = 309 

Full manuscripts retrieved for detailed evaluation: n = 46 

Articles excluded with reasons:
• Duplicate studies: n = 6
• Women with PCOS resistant to CC: n = 4
• Did not meet the inclusion criteria by protocol: n = 22

Primary articles included in the systematic review: n = 14 

Excluded because did not meet the inclusion
criteria by title and abstract: n = 263 

 

  Fig. 1.  Study selection process for sys-
tematic review. 
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  Fig. 4.  CC vs. M: ovulation. When ovulation is the primary endpoint, CC alone performed significantly better 
than M alone. p  !  0.00001. 

  Fig. 2.  CC vs. M: live birth. Better live birth rate with CC alone when compared with M alone. p = 0.0006. 

  Fig. 3.  M+CC vs. CC: live birth. No significant difference between the two groups. p = 0.61. 

Study
or subcategory

M
n/N

CC
n/N

Peto OR
95% CI

Peto OR
(95% CI)

Year

Johnson 10/35 13/36 0.71 (0.27, 1.91) 2010
Legro 15/208 47/209 0.30 (0.18, 0.51) 2007
Palomba 26/31 9/16 4.14 (1.05, 16.29) 2005
Zain 3/38 6/39 0.49 (0.12, 1.95) 2009

Total (95% CI) 312 300 0.48 (0.31, 0.73)
Total events: 54 (M), 75 (CC)
Test for heterogeneity: �2 = 13.06, d.f. = 3 (p = 0.005), I2 = 77.0%
Test for overall effect: Z = 3.43 (p = 0.0006)
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Study
or subcategory

M
n/N

CC
n/N

Peto OR
95% CI

Peto OR
(95% CI)

Year

Johnson 15/35 13/36 1.32 (0.51, 3.40) 2010
Legro 56/209 47/209 1.26 (0.81, 1.97) 2007
Moll 21/111 31/114 0.63 (0.34, 1.17) 2005
Zain 7/38 3/38 2.48 (0.66, 9.30) 2009

Total (95% CI) 393 397 1.09 (0.78, 1.51)
Total events: 99 (M+CC), 94 (CC)
Test for heterogeneity: �2 = 5.09, d.f. = 3 (p = 0.17), I2 = 41.1%
Test for overall effect: Z = 0.51 (p = 0.61)
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Study
or subcategory

M
n/N

CC
n/N

OR (fixed)
95% CI

OR (fixed)
(95% CI)

Year

Legro 296/1,019 462/942 0.43 (0.35, 0.51) 2007
Palomba 129/205 148/221 0.84 (0.56, 1.25) 2005

Total (95% CI) 1,224 1,163 0.48 (0.41, 0.57)
Total events: 425 (M), 610 (CC)
Test for heterogeneity: �2 = 9.10, d.f. = 1 (p = 0.003), I2 = 89.0%
Test for overall effect: Z = 8.55 (p < 0.00001)
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  Meta-analysis of 10 studies that reported pregnancy as 
an outcome in which the combination (CC+M) was com-
pared with CC alone showed a significant increase in 
pregnancy rate in the group of patients treated with the 
combination (CC+M) (OR = 1.3, 95% CI 1.0–1.6, p = 0.05; 
 fig. 8 ).

  Pooling of results of the 4 prospective studies that re-
ported pregnancy in the subgroup of patients with BMI 
 1 25, showed a non-significant difference between out-
comes in the two groups, when the patients received the 
combination (CC+M) or CC alone (OR = 1.2, 95% CI 
0.82–1.8, p = 0.33;  fig. 9 ).

  Discussion 

 The aim of this review was to compare CC with met-
formin alone, or in combination when studied as a pri-
mary ovulation induction agent in women with PCOS. 
Live birth rate was our primary outcome and pregnancy 
rates and ovulation rates were also described as a second-
ary outcome. One of the first studies to address this topic 
was a multi-center study conducted by Nestler et al.  [10] . 
They studied 61 obese women with PCOS and concluded 
that spontaneous ovulation induced by CC may be in-
creased with the addition of metformin in obese women 

  Fig. 5.  M+CC vs. CC: ovulation. Ovulation was significantly better with the combination (CC+M) compared 
with CC alone. p  !  0.00001. 

