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ABSTRACT

Background

Polycystic ovary syndrome (PCOS) is characterised by infrequent or absent ovulation, and high levels of androgens and insulin
(hyperinsulinaemia). Hyperinsulinaemia occurs secondary to insulin resistance and is associated with an increased biochemical risk profile
for cardiovascular disease and an increased prevalence of diabetes mellitus. Insulin-sensitising agents such as metformin may be effective
in treating PCOS-related anovulation. This is an update of Morley 2017 and only includes studies on metformin.

Objectives

To evaluate the effectiveness and safety of metformin in combination with or in comparison to clomiphene citrate (CC), letrozole and
laparoscopic ovarian drilling (LOD) in improving reproductive outcomes and associated gastrointestinal side effects for women with PCOS
undergoing ovulation induction.

Search methods

We searched the following databases from inception to December 2018: Cochrane Gynaecology and Fertility Group Specialised Register,
CENTRAL, MEDLINE, Embase, PsycINFO and CINAHL. We searched registers of ongoing trials and reference lists from relevant studies.

Selection criteria

We included randomised controlled trials of metformin compared with placebo, no treatment, or in combination with or compared with
CC, letrozole and LOD for women with PCOS subfertility.

Data collection and analysis

Two review authors independently assessed studies for eligibility and bias. Primary outcomes were live birth rate and gastrointestinal
adverse effects. Secondary outcomes included other pregnancy outcomes and ovulation. We combined data to calculate pooled odds
ratios (ORs) and 95% confidence intervals (Cls). We assessed statistical heterogeneity using the 12 statistic and reported quality of the
evidence for primary outcomes and reproductive outcomes using GRADE methodology.

Metformin for ovulation induction (excluding gonadotrophins) in women with polycystic ovary syndrome (Review) 1
Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.


mailto:tommy.tang@belfasttrust.hscni.net
mailto:medtmht@leeds.ac.uk
https://doi.org/10.1002%2F14651858.CD013505
http://Morley%202017

: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

Main results

We included 41 studies (4552 women). Evidence quality ranged from very low to moderate based on GRADE assessment. Limitations were
risk of bias (poor reporting of methodology and incomplete outcome data), imprecision and inconsistency.

Metformin versus placebo or no treatment

The evidence suggests that metformin may improve live birth rates compared with placebo (OR 1.59, 95% CI 1.00 to 2.51; 12 = 0%; 4 studies,
435 women; low-quality evidence). For a live birth rate of 19% following placebo, the live birth rate following metformin would be between
19% and 37%. The metformin group probably experiences more gastrointestinal side effects (OR 4.00, 95% Cl 2.63 to 6.09; 12 = 39%; 7
studies, 713 women; moderate-quality evidence). With placebo, the risk of gastrointestinal side effects is 10% whereas with metformin this
risk is between 22% and 40%. There are probably higher rates of clinical pregnancy (OR 1.98,95% Cl 1.47 to 2.65; 12 = 30%; 11 studies, 1213
women; moderate-quality evidence). There may be higher rates of ovulation with metformin (OR 2.64, 95% CI 1.85 to 3.75; 12 = 61%); 13
studies, 684 women; low-quality evidence). We are uncertain about the effect on miscarriage rates (OR 1.08, 95% CI 0.50 to 2.35; 12 = 0%;
4 studies, 748 women; low-quality evidence).

Metformin plus CC versus CC alone

We are uncertain if metformin plus CC improves live birth rates compared to CC alone (OR 1.27, 95% Cl 0.98 to 1.65; |12 = 28%; 10 studies,
1219 women; low-quality evidence), but gastrointestinal side effects are probably more common with combined therapy (OR 4.26, 95%
Cl 2.83 to 6.40; 12 = 8%); 6 studies, 852 women; moderate quality evidence). The live birth rate with CC alone is 24%, which may change to
between 23% to 34% with combined therapy. With CC alone, the risk of gastrointestinal side effects is 9%, which increases to between 21%
to 37% with combined therapy. The combined therapy group probably has higher rates of clinical pregnancy (OR 1.62,95% Cl 1.32 to 1.99;
12 =31%; 19 studies, 1790 women; moderate-quality evidence). The combined group may have higher rates of ovulation (OR 1.65, 95% ClI
1.35 to 2.03; 12 = 63%;21 studies, 1568 women; low-quality evidence). There was no clear evidence of an effect on miscarriage (OR 1.35,
95% C1 0.91 to 2.00; 12 = 0%; 10 studies, 1206 women; low-quality evidence).

Metformin versus CC

When all studies were combined, findings for live birth were inconclusive and inconsistent (OR0.71,95% CI 0.49 to 1.01; I2 = 86%; 5 studies,
741 women,; very low-quality evidence). In subgroup analysis by obesity status, obese women had a lower birth rate in the metformin
group (OR 0.30, 95% Cl 0.17 to 0.52; 2 studies, 500 women), while the non-obese group showed a possible benefit from metformin, with
high heterogeneity (OR 1.71, 95% CI 1.00 to 2.94; 12 = 78%, 3 studies, 241 women,; very low-quality evidence). However, due to the very
low quality of the evidence we cannot draw any conclusions. Among obese women taking metformin there may be lower rates of clinical
pregnancy (OR 0.34, 95% CI 0.21 to 0.55; 12 = 0%; 2 studies, 500 women; low-quality evidence) and ovulation (OR 0.29, 95% CI 0.20 to 0.43;
12 = 0%; 2 studies, 500 women; low-quality evidence) while among non-obese women, the metformin group may have more pregnancies
(OR 1.56,95% CI 1.06 to 2.29; 12 = 26%); 6 studies, 530 women; low-quality evidence) and no clear difference in ovulation rates (OR 0.80, 95%
Cl 0.52 to 1.25; 12 = 0%; 5 studies, 352 women; low-quality evidence). We are uncertain whether there is a difference in miscarriage rates
between the groups (overall: OR 0.92, 95% Cl 0.51 to 1.66; 12 = 36%); 6 studies, 781 women; low-quality evidence) and no studies reported
gastrointestinal side effects.

Authors' conclusions

Our updated review suggests that metformin may be beneficial over placebo for live birth however, more women probably experience
gastrointestinal side effects. We are uncertain if metformin plus CC improves live birth rates compared to CC alone, but gastrointestinal
side effects are probably increased with combined therapy. When metformin was compared with CC, data for live birth were inconclusive,
and the findings were limited by lack of evidence. Results differed by body mass index (BMI), emphasising the importance of stratifying
results by BMI. No studies reported gastrointestinal side effects in this comparison. Due to the low quality of the evidence, we are uncertain
of the effect of metformin on miscarriage in all three comparisons.

PLAIN LANGUAGE SUMMARY

Metformin for ovulation induction in women with a diagnosis of polycystic ovary syndrome and subfertility
Review question

Researchers reviewed the evidence about the effectiveness and safety of metformin compared with other ovulation induction agents,
for inducing ovulation in women with polycystic ovary syndrome (PCOS). Of interest were live birth rate, gastrointestinal side effects and
additional reproductive outcomes.

Background

Women with PCOS often have infrequent or no periods because they do not ovulate (release an egg), which can result in infertility. They may
also develop problems such as obesity and diabetes. High levels of insulin, a hormone that allows the body to use sugar for energy, may

Metformin for ovulation induction (excluding gonadotrophins) in women with polycystic ovary syndrome (Review) 2
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be a cause of PCOS and levels are generally higher in obese women. Metformin helps the body use insulin more effectively and improves
ovulation in women with PCOS. However, metformin may cause side effects such as nausea, diarrhoea or constipation (gastrointestinal
side effects).

Study characteristics

We searched for studies in women with PCOS that compared metformin alone or with CC, letrozole or LOD, against CC, letrozole, LOD,
placebo (sham treatment) or no treatment. This review updates the previous version of the review. We included 41 randomised controlled
trials (where women were randomly allocated to a treatment) with 4552 women. 13 studies are new for this update. We combined results
from the studies and assessed the quality of the studies to judge how confident we could be in their results. The evidence is current up
to December 2018.

Key results
Metformin versus placebo/no treatment

Metformin may increase the chances of having a live birth compared with no treatment or placebo, however women taking metformin
probably experience more gastrointestinal side effects. With placebo, the live birth rate is 19%, and it would be between 19% and 37% with
metformin. The risk of gastrointestinal side effects is 10% with placebo, but higher with metformin, between 22% and 40%. Women taking
metformin are probably more likely to get pregnant and may be more likely to ovulate. We are uncertain about the effect of metformin
compared to placebo or no treatment on miscarriage.

Metformin plus CC versus CC alone

We are uncertain if metformin plus CC improves live birth rate compared to CC alone, but gastrointestinal side effects are probably more
common. The live birth rate with CC alone is 24% which may change to between 23% to 34% with metformin and CC combined. With CC
alone, the risk of gastrointestinal side effects is 9%, which increases to between 21% to 37% with metformin and CC combined. However,
pregnancy rate is probably improved with metformin and CC. Ovulation rates may be improved with metformin and CC. There was no clear
evidence of an effect on miscarriage.

Metformin versus CC

We combined all the studies and found that the quality of evidence was very low, results were inconsistent, and we could not confidently
draw conclusions. Obese women had a lower birth rate with metformin, while non-obese women showed a possible benefit from
metformin. The live birth rate of non-obese women with CC is 26%, which may increase to between 26% and 50% with metformin. However,
in obese women, the live birth rate is 22% which may decrease to between 5% to 13% with metformin. Similarly, among obese women
taking metformin there may be lower rates of clinical pregnancy and ovulation while, non-obese women taking metformin may have more
pregnancies; there was no clear difference in ovulation rates. We are uncertain whether there is a difference in miscarriage rates between
women taking metformin or CC. No studies reported gastrointestinal side effects.

It is possible that a woman's body mass index (a measure of healthy weight based on height and weight) affects which treatment she
should take, although further research is required to establish this. The limited improvement in outcomes such as diabetes with metformin
highlights the importance of weight loss and lifestyle adjustment, particularly in overweight women with PCOS.

Quality of the evidence

The quality of the evidence ranged from very low to moderate. The main problems were that the studies’ methods were poor or unclear,
or they did not report all their results (risk of bias), or they were inaccurate and inconsistent.

Metformin for ovulation induction (excluding gonadotrophins) in women with polycystic ovary syndrome (Review) 3
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SUMMARY OF FINDINGS

Summary of findings for the main comparison. Metformin compared with placebo or no treatment for women with polycystic ovary syndrome

Metformin compared with placebo or no treatment for women with polycystic ovary syndrome

Patient or population: women with polycystic ovary syndrome

Settings: outpatient
Intervention: metformin

Comparison: placebo or no treatment

Outcomes Illustrative comparative risks* (95% Cl) Relative effect Number of par- Quality of the Comments
(95% ClI) ticipants evidence
Assumed risk Corresponding risk (studies) (GRADE)
Placebo or no Metformin
treatment
Live birth rate per 188 per 1000 269 per 1000 OR 1.59 (1.00 to 435 DPOO
woman (188 to 368) 2.51) (4 studies) Lowa,b
Adverse events (gastroin- 97 per 1000 302 per 1000 (221 to 397) OR4.00 713 SDDO 12 =39% due to 1 study
testinal) per woman Moderatea,c PCOSMIC 2010
(2.63t0 6.09) (7 studies)
Clinical pregnancy rate 153 per 1000 263 per 1000 (210 to 323) OR1.98 1213 ODDO
per woman (11 studies) Moderate?
(1.47 t0 2.65)
Ovulation rate per 242 per 457 per 1000 (371 to 545) OR2.64 684 ®DOO 12=61% (82% in non-
woman (13 studies) Lowa.d obese group)
1000 (1.85 t0 3.75)
Miscarriage rate per 35 per 1000 38 per 1000 OR 1.08 748 1sTeI0) Miscarriage rate per
woman (0.50 to 2.35) (4 studies) Lowa,b pregnancy: OR 0.58, 95%
(20to 89) Cl0.25 to 1.34; 200 preg-

nancies

*The basis for the assumed risk is the median control group risk across studies. The corresponding risk (and its 95% confidence interval) is based on the assumed risk in

the comparison group and the relative effect of the intervention (and its 95% Cl).

Cl: confidence interval; OR: odds ratio

GRADE Working Group grades of evidence

High quality: further research is very unlikely to change our confidence in the estimate of effect.
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Moderate quality: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: we are very uncertain about the estimate.

aDowngraded one level for serious risk of bias related to failure to report methods of randomisation and/or serious risk of attrition bias in some of the studies.

bDowngraded one level for serious imprecision as the event rate is low and findings are compatible with benefit in one or both groups or with no meaningful difference between

the groups.

CModerate inconsistency (12 = 39%), but not downgraded, as all heterogeneity is attributable to a single small study and the direction of effect largely consistent.
dDowngraded one level for serious inconsistency (12 = 62%)

Summary of findings 2. Metformin combined with clomiphene citrate versus clomiphene citrate alone for women with polycystic ovary syndrome

Metformin combined with clomiphene citrate versus clomiphene citrate alone for women with polycystic ovary syndrome

Population: women with polycystic ovary syndrome

Setting: outpatient

Intervention: metformin combined with ovulation induction agent clomiphene citrate

Comparison: Clomiphene citrate alone

Outcomes Anticipated absolute effects* (95% Cl) Relative effect Number of partici-  Quality of the Comments
(95% Cl) pants evidence
Risk with CC Risk with metformin combined (studies) (GRADE)
alone with CC
Live birth rate per 236 per 1000 281 per 1000 OR1.27 1219 BPOO
woman (10 studies) Lowa,b
(232 to 337) (0.98 t0 1.65)
Adverse events (gastroin- 85 per 1000 283 per 1000 OR4.26 852 SO00
testinal) per woman (2.83 10 6.40) (6 studies) Moderatea.c
(208 to 372)
Clinical pregnancy rate 277 per 1000 383 per 1000 OR1.62 1790 DDDO
per woman (1.32t0 1.99) (19 studies) Moderate?
(336 to 432)
Ovulation rate per 507 per 1000 629 per 1000 OR 1.65 1601 SDOO
woman (22 studies) Lowa.d.e
(581 to 676) (1.35t02.03)
Miscarriage rate per 77 per 1000 101 per 1000 OR1.35 1206 SP00 Miscarriage rate
woman (0.91 t0 2.00) (10 studies) Lows?;b per pregnancy:

(70 to 142)

OR 1.07 95% CI
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0.69t0 1.66; 471
pregnancies

*The risk in the intervention group (and its 95% confidence interval) is based on the median risk in the comparison group and the relative effect of the intervention (and
its 95% Cl).

CC: clomiphene citrate; Cl: confidence interval; OR: odds ratio

GRADE Working Group grades of evidence

High quality: further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: we are very uncertain about the estimate.

aDowngraded one level for serious risk of bias related to failure to describe study methods and/or serious risk of attrition bias in several of the studies.
bDowngraded one level for serious imprecision as findings are compatible with benefit in one or both groups or with no meaningful difference between the group.
cSome evidence of imprecision seen in obese group however only one study included therefore not downgraded, given clear effect seen in BMI <30 kg/m? group.
dHigh heterogeneity (12 = 63%), but not downgraded as direction of effect consistent and most inconsistency is due to a single small study.

eDowngraded one level for evidence of publication bias seen with three studies outside the funnel plot and asymmetry around the line of effect

Summary of findings 3. Metformin compared with clomiphene citrate for women with polycystic ovary syndrome

Metformin compared with clomiphene citrate for women with polycystic ovary syndrome

Population: women with polycystic ovary syndrome
Setting: outpatient

Intervention: metformin

Comparison: clomiphene citrate

Outcomes Anticipated absolute effects* (95% Relative effect Ne of partici- Quality of the Comments

cl) (95% ClI) pants evidence

(studies) (GRADE)
Risk with CC Risk with met-
formin
Live birth rate per woman 256 per 1000 371 per 1000 OR1.71 (1.00 to 241 @000 High heterogeneity
2.94) . (12=78%)

aParticipants with BMI < 30 kg/mZ2 or < 32 kg/ (256 to 503) (3 studies) very lowb.c.d
m2 76 events
Live birth rate per woman 216 per 1000 76 per 1000 OR0.30 500 @000 73 events

) very lowb.c.d
dParticipants with BMI = 30 kg/m?2 (45 to 125) (0.17t0 0.52) (2 studies)
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Adverse events

(gastrointestinal)

Not reported by any of the included studies

Clinical pregnancy rate per woman dPartici- 258 per 1000 352 per 1000 (270 OR 1.56 530 DO 160 events
pants with BMI < 30 kg/m2 or < 32 kg/m2 to 444) (1.06 to0 2.29) (6 studies) lowb.e
Clinical pregnancy rate per woman 276 per 1000 115 per 1000 (74to  ORO0.34 500 B0 98 events
173) (0.21t0 0.55) (2 studies) lowbc
dparticipants with BMI = 30 kg/m?2
Ovulation rate per woman 650 per 1000 597 per 1000 (491 OR0.80 352 BB00 220 events
to 699) (0.52t0 1.25) (5 studies) lowb:c
fParticipants with BMI < 30 kg/m2
Ovulation rate per woman 516 per 1000 236 per 1,000 OR0.29 500 B0 188 events
(176 to 314) (0.20t0 0.43) (2 studies) lowb.c
fParticipants with BMI = 30 kg/m2
Miscarriage rate per woman 57 per 1000 83 per 1000 (36 to OR 1.51 (0.62 to 281 P00 20 events
182) 3.71) lowb.c
dParticipants with BMI < 30 kg/2 (4 studies) Miscarriage rate per
pregnancy: OR 1.02
(0.41 to 2.54)
Miscarriage rate per woman 64 per 1000 40 per 1000 (18 to OR0.61 (0.27 to 500 (2 studies) DO 26 events; only 1
86) 1.38) lowbsc study with events

@Participants with BMI = 30 kg/m?2

Miscarriage rate per
pregnancy: OR 1.92
(0.72t0 5.12)

*The risk in the intervention group (and its 95% confidence interval) is based on the median risk in the comparison group and the relative effect of the intervention (and

its 95% Cl).

Cl: confidence interval; OR: odds ratio

GRADE Working Group grades of evidence

High quality: further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.

Very low quality: we are very uncertain about the estimate.

dData subgrouped by BMI, as pooling of BMI groups resulted in high heterogeneity (12 > 85%) with differing directions of effect.

bEvidence downgraded one level for risk of bias.
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CEvidence downgraded one level for serious imprecision: low event rate and/or wide confidence intervals.

dEvidence downgraded for high heterogeneity.

eEvidence downgraded for serious imprecision; many small studies with wide confidence intervals.

fData subgrouped by BMI, as pooling of BMI groups resulted in high heterogeneity (12 = 74%), though direction of effect was consistent.
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BACKGROUND

Description of the condition

Polycystic ovary syndrome (PCOS) is a common endocrine disorder
affecting at least 8% to 13% of women of reproductive age (Bozdag
2016; NHMRC 2018; Teede 2018). The disorder is heterogeneous,
encompassing a broad spectrum of signs and symptoms of ovarian
dysfunction. The classic presentation, as described by Stein and
Leventhal (Stein 1935), with features of obesity, amenorrhoea
and hirsutism is one end of the spectrum that, at the other
end, includes women with normal menstrual cyclicity and yet
with ultrasound, evidence of a polycystic ovarian appearance
(Fauser 2012). Therefore, no single diagnostic criterion (such as
hyperandrogenism or polycystic ovaries (PCO)) is sufficient for
the clinical diagnosis. The 2003 Rotterdam Consensus' revised
diagnostic criteria for a diagnosis of PCOS are as follows, with two
of the following being required:

1. oligo or anovulation, or both, that is, menstrual disturbance;

2. clinical or biochemical signs, or both, of hyperandrogenism;

3. PCO on ultrasound; and exclusion of other aetiologies of
menstrual disturbance and hyperandrogenism (such as congenital
adrenal hyperplasia, androgen-secreting tumours, Cushing's
syndrome) (ESHRE/ASRM 2004). A recent update to guidelines in
view of advancing ultrasound technology and resolution, state that
the diagnostic criteria for ultrasound PCO morphology is either 20
or more follicles per ovary orincreased ovarian volume, over 10 mL,
when using a transvaginal ultrasound scan (NHMRC 2018).

Although PCOS is the commonest cause of anovulatory infertility
(Balen 2014), up to 70% of women with PCOS remain undiagnosed
(March 2010).

The expression of PCOS symptoms is multifaceted, and the
reduced conception rates associated with PCOS may be related
to hyperandrogenism, obesity and insulin resistance (Balen
2014). Over the last 20 years, the body of evidence indicating
that increased insulin resistance and compensatory high insulin
concentrations (hyperinsulinaemia) play a key role in the
pathogenesis of PCOS has grown (Balen 2014; Rubin 2017). Insulin
resistance is more common in overweight women but can also
occur in non-obese women with the disorder (Cassar 2016).

The insulin resistance associated with PCOS can worsen both
women's symptom profile and their likelihood of achieving a
live birth (Cassar 2016). Women with insulin resistance have a
significantly higher level of testosterone and increased prevalence
of hirsutism than women with non-insulin-resistant PCOS (Azziz
2016). Insulin-resistant women with PCOS also have a lower
ovulation rate and are more likely to develop resistance to
ovulation induction with clomiphene citrate (CC) compared with
women with non-insulin resistant PCOS. Lifestyle modification
including weight loss and exercise reduces central fat and improves
insulin sensitivity, restoring ovulation in overweight, infertile
women with PCOS (Azziz 2016).

The impaired glucose tolerance results can predispose women
to the development of type 2 diabetes mellitus compared with
the background population (Celik 2014). Celik 2014 conducted a
prospective study of insulin resistance in 84 women with PCOS,
with a mean follow-up period of 2.6 years. Of those with normal
glucose tolerance, 11.5% converted to insulin resistance (annual
incidence rate 4.5%). This compares to 2.3% in the healthy control

population (n=45), with an annual progression of 0.9%. For women
with impaired glucose tolerance at the outset, 33.3% developed
diabetes (annual incidence rate 10.4%).

The prevalence of insulin resistance in women with PCOS is
influenced by body mass index (BMI) and at least 50% of women
with PCOS are obese (Balen 2014; Cassar 2016). Correspondingly, a
Mexican study found an increased prevalence of insulin resistance
in obese women with PCOS compared to normal-weight women
with PCOS (78.2% and 19.3% respectively; Reyes-Munoz 2016).
Obesity, and particularly abdominal obesity as indicated by an
increased waist to hip ratio, is correlated with reduced fecundity
(Silvestris 2018). A small study demonstrated increased preterm
birth and low birth-weight infants in obese versus normal-weight
women with PCOS (De Frene 2014). Weight loss has been shown
to improve the endocrine profile, menstrual cyclicity and the
likelihood of ovulation (Silvestris 2018). Meta analyses have found
that weight loss reduced testosterone and insulin resistance as well
as improving reproductive outcomes (Moran 2011; Sim 2014).

There is therefore considerable overlap between metabolic
syndrome and the metabolic disturbances that feature in PCOS.
Metabolic syndrome is a cluster of risk factors that confer an
increased risk for cardiovascular disease and type Il diabetes
(Moran 2010). Women with metabolic syndrome may have a
higher mortality from cardiovascular disease overall, coronary
heart disease and stroke compared with women without the
syndrome (Moran 2010). The prevalence of metabolic syndrome
among women with PCOS was increased compared to the general
population (OR 2.20, 95% Cl 1.36 to 3.56 for BMI-matched
studies; Moran 2010). Women with PCOS are four times more
likely to develop type 2 diabetes mellitus and be diagnosed
four years earlier compared with non-PCOS women (Rubin 2017).
The prevalence also varies amongst different ethnic groups,
which is likely to be influenced by the background prevalence
of insulin resistance (Bozdag 2016). Furthermore, women with
PCOS and metabolic syndrome tend to have a higher BMI,
which has an increased risk of developing complications such
as hypertension, insulin resistance, metabolic syndrome and
endometrial hyperplasia (Sachdeva 2019). PCOS therefore affects
reproductive outcomes and confers significant long-term health
risks to women. PCOS also has a significant psychological impact
and is associated with low self-esteem, anxiety and depression
(Moran 2012).

With the increasing prevalence of obesity in society, the prevalence
of PCOS is likely to rise. There are therefore significant financial
implications for the funding of PCOS management by healthcare
providers. A 2005 study calculated approximately USD 4.36 billion
are spent on managing reproductive-age women with PCOS, of
which USD 533 million is related to infertility (Azziz 2005; Azziz
2016).

Description of the intervention

Metformin is an antihyperglycaemic biguanide drug, widely used
for the treatment of type 2 diabetes mellitus. However, the exact
mechanism of action through which metformin has its glucose-
lowering effect is still being explored (Pernicova 2014). Metformin
inhibits hepatic gluconeogenesis and reduces the action of
glucagon, resultingin a reduction in circulating insulin and glucose.
This is thought to occur via inhibition of mitochondrial complexes
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with downstream effects on cyclic adenosine monophosphate
(AMP) and protein kinase signalling pathways. The effect on protein
kinase may also modulate lipid synthesis. Metformin is known to
exert its effect on several tissues affected by insulin resistance,
including the liver, adipose tissue and the ovaries (Pernicova 2014).

We compared metformin with three alternative forms of ovulation
induction: CC, letrozole and laparoscopic ovarian drilling (LOD).

CC is an anti-oestrogen often used first line to induce ovulation
(Balen 2017). CC is commenced on day two to five of the menstrual
cycle, after pregnancy has been excluded, and given for five
days. All women who are given CC are monitored by serial
ultrasound assessments of follicular growth and if no menstruation
by day 35, a withdrawal bleed is induced. Adverse effects of CC
include luteinizing hormone (LH) hypersecretion, which reduces
conception rates and increases miscarriage rates, possibly due to
the anti-oestrogen effects on the endometrium and cervical mucus
(NHMRC 2018). CC can also lead to increased rates of multiple
pregnancy and ovarian hyperstimulation syndrome (OHSS), and
therefore close ultrasound surveillance is required.

Letrozole is an aromatase inhibitor, used for ovulation induction
(Balen 2017). Letrozole inhibits the aromatisation of androgens
to oestrogen and hence reduces the negative feedback otherwise
induced by oestrogen on the hypothalamic-pituitary axis. Rising
levels of follicle-stimulating hormone (FSH) leads to stimulation of
follicle development, follicle maturation, and ovulation (NHMRC
2018). Improved pregnancy and live birth rates have been
reported with letrozole, and reduced incidence of multiple
pregnancy compared with CC (Franik 2014). However, concerns
have risen regarding the possible association between letrozole
use and congenital malformations (Biljan 2005). The World Health
Organization (WHO) does support the use of letrozole as first-line
treatment for ovulation induction although many countries insist
that more research on safety and efficacy is required (NHMRC 2018).

LOD is the surgical method of ovulation induction that has replaced
the previous method of laparotomy and ovarian wedge resection
(Balen 2017). LOD can be performed using monopolar, bipolar or
laser diathermy to four separate points per ovary. This reduces
LH and testosterone levels, leading to a resumption of regular
menses. LOD provides an alternative treatment for women with CC
resistance or for women who cannot be closely monitored for CC
induction (NHMRC 2018). LOD may also be appropriate for women
undergoing laparoscopic assessment of the pelvis for an alternative
reason. A previous Cochrane Review compared the efficacy of LOD
with combined metformin and CC and concluded that there was
evidence of fewer live births in women with CC-resistant PCOS
undergoing LOD compared to metformin and CC (Farquhar 2012).

How the intervention might work

Increased insulin resistance, hyperandrogenism and obesity have a
significant impact on menstrual cyclicity and reproductive health
(Sachdeva 2019). Metformin may therefore have beneficial effects
on anovulatory infertility in PCOS, with reduced hepatic glucose
production, reduced levels of circulating insulin acting on the
ovaries and restoration of ovarian function (Viollet 2012). Within the
ovary itself, metformin may also have a direct impact on cells to
reduce excessive steroidogenesis and follicular growth (Diamanti-
Kandarakis 2010). Metformin has been shown to reduce theca cell
proliferation, reduce the number of small follicles and cysts, yet

have higher percentages of antral follicles and corpora lutea, hence
improving the chance of ovulation (Di Petro 2015).

As insulin resistance and resulting hyperinsulinaemia are key
metabolic features in women with PCOS, their amelioration
through metformin could improve PCOS-associated symptoms and
conception rates.

Why it is important to do this review

This is an updated Cochrane Review focusing on the impact
of metformin on the reproductive outcomes in women with
PCOS-related subfertility, compared to or in combination with
CC, letrozole and LOD. This follows on from previous reviews
comparing the effects of metformin with thiazolidinediones
including troglitazone, rosiglitazone and pioglitazone (first
published in 2003 and most recently updated in 2017 (Lord
2002; Tang 2009; Tang 2012; Morley 2017). However, the most
recent update in 2017 found insufficient evidence of benefit with
thiazolidinediones and furthermore there has been a withdrawal
of thiazolidinediones from the market due to adverse effects
on liver function (FDA 2019). As a result we have excluded
thiazolidinediones from this review.

The most recent 2017 update focused on live birth rate as the
primary outcome. Metformin alone was found to be of benefit
when compared with placebo, although the overall quality of
evidence was low (Morley 2017). The live birth rate when comparing
metformin versus CC was inconclusive. However, an improvement
in clinical pregnancy and ovulation rates was observed with CC
compared with metformin in obese women with PCOS. Results
of this review differed by BMI and also by resistance to CC and
maternal age. In addition, many older studies did not record
live birth rate as an outcome. Anthropometric outcomes were
included in the previous reviews, although these were documented
inconsistently in the studies.

There is therefore scope for a Cochrane Review focusing on the
reproductive outcomes in women being treated with metformin.
We compared the efficacy of metformin versus alternative
ovulation induction agents including CC, letrozole and LOD. A
previous Cochrane Review looked specifically at gonadotrophins
for ovulation induction in women with PCOS and therefore we
excluded gonadotrophin therapy as a comparison from this review
(Bordewijk 2017). The primary outcome of this review was the
mostimportant clinical end point, live birth rate. Subgroup analysis
by BMI, maternal age and CC resistance, including high-quality
studies, will shed further light on the best management practice for
anovulatory infertility.

Details of abbreviations used in this review and conversion factors
of biochemical results can be found in Table 1 and Table 2,
respectively.

OBJECTIVES

To evaluate the effectiveness and safety of metformin in
combination with or in comparison to clomiphene citrate (CC),
letrozole and laparoscopic ovarian drilling (LOD) in improving
reproductive outcomes and associated gastrointestinal side effects
for women with PCOS undergoing ovulation induction.

Metformin for ovulation induction (excluding gonadotrophins) in women with polycystic ovary syndrome (Review) 10
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METHODS

Criteria for considering studies for this review
Types of studies

Published and unpublished randomised controlled trials (RCTs)
were eligible for inclusion. We excluded non-randomised and
quasi-randomised studies due to the high risk of bias. We included
cross-over studies but we only included data from the first phase of
meta-analyses.

Types of participants

Weincluded women with oligo and anovulatory PCOS, based on the
diagnostic criteria set by the Rotterdam Consensus (ESHRE/ASRM
2004), undergoingovulationinduction. We excluded women having
in vitro fertilisation (IVF) or intracytoplasmic spermatic injection
(ICSI), as this is covered in a separate Cochrane Review (Tso 2014).

Types of interventions

1. Metformin versus placebo or no treatment
Metformin and CC versus CC

Metformin versus CC

Metformin and letrozole versus letrozole
Metformin versus letrozole

Metformin and LOD versus LOD

Metformin versus LOD

No o krwDd

We excluded thiazolidinediones (troglitazone, rosiglitazone and
pioglitazone) because of the concerns about adverse effects such
as hepatotoxicity, heart failure and bladder cancer leading to
their subsequent withdrawal from the market (FDA 2019). The last
update of this review found insufficient evidence of a benefit of
thiazolidinediones for ovulation induction (Morley 2017).

Types of outcome measures
Primary outcomes

1. Live birth rate, as defined by included studies
2. Gastrointestinal side effects

Secondary outcomes

3. Clinical pregnancy rate, as defined by included studies
(biochemical pregnancies were excluded)

4., Ovulation rate, as defined by included studies
5. Miscarriage rate

6. Multiple pregnancy rate

7. Anthropometric outcomes: BMI

8. Endocrine outcomes

a) Serum testosterone

b) Serum sex hormone-binding globulin

9. Metabolic outcomes

a) Fasting blood glucose

b) Fasting insulin

Search methods for identification of studies

We searched for all published and unpublished RCTs without
language restriction and in consultation with Cochrane
Gynaecology and Fertility (CGF) Information Specialist. The original
search was conducted in 2003, which included metformin and other
insulin sensitisers compared with placebo or CC in PCOS. The first
updated search was completed on 11 September 2008, the second
update was completed on 3 October 2011, the third update was
completed on 12 January 2017. The current search was completed
on 13 December 2018 and included metformin only.

Electronic searches

We searched:

1. CGF Specialised Register of Controlled Trials, PROCITE platform
(searched 13 December 2018; Appendix 1);

2. Cochrane Central Register of Controlled Trials (CENTRAL; 2018,
Issue 12) via the Cochrane Register of Studies Online (CRSO) Web
platform (Appendix 2);

3. MEDLINE Ovid (searched from 1946 to 13 December 2018;
Appendix 3);

4. Embase Ovid (searched from 1980 to 13 December 2018;
Appendix 4);

5. PsycINFO Ovid (searched form 1806 to 13 December 2018;
Appendix 5); and

6. CINAHL EBSCO platform (searched from 1961 to 13 December
2018; Appendix 6).

We combined the MEDLINE search with the Cochrane Highly
Sensitive Search Strategy for identifying randomised trials, which
appears in the Cochrane Handbook of Systematic Reviews of
Interventions (Lefebvre 2011). The Embase, PsycINFO and CINAHL
searches were combined with trial filters developed by the Scottish
Intercollegiate Guidelines Network (SIGN) www.sign.ac.uk/search-
filters.html.

Other electronic sources of trials included:

1. trials registers for ongoing and registered trials;
a. ClinicalTrials.gov;

b. WHO International Clinical Trials Registry Platform (ICTRP);

2. PubMed and Google Scholar for recent trials not yet indexed in
MEDLINE.

Searching other resources

We handsearched the reference sections of all studies obtained. In
liaison with the CGF Information Specialist we searched relevant
journal articles and conference abstracts that are not covered in the
CGF register. We contacted study authors and experts in the field to
identify additional studies.

Data collection and analysis
Selection of studies

The first review of this subject (Lord 2003), was undertaken by
three review authors (JML, IHF and RJN), two of whom work in
reproductive medicine (JML, RIN). Three review authors (TT, EY,
AHB) updated the review (Tang 2009; Tang 2012). Three review
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authors (LCM, TT and AHB) performed the last update (Morley
2017). Five review authors (ANS, LCM, TT, RN and AHB) performed
the current update. We employed the search strategy described
previously to obtain titles and, where possible, relevant study
abstracts. Two review authors (ANS and LCM) screened the titles

Figure 1. Study flow diagram 2019 update

and abstracts and then obtained copies of the relevant full-
text articles. Two review authors (ANS and LCM) independently
assessed whether the studies met the inclusion criteria, with
disagreements resolved by discussion with a third author (TT). For
details of the screening and selection process see Figure 1.

48 studies analysed in the 20 studies excluded
previous version of the review

(Marley 2017)

! a G different comparators

& 5 no reproductive
outcomes

& 4 participants did not
meet inclusion criteria

# 3 WF/hCG/FSH

2019 review

& 2 awaiting classification in

1081 records
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database
searching

No additional
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through ather
SOUrCES

1015 records
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1081 records screened | — ] irrelevant

28 studies included in the
previous version of the review
(Marley 2017)

42 studies
excluded as they
did not meet
inclusion criteria

6 studies awaiting
classification

66 new full-text articles 5 studies ongoing

assessed far eligibility

[13 new studies included ]

!

41 studies included in the

quantitative synthesis (meta-analysis)

Data extraction and management

Two review authors (ANS and LCM) independently extracted data
from eligible studies onto a pre-designed form, and resolved
any disagreements by discussion with a third author (TT). Data
extracted includes study characteristics and outcome data. We
sought further information from the study authors where papers
contained insufficient information.

Some studies were multi-arm studies, and we excluded data from
arms that did not meet the study criteria.

Assessment of risk of bias in included studies

Two review authors (ANS and LCM) independently assessed the risk
of bias in accordance with the Cochrane 'Risk of bias' assessment
tool (Higgins 2017).

We assessed selection (random sequence generation and
allocation concealment); performance (blinding of participants and
personnel); detection (blinding of outcome assessors); attrition
(incomplete outcome data); reporting (selective reporting); and
other bias and summarised our judgements in the 'Risk of bias'
tables, Figure 2 and Figure 3. We resolved disagreements by
discussion. We incorporated the assessment of bias judgements
into the interpretation of review findings by means of sensitivity
analyses.
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Figure 2. 'Risk of bias' graph: review authors' judgements about each 'Risk of bias' item presented as percentages
across all included studies
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Figure 3. 'Risk of bias' summary: review authors' judgements about each 'Risk of bias' item for each included study
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Figure 3. (Continued)
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Measures of treatment effect

We used odds ratio (OR) as the measure of effect for each
dichotomous outcome and the mean difference (MD) for each
continuous outcome. We have presented 95% confidence intervals
(Cl) for all outcomes.

Unit of analysis issues

The primary unit of analysis was each woman. For example, we
calculated ovulation rate as rate of women in whom ovulation was
confirmed. Where studies reported 'per-cycle' data, we contacted
the study authors to request 'per-woman' data. When these data
were not available, we did not pool the per-cycle ovulation data
but presented them in additional tables (Table 3; Table 4; Table
5; Table 6; Table 7). The exceptions to this were miscarriage and
multiple pregnancy rates, which we analysed per woman, followed
by a sensitivity analysis using per-pregnancy data.