  Fig. 6.  CC+M vs. CC in obese women – BMI  1 25: ovulation. Ovulation was significantly better with CC+M 
when compared with CC alone in the obese patients. p = 0.01. 

Study
or subcategory

M+CC
n/N

CC
n/N

OR fixed
95% CI

OR fixed
(95% CI)

Year

Ben Ayed 10/16 6/16 2.78 (0.66, 11.62) 2009
Dasari 58/87 56/142 3.07 (1.76, 5.37) 2010
El Biely 36/45 29/45 2.21 (0.85, 5.72) 2001
Khorram 7/16 1/15 10.89 (1.14, 103.98) 2010
Moll 71/111 82/114 0.69 (0.39, 1.22) 2006
Sahin 38/51 34/55 1.81 (0.79, 4.15) 2004
Siebert 34/52 36/55 1.00 (0.45, 2.21) 2009
Zain 26/38 23/39 1.51 (0.59, 3.84) 2009

Total (95% CI) 416 481 1.60 (1.21, 2.11)
Total events: 280 (M+CC), 267 (CC)
Test for heterogeneity: �2 = 18.96, d.f. = 7 (p = 0.008), I2 = 63.1%
Test for overall effect: Z = 3.31 (p = 0.0009)
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Study
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CC+M
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n/N

Peto OR
95% CI

Peto OR
(95% CI)

Year

El Biely 36/45 29/45 2.15 (0.86, 5.39) 2001
Khorram 7/16 1/15 6.52 (1.34, 31.75) 2010
Siebert 34/42 36/48 1.41 (0.52, 3.79) 2009

Total (95% CI) 103 108 2.16 (1.16, 4.01)
Total events: 77 (CC+M), 66 (CC)
Test for heterogeneity: �2 = 2.59, d.f. = 2 (p = 0.27), I2 = 22.8%
Test for overall effect: Z = 2.43 (p = 0.01)
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with PCOS by decreasing serum insulin concentrations. 
This was not a prospective randomized control trial and 
was also a very small study. Since 2000 many studies have 
been published questioning the role of metformin in ovu-
lation induction protocols for women with PCOS.

  Our review shows that CC alone is superior to metfor-
min alone regarding ovulation rates and live birth rates. 
The question remains whether metformin in combina-

tion with CC is superior to CC alone when ovulation 
rates, pregnancy and live birth rates are assessed.

  When evaluating the statistical results of this review, 
the combination (CC+M) was superior when compared 
with CC alone regarding ovulation (p = 0.0009) and preg-
nancy rate (p = 0.05). This may prompt us to use metfor-
min in all ovulation protocols; however our primary end-
point should be live birth rates. When the live birth rate 

  Fig. 7.  CC vs. M: pregnancy. No significant difference between the two groups. p = 0.76.     

Study
or subcategory

M
n/N

CC
n/N

OR fixed
95% CI

OR fixed
(95% CI)

Year

Johnson 14/35 14/36 1.05 (0.40, 2.71) 2010
Karimzadeh 13/90 11/90 1.21 (0.51, 2.87) 2010
Legro 25/208 62/209 0.32 (0.19, 0.54) 2007
Moll 2 44/111 52/114 0.78 (0.46, 1.33) 2008
Palomba 31/205 16/221 2.28 (1.21, 4.31) 2005
Zain 3/38 6/39 0.47 (0.11, 2.04) 2009

Total (95% CI) 687 709 0.78 (0.59, 1.01)
Total events: 130 (M), 161 (CC)
Test for heterogeneity: �2 = 24.06, d.f. = 5 (p = 0.0002), I2 = 79.2%
Test for overall effect: Z = 1.85 (p = 0.06)
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  Fig. 8.  M+CC vs. CC: pregnancy. Pregnancy rate was significantly better with the combination (CC+M) com-
pared with CC alone. p = 0.05.     