In order to reduce a carry-over of treatment effect in cross-over
trials, we only used data from the first phase (such as before
cross-over) when the washout period was less than two months.
The rationale is that oligo amenorrhoea is usually accepted as a
menstrual cycle length over five to eight weeks. Therefore, the
washout period of treatment effect on ovulation should ideally be
more than eight weeks.

Dealing with missing data

We analysed the data on an intention-to-treat basis where possible
and sought any missing data from the study authors.

When thisinformation was not available, we performed the analysis
using the original number of women randomised.
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Assessment of heterogeneity

Heterogeneity reflects any type of variability among the studies
in a systematic review. A consistent treatment effect among the
included studies suggests there is sufficient homogeneity for
pooled analysis. We used the 12 statistic (Higgins 2003), to quantify
the inconsistency among the studies. We regarded an 12 statistic of
over 50% as indicative of substantial heterogeneity (Deeks 2017).

Assessment of reporting biases

In view of the difficulty of detecting and correcting for publication
bias and other reporting biases, we aimed to minimise the potential
impact by ensuring a comprehensive search for eligible studies and
by being alert for duplication of data. If there were 10 or more
studies in an analysis, we produced funnel plots for the primary
outcome live birth, to explore the possibility of small study effects
(a tendency for estimates of the intervention effect to be more
beneficial in smaller studies; Sterne 2017).

Data synthesis

We performed statistical analyses according to the statistical
guidelines for review authors developed by Cochrane and
published in the Cochrane Handbook for Systematic Reviews of
Interventions (Deeks 2017). We used Review Manager 5 (RevMan 5)
to perform all the statistical analyses (Review Manager 2014).

We used OR, with 95% Cl, as the measure of effect for each
dichotomous outcome using the Mantel-Haenszel method; whilst
we presented continuous outcome differences between the two
groups as MD with 95% Cl. We employed a fixed-effect model in the
analysis, and have commented on significant heterogeneity where
it occurred.

For clinical outcomes, we stratified comparisons by BMI, divided
into obese and non-obese groups, with an additional stratum for
studies in which BMI was not reported. We defined 'obese' as BMI
equal to or over 30 kg/m2,

Subgroup analysis and investigation of heterogeneity

As noted above, we subgrouped the primary analysis by BMI (obese
or non-obese), in order to assess any differences in effect within
these subgroups.

We also conducted subgroup analyses by sensitivity to CC (sensitive
or resistant), in relevant analyses (i.e. including CC group) where
substantial heterogeneity was detected (12 over 50%).

We also planned to explore other possible explanations where
heterogeneity was substantial, by examining other clinical or
methodological differences between the studies.

Sensitivity analysis

To determine that the conclusions of this review were robust, we
performed sensitivity analyses after excluding studies with unclear
or high risk of bias in sequence generation, allocation concealment
or blinding method. We also performed a sensitivity analysis
to compare the effect of reporting miscarriage and multiple
pregnancy data 'per pregnancy".

Overall quality of the body of evidence: 'Summary of findings'
table

We prepared 'Summary of findings' tables using GRADEpro
GDT software (GRADEpro GDT). These tables evaluated the
overall quality of the body of evidence for the main review
outcomes (live birth, adverse events, clinical pregnancy, ovulation
and miscarriage) with respect to the most clinically relevant
comparisons (metformin versus placebo or no treatment,
metformin and CC versus CC alone, metformin versus CC). Two
review authors working independently evaluated the quality of the
evidence using GRADE criteria (study limitations (i.e. risk of bias),
consistency of effect, imprecision, indirectness and publication
bias). We justified and documented our judgements about evidence
quality (high, moderate, low or very low) and incorporated them
into reporting of results for each outcome (Schiinemann 2013;
Schiinemann 2017). We resolved any disagreements by consensus.

The previous update found a high heterogeneity when metformin
was compared with CC for some outcomes, which was associated
with BMI status. In this review, we have presented the data by BMI
subgroup.

Details of abbreviations used in this review and conversion factors
of biochemical results can be found in Table 1 and Table 2,
respectively.

RESULTS

Description of studies

See Characteristics of included studies and Characteristics of
excluded studies for full details of the studies.

Results of the search

In this updated review there are 41 included studies and 42
excluded studies (Figure 1).

In this current update (fourth update, search period up
to December 2018), we introduced changes to exclude
thiazolidinediones and to include metformin compared with
CC, letrozole and LOD. We included only studies that reported
reproductive outcomes. We performed a new search up to
December 2018. We considered the full texts of 94 articles (66
new studies and 28 studies from the previous review). Of these,
we excluded 42 studies, five are ongoing clinical trials with
no published results (NCT00005104; NCT00317928; NCT00558077;
NCT01679574; NCT02562664), and six are awaiting classification
(Ayaz 2013a; Beigi 2006; Jahan 2015; Robinson 2003; Singh 2001;
Williams 2009) (see Figure 1). Of the 48 studies in the previous
update, we have included 28 (Baillargeon 2004; Begum 2014; Ben
Ayed 2009; Boudhraa 2010; Fleming 2002; Hoeger 2004; Jakubowicz
2001; Kar2015; Karimzadeh 2007; Karimzadeh 2010; Khorram 2006;
Legro 2007; Lord 2006; Machado 2012; Malkawi 2002; Moll 2006;
Morin-Papunen 2012; Nestler 1998; Ng 2001; Onalan 2005; Palomba
2005a; PCOSMIC 2010; Siebert 2009; Sturrock 2002; Tang 2006;
Vandermolen 2001; Yarali 2002; Zain 2009). We have included 13
additional studies in this review (Chuni 2006; Fatima 2018; Hamed
2010; Heathcote 2013; Kjotrod 2011; Ko 2001; Kocak 2006; Liu 2004;
Liu 2017; Malkawi 2003; Palomba 2004; Raja 2005; Refaie 2005), one
of which the Morley 2017 review excluded (Heathcote 2013) and
have 41 studies in total.
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Included studies
Study design and setting

The newly included studies for this current update (Chuni 2006;
Fatima 2018; Hamed 2010; Heathcote 2013; Kjotrod 2011; Ko 2001;
Kocak 2006; Liu 2004; Liu 2017; Malkawi 2003; Palomba 2004; Raja
2005; Refaie 2005), all recorded reproductive outcomes following
treatment.

Two compared metformin with placebo (Chuni 2006; Kjotrod 2011).
Seven compared metformin and CC with CC alone (Fatima 2018;
Heathcote 2013; Ko 2001; Liu 2004; Liu 2017; Raja 2005; Refaie
2005). One compared metformin and LOD with LOD (Kocak 2006).
Three compared metformin with LOD (Hamed 2010; Malkawi 2003;
Palomba 2004). One compared metformin and letrozole versus
letrozole alone as well as metformin and CC versus CC alone (Liu
2017),and one compared metformin versus CC as well as metformin
and CC (Liu 2004).

Twenty-two of the included studies were documented as being
double-blind. Nine studies were not double-blind (Boudhraa 2010;
Khorram 2006; Ko 2001; Kocak 2006; Malkawi 2003; Nestler 1998;
Raja 2005; Siebert 2009; Zain 2009), and the remainder were
classified as unclear.

One of the studies was a cross-over trial (Sturrock 2002). We only
analysed the first phase from Sturrock 2002 as we considered the
washout period to be short (four weeks).

The included studies originated from Australia, Bangladesh, Brazil,
China, Denmark, Egypt, Finland, Hong Kong, India, Iran, Italy,
Jordan, Malaysia, the Netherlands, Norway, New Zealand, Pakistan,
South Africa, South Korea, Sweden, Tunisia, Turkey, UK, USA and
Venezuela.

Participants

The number of women in the studies ranged from 18 to 626, with
4552 participants in total. The range of BMl in included participants
was 20.96 to 38.9 kg/m?2.

All the women had a diagnosis of PCOS based upon the Rotterdam
Consensus criteria; two out of three of PCOS on ultrasound, oligo
or anovulation, clinical or biochemical signs of hyperandrogenism
(ESHRE/ASRM 2004). The age range of participants was 24.2 to
32.8 years with the range of fasting insulin concentrations between
6.3 and 54.7 mIU/L and testosterone levels of 1.5 to 11.4 nmol/L.
However, several studies did not provide these data.

Interventions

In total, all 41 trials assessed the benefits of using metformin for
women with PCOS. Eighteen trials compared metformin alone with
placebo or no treatment (Baillargeon 2004; Chuni 2006; Fleming
2002; Hoeger 2004; Karimzadeh 2007; Karimzadeh 2010; Khorram
2006; Kjotrod 2011; Lord 2006; Morin-Papunen 2012; Nestler 1998;
Ng 2001; Onalan 2005; PCOSMIC 2010; Sturrock 2002; Tang 2006;
Vandermolen 2001; Yarali 2002).

Eighteen studies investigated the benefits of using metformin
combined with CC on reproductive outcomes (Ben Ayed 2009;
Fatima 2018; Heathcote 2013; Jakubowicz 2001; Kar 2015;
Karimzadeh 2010; Ko 2001; Legro 2007; Liu 2004; Liu 2017; Machado
2012; Malkawi 2002; Moll 2006; PCOSMIC 2010; Raja 2005; Refaie

2005; Siebert 2009; Zain 2009). Nine studies compared metformin
versus CC (Begum 2014; Boudhraa 2010; Kar 2015; Karimzadeh
2010; Legro 2007; Liu 2004; Palomba 2005a; PCOSMIC 2010; Zain
2009).

One study compared metformin and letrozole to letrozole alone
(Liu2017). The same study also compared metformin and CC to CC.

One study compared metformin and LOD with LOD alone (Kocak
2006), and three studies compared metformin to LOD directly
(Hamed 2010; Malkawi 2003; Palomba 2004).

Eleven studies included specific advice on lifestyle modification in
the study protocol (Ben Ayed 2009; Boudhraa 2010; Heathcote 2013;
Hoeger 2004; Karimzadeh 2010; Kjotrod 2011; Lord 2006; PCOSMIC
2010; Siebert 2009; Tang 2006; Zain 2009).

The duration of the studies ranged from 4 to 96 weeks with an
average of 19.7 weeks. The median daily dose of metformin used in
the studies was 1500 mg.

Outcomes

Most studies reported clinical pregnancy rate and ovulation rate but
only 16 studies reported live birth rates (Boudhraa 2010; Heathcote
2013; Kar 2015; Kocak 2006; Legro 2007; Liu 2017; Malkawi 2003;
Moll 2006; Morin-Papunen 2012; Ng 2001; Palomba 2004; Palomba
2005a; PCOSMIC 2010; Vandermolen 2001; Yarali 2002; Zain 2009).
The four largest studies reporting live birth rate were Legro 2007;
Liu 2017; Moll 2006 and Morin-Papunen 2012. Nineteen studies
reported gastrointestinal side effects (Chuni 2006; Fleming 2002;
Hamed 2010; Heathcote 2013; Hoeger 2004; Karimzadeh 2007;
Kjotrod 2011; Legro 2007; Liu 2017; Malkawi 2003; Moll 2006; Morin-
Papunen 2012; Ng 2001; Onalan 2005; Palomba 2004; Palomba
2005a; PCOSMIC 2010; Raja 2005; Yarali 2002).

Excluded studies

In this fourth update, we excluded a total of 42 studies. Of
these, we excluded eight because the comparators were not
relevant to the meta-analysis (Elgafor 2013; Fayed 2009; Hashim
2010; Hashim 2011; Melli 2010; Rezk 2018; Sohrabvand 2006;
Weerakiet 2011), seven because there were no reproductive
outcomes reported (Ashrafinia 2009; Aubuchon 2009; Chou 2003,
Eisenhardt 2006; Maciel 2004; Moghetti 2000; Trolle 2007), four
because they were review articles (Mayhew 2011; Palomba
2005¢; Pinnow 2008; Wisniewski 2009), four because they were
not RCTs (Kocak 2002; Neveu 2007; Palomba 2005b; Palomba
2007), two because they were quasi-RCTs (Bonakdaran 2012;
Chaudhury 2008), three because the participants underwent IVF or
intrauterine insemination (Leanza 2014; Savic 2003; Ronsini 2006),
12 because they used human chorionic gonadotropin (hCG) or
human menopausal gonadotropin in addition to ovulation agents
to trigger ovulation (Abuelghar2013; Ayaz 2013b; Aygen 2007; Gada
2000; Hwu 2005; Katica 2014; Kazerooni 2009; Maged 2015; Ramzy
2003; Sahin 2004; Santonocito 2009; Xiaolin 2014), one because the
diagnosis of PCOS was made on ultrasound findings alone (Kore
2007), and one because we could not find the original abstract (Billa
2005).

A summary of studies included and excluded in this review can be
found in Figure 1.
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Risk of bias in included studies

See Figure 2 and Figure 3 for a summary of the risk of bias.

We performed sensitivity analysis by including data only from
studies with low risk of bias, as determined by sequence
generation, allocation concealment and blinding methodology.
Only 12 out of 41 studies met this criterion (Baillargeon 2004;
Fleming 2002; Heathcote 2013; Hoeger 2004; Karimzadeh 2007;
Kjotrod 2011; Legro 2007; Lord 2006; Moll 2006; Morin-Papunen
2012; PCOSMIC 2010; Tang 2006). Two out of the 13 newly included
studies met this criterion (Heathcote 2013; Kjotrod 2011).

Allocation
Sequence generation

Sequence generation was unclear in 18 studies (Begum 2014; Ben
Ayed 2009; Boudhraa 2010; Jakubowicz2001; Kar 2015; Karimzadeh
2010; Khorram 2006; Ko 2001; Kocak 2006; Liu 2004; Liu 2017;
Malkawi 2002; Malkawi 2003; Nestler 1998; Raja 2005; Refaie 2005;
Sturrock 2002; Zain 2009). Two studies were high risk: Fatima
2018 included consecutive non-probability sampling in their
methods of randomisation; and in Machado 2012, participants'
choice of pink or green bottle represented a sealed, opaque
envelope. The remaining studies were low risk (Baillargeon 2004;
Chuni 2006; Fleming 2002; Hamed 2010; Heathcote 2013; Hoeger
2004; Karimzadeh 2007; Kjotrod 2011; Legro 2007; Lord 2006;
Moll 2006; Morin-Papunen 2012; Ng 2001; Onalan 2005; Palomba
2004; Palomba 2005a; PCOSMIC 2010; Siebert 2009; Tang 2006;
Vandermolen 2001; Yarali 2002), where they all used computer-
generated randomisation methods.

Allocation concealment

Allocation concealment was high risk in two studies: Fatima 2018
used consecutive sampling; and Zain 2009 used clearly labelled
cards picked out of a box. Allocation concealment was low risk in
14 studies (Baillargeon 2004; Fleming 2002; Heathcote 2013; Hoeger
2004; Jakubowicz 2001; Karimzadeh 2007; Kjotrod 2011; Legro
2007; Lord 2006; Machado 2012; Moll 2006; Morin-Papunen 2012;
PCOSMIC 2010; Tang 2006). Allocation concealment was unclear
in 25 studies (Begum 2014; Ben Ayed 2009; Boudhraa 2010; Chuni
2006; Hamed 2010; Kar 2015; Karimzadeh 2010; Khorram 2006; Ko
2001; Kocak 2006; Liu 2004; Liu 2017; Malkawi 2002; Malkawi 2003;
Nestler 1998; Ng2001; Onalan 2005; Palomba 2004; Palomba 2005a;
Raja 2005; Refaie 2005; Siebert 2009; Sturrock 2002; Vandermolen
2001; Yarali 2002).

Blinding

Performance bias was high risk in four studies (Khorram 2006;
Malkawi 2003; Siebert 2009; Zain 2009), all of which did not
blind participants. Malkawi 2003 compared LOD to metformin,
therefore blinding was not feasible when comparing surgery to
medications. We judged 20 studies at low risk of performance bias
(Baillargeon 2004; Fleming 2002; Heathcote 2013; Hoeger 2004;
Jakubowicz 2001; Kar 2015; Karimzadeh 2007; Kjotrod 2011; Ko
2001; Legro 2007; Lord 2006; Machado 2012; Moll 2006; Morin-
Papunen 2012; Nestler 1998; Ng 2001; Palomba 2004; PCOSMIC
2010; Tang 2006; Vandermolen 2001), where participants were
blinded to the treatment, and we determined that 17 studies, where
information wasinadequate, were at unclear risk (Begum 2014; Ben
Ayed 2009; Boudhraa 2010; Chuni 2006; Fatima 2018; Hamed 2010;
Karimzadeh 2010; Kocak 2006; Liu 2004; Liu 2017; Malkawi 2002;

Onalan 2005; Palomba 2005a; Raja 2005; Refaie 2005; Sturrock
2002; Yarali 2002).

Detection bias was high risk in six studies (Khorram 2006; Ko 2001;
Malkawi 2003; Nestler 1998; Siebert 2009; Zain 2009), where the
investigators were not blinded to the treatment comparators; and
low risk in 17 studies (Baillargeon 2004; Fleming 2002; Heathcote
2013; Hoeger 2004; Jakubowicz 2001; Karimzadeh 2007; Kjotrod
2011; Legro 2007; Lord 2006; Machado 2012; Moll 2006; Morin-
Papunen 2012; Ng 2001; Palomba 2004; PCOSMIC 2010; Tang
2006; Vandermolen 2001), where participants were blinded to the
treatment. We judged 18 studies at unclear risk, where information
was inadequate (Begum 2014; Ben Ayed 2009; Boudhraa 2010;
Chuni 2006; Fatima 2018; Hamed 2010; Kar 2015; Karimzadeh
2010; Kocak 2006; Liu 2004; Liu 2017; Malkawi 2002; Onalan 2005;
Palomba 2005a; Raja 2005; Refaie 2005; Sturrock 2002; Yarali 2002).

Incomplete outcome data

Eighteen studies were at high risk of attrition bias due to
high dropout rates, unequal dropouts between the groups, not
providing missing data, not using intention-to-treat analysis or
use of per-protocol analysis (Baillargeon 2004; Fleming 2002;
Heathcote 2013; Jakubowicz 2001; Kar 2015; Ko 2001; Liu 2017;
Lord 2006; Moll 2006; Nestler 1998; Ng 2001; Onalan 2005; Palomba
2004; Siebert 2009; Sturrock 2002; Tang 2006; Vandermolen 2001,
Zain 2009. Eighteen studies were at low risk of attrition bias
(Chuni 2006; Fatima 2018; Hamed 2010; Hoeger 2004; Khorram
2006; Kjotrod 2011; Kocak 2006; Legro 2007; Liu 2004; Machado
2012; Malkawi 2002; Malkawi 2003; Morin-Papunen 2012; Palomba
2005a; PCOSMIC 2010; Raja 2005; Refaie 2005; Yarali 2002).
We classified the remaining studies as unclear risk because of
insufficient information (Begum 2014; Ben Ayed 2009; Boudhraa
2010; Karimzadeh 2007; Karimzadeh 2010).

Selective reporting

We judged 16 studies to be at low risk of selective reporting (Chuni
2006; Fatima 2018; Hamed 2010; Heathcote 2013; Hoeger 2004;
Jakubowicz 2001; Kjotrod 2011; Legro 2007; Liu 2017; Lord 2006;
Moll 2006; Ng 2001; Palomba 2004; PCOSMIC 2010; Refaie 2005;
Tang 2006), because they clearly reported all stated outcomes. One
study (Karimzadeh 2010), did not report on all outcomes including
endocrine and lipid profiles and we classified it as high risk. The
remaining studies had insufficient information and we classified
them as unclear risk (Baillargeon 2004; Begum 2014; Ben Ayed
2009; Boudhraa 2010; Fleming 2002; Kar 2015; Karimzadeh 2007;
Khorram 2006; Ko 2001; Kocak 2006; Liu 2004; Machado 2012;
Malkawi 2002; Malkawi 2003; Morin-Papunen 2012; Nestler 1998;
Onalan 2005; Palomba 2005a; Raja 2005; Siebert 2009; Sturrock
2002; Vandermolen 2001; Yarali 2002; Zain 2009).

Multi-arm studies have an increased risk of reporting bias. There
were five 3-armed studies (Kar 2015; Karimzadeh 2010; Legro 2007;
Liu 2004; PCOSMIC 2010), and two 4-armed studies (Baillargeon
2004; Liu 2017), however, all studies clearly reported baseline
characteristics and outcome data for each arm separately.

Other potential sources of bias

Two studies appeared to be at high risk of other sources of bias:
Heathcote 2013 was not published, therefore had not undergone
the peer review process; and Legro 2007 underwent an ad hoc
change in sample size. We classified four studies as unclear risk.
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Jakubowicz 2001 reported a discrepant treatment period between
groups. Karimzadeh 2010 may have duplicated some participants
from a previous study with a crossover of recruitment periods,
and there was no reply from the study author to clarify. Ng 2001
included participants who were anovulatory however, some of
these participants did ovulate with no treatment. Refaie 2005 did
not provide baseline characteristics between groups and hence
there may be confounding factors present that affect the results.
The majority of the studies were low risk with no evidence of other
bias.

Effects of interventions

See: Summary of findings for the main comparison Metformin
compared with placebo or no treatment for women with polycystic
ovary syndrome; Summary of findings 2 Metformin combined with
clomiphene citrate versus clomiphene citrate alone for women
with polycystic ovary syndrome; Summary of findings 3 Metformin
compared with clomiphene citrate for women with polycystic ovary
syndrome

We have presented forest plots for the primary outcome live birth
rate in Figure 4; Figure 5; Figure 6, for Analysis 1.1, Analysis 2.1 and
Analysis 3.1, respectively.

Figure 4. Forest plot of comparison 1. Metformin versus placebo or no treatment, outcome 1.1, live birth rate
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Figure 5. Forest plot of comparison 2. Metformin combined with clomiphene citrate versus clomiphene citrate
alone, outcome: 2.1, live birth rate
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Figure 6. Forest plot of comparison 3. Metformin versus clomiphene citrate, outcome 3.1, live birth rate
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1. Metformin versus placebo or no treatment
1.1 Live birth rate

When we compared metformin to placebo, only a limited number
of studies reported live birth rate (Morin-Papunen 2012; Ng 2001;
PCOSMIC 2010; Yarali 2002). Pooled evidence from these four
studies showed that live birth rate may improve slightly with
metformin, with a number needed to treat for an additional
beneficial outcome of 13 women (OR 1.59, 95% CI 1.01 to 2.50; 12 =
0%; 4 studies, 435 women; low-quality evidence; Analysis 1.1). This
suggests that for a live birth rate of 19% following placebo, the live
birth rate following metformin would be between 19% and 37%.
However, the wide-ranging confidence intervals and low quality of
the evidence make the advantage offered by metformin difficult to
interpret clinically.

In the subgroup analysis by obesity status the test for differences
showed no difference between obese and non-obese women.
There was no clear evidence of a difference in live birth rate in either
subgroup (BMI of <30 kg/m2: OR 1.51, 95% CI 0.94 to 2.44; 12 = 0%;
3 studies, 370 women; or BMI > 30 kg/ m2: OR 2.87, 95% Cl 0.51 to
16.01; 1 study, 65 women). However, the broad confidence intervals
due to reducing the number of combined studies for this analysis,
render the results unclear. A sensitivity analysis, which excluded
studies with unclear or high risk of bias left two studies remaining
(OR 1.64,95% Cl 1.02 to 2.63; 12 = 0%; 2 studies, 385 women; Morin-
Papunen 2012; PCOSMIC 2010). The large and high-quality study
by Morin-Papunen 2012 contributed 93.8% of the weight of the
result (OR 0.95, 95% Cl 0.95 to 2.55; 320 women). These results
therefore suggest a potential benefit in live birth rate when using

Favours clomiphene Favours metformin

metformin compared with placebo, although the number of studies
were small.

1.2 Adverse events (gastrointestinal side effects)

Women in the metformin group experienced a higher incidence
of gastrointestinal side effects than the placebo group (OR 4.00,
95% Cl 2.63 to 6.09; 12 = 39%; 7 studies, 713 women; moderate-
quality evidence; Analysis 1.2). This suggests that with placebo,
the risk of adverse effects is 10% whereas with metformin the risk
of adverse gastrointestinal side effects increases to between 22%
and 40%. Despite the large confidence interval, the heterogeneity
is moderate, which provides evidence that women are more likely
to experience gastrointestinal side effects. The heterogeneity and
wide confidence intervals could be explained by the subjective
nature of gastrointestinal side effects and reliance on participant
self-reporting. Sensitivity analysis, which excluded studies with
unclear or high risk of bias did not change the inference. In the
subgroup analysis by BMI, the test for differences showed no
evidence of a difference between obese and non-obese women.

1.3 Clinical pregnancy rate

Eleven trials reported clinical pregnancy rates (Chuni 2006; Fleming
2002; Karimzadeh 2007; Karimzadeh 2010; Kjotrod 2011; Lord 2006;
Morin-Papunen 2012; Ng 2001; PCOSMIC 2010; Tang 2006; Yarali
2002). Metformin probably improves pregnancy rates compared
with placebo (OR 1.98,95% Cl 1.47 to 2.65; 12=30%; 11 studies, 1213
women; moderate-quality evidence; Analysis 1.3). This suggests
that the clinical pregnancy rate with placebo is 15%, which
may increase to a range from 21% to 32% with metformin. In
subgroup analysis by BMI the test for differences showed no

Metformin for ovulation induction (excluding gonadotrophins) in women with polycystic ovary syndrome (Review) 21
Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
st g Library

Cochrane Database of Systematic Reviews

evidence of a difference between obese and non-obese women. In
an attempt to improve heterogeneity we performed a sensitivity
analysis, which excluded studies with unclear or high risk of bias,
including the following studies: Fleming 2002; Karimzadeh 2007;
Kjotrod 2011; Lord 2006; Morin-Papunen 2012; PCOSMIC 2010; Tang
2006. However, this did not alter the inference or heterogeneity
significantly.

1.4 Ovulation rate

There was evidence that metformin may improve ovulation rate
per woman (OR 2.64, 95% CI 1.85 to 3.75; 12 = 61%; 13 studies, 684
women; low-quality evidence; Analysis 1.4). This suggests that the
ovulation rate with placebo is 24%, which may increase to a range
from 37% to 54% with metformin. We have presented ovulation rate
per cycle in Table 3. Subgroup analysis by obesity status suggested
no significant difference between women with a BMI of 30 kg/mZ2 or
higher compared with women with a BMI of under 30 kg/m2 (test
for subgroup differences: Chi? =3.79, df = 1 (P = 0.05), I* = 73.6%.
When we pooled both subgroups, heterogeneity was improved,
after which included only five studies (Baillargeon 2004; Fleming
2002; Hoeger 2004; Lord 2006; PCOSMIC 2010), with an overall |2
statistic value of 76% . However, the overall inference remained
unchanged.

1.5 Miscarriage and 1.6 Miscarriage per pregnancy

There is no evidence that metformin compared with placebo
increases miscarriage rate per woman (OR 1.08, 95% CI 0.50 to
2.35; 12 = 0%,; 4 studies, 748 women; low-quality evidence; Analysis
1.5). This suggests that a miscarriage rate of 4% with placebo
may change to between 2% and 9% with metformin. A sensitivity
analysis using per pregnancy rates was also inconclusive (OR 0.58,
95% CI 0.25 to 1.34; 12 = 0%; 4 studies, 200 pregnancies; low-
quality evidence; Analysis 1.6). A subgroup analysis by obesity
status showed no evidence of a difference between the obese and
non-obese women. However, only one study was available with
women with BMI more than 30 kg/m2 (PCOSMIC 2010).

1.7 Multiple pregnancy and 1.8 Multiple pregnancy per
pregnancy

Only one study reported multiple pregnancy rates (PCOSMIC 2010).
We are uncertain of the effect of metformin compared with placebo
on multiple pregnancy rates per woman (OR 0.33, 95% CI 0.01 to
8.49; 1 study, 65 women; Analysis 1.7). Allwomen in this group were
obese with BMI more than 32 kg/mZ2. A sensitivity analysis using per
pregnancy rates was also inconclusive (OR 0.20,95% C1 0.01 to 6.04;
1 study, 12 pregnancies; Analysis 1.8).

Anthropometric outcomes
1.9 Body mass index

Thereis no evidence that metformin compared with placebo lowers
BMI (MD -0.04, 95% Cl —-0.29 to 0.21; 12 = 0%; 10 studies, 589
women; Analysis 1.9) with an average duration of treatment of six
months and average dose of 1500 mg. Baillargeon 2004 provided
79% of the weight of this analysis, which found no significant
evidence of a difference in BMI (MD 0.00, 95% CI -0.28 to 0.28). The
overall heterogeneity was low (12=0%). Sensitivity analysis by study
quality did not change the inference (Baillargeon 2004; Fleming
2002; Hoeger 2004; Morin-Papunen 2012; Tang 2006).

Endocrine outcomes
1.10 Serum testosterone

Evidence showed that metformin may reduce serum total
testosterone levels with a MD of -0.41 nmol/L (95% Cl -0.48 to —0.35;
11 studies, 707 women; Analysis 1.10). However, we observed high
heterogeneity (12 = 95%). In subgroup analysis by BMI, there was
no evidence of a difference between obese and non-obese women
(test for subgroup differences: Chi? = 2.71, df = 1 (P = 0.10), I12 =
63.1%). Furthermore, different biochemical assays used in different
studies could contribute to the heterogeneity. Sensitivity analysis
by study quality did not improve the heterogeneity (12 = 97%).
However, removing the two extreme results (Baillargeon 2004;
Jakubowicz 2001), improved heterogeneity (non-obese group 12 =
0%); obese group 12=57%) without altering the inference. (MD -0.41,
95% CI-0.48 to -0.35; participants = 707; studies = 12; 12 = 95%)

1.11 Serum sex hormone-binding globulin

We are uncertain of the effect of metformin for serum sex hormone-
binding globulin levels (MD -1.70, 95% Cl -4.77 to 1.36; |2 =
70%; 10 studies, 649 women; Analysis 1.11). Neither the subgroup
analysis nor the sensitivity analysis by study quality changed the
inference, yet removal of the studies with high or unclear risk of bias
(Jakubowicz 2001; Nestler 1998; Ng 2001; Vandermolen 2001), did
improve the heterogeneity (12 = 6%).

Metabolic outcomes
1.12 Fasting glucose

Metformin may reduce the fasting glucose levels compared with
placebo (MD 0.01, 95% ClI —-0.04 to 0.06; 12 = 65%; 10 studies,
677 women; Analysis 1.12). Subgroup analysis only improved
heterogeneity in the obese group (12 = 49%) without changing
the inference. Sensitivity analysis by study quality (Baillargeon
2004; Fleming 2002; Hoeger 2004; Morin-Papunen 2012; Lord 2006;
Tang 2006), improved overall heterogeneity (12 = 20%) and the
results indicated a minimal effect of metformin on fasting glucose
concentrations (MD -0.09 mmol/L, 95% CI -0.17 to 0.00).

1.13 Fasting insulin

We are uncertain of an effect of metformin compared with placebo
on fasting insulin levels with a MD -1.84 (95% Cl -4.27 to
0.59; 8 studies, 361 women; Analysis 1.13) but with significant
heterogeneity (12 = 67%). In subgroup analysis by BMI the test for
subgroup differences showed no evidence of a difference between
obese and non-obese women (test for subgroup differences: Chi? =
0.00, df =1 (P =0.97), 12 = 0%). Sensitivity analysis by study quality
(Fleming2002; Hoeger 2004; Lord 2006; Tang 2006), did not alter the
inferences.

2. Metformin and CC versus CC alone
2.1 Live birth rate

We are uncertain of an effect of metformin and CC on live birth rates
compared with CC alone (OR 1.27,95% Cl 0.98 to 1.65; 12 = 28%; 10
studies, 1219 women; low-quality evidence; Analysis 2.1). The live
birth rate with CC alone is 24%, which may change to between 23%
to 34% with combined therapy.

In subgroup analysis, the test for subgroup differences showed
no evidence of a difference between obese women (OR 1.41, 95%
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Cl 0.95 to 2.09; 4 studies, 554 women) and non-obese women
(OR 1.18, 95% CI 0.84 to 1.67; 6 studies, 665 women) with a P
value of 0.52. Sensitivity analysis by evidence quality (Heathcote
2013; Legro 2007; Moll 2006; Morin-Papunen 2012; PCOSMIC 2010),
with 843 women, also did not change the inference nor improve
heterogeneity.

2.2 Adverse events

Metformin and CC probably increases the frequency of
gastrointestinal side effects, including nausea and vomiting,
compared with CC alone (OR 4.26, 95% Cl 2.83 to 6.40; 12 = 8%,
6 studies, 852 women; moderate-quality evidence; Analysis 2.2).
With CC alone, the risk of gastrointestinal side effects is 9%, which
increases to between 21% to 37% with combined therapy. The
confidence interval is large, however, the heterogeneity is low
and therefore suggests that women are probably more likely to
experience gastrointestinal side effects compared with CC alone.
Only one study included obese women (OR 2.36, 95% CI 0.19 to
29.71; 27 women; Heathcote 2013), and one study did not record
BMI (OR 14.75, 95% CI 0.81 to 269.34; 100 women; Raja 2005).
Sensitivity analysis by study quality (Heathcote 2013; Moll 2006;
Morin-Papunen 2012; PCOSMIC 2010), did not change our findings.

2.3 Clinical pregnancy rate

Metformin and CC probably improves pregnancy rate compared
with CCalone (OR1.62,95% Cl 1.32t0 1.99;12=31%; 19 studies, 1790
women; moderate-quality evidence; Analysis 2.3). This suggests
that the clinical pregnancy rate with CC alone is 28% which may
increase to between 34% and 43% with combination therapy.

In subgroup analysis, the test for subgroup differences showed
no evidence of a difference between the subgroups: the effect on
pregnancy rates was seen in both analyses: obese group (OR 1.74,
95% Cl 1.24 to 2.43; 8 studies, 666 women) and non-obese group
(OR 1.40, 95% CI 1.06 to 1.86; 9 studies, 896 women). Sensitivity
analysis by study quality (Heathcote 2013; Legro 2007; Moll 2006;
Morin-Papunen 2012; PCOSMIC 2010), with 843 participants, did
improve heterogeneity (12 = 3%) but also altered the inference (OR
1.29, 95% C1 0.98 to 1.70).

2.4 Ovulation rate and 2.5 Ovulation rate by CC sensitivity and
resistance

Metformin and CC may improve ovulation per woman compared
with CC alone, (OR 1.65, 95% Cl 1.35 to 2.03; 12 = 63%; 21
studies, 1568 women; low-quality evidence; Analysis 2.4). This
suggests that the ovulation rate with CC alone is 50% which may
increase to between 58% and 68% with combination therapy. We
have presented ovulation rate per cycle in Table 4. In subgroup
analysis, the test for subgroup differences showed no evidence
of a difference between obese and non-obese women (P = 0.16).
Heterogenity remained high (12 = 70%) in the obese subgroup, but
the direction of effect was consistent.

Sensitivity analysis by study quality (Heathcote 2013; Legro 2007;
Moll 2006; PCOSMIC 2010), did improve heterogeneity (12 = 7%)
however, it reduced the inference (OR 0.98, 95% Cl 0.73 to 1.32; 5
studies, 777 women).

We conducted a subgroup analysis based on sensitivity to CC. Seven
studies recorded CC-resistance status. Six of these included women
with CC resistance (Ko 2001; Machado 2012; Malkawi 2002; Ng

2001; Sturrock 2002; Vandermolen 2001). This analysis showed an
improvement in ovulation rate with combined therapy (OR 4.97,
95% Cl 2.46 to 10.03; 12 = 0%; 6 studies, 156 women; moderate-
quality evidence; Analysis 2.5). Only one small study of CC-sensitive
women was available, and we are unable to draw a conclusion from
the result (OR 3.55, 95% CI 0.65 to 19.37; 56 women; Jakubowicz
2001).

2.6 Miscarriage rate and 2.7 Miscarriage rate per pregnancy

When we pooled data from 10 studies, we found no effect of
metformin and CC compared with CC alone on miscarriage (OR 1.35,
95% Cl 0.91 to 2.00; 12 = 0%; 10 studies, 1206 women;low-quality
evidence; Analysis 2.6). This suggests that the miscarriage rate with
CC alone is 8%, which may change to between 7% and 14% with
combination therapy. When we analysed a subgroup by BMI, the
test for subgroup differences showed no evidence of a difference
between obese and non-obese women (P =0.72).

When we performed an analysis of miscarriage rate per pregnancy,
there was no clear evidence of a difference between the groups
(OR 1.07, 95% C1 0.69 to 1.66; I2 = 0%; 10 studies, 471 pregnancies;
Analysis 2.7), with no evidence of a difference between the
BMI subgroups (P = 0.91). Sensitivity analysis by study quality
(Heathcote 2013; Legro 2007; Moll 2006; Morin-Papunen 2012;
PCOSMIC 2010), also did not alter the inference. Any increase in
miscarriage conferred by using CC therapy in isolation is therefore
difficult to interpret and apply clinically.

One study reported ectopic pregnancy rate (Liu 2017). There was
one ectopic pregnancy in the metformin and CC group and one
ectopic pregnancy in the CC-alone group.

2.8 Multiple pregnancy rate and 2.9 Multiple pregnancy rate per
pregnancy

We are uncertain of an effect of metformin and CC versus CC alone
for multiple pregnancy rate (OR 0.56, 95% Cl 0.18 to 1.68; 12 = 0%;
6 studies, 1003 women; Analysis 2.8). There was no evidence of a
difference between BMI subgroups (P = 0.81). Sensitivity analysis
using per pregnancy rates did not produce different findings (OR
0.46, 95% Cl 0.15 to 1.42; 12 = 0%; 6 studies, 342 pregnancies;
Analysis 2.9). Sensitivity analysis by study quality (Legro 2007; Moll
2006; PCOSMIC 2010), did not alter the inference either.