Study
or subcategory

M+CC
n/N

CC
n/N

OR fixed
95% CI

OR fixed
(95% CI)

Year

Dasari 4/16 2/24 3.67 (0.58, 23.03) 2010
El Biely 13/45 4/45 4.16 (1.24, 14.00) 2001
Johnson 19/35 14/36 1.87 (0.73, 4.80) 2010
Karimzadeh 13/88 11/90 1.24 (0.53, 2.95) 2010
Khorram 5/16 0/15 14.83 (0.74, 295.97) 2010
Legro 62/209 80/209 0.68 (0.45, 1.02) 2007
Moll 44/111 52/114 0.78 (0.46, 1.33) 2006
Sahin 5/11 3/10 1.94 (0.32, 11.76) 2004
Singh 31/53 4/47 15.15 (4.74, 48.38) 2001
Zain 8/38 3/38 3.11 (0.76, 12.79) 2009

Total (95% CI) 622 628 1.28 (1.00, 1.63)
Total events: 204 (M+CC), 173 (CC)
Test for heterogeneity: �2 = 39.77, d.f. = 9 (p < 0.00001), I2 = 77.4%
Test for overall effect: Z = 1.97 (p = 0.05)
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was evaluated, no evidence of an effect favoring CC+M 
versus CC alone could be reported. Only two studies ad-
dressed the issue of abortion rates  [19, 23]  but the num-
bers are very small and the results showed no difference 
when the groups were compared.

  The data presented regarding the role of metformin in 
obese women with PCOS are similar to the data for non-
obese women. When metformin is added for ovulation 
induction, there is a significant benefit (p = 0.01). When 
pregnancy rate is the outcome, the benefit is not statisti-
cally significant (p = 0.33). Given the strong evidence 
that hyperinsulinemia plays a pivotal role in the patho-
genesis of PCOS, it is reasonable to believe that interven-
tion aimed at reducing circulating insulin levels might 
also help to restore normal reproductive endocrine func-
tion  [5, 8] . After 10% weight loss, ovulatory function may 
return in many obese women with PCOS. Compared 
with no intervention or treatment with metformin, in-
tensive lifestyle modifications have also been observed to 
significantly reduce the risk for progression from im-
paired glucose tolerance to diabetes mellitus among pa-
tients who have an average BMI of 30  [34, 35] . In small 
studies of obese women with PCOS and in adolescents, 
metformin was observed to improve impaired glucose 
tolerance  [36, 37] . Metformin has also been shown to im-
prove lipid profiles  [38] . Nevertheless, in the absence of 
any long-term studies, metformin cannot be considered 
as first-line treatment for PCOS when the only goal is the 
prevention of long-term complications. Lifestyle inter-
vention should always be regarded as the best initial 
treatment  [11, 39, 40] .

  We have to bear in mind that metformin is associated 
with side effects reported by a recent Cochrane system-
atic review and meta-analysis by Tso et al.  [41] . This study 
described significantly higher side effects in the metfor-
min group when compared to placebo (p = 0.049) in a 
group of PCOS patients undergoing ART treatment  [41] . 
The 3 studies used for the meta-analysis were prospective 
randomized, placebo-control, double-blind, but only re-
ported side effects with metformin as a secondary out-
come. The only adverse event acknowledges was gastro-
intestinal symptoms  [42–44] . Lactic acidosis is a rare but 
a serious side effect with a case fatality rate as high as 
50.3%  [45] . Therefore, metformin should not be pre-
scribed to patients with renal, hepatic or major cardiovas-
cular disease because such patients are predisposed to el-
evated lactate levels  [11] . There are currently no adequate 
data to support the use of metformin in early pregnancy 
 [11] .