Anthropometric outcomes
2.10 Body mass index

Metformin and CC probably reduce BMI compared with CC alone
(MD —4.44, 95% Cl —6.11 to -2.77; 12 = 0%; 3 studies, 105 women;
Analysis 2.10), however, the number of participants is small. Only
one study had non-obese women (Liu 2004), however, there was no
difference seen between subgroups of BMI (P = 0.50).

Endocrine outcomes
2.11 Serum testosterone

We are uncertain of the effect of metformin and CC on reducing
testosterone levels in women compared with CC alone (MD -0.37,
95% CI—0.60 to -0.13; 12 = 0%; 3 studies, 105 women; Analysis 2.11).
There was no evidence of a difference between BMI subgroups (P
= 0.80) however, there were only two studies with obese women
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(Ko 2001; Refaie 2005), and one study with non-obese women (Liu
2004).

Serum sex hormone-binding globulin

Data were not available for this outcome.

Metabolic outcomes
2.12 Fasting glucose

We are uncertain of the effect of metformin and CC on reducing
fasting glucose levels in women compared with CC alone (MD -0.21,
95% CI-0.29 to —0.12; 12 = 0%; 2 studies, 71 women; Analysis 2.12).
There was no evidence of a difference between BMI subgroups (P =
0.58) however, there was only one study with obese women and one
study with non-obese women (Ko 2001 and Liu 2004 respectively).

2.13 Fasting insulin

Metformin and CC may reduce insulin levels compared with CC
alone (MD -6.57, 95% CI| -7.84 to -5.29; 12 = 99%); 3 studies, 105
women; Analysis 2.13). Subgroup analysis of BMI suggested that
non-obese women responded better to combined metformin and
CCalone (MD-15.20,95% Cl-18.33 to -12.07; 50 women) compared
with obese women (MD -4.86, 95% Cl| —6.26 to -3.47; 55 women)
however, there was only one study thatincluded non-obese women
(Liu 2004).

3. Metformin versus CC
3.1 Live birth rate

When we combined the data from five studies (Kar2015; Legro 2007,
Palomba 2005a; PCOSMIC 2010; Zain 2009), we were uncertain of
an effect of metformin compared with CC on live birth rate, with
high heterogeneity (OR 0.70,95% CI 0.48 to 1.01; I2 = 86%; 5 studies,
741 women; very low-quality evidence; Analysis 3.1). However, in
the subgroup analysis by obesity status, there was evidence of
a difference between the obese and non-obese women (test for
subgroup differences: Chi2 = 19.41, df = 1, P < 0.0001, |12 = 94.8%)).
Among obese women, live birth rate was lower in the metformin
group (OR 0.30, 95% Cl 0.17 to 0.52; 2 studies, 500 women); 62%
of the weight of this finding was provided by a single study (Legro
2007). In the non-obese subgroup the direction of effect favoured
metformin with high heterogeneity (OR 1.71, 95% CI 1.00 to 2.94;
12 = 78%; 3 studies, 241 women; very low-quality evidence). This
suggests that the live birth rate of non-obese women with CC is
26%, which may increase to between 26% and 50% with metformin,
whereas the live birth rate of obese women is 22%, which may
decrease to between 5% to 13% with metformin.

Adverse events (gastrointestinal side effects)

Data were not available for this outcome.

3.2 Clinical pregnancy rate

The overall heterogeneity was high (12 = 77%) and the data were
not appropriate for pooling because the results were too discrepant
between non-obese and obese women. Subgroup analysis by
obesity status showed evidence of a difference between the
subgroups (test for subgroup differences: Chi? = 23.30, df = 1 (P
< 0.00001, 12 = 95.7%; Analysis 3.2). In the obese group, higher
pregnancy rates were seen amongst women taking CC compared
with metformin (OR 0.34, 95% Cl 0.21 to 0.55; 12 = 0%; 2 studies,

500 women; low-quality evidence) whereasin the non-obese group,
metformin favoured higher pregnancy rates (OR 1.56, 95% CI 1.06
to 2.29; 12 = 26%; 6 studies, 530 women; low-quality evidence).
This suggests that the clinical pregnancy rate of non-obese women
with CC is 26%, which may increase to between 27% and 44%
with metformin, whereas the clinical pregnancy rate of obese
women is 28%, which may decrease to between 7% to 17% with
metformin. Sensitivity analysis by study quality did not change the
heterogeneity but did alter the overall inference (OR 0.42, 95% ClI
0.27 to 0.65) however this was only based on two studies and 300
women (Legro 2007; PCOSMIC 2010).

3.3 Ovulation rate

When we combined the data from seven studies (Begum 2014;
Kar 2015; Liu 2004; Legro 2007; Palomba 2005a; PCOSMIC 2010;
Zain 2009), we found that CC may improve ovulation rates slightly
compared with metformin (OR 0.45, 95% CI 0.34 to 0.60; 12 =53%; 7
studies, 852 women; Analysis 3.3).

Subgroup analysis by obesity status again showed evidence of
a difference between the obese and non-obese women (test for
subgroup differences: Chi? = 11.69, df = 1 (P = 0.0006), I> = 91.4%).
In the obese group, combining the results from Legro 2007 and
Zain 2009 found improved ovulation rates with CC therapy (OR0.29,
95% CI 0.20 to 0.43; 12 = 0%; 2 studies, 500 women; low-quality
evidence). In the non-obese group, the data were inconclusive (OR
0.80, 95% Cl 0.52 to 1.25; 12 = 0%; 5 studies, 352 women; low-
quality evidence). This suggests that the ovulation rate of non-
obese women with CC is 65%, which may change to between 49%
and 70% with metformin, whereas the ovulation rate of obese
women is 52%, which may decrease to between 18% to 31% with
metformin. Sensitivity analysis by study quality did not change the
inference (OR 0.38, 95% CI 0.26 to 0.55; 2 studies, 488 women)
but did increase the heterogeneity (12 = 82%). We have presented
ovulation rate per cycle in Table 5.

3.4 Miscarriage rate and 3.5 Miscarriage (sensitivity analysis)

We found no evidence that metformin compared with CC increased
miscarriage rates across both BMI groups (OR 0.92, 95% CI 0.51 to
1.66; 12 =36%; 6 studies, 781 women; low-quality evidence; Analysis
3.4). On subgroup analysis of BMI, the test for subgroup differences
showed no evidence of a difference between obese and non-obese
women (P = 0.14). This suggests that the miscarriage rate of non-
obese women with CC is 6%, which may change to between 4% and
18% with metformin, whereas the miscarriage rate of obese women
is 6%, which may change to between 2% to 9% with metformin.
Sensitivity analysis by study quality did not change the inference
but did increase the heterogeneity (12 = 71%).

Analysis of miscarriage rate per pregnancy showed no clear
evidence of a difference between the groups (OR 1.36, 95% Cl 0.69
to 2.66; 12 = 60%; 6 studies, 203 pregnancies; Analysis 3.5), still with
no evidence of a difference between the BMI subgroups (P = 0.36).

3.6 Multiple pregnancy rate and 3.7 Multiple pregnancy rate per
pregnancy

We are uncertain of the effect of metformin compared with CC on
multiple pregnancy rates (OR 0.29, 95% Cl 0.06 to 1.43; 12 = 0%;
5 studies, 858 women; Analysis 3.6). In the subgroup analysis by
obesity status, there was no evidence of a difference between the
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subgroups (P = 0.52). Sensitivity analysis by study quality did not
change the inference or heterogeneity.

Analysis of multiple pregnancy rate per pregnancy showed no clear
evidence of a difference between metformin compared with CC
(OR 0.33, 95% CI 0.06 to 1.68; 12 = 0%,; 5 studies, 201 pregnancies;
Analysis 3.7).

Anthropometric outcomes
3.8 Body mass index

Only one study reported BMI (Liu 2004), which suggested that
metformin did reduce BMI compared with CC (MD -5.10, 95% Cl
-9.40 to —0.80; 40 women; Analysis 3.8), however this is insufficient
evidence to draw conclusions.

Endocrine outcomes
3.9 Serum testosterone

Only one study reported serum testosterone (Liu 2004), which
found no effect of metformin on testosterone levels compared with
CC(MD 0.30,95% CI—0.82 to 1.42; 40 women; Analysis 3.9), however
this is insufficient evidence to draw any conclusions.

Serum sex hormone-binding globulin

Data were not available for this outcome.

Metabolic outcomes
3.10 Fasting glucose

Only one study reported fasting blood glucose (Liu 2004), which
found no effect of metformin on fasting blood glucose levels
compared with CC (MD -0.20, 95% Cl —0.79 to 0.39; 40 women;
Analysis 3.10) however this is insufficient evidence to draw any
conclusions.

3.11 Fasting insulin

Only one study reported fasting insulin levels (Liu 2004), which
found a reduction in fasting insulin with metformin compared with
CC (MD -13.00, 95% CI -16.96 to —9.04; 40 women; Analysis 3.11),
although this is insufficient evidence to draw any conclusions.

4, Metformin and letrozole versus letrozole
4.1 Live birth rate

Only one study reported live birth rate (Liu 2017), and there was an
identical number of live births in each group (OR 1.00,95% CI 0.48 to
2.08;134women;Analysis 4.1), however this is insufficient evidence
to draw any conclusions.

4.2 Adverse events (gastrointestinal side effects)

Only one study reported gastrointestinal adverse events (Liu
2017), and found no clear evidence that women taking combined
metformin and letrozole had more side effects than with letrozole
alone (OR 16.74, 95% Cl 0.94 to 299.23; 134 women; Analysis
4.2). Seven of 67 women suffered gastrointestinal side effects
with metformin and letrozole compared with 0 of 67 women with
letrozole alone.

4.3 Clinical pregnancy rate

Only one study reported clinical pregnancy rate (Liu 2017), which
found no clear evidence that women who had both metformin

and letrozole had an improved clinical pregnancy rate compared
with letrozole alone (OR 1.27, 95% CI 0.64 to 2.51; 134 women;
Analysis 4.3), however the data are insufficient to allow us to draw
conclusions.

Ovulation rate

Data were not available for this outcome. Data for ovulation per
cycle are available and presented in Table 6.

4.4 Miscarriage rate and 4.5 Miscarriage rate per pregnancy

Only one study reported miscarriage rate (Liu 2017), which found
no difference in miscarriage rate between the two treatment groups
(OR1.61,95% Cl10.61to 4.23; 134 women; Analysis 4.4) however this
is insufficient evidence to draw conclusions.

Sensitivity analysis of miscarriage per pregnancy did not show
clear evidence of a difference between metformin and letrozole
compared with letrozole alone (OR 1.50, 95% Cl 0.51 to 4.42; 62
pregnancies; Analysis 4.5).

Multiple pregnancy rate

Data were not available for this outcome.

Anthropometric outcomes
Body mass index

Data were not available for this outcome.

Endocrine outcomes

Serum testosterone

Data were not available for this outcome.
Serum sex hormone-binding globulin

Data were not available for this outcome

Metabolic outcomes

Fasting glucose

Data were not available for this outcome.
Fasting insulin

Data were not available for this outcome.

Metformin versus letrozole

We did not identify any suitable studies for this comparison.

5 Metformin and LOD versus LOD
5.1 Live birth rate

Only one study reported live birth rate (Kocak 2006), which found
no clear evidence of a difference between metformin and LOD
compared with LOD alone (OR 2.13,95% CI 0.51 to 8.77; 42 women;
Analysis 5.1), although the data are insufficient to allow us to draw
conclusions.

Adverse events (gastrointestinal side effects)

Data were not available for this outcome.

Metformin for ovulation induction (excluding gonadotrophins) in women with polycystic ovary syndrome (Review) 25
Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
st g Library

Cochrane Database of Systematic Reviews

5.2 Clinical pregnancy rate

Only one study reported clinical pregnancy rate (Kocak 2006),
which found no clear evidence of a difference between metformin
and LOD compared with LOD alone (OR 3.19, 95% CI 0.79 to 12.80;
42 women; Analysis 5.2), although the data are insufficient to allow
us to draw conclusions.

Ovulation rate

Data were not available for this outcome. We have presented data
for ovulation per cycle in Table 7.

5.3 Miscarriage rate and 5.4 Miscarriage rate per pregnancy

Only one study reported miscarriage rate (Kocak 2006), which
found no clear evidence of a difference between metformin and
LOD compared with LOD alone (OR 5.51, 95% Cl 0.25 to 122.08;
Analysis 5.3), although the data are insufficient to allow us to draw
conclusions.

Sensitvity analysis of miscarriage per pregnancy found no clear
evidence of a difference between metformin and LOD compared
with LOD alone (OR 3.00, 95% Cl 0.12 to 77.64; 13 pregnancies;
Analysis 5.4).

Multiple pregnancy rate

Data were not available for this outcome

Anthropometric outcomes
Body mass index

Data were not available for this outcome.

Endocrine outcomes
Serum testosterone

Data were not available for this outcome.

Serum sex hormone-binding globulin

Data were not available for this outcome.

Metabolic outcomes
Fasting glucose

Data were not available for this outcome.

Fasting insulin

Data were not available for this outcome.

6. Metformin versus LOD
6.1 Live birth rate

Only one study reported live birth rate (Palomba 2004), which found
live birth rate to be improved in the metformin group compared
with LOD (OR 2.29, 95% CI 1.09 to 4.78; 120 women; Analysis 6.1).

6.2 Adverse events (gastrointestinal side effects)

Two studies reported gastrointestinal events (Hamed 2010;
Palomba 2004), and found that the LOD group had fewer adverse
side effects compared with metformin (OR 7.77, 95% Cl 2.43 to
24.89; 230 women; Analysis 6.2). Palomba 2004 included non-
obese women and Hamed 2010 included obese women, however

there was no difference between the groups (test for subgroup
differences: Chi?=1.10,df=1 (P =0.30), I*> = 8.8%).

6.3 Clinical pregnancy rate

Two studies reported clinical pregnancy rate (Hamed 2010;
Palomba 2004), and we are uncertain of the effect of metformin
compared with LOD on clinical pregnancy rate (OR 0.93,95% CI 0.54
to 1.59; 2 studies, 230 women; Analysis 6.3).

Subgroup analysis showed a significant difference between the
obese and the non-obese group (test for subgroup difference: Chi?
=6.42,df =1 (P =0.01), 1> = 84.4%) where obese women favoured
LOD (OR 0.40,95% CI 0.17 to 0.95; 1 study, 110 women).

6.4 Ovulation rate

Only one study reported ovulation per woman (Malkawi 2003), and
we are uncertain of the effect of metformin compared with LOD on
ovulation rate (OR 0.51, 95% Cl 0.26 to 1.01; 145 women; Analysis
6.4).

Two studies reported data for ovulation per cycle, which we have
presented in Table 8.

6.5 Miscarriage rate and 6.6 Miscarriage per pregnancy

Two studies reported miscarriage rate (Hamed 2010; Palomba
2004), and found no evidence of an effect of metformin compared
with LOD for miscarriage rate (OR 0.58, 95% Cl 0.23 to 1.47; 2
studies, 230 women; Analysis 6.5). Subgroup analysis found no
clear evidence of a difference between obese and non-obese
women (test for subgroup differences: Chi>=0.07, df = 1 (P = 0.80),
12=0%).

Sensitvity analysis of miscarriage per pregnancy found no clear
evidence of a difference between metformin and LOD (OR 0.55, 95%
C10.20 to 1.48; 2 studies, 102 pregnancies; Analysis 6.6).

Multiple pregnancy rate

Data were not available for this outcome.

Anthropometric outcomes
6.7 Body mass index

One study reported BMI (Hamed 2010), and we are uncertain of the
effect of metformin versus LOD on BMI (MD -3.60, 95% Cl —13.48 to
6.28; 110 women; Analysis 6.7).

6.8 Endocrine outcomes
Serum testosterone

One study reported serum testosterone (Hamed 2010), and we
are uncertain of the effect of metformin versus LOD on serum
testosterone (MD -0.16, 95% CI -1.09 to 0.77; 110 women; Analysis
6.8).

Serum sex hormone-binding globulin

Data were not available for this outcome.
Metabolic outcomes

Fasting glucose

Data were not available for this outcome.
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Fasting insulin

Data were not available for this outcome.

Publication bias

We assessed publication bias using a funnel plot (Figure 7;
Summary of findings for the main comparison; Summary of
findings 2; Summary of findings 3).

Figure 7. Funnel plot of comparison: 2 Metformin and clomiphene citrate versus clomiphene citrate alone,

outcome: 2.4 Ovulation rate.
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DISCUSSION

Summary of main results

Metformin is associated with a beneficial effect on ovulation and
clinical pregnancy rates, regardless of BMI, when compared with
placebo. This update did not yield any further studies comparing
metformin to placebo for live birth rate and therefore more high-
quality studies that report live birth as a primary outcome are
still required. When comparing outcomes following the use of
metformin or CC, higher ovulation rates suggest that CCis beneficial
over metformin, in particular in women with a BMI of 30 kg/m2 or
higher. However, there was no clear evidence to suggest that either
treatment would increase the likelihood of a live birth or clinical
pregnancy rate over the other.

Women who are known to be resistant to CC therapy may benefit
from improved ovulation with the addition of metformin to CC.
However, data were not available to determine if this would
improve clinical pregnancy or live birth rates in this group of
women. Women taking metformin should be advised that there

does not appear to be an effect on miscarriage with treatment, but
the likelihood of gastrointestinal side effects is higher than with
placebo or CC. More studies that compare the effects of ovulation-
induction agents with CC-resistant versus CC-sensitive women are
required.

There was insufficient evidence to determine a beneficial effect
with metformin compared with or in combination with letrozole
for live birth rate, clinical pregnancy or ovulation. There is some
evidence that metformin is beneficial over LOD for improving live
birth rate however this was based on one study and the findings did
not correlate for clinical pregnancy and ovulation rate.

Reproductive outcomes

When compared with placebo, the results suggest a possible
benefit of using metformin in improving live birth rates (Analysis
1.1). One high-quality study included in this updated review
contributed the majority of the weight (89.2%) to this finding
(Morin-Papunen 2012). However, the wide-ranging confidence
intervals and lower-quality evidence when the Morin-Papunen 2012
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results were combined with other included studies, makes the
advantage offered by metformin difficult to interpret clinically.
However, clinical pregnancy rates were higher with the use of
metformin for ovulation induction (Analysis 1.3). Ovulation also
appeared to be improved with metformin versus placebo, which
persisted following a subgroup analysis by BMI (Analysis 1.4).

There was no conclusive evidence that adding metformin in
combination with CC, increased live birth compared with CC
monotherapy (Analysis 2.1). However, clinical pregnancy and
ovulation rates were improved with combination treatment in both
BMI groups (Analysis 2.3; Analysis 2.4). We attempted to analyse
data depending on whether women were known to be sensitive or
resistant to CC. Unfortunately, these data were only available for
ovulation rate. In women who are CC-resistant, improved ovulation
rate was seen with adding metformin to CC compared to women
who were CC-sensitive (Analysis 2.5).

When metformin was compared with CC, findings were complicated
by a difference based on the obesity status of the participants.
Here, women in the non-obese group were more likely to achieve
a live birth with metformin, whilst the obese women appeared to
benefit from CC therapy (Analysis 3.1). This pattern was also evident
for clinical pregnancy (Analysis 3.2), however, the studies in this
review failed to show the same pattern with ovulation rate. There
was evidence to suggest that CC increased ovulation rate compared
with metformin for both obese and non-obese groups, although the
evidence in non-obese groups was less clear (Analysis 3.3).

We did not find any eligible studies that compared metformin with
letrozole directly. When metformin and letrozole in combination
were compared with letrozole alone, there was insufficient
evidence to suggest that adding metformin improved live birth or
clinical pregnancy rates (Analysis 4.1; Analysis 4.3). We did not find
any data on ovulation rate for these comparisons.

When adding metformin to LOD compared with LOD alone, there
was no evidence to suggest an improvement in live birth rate or
clinical pregnancy rate (Analysis 5.1; Analysis 5.2). We did not find
any data on ovulation rate for these comparisons. When comparing
metformin directly with LOD, there was evidence to suggest benefit
with metformin compared with LOD for live birth rate however
this was based on only one study (Palomba 2004; Analysis 6.1).
There was insufficient evidence to suggest a benefit with metformin
compared with LOD for clinical pregnancy rate (Analysis 6.2).

Miscarriage was not commonly reported as an outcome and when
it was reported, the event rate was low (4.8%, 223 miscarriages
of 4552 women). There was no evidence of an effect with
metformin compared with placebo, with combined metformin
and CC compared with CC alone or with metformin versus CC
directly (Analysis 1.5; Analysis 2.6; Analysis 3.4). The previous
review suggested an increase in miscarriage when CC combined
with metformin was compared with CC alone. However, we did
not see this effect in the current review with the addition of three
new studies (Liu 2004; Liu 2017; Heathcote 2013). The results
were inconclusive for miscarriage rates for metformin and letrozole
versus letrozole, metformin and LOD versus LOD, or metformin
versus LOD (Analysis 4.4; Analysis 5.3; Analysis 6.5).

For the multiple pregnancy outcome, there was only one study that
reported multiple pregnancy rates for metformin compared with
placebo and no available data regarding metformin and letrozole

versus letrozole, metformin and LOD versus LOD or metformin
versus LOD. The results were inconclusive for combination
therapy versus CC monotherapy, and for the comparison between
metformin and CC (Analysis 2.8; Analysis 3.6).

Adverse effects

Metformin was associated with higher rates of gastrointestinal side
effects compared with placebo and LOD (Analysis 1.2; Analysis 6.2).
Combination treatment of metformin and CC also had increased
rates of gastrointestinal side effects compared with CC alone
(Analysis 2.2). There were insufficient data available for metformin
compared with CC or letrozole directly, and for when metformin
was used in combination with letrozole and LOD.

Metabolic and anthropometric outcomes

This review included studies that specifically reported reproductive
outcomes where women had taken metformin in an attempt
to induce ovulation and conceive. We excluded studies that
compared metformin to placebo to improve BMI or other metabolic
outcomes only, without attempting to induce ovulation. Therefore
we cannot provide a robust analysis of the effect of metformin
compared to placebo on metabolic and anthropometric outcomes.
Nonetheless, we did analyse the metabolic and anthropometric
outcomes within these included studies for all comparisons that
were relevant in view of reducing the risk of metabolic syndrome
and associated complications of cardiovascular risk and type 2
diabetes mellitus, which can increase maternal and fetal morbidity
and mortality. These outcomes include BMI, serum testosterone,
serum sex hormone-binding globulin, fasting insulin and fasting
glucose. There was no evidence that metformin reduced BMI
when compared with placebo (Analysis 1.9), and there was no
significant difference between BMI subgroups. However, there
was some evidence to suggest that metformin might reduce
BMI when added to CC compared with CC alone as well as
when compared with metformin directly (Analysis 2.10; Analysis
3.8). There was no evidence to suggest a beneficial effect
when metformin was compared with LOD directly (Analysis 6.7),
and there were no data available for metformin and letrozole
compared with letrozole alone, nor metformin and LOD compared
with LOD alone. The insufficient data across many of these
comparators is likely due to the restrictions of only including
studies with reproductive outcomes. The Australian National
Health and Medical Research Council (NHRMC) reported that the
use of metformin, not specifically for ovulation induction, improves
metabolic and anthropometric outcomes including lowering BMI,
testosterone, fasting insulin and cholesterol levels (NHMRC 2018).

With regards to endocrine outcomes, there was evidence to suggest
areduction in serum testosterone levels with metformin compared
with placebo (Analysis 1.10), however, we did not see the same
effect when we compared metformin and CC with CC alone, or
metformin with CC or LOD (Analysis 2.11; Analysis 3.9; Analysis
6.8). Serum sex hormone-binding globulin was only measured in
the metformin versus placebo group and there was no evidence
to suggest a benefit of using metformin compared with placebo
(Analysis 1.11).

There was no conclusive evidence of an effect of metformin on
serum glucose levels (Analysis 1.12; Analysis 2.12; Analysis 3.10).
There was no conclusive evidence of an effect of metformin
when compared with placebo for reducing serum insulin levels
(Analysis 1.13) however, there was some evidence of an effect of
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metformin on reducing serum insulin levels when added to CC
therapy compared with CC alone and when compared directly to CC
(Analysis 2.13; Analysis 3.11).

It is therefore unclear whether these metabolic and endocrine
effects would be of clinical benefit in reducing the risk of metabolic
syndrome in women with PCOS, especially given that data on these
outcomes were associated with high heterogeneity and some of
the effects were created from single small studies. Furthermore,
11 studies included specific advice on lifestyle modification in the
study protocol (Ben Ayed 2009; Boudhraa 2010; Heathcote 2013;
Hoeger 2004; Karimzadeh 2010; Kjotrod 2011; Lord 2006; PCOSMIC
2010; Siebert 2009; Tang 2006; Zain 2009). Obesity has a significant
detrimental impact on both maternal and fetal outcomes in
pregnancy as well as longer-term cardiovascular health (Cedergren
2004). As such, women with PCOS should still be advised to undergo
lifestyle interventions before any fertility treatment (ESHRE/ASRM
2008).

Limitations

See Quality of the evidence and Potential biases in the review
process.

Overall completeness and applicability of evidence

This review includes a large number of women, all meeting
the Rotterdam diagnostic criteria for PCOS (ESHRE/ASRM 2004).
However, we still observed significant heterogeneity in many of
the analyses. This was particularly evident in the biochemical
outcomes, even after adjustment for BMI, dosage of metformin and
duration of treatment. Heterogeneity remained unchanged after
sensitivity analysis by study quality. However, the prevalence and
magnitude of insulin resistance are influenced by ethnicity (Kakoly
2018), therefore, combining trials from different study populations
would introduce heterogeneity despite all meeting the diagnostic
criteria of PCOS. Another factor is the range of biochemical assays
used in different studies, which may introduce some heterogeneity.
The efficacy of metformin in PCOS was first described by Velazquez
1997. A number of small, and often short-duration, observational
studies followed, which showed variable outcomes. Indeed, in a
systematic review by Costello 2003 nine out of the 12 published
studies on the effects of metformin alone on the menstrual cycle in
women with PCOS had a sample size of fewer than 30 women. The
first Cochrane Review by Lord 2002 included nearly 1000 women
from 15 RCTs. However, most of the studies had relatively small
sample sizes with the largest one containing 94 women (Fleming
2002). In this fourth updated review, we included 41 RCTs (4552
women), with the two largest studies of high quality being by Morin-
Papunen 2012 and Legro 2007, with sample sizes of 320 and 626
women, respectively.

Reproductive outcomes

This review focused on the effect of metformin on reproductive
outcomes including ovulation rate, clinical pregnancy rate and live
birth rate.

This review confirmed the findings from the previous review that
thereis a potential benefit of using metformin when compared with
placebo to improve live birth rate, with a number needed to treat
for an additional beneficial outcome of 13. This positive finding
was consistent in both obese and non-obese women. Similar
findings were seen with ovulation rate and clinical pregnancy rate,

which further strengthens any recommendation to use metformin
compared with placebo for ovulation induction in PCOS women
with subfertility. However, the impact on live birth rate was
based on four studies, the majority with low-quality evidence
and we were unable to obtain any new studies to strengthen the
recommendation. We included two additional studies featuring
data on ovulation and clinical pregnancy rate (Chuni 2006; Kjotrod
2011). Obese women with PCOS have higher levels of insulin
resistance and higher serum insulin concentrations and hence
metformin may have a limited effect on reducing these high serum
insulin concentrations in the obese group compared with non-
obese women (Tang 2006). Further studies comparing metformin
with placebo must stratify by BMI in order to guide the use of
metformin appropriately.

Traditionally, CC is the first-line therapy for ovulation induction
in PCOS women. In this review, we did not find any additional
studies with data on live birth rates when directly comparing
metformin and CC. Of the five studies included, the results differed
with BMI. CC increased live births in the obese group, with a
large weighting from the study by Legro 2007. In the non-obese
group however, metformin appeared to increase live births yet
this analysis included only small studies of low quality. The same
inference was seen with clinical pregnancy rate. More high-quality
studies are required with larger numbers of participants to assess
metformin versus CC for live birth rate.

The addition of two new studies (Heathcote 2013; Liu 2017), did
not change the inference that there was no clear evidence of
improvement in live birth rate with combination metformin and
CC compared with CC alone. However, there was evidence to
suggest improvement in clinical pregnancy and ovulation rates.
Similarly to the previous review, a larger effect was seen in the CC-
resistant group compared with the CC-sensitive group, with low
heterogeneity (12 = 0%) in the CC-resistant group. However, the
CC-sensitive group consisted of one study only (Jakubowicz 2001).
Future studies to determine the effect of metformin compared with
CC on live birth rate should specify CC sensitivity. Within the BMI
subgroups, heterogeneity was high for both groups and there was
no difference in effect between obese and non-obese women (P =
0.16).

In this review, there was no evidence of an effect with miscarriage
or multiple pregnancy rates attributable to metformin. However,
women should be counselled on the increased gastrointestinal side
effects associated with metformin use.

We did not find any eligible studies that directly compared
metformin with aromatase inhibitors. One study compared
combined metformin and letrozole with letrozole alone, although
there was insufficient evidence of a beneficial effect on live birth
rate, clinical pregnancy, miscarriage or adverse effects (Liu 2017).
The study had an unclear risk of bias and larger studies of higher-
quality are required to determine the effect of metformin compared
with letrozole.

We found three studies that directly compared metformin with LOD.
There was evidence to suggest that metformin had a beneficial
effect on live birth rate compared with LOD. However, only one
small study reported this outcome (Palomba 2004), and hence
more studies that report live birth rate are required. Furthermore,
the findings do not correlate with other reproductive outcomes
where there was insufficient evidence to suggest a beneficial effect
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with metformin compared with LOD for clinical pregnancy rate and
ovulation rate. Of the three studies, only one study (Palomba 2004),
showed low risk of bias and hence more, larger, high-quality studies
are required to clarify the uncertainty that these pooled results
reveal on the effect of metformin compared with LOD. One study
analysed the cost effectiveness of LOD compared with metformin
(Palomba 2004), who compared the costs of the day-surgery fee,
the surgeon's fee, the anaesthetist's fee, assistant's fee as well
as the equipment required for LOD with the cost of six cycles of
metformin given at 1700 mg daily. The cost of LOD was significantly
more expensive (EUR 1050) compared with the six-month course of
metformin (EUR 50; P < 0.05). This paper was published 15 years
prior to this review and hence now we could expect an even greater
discrepancy between medical versus surgical management. Hence,
it is important to consider the cost effectiveness of medical versus
surgical treatment especially in low-income countries where access
to surgery may be less easy.

Metabolic and anthropometric outcomes

There is still no long-term data available on the use of metformin
for women with PCOS in reducing the risk of developing diabetes
or metabolic syndrome. This review found no evidence of an effect
of metformin on reducing BMI when compared with placebo. Some
reduction of BMI was seen when metformin was added to CC
therapy and when compared with CC, although these results were
based on small studies with unclear risks of bias. Testosterone
levels were reduced with metformin therapy compared with
placebo, although heterogeneity was high (12 = 94%), which makes
this finding difficult to interpret clinically. Other comparisons did
not show an effect on testosterone levels nor serum insulin or
serum glucose because only small numbers of low-quality studies
were available for analysis.

Quality of the evidence

Overall, we graded only 12 out of the 41 included studies as having
a low risk of bias to sequence generation, allocation concealment
and blinding. The main limitation of the comparisons in this
review is therefore the risk of bias and imprecision within the
included studies, as discussed in 'Summary of findings for the main
comparison; Summary of findings 2; Summary of findings 3 and
Figure 2 and Figure 3. However, sensitivity analysis on the studies
with adequate sequence generation, allocation concealment and
blinding method did not alter the clinical findings. We classified
the overall quality of evidence for metformin versus placebo as
low for live birth rate, ovulation rate and miscarriage rate, and
moderate for clinical pregnancy rate and adverse effects (Summary
of findings for the main comparison). This was due to a moderate
risk of bias, marginal effect size and statistical imprecision. Despite
many comparison studies demonstrating high heterogeneity, we
did notdowngrade if the direction of effect was consistent, nor if the
heterogeneity was attributable to a single study. We regarded both
the evidence for metformin and letrozole compared with letrozole,
as well as metformin combined with LOD versus LOD alone as low
quality, based on a single study only. The overall quality of evidence
for metformin versus LOD was also low.

Potential biases in the review process

We conducted athorough search, used sound methodology and are
not aware of any biases in the review process.

There are some papers awaiting classification (Ayaz 2013a; Beigi
2006; Jahan 2015; Robinson 2003; Singh 2001; Williams 2009), and
ongoing clinical trials (NCT00005104; NCT00317928; NCT00558077;
NCT01679574; NCT02562664), that are likely to provide further
useful information.

Agreements and disagreements with other studies or
reviews

Reproductive outcomes

A 2016 systematic review investigated the efficacy of metformin
in women with anovulatory infertility for the improvement
of reproductive outcomes (Abu Hashim 2016). More recently,
international guidelines have been released (NHMRC 2018),
quoting results from the last Cochrane Review (Morley 2017), and
with the addition of one more RCT, which has been included in
this most current update (Kjotrod 2011). The general consensus
from these guidelines, which is in accordance with this update,
is that metformin improves live birth rate, clinical pregnancy
rate, ovulation rate, yet increases gastrointestinal side effects
compared with placebo (NHMRC 2018). Another recent meta-
analysis (Wang 2019), found that CC and metformin may improve
clinical pregnancy rate compared to CC alone (RR 1.18, 95% CI 1.00
to 1.39, 8 studies, 1039 women) however, there was insufficient
evidence of a difference on live birth (RR 1.08, 95% Cl 0.87 to 1.35,
5 studies, 907 women) These results are similar to this updated
review however, Wang 2019 included fewer studies. Furthermore
some of these studies involve intrauterine insemination and the use
of hCG as an ovulation trigger, which we excluded from our review
(Leanza 2014; Sahin 2004).

Comparison of metformin with CC for ovulation induction has
been determined in three meta-analyses as well as the recent
international guidelines (NHMRC 2018; Palomba 2009; Siebert
2012; Wang 2017). In accordance with our findings, they found
improved ovulation rates with CC rather than metformin. There
was no conclusive benefit of either treatment on clinical pregnancy
or live birth rate, with wide confidence intervals noted. Palomba
2009 and Siebert 2012 therefore conclude that CC remains the
“gold standard first-line pharmacological treatment for ovulation
induction in anovulatory infertile women with PCOS”. An analysis
of four studies that compared metformin with CC in non-obese
women found no significant difference in reproductive outcomes
(Misso 2013). The conclusions drawn by Abu Hashim 2016 echo the
ESHRE consensus, which documented that the first-line treatment
for anovulatory infertility is CC, whilst obese women should be
advised to undergo lifestyle modifications (ESHRE/ASRM 2008).

When evaluating the Palomba 2009 and Siebert 2012 meta-
analyses, Abu Hashim 2016 found no evidence of an improvement
in live birth when metformin was used in combination with CC.
Our review also found no conclusive evidence of a difference in
live birth rate, although clinical pregnancy and ovulation were
improved with co-therapy. These results are similar to those found
in a systematic review (Wang 2017), where improvements in clinical
pregnancy and ovulation were seen with combination therapy
however, this did not reflect in live birth rate. Wang 2017 reported
clinical pregnancy rate as their primary outcome therefore only a
small number of studies reported the outcome live birth rate, which
hinders the statistical power and explains the lack of significance.
Given the increased side-effect profile with metformin, as found
in our review (Morley 2017), Abu Hashim 2016 do not recommend
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adding in metformin to CC therapy. However, their results are not
stratified by BMI. The recent international guidelines that quoted
our most recent Cochrane Review as well as one RCT did stratify by
BMI and similarly found no difference in live birth rate. We excluded
this additional RCT from our recent update because it used hCG
injection to trigger ovulation.

A recent meta-analysis in 2018 reported that letrozole should be
used first line for ovulation induction given that "the likelihood
of live birth is increased 40-60% with letrozole compared with
CC", with reduced rates of failure to ovulate, multiple pregnancy
rate and reduced side effects such as hot flushes (NHMRC 2018).
Concerns arise that letrozole is associated with an increase in
potential teratogenic effects however, these findings are yet to be
confirmed, with multiple case reviews and a systematic review
and meta-analysis failing to determine any significant association
(Diamond 2015; Wang 2017). It was beyond the scope of this
Cochrane update to directly compare letrozole with CC however, we
were unable to find any studies that directly compared metformin
with letrozole. Letrozole is considered first line in some countries
because it has been shown to improve ovulation, pregnancy, live
birth and reduce the multiple pregnancy rate (Wang 2017).

The 2018 meta-analysis compared LOD to metformin directly using
two of the three studies included in this review (NHMRC 2018).
They concluded, in accordance with our findings, that there were
insufficient data on whether LOD improves live birth rate, clinical
pregnancy or ovulation rates. As a result, they recommend LOD
as second-line treatment in women who are CC-resistant or first-
line if laparoscopy is indicated for an alternative reason (NHMRC
2018). Similarly Wang 2017 found insufficient evidence of benefit
with metformin compared with LOD. They emphasise that women
should be counselled carefully about the risks of surgery, including
periadnexal adhesion formation, risk of reduced ovarian reserve
or loss of ovarian function and increased intra-operative and post-
operative risks especially in obese women.

Metabolic and anthropometric outcomes

This update focused on women with subfertility with a desire to
conceive, therefore we excluded studies if reproductive outcomes
were not the aim of treatment. Nonetheless, an improvement in
some metabolic and anthropometric outcomes may improve the
success of reproductive outcomes and subsequent health.

Our review found mixed evidence of an effect of metformin on
metabolic outcomes, which is of unclear clinical significance for
the prevention of diabetes in the long term. These findings are
supported by a Diabetes Prevention Program Research group study
of over 3000 obese women (mean BMI 34 kg/m2) with an average
follow-up period of 2.8 years (Knowler 2002). They reported that
both metformin and lifestyle-intervention groups (7.8 and 4.8
cases per 100 person years respectively) had a lower incidence
of diabetes compared with placebo (11 per 100 person years).
However, the lifestyle-intervention group achieved a significantly
better weight reduction compared with the metformin group (58%
versus 31%). Furthermore, the initial modest weight loss in the
metformin group was not sustainable after three years of follow-
up. In contrast, in the lifestyle group, an average of 4% weight loss
was still maintained after four years. Likewise, the Finnish Diabetes
Prevention Study demonstrated that weight loss improved insulin
sensitivity, waist circumference and serum triglyceride levels
compared with controlsin 150 obese women with impaired glucose

tolerance (Uusitupa 2000). A 2007 meta-analysis also concluded
that lifestyle interventions are more effective than metformin in
reducing the rate of progression to type 2 diabetes in obese women
with impaired glucose tolerance (Gillies 2007).

AUTHORS' CONCLUSIONS

Implications for practice

Our updated review suggests that metformin may be beneficial
over placebo for live birth however, more women probably
experience gastrointestinal side effects. Compared to placebo,
metformin probably increases pregnancy rates and may increase
ovulation rates. We are uncertain if metformin plus clomiphene
citrate (CC) improves live birth rates compared to CC alone, but
gastrointestinal side effects are probably increased with combined
therapy. The combined therapy group probably has higher rates
of clinical pregnancy and may have higher rates of ovulation.
When metformin was compared with CC, data for live birth
were inconclusive, and the findings were limited by lack of
evidence. Results differed by body mass index (BMI), emphasising
the importance of stratifying results by BMI. Improved clinical
pregnancy and ovulation rates with metformin and CC versus CC
alone suggests that combined therapy may be useful although we
do not know whether this translates into increased live births. No
studies reported gastrointestinal side effects in this comparison.
Due to the low quality of the evidence, we are uncertain of the effect
of metformin on miscarriage in all three comparisons.

Implications for research

More high-quality studies are required with adequate power that
stratify BMI and CC sensitivity status. Only few studies compared
metformin directly with, or in combination with, letrozole and
laparoscopic ovarian drilling (LOD), therefore further studies are
required to determine the effect these comparisons have on
reproductive outcomes.

Possible future strategies for insulin-sensitising drugs include
glucagon-like peptide 1 (GLP-1) analogues, which have been
studied recently in women with PCOS (Jensterle 2014). These
agents include exenatide and liraglutide and are currently only
licensed for the treatment of type 2 diabetes mellitus. One study
reported improved pregnancy rates after combined liraglutide
and metformin prior to in vitro fertilisation (Janez 2018). Future
updates of this review may include comparative studies between
metformin and these newer agents. Mitochondrial mutations have
been associated with insulin resistance and PCOS (Ding 2017).
The development of mitochondrial inhibitors may present an
additional new therapeutic strategy for managing PCOS (Colca
2013; Zhang 2012).

Future studies of metformin should include live birth rate as the
primary outcome. Studies should subdivide data on reproductive
outcomes by resistance to CC and BMI (accounting for women
having bariatric surgery). The magnitude of insulin resistance is
also influenced by ethnicity (Bozdag 2016). Trials should therefore
perform subgroup analyses according to the ethnic origin of
participants. These subgroups may reduce the heterogeneity in
meta-analyses. It may be prudent to investigate the efficacy of
early intervention in young women or adolescents, or both, with a
diagnosis of PCOS. Further data in this area may improve patient
selection when determining the appropriate therapeutic strategy.
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Studies should also focus on the long-term impact of lifestyle
changes and the use of insulin-sensitising drugs to modulate the
risk of developing metabolic syndrome.

Good-quality studies of adequate power are required to investigate
the efficacy and safety of any new insulin-sensitising agents.
Although thereis no current evidence that metformin is teratogenic
(Cassina 2014), if it is used widely to treat anovulation then it is
possible that rare effects may be unmasked. Metformin therapy
therefore needs to be kept under continuing surveillance with more
stringent reporting of adverse outcomes including gastrointestinal
side effects.
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CHARACTERISTICS OF STUDIES

Characteristics of included studies [ordered by study ID]

Baillargeon 2004

Methods RCT
Setting: Venezuela

Method of randomisation: fixed block-of-8 randomisation which was performed by the investigational
pharmacist.

Blinding: double

Number randomised: 58

Participants Summary: metformin vs placebo in non-obese PCOS women (BMI <27 kg/m?2)

Inclusion criteria: PCOS (oligomenorrhoea < 8 periods/year, hyperandrogenism total testosterone >
2.43 nmol/L

Normal prolactin and TFT, fasting insulin < 15 plU/mL and fasting glucose to insulin ratio > 4.5
Normal OGTT

Hormonal contraceptives were not used before the study.

Exclusion criteria: late onset adrenal hyperplasia, hypertension. Previous insulin-sensitiser users
Baseline characteristics of each group: metformin (n = 28) vs placebo (n = 30)

« mean age (SD) 27.7 (4.7),27.2 (4.9)

« mean BMI (SD) 24.6 (1.1), 24.6 (1.9)

« mean fasting insulin mIU/L (SD) 6.3 (5.8), 7.9 (2.0)

« mean total testosterone mol/L (SD) 3.8 (2.0), 4.67 (2.0)
« mean fasting glucose mg/dl (SD) 86.8 (2.4), 76.8 (2.3)

Dropouts: 4 (12.5%) in the metformin arm and 2 (6.3%) in the placebo group

Interventions Main intervention: metformin 850 mg or placebo tablets twice daily
Duration: 6 months

Co-interventions: none

Outcomes Primary: none

Secondary: menstrual frequency, ovulation: weekly progesterone measurement with a level > 4 ng/mL,
BMI, testosterone, fasting glucose, fasting insulin

Notes This study randomised 128 women into 4 groups (metformin alone, rosiglitazone alone, combined met-
formin and rosiglitazone, placebo alone). We included the metformin-alone and placebo group for
analysis.
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Baillargeon 2004 (Continued)

Women were predominantly white European emigrants to Venezuela

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Fixed block-of-8 randomisation, which was performed by the investigational
tion (selection bias) pharmacist

Allocation concealment Low risk Study drugs packed in coded boxes allocated by the research nurse. Study
(selection bias) drugs were similar in appearance

Blinding of participants Low risk Participants and personnel were blinded

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk Investigators were blinded
sessment (detection bias)
All outcomes

Incomplete outcome data High risk Dropouts: 4 (12.5%) in the metformin arm and 2 (6.3%) in the placebo group.
(attrition bias) Details not provided
All outcomes
Selective reporting (re- Unclear risk Insufficient information in the study. 4-arm study but only 2 arms included in
porting bias) this review. All outcomes for each arm clearly reported
Other bias Low risk No evidence of other bias
Begum 2014
Methods RCT

Setting: Bangladesh (Infertility Department of women and children's hospital)
Method of randomisation: envelopes used, but no other information
Blinding: unclear

Number randomised: 71

Participants Summary: metformin vs CC

Inclusion criteria: subfertile women aged 20-35 years with a diagnosis of PCOS according to Rotterdam
criteria

Exclusion criteria: age > 35 years, hypo- or hyperthyroidism, hyperprolactinaemia, diabetes mellitus
and male factor infertility

Baseline characteristics of each group: metformin (n =35) vs CC (n = 36)

« Mean age, years (SD) 27.60 (4.06) vs 26.19 (3.17)
* Mean BMI kg/m2 (SD) 27.51 (2.99) vs 28.04 (2.81)
+ Bloods glucose 2 h post 75 g glucose 7.40 (0.73) vs 7.50 (0.67)

Dropouts: none stated
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Begum 2014 (Continued)

Interventions

Main intervention: Group 1: metformin 1500 mg/d. Group 2: CC 100 mg/d for 5 d

Duration: 6 months

Co-interventions: none

Outcomes Primary: none
Secondary: pregnancy rate (urine pregnancy test), ovulation rate: serum progesterone on D21 >5 ng/
mL

Notes We have contacted study authors for further information regarding methodology

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Unclear risk Method of generating random sequence for distribution in envelopes is not
tion (selection bias) stated
Allocation concealment Unclear risk Allocation to each group revealed in envelopes but not stated if opaque and
(selection bias) sealed
Blinding of participants Unclear risk No information given
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Unclear risk No information given
sessment (detection bias)
All outcomes
Incomplete outcome data  Unclear risk None stated
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk Insufficient information in the study
porting bias)
Other bias Low risk No evidence of other bias
Ben Ayed 2009
Methods RCT

Setting: Tunisia

Method of randomisation: not stated

Blinding: not stated

Number randomised: 32

Participants

Summary: metformin and CC vs CC and placebo

Inclusion criteria: Rotterdam criteria
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Ben Ayed 2009 (continued)

Exclusion criteria: late onset adrenal hyperplasia, Cushing's Syndrome, abnormal TFT, hyperprolacti-
naemia, androgen-secreting tumour

Baseline characteristics of each group: metformin and CC (n = 16) vs CC and placebo (n=16)

» Mean age, years 29.38, 32.81
* Mean BMI, kg/m2 28.45,28.01
« Mean testosterone ng/mL: 1.53, 0.86

Dropouts: none stated

Interventions Main intervention: CC 100 mg from day 3 to day 7 of the cycle and Metformn 1700 mg/d or placebo
Duration: up to 3 cycles

Co-interventions: lifestyle advice given to obese participants

Outcomes Primary: none

Secondary: ovulation; USS follicular tracking with follicular size > 16 mm

Notes Inadequate information in the protocol to assess the quality of the study

No reply from study author

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Inadequate information

tion (selection bias)

Allocation concealment Unclear risk Inadequate information
(selection bias)

Blinding of participants Unclear risk Inadequate information
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Inadequate information
sessment (detection bias)
All outcomes

Incomplete outcome data  Unclear risk Inadequate information
(attrition bias)
All outcomes

Selective reporting (re- Unclear risk Insufficient information in the study
porting bias)

Other bias Low risk No evidence of other bias
Boudhraa 2010
Methods RCT

Setting: Tunisia
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Boudhraa 2010 (continued)

Method of randomisation: not stated*
Blinding: unblinded

Number randomised: 63

Participants Summary: metformin vs CC in PCOS non-obese women
Inclusion criteria: unclear. ?diagnostic criteria of PCOS used
Exclusion criteria: male factor infertility, tubal disease
Baseline characteristics of each group: metformin vs CC

» mean age: 30.55, 30.72
« mean BMI: 29.9, 29.7

Dropouts: none

Interventions Main intervention: metformin 850 mg/d, CC 100 mg for 5 days
Duration: not stated

Co-interventions: recommendations on healthy diet

Outcomes Primary: live birth rate

Secondary: clinical pregnancy, ovulation: method to confirm ovulation not stated, BMI

Notes *Study protocol is too brief. Inadequate information to assess the quality of the study. No reply from
study author

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Unclear risk Inadequate information

tion (selection bias)

Allocation concealment Unclear risk Inadequate information
(selection bias)

Blinding of participants Unclear risk Inadequate information
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Inadequate information
sessment (detection bias)

All outcomes

Incomplete outcome data  Unclear risk Inadequate information

(attrition bias)
All outcomes

Selective reporting (re- Unclear risk Inadequate information
porting bias)

Other bias Low risk No evidence of other bias however, limited reported methodology
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Chuni 2006
Methods RCT
Setting: India

Participants

Summary: metformin vs placebo

Inclusion criteria: PCOS diagnosed as oligomenorrhoea and clinical or biochemical features of hyper-
androgenism, either raised LH:FSH ratio or raised LH or US features of PCO; normal serum prolactin
concentrations, normal TFT

Exclusion criteria: diabetes mellitus
Baseline characteristics of each group: metformin (n = 18) vs placebo (n =18)

« Mean age, years (SE) 28 (0.62) vs 28.2 (0.4)

» Mean BMI, kg/m2 (SE) 25.7 (0.3) vs 25.4 (0.3)

« Mean fasting insulin, micU/dL (SE) 17.8 (1.0) vs 17.3 (1.04)
« Mean fasting glucose, mg/dL (SE) 96.8 (0.5) vs 96.9 (0.8)

« Mean serum testosterone, ng/dL (SE) 62.3 (1.2) vs 62.8 (1.0

Dropouts: none

Interventions

Main intervention: metformin 500 mg 3/d or placebo 3/d
Duration: 3 months

Co-interventions: CC 50 mg on day 3-7 for 5 days (increased to a maximum of 200 mg/d) added in
women who had not ovulated after 3 months

Outcomes Primary: none
Secondary: clinical pregnancy, menstrual frequency, ovulation (progesterone > 8 ng/dL), BMI, fasting
blood glucose, fasting insulin, serum testosterone, gastrointestinal side effects

Notes No information on blinding. No results reported on menstrual frequency

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Computer random-number generator

tion (selection bias)

Allocation concealment Unclear risk No information

(selection bias)

Blinding of participants Unclear risk Inadequate information

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Inadequate information

sessment (detection bias)
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Chuni 2006 (continued)
All outcomes

Incomplete outcome data  Low risk No dropouts
(attrition bias)
All outcomes
Selective reporting (re- Low risk All outcomes were clearly reported
porting bias)
Other bias Low risk No evidence of other bias
Fatima 2018
Methods RCT

Setting: Pakistan
Method of randomisation: consecutive non-probability sampling
Blinding: unclear

Number randomised: 128

Participants

Summary: metformin and CC versus CC alone
Inclusion criteria: PCOS - unclear how diagnosed; duration of fertility < 3 years, age 20-35 years

Exclusion criteria: use of oral contraceptives, comorbid medical conditions, those not living with their
husband

Baseline characteristics of each group: metformin and CC (n = 64) vs CC (n = 64)
« mean age (SD) 28.55 (2.39), 28.67 (2.6)

Dropouts: none

Interventions

Main intervention: metformin 500 mg 3/d
Duration: 3 cycles

Co-interventions: CC 50 mg from day 2 until day 6 of cycle, increased to 100 mg then 150 mg for 3 con-
secutive cycles

Outcomes Primary: none
Secondary: clinical pregnancy: urine pregnancy test and confirmed on US
Notes Endocrine and metabolic factors not measured, including BMI
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  High risk Consecutive non-probability sampling
tion (selection bias)
Allocation concealment High risk Consecutive sampling

(selection bias)

Metformin for ovulation induction (excluding gonadotrophins) in women with polycystic ovary syndrome (Review)
Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

48



= 3 Cochrane
st g Library

Trusted evidence.
Informed decisions.
Better health.

Cochrane Database of Systematic Reviews

Fatima 2018 (continued)

Blinding of participants Unclear risk Inadequate information

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Inadequate information

sessment (detection bias)

All outcomes

Incomplete outcome data  Low risk No dropouts

(attrition bias)

All outcomes

Selective reporting (re- Low risk The primary outcome, clinical pregnancy, was clearly reported.

porting bias)

Other bias Low risk No evidence of other bias
Fleming 2002

Methods RCT

Setting: UK

Method of randomisation: computer-generated randomisation by pharmacy in blocks of 4
Blinding: double-blind

Number randomised: 94

Participants

Summary: metformin vs placebo in obese PCOS women

Inclusion criteria: PCOS (oligomenorrhoea < 8 cycles/year, exclusion of other endocrinopathy, US find-
ing of PCOS)
Age <35years

Exclusion criteria: diabetes mellitus, adrenal hyperplasia, thyroid dysfunction, hyperprolactinaemia,
medication likely to influence hormonal profiles

Baseline characteristics of each group metformin (n = 39) vs placebo (n = 26):

« mean age (+/- SD) 28.6 (5.8),29.2 (5.6)

« mean BMI (+ SD) 34.2 (8.6), 35.0 (8.2)

« mean fasting insulin mIU/L (+ SD) 16.7 (12.7), 18.4 (13.6)

« mean total testosterone mol/L (+ SD) 3.0 (1.5), 3.8 (1.6)

« mean fasting glucose nmol/L (Cls) 5.05 (4.87-5.23), 4.93 (4.81-5.05)

Dropouts: 30 (32%), with 22 in the treatment arm and 8 in the placebo, mainly due to gastrointestinal
side effects in metformin group. Overall, 58% of the metformin arm completing the trial and 83% of the
placebo arm. Included in ITT analysis

Interventions

Main intervention: 1 of metformin 850 mg 2/d, placebo
Duration: 12-16 weeks

Co-interventions: 1st week of treatment at 850 mg 1/d

Outcomes

Primary: gastrointestinal side effects
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Fleming 2002 (Continued)

Secondary: clinical pregnancy, ovulation: by twice-weekly serum oestradiol. Where oestradiol > 300
pmol/L, LH and progesterone (> 8 nmol/L in = 2 successive samples defined ovulation*) were deter-
mined, BMI, testosterone, fasting glucose, fasting insulin

Notes Diagnostic criteria different to other trials - using US not hyperandrogaenemia (although 90% did have
raised androgens, and mean entry-FAl 10 with 5% CI 8.6). Subgroup analysis showed that those who
ovulated in response to metformin had significantly lower androgens.

High rate of background ovulation (64% on placebo ovulated at some stage)
*Information not in the original paper kindly provided by the study author

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Low risk Computer-generated randomisation by pharmacy in blocks of 4

tion (selection bias)

Allocation concealment Low risk Remote allocation. Identical metformin and placebo tablets. Randomisation

(selection bias) code kept in the pharmacy department until the end of the trial

Blinding of participants Low risk The trial was described as double-blind although the details of this were not

and personnel (perfor- explained

mance bias)

All outcomes

Blinding of outcome as- Low risk The trial was described as double-blind although the details of this were not

sessment (detection bias) explained

All outcomes

Incomplete outcome data High risk Dropouts: 30 (32%), with 22 in the treatment arm and 8 in the placebo, main-

(attrition bias) ly due to gastrointestinal side effects in metformin group. Overall, 58% of the

All outcomes metformin arm completed the trial and 83% of the placebo arm.

Selective reporting (re- Unclear risk Insufficient information in the study

porting bias)

Other bias Low risk No evidence of other bias

Hamed 2010
Methods RCT

Setting: Egypt
Method of randomisation: computer-generated random number tables
Blinding: unclear

Number randomised: 110

Participants

Summary: diagnostic laparoscopy and metformin versus LOD

Inclusion criteria: PCOS (Rotterdam criteria), CC resistance, women aged 20-35 years, insulin resistance
fasting blood glucose to insulin ratio (G/l) <4.5
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Hamed 2010 (continued)

Exclusion criteria: women on gonadotrophin or oral contraceptives 3 months prior to the study, women
with hyperprolactinaemia or other endocrine disorders, hepatic or renal disorders, organic pelvic
mass, previous abdominal surgery suggesting pelvic factor infertility

Baseline characteristics of each group: metformin (n = 55) and diagnostic laparoscopy vs LOD (n = 55)

« Age mean (SD) 23.6 (2.6) 24.3 (4.5)

« BMImean (SD) 35.6 (4.4) 36.1 (3.6)

« Fasting blood glucose, mg/dL mean (SD) 113.0 (3.4) 116.0 (5.2)
« Fasting glucose to insulin ratio 3.33 (0.4) 3.4 (0.6)

« Total testosterone, ng/dL mean (SD) 95.7 (13.5) 97.6 (15.2)

Dropouts: none

Interventions

Main intervention: Group 1: metformin 850 mg twice daily, Group 2: LOD (4-8 punctures, each for4 s
with insulated needle and monopolar diathermy adjusted at 40-60 watts)

Duration: 6 cycles or 30 weeks, depending on which occurred first

Co-interventions: diagnostic laparoscopy was performed in group 1

Outcomes Primary: gastrointestinal side effects
Secondary: clinical pregnancy rate, menstrual frequency, ovulation: follicle tracking on transvaginal US
or day 21 progesterone (= 5 ng/mL), BMI, fasting glucose to insulin ratio, serum testosterone, miscar-
riage rate

Notes Allocation concealment using serially numbered opaque envelopes. Blinding unclear however no
placebo drugin group 2
Ovulation rate per cycle available

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Low risk Computer random-number generator

tion (selection bias)

Allocation concealment Unclear risk Opaque envelopes used however, does not state that the envelopes were

(selection bias) sealed

Blinding of participants Unclear risk No information available. Group 1 had diagnostic laparoscopy and metformin,

and personnel (perfor- group 2 had LOD.

mance bias)

All outcomes

Blinding of outcome as- Unclear risk No information available. Group 1 had diagnostic laparoscopy and metformin,

sessment (detection bias) group 2 had LOD.

All outcomes

Incomplete outcome data  Low risk No dropouts

(attrition bias)

All outcomes

Selective reporting (re- Low risk The primary and secondary outcomes were clearly reported.

porting bias)

Other bias Low risk No evidence of other bias
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Methods

RCT
Setting: Australia

Method of randomisation: computer-generated random number sequence performed by the hospital
pharmacy department to ensure allocation concealment.

Blinding: double blinding

Number randomised: 27

Participants

Summary: metformin and CC vs CC and placebo
Inclusion criteria: PCOS (Rotterdam criteria)

Exclusion criteria: other causes of anovulation (hyperprolactinaemia, pituitary disease, hypothy-
roidism, congenital adrenal hyperplasia), diabetes mellitus, male factor subfertility

Baseline characteristics of each group metformin and CC (n =11) vs CC and placebo (n=12):

« Mean age, years (SD) 29.3 (4.7) vs 28.7 (4.7)
* Mean BMI, kg/m?2 (SD) 31.0 (7.1) vs 30.8 (6.1)
o CC-resistant 4 (36.4%) vs 2 (16.7%)

Dropouts: 4 (2 from metformin group and 2 from placebo group)

Interventions

Main intervention: Group 1: metformin 500 mg 3/d vs matched placebo
Duration: 6 cycles

Co-interventions: CC 50 mg/d from day 3-7. Women with BMI > 30 kg/m2 were referred to dietician

Outcomes Primary: live birth rate
Secondary: ovulation rate: serum progesterone > 10.6 nmol/L, miscarriage, gastrointestinal side effects

Notes Unpublished paper with permission granted from the study authors (23 April 2019) to use the data for
the review. The paper was supplied by the study authors.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Computer random-number generator

tion (selection bias)

Allocation concealment Low risk Pharmacy controlled allocation and dispensing

(selection bias)

Blinding of participants Low risk Participants and personnel were blinded

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk Investigators were blinded

sessment (detection bias)

All outcomes
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Heathcote 2013 (continued)

Incomplete outcome data
(attrition bias)
All outcomes

High risk Dropouts stated with incomplete reasoning. 1 withdrew and 4 did not com-
plete 6 cycles from the CC and placebo group, 2 withdrew and 4 did not com-
plete 6 cycles from CC and metformin group

Selective reporting (re- Low risk The primary and secondary outcomes were clearly reported
porting bias)
Other bias High risk Not an ITT analysis; paper has not been peer reviewed
Hoeger 2004
Methods RCT
Setting: USA

Method of randomisation: computer-generated random number, randomisation and allocation con-
ducted by the pharmacy department*

Blinding: double

Number randomised: 18

Participants

Summary: metformin vs placebo in overweight or obese PCOS women

Inclusion criteria: PCOS (oligomenorrhoea with < 6 menses/year and evidence of hyperandrogenism),
BMI > 25, normal TSH, prolactin and FSH concentrations

No hormonal treatment within 2 months before the study commenced
Exclusion criteria: adrenal disease
Baseline characteristics of each group: metformin (n =9) vs placebo (n=9)

« mean age (SD) 29.5 (6.4),27.1 (4.5)

« mean BMI (SD) 37.1 (4.9), 37.1 (4.6)

« mean fasting insulin mIU/L (SD) 21.6 (11.1),21.08( 7.4)
« mean total testosterone nmol/L (SD) 2.1 (0.8), 2.0 (0.60)

Dropouts: 3 (33.3%) in the metformin arm and 2 (22.2%)in the placebo arm at 24 months of the trial

Interventions

Main intervention: metformin 850 mg 2/d or placebo
Duration: 24 months

Co-interventions: none

Outcomes

Primary: gastrointestinal side effects

Secondary: ovulation: urinary pregnanediol glucuronide, BMI (weight), total testosterone, fasting glu-
cose, fasting insulin*, menstrual pattern*

Notes

This study included 4 treatment arms: metformin alone vs placebo vs metformin and lifestyle inter-
vention vs lifestyle intervention and placebo. For this review we have only included the metformin vs
placebo groups.

*Information not in the original paper kindly provided by the study author

Risk of bias
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Hoeger 2004 (Continued)

Bias

Authors' judgement  Support for judgement

Random sequence genera-  Low risk Computer-generated random number
tion (selection bias)
Allocation concealment Low risk Conducted by the pharmacy department
(selection bias)
Blinding of participants Low risk Participants and personnel were blinded. Drug and placebo packaged and la-
and personnel (perfor- belled identically according to participant number by the pharmacy.
mance bias)
All outcomes
Blinding of outcome as- Low risk Investigators were blinded
sessment (detection bias)
All outcomes
Incomplete outcome data Low risk Dropouts: 3 (33.3%) in the metformin arm and 2 (22.2%)in the placebo arm at
(attrition bias) 24 months of the trial. Further 4 (44.4%) in the metformin/lifestyle arm and 2
All outcomes (18.2%) in the placebo/lifestyle arm at 24 months of the trial. Baseline charac-
teristics between the participants completed and the dropouts were similar
Selective reporting (re- Low risk Study protocol available. Prespecified outcome measures (ovulation and
porting bias) testosterone levels) were reported
Other bias Low risk No evidence of other bias
Jakubowicz 2001
Methods RCT

Setting: Venezuela (63% white, 31% Hispanic, 4% Arabic, 2% South American Indian)
Method of randomisation: sequentially numbered, identical containers of identical drugs*
Blinding: double-blind

Number randomised: 48

Participants

Summary: metformin and CC vs placebo and CC in obese PCOS women, CC-sensitive

Inclusion criteria: PCOS (oligomenorrhoea < 8 cycles/year, elevated free testosterone, exclusion of oth-
er endocrinopathy, US finding of PCOS), ovulation with CC 150 mg (demonstrated by serum proges-
terone > 12.7 pmol/L and US)

Exclusion criteria: adrenal hyperplasia, thyroid dysfunction, hyperprolactinaemia, diabetes mellitus,
failure to ovulate with CC as described above, medication that could affect insulin sensitivity*

Baseline characteristics of each group: metformin (n = 26) vs placebo (n =22)

« mean age (+ SD) 27 (5.1), 27 (4.7)

« mean BMI (+SD) 31.8 (1.5),31.7 (1.4)

« mean fasting insulin mIU/L (- SD) 34.33 (23.0), 54.67 (40.7)
« mean total testosterone mmol/L (+ SD) 3.4 (1.8), 3.8 (2.7)

Dropouts: after randomisation, 8 (14%), 2 in metformin arm and 6 in placebo. Not included in analysis

Interventions

Main intervention: 1 of metformin 500 mg 3/d, placebo
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Jakubowicz 2001 (continued)

Duration: 4-5 weeks prior to CC, then for a further 19 d after commencing CC

Co-interventions: CC 150 mg for5d

Outcomes Primary: none
Secondary: menstrual frequency, ovulation: by serum progesterone > 12.7 pmol/L and US (ovulation
checked on 2 occasions on day 23: once after metformin/placebo cycle and once after subsequent met-
formin/placebo with CC), BMI, fasting glucose, fasting insulin, total testosterone

Notes Women that were given metformin and ovulated received an extra week’s course of treatment when
compared with the placebo group
High dropout rate between recruitment and randomisation (24%) as only those who ovulated with CC
prior to randomisation were included
The primary outcome measures are not relevant to this review, but the other parameters reported are
It is assumed that the units quoted for testosterone are mmol/dL and not mmol/L
*Information not in the original paper kindly provided by the study author

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Not stated

tion (selection bias)

Allocation concealment Low risk Sequentially numbered, identical containers of identical drugs

(selection bias)

Blinding of participants Low risk Participants and personnel were blinded

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk Investigators were blinded

sessment (detection bias)

All outcomes

Incomplete outcome data High risk Dropouts: after randomisation, 8 (14%), 2 in metformin arm and 6 in place-

(attrition bias) bo. Not included in analysis. Missing data not reported. High dropout rate be-

All outcomes tween recruitment and randomisation (24%) as only those who ovulated with

CC prior to randomisation were included

Selective reporting (re- Low risk The primary outcome measures are not relevant to this review, but the other

porting bias) parameters such as ovulation reported are

Other bias Unclear risk Women that were given metformin and ovulated received an extra week’s

course of treatment when compared with the placebo group
Kar 2015
Methods RCT

Setting: India (private hospital)
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Kar 2015 (Continued)

Method of randomisation: envelopes prepared by a nurse "naive to this study"
Blinding: double-blind

Number randomised: 105

Participants

Summary: metformin and CC vs CC vs metformin in Asian Indian women with "treatment naive" PCOS
Inclusion criteria: history of infertility and oligomenorrhoea, meeting the Rotterdam criteria for PCOS
Normal male factor, at least 1 patent tube by hysterosalpingography, treatment naive

Exclusion criteria: any major systemic illness
Baseline characteristics of each group: metformin and CC (n = 24) vs metformin (n =24) vs CC (n =32)

« Mean age (SD) 26.62 (3.54) vs 25.2 (3.47) vs 25.8 (2.46)

« MEan BMI (SD) 27.2 (3.7) vs 24.5 (5) vs 26.5 (3.7)

« Mean fasting insulin (SD) 12.85 (14.05) vs 10.32 (7.48) vs 14.14 (9.88)
« Mean fasting glucose (SD) 94.55 (15.8) vs 90.18 (8.39) vs 95.25 (12.54)

Dropouts: 25 (3 in the CC group, 11 in metformin group, 11 in combined group)

Interventions

Main intervention: 3 equal groups. Group 1: CC 50-150 mg/d. Group 2: metformin 1700 mg/d. Group 3:
CC plus metformin, doses as above)

Duration: 6 months, or until pregnant, or until resistant to CC

Co-interventions: not applicable

Outcomes Primary: live birth rate
Secondary: ovulation: follicle tracking on US, clinical pregnancy rate, miscarriage
Notes We have contacted the study authors for further information regarding methodology
No units provided for fasting insulin and fasting glucose levels
Risk of bias
Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Method of generating random sequence for distribution in envelopes not stat-
tion (selection bias) ed
Allocation concealment Unclear risk Allocation revealed in envelopes but not clear if opaque or sealed
(selection bias)
Blinding of participants Low risk Participants and personnel were blinded
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Unclear risk Blinding of investigators unclear
sessment (detection bias)
All outcomes
Incomplete outcome data  High risk 22.9% dropout rate, without reasons given
(attrition bias)
All outcomes Data analysis not performed as ITT
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Kar 2015 (Continued)

Selective reporting (re-
porting bias)

Unclear risk Insufficient information in the study. 3-arm study however data presented for
all 3 arms clearly

Other bias Low risk No evidence of other bias
Karimzadeh 2007
Methods RCT
Setting: Iran

Method of randomisation: computer-generated sequences that was sealed in envelopes
Blinding: double

Number randomised: 200

Participants

Summary: metformin vs placebo in non-obese PCOS
Inclusion criteria: Rotterdam criteria 2003

Exclusion criteria: hyperprolactinaemia, CSH, thyroid disease, Cushings syndrome, androgen-secreting
tumour

Baseline characteristics of each group:

« mean age (SD) 27.2 (6.8), 28.6 (7.4)
« mean BMI (SD) 28.3 (3.18), 29.5 (4.75)

Dropouts: not mentioned

Interventions

Main intervention: metformin 500 mg 3/d, placebo
Duration: 3 months

Co-interventions: nil

Outcomes Primary: gastrointestinal side effects
Secondary: clinical pregnancy rate, ovulation: progesterone > 10 ng/mL, BMI, fasting insulin, miscar-
riage

Notes Women were recruited from a single centre. The primary objective of this study was to investigate the
effect of metformin on lipid profile. The duration of the trial was relatively short. Therefore, it was dif-
ficult to ascertain the reliability on both of the ovulation rates and the improvement in menstrual pat-
terns.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Computer-generated sequences that were sealed in envelopes

tion (selection bias)

Allocation concealment Low risk Sequences sealed in opaque envelopes and code kept in the pharmacy depart-

(selection bias) ment
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Karimzadeh 2007 (continued)

Blinding of participants Low risk Blinding of participants and personnel

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk Blinding of investigators

sessment (detection bias)

All outcomes

Incomplete outcome data  Unclear risk Not stated

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk Insufficient information in the study

porting bias)

Other bias Low risk No evidence of other bias
Karimzadeh 2010

Methods RCT

Setting: Iran

Method of randomisation: not stated
Blinding: not stated

Number randomised: 343

Participants

Summary: metformin alone with placebo or no treatment; metformin and CC vs CC vs metformin in
non-obese PCOS

Inclusion criteria: Rotterdam criteria 2003. Aged 19-35, BMI 25-29, primary infertility, normal prolactin
levels, TFT, liver and renal functions

Exclusion criteria: male factor infertility
Baseline characteristics of each group: metformin and CC vs CC vs metformin

« mean age: 27.34 (2.27), 27.47 (2.38), 27.33 (2.34)

« mean BMI: 27.96 (1.14), 27.2 (2.93), 27.17 (1.73)

« mean testosterone, mg/dL: 0.9 (0.33), 0.8 (0.24), 0.7 (0.29

« fasting blood sugar, mg/dL: 93.09 (10.07), 100.3 (8.19), 101.01 (8.38)

Dropouts: none

Interventions

Main intervention: metformin 500 mg 3/d
Duration: 3-6 months

Co-interventions: CC 100 mg day 3-7; lifestyle group were advised to increase daily exercise for 30 min
along with high carbohydrate diet

Outcomes

Primary: none

Secondary: ovulation: USS follicular tracking, clinical pregnancy, fasting insulin, multiple pregnancy
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Karimzadeh 2010 (continued)

Notes This study compared the effect of CC, metformin, combined CC and metformin, and lifestyle modifica-
tion on subfertile women with PCOS.

Very little information can be extracted from the study protocol.
A large sample size without any dropouts
Some of the women may have been included in the previous trial Karimzadeh 2007.

No reply from study author

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Inadequate information

tion (selection bias)

Allocation concealment Unclear risk Inadequate information
(selection bias)

Blinding of participants Unclear risk Inadequate information
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Inadequate information
sessment (detection bias)
All outcomes

Incomplete outcome data  Unclear risk Inadequate information
(attrition bias)
All outcomes

Selective reporting (re- High risk Not all the primary outcome measures (endocrine parameters, lipid profile)

porting bias) data available. 3-arm study however data presented for all 3 arms clearly

Other bias Unclear risk Some of the women may have been included in the previous trial Karimzadeh
2007.

No reply from study author

Khorram 2006
Methods RCT
Setting: USA
Method of randomisation: picking a card out of a box
Blinding: none
Number randomised: 31
Participants Summary: metformin vs placebo in obese PCOS
Inclusion criteria: oligomenorrhoea (< 8 cycles/year), PCO on USS, clinical (acne, hirsutism, alopecia) or
biochemical hyperandrogenism (elevated testosterone level)
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Khorram 2006 (Continued)

BMI>29

Exclusion criteria: pregnancy, hepatic or renal disease, heart disease, alcoholism, pulmonary disorder,
abnormal TFT, hyperprolactinaemia, CAH or androgen-secreting tumour

Baseline characteristics of each group:

« mean age (SD) 28.2 (3.12), 28 (4.26)

« mean BMI (SD) 35.3 (4.0), 38.8 (6.2)

« mean fasting insulin mIU/L (SD) 17 (11.2), 15.8 (10.8)

« mean total testosterone nmol/L (SD) 1.79 (0.79), 1.5 (0.97)

Dropouts: none

Interventions

Main intervention: metformin 500 mg 3/d. Placebo was not used
Duration: 2 weeks from the start of the menstrual cycle. 1 trial cycle only

Co-interventions: CC 100 mg for 5 d from day 5 of the cycle

Outcomes Primary: none
Secondary: clinical pregnancy, ovulation: method to detect ovulation was not stated, fasting blood glu-
cose, fasting insulin, free and total testosterone

Notes This study was designed to evaluate the effect of a short course of metformin treatment on the out-
comes of CC ovulation induction therapy.
All participants were Hispanic except 1 African American in the CC-only group and 1 white woman in the
combined group. None of the participants had taken CC before.
The trial was unblinded. The method of randomisation and concealment were inadequate. Therefore,
potential bias may have been introduced.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Picking a card out of a box

tion (selection bias)

Allocation concealment Unclear risk Inadequate information

(selection bias)

Blinding of participants High risk Unblinded

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- High risk Unblinded

sessment (detection bias)

All outcomes

Incomplete outcome data  Low risk No missing data

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk Insufficient information in the study

porting bias)
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Other bias Low risk No evidence of other bias, however, limited methodology
Kjotrod 2011
Methods RCT

Setting: 8 infertility centres in Denmark, Finland, Norway and Sweden
Method of randomisation: hospital pharmacy used a computer-generated list
Blinding: double

Number randomised: 150

Participants Summary: metformin vs placebo in non-obese PCOS women

Inclusion criteria: PCOS (Rotterdam criteria), aged < 38 years, BMI < 28 kg/mZ2, scheduled to undergo
fertility treatment, minimum of 1 year infertility

Exclusion criteria: contraindicated for rFSH, FSH > 10 IU/L, liver or kidney disease, diabetes, fasting
blood glucose = 7.0 mmol/L, alcoholism, drug abuse, hyperprolactinaemia, abnormal thyroid func-
tion tests, congenital adrenal hyperplasia, androgen-secreting tumours, Cushing's syndrome; had
received oral steroid hormones, cimetidine, anticoagulants, erythromycin or other macrolides. A 1-
month washout if woman previously had metformin.