  This review included only prospective randomized 
control trials. We have to emphasize that there is a sub-
stantial difference in the number of patients included in 
the study groups when comparing ovulation, pregnancy 
and live birth rates. In the ovulation group, there were 416 
and 481 patients, respectively, in the pregnancy group 622 
and 628, respectively. As mentioned, in both these groups 
there was a significant benefit when metformin was used 
in combination with CC. When assessing live birth rates, 
we assessed only 393 and 397 patients, respectively. Only 
this group did not show a significant benefit when met-
formin was added to CC, but did show a definitive trend 
in favor of the combination. It is evident that only recent-
ly have live birth rates been included in studies as the pri-

  Fig. 9.  CC+M vs. CC in obese women – BMI  1 25: pregnancy. No significant difference between the two groups. 
p = 0.33.   

Study
or subcategory

CC+M
n/N

CC
n/N

Peto OR
95% CI

Peto OR
(95% CI)

Year

El Biely 13/45 4/45 3.64 (1.27, 10.39) 2001
Karimzadeh 13/88 11/90 1.24 (0.53, 2.93) 2010
Khorram 5/16 0/15 9.35 (1.42, 61.54) 2010
Moll 2 44/111 52/114 0.78 (0.46, 1.33) 2008

Total (95% CI) 260 264 1.22 (0.82, 1.83)
Total events: 75 (CC+M), 67 (CC)
Test for heterogeneity: �2 = 11.35, d.f. = 3 (p = 0.010), I2 = 73.6%
Test for overall effect: Z = 0.97 (p = 0.33)
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mary outcome, hence the smaller numbers. Will this pos-
itive trend become significant if we have greater num-
bers? It is therefore of utmost importance that this 
important question is visited on a regular basis as more 
data becomes available.

  In a recent Cochrane review  [46]  the authors also con-
cluded that the addition of metformin does not improve 
live birth rates. The main difference between our review 
and the Cochrane review is that we specifically focused 
on the use of metformin in different ovulation protocols 
for patients with PCOS. We only included prospective 
randomized control trials and excluded trials in CC-re-
sistant patients. Regarding ovulation rates when CC and 
metformin was compared with CC alone, our review had 
416 and 481 patients in the respective arms compared 
with 365 and 397 in the Cochrane review. Regarding 
pregnancy rates, we have 622 and 628 in the respective 
arms versus 486 and 490 in the Cochrane review. The 
main question to answer is whether the addition of met-
formin to CC improves live birth rates? In our review we 
had 393 and 397, respectively, versus 373 and 379 of the 
Cochrane review addressing the issue of live birth rates. 
Unfortunately, the latest article of Moll et al.  [33]  in 2008 
only had ongoing pregnancy to 12 weeks’ gestation as fi-
nal primary outcome. These numbers highlights the fact 
that we need more data on live birth rates.

  Strength of our review lies in the extensive search 
strategy, the valid data synthesis methods and the pro-
spective randomized studies included. The weaknesses 
are mainly related to the clinical heterogeneity among 
studies. There is also the potential danger of publication 

bias due to the lack of submission or acceptance of nega-
tive outcome trials.

  Based on the results of the trials discussed in our study 
we conclude that: (1) metformin alone is less effective 
than CC alone when addressing live birth rate in PCOS 
patients undergoing ovulation induction, and (2) metfor-
min should not be added to CC as a primary method for 
ovulation induction in women with PCOS due to no evi-
dence of an effect favoring the combination regarding 
live birth rates and the side effect profile as discussed.

  However, it is important to emphasize that these find-
ings may change as more data on live birth rates becomes 
available and highlights the importance that the question 
of live birth rates should continuously be revisited. We 
therefore encourage future prospective randomized con-
trol trials addressing the issue of live birth rates when 
metformin is added to CC in ovulation induction proto-
cols. In the treatment of obese women with PCOS, they 
should first lose weight and then follow similar guide-
lines as for non-obese women. The addition of metformin 
is advised in CC-resistant women with PCOS. However, 
it is of utmost importance that all obese women with 
PCOS should first be placed on an active and sustainable 
exercise and weight loss program before any treatment is 
offered.
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