Baseline characteristics of each group: metformin (n = 74) vs placebo (n = 76)

« Age mean (SD) 29.6 (3.4) vs 29.5 (3.8)
« BMImean (SD) 24.0 (2.7) vs 23.6 (2.8)

Dropouts: 1 person withdrew from placebo group

Interventions Main intervention: metformin 500 mg/d gradually increased to 2000 mg/d within first 2 weeks of treat-
ment vs placebo

Duration: 12 weeks

Co-interventions: diet and lifestyle advice were given to all patients

Outcomes Primary: gastrointestinal side effects

Secondary: clinical pregnancy rate

Notes Did not exclude alternative causes of infertility such as male factor, tubal disease, endometriosis

The study continued with fertility treatment for those women who did not conceive spontaneously
with metformin or placebo.

Endocrine parameters measured but results not recorded

Women who did not conceive spontaneously after metformin vs placebo, went on to have IVF. We have
included up to the IVF stage for analysis in this review.

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Computer random-number generator

tion (selection bias)
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Kjotrod 2011 (continued)

Allocation concealment Low risk Pharmacy generated number and packaging of medications was identical
(selection bias)

Blinding of participants Low risk Participants and personnel were blinded
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk Investigators were blinded
sessment (detection bias)
All outcomes

Incomplete outcome data  Low risk Dropouts stated with reasoning where one participant withdrew consent after
(attrition bias) randomisation
All outcomes

Selective reporting (re- Low risk The primary outcome relevant to this review, spontaneous pregnancy, was
porting bias) clearly reported.
Other bias Low risk No evidence of other bias
Ko 2001
Methods RCT

Setting: South Korea
Method of randomisation: unclear
Blinding: single

Number randomised: 21

Participants Summary: metformin and CC vs CC alone
Inclusion criteria: PCOS (diagnosis unclear), CC resistance, women aged 18-35 years, weight 75-98 kg,

Exclusion criteria: alternative cause of infertility, chronic diseases such as diabetes and other endocrine
disorders

Baseline characteristics of each group: metformin and CC (n = 10) vs CC alone (n =11)

« Age mean (SD) 28.2 (1.4) vs 29.3 (1.3)

« BMImean (SD) 35.4 (3.8) vs 37.2 (4.3)

« Fasting blood glucose, mg/dL mean (SD) 83.2 (2.4) vs 84.2 (2.6)
« Fastinginsulin,mU/mL 7.8 (1.4) vs 8.2 (1.5)

« Serum free testosterone, pmol/L mean (SD) 6.6 (0.4) vs 6.8 (0.7)

Dropouts: none

Interventions Main intervention: metformin 500 mg 3/d
Duration: 7 weeks prior to CC

Co-interventions: CC 50 mg from day 2 until day 6 of cycle, increased to 100 mg then 150 mg until ovula-
tion occurred

Outcomes Primary: none
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Ko 2001 (Continued)

Secondary: clinical pregnancy, ovulation: progesterone level > 4 ng/mL, BMI, fasting glucose, fasting in-
sulin, free testosterone

Notes Women who ovulated after metformin alone (before CC treatment started) were excluded from analy-
sis

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Unclear risk No method for randomisation

tion (selection bias)

Allocation concealment Unclear risk No information
(selection bias)

Blinding of participants Low risk Only participants were blinded
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- High risk Investigators were not blinded

sessment (detection bias)

All outcomes

Incomplete outcome data  High risk No dropouts. Not an ITT analysis as participants were excluded if ovulated fol-
(attrition bias) lowing metformin alone

All outcomes

Selective reporting (re- Unclear risk Insufficient information in the study
porting bias)

Other bias Low risk No evidence of other bias
Kocak 2006
Methods RCT

Setting: Turkey
Method of randomisation: unclear
Blinding: none

Number randomised: 42

Participants Summary: metformin and LOD vs LOD alone

Inclusion criteria: PCOS (= 3 of the following criteria: oligomenorrhoea/amenorrhoea, infertility, hir-
sutism, obesity (BMI > 25 kg/m2), hyperandrogenism, chronic anovulation, ovarian cortical multiple fol-
licles (= 10, 2-10 mm diameter)), primary infertility, CC resistance (all women used CC for 3 cycles prior
to the study), normal renal and liver function tests

Exclusion criteria: male factor and tubal-uterine factor infertility, other endocrine diseases, no med-
ications within 12 weeks prior to the study known to affect pituitary-gonadal function or carbohydrate
metabolism

Baseline characteristics of each group: metformin (n =21) and diagnostic laparoscopy vs LOD (n = 21)
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Kocak 2006 (continued)

« Age mean (SEM) 28.4 (2.6) vs 27.6 (2.4)

« BMImean (SEM) 31.9 (4.5) vs 26.9 (1.3)

« Fasting blood glucose, mg/dL mean (SEM) 90 (1.7) 86 (7.9)
« Fastinginsulin, mU/mL mean (SEM) 10.2 (2.71) vs 9.9 (7.6)
« Total testosterone, ng/dL mean (SEM) 112 (7.4) vs 105 (6.5)

Dropouts: none

Interventions Main intervention: Group 1: metformin 850 mg twice daily
Duration: metformin 6 months

Co-interventions: Group 1 and 2 both had LOD (punctures of 8 mm depth, each for 2-4 s with insulated
needle and monopolar diathermy adjusted at 30-40 watts)

Outcomes Primary: live birth rate

Secondary: clinical pregnancy, ovulation: follicle tracking on transvaginal US or day 21 progesterone (=
5ng/mL), BMI, fasting blood glucose, fasting insulin, free and total testosterone, miscarriage, adverse
effect: preterm delivery

Notes Does not state number of punctures per ovary

Only has metabolic and endocrine parameters (BMI, testosterone, fasting glucose, fasting insulin) for
groupl after treatment

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk No method of randomisation

tion (selection bias)

Allocation concealment Unclear risk No information
(selection bias)

Blinding of participants Unclear risk Inadequate information
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Inadequate information
sessment (detection bias)

All outcomes

Incomplete outcome data  Low risk No dropouts

(attrition bias)
All outcomes

Selective reporting (re- Unclear risk Insufficient information in the study
porting bias)

Other bias Low risk No evidence of other bias, however, reported methodology limited
Legro 2007
Methods RCT
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Legro 2007 (Continued)

Setting: USA

Method of randomisation: a large multi-centre, randomised, placebo-controlled study (see Legro 2006a
for detail)

Blinding: double

Number randomised: 626

Participants

Summary: metformin and CC vs CC vs metformin in obese PCOS women

Inclusion criteria: oligomenorrhoea (< 8 periods/year), biochemical hyperandrogenism (elevated
testosterone level documented within the previous year on the basis of local laboratory results)
Women should have at least 1 proven patent fallopian tube. Normal uterine cavity. Normal semen
analysis (sperm concentration > 20 million/mL)

Exclusion criteria: hyperprolactinaemia, CSH, thyroid disease, Cushings's syndrome, androgen-secret-
ing tumour

Baseline characteristics of each group: metformin and CC vs CC vs metformin

« Mean age (SD) 28.3 (4.0), 27.9 (4.0), 28.1 (4)

« Mean BMI (SD) 34.2 (8.4), 36.0 (8.9), 35.6 (8.5)

« Mean fasting insulin mIU/L (SD) 22.4 (30), 22.6 (20.7), 24 (28.4)
« Mean testosterone ng/dl (SD) 63.1 (28.4), 61.3 (32), 61.6 (25)

Dropouts: 49 (23.7%) in the metformin and CC group, 55 (26.3%) in the placebo and CC group, 72
(34.6%) in the metformin group. The differences were not significant.

Interventions

Main intervention: 2 extended-release metformin 500 mg or 2 placebo tablets twice daily
Duration: up to 6 cycles or 30 weeks

Co-interventions: CC 50 mg or second matching placebo tablet was commenced concurrently from day
3-7 of the cycle. When women had no or poor response, the dose was increased by 50 mg or 1 addition-
al placebo tablet with the maximum dose of 150 mg or 3 placebo tablets

Outcomes Primary: live birth rate, gastrointestinal side effects
Secondary: clinical pregnancy, ovulation: progesterone > 5 ng/mL, BMI, fasting glucose, fasting insulin,
serum testosterone, miscarriage, multiple pregnancy, other adverse events

Notes Based on the initial sample size calculation, 678 was needed to detect a 15% absolute difference in live
birth rates with a power of 80% and a type | error of 0.05. Due to limitations in the supplying metformin
and the matching placebo tablets, the number of required women was reduced to 626. This was ap-
proved after the assessment by the data safety and monitoring board. Because the observed live birth
rate was lower than projected, the number of recruited participants (626) was sufficient to detect a 15%
difference with the same magnitude of power and type | error.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Computer-generated; participants were randomised by means of an interac-

tion (selection bias) tive voice system and stratified based on study site and previous exposure to

study drugs
Allocation concealment Low risk Each participant received a medication package on a monthly basis that con-

(selection bias)

sisted of a bottle M (metformin or placebo) and a bottle C (CC or placebo). Da-
ta co-ordinating centre at the clinical research institute Legro 2006a
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Blinding of participants Low risk Participants and personnel were blinded
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Low risk Investigators were blinded

sessment (detection bias)
All outcomes

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Dropouts: 49 (23.7%) in the metformin and CC group, 55 (26.3%) in the placebo
and CC group, 72 (34.6%) in the metformin group. A much higher dropout rate
in the metformin-only group. The differences were not significant. Reasons for
dropout given.

Selective reporting (re-
porting bias)

Low risk All primary and secondary outcome measures reported. 3-arm study however
outcome data presented for all 3 arms clearly.

Other bias High risk The original sample size was 678 to detect a 15% absolute difference in live
birth rates. However, due to drug supply logistics, the sample size later re-
duced to 626 after the data safety and monitoring board review.

Liu 2004
Methods RCT

Setting: China
Method of randomisation:
Blinding:

Number randomised: 70

Participants

Summary: metformin and CC vs CC vs metformin in PCOS with insulin resistance
Inclusion criteria:

Exclusion criteria:

Baseline characteristics of each group: metformin and CC vs CC vs metformin

« BMI(SD): 29.4 (2.2) vs 27.3 (2.8) vs 28.7 (1.2)

« fastinginsulin, mU/L: 49.7 (6.4) vs 48.8 (7.4) vs 50.0 (8.2)

« fasting blood glucose, mmol/L: 5.3 (1.4) vs 5.0 (0.4) vs 5.0 (1.2)
« fasting testosterone:

Dropouts:

Interventions

Main intervention: metformin 500 mg 3/d
Duration: 3 months

Co-interventions: CC 50 mg 1/d from day 5-9

Outcomes Primary: none
Secondary: clinical pregnancy, BMI, fasting blood glucose, fasting insulin, serum testosterone
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Liu 2004 (continued)

Notes

Risk of bias

Bias

Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient information in the study

Allocation concealment
(selection bias)

Unclear risk Insufficient information in the study

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Insufficient information in the study

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Insufficient information in the study

Incomplete outcome data
(attrition bias)
All outcomes

Low risk No dropouts

Selective reporting (re-
porting bias)

Unclear risk Insufficient information in the study. 3-arm study however, outcome data pre-

sented for all 3 arms clearly

Other bias

Low risk No evidence of other bias, however, reported methodology limited

Liu 2017

Methods

RCT

Setting: China

Method of randomisation: computer-generated random number
Blinding: unclear

Number randomised: 268

Participants

Summary: CC and metformin vs CC alone vs letrozole and metformin vs letrozole alone

Inclusion criteria: PCOS (Rotterdam criteria), minimum unilateral tubal patency, normal semen analy-
sis

Exclusion criteria: women with gynaecological tumours or genital tract malformations, severe systemic
disease or acute/chronic urogenital tract infections, other endocrine disease (thyroid and adrenal dis-
ease), BMI > 30, age > 35 years or < 20 years

Baseline characteristics of each group: CC and metformin (n = 67) vs CC alone (n = 67) vs letrozole and
metformin (n=67) vs letrozole alone (n =67)

« Mean age (SD) 27.2 (2.8) vs 26.8 (3.1) vs 27.2 (3.3) vs 27.0 (3.0)

« Median BMI (IQR) 21.4 (19.8-23.6) vs 21.1 (19.9-22.8) vs 21.6 (19.2-23.6) vs 20.8 (19.1-22.3)
« Mean fasting blood sugar, mM (SD) 5.10 (0.41) vs 5.07 (0.33) vs 5.04 (0.38) vs 5.12 (0.36)

+ Mean fasting insulin, micU/mL (SD) 10.33 (3.78) vs 9.57 (3.94) vs 9.74 (3.80) vs 9.25 (3.49)
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« Mean testosterone, ng/mL (SD) 0.53 (0.15) vs 0.58 (0.18) vs 0.53 (0.16) vs 0.56 (0.14)
« Median menstrual cycle, day (IQR) 60 (41-75) vs 50 (40-70) vs 50 (40-60) vs 48 (42-75)

Dropouts: 28

Interventions

Main intervention: metformin 1000-1500 mg/d; CC 50 mg on day 3-5 of cycle for 5 d and increased to
100 mg then 150 mg each cycle if no ovulation; letrozole 5 mg on day 3-5 of cycle for 5 d;

Duration: 3 cycles

Co-interventions: none

Outcomes Primary: live birth rate, gastrointestinal side effects
Secondary: clinical pregnancy, ovulation: follicle tracking on transvaginal US or basal body tempera-
ture, miscarriage, adverse effect: ectopic pregnancy

Notes This review looked at 4 interventions; CC and metformin, CC alone, letrozole and metformin, letrozole
alone

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Computer random-number generator but participants numbered and ran-

tion (selection bias) domly divided into groups according to the order of inclusion

Allocation concealment Unclear risk Insufficient information in the study

(selection bias)

Blinding of participants Unclear risk Insufficient information in the study

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Insufficient information in the study

sessment (detection bias)

All outcomes

Incomplete outcome data  High risk Dropouts stated but incomplete reasoning. 4 women in the CC group, 9

(attrition bias) women in the metformin and CC group, 5 women in the letrozole group and 10

All outcomes women in the letrozole and metformin group. Unclear if it is an ITT analysis be-

cause not clear whether dropouts were included in the analysis

Selective reporting (re- Low risk All primary and secondary outcomes were clearly reported. 4-arm study, how-

porting bias) ever outcome data presented for all 4 arms clearly

Other bias Low risk No evidence of other bias

Lord 2006

Methods RCT
Setting: UK
Method of randomisation: randomisation was conducted centrally by computer at the hospital phar-
macy department using a block with sequential numbers. The code was kept sealed until the trial was
completed.”
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Blinding: double

Number randomised: 44

Participants

Summary: metformin vs placebo in obese PCOS

Inclusion criteria: oligomenorrhoea (< 6 periods/year), biochemical hyperandrogenism (FAI > 5.0)
Age 18-40 years

Exclusion criteria: diabetes, thyroid disease, hyperprolactinaemia, CAH, the use of ovulation-induction
agents or drugs that could affect insulin metabolism within 2 months before the start of the trial

Baseline characteristics of each group:

« mean age (SD) 27.76 (4.89), 30.63 (4.84)

« mean BMI (SD) 33.74 (6.74),36.37 (7.46)

« mean fasting insulin mIU/L (SD) 21.57 (15.54), 18.85 (6.04)

« mean total testosterone mmol/L (SD) 2.60 (0.78), 2.74 (0.65)

Dropouts: 3 women in the metformin group and 1 in the placebo were excluded after they were as-
signed to the group (did not meet the inclusion criteria). Furthermore, 3 (2 due to pregnancy and 1 lost
to follow-up) in the metformin arm and 5 (3 due to pregnancy and 2 lost to follow-up) in the placebo
arm did not complete the study.

Overall, 6 (27.2%) in the metformin group and 6 (27.2%) in the placebo group withdrew from the study
after they had been randomised.

Interventions

Main intervention: metformin 500 mg 3/d or placebo tablet 3/d
Duration: 12 weeks

Co-interventions: general advice on diet and exercise

Outcomes Primary: none
Secondary: clinical pregnancy, menstrual pattern, ovulation: progesterone > 30 nmol/L, BMI, fasting
blood glucose, fasting insulin, testosterone

Notes This study was to ascertain the effects of metformin on metabolic parameters, visceral and subcuta-
neous fat distribution in women with PCOS.
The fat distribution was measured with areal planimetry (CT scan). There were no significant changes
in any of the measures of fat distribution between the metformin and the placebo groups. Although,
metformin significantly reduced serum cholesterol concentrations, treatment effects on androgens, in-
sulin, triglycerides, ovulation and pregnancy were not observed.
*Information not in the original paper kindly provided by the study author

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomisation was conducted centrally by computer at the hospital pharma-
cy department using a block with sequential numbers.

Allocation concealment
(selection bias)

Low risk The code was kept sealed until the study was completed.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Participants and personnel were blinded.
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Blinding of outcome as- Low risk Investigators were blinded.
sessment (detection bias)
All outcomes

Incomplete outcome data  High risk Overall, 6 (27.2%) in the metformin group and 6 (27.2%) in the placebo group
(attrition bias) withdrew from the study after they had been randomised. Details of dropouts
All outcomes were not provided

Selective reporting (re- Low risk All outcome measures reported

porting bias)

Other bias Low risk No evidence of other bias
Machado 2012
Methods RCT

Setting: Brazil
Method of randomisation: numbered, sealed, opaque envelopes
Blinding: double

Number randomised: 36

Participants Summary: metformin and CC vs CC and placebo in CC-resistant PCOS

Inclusion criteria: oligomenorrhoea or amenorrhoea, Rotterdam criteria for PCOS, lack of response to
previous ovulation induction with CC

Exclusion criteria: male factor and tubal infertility, endocrinology and chronic health conditions, the
use of hormonal treatments within 60 days of the trial commencing

Baseline characteristics of each group: placebo, metformin

« mean age (SD) 27.1 (4.2), 27.65 (3.6)
« mean BMI (SD) 28 (3.55), 30 (2.9)
« insulin resistance (%) 32.15, 18.0

Dropouts*: 67 women were initially included in the study. 21 women did not respond to CC alone and
13 became pregnant. 36 women were then randomised to receive metformin or placebo. All 36 women
completed the study, with no women dropping out

Interventions Main intervention: metformin 850 mg 2/d or placebo tablet 2/d
Duration: 60 days

Co-interventions: CC 100 mg day 5-9 with concurrent use of metformin or placebo

Outcomes Primary: none

Secondary: clinical pregnancy rate, ovulation: follicle tracking on US, progesterone > 3000 pg/mL on
day 21, BMI, fasting insulin, fasting glucose

Notes This study aimed to evaluate the efficacy of metformin with CC on ovulation in women previously resis-
tant to CC alone. We did not perform a subgroup analysis by BMI in our analysis due to the small num-
ber of women in the study.

*Additional information was provided by the study author on request.
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Risk of bias

Bias

Authors' judgement Support for judgement

Random sequence genera-  High risk Envelopes representing green or pink bottles where woman chose which enve-
tion (selection bias) lope
Allocation concealment Low risk Sealed, opaque envelopes used
(selection bias)
Blinding of participants Low risk The study author has confirmed in private correspondence that women and
and personnel (perfor- healthcare providers were blinded for the duration of the study.
mance bias)
All outcomes
Blinding of outcome as- Low risk The study author has confirmed in private correspondence that women and
sessment (detection bias) healthcare providers were blinded for the duration of the study.
All outcomes
Incomplete outcome data  Low risk Data were available for all 36 women who participated in the study.
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk Insufficient information in the study
porting bias)
Other bias Low risk No evidence of other bias
Malkawi 2002
Methods RCT

Setting: Jordan

Method of randomisation: centralised randomisation process with women receiving a sequential num-
ber*

Blinding: double-blind*

Number randomised: 28

Participants

Summary: metformin and CC vs CC in non-obese PCOS, CC-resistant women

Inclusion criteria: US findings of polycystic ovaries together with 3 of: oligomenorrhoea <6 cycles in
preceding year, Ferriman-Gallwey score > 7, hyperandrogaenemia (free testosterone, androstenedione,
DHEAS), elevated LH or LH:FSH > 2 CC resistance defined as failure to ovulate with 150 mg day 5-9 for 3
months. Normal uterine cavity and patent tubes on hysterosalpingography. Normal semen analysis

Exclusion criteria: raised prolactin, adrenal hyperplasia, thyroid dysfunction, Cushing's syndrome.
Baseline characteristics of each group: metformin and CC vs CC

« mean age (+ SD) 29 (3.1), 29 (7.3)

« mean BMI (£ SD) 27.5 (4.1), 27.8 (3.3)

« mean fasting insulin miclU/L (+ SD) 20.5 (4.2),21.2 (5.3)
« mean total testosterone ng/dL (+ SD) 330 (48), 310 (52)
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Dropouts: none

Interventions Main intervention: 1 of metformin 850 mg 2/d, placebo
Duration: 6 months

Co-interventions: CC 50 mg day 5-9 in the first cycle, increasing by 50 mg up to 200 mg in each subse-
quent cycle until ovulation achieved

Outcomes Primary: none

Secondary: clinical pregnancy, ovulation: serum progesterone on day 21 and 28 > 15.9 nmol/L,

Notes Units of testosterone assumed to be ng/mL

*Information kindly provided by the study author that was not in the original paper

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Centralised randomisation process with women receiving a sequential number

tion (selection bias)

Allocation concealment Unclear risk Inadequate information
(selection bias)

Blinding of participants Unclear risk Inadequate information
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Inadequate information
sessment (detection bias)
All outcomes

Incomplete outcome data  Low risk No dropouts

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk Insufficient information in the study

porting bias)

Other bias Low risk No evidence of other bias however limited reported methodology

Malkawi 2003

Methods RCT
Setting: Jordan
Method of randomisation: unclear
Blinding: none

Number randomised: 161

Participants Summary: metformin vs LOD in CC-resistant PCOS women
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Inclusion criteria: PCOS, diagnosed if polycystic ovaries on US and = 3 of oligomenorrhoea, hirsutism,
hyperandrogenism, elevated LH, LH:FSH ratio > 2, CC resistance (failure to ovulate or conceive after CC
treatment up to a daily dose of 150 mg in at least 3 consecutive cycles), normal uterine cavity, normal
tubal patency, normal semen parameters

Exclusion criteria: congenital adrenal hyperplasia, Cushing's syndrome, hyperprolactinaemia, thyroid
disease

Baseline characteristics of each group: metformin (n =64) vs LOD (n=97)

« Mean age (SD) 27.4 (3) vs 27.1 (4.4)

« Mean BMI (SD) 27.5 (4.1) vs 26.6 (2.3)

« Mean fasting blood sugar, mg/dL (SD) 80.6 (5.6) vs 81 (5.2)
» Mean fasting insulin, micU/mL (SD) 20.5 (4.2) vs 19 (7.2)

« Mean testosterone, ng/mL (SD) 330 (48) vs 290 (88)

« Regular menstrual cycles, number (%) 17 (26.6) vs 27 (27.8)

Dropouts: none

Interventions

Main intervention: metformin 850 mg twice daily; LOD (8-10 punctures per ovary, each for 2-3 s with in-
sulated needle adjusted at 40 watts, ovaries then washed with crystalloid solution)

Duration: 3 months then if no ovulation, CC was added to both groups

Co-interventions: CC 50 mg/d starting on days 5-9 of cycle. If no ovulation, dose increased to 100 mg/d
then 150 mg/d in each consecutive cycle

Outcomes Primary: live birth rate, gastrointestinal side effects
Secondary: clinical pregnancy, menstrual frequency, ovulation: serum progesterone > 10 ng/mL, BMI,
fasting blood glucose, fasting insulin, serum testosterone, miscarriage, multiple pregnancy, other ad-
verse effects: ectopic pregnancy

Notes No information on method of randomisation

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk No method of randomisation

tion (selection bias)

Allocation concealment Unclear risk No information

(selection bias)

Blinding of participants High risk No information however the study compares LOD vs metformin therefore
and personnel (perfor- blinding not achievable

mance bias)

All outcomes

Blinding of outcome as- High risk No information however the study compares LOD vs metformin therefore
sessment (detection bias) blinding not achievable

All outcomes

Incomplete outcome data  Low risk No dropouts

(attrition bias)
All outcomes
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Selective reporting (re- Unclear risk Insufficient information in the study
porting bias)

Other bias Low risk No evidence of other bias however limited reported methodology
Moll 2006
Methods Multicentre RCT

Setting: the Netherlands
Method of randomisation: computer-generated blocks of 4
Blinding: double-blind

Number randomised: 225

Participants Summary: metformin and CC vs CC and placebo in non-obese women with PCOS
Inclusion criteria: PCOS (according to Rotterdam consensus), normal FSH concentrations

Exclusion criteria: age > 40 years, abnormal liver function tests or creatinine levels > 95 pmol/L, history
of heart disease, history of male factor infertility with total motile sperm count < 10 x 106

Baseline characteristics of each group metformin and CC (n =111) vs CC (n = 114):

« mean age (SD) 27.9 (3.7),28.4 (4.7)
« mean BMI (SD) 28.5 (7.1), 27.8 (6.7)
« mean total testosterone nmol/L (SD) 3.49 (3.68), 3.55 (3.54)

Dropouts: no significant difference in the dropout rates, 28 (25%) in the metformin arm, 21 (18%) in the
placebo arm

Interventions Main intervention: metformin 2000 mg/d (increased from 500 mg to 2000 mg over a period of 7 d in or-
der to limit the side effects) or placebo

Duration: all women received metformin or placebo for 1 month before starting CC treatment (a maxi-
mum of 6 cycles for those who ovulated with CC)

Co-interventions: CC 50 mg from day 3 (spontaneous menstruation) or day 5 (progestogen-induced
menstruation) for a period of 5 days. If ovulation did not occur with this dose, CC was increased with
steps of 50 mg with a maximum of 150 mg/d in the next cycles

Outcomes Primary: live birth rate, gastrointestinal side effects

Secondary: clinical pregnancy, ovulation: progesterone > 14 nmol/L in the second half of menstrual
cycle, follicle tracking on US, miscarriage, multiple pregnancy, other adverse effects including OHSS,
pregnancy complications

Notes Alarge, multicentre RCT. The sample size calculation was based on the ovulation rate. In total, 228
women were initially screened and 3 were subsequently excluded. 111 women were randomised to re-
ceive metformin and CC; whilst 114 received placebo and CC.

Risk of bias
Bias Authors' judgement Support for judgement
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Moll 2006 (continued)

Random sequence genera-  Low risk Computer-generated blocks of 4

tion (selection bias)

Allocation concealment Low risk Allocation carried out in the co-ordinating centre (Amsterdam) and the list was
(selection bias) kept until inclusion was completed

Blinding of participants Low risk Participants and personnel were blinded

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk Investigators were blinded

sessment (detection bias)

All outcomes

Incomplete outcome data  High risk Dropouts: no significant difference in the dropout rates, 28 (25%) in the met-
(attrition bias) formin arm, 21 (18%) in the placebo arm. Details of the dropout participants
All outcomes not mentioned; although number of dropouts in each group were similar
Selective reporting (re- Low risk Primary outcome (ovulation) and secondary outcome (pregnancy, miscarriage
porting bias) rates) measures reported

Other bias Low risk No evidence of other bias

Morin-Papunen 2012

Methods

Multicentre RCT (parallel-group study)
Setting: Finland

Method of randomisation: randomisation codes remained concealed. Metformin and placebo identical-
ly packaged and consecutively numbered

Blinding: double

Number randomised: 320

Participants

Summary: metformin vs placebo

Inclusion criteria: PCOS diagnosed by Rotterdam criteria, anovulatory infertility for at least 6 months
and 3 months since the last infertility treatment. Age range 18-39 years

Exclusion criteria: type 1 diabetes mellitus, liver, cardiac or renal disease, hormone medication, alcohol
use, regular smoking

Baseline characteristics of each group metformin vs placebo

« mean age (SD) 28.4 (3.9),27.9 (4.1)

« mean BMI (SD) 27.1 (6.3), 27.4 (6.2)

« mean fasting insulin, microlU/mL (SD) 11.0 (11.2), 11.4 (11.8)
« testosterone, ng/dL (SD) 43.2 (17.3), 45.8 (20.2)

« mean fasting glucose, mg/dL (SD) 91.9 (7.2), 91.9 (9.0)

Dropouts: 61 women were lost to follow-up or discontinued but their data were included in the ITT
analysis

Interventions

Main intervention: metformin 500 mg 1/d for 1 week, then increased weekly by 1 extra tablet/d to 1.5 g/
d in non-obese and 2 g/d in obese women versus placebo
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Duration: 3-9 months

Co-interventions: if pregnancy had not occurred by 3 months, ovulation induction was started with CC.
If unsuccessful after 4-6 cycles, gonadotrophins or aromatase inhibitors were used

Outcomes Primary: live birth rate, gastrointestinal side effects
Secondary: clinical pregnancy rate, BMI, miscarriage rate
Notes This study was to ascertain the effects of metformin on pregnancy and live birth rates. Endocrine/meta-
bolic outcomes not measured. Additional information sought from the study authors
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Performed by hospital pharmacy with 1:1 allocation in random blocks of 10 us-
tion (selection bias) ing computer-generated lists
Allocation concealment Low risk Metformin and placebo identically packaged and consecutively numbered.
(selection bias) Randomisation codes remained blinded until database lock had taken place.
Blinding of participants Low risk Participants and personnel were blinded
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Low risk Investigators were blinded
sessment (detection bias)
All outcomes
Incomplete outcome data  Low risk 61 women were lost to follow-up or discontinued but their data were included
(attrition bias) in the ITT analysis
All outcomes
Selective reporting (re- Unclear risk Insufficient information in the study
porting bias)
Other bias Low risk No evidence of other bias
Nestler 1998
Methods Multicentre RCT

Setting: USA (3 participants), Venezuela (54 participants), Italy (4 participants)*
Method of randomisation: centralised randomisation process*
Blinding: single-blind, participants blinded

Number randomised: 61

Participants

Summary: metformin vs placebo

Inclusion criteria: PCOS (oligomenorrhoea < 6 cycles/year, hyperandrogaenemia (elevated free testos-
terone), exclusion of other endocrinopathy, US finding of PCO), BMI > 28
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Exclusion criteria: diabetes mellitus, adrenal hyperplasia, thyroid dysfunction, hyperprolactinaemia,
taking any medication for previous 2 months

Baseline characteristics of each group:

« mean age (+ SD) 29 (5.9), 28 (5.1)

« mean BMI (£ SD) 32.3 (4.7), 32.2 (5.1)

« mean fasting insulin mIU/L (+ SD) 19 (11.8), 22( 30.6)

« mean total testosterone mmol/L (+ SD) 2.44 (1.0), 2.20 (0.9)

Dropouts: none

Interventions

Main intervention: 1 of metformin 500 mg 3/d, placebo
Duration: 34 d, then those who did not ovulate continued for a further 19d

Co-interventions: those that did not ovulate after 34 days had CC 50 mg for 5 d and continued met-
formin/placebo for a total of 53 d

Outcomes Primary: none
Secondary: ovulation: by serum progesterone (= 25.6 nmol/L) measured on days 14, 28, 35 (and 44 and
53 in those that went on to receive CC), BMI, fasting glucose, fasting insulin, total and free testosterone

Notes 89% of participants were recruited in Venezuela
Most of the outcome measures were only reported for those that failed to ovulate during the metformin
vs placebo phase of the trial. These have not been included in the analysis as a further analysis to in-
clude all participants was not possible.
*Information not in the original paper kindly provided by the study author

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Centralised randomisation process

tion (selection bias)

Allocation concealment Unclear risk Inadequate information

(selection bias)

Blinding of participants Low risk Single-blinded (participant only)

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- High risk Unblinded

sessment (detection bias)

All outcomes

Incomplete outcome data  High risk No dropouts. Most of the outcome measures were only reported for those that

(attrition bias) failed to ovulate during the metformin vs placebo phase of the trial.

All outcomes

Selective reporting (re- Unclear risk Insufficient information in the study

porting bias)

Other bias Low risk No evidence of other bias
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Ng 2001

Methods

RCT

Setting: Hong Kong (Chinese women)

Method of randomisation: computer-generated list in sealed envelopes
Blinding: double-blind

Number randomised: 20

Participants

Summary: metformin vs placebo in non-obese PCOS, CC resistance

Inclusion criteria: PCOS (irregular cycles of < 21 days or = 35 days and cycle-to-cycle variation of > 4
days*, anovulation with mid-luteal progesterone < 16 nmol/L whilst taking CC 100 mg for 5 d over 3 cy-
cles, exclusion of other endocrinopathy (raised prolactin, thyroid disorder*), US findings of PCO, age <
40, day 2 FSH < 10, bilateral patent tubes demonstrated by laparoscopy, normal semen parameters

Exclusion criteria: taking any sex hormones in previous 3 months, smokers, renal impairment
Baseline characteristics of each group*:

« mean age (£ SD) 30.4 (2.1), 31.2 (2.6)

« mean BMI (+ SD) 25.5 (4.6), 23.5 (4.4)

« mean fasting insulin mIU/L (+ SD) 10.4 (4.9), 12.4 (5.9)
« mean total testosterone mol/L (+ SD) 2.0 (0.9), 1.6 (1.2)

Dropouts: 5 (25%), 3 in placebo arm, 2 in metformin. Analysis on ITT

Interventions

Main intervention: 1 of metformin 500 mg 3/d, placebo
Duration: 3 months. Those who did not ovulate continued for a further cycle

Co-interventions: CC 100 mg for 5 d was given after 3 months if there was no ovulation

Outcomes Primary: live birth rate, gastrointestinal side effects
Secondary: clinical pregnancy, ovulation: by serum progesterone (> 16 nmol/L) weekly, BMI, fasting
blood glucose, fasting insulin, testosterone

Notes The BMI was lower than in other trials
In spite of the fact that anovulation and CC resistance was an inclusion criteria, 7 out of 9 women taking
placebo ovulated (3 with placebo alone, and 4 out of the 6 remaining in the trial who had CC and place-
bo)
*Information not in the original paper kindly provided by the study author

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Computer-generated list

tion (selection bias)

Allocation concealment Unclear risk In sealed envelopes however, does not state whether the envelopes were

(selection bias)

opaque. Double, identical appearance and packed by the hospital pharmacy.
Code kept in the pharmacy department until the end of the trial
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Blinding of participants Low risk Participants and personnel were blinded
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk Investigators were blinded
sessment (detection bias)
All outcomes

Incomplete outcome data  High risk Dropouts: 5 (25%), 3 in placebo arm, 2 in metformin. Analysis on ITT. Details
(attrition bias) not provided
All outcomes

Selective reporting (re- Low risk All primary outcome measures reported
porting bias)

Other bias Unclear risk In spite of the fact that anovulation and CC resistance was an inclusion criteria,
7 out of 9 women taking placebo ovulated (3 with placebo alone, and 4 out of
the 6 remaining in the trial who had CC and placebo)

Onalan 2005
Methods RCT

Setting: Turkey

Method of randomisation: computer-generated randomisation in blocks of 4

Blinding: double*

Number randomised: 139 were randomised into 6 main groups according to the fasting glucose/insulin

ratio (with a level < 4.5 classified as hyperinsulinaemia) and BMI (< 25, 25-29.9 and > 30)

Participants Summary: metformin vs placebo in non-obese PCOS vs obese PCOS

Inclusion criteria: oligomenorrhoea (< 6 periods/year), clinical hyperandrogenism (Ferriman-Gallwey

score >7) and/or biochemical hyperandrogenism (free testosterone > 4 ng/dL)

Exclusion criteria: other causes of hyperandrogenism, Cushing’s syndrome, CAH, hyperprolactinaemia,

thyroid dysfunction

Baseline characteristics of each group: non-obese: metformin (n =51) vs placebo (n = 50)

« mean age (SD) hyperinsulinaemic lean 25.7 (4.9), 24.2 (4.7); hyperinsulinaemic overweight 27.5 (5.7),
24.8(6.6); normoinsulinaemic lean 26.4 (4.1), 27.1 (4.8); normoinsulinaemic overweight 24.6 (4.8),27.3
(4.

« mean BMI (SD) hyperinsulinaemic lean 21.55 (3.07), 21.8 (1.76); hyperinsulinaemic overweight 28.4
(0.7),28.4 (0.9); normoinsulinaemic lean 21.6 (2. 25), 21.96 (1.52); normoinsulinaemic overweight 28.1
(1.0), 28.2 (0.7)

« mean fasting insulin mIU/L (SD) hyperinsulinaemic lean 20.5 (0.68), 22.0 (3.95); hyperinsulinaemic
overweight 22.7 (3.0), 23.1 (6.0); normoinsulinaemic lean 14.9 (2.2), 15.6 (2.52); normoinsulinaemic
overweight 14.6 (1.5), 13.8 (1.6)

Baseline characteristics of each group: obese: metformin (n =21) vs placebo (n=17)

« Mean age (SD) hyperinsulinaemic obese 25.1 (3.6), 28.4 (6.9), normoinsulinaemic obese 31.8 (4.0)

« Mean BMI (SD) hyperinsulinaemic obese 31.7 (1.9), 34.9 (3.5); normoinsulinaemic obese 31.6 (1.1),32.2
(3.2)
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« Mean fasting insulin mIU/L (SD) hyperinsulinaemic obese 27.8 (10.3), 23.3 (2. 8); normoinsulinaemic
obese 18.8 (2.3),21.2 (1.3)

Dropouts: 15 in total, mainly due to gastrointestinal side effects. Further 8 women were excluded in the
analysis because of pregnancy*

Interventions

Main intervention: metformin 850 mg or placebo tablet twice daily
Duration: 6 months

Co-interventions: none

Outcomes Primary: gastrointestinal side effects
Secondary: menstrual frequency, ovulation: progesterone > 5 ng/mL, BMI, fasting blood glucose, fast-
ing insulin, free testosterone

Notes The objective of this study was to investigate the effects of hyperinsulinaemia (fasting glucose/insulin
ratio <4.5 mg/10-4 U and obesity (BMI > 30) on the responses to metformin treatment in women with
PCOS. There were 6 subgroups, normoinsulinaemic lean (BMI < 25), overweight (BMI 25-29.9) and obese
(BMI>30); hyperinsulinaemic lean (BMI < 25), overweight (BMI 25-29.9) and obese (BMI > 30).
The results of the non-obese subgroups were entered separately from the obese subgroup in the meta-
analysis.
We have written to the study author regarding the details of randomisation and concealment. Addition-
ally, we also asked the study author to provide further information of the anthropometric, hormonal
and metabolic results at the end of the trial period.
*No reply from study author

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Computer-generated blocks-of-4 randomisation

tion (selection bias)

Allocation concealment Unclear risk Not stated

(selection bias)

Blinding of participants Unclear risk Inadequate information

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Inadequate information

sessment (detection bias)

All outcomes

Incomplete outcome data  High risk Dropouts: 15 in total (11%), mainly due to gastrointestinal side effects. Missing

(attrition bias) outcomes not addressed. Imbalance in missing data between the intervention

All outcomes and placebo groups

Selective reporting (re- Unclear risk Primary outcome measures not stated. Inadequate study protocol reporting

porting bias)

Other bias Low risk No evidence of other bias
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Palomba 2004

Methods

RCT

Setting: Italy

Method of randomisation: computer-generated random allocation sequence in double block
Blinding: double

Number randomised: 120

Participants

Summary: diagnostic laparoscopy and metformin vs LOD and multivitamins

Inclusion criteria: PCOS (NIH criteria), CC resistance (failure to ovulate during total of 3 consecutive cy-
cles using CC 150 mg/d for 5 days from day 3-7), overweight (BMI 25-30)

Exclusion criteria: age < 22 years or > 34 years, hypothyroidism, hyperprolactinaemia, Cushing's syn-
drome, nonclassical congenital adrenal hyperplasia, current or previous (within 6 months) use of oral
contraceptives, glucocorticoids, antiandrogens, ovulation induction agents, antidiabetic or antiobesi-
ty drugs, other hormonal drugs. Comorbid conditions including neoplastic, metabolic, hepatic and car-
diovascular disease. Diabetes, renal disease, malabsorptive disorders. Glucose intolerance, special di-
et or physical activity programme. Organic pelvic disease, previous pelvis surgery, suspected peritoneal
factor infertility, tubal or male factor infertility. Smokers. Alcohol

Baseline characteristics of each group: metformin (n =60) vs LOD (n = 60)

« Mean age (SD) 26.8 (2.2) vs 27.5 (2.4)

« Mean BMI (SD) 28.1 (1.7) vs 27.6 (1.6)

« Mean fasting blood sugar, mg/dL (SD) 98.3 (8.9) vs 95.9 (7.8)
« Mean fasting insulin, micU/mL (SD) 18.8 (5.5) vs 20.8 (5.7)

« Mean testosterone, ng/mL (SD) 0.8 (0.1) vs 0.9 (0.1

Dropouts: 11

Interventions

Main intervention: metformin 850 mg twice daily; LOD (3-6 punctures per ovary, each for 2-3 seconds
with insulated needle adjusted at 40 watts, ovaries then washed with crystalloid solution, injured areas
covered with hyaluronic acid gel)

Duration: 6 months then CC added 150 mg/d from day 3-6

Co-interventions: diagnostic laparoscopy (group 1); multivitamins 2 tablets/d (group 2)

Outcomes Primary: live birth rate, gastrointestinal side effects
Secondary: clinical pregnancy, menstrual frequency, ovulation: follicle tracking on US, miscarriage
Notes
Risk of bias
Bias Authors' judgement Support for judgement

Random sequence genera-  Low risk Computer random-number generator
tion (selection bias)
Allocation concealment Unclear risk Allocation sequence concealed until the interventions were assigned
(selection bias)
Blinding of participants Low risk Participants were blinded
and personnel (perfor-
mance bias)
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All outcomes

Blinding of outcome as- Low risk Investigators were blinded
sessment (detection bias)
All outcomes

Incomplete outcome data  High risk Dropouts stated with reasoning. 6 women in the diagnostic laparoscopy and
(attrition bias) metformin group, 5 women in the LOD group. Not an ITT analysis because
All outcomes dropouts were excluded from analysis

Selective reporting (re- Low risk All outcomes clearly reported

porting bias)

Other bias Low risk No evidence of other bias

Palomba 2005a

Methods RCT
Setting: Italy
Method of randomisation: computer-generated random allocation sequence in double block
Blinding: double

Number randomised: 100

Participants Summary: metformin vs CC in non-obese PCOS

Inclusion criteria: National Institutes of Health criteria, age 20-34 years, BMI <30 kg/m?2, tubal patency
confirmed by HSG:, normal semen analysis

Exclusion criteria: metabolic disorders, hepatic or renal dysfunction, thyroid disease, hyperprolacti-
naemia, Cushing's syndrome, CAH, hormonal drugs, pelvic diseases, previous pelvic surgery

Baseline characteristics of each group: metformin (n =45) vs CC (n = 47)

« mean age (SD) 26.4 (2.9),25.9 (2.7)

« mean BMI (SD) 27.0 (2.9), 26.7 (2.8)

« mean fasting insulin mIU/L (SD) 19.5 (5.4), 20.4 (5.6)

« mean total testosterone mol/L (SD) 3.12 (1.04), 3.47 (1.0)

Dropouts: 5 in the metformin group and 3 in the metformin + CC group

Interventions Main intervention: metformin 850 mg twice daily and placebo vs CC 150 mg on day 3-7 of the cycle and
placebo

Duration: 6 months

Co-interventions: none

Outcomes Primary: live birth rate, gastrointestinal side effects

Secondary: clinical pregnancy rate, menstrual frequency, ovulation: USS follicular tracking, miscar-
riage, multiple pregnancy, other adverse effects: various pregnancy complications

Notes This study was designed to compare the effectiveness of metformin and CC treatment as a first-line
therapy in non-obese anovulatory women with PCOS.
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The primary end point measure was the pregnancy rate.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Computer-generated random allocation sequence in double block
tion (selection bias)

Allocation concealment Unclear risk Allocation sequence concealed until the interventions were assigned
(selection bias)

Blinding of participants Unclear risk Inadequate information

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Inadequate information

sessment (detection bias)

All outcomes

Incomplete outcome data  Low risk Dropouts: 5 in the metformin group and 3 in the metformin + CC group with
(attrition bias) reasoning

All outcomes

Selective reporting (re- Unclear risk Insufficient information in the study

porting bias)

Other bias Low risk No evidence of other bias

PCOSMIC 2010

Methods

Multicentre RCT
Setting: New Zealand
Randomisation: double-blind

Number randomised: 171

Participants

Summary: metformin vs placebo in obese women, metformin and CC vs CC vs metformin in non-obese
women

Inclusion criteria: women with PCOS according to Rotterdam consensus criteria

Exclusion criteria: couples had undergone previous fertility treatment involving > 5 months' treatment
with CC or metformin; tubal factor (at least 1 tube blocked); severe male factor (< 15 mil/mL); important
medical disorders

Obese women (BMI > 32 kg/m?2): baseline characteristics: metformin (n = 32) vs placebo (n=33)

« Mean age (SD) 29.5 (4.3) vs 29.2 (4.2)

« Mean BMI (SD) 38.0 (3.9) vs 37.6 (3.2)

« Mean total testosterone, nmol/L (SD) 2.62 (1.06) vs 2.76 (1.19)
« Mean fasting insulin, pmol/L (SD) 18.0 (12.7) vs 18.3 (10.8)

Dropout: 7 (5 in placebo, 2 in metformin group)
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Non-obese women (BMI: = 32 kg/m2): baseline characteristics: metformin and CC (n = 35) vs metformin
(n=35)vs CC (n=36)

« Mean age (SD) 29.2 (4.7) vs 28.9 (4.4) vs 28.2 (4.0)

« Mean BMI (SD) 26.9 (4.1) vs 26.5 (3.5) vs 26.2 (3.4)

« Mean total testosterone, nmol/L (SD) 2.89 (1.39) vs 2.92 (1.53) vs 2.97 (1.29)
« Mean fasting insulin, pmol/L (SD) 10.3 (6.5) vs 10.4 (6.5) vs 10.7 (6.0)

Dropout: 9 (2 in metformin and CC, 3 in metformin and 4 in CC groups)

Interventions Obese women were randomised to receive either metformin 500 mg 3/d (increasing dose over 2 weeks)
or matching placebo

Non-obese women were randomised to receive either metformin 500 mg 3/d, CC 50 mg from day 2-6
(increasing up to 150 mg over 3 months if no evidence of ovulation) or metformin 500 mg 3/d combined
with CC 50 mg day 2-6 (increasing up to 150 mg over 3 months if no evidence of ovulation)

Duration: up to 6 months

All study drugs were stopped once the participant was pregnant

Outcomes Primary: live birth rate, gastrointestinal side effects

Secondary: clinical pregnancy rate, ovulation: serum progesterone = 25 nmol/L, miscarriage, multiple
pregnancy, adverse effects: various pregnancy complications

Notes

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Computerised block randomisation (blocks of 10)

tion (selection bias)

Allocation concealment Low risk Quote: "allocation concealment was strictly maintained by a telephone call
(selection bias) from the recruiting nurse to pharmacy, ...dispensing pre-prepared drugs in a
true third party randomisation"

Blinding of participants Low risk Participants and personnel were blinded
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk Investigators were blinded
sessment (detection bias)
All outcomes

Incomplete outcome data  Low risk ITT analysis planned and protocol breach and losses to follow-up were report-
(attrition bias) ed
All outcomes
Selective reporting (re- Low risk Protocol published and all outcomes reported. 3-arm study, however data pre-
porting bias) sented for all 3 arms clearly
Other bias Low risk No evidence of other bias
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Methods RCT

Setting: Pakistan
Method of randomisation: unclear
Blinding: single-blinded (ultrasonographers were blinded)

Number randomised: 100

Participants

Summary: metformin and CC vs CC alone

Inclusion criteria: PCOS (diagnosed by presence of PCO on ultrasound and = 2 of oligomenorrhoea, hir-
sutism, hyperandrogenism, elevated LH or LH:FSH ratio). Tubal patency and normal semen analysis

Exclusion criteria: other endocrine disorders including congenital adrenal hyperplasia, Cushing's syn-
drome, hyperprolactinaemia and thyroid disease

Baseline characteristics of each group: metformin and CC vs CC alone

« Mean age (SD) 26.52 (2.3) vs 26.88 (2.4)
« Normal menstrual cycle (number) 32 (64%) vs 28 (56%)
« Mean testosterone levels

Dropouts: none

Interventions

Main intervention: metformin 500 mg 3/d
Duration: 6 cycles

Co-interventions: CC 50 mg from day 2 until day 6 of cycle

Outcomes Primary: gastrointestinal side effects
Secondary: clinical pregnancy rate, ovulation: follicle tracking on transvaginal US and day 21 proges-
terone > 8 mg/mL, adverse effects: teratogenic effects

Notes Old paper - unable to read baseline testosterone levels
No information on method of randomisation

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk No method of randomisation

Allocation concealment
(selection bias)

Unclear risk No information available

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk No information available

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk No information available
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Incomplete outcome data  Low risk No dropouts
(attrition bias)
All outcomes

Selective reporting (re- Unclear risk Insufficient information in the study
porting bias)

Other bias Low risk No evidence of other bias, however, reporting of methodology limited
Refaie 2005
Methods RCT

Setting: Egypt
Method of randomisation: unclear
Blinding: unclear

Number randomised: 55 total (34 in group 1 randomised to metformin and CC vs CC alone)

Participants Summary: Group 1 (insulin-resistant): metformin and CC versus CC alone; Group 2 (non-insulin-resis-
tant): CC alone

Inclusion criteria: PCOS (Rotterdam criteria)
Exclusion criteria: male factor infertility, tubal and peritoneal factors
Baseline characteristics of each group: Group 1 (insulin-resistant) vs group 2 (non-insulin-resistant)

« Mean age (SD) 29 (4) vs 27 (5)

« Mean BMI (SD) 34.1 (7.9) vs 30.2 (4.6)

+ Mean glucose, mg/dL (SD) 93.2 (11.8) vs 85.1 (12.2)

« Meaninsulin levels, mU/mL (SD) 28.5 (6.8) vs 12.1 (5.4

Dropouts: none

Interventions Main intervention: metformin 1500 mg/d
Duration: 6 months or until pregnancy occurred

Co-interventions: CC 50 mg from day 2 until day 6 of cycle, increased up to 150 mg/d if no evidence of
ovulation

Outcomes Primary: none

Secondary: clinical pregnancy rate, ovulation: midluteal progesterone > 10 ng/mL, BMI, fasting insulin,

testosterone
Notes Unable to distinguish baseline characteristics within group 1
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Inadequate information
tion (selection bias)
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Allocation concealment Unclear risk Inadequate information

(selection bias)

Blinding of participants Unclear risk Inadequate information

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Inadequate information

sessment (detection bias)
All outcomes

Incomplete outcome data  Low risk No dropouts

(attrition bias)

All outcomes

Selective reporting (re- Low risk All outcomes were reported

porting bias)

Other bias Unclear risk Group 1 was randomised to receive metformin and CC vs CC but there are no

baseline characteristics available within these randomised groups

Siebert 2009

Methods

RCT

Setting: South Africa

Method of randomisation: computer-generated random numbers
Blinding: unblinded

Number randomised: 107

Participants

Summary: metformin and CC vs CC in obese PCOS women

Inclusion criteria: PCOS (according to Rotterdam consensus 2003), confirmed tubal patency
Exclusion criteria: male factor subfertility

Baseline characteristics of each group: metformin and CC (n =42) vs CC (n = 48)

« median BMI: 30.48,30.71

« median fasting insulin mIU/L: 17.20, 13.6

« median fasting glucose 5.00, 5,10

« median total testosterone nmol/L: 2.35, 2.00

Dropouts: 17, 10 in metformin + CC group and 7 in CC-only group

Interventions

Main intervention: metformin 850 mg twice daily
Duration: 6 weeks before and throughout ovulation induction with CC

Co-interventions: CC 50-150 mg day 4-8 for 4 cycles

Outcomes Primary: none
Secondary: ovulation: day-21 progesterone level (level not stated)
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Notes Asingle-centre RCT investigated the benefit of using metformin in CC ovulation induction treatment.
ITT was used in our analysis. Participant lost to follow-up classified as non-responder; whilst pregnant
participants did not attend follow-up visit (1 in each arm) were classified as responder
No units for insulin, glucose and testosterone in the paper

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Computer-generated random numbers

tion (selection bias)

Allocation concealment Unclear risk Not stated

(selection bias)

Blinding of participants High risk Unblinded

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- High risk Unblinded

sessment (detection bias)

All outcomes

Incomplete outcome data  High risk Dropouts: no significant difference in the dropout rates, 10 in metformin + CC

(attrition bias) group and 7 in CC-only group; no reason for dropout

All outcomes

Selective reporting (re- Unclear risk Insufficient information in the study

porting bias)

Other bias Low risk No evidence of other bias

Sturrock 2002
Methods Cross-over RCT

Setting: UK
Method of randomisation: performed by pharmacy*
Blinding: double-blind

Number randomised: 19

Participants

Summary: metformin vs placebo in obese PCOS with CC resistance

Inclusion criteria: oligomenorrhoea cycle > 40 d for 6 months, anovulation demonstrated by day 20-22
progesterone < 10 nmol/L, lack of response to CC 100 mg for 5 d with US showing endometrial thick-
ness <5 mm and no ovarian follicle = 14 mm. Age 18-40 years

Exclusion criteria: raised prolactin, adrenal hyperplasia, thyroid dysfunction, medication known to af-
fectinsulin action*
Baseline characteristics of each group*:

« mean age (£ SD) 29.1 (4.3),31.1(3.7)
« mean BMI (+ SD) 34.2 (4.0), 35.0 (3.6)
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« mean fasting insulin mIU/L (+ SD) 14.6 (9.9), 17.2 (8.0)
« mean total testosterone mmol/L (+ SD) 2.4 (0.8), 2.2 (0.4)

Dropouts: 4 (40%) from metformin arm and 4 (44%) from placebo arm*. Not included in analysis

Interventions

Main intervention: 1 of metformin 500 mg 3/d, placebo
Duration: 6 months

Co-interventions: 1st week of treatment at 500 mg 1/d, 2nd at 500 mg 2/d and 3rd at 500 mg 3/d Those
that did not ovulate after 3 months had CC 50 mg days 2-6, increased to 100 mg for a total of 3 cycles

Outcomes Primay: none
Secondary: clinical pregnancy, menstrual frequency, ovulation: by monthly serum progesterone (> 10
nmol/L) and presence of follicle = 14 mm on ovarian US*, BMI, testosterone, fasting glucose, fasting in-
sulin

Notes This was designed as a cross-over trial, with 6 months in the treatment/placebo arm followed by a 1-
month washout and then a 3-month cross-over. In this review, we only considered the first phase.
The inclusion criteria were simply for CC-resistant anovulation and not specifically PCOS. However only
2 women did not have US criteria of PCOS, and 75% had a raised FAI*
In this review, only those participants who had a raised FAl were included in the analysis*
*Information not in the original paper kindly provided by the study author

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Performed by pharmacy

tion (selection bias)

Allocation concealment Unclear risk Performed by pharmacy

(selection bias)

Blinding of participants Unclear risk Inadequate information

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Inadequate information

sessment (detection bias)

All outcomes

Incomplete outcome data  High risk Dropouts: 4 (40%) from metformin arm and 4 (44%) from placebo arm.* Not in-

(attrition bias) cluded in analysis

All outcomes

Selective reporting (re- Unclear risk Insufficient information in the study

porting bias)

Other bias Low risk No evidence of other bias. See notes above

Tang 2006
Methods Multicentre RCT
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Tang 2006 (Continued)

Setting: UK

Method of randomisation: randomisation was performed by the research pharmacy department cen-
trally. Using a random table, a block-of-4 randomisation technique was employed in the study. Medica-
tions were supplied centrally from the research pharmacy department. The code was kept in the phar-
macy department until the end of the trial period.

Blinding: double

Number randomised: 143

Participants

Summary: metformin vs placebo in obese PCOS

Inclusion criteria: PCO on USS (> 10 cysts 2-8 mm in diameter), oligomenorrhoea (cycle length > 35 d) or
amenorrhoea (no period in 6 months)

Age between 18-39 years BMI > 30 normal semen analysis and the participant should have at least 1
proven patent fallopian tube

Exclusion criteria: concurrent hormone therapy within previous 6 weeks, metabolic or chronic disease,
renal or liver disease, diabetes, CAH, androgen-secreting tumour

Baseline characteristics of each group: metformin (n =69) vs placebo (n =74)

« mean age (SD) 29.7 (3.7),29.8 (3.8)

« mean BMI (SD) 37.6 (5.0), 38.9 (9.5)

« mean fasting insulin mIU/L (SD) 16.3 (12.7), 17.4 (19.6)

« mean total testosterone mmol/L (SD) 2.2 (0.6), 2.5 (0.64)

Dropouts: 11 (15.9%) in the metformin arm, 6 (8.1%). The difference was not significant

Interventions

Main intervention: metformin 850 mg or 1 placebo tablet twice daily
Duration: 6 months

Co-interventions: lifestyle modification (combination of diet and exercise) aiming to reduce 500 kcal/d

Outcomes Primary: none
Secondary: clinical pregnancy, menstrual frequency, BMI, fasting blood glucose, fasting insulin, testos-
terone

Notes A large multicentre randomised placebo-controlled study was conducted to investigate the combined
effects of the lifestyle modification and the use of metformin in obese women with PCOS (BMI > 30). A
total of 8 centres in UK took part in the recruitment. All the participants were recruited from the infertil-
ity clinics. The ethnic origin of the participants was not recorded.
Both the metformin and the placebo groups experienced improvement in weight loss and in menstru-
al pattern. However, the differences between the 2 groups were not significant. Participants in the met-
formin arm showed a greater reduction in total testosterone levels compared with women in the place-
boarm

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk The randomisation was performed by the research pharmacy department cen-
trally. Using a random table, a block-of-4 randomisation technique was em-
ployed in the study.
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Allocation concealment Low risk Medications were supplied centrally from the research pharmacy department.

(selection bias) The code was kept in the pharmacy department until the end of the trial peri-
od.

Blinding of participants Low risk Participants and personnel were blinded.

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk Investigators were blinded.
sessment (detection bias)
All outcomes

Incomplete outcome data  High risk Dropouts: 11 (15.9%) in the metformin arm, 6 (8.1%). The difference was not
(attrition bias) significant. Details of the dropout participants were not mentioned.
All outcomes

Selective reporting (re- Low risk Primary outcome measure (menstrual frequency) and secondary outcome
porting bias) measures (metabolic parameters) were reported.
Other bias Low risk No evidence of other bias
Vandermolen 2001
Methods Multicentre RCT
Setting: USA

Method of randomisation: computer generation in blocks of 6
Blinding: double-blind

Number randomised: 27

Participants Summary: metformin vs placebo in obese PCOS with CC resistance

Inclusion criteria: PCOS (oligomenorrhoea < 6 cycles/year, anovulation with CC 150 mg for 5 d con-
firmed by progesterone <4 ng/mL or amenorrhoea by day 35, hyperandrogaenemia (elevated an-
drostenedione, free testosterone or total testosterone)* or hirsutism, exclusion of other endocrinopa-
thy, US findings of PCO; age 18-35; normal semen analysis; tubal patency if previous pelvic surgery or
infection

Exclusion criteria: diabetes mellitus, adrenal hyperplasia, thyroid dysfunction, hyperprolactinaemia,
abnormal renal or liver function, medication known to affect insulin action*

Baseline characteristics of each group:

« mean age (+ SD) 29 (4.0), 30 (3.7)

« mean BMI (+ SD) 37.6 (14.3), 38.4 (8.2)

« mean fasting insulin mIU/L (+ SD) 8.9 (6.0), 12.5 (7.1)

« mean total testosterone nmol/L (+ SD) 2.90 (0.8), 3.04 (1.42)

Dropouts: 1 from each arm (7%); 1 in the placebo arm ovulated in response to CC but was excluded ow-
ing to non-compliance. Not included in analysis

Interventions Main intervention: 1 of metformin 500 mg 3/d, placebo

Duration: 7 weeks initially, then those who did not ovulate continued for a further 6 cycles
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Vandermolen 2001 (Continued)

Co-interventions: those that did not ovulate after 7 weeks had CC 50 mg for 5 d. If ovulation did not oc-
cur the dose was increased to 100 mg then 150 mg for a total of 6 cycles

No change in usual eating habits, physical activity or lifestyle

Outcomes Primary: live birth rate

Secondary: clinical pregnancy, ovulation: serum progesterone = 12.7 nmol/L on days 10, 20, 30 and 40
(and days 21 and 28 of subsequent cycles if received CC), BMI, fasting glucose, fasting insulin, total and
free testosterone

Notes Although obesity was not an inclusion criteria, the mean BMI was high in this study although similar in
both arms.

*Information not in the original paper kindly provided by the study author

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Computer generation in blocks of 6

tion (selection bias)

Allocation concealment Unclear risk Not stated
(selection bias)

Blinding of participants Low risk Participants and personnel were blinded
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk Investigators were blinded

sessment (detection bias)

All outcomes

Incomplete outcome data  High risk Dropouts: 1 from each arm (7%); 1 in the placebo arm ovulated in response to
(attrition bias) CC but was excluded owing to non-compliance. Not included in analysis. De-
All outcomes tails not provided

Selective reporting (re- Unclear risk Insufficient information in the study

porting bias)

Other bias Low risk No evidence of other bias
Yarali 2002
Methods RCT

Setting: Turkey
Method of randomisation: computer-generated numbers. Centralised randomisation process*
Blinding: double-blind

Number randomised: 32

Participants Summary: metformin vs placebo in non-obese PCOS, CC resistance
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Yarali 2002 (continued)

Inclusion criteria: PCOS (oligomenorrhoea < 6 cycles/year, anovulation confirmed with progesterone
<5 ng/mL, testosterone > 2.4 nmol/L, exclusion of other endocrinopathy, US findings of PCO, CC resis-
tance to 250 mg for 5 d for up to 6 months, normal semen analysis, normal HSG or laparoscopy within 6
months

Exclusion criteria: diabetes mellitus, adrenal hyperplasia, Cushing’s syndrome, thyroid dysfunction, hy-
perprolactinaemia, medication known to alter insulin action, previous gonadotrophin treatment, infer-
tility other than that caused by PCOS, previous pelvic surgery

Baseline characteristics of each group: metformin (n = 16) vs placebo (n = 16)

« mean age (+ SD) 29.7 (5.6), 28.4 (5.1)

« mean BMI (+ SD) 28.6 (4.0), 29.6 (4.8)

« mean fasting insulin mIU/L (+ SD) 15.5 (21.4), 11 (5.5)

« mean total testosterone mmol/L (+ SD) 6.19 (3.57), 6.01 (2.93)

Dropouts: 2 (6%) from the metformin/placebo part of the study owing to pregnancy. They were exclud-
ed from analysis

Interventions

Main intervention: 1 of metformin 850 mg 2/d, placebo
Duration: 6 weeks initially, then those who did not ovulate continued for 1 cycle

Co-interventions: those that did not ovulate after 6 weeks had recombinant FSH in a low-dose, step-up
protocol

No change in usual eating habits

Outcomes Primary: none
Secondary: live birth rate, gastrointestinal side effects, pregnancy rate, ovulation: serum progesterone
>15.9 nmol/L weekly, BMI, fasting glucose, fasting insulin, total and free testosterone

Notes Free testosterone was significantly higher in the metformin group. Fasting insulin was non-significantly
higher with a wide SD compared with placebo
*Information not in the original paper kindly provided by the study author

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Computer-generated numbers. Centralised randomisation process*
tion (selection bias)
Allocation concealment Unclear risk Inadequate information
(selection bias)
Blinding of participants Unclear risk Inadequate information
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Unclear risk Inadequate information
sessment (detection bias)
All outcomes
Incomplete outcome data  Low risk Dropouts: 2 (6%) from the metformin/placebo part of the study owing to preg-
(attrition bias) nancy. They were excluded from analysis
All outcomes
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Selective reporting (re- Unclear risk Inadequate information
porting bias)

Other bias Low risk No evidence of other bias
Zain 2009
Methods RCT

Setting: Malaysia
Method of randomisation: picking a card out of a box
Blinding: unblinded

Number randomised: 124

Participants Summary: metformin and CC vs CC vs metformin in obese PCOS
Inclusion criteria: newly diagnosed with PCOS (Rotterdam criteria), age <40 years

Exclusion criteria: diabetes, hepatic or renal dysfunction, heart disease, abnormal semen analysis
(WHO criteria)

Baseline characteristics of each group: metformin and CC vs CC vs metformin

« mean age (SD) 29.3 (4.9), 29.6 (4.3), 27.8 (3.6)
« mean BMI (SD) 33.0 (4.1), 32.9 (4.2), 33.9 (3.6)
« mean total testosterone nmol/L (SD) 0.77 (0.14), 0.41 (0.45), 0.57 (0.1)

Dropouts: 4 (9.5%) in the metformin group, 2 (4.9%) in the CC group and 3 (7.3%) in the combined met-
formin and CC group

Interventions Main intervention: metformin 1500 mg/d
Duration: 6 months

Co-interventions: CC 50 mg from day 2-6 of the cycle. If women did not respond to the treatment, the
dose increased by 50 mg to a maximum dose of 200 mg

All the women were offered dietary advice.

Outcomes Primary: live birth rate

Secondary: clinical pregnancy, ovulation: USS follicular tracking, testosterone, miscarriage, multiple
pregnancy

Notes This study was designed to compare the live birth rates in women who received CC, metformin and
combined CC and metformin treatments. Placebo tablets were not used in this unblinded RCT. There-
fore, potential bias may be introduced.

Most women were Malay (about 90%)

Analysis was based on analysis per protocol, not ITT

Risk of bias
Bias Authors' judgement  Support for judgement
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Zain 2009 (Continued)

Random sequence genera-  Unclear risk Picking a card out of a box labelled A, B or C for metformin, CC and metformin
tion (selection bias) and CC respectively
Allocation concealment High risk No information

(selection bias)

Blinding of participants High risk Unblinded
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- High risk Unblinded
sessment (detection bias)
All outcomes

Incomplete outcome data  High risk Dropouts: 4 (9.5%) in the metformin group, 2 (4.9%) in the CC group and 3
(attrition bias) (7.3%) in the combined metformin and CC group. Details not reported. Analy-
All outcomes sis was based on analysis per protocol, not ITT

Selective reporting (re- Unclear risk Insufficient information in the study

porting bias)

Other bias Low risk No evidence of other bias

Baseline characteristics given in order of main intervention (drug, placebo).

Where the trial protocol included a statement such as, "all patients had ultrasound features of PCOS" then this has been included as an
inclusion criteria (unless the study authors specifically state that it was not in which case it is recorded under notes).

Abbreviations Table 1:

BMI: body mass index; CAH: congenital adrenal hyperplasia; CC: clomiphene citrate; Cl: confidence interval; CSH: chorionic
somatomammotropin hormone; CT: computerised tomography scan; DHEAS: dehydroepiandrosterone sulphate; FAl: Free Androgen
Index; FSH: follicle-stimulating hormone; HSG: hysterosalpingogram; IQR: interquartile range; ITT: intention-to-treat; IVF: in vitro
fertilisation; LH: luteinizing hormone; LOD: laparoscopic ovarian drilling; OGTT: Oral glucose tolerance test; OHSS: ovarian
hyperstimulation syndrome; RCT: randomised controlled trial; rFSH: recombinant follicle-stimulating hormone; PCO(S): polycystic ovary
(syndrome); SD: standard deviation

SE(M): standard error of the mean; TFT: thyroid function test; TSH: thyroid-stimulating hormone; US(S): ultrasound (scan); WHO: World
Health Organization

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Abuelghar 2013 HCG hormone was used as an ovulation trigger, which may have added additional heterogeneity to
the results. Reasons for losses to follow-up not given. Not ITT analysis

Ashrafinia 2009 This study compared metformin with LOD. The interventions were not blinded and the only repro-
ductive outcome was menstrual frequency.

Aubuchon 2009 A cross-over study including 8 participants who were analysed to metformin vs placebo. Partici-
pants were asked to use barrier contraception during the entire study period. The study was mech-
anistic and was not for ITT.

Ayaz 2013b HCG hormone was used as an ovulation trigger, which may have added additional heterogeneity to
the results.

The study was very similar to one we currently assigned to 'awaiting classification" (Ayaz 2013a),
therefore we have contacted the authors to ask for confirmation as to whether HCG was used.
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Study Reason for exclusion

Aygen 2007 HCG hormone was used as an ovulation trigger, which may have added additional heterogeneity to
the results.

Billa 2005 Article not found

Bonakdaran 2012

Quasi randomisation based on day referred to clinic

Chaudhury 2008 Quasi-randomised - alternation used for randomisation

Chou 2003 Participants were asked to use barrier contraception during the entire study period and the only re-
productive outcome was menstrual frequency.

Eisenhardt 2006 The study determined effect of metformin vs placebo on insulin resistance. The only reproductive

outcome was menstrual frequency and participants that conceived dropped out of the study.

Elgafor 2013

This study compared metformin and letrozole with LOD. HCG hormone was used as an ovulation
trigger, which may have added additional heterogeneity to the results.

Fayed 2009 This study compared metformin and CC vs rosiglitazone and CC. There were no relevant compar-
isons or placebo.

Gada 2000 HCG hormone was used as an ovulation trigger, which may have added additional heterogeneity to
the results.

Hashim 2010 This study compared metformin and CC vs letrozole. HCG hormone was used as an ovulation trig-
ger, which may have added additional heterogeneity to the results.

Hashim 2011 This study compared metformin and CC vs LOD. HCG hormone was used as an ovulation trigger,
which may have added additional heterogeneity to the results.

Hwu 2005 HCG hormone was used as an ovulation trigger, which may have added additional heterogeneity to
the results.

Katica 2014 HCG hormone was used as an ovulation trigger, which may have added additional heterogeneity to

the results.

Kazerooni 2009

This study evaluated the effect of short-course pretreatment with metformin on hyperandro-
genism, insulin resistance, cervical scores and pregnancy rates in women with CC-resistant PCOS

HCG hormone was used as an ovulation trigger, which may have added additional heterogeneity to
the results.

Kocak 2002

Quasi-randomised trial comparing combined CC and metformin with CC on ovulation in CC-resis-
tant women with PCOS.

Inadequate randomisation and sequence generation (sequential by order of admission). Admis-
sion determined by day of menses. Allocation performed by nurse blinded to the study. Odd num-
bers allocated metformin, even numbers allocated placebo. HCG hormone was used as an ovula-
tion trigger, which may have added additional heterogeneity to the results.

Kore 2007

The diagnosis of PCOS was based on US features alone. HCG hormone was used as an ovulation
trigger, which may have added additional heterogeneity to the results.

Leanza 2014

Participants underwent intrauterine insemination and assisted reproduction is an exclusion crite-
ria for this review. Aspects of the methodology are missing from the article.
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Study Reason for exclusion

Maciel 2004 This study compared metformin with placebo however, there are no reproductive outcomes re-
ported.

Maged 2015 HCG hormone was used as an ovulation trigger, which may have added additional heterogeneity to
the results.

Mayhew 2011 This study is a review.

Melli 2010 This study compared metformin and CC with metformin and CC and fluoxetine. There are no rele-

vant comparisons or placebo.

Moghetti 2000

This study had 2 protocols. Firstly, metformin was compared with placebo however the only repro-
ductive outcome was menstrual frequency. Secondly, long-term effects of metformin on ovulation
were assessed however, there was no placebo/control.

Neveu 2007

This is not a RCT as women could choose which treatment: metformin and CC, CC alone or met-
formin alone

Palomba 2005b

This is a follow-on study from Palomba 2005a where all participants who did not ovulate following
6 months' treatment of metformin or LOD/placebo, were given CC.

Palomba 2005c

This is a commentary of the previous paper Palomba 2005a.

Palomba 2007

This is a non-RCT comparing metformin vs CC.

Pinnow 2008

This study is a review.

Ramzy 2003

An open-labelled, randomised trial comparing metformin 500 mg 3/d with placebo 6 weeks prior to
CC treatment. In addition, randomisation was performed using alternate numbers. These factors
introduced significant bias. HCG hormone was used as an ovulation trigger, which may have added
additional heterogeneity to the results.

Rezk 2018

This study compared metformin and CC with letrozole.

HCG hormone was used as an ovulation trigger, which may have added additional heterogeneity to
the results.

Ronsini 2006

Participants in this study underwent intrauterine insemination and assisted reproduction is an ex-
clusion criteria for this review. HCG hormone was used as an ovulation trigger, which may have
added additional heterogeneity to the results.

Sahin 2004

HCG hormone was used as an ovulation trigger, which may have added additional heterogeneity to
the results.

Santonocito 2009

The objective of this study was to compare CC with metformin on ovulation rates. HCG hormone
was used as an ovulation trigger, which may have added additional heterogeneity to the results.

Savic 2003 Participants in this study underwent assisted reproduction, which is an exclusion criteria for this
review.
Sohrabvand 2006 This study compared metformin and CC with metformin and letrozole. HCG hormone was used as
an ovulation trigger, which may have added additional heterogeneity to the results.
Trolle 2007 The participants were asked to use barrier contraception during the entire study period and the on-
ly reproductive outcome was menstrual frequency.
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Study Reason for exclusion

Weerakiet 2011 This study compared different doses of metformin (100 mg/d and 1700 mg/d) and added CC if no
evidence of ovulation. There was no placebo/control.

HCG hormone was used as an ovulation trigger, which may have added additional heterogeneity to

the results.
Wisniewski 2009 This study is a review.
Xiaolin 2014 Human menopausal gonadotrophin hormone was used to stimulate the ovaries. Participants un-

dergoing assisted reproduction is an exclusion criteria for this review.

CC: clomiphene citrate; FSH: follicle-stimulating hormone; hCG: human chorionic gonadotrophin; IVF: in vitro fertilisation; ITT: intention-
to-treat; PCOS: polycystic ovary syndrome; RCT: randomised controlled trial; US(S): ultrasound (scan)

Characteristics of studies awaiting assessment [ordered by study ID]

Ayaz 2013a

Methods RCT
Setting: Saudi Arabia
Method of randomisation: unclear
Blinding: double

Number randomised: 42

Participants Summary: metformin and CC vs CC alone
Inclusion criteria: PCOS (Rotterdam criteria)
Exclusion criteria: other endocrine disorders, male factor infertility, recent PID, tubal infertility

Baseline characteristics of each group: metformin and CC vs CC alone
Mean age (SD) 32 (3.5), 31.3 (2.9)

BMI > 25 14 (56.7)), 15 (71.4)

Mean TSH mIU/L (SD) 4.6 (1.3), 3.9 (1.7)

Free thyroxin nmol/L (SD) 4.81 (1.6), 5.2 (1.8)
Mean total testosterone: mmol/L (SD) 2.60 (0.78), 2.74 (0.65)

Sex hormone-binding globulin: nmol/L (SD) 21.7 (3.7), 18.9 (4.3)

Dropouts: none

Interventions Main intervention: metformin 500 mg 3/d
Duration: 6 months until 8 weeks of a confirmed pregnancy

Co-interventions: CC 50 mg from day 2 until day 6 of cycle

Outcomes Ovulation: follicle tracking on transvaginal US

Others: menstrual pattern, pregnancy rate, multiple pregnancy rate

Notes Endocrine and metabolic outcomes not recorded

Need to confirm whether hCG was used - HTML link paper says hCG was used, www.ncbi.nlm.ni-
h.gov/pmc/articles/PMC3713569/

Metformin for ovulation induction (excluding gonadotrophins) in women with polycystic ovary syndrome (Review) 98
Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



: Cochrane Trusted evidence.
= L- b Informed decisions.
1 iprary Better health. Cochrane Database of Systematic Reviews

Ayaz 2013a (Continued)

Email sent to drus76@yahoo.com on 22.4.19

Beigi 2006
Methods RCT
Setting: Iran
Method of randomisation: unclear
Blinding: unclear
Number randomised: 70
Participants Summary: metformin vs CC alone
Inclusion criteria: PCOS based on a history of hyperandrogenism, anovulation, oligomenorrhoea or
amenorrhoea, diagnostic US and laboratory findings
Exclusion criteria: unclear
Baseline characteristics of each group: metformin (n =35) vs CC (n = 35) unclear
Dropouts: unclear
Interventions Main intervention: metformin 500 mg 3/d
Duration: 6 months
Co-interventions: CC 50 mg 2/d from day 5-9 of cycle
Outcomes Ovulation: unclear how measured
Others: live birth rate, miscarriage, clinical pregnancy, menstrual frequency
Notes Only abstract found, contacted study authors to provide further information of methodology and
results
Jahan 2015
Methods Prospective trial
Setting: unclear
Method of randomisation: unclear
Blinding: unclear
Number randomised: 460
Participants Summary: metformin vs CC vs letrozole
Inclusion criteria: PCOS (diagnostic criteria unclear)
Exclusion criteria: unclear
Baseline characteristics of each group: metformin (n = 152) vs CC (n = 156) vs letrozole (n = 152) un-
clear
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Jahan 2015 (continued)

Dropouts: unclear

Interventions

Main intervention: metformin 500 mg 3/d vs CC 100 mg/d from day 2-6 vs letrozole 2.5 mg 2/d from
day 2-6

Duration: unclear

Co-interventions: none

Outcomes Ovulation: follicle tracking on US and serum progesterone
Others: live birth rate, miscarriage, clinical pregnancy, multiple pregnancy
Notes Only abstract found, contacted study authors to provide further information of methodology and

results

Robinson 2003

Methods

RCT

Setting: unclear

Method of randomisation: unclear
Blinding: double

Number randomised: 48

Participants

Summary: metformin and CC vs CC and placebo

Inclusion criteria: PCOS (hyperandrogenic oligo-ovulatory or anovulatory cycles) and 1-year history
infertility

Exclusion criteria: other causes of infertility

Baseline characteristics of each group: metformin and CC (n = 23) vs CC and placebo (n =25) un-
clear

Dropouts: unclear

Interventions

Main intervention: metformin 500 mg 3/d, CC 50 mg/d from day 5-9 (increased up to maximum 250
mg/d in stepwise fashion)

Duration: until ovulation confirmed and continued for 6 ovulatory cycles or until conception

Co-interventions: placebo

Outcomes Ovulation: ovulation prediction kit, progesterone level
Others: miscarriage, clinical pregnancy
Notes Only abstract found, contacted study authors to provide further information of methodology and
results
Singh 2001
Methods RCT
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Singh 2001 (Continued)

Setting: India
Method of randomisation: unclear
Blinding: unclear

Number randomised: 100

Participants

Summary: metformin and CC vs CC

Inclusion criteria: PCOS (oligomenorrhoea and/or anovulation, US appearance and reversed LH/
FSH ratio > 2), non-obese (BMI < 25), aged 18-35 years

Exclusion criteria: unclear
Baseline characteristics of each group: metformin and CC (n =53) vs CC (n =47)
« Mean age (SD) 25.63 (3.92) vs 28.18 (4.77)

Dropouts: unclear

Interventions

Main intervention: metformin 1000 mg/d, CC 50 mg/d from day 3-7
Duration: at least 4 months

Co-interventions: none

Outcomes

Others: clinical pregnancy

Notes

Only abstract found, contacted study authors to provide further information of methodology and
results

Williams 2009

Methods

RCT

Setting: USA

Method of randomisation: unclear
Blinding: triple

Number randomised: 55

Participants

Summary: metformin and CC vs CC and placebo
Inclusion criteria: PCOS (diagnostic criteria unclear)
Exclusion criteria: unclear

Baseline characteristics of each group: metformin and CC (n =29) vs CC and placebo (n =26) un-
clear

Dropouts: unclear

Interventions

Main intervention: metformin 500 mg 3/d, CC 50 mg/d from day 5-9 (increased up to maximum 200
mg/d in stepwise fashion)

Duration: at least 4 months

Co-interventions: placebo
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Williams 2009 (continued)

Outcomes Ovulation: serum progesterone = 5 ng/mL
Others: clinical pregnancy
Notes Only abstract found, contacted study authors to provide further information of methodology and

results

Participants who did not respond to 200 mg of CC on cycle days 5-9 were unblinded and those in
the placebo group were crossed over to metformin and CC group.

CC: clomiphene citrate; FSH: follicle-stimulating hormone; hCG: human chorionic gonadotrophin; LH: luteinizing hormone; PCOS:
polycystic ovary syndrome; PID: pelvic inflammatory disease; RCT: randomised controlled trial; TSH: thyroid-stimulating hormone; US:

ultrasound

Characteristics of ongoing studies [ordered by study ID]

NCT00005104

Trial name or title

Randomised study of decreased hyperinsulinaemia on the ovulatory response to clomiphene cit-
rate in women with polycystic ovary syndrome

Methods

Randomised, double-blind, placebo-controlled trial

Participants

Women with chronic anovulation to PCOS, whose treatment with CC failed

Interventions

Oral metformin vs oral placebo, with addition of CC if remain anovulatory after 49 days

Outcomes

Ovulation

Starting date

April 2000

Contact information

University of Virginia

Notes

NCT00317928

Trial name or title

Efficacy of metformin in PCOS: metabolic and hormonal factors

Methods

Randomised, double-blind, cross-over trial

Participants

Women with PCOS

Interventions

Metformin vs placebo

Outcomes

Ovulation

Starting date

April 2006

Contact information

Aarhus University Hospital, Skejby

Notes
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NCT00558077

Trial name or title Second-line treatments for anovulatory infertility in PCOS patients
Methods RCT
Participants Infertile, anovulatory PCOS patients
Interventions Diagnostic laparoscopy and metformin and CC vs LOD
Outcomes Live birth rate, clinical pregnancy rate, miscarriage rate
Starting date November 2007
Contact information Stefano Palomba
Notes
NCT01679574
Trial name or title Letrozole or combined clomiphene citrate and metformin as a first line treatment in women

with polycystic ovarian syndrome (PCOS)

Methods RCT
Participants Women with PCOS
Interventions Letrozole vs metformin and CC
Outcomes Ovulation, pregnancy and miscarriage
Starting date September 2012
Contact information Assiut university, Egypt
Notes
NCT02562664
Trial name or title Metformin improves clinical pregnancy rates in polycystic ovarian syndrome patients
Methods Double-blinded, RCT
Participants Women with PCOS
Interventions Metformin and CC vs CC and placebo
Outcomes Pregnancy rate, fasting glucose, fasting insulin
Starting date September 2015
Contact information Assiut University, Egypt
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NCT02562664 (Continued)

Notes

CC: clomiphene citrate; LOD: laparoscopic ovarian drilling; PCOS: polycystic ovary syndrome; RCT: randomised controlled trial;

DATA AND ANALYSES

Comparison 1. Metformin versus placebo or no treatment

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

1 Live birth rate 4 435 0Odds Ratio (M-H, Fixed, 95% 1.59[1.00, 2.51]
cl)

1.1 Participants with BMI <30 kg/ 3 370 0dds Ratio (M-H, Fixed, 95% 1.51[0.94,2.44]

m2 Cl)

1.2 Participants with BMI = 30 kg/ 1 65 0Odds Ratio (M-H, Fixed, 95% 2.87[0.51,16.01]

m2 Cl)

2 Adverse events (gastrointestinal 7 713 0Odds Ratio (M-H, Fixed, 95% 4.00[2.63, 6.09]

side effects) Cl)

2.1 Participants with BMI <30 kg/ 5 556 0Odds Ratio (M-H, Fixed, 95% 5.68 [3.34,9.65]

m2 Cl)

2.2 Participants with BMI = 30 kg/ 2 157 Odds Ratio (M-H, Fixed, 95% 1.91[0.92,3.95]

m2 Cl)

3 Clinical pregnancy rate 11 1213 0dds Ratio (M-H, Fixed, 95% 1.98[1.47,2.65]
cl)

3.1 Participants with BMI <30 kg/ 7 919 0Odds Ratio (M-H, Fixed, 95% 1.94[1.42,2.66]

m2 Cl)

3.2 Participants with BMI = 30 kg/ 4 294 0dds Ratio (M-H, Fixed, 95% 2.21[0.98, 4.98]

m2 Cl)

4 Ovulation rate 13 684 0dds Ratio (M-H, Fixed, 95% 2.64[1.85,3.75]
Cl)

4.1 Participants with BMI <30 kg/ 5 241 0dds Ratio (M-H, Fixed, 95% 4.20[2.32,7.59]

m?2 Cl)

4.2 Participants with BMI = 30 kg/ 9 443 0Odds Ratio (M-H, Fixed, 95% 2.01[1.28,3.14]

m2 Cl)

5 Miscarriage rate per woman 4 748 Odds Ratio (M-H, Fixed, 95% 1.08[0.50, 2.35]
Cl)

5.1 Participants with BMI <30 kg/ 3 683 0Odds Ratio (M-H, Fixed, 95% 1.19[0.52,2.71]

m?2

cl)

Metformin for ovulation induction (excluding gonadotrophins) in women with polycystic ovary syndrome (Review)
Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

104



- Coch rane Trusted evidence.
= L-b Informed decisions.
1 Ibra ry Better health. Cochrane Database of Systematic Reviews
Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

5.2 Participants with BMI = 30 kg/ 1 65 0dds Ratio (M-H, Fixed, 95% 0.5[0.04, 5.80]

m2 Cl)

6 Sensitivity analysis: miscarriage 4 200 0Odds Ratio (M-H, Fixed, 95% 0.58[0.25, 1.34]

rate per pregnancy Cl)

6.1 Participants with BMI < 30 kg/ 3 188 0Odds Ratio (M-H, Fixed, 95% 0.63[0.26, 1.53]

m2 Cl)

6.2 Participants with BMI = 30 kg/ 1 12 Odds Ratio (M-H, Fixed, 95% 0.25[0.02, 4.00]

m2 Cl)

7 Multiple pregnancy rate 1 65 0Odds Ratio (M-H, Fixed, 95% 0.33[0.01, 8.49]
Cl)

8 Sensitivity analysis: multiple 1 12 0Odds Ratio (M-H, Fixed, 95% 0.2[0.01, 6.04]

pregnancy rate per pregnancy Cl)

9 Body mass index (kg/m2) 10 589 Mean Difference (IV, Fixed, 95%  -0.04 [-0.29, 0.21]
Cl)

9.1 Participants with BMI <30 kg/ 5 394 Mean Difference (IV, Fixed, 95%  -0.04 [-0.30, 0.22]

m2 Cl)

9.2 Participants with BMI = 30 kg/ 5 195 Mean Difference (IV, Fixed, 95%  0.00 [-0.82, 0.82]

m2 Cl)

10 Serum testosterone (nmol/L) 11 707 Mean Difference (IV, Fixed, 95%  -0.41[-0.48,-0.35]
Cl)

10.1 Participants with BMI<30 kg/ 5 394 Mean Difference (IV, Fixed, 95% -0.43[-0.50, -0.37]

m2 Cl)

10.2 Participants with BMI =30 kg/ 6 313 Mean Difference (IV, Fixed, 95%  -0.28 [-0.45,-0.12]

m2 Cl)

11 Serum sex hormone-binding 10 649 Mean Difference (IV, Fixed, 95% -1.70 [-4.77, 1.36]

globulin (nmol/L) Cl)

11.1 Participants with BMI<30 kg/ 3 326 Mean Difference (IV, Fixed, 95%  1.10 [-6.62, 8.82]

m2 Cl)

11.2 Participants with BMI=30 kg/ 7 323 Mean Difference (IV, Fixed, 95%  -2.23 [-5.56, 1.11]

m?2 Cl)

12 Fasting glucose (mmol/L) 10 677 Mean Difference (IV, Fixed, 95%  0.01 [-0.04, 0.06]
Cl)

12.1 Participants with BMI<30 kg/ 4 362 Mean Difference (IV, Fixed, 95%  0.03 [-0.03, 0.09]

m2 Cl)

12.2 Participants with BMI =30 kg/ 6 315 Mean Difference (IV, Fixed, 95% -0.13[-0.28,0.01]

m?2

cl)
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Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

13 Fasting insulin (mIU/L) 8 361 Mean Difference (IV, Fixed, 95%  -1.84 [-4.27,0.59]

Cl)
13.1 Participants with BMI <30 kg/ 2 47 Mean Difference (IV, Fixed, 95% -1.77 [-6.04, 2.50]
m2 Cl)
13.2 Participants with BMI=30 kg/ 6 314 Mean Difference (IV, Fixed, 95% -1.88 [-4.84, 1.07]

m2

Cl)

Analysis 1.1. Comparison 1 Metformin versus placebo or no treatment, Outcome 1 Live birth rate.

Study or subgroup Favours control Control 0dds Ratio Weight 0dds Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.1.1 Participants with BMI <30 kg/m2
Ng 2001 1/9 2/9 6.11% 0.44[0.03,5.93]
Morin-Papunen 2012 51/160 37/160 l 86.62% 1.56[0.95,2.55]
Yarali 2002 1/16 0/16 + 1.57% 3.19[0.12,84.43]
Subtotal (95% Cl) 185 185 . 94.29% 1.51[0.94,2.44]
Total events: 53 (Favours control), 39 (Control)
Heterogeneity: Tau?=0; Chi*=1.08, df=2(P=0.58); 1>=0%
Test for overall effect: Z=1.69(P=0.09)
1.1.2 Participants with BMI = 30 kg/m2
PCOSMIC 2010 5/32 2/33 I S S— 5.71% 2.87[0.51,16.01]
Subtotal (95% Cl) 32 33 ——— 5.71% 2.87[0.51,16.01]
Total events: 5 (Favours control), 2 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=1.2(P=0.23)
Total (95% CI) 217 218 N 100% 1.59[1,2.51]
Total events: 58 (Favours control), 41 (Control)
Heterogeneity: Tau?=0; Chi*=1.58, df=3(P=0.66); 1>=0%
Test for overall effect: Z=1.97(P=0.05)
Test for subgroup differences: Chi?=0.5, df=1 (P=0.48), I*=0% ‘ ‘ ‘ ‘

Favours control ~ 0.01 0.1 1 10 100 Favours metformin

Analysis 1.2. Comparison 1 Metformin versus placebo or no
treatment, Outcome 2 Adverse events (gastrointestinal side effects).

Study or subgroup Metformin Control 0dds Ratio Weight 0dds Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

1.2.1 Participants with BMI <30 kg/m2

Chuni 2006 4/18 0/18 > 1.59% 11.48[0.57,230.99]
Kjotrod 2011 30/74 9/76 — 21.93% 5.08[2.2,11.71]
Morin-Papunen 2012 43/160 9/160 — 27.34% 6.17[2.89,13.16]
Ng 2001 3/9 1/9 S e e— 2.77% 4[0.33,48.66]

Favours Metformin ~ 0.01 0.1 1 10 100 Favours control
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Study or subgroup Metformin Control 0dds Ratio Weight 0dds Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Yarali 2002 1/16 0/16 + 1.89% 3.19[0.12,84.43]
Subtotal (95% Cl) 277 279 4 55.52% 5.68[3.34,9.65]

Total events: 81 (Metformin), 19 (Control)
Heterogeneity: Tau?=0; Chi?=0.52, df=4(P=0.97); 1>=0%
Test for overall effect: Z=6.42(P<0.0001)

1.2.2 Participants with BMI = 30 kg/m2

Fleming 2002 15/45 5/47 —_— 13.55% 4.2[1.38,12.81]
PCOSMIC 2010 10/32 11/33 —a 30.93% 0.91[0.32,2.57]
Subtotal (95% CI) 77 80 o 44.48% 1.91[0.92,3.95]

Total events: 25 (Metformin), 16 (Control)
Heterogeneity: Tau?=0; Chi*=3.87, df=1(P=0.05); 1’=74.18%
Test for overall effect: Z=1.75(P=0.08)

Total (95% CI) 354 359 <& 100% 4[2.63,6.09]
Total events: 106 (Metformin), 35 (Control)

Heterogeneity: Tau?=0; Chi*=9.85, df=6(P=0.13); 1?=39.11%

Test for overall effect: Z=6.47(P<0.0001)

Test for subgroup differences: Chi*=5.63, df=1 (P=0.02), 1’=82.23%

Favours Metformin ~ 0.01 0.1 1 10 100 Favours control

Analysis 1.3. Comparison 1 Metformin versus placebo or no treatment, Outcome 3 Clinical pregnancy rate.

Study or subgroup Metformin Control 0dds Ratio Weight 0dds Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

1.3.1 Participants with BMI <30 kg/m2

Chuni 2006 3/18 1/18 o s e— 1.27% 3.4[0.32,36.27]
Karimzadeh 2007 40/100 11/100 — 10.1% 5.39[2.57,11.34]
Karimzadeh 2010 17/88 15/75 —— 19.99% 0.96[0.44,2.08]
Kjotrod 2011 15/74 8/76 —* 9.63% 2.16[0.86,5.46]
Morin-Papunen 2012 60/160 45/160 L 43.03% 1.53[0.96,2.45]
Ng 2001 1/9 2/9 e m— 2.72% 0.44[0.03,5.93]
Yarali 2002 2/16 0/16 — T 0.65% 5.69[0.25,128.5]
Subtotal (95% Cl) 465 454 ¢ 87.39% 1.94[1.42,2.66)

Total events: 138 (Metformin), 82 (Control)
Heterogeneity: Tau?=0; Chi*=13.4, df=6(P=0.04); 1?=55.23%
Test for overall effect: Z=4.15(P<0.0001)

1.3.2 Participants with BMI = 30 kg/m2

Fleming 2002 4/23 1/19 _— 1.38% 3.79[0.39,37.2]
Lord 2006 3/22 2/22 —_ 2.64% 1.58[0.24,10.52]
PCOSMIC 2010 7/32 5/33 — 5.88% 1.57[0.44,5.57]
Tang 2006 6/69 2/74 —_— 2.7% 3.43[0.67,17.6]
Subtotal (95% Cl) 146 148 L 4 12.61% 2.21[0.98,4.98]

Total events: 20 (Metformin), 10 (Control)
Heterogeneity: Tau?=0; Chi*=0.89, df=3(P=0.83); 1>=0%
Test for overall effect: Z=1.92(P=0.06)

Total (95% CI) 611 602 ¢ 100% 1.98[1.47,2.65]
Favours control ~ 0-001 0.1 1 10 1000 Favours metformin
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Study or subgroup Metformin Control 0dds Ratio Weight 0dds Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Total events: 158 (Metformin), 92 (Control)

Heterogeneity: Tau?=0; Chi*=14.38, df=10(P=0.16); 1?=30.46%

Test for overall effect: Z=4.56(P<0.0001)

Test for subgroup differences: Chi*=0.09, df=1 (P=0.77), 1>=0%

Favours control

0.001

0.1 1 10

1000

Favours metformin

Analysis 1.4. Comparison 1 Metformin versus placebo or no treatment, Outcome 4 Ovulation rate.

Study or subgroup Metformin Control 0dds Ratio Weight 0dds Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.4.1 Participants with BMI < 30 kg/m2
Baillargeon 2004 27/32 1/32 } 0.4% 167.4[18.4,1523.16]
Chuni 2006 6/18 1/18 —4> 1.72% 8.5[0.9,80.03]
Ng 2001 3/9 39 4 > 5.15% 1[0.14,7.1]
Onalan 2005 9/44 10/47 * 19.8% 0.95[0.35,2.62]
Yarali 2002 6/16 1/16 '4> 1.61% 9[0.94,86.52]
Subtotal (95% CI) 119 122 —ll 28.67% 4.2[2.32,7.59]
Total events: 51 (Metformin), 16 (Control)
Heterogeneity: Tau?=0; Chi*=21.84, df=4(P=0); 1°=81.68%
Test for overall effect: Z=4.75(P<0.0001)
1.4.2 Participants with BMI = 30 kg/m2
Fleming 2002 37/45 30/47 4‘—’ 13.43% 2.62[0.99,6.9]
Hoeger 2004 4/9 3/9 + > 4.29% 1.6[0.24,10.81]
Hoeger 2004 3/9 6/11 < 9.27% 0.42[0.07,2.58]
Jakubowicz 2001 8/28 0/28 4’ 0.91% 23.63[1.29,433.02]
Lord 2006 9/22 9/22 13.69% 1[0.3,3.33]
Nestler 1998 12/35 1/26 4’ 1.94% 13.04[1.57,108.36]
Onalan 2005 3/18 3/16 < + 6.81% 0.87[0.15,5.06]
PCOSMIC 2010 17/32 13/33 S e S— 15.44% 1.74[0.65,4.67]
Sturrock 2002 0/12 114 4 > 3.45% 0.36[0.01,9.68]
Vandermolen 2001 1/12 115 4 ' > 2.1% 1.27[0.07,22.72]
Subtotal (95% CI) 222 221 e 71.33% 2.01[1.28,3.14]
Total events: 94 (Metformin), 67 (Control)
Heterogeneity: Tau?=0; Chi*=12.34, df=9(P=0.19); 1>=27.09%
Test for overall effect: Z=3.05(P=0)
Total (95% CI) 341 343 P 100% 2.64[1.85,3.75]
Total events: 145 (Metformin), 83 (Control)
Heterogeneity: Tau?=0; Chi*=35.5, df=14(P=0); 1°=60.57%
Test for overall effect: Z=5.37(P<0.0001)
Test for subgroup differences: Chi?=3.79, df=1 (P=0.05), 1>=73.63%

Favours control 02 0.5 1 2 5 Favours metformin
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Analysis 1.5. Comparison 1 Metformin versus placebo or no treatment, Outcome 5 Miscarriage rate per woman.

Study or subgroup Metformin Control 0dds Ratio Weight 0dds Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.5.1 Participants with BMI <30 kg/m2
Karimzadeh 2007 4/100 3/100 e 23.34% 1.35[0.29,6.18]
Karimzadeh 2010 0/88 0/75 Not estimable
Morin-Papunen 2012 9/160 8/160 —-— 61.19% 1.13[0.43,3.01]
Subtotal (95% Cl) 348 335 ‘ 84.54% 1.19[0.52,2.71]
Total events: 13 (Metformin), 11 (Control)
Heterogeneity: Tau?=0; Chi*=0.04, df=1(P=0.85); 1>=0%
Test for overall effect: Z=0.42(P=0.68)
1.5.2 Participants with BMI = 30 kg/m2
PCOSMIC 2010 1/32 2/33 —_— T 15.46% 0.5[0.04,5.8]
Subtotal (95% Cl) 32 33 e 15.46% 0.5[0.04,5.8]
Total events: 1 (Metformin), 2 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=0.55(P=0.58)
Total (95% Cl) 380 368 - 100% 1.08[0.5,2.35]
Total events: 14 (Metformin), 13 (Control)
Heterogeneity: Tau?=0; Chi*=0.47, df=2(P=0.79); 1>=0%
Test for overall effect: Z=0.21(P=0.84)
Test for subgroup differences: Chi*=0.43, df=1 (P=0.51), 1>=0% ‘ ‘ ‘ ‘
Favours Metformin ~ 0.01 0.1 1 10 100 Favours control
Analysis 1.6. Comparison 1 Metformin versus placebo or no treatment,
Outcome 6 Sensitivity analysis: miscarriage rate per pregnancy.
Study or subgroup Metformin Control 0dds Ratio Weight 0dds Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.6.1 Participants with BMI <30 kg/m2
Karimzadeh 2007 4/40 3/11 — 30.24% 0.3[0.06,1.59]
Karimzadeh 2010 0/17 0/15 Not estimable
Morin-Papunen 2012 9/60 8/45 —-— 55.48% 0.82[0.29,2.31]
Subtotal (95% Cl) 117 71 - 85.72% 0.63[0.26,1.53]
Total events: 13 (Metformin), 11 (Control)
Heterogeneity: Tau?=0; Chi*=1.01, df=1(P=0.31); 1?>=1.11%
Test for overall effect: Z=1.01(P=0.31)
1.6.2 Participants with BMI = 30 kg/m2
PCOSMIC 2010 1/7 2/5 + 14.28% 0.25[0.02,4]
Subtotal (95% CI) 7 5 e 14.28% 0.25[0.02,4]
Total events: 1 (Metformin), 2 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=0.98(P=0.33)
Total (95% Cl) 124 76 - 100% 0.58[0.25,1.34]
Total events: 14 (Metformin), 13 (Control)
Heterogeneity: Tau?=0; Chi*=1.38, df=2(P=0.5); I>=0%
Test for overall effect: Z=1.28(P=0.2)
Favours Metformin ~ 0.01 0.1 1 10 100 Favours control
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Study or subgroup Metformin Control 0dds Ratio Weight 0dds Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Test for subgroup differences: Chi*=0.39, df=1 (P=0.53), 1>=0%

Favours Metformin ~ 0.01 0.1 1 10

100

Favours control

Analysis 1.7. Comparison 1 Metformin versus placebo or no treatment, Outcome 7 Multiple pregnancy rate.

Study or subgroup Metformin Placebo 0dds Ratio Weight 0dds Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
PCOSMIC 2010 0/32 1/33 . 100% 0.33[0.01,8.49]
Total (95% Cl) 32 33 ——ee— 100% 0.33[0.01,8.49]
Total events: 0 (Metformin), 1 (Placebo)
Heterogeneity: Not applicable
Test for overall effect: Z=0.67(P=0.51)

6.01 011 1 1‘0 10(;

Favours [metformin] Favours [placebo]

Analysis 1.8. Comparison 1 Metformin versus placebo or no treatment,
Outcome 8 Sensitivity analysis: multiple pregnancy rate per pregnancy.

Study or subgroup Metformin Placebo 0dds Ratio Weight 0dds Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
PCOSMIC 2010 0/7 s —JI— 100% 0.2[0.01,6.04]
Total (95% Cl) 7 5 e — 100% 0.2[0.01,6.04]

Total events: 0 (Metformin), 1 (Placebo)
Heterogeneity: Not applicable
Test for overall effect: Z=0.93(P=0.35)

Favours [metformin]

0.01

0.1

100

Favours [placebo]

Analysis 1.9. Comparison 1 Metformin versus placebo or no treatment, Outcome 9 Body mass index (kg/m2).

Study or subgroup Metformin Control Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI| Fixed, 95% Cl
1.9.1 Participants with BMI <30 kg/m2 ‘
Baillargeon 2004 28 24.3(0.5) 30 24.3(0.6) . 78.8% 0[-0.28,0.28]
Chuni 2006 18 25.3(1.3) 18 25.6(1.3) o 8.44% -0.3[-1.15,0.55]
Morin-Papunen 2012 128 26.9 (6.2) 125 27.7(6.2) — 2.61% -0.8[-2.33,0.73]
Ng 2001 8 24.4(4.3) 7 22.7(3.5) + D 039% 1.7[-2.25,5.65)
Yarali 2002 16 29.8 (3.4) 16 29.8 (4.9) 0.71% 0[-2.92,2.92]
Subtotal *** 198 196 <& 90.96% -0.04[-0.3,0.22]
Heterogeneity: Tau?=0; Chi>=2.14, df=4(P=0.71); 1>=0%
Test for overall effect: Z=0.33(P=0.74)
1.9.2 Participants with BMI = 30 kg/m2
Fleming 2002 25 34.6(8.9) 39 35.6(8.6) 4 + 0.31% -1[-5.41,3.41]
Favours Metformin 2 -1 0 1 Favours control
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Study or subgroup Metformin Control Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI
Hoeger 2004 5 41.7(9.2) 9 4068 4 = D 00m% 1.1[-8.51,10.71]
Hoeger 2004 5 36.1(5.3) 7 364(51) 4 '  REC) -0.3[-6.29,5.69]
Jakubowicz 2001 26 31.8(1.5) 22 31.7(1.5) — 8.18% 0.1[-0.76,0.96]
Lord 2006 16 34.6(9.1) 16 353(65) 4 + D 02% -0.7[-6.18,4.78]
Vandermolen 2001 11 35.4(10.3) 14 38.4(7.4) 4 + # 0.12% -3[-10.21,4.21]
Subtotal *** 88 107 - 9.04% 0[-0.82,0.82]
Heterogeneity: Tau?=0; Chi*=1.04, df=5(P=0.96); 1>=0%
Test for overall effect: Z=0.01(P=0.99)
Total *** 286 303 L 2 100% -0.04[-0.29,0.21]
Heterogeneity: Tau?=0; Chi*=3.18, df=10(P=0.98); 1>=0%
Test for overall effect: Z=0.31(P=0.76)
Test for subgroup differences: Chi*=0.01, df=1 (P=0.91), I>=0% ‘ ‘ ‘ ‘
Favours Metformin 2 -1 0 1 2 Favours control

Analysis 1.10. Comparison 1 Metformin versus placebo or no treatment, Outcome 10 Serum testosterone (nmol/L).

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% CI
1.10.1 Participants with BMI < 30 kg/m2
Baillargeon 2004 28 1.3(0.7) 30 4.2(0.8) ‘- 2.76% -2.88[-3.26,-2.5]
Chuni 2006 18 1.8(0.1) 18 2.2(0.2) [+ 70.03% -0.37[-0.44,-0.3]
Morin-Papunen 2012 128 1.3(0.8) 125 1.6 (0.6) —+ 11.91% -0.26[-0.44,-0.08]
Ng 2001 8 1.3(0.5) 7 1.7(0.7) s ——— 1% -0.4[-1.02,0.22]
Yarali 2002 16 5.8(1.6) 16 5.2(2.7) e — 0.16% 0.68[-0.86,2.22]
Subtotal *** 198 196 ‘ 85.87% -0.43[-0.5,-0.37]
Heterogeneity: Tau?=0; Chi?=171.17, df=4(P<0.0001); 1>=97.66%
Test for overall effect: Z=12.62(P<0.0001)
1.10.2 Participants with BMI = 30 kg/m2
Fleming 2002 25 2.7(1.1) 36 2.8(0.9) — 1.44% -0.07[-0.59,0.45]
Hoeger 2004 5 1.6 (0.6) 7 2.4(0.7) —— 0.78% -0.79[-1.5,-0.08]
Hoeger 2004 5 2.1(0.3) 9 1.9(0.8) o 1.08% 0.21[-0.39,0.81]
Jakubowicz 2001 26 1.3(1.8) 22 3.7(1.9) ‘—‘— 0.35% -2.4[-3.45,-1.35]
Lord 2006 16 2.5(0.6) 15 2.3(0.6) -+ 2.01% 0.25[-0.19,0.69]
Tang 2006 56 1.9 (0.6) 66 2.3(0.7) —+ 7.33% -0.4[-0.63,-0.17]
Vandermolen 2001 11 2.5(0.8) 14 2.7(0.7) —T 1.13% -0.21[-0.8,0.38]
Subtotal *** 144 169 L 14.13% -0.28[-0.45,-0.12]
Heterogeneity: Tau?=0; Chi*=27.38, df=6(P=0); 1°=78.08%
Test for overall effect: Z=3.34(P=0)
Total *** 342 365 (] 100% -0.41[-0.48,-0.35]
Heterogeneity: Tau?=0; Chi*=201.26, df=11(P<0.0001); 1*=94.53%
Test for overall effect: Z=12.95(P<0.0001)
Test for subgroup differences: Chi?=2.71, df=1 (P=0.1), 1>=63.13%

Favours Metformin 2 -1 0 1 2 Favours control
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Analysis 1.11. Comparison 1 Metformin versus placebo or no

treatment, Outcome 11 Serum sex hormone-binding globulin (nmol/L).

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
1.11.1 Participants with BMI < 30 kg/m2
Ng 2001 8 25.7(11.7) 7 31.8(16.2) —+ 4.48% -6.1[-20.58,8.38]
Baillargeon 2004 28 208 (91.8) 30 232 (95) . 0.41% -24[-72.08,24.08]
Morin-Papunen 2012 128 54.8 (42.4) 125 49.8 (32.5) ™+ 10.86% 5[-4.3,14.3]
Subtotal *** 164 162 L 15.74% 1.1[-6.62,8.82]
Heterogeneity: Tau?=0; Chi*=2.67, df=2(P=0.26); 1*=25.16%
Test for overall effect: Z=0.28(P=0.78)
1.11.2 Participants with BMI = 30 kg/m2
Tang 2006 56 24.7 (12.1) 15 30.3(9.4) = 28.73% -5.6[-11.32,0.12]
Jakubowicz 2001 26 196 (66.3) 22 120 (42.2) — 0.98% 76[45.01,106.99]
Hoeger 2004 5 23.8(8.2) 7 30.3(12.1) —+ 7.11% -6.5[-17.99,4.99]
Lord 2006 16 27.4(10) 15 30.3(9.4) - 20.13% -2.89[-9.72,3.94]
Fleming 2002 25 29.2(12.3) 36 28.6(16.8) + 17.59% 0.6[-6.71,7.91]
Nestler 1998 35 93(59.2) 26 124 (86.7) —— 0.63% -31[-69.66,7.66]
Vandermolen 2001 11 61 (39.8) 14 71(36.7) — 1.02% -10[-40.37,20.37]
Hoeger 2004 5 37.2(4.8) 9 34.4(15.2) -+ 8.07% 2.8[-7.98,13.58]
Subtotal *** 179 144 [} 84.26% -2.23[-5.56,1.11]
Heterogeneity: Tau?=0; Chi*=30.17, df=7(P<0.0001); 1>=76.8%
Test for overall effect: Z=1.31(P=0.19)
Total *** 343 306 \ 100% -1.7[-4.77,1.36]
Heterogeneity: Tau?=0; Chi*=33.44, df=10(P=0); 1>=70.1%
Test for overall effect: Z=1.09(P=0.28)
Test for subgroup differences: Chi?=0.6, df=1 (P=0.44), I*=0% ‘ ‘ ‘ ‘

Favours control

-100 -50 0 50

100

Favours metformin

Analysis 1.12. Comparison 1 Metformin versus placebo or no treatment, Outcome 12 Fasting glucose (mmol/L).

Study or subgroup Treatment Control Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
1.12.1 Participants with BMI < 30 kg/m2
Baillargeon 2004 28 4.7(0.7) 30 4.5(0.7) T 2.29% 0.2[-0.16,0.56]
Chuni 2006 18 5.5(0.1) 18 5.4(0.1) [ | 56.9% 0.1[0.03,0.17]
Morin-Papunen 2012 128 5(0.4) 125 5.1(0.5) L 25.55% -0.13[-0.24,-0.02]
Ng 2001 8 5.1(0.3) 7 5.1(0.5) - 1.65% 0[-0.42,0.42]
Subtotal *** 182 180 ) 86.39% 0.03[-0.03,0.09]
Heterogeneity: Tau?=0; Chi*=12.91, df=3(P=0); 1°=76.76%
Test for overall effect: Z=1.09(P=0.27)
1.12.2 Participants with BMI = 30 kg/m2
Fleming 2002 25 5.1(0.6) 38 5(0.5) .+ 3.57% 0.1[-0.19,0.39]
Hoeger 2004 5 5.1(0.6) 7 5.2(0.5) — 0.78% -0.11[-0.73,0.51]
Hoeger 2004 5 5(0.6) 9 5.5(0.4) —— 0.92% -0.56[-1.13,0.01]
Jakubowicz 2001 26 4.3(1) 22 5(0.9) —— 0.97% -0.7[-1.25,-0.15]
Lord 2006 16 5(0.5) 15 5.1(0.5) —+ 2.35% -0.02[-0.38,0.34]
Tang 2006 56 4.9(0.7) 66 5(0.9) — 4.19% -0.08[-0.35,0.19]
Favours Metformin 4 2 0 2 Favours control
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Study or subgroup Treatment Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Vandermolen 2001 11 4.4(0.8) 14 5(0.6) —'—{ 0.84% -0.62[-1.22,-0.02]
Subtotal *** 144 171 & 13.61% -0.13[-0.28,0.01]

Heterogeneity: Tau?=0; Chi*=11.79, df=6(P=0.07); 1>=49.11%
Test for overall effect: Z=1.78(P=0.08)

Total *** 326 351 100% 0.01[-0.04,0.06]
Heterogeneity: Tau?=0; Chi?=28.91, df=10(P=0); 1>=65.41%

Test for overall effect: Z=0.36(P=0.72)

Test for subgroup differences: Chi*=4.22, df=1 (P=0.04), 1’=76.28%

Favours Metformin -4 -2 0 2 4 Favours control

Analysis 1.13. Comparison 1 Metformin versus placebo or no treatment, Outcome 13 Fasting insulin (mIU/L).

Study or subgroup Treatment Control Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl
1.13.1 Participants with BMI < 30 kg/m2
Ng 2001 8 7.1(1.9) 7 9.3(5.7) —— 30.18% -2.2[-6.62,2.22]
Yarali 2002 16 16.4 (32.7) 16 12.2(7) + 2.2% 4.2[-12.19,20.59]
Subtotal *** 24 23 - 32.38% -1.77[-6.04,2.5]
Heterogeneity: Tau?=0; Chi*=0.55, df=1(P=0.46); 1>=0%
Test for overall effect: Z=0.81(P=0.42)
1.13.2 Participants with BMI = 30 kg/m2
Fleming 2002 25 16.8 (9.7) 37 18.4 (12.3) —— 19.58% -1.6[-7.09,3.89]
Hoeger 2004 5 16.7 (10.6) 7 17.5(6) I E— 5.57% -0.8[-11.1,9.5]
Hoeger 2004 5 17.9 (6.5) 9 21.1(10.8) I e 7.18% -3.2[-12.27,5.87]
Jakubowicz 2001 26 13.2(11.9) 22 46 (30.5) ‘— 3.22% -32.84[-46.38,-19.3]
Lord 2006 16 17.4(8.9) 15 15.4(6.3) T+ 20.24% 1.95[-3.45,7.35]
Tang 2006 56 24.2(39) 66 18.9(17.1) — Tt 4.87% 5.3[-5.72,16.32]
Vandermolen 2001 11 10.4(7) 14 14.4 (15.7) e e 6.97% -4[-13.2,5.2]
Subtotal *** 144 170 S 2 67.62% -1.88[-4.84,1.07]
Heterogeneity: Tau?=0; Chi?=23.99, df=6(P=0); 1°=74.99%
Test for overall effect: Z=1.25(P=0.21)
Total *** 168 193 L 100% -1.84[-4.27,0.59]
Heterogeneity: Tau?=0; Chi*=24.54, df=8(P=0); 1’=67.4%
Test for overall effect: Z=1.49(P=0.14)
Test for subgroup differences: Chi?=0, df=1 (P=0.97), I*=0%

Favours Metformin 20 -10 0 10 20 Favours control

Comparison 2. Metformin and clomiphene citrate versus clomiphene citrate alone

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
1 Live birth rate 10 1219 0Odds Ratio (M-H, Fixed, 95% 1.27[0.98, 1.65]
Cl)
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Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

1.1 Participants with BMI <30 kg/ 6 665 0dds Ratio (M-H, Fixed, 95% 1.18[0.84,1.67]

m2 or < 32 kg/m?2 Cl)

1.2 Participants with BMI = 30 kg/ 4 554 0Odds Ratio (M-H, Fixed, 95% 1.41[0.95,2.09]

m2 Cl)

2 Adverse events (gastrointestinal 6 852 0Odds Ratio (M-H, Fixed, 95% 4.26 [2.83, 6.40]

side effects) Cl)

2.1 Participants with BMI < 30 kg/ 4 725 Odds Ratio (M-H, Fixed, 95% 4.13[2.71,6.28]

m2 Cl)

2.2 Participants with BMI = 30kg/ 1 27 0dds Ratio (M-H, Fixed, 95% 2.36[0.19,29.71]

m2 Cl)

2.3 Participants with BMI not 1 100 Odds Ratio (M-H, Fixed, 95% 14.75[0.81, 269.34]

recorded Cl)

3 Clinical pregnancy rate 19 1790 0dds Ratio (M-H, Fixed, 95% 1.62[1.32,1.99]
cl)

3.1 Participants with BMI < 30 kg/ 9 896 0Odds Ratio (M-H, Fixed, 95% 1.40[1.06, 1.86]

m2 Cl)

3.2 Participants with BMI = 30 kg/ 8 666 0Odds Ratio (M-H, Fixed, 95% 1.74[1.24,2.43]

m?2 Cl)

3.3 Participants with BMI not 2 228 0Odds Ratio (M-H, Fixed, 95% 2.85[1.39, 5.87]

recorded Cl)

4 Ovulation rate 21 1568 0Odds Ratio (M-H, Fixed, 95% 1.65[1.35,2.03]
Cl)

4.1 BMI <30 kg/m2 9 593 0dds Ratio (M-H, Fixed, 95% 1.45[1.03,2.03]
cl)

4.2 BMI =30 kg/m2 11 875 0Odds Ratio (M-H, Fixed, 95% 1.65[1.26,2.16]
cl)

4.3 BMI not reported 1 100 0Odds Ratio (M-H, Fixed, 95% 3.78[1.65, 8.65]
Cl)

5 Ovulation rate: subgroup analy- 7 212 0Odds Ratio (M-H, Fixed, 95% 4.71[2.46,9.03]

sis by sensitivity to clomiphene cit- Cl)

rate

5.1 PCOS and clomiphene-sensi- 1 56 0Odds Ratio (M-H, Fixed, 95% 3.55[0.65, 19.37]

tive Cl)

5.2 PCOS and clomiphene-resis- 6 156 0Odds Ratio (M-H, Fixed, 95% 4.97 [2.46, 10.03]

tant Cl)

6 Miscarriage rate per woman 10 1206 0dds Ratio (M-H, Fixed, 95% 1.35[0.91, 2.00]

Cl)

Metformin for ovulation induction (excluding gonadotrophins) in women with polycystic ovary syndrome (Review)
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Outcome or subgroup title

No. of studies

No. of partici-
pants

Statistical method

Effect size

6.1 Participants with BMI <30 kg/ 6 652 0dds Ratio (M-H, Fixed, 95% 1.26[0.74,2.15]

m2 Cl)

6.2 Participants with BMI = 30 kg/ 4 554 0Odds Ratio (M-H, Fixed, 95% 1.46[0.81,2.63]

m?2 Cl)

7 Sensitivity analysis: miscarriage 10 471 0Odds Ratio (M-H, Fixed, 95% 1.07 [0.69, 1.66]

rate per pregnancy Cl)

7.1 Participants with BMI < 30 kg/ 6 296 Odds Ratio (M-H, Fixed, 95% 1.10[0.61, 1.96]

m2 Cl)

7.2 Participants with BMI = 30 kg/ 4 175 0dds Ratio (M-H, Fixed, 95% 1.04[0.54,2.02]

m2 Cl)

8 Multiple pregnancy rate per 6 1003 Odds Ratio (M-H, Fixed, 95% 0.56 [0.18, 1.68]

woman Cl)

8.1 Participants with BMI <30 kg/ 3 476 0dds Ratio (M-H, Fixed, 95% 0.50[0.12, 2.04]

m2 Cl)

8.2 Participants with BMI = 30kg/ 3 527 0Odds Ratio (M-H, Fixed, 95% 0.66[0.11,4.01]

m2 Cl)

9 Senstivity analysis: multiple 6 342 0Odds Ratio (M-H, Fixed, 95% 0.46[0.15, 1.42]

pregnancy rate per pregnancy Cl)

9.1 Participants with BMI <30 kg/ 3 178 0Odds Ratio (M-H, Fixed, 95% 0.43[0.10, 1.85]

m2 Cl)

9.2 Participants with BMI = 30 kg/ 3 164 Odds Ratio (M-H, Fixed, 95% 0.50[0.08, 3.12]

m?2 Cl)

10 Body mass index (kg/m2) 3 105 Mean Difference (IV, Fixed, 95%  -4.44[-6.11,-2.77]
Cl)

10.1 Participants with BMI < 30kg/ 1 50 Mean Difference (IV, Fixed, 95% -3.90[-6.20, -1.60]

m2 Cl)

10.2 Participants with BMI = 30kg/ 2 55 Mean Difference (IV, Fixed, 95%  -5.04 [-7.47,-2.61]

m2 Cl)

11 Serum testosterone (nmol/L) 3 105 Mean Difference (IV, Fixed, 95%  -0.37 [-0.60, -0.13]
cl)

11.1 Participants with BMI = 30kg/ 2 55 Mean Difference (IV, Fixed, 95% -0.37 [-0.61,-0.13]

m?2 Cl)

11.2 Participants with BMI < 30kg/ 1 50 Mean Difference (IV, Fixed, 95%  -0.20 [-1.47, 1.07]

m2 Cl)

12 Fasting glucose (mmol/L) 2 71 Mean Difference (IV, Fixed, 95%  -0.21[-0.29,-0.12]

Cl)

Metformin for ovulation induction (excluding gonadotrophins) in women with polycystic ovary syndrome (Review)
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Outcome or subgroup title

No. of studies

No. of partici-
pants

Statistical method

Effect size

12.1 Participants with BMI < 30kg/ 1 50 Mean Difference (IV, Fixed, 95% -0.30 [-0.64, 0.04]

m2 Cl)

12.2 Participants with BMI = 30kg/ 1 21 Mean Difference (IV, Fixed, 95%  -0.20 [-0.29, -0.11]

m2 Cl)

13 Fasting insulin (mIU/L) 3 105 Mean Difference (IV, Fixed, 95% -6.57 [-7.84,-5.29]
Cl)

13.1 Participants with BMI < 30kg/ 1 50 Mean Difference (IV, Fixed, 95%  -15.20[-18.33,

m?2 Cl) -12.07]

13.2 Participants with BMI = 30kg/ 2 55 Mean Difference (IV, Fixed, 95%  -4.86 [-6.26, -3.47]

m?2

cl)

Analysis 2.1. Comparison 2 Metformin and clomiphene citrate
versus clomiphene citrate alone, Outcome 1 Live birth rate.

Study or subgroup Met + clomifene clomifene 0dds Ratio Weight 0dds Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.1.1 Participants with BMI < 30 kg/m2 or = 32 kg/m2
Boudhraa 2010 11/32 4/31 S — 2.61% 3.54[0.98,12.7]
Kar 2015 10/35 9/35 — Tt 6.29% 1.16[0.4,3.32]
Liu 2017 18/67 14/67 -1+ 10.02% 1.39[0.63,3.09]
Moll 2006 21/111 31/114 — 24.27% 0.62[0.33,1.17]
Morin-Papunen 2012 25/53 17/49 T 9.13% 1.68[0.76,3.73]
PCOSMIC 2010 15/35 13/36 — Tt 7.17% 1.33[0.51,3.45]
Subtotal (95% ClI) 333 332 < 59.49% 1.18[0.84,1.67]
Total events: 100 (Met + clomifene), 88 (clomifene)
Heterogeneity: Tau?=0; Chi*=7.73, df=5(P=0.17); 1>=35.34%
Test for overall effect: Z=0.97(P=0.33)
2.1.2 Participants with BMI = 30 kg/m2
Heathcote 2013 5/13 1/14 I . — 0.58% 8.13[0.8,82.73]
Legro 2007 56/209 47/209 - 33.67% 1.26[0.81,1.97]
Vandermolen 2001 4/12 1/15 -, 0.58% 7(0.66,73.93]
Zain 2009 7/41 7/41 —t— 5.68% 1[0.32,3.16]
Subtotal (95% ClI) 275 279 L 40.51% 1.41[0.95,2.09]
Total events: 72 (Met + clomifene), 56 (clomifene)
Heterogeneity: Tau?=0; Chi*=4.54, df=3(P=0.21); 1>=33.91%
Test for overall effect: Z=1.68(P=0.09)
Total (95% Cl) 608 611 L 2 100% 1.27[0.98,1.65]
Total events: 172 (Met + clomifene), 144 (clomifene)
Heterogeneity: Tau?=0; Chi*=12.55, df=9(P=0.18); 1>=28.3%
Test for overall effect: Z=1.84(P=0.07)
Test for subgroup differences: Chi*=0.41, df=1 (P=0.52), 1>=0%

Favours CC  0.01 0.1 1 10 100 Favours metformin & CC

Metformin for ovulation induction (excluding gonadotrophins) in women with polycystic ovary syndrome (Review)
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Analysis 2.2. Comparison 2 Metformin and clomiphene citrate versus clomiphene
citrate alone, Outcome 2 Adverse events (gastrointestinal side effects).

Study or subgroup MF + clomifene clomifene 0dds Ratio Weight 0dds Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.2.1 Participants with BMI < 30 kg/m2
Liu 2017 5/67 0/67 - 1.86% 11.88[0.64,219.27]
Moll 2006 72/209 28/209 . 74.31% 3.4[2.08,5.54]
Morin-Papunen 2012 21/53 2/49 —_— 5.08% 15.42[3.38,70.4]
PCOSMIC 2010 11/35 5/36 T 13.69% 2.84[0.87,9.28]
Subtotal (95% Cl) 364 361 L 2 94.93% 4.13[2.71,6.28]
Total events: 109 (MF + clomifene), 35 (clomifene)
Heterogeneity: Tau?=0; Chi*=4.39, df=3(P=0.22); 1’=31.65%
Test for overall effect: Z=6.61(P<0.0001)
2.2.2 Participants with BMI = 30kg/m2
Heathcote 2013 2/13 1/14 — Tt 3.3% 2.36[0.19,29.71]
Subtotal (95% CI) 13 14 ——— 3.3% 2.36[0.19,29.71]
Total events: 2 (MF + clomifene), 1 (clomifene)
Heterogeneity: Not applicable
Test for overall effect: Z=0.67(P=0.51)
2.2.3 Participants with BMI not recorded
Raja 2005 6/50 0/50 O — 1.77% 14.75[0.81,269.34]
Subtotal (95% Cl) 50 50 e 1.77% 14.75[0.81,269.34]
Total events: 6 (MF + clomifene), 0 (clomifene)
Heterogeneity: Not applicable
Test for overall effect: Z=1.82(P=0.07)
Total (95% CI) 427 425 L 2 100% 4.26[2.83,6.4]
Total events: 117 (MF + clomifene), 36 (clomifene)
Heterogeneity: Tau?=0; Chi*=5.41, df=5(P=0.37); 1°=7.58%
Test for overall effect: Z=6.95(P<0.0001)
Test for subgroup differences: Chi*=0.92, df=1 (P=0.63), 1>=0% ‘ ‘ ‘ ‘
Favours metformin & CC ~ 0.001 0.1 1 10 1000 Favours CC
Analysis 2.3. Comparison 2 Metformin and clomiphene citrate
versus clomiphene citrate alone, Outcome 3 Clinical pregnancy rate.
Study or subgroup MF + clomifene clomifene 0dds Ratio Weight 0dds Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.3.1 Participants with BMI < 30 kg/m2
Kar 2015 12/35 10/35 — Tt 4.62% 1.3[0.47,3.59]
Karimzadeh 2010 13/90 11/90 — Tt 6.62% 1.21[0.51,2.87]
Liu 2004 17/30 3/20 —_—t 1.1% 7.41[1.78,30.78]
Liu 2017 26/67 22/67 e 9.47% 1.3[0.64,2.63]
Machado 2012 8/21 3/15 B e— 1.52% 2.46[0.53,11.5]
Malkawi 2002 9/16 2/12 4‘—’ 0.7% 6.43[1.05,39.33]
Moll 2006 57/111 64/114 —— 21.61% 0.82[0.49,1.39]
Morin-Papunen 2012 30/53 22/49 —_ 6.98% 1.6[0.73,3.5]
PCOSMIC 2010 19/35 14/36 o s — 4.44% 1.87[0.73,4.8]
Favours CC 0.05 02 1 5 20 Favours metformin & CC
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Study or subgroup MF + clomifene clomifene 0dds Ratio Weight 0dds Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Subtotal (95% Cl) 458 438 L 4 57.06% 1.4[1.06,1.86]
Total events: 191 (MF + clomifene), 151 (clomifene)
Heterogeneity: Tau?=0; Chi*=13.05, df=8(P=0.11); 1>=38.68%
Test for overall effect: Z=2.34(P=0.02)
2.3.2 Participants with BMI = 30 kg/m2
Heathcote 2013 6/13 5/14 —t 1.82% 1.54[0.33,7.23]
Khorram 2006 5/16 0/15 4‘—’ 0.25% 14.83[0.74,295.97]
Ko 2001 4/10 0/11 4’—’ 0.2% 15.92[0.73,345.07]
Legro 2007 80/209 62/209 — 26.92% 1.47[0.98,2.21]
Refaie 2005 7/20 2/14 — 1.08% 3.23[0.56,18.71]
Sturrock 2002 3/12 4/14 —H 1.95% 0.83[0.15,4.78]
Vandermolen 2001 6/12 1/15 % 0.31% 14[1.37,142.89]
Zain 2009 8/41 7/41 +H— 3.96% 1.18[0.38,3.62]
Subtotal (95% Cl) 333 333 & 36.48% 1.74[1.24,2.43]
Total events: 119 (MF + clomifene), 81 (clomifene)
Heterogeneity: Tau?=0; Chi*=9.35, df=7(P=0.23); 1?=25.11%
Test for overall effect: Z=3.21(P=0)
2.3.3 Participants with BMI not recorded
Fatima 2018 12/64 5/64 — 2.86% 2.72[0.9,8.25]
Raja 2005 18/50 8/50 e — 3.6% 2.95[1.14,7.65]
Subtotal (95% Cl) 114 114 e 6.46% 2.85[1.39,5.87]
Total events: 30 (MF + clomifene), 13 (clomifene)
Heterogeneity: Tau?=0; Chi?=0.01, df=1(P=0.91); 1>=0%
Test for overall effect: Z=2.84(P=0)
Total (95% CI) 905 885 L 2 100% 1.62[1.32,1.99]
Total events: 340 (MF + clomifene), 245 (clomifene)
Heterogeneity: Tau?=0; Chi?=25.9, df=18(P=0.1); 1?=30.5%
Test for overall effect: Z=4.56(P<0.0001)
Test for subgroup differences: Chi*=3.51, df=1 (P=0.17), 1>=43.07% ‘ ‘ ‘ ‘
Favours CC 005 02 1 5 20 Favours metformin & CC
Analysis 2.4. Comparison 2 Metformin and clomiphene citrate
versus clomiphene citrate alone, Outcome 4 Ovulation rate.
Study or subgroup MF+ clomifene clomifene 0dds Ratio Weight 0Odds Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.4.1 BMI <30 kg/m2
Ben Ayed 2009 10/16 6/16 L — 1.58% 2.78[0.66,11.62]
Boudhraa 2010 17/32 10/31 L 3.34% 2.38[0.85,6.63]
Kar 2015 20/35 18/35 —+— 5.41% 1.26[0.49,3.23]
Liu 2004 25/30 16/20 L A— 2.24% 1.25[0.29,5.37]
Machado 2012 15/21 5/15 —_— 1.17% 5[1.19,20.92]
Malkawi 2002 11/16 3/12 4‘—’ 0.75% 6.6[1.23,35.44]
Moll 2006 71/111 82/114 — 20.44% 0.69[0.39,1.22]
Ng 2001 4/9 1/9 - > 0.39% 6.4[0.55,74.89]
PCOSMIC 2010 27/35 23/36 I 3.63% 1.91[0.67,5.41]
Favours CC 0.05 02 1 5 20 Favours metformin & CC

Metformin for ovulation induction (excluding gonadotrophins) in women with polycystic ovary syndrome (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

118



Trusted evidence.

= 3 Cochrane
st g Library

Informed decisions.

Better health. Cochrane Database of Systematic Reviews
Study or subgroup MF+ clomifene clomifene 0dds Ratio Weight 0dds Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Subtotal (95% Cl) 305 288 S 4 38.95% 1.45[1.03,2.03]
Total events: 200 (MF+ clomifene), 164 (clomifene)
Heterogeneity: Tau?=0; Chi*=16.09, df=8(P=0.04); 1>=50.28%
Test for overall effect: Z=2.13(P=0.03)
2.4.2 BMI 230 kg/m2
Heathcote 2013 10/13 10/14 e 1.56% 1.33[0.24,7.56]
Jakubowicz 2001 26/28 22/28 S S E— 1.1% 3.55[0.65,19.37]
Khorram 2006 7/16 1/15 4'—’ 0.41% 10.89[1.14,103.98]
Ko 2001 6/10 2/11 %—’ 0.53% 6.75[0.93,49.23]
Legro 2007 108/209 106/209 —_— 35.91% 1.04[0.71,1.52]
Nestler 1998 17/21 2/25 —’ 0.24% 48.88[8,298.48]
Refaie 2005 14/20 3/14 —'—’ 0.74% 8.56[1.74,42.17]
Siebert 2009 34/52 36/55 . — 8.49% 1[0.45,2.21]
Sturrock 2002 5/12 4/14 S B — 1.51% 1.79[0.35,9.13]
Vandermolen 2001 9/12 4/15 % 0.62% 8.25[1.45,46.86]
Zain 2009 26/41 23/41 — Tt 5.9% 1.36[0.56,3.29]
Subtotal (95% Cl) 434 441 L 4 57.02% 1.65[1.26,2.16]
Total events: 262 (MF+ clomifene), 213 (clomifene)
Heterogeneity: Tau?=0; Chi*=33.62, df=10(P=0); 1>=70.25%
Test for overall effect: Z=3.6(P=0)
2.4.3 BMI not reported
Raja 2005 34/50 18/50 —t 4.04% 3.78[1.65,8.65]
Subtotal (95% Cl) 50 50 e 4.04% 3.78[1.65,8.65]
Total events: 34 (MF+ clomifene), 18 (clomifene)
Heterogeneity: Not applicable
Test for overall effect: Z=3.14(P=0)
Total (95% CI) 789 779 L 2 100% 1.65[1.35,2.03]
Total events: 496 (MF+ clomifene), 395 (clomifene)
Heterogeneity: Tau?=0; Chi?=54.24, df=20(P<0.0001); I1>=63.12%
Test for overall effect: Z=4.82(P<0.0001)
Test for subgroup differences: Chi*=4.42, df=1 (P=0.11), 1’=54.76% ‘ ‘ ‘ ‘
Favours CC 005 02 1 5 20 Favours metformin & CC
Analysis 2.5. Comparison 2 Metformin and clomiphene citrate versus clomiphene citrate
alone, Outcome 5 Ovulation rate: subgroup analysis by sensitivity to clomiphene citrate.
Study or subgroup MF and Clomifene 0dds Ratio Weight 0dds Ratio
Clomifene
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.5.1 PCOS and clomiphene-sensitive
Jakubowicz 2001 26/28 22/28 - 18.13% 3.55[0.65,19.37]
Subtotal (95% Cl) 28 28 —~ 18.13% 3.55[0.65,19.37]
Total events: 26 (MF and Clomifene), 22 (Clomifene)
Heterogeneity: Not applicable
Test for overall effect: Z=1.46(P=0.14)
FavoursCC  0.01 0.1 1 10 100 Favours Metformin & CC
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Study or subgroup MF and Clomifene 0dds Ratio Weight Odds Ratio

Clomifene

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.5.2 PCOS and clomiphene-resistant
Ko 2001 6/10 2/11 T 8.79% 6.75[0.93,49.23]
Machado 2012 15/21 5/15 . — 19.22% 5[1.19,20.92]
Malkawi 2002 11/16 3/12 . — 12.36% 6.6[1.23,35.44]
Ng 2001 4/9 1/9 S S— 6.41% 6.4[0.55,74.89]
Sturrock 2002 5/12 4/14 — T 24.84% 1.79[0.35,9.13]
Vandermolen 2001 9/12 4/15 e — 10.25% 8.25[1.45,46.86]
Subtotal (95% CI) 80 76 - 81.87% 4.97[2.46,10.03]
Total events: 50 (MF and Clomifene), 19 (Clomifene)
Heterogeneity: Tau?=0; Chi?=2.08, df=5(P=0.84); 1>=0%
Test for overall effect: Z=4.48(P<0.0001)
Total (95% CI) 108 104 @ 100% 4.71[2.46,9.03]
Total events: 76 (MF and Clomifene), 41 (Clomifene)
Heterogeneity: Tau?=0; Chi*=2.21, df=6(P=0.9); I>=0%
Test for overall effect: Z=4.67(P<0.0001)
Test for subgroup differences: Chi*=0.13, df=1 (P=0.72), 1>=0% ‘ ‘
Favours CC 1 10 100 Favours Metformin & CC
Analysis 2.6. Comparison 2 Metformin and clomiphene citrate versus
clomiphene citrate alone, Outcome 6 Miscarriage rate per woman.
Study or subgroup MF + clomifene clomifene 0dds Ratio Weight 0dds Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.6.1 Participants with BMI < 30 kg/m2
Kar 2015 2/35 1/35 I — 2.22% 2.06[0.18,23.83]
Liu 2004 3/30 1/20 e e e— 2.54% 2.11[0.2,21.87]
Liu 2017 7/67 7/67 e 14.76% 1[0.33,3.03]
Moll 2006 13/111 12/114 — 24.62% 1.13[0.49,2.59]
Morin-Papunen 2012 5/53 5/49 e E— 11.08% 0.92[0.25,3.38]
PCOSMIC 2010 3/35 0/36 + > 1.05% 7.86[0.39,158.01]
Subtotal (95% Cl) 331 321 > 56.28% 1.26[0.74,2.15]
Total events: 33 (MF + clomifene), 26 (clomifene)
Heterogeneity: Tau?=0; Chi*=2.24, df=5(P=0.82); 1>=0%
Test for overall effect: Z=0.84(P=0.4)
2.6.2 Participants with BMI = 30 kg/m2
Heathcote 2013 1/13 4/14 —_— 8.37% 0.21[0.02,2.18]
Legro 2007 24/209 16/209 —— 33.36% 1.56[0.81,3.04]
Vandermolen 2001 2/12 0/15 b > 0.85% 7.38[0.32,169.81]
Zain 2009 1/41 0/41 + 1.14% 3.07[0.12,77.69]
Subtotal (95% Cl) 275 279 o 43.72% 1.46[0.81,2.63]
Total events: 28 (MF + clomifene), 20 (clomifene)
Heterogeneity: Tau?=0; Chi*=3.92, df=3(P=0.27); 1?=23.42%
Test for overall effect: Z=1.25(P=0.21)
Total (95% Cl) 606 600 <o 100% 1.35[0.91,2]
Total events: 61 (MF + clomifene), 46 (clomifene)
Favours metformin & CC 1 o 50 Favours CC

Metformin for ovulation induction (excluding gonadotrophins) in women with polycystic ovary syndrome (Review)
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Study or subgroup MF + clomifene clomifene 0dds Ratio Weight 0dds Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Heterogeneity: Tau?=0; Chi*=6.38, df=9(P=0.7); I>=0%
Test for overall effect: Z=1.47(P=0.14)
Test for subgroup differences: Chi*=0.13, df=1 (P=0.72), 1>=0%
Favours metformin & CC 0.02 0.1 1 10 50 Favours CC

Analysis 2.7. Comparison 2 Metformin and clomiphene citrate versus clomiphene
citrate alone, Outcome 7 Sensitivity analysis: miscarriage rate per pregnancy.

Study or subgroup MF + clomifene clomifene 0dds Ratio Weight 0dds Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.7.1 Participants with BMI < 30 kg/m2
Kar 2015 2/12 1/10 e e — 2.33% 1.8[0.14,23.37]
Liu 2004 3/17 1/3 I E— 3.58% 0.43[0.03,6.41]
Liu 2017 7/26 7/22 —H 14.19% 0.79[0.23,2.75]
Moll 2006 13/57 12/64 T 22.35% 1.28[0.53,3.09]
Morin-Papunen 2012 5/30 5/22 — 12.31% 0.68[0.17,2.71]
PCOSMIC 2010 3/19 0/14 — 1.21% 6.15[0.29,129.38]
Subtotal (95% Cl) 161 135 <& 55.97% 1.1[0.61,1.96]
Total events: 33 (MF + clomifene), 26 (clomifene)
Heterogeneity: Tau?=0; Chi*=2.68, df=5(P=0.75); 1>=0%
Test for overall effect: Z=0.31(P=0.76)
2.7.2 Participants with BMI = 30 kg/m2
Heathcote 2013 1/6 4/5 . e— 9.31% 0.05[0,1.07]
Legro 2007 24/80 16/62 —— 32.31% 1.23[0.59,2.59]
Vandermolen 2001 2/6 0/1 L — 1.28% 1.67[0.05,58.28]
Zain 2009 1/8 0/7 e B 1.13% 3[0.1,86.09]
Subtotal (95% Cl) 100 75 . 2 44.03% 1.04[0.54,2.02]
Total events: 28 (MF + clomifene), 20 (clomifene)
Heterogeneity: Tau?=0; Chi*=4.41, df=3(P=0.22); 1?>=31.97%
Test for overall effect: Z=0.12(P=0.91)
Total (95% Cl) 261 210 <& 100% 1.07[0.69,1.66]
Total events: 61 (MF + clomifene), 46 (clomifene)
Heterogeneity: Tau?=0; Chi*=7.05, df=9(P=0.63); 1>=0%
Test for overall effect: Z=0.31(P=0.76)
Test for subgroup differences: Chi*=0.01, df=1 (P=0.91), 1>=0%

Favours metformin & CC ~ 0.001 0.1 1 10 1000 Favours CC

Analysis 2.8. Comparison 2 Metformin and clomiphene citrate versus
clomiphene citrate alone, Outcome 8 Multiple pregnancy rate per woman.

Study or subgroup MF + clomifene clomifene 0dds Ratio Weight 0dds Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.8.1 Participants with BMI < 30 kg/m2
Karimzadeh 2010 1/90 2/90 —_— 22.37% 0.49[0.04,5.55]
Moll 2006 1/111 3/114 —a— 33.18% 0.34[0.03,3.28]
Favours metformin & CC ~ 0.001 0.1 1 10 1000 Favours CC

Metformin for ovulation induction (excluding gonadotrophins) in women with polycystic ovary syndrome (Review)
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Study or subgroup MF + clomifene clomifene 0dds Ratio Weight 0dds Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
PCOSMIC 2010 1/35 1/36 —+— 10.83% 1.03[0.06,17.13]
Subtotal (95% Cl) 236 240 ‘ 66.39% 0.5[0.12,2.04]
Total events: 3 (MF + clomifene), 6 (clomifene)
Heterogeneity: Tau?=0; Chi*=0.37, df=2(P=0.83); 1>=0%
Test for overall effect: Z=0.96(P=0.34)
2.8.2 Participants with BMI = 30kg/m2
Legro 2007 2/209 3/209 —— 33.61% 0.66[0.11,4.01]
Vandermolen 2001 0/12 0/15 Not estimable
Zain 2009 0/41 0/41 Not estimable
Subtotal (95% Cl) 262 265 e 33.61% 0.66[0.11,4.01]
Total events: 2 (MF + clomifene), 3 (clomifene)
Heterogeneity: Not applicable
Test for overall effect: Z=0.45(P=0.65)
Total (95% CI) 498 505 - 100% 0.56[0.18,1.68]
Total events: 5 (MF + clomifene), 9 (clomifene)
Heterogeneity: Tau?=0; Chi?=0.42, df=3(P=0.94); 1>=0%
Test for overall effect: Z=1.04(P=0.3)
Test for subgroup differences: Chi*=0.06, df=1 (P=0.81), 1>=0% ‘ ‘ ‘ ‘
Favours metformin & CC ~ 0.001 0.1 1 10 1000 Favours CC
Analysis 2.9. Comparison 2 Metformin and clomiphene citrate versus clomiphene
citrate alone, Outcome 9 Senstivity analysis: multiple pregnancy rate per pregnancy.
Study or subgroup MF + clomifene clomifene 0dds Ratio Weight 0dds Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
2.9.1 Participants with BMI < 30 kg/m2
Karimzadeh 2010 1/13 2/11 e 21.83% 0.38[0.03,4.81]
Moll 2006 1/57 3/64 — 30.3% 0.36[0.04,3.59]
PCOSMIC 2010 1/19 1/14 — ¢ 11.9% 0.72[0.04,12.64]
Subtotal (95% CI) 89 89 e 64.03% 0.43[0.1,1.85]
Total events: 3 (MF + clomifene), 6 (clomifene)
Heterogeneity: Tau?=0; Chi*=0.16, df=2(P=0.92); 1>=0%
Test for overall effect: Z=1.13(P=0.26)
2.9.2 Participants with BMI = 30 kg/m2
Legro 2007 2/80 3/62 —— 35.97% 0.5[0.08,3.12]
Vandermolen 2001 0/6 0/1 Not estimable
Zain 2009 0/8 0/7 Not estimable
Subtotal (95% Cl) 94 70 e 35.97% 0.5[0.08,3.12]
Total events: 2 (MF + clomifene), 3 (clomifene)
Heterogeneity: Not applicable
Test for overall effect: Z=0.74(P=0.46)
Total (95% Cl) 183 159 - 100% 0.46[0.15,1.42]
Total events: 5 (MF + clomifene), 9 (clomifene)
Heterogeneity: Tau?=0; Chi*=0.17, df=3(P=0.98); 1>=0%
Test for overall effect: Z=1.35(P=0.18)
Favours metformin & CC ~ 0.001 0.1 1 10 1000 Favours CC

Metformin for ovulation induction (excluding gonadotrophins) in women with polycystic ovary syndrome (Review)
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Study or subgroup MF + clomifene clomifene 0dds Ratio Weight 0dds Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Test for subgroup differences: Chi?=0.02, df=1 (P=0.9), I*=0%
Favours metformin & CC ~ 0.001 0.1 1 10 1000 Favours CC

Analysis 2.10. Comparison 2 Metformin and clomiphene citrate versus

clomiphene citrate alone, Outcome 10 Body mass index (kg/m2).

Study or subgroup Metformin and CC cc Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl
2.10.1 Participants with BMI < 30kg/m2 ‘
Liu 2004 30 23.6(5.2) 20 27.5(3.1) - 52.58% -3.9[-6.2,-1.6]
Subtotal *** 30 20 (} 52.58% -3.9[-6.2,-1.6]
Heterogeneity: Not applicable
Test for overall effect: Z=3.32(P=0)
2.10.2 Participants with BMI = 30kg/m2
Ko 2001 10 34.2 (4.3) 11 37.5(5.2) 16.87% -3.3[-7.37,0.77]
Refaie 2005 20 28.1(4.6) 14 34.1(4.3) = 30.55% -6[-9.02,-2.98]
Subtotal *** 30 25 ) 47.42% -5.04[-7.47,-2.61]
Heterogeneity: Tau?=0; Chi*=1.09, df=1(P=0.3); 1>=8.29%
Test for overall effect: Z=4.07(P<0.0001)
Total *** 60 45 [} 100% -4.44[-6.11,-2.77]
Heterogeneity: Tau?=0; Chi*=1.54, df=2(P=0.46); 1>=0%
Test for overall effect: Z=5.21(P<0.0001)
Test for subgroup differences: Chi?=0.45, df=1 (P=0.5), I*=0% ‘ ‘ ‘

Favours metformin & CC ~ -100 -50 0 50 100 Favours CC

Analysis 2.11. Comparison 2 Metformin and clomiphene citrate versus
clomiphene citrate alone, Outcome 11 Serum testosterone (nmol/L).

Study or subgroup Metformin and CC cc Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
2.11.1 Participants with BMI = 30kg/m2 ‘
Ko 2001 10 6.2 (0.6) 11 6.5(0.4) + 27.94% -0.3[-0.74,0.14]
Refaie 2005 20 1.5(0.6) 14 1.9(0.2) . 68.71% -0.4[-0.68,-0.12]
Subtotal *** 30 25 96.65% -0.37[-0.61,-0.13]
Heterogeneity: Tau?=0; Chi*=0.14, df=1(P=0.71); 1>=0%
Test for overall effect: Z=3.07(P=0)
2.11.2 Participants with BMI < 30kg/m2
Liu 2004 30 3.8(2) 20 4(2.4) 3.35% -0.2[-1.47,1.07]
Subtotal *** 30 20 3.35% -0.2[-1.47,1.07]
Heterogeneity: Not applicable
Test for overall effect: Z=0.31(P=0.76)
Total *** 60 45 100% -0.37[-0.6,-0.13]
Heterogeneity: Tau?=0; Chi*=0.21, df=2(P=0.9); I>=0%

Favours Metformin & CC ~ -100 -50 0 50 100 Favours CC

Metformin for ovulation induction (excluding gonadotrophins) in women with polycystic ovary syndrome (Review)
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Study or subgroup Metformin and CC cc Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl

Test for overall effect: Z=3.07(P=0)
Test for subgroup differences: Chi?=0.07, df=1 (P=0.8), I*=0%

Favours Metformin & CC ~ -100 -50 0 50 100 Favours CC

Analysis 2.12. Comparison 2 Metformin and clomiphene citrate versus
clomiphene citrate alone, Outcome 12 Fasting glucose (mmol/L).

Study or subgroup Metformin and CC cc Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl
2.12.1 Participants with BMI < 30kg/m2
Liu 2004 30 4.6 (0.6) 20 4.9(0.6) 5.98% -0.3[-0.64,0.04]
Subtotal *** 30 20 5.98% -0.3[-0.64,0.04]

Heterogeneity: Not applicable
Test for overall effect: Z=1.73(P=0.08)

2.12.2 Participants with BMI = 30kg/m2
Ko 2001 10 4.5(0.1) 11 4.7(0.1) . 94.02% -0.2[-0.29,-0.11]
Subtotal *** 10 11 94.02% -0.2[-0.29,-0.11]
Heterogeneity: Not applicable

Test for overall effect: Z=4.58(P<0.0001)

Total *** 40 31 100% -0.21[-0.29,-0.12]
Heterogeneity: Tau?=0; Chi*=0.31, df=1(P=0.58); 1>=0%

Test for overall effect: Z=4.86(P<0.0001)

Test for subgroup differences: Chi*=0.31, df=1 (P=0.58), 1>=0%

Favours metformin & CC ~ -100 -50 0 50 100 Favours CC

Analysis 2.13. Comparison 2 Metformin and clomiphene citrate
versus clomiphene citrate alone, Outcome 13 Fasting insulin (mIU/L).

Study or subgroup Metformin and CC cc Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
2.13.1 Participants with BMI < 30kg/m2
Liu 2004 30 27.7(1.8) 20 42.9(7) + 16.5% -15.2[-18.33,-12.07]
Subtotal *** 30 20 ¢ 16.5% -15.2[-18.33,-12.07]

Heterogeneity: Tau?=0; Chi*=0, df=0(P<0.0001); 1>=100%
Test for overall effect: Z=9.5(P<0.0001)

2.13.2 Participants with BMI = 30kg/m2

Ko 2001 10 8.4 (2.1) 11 8.5 (1.7) H 59.97% -0.1[-1.74,1.54]
Refaie 2005 20 10.7 (4.4) 14 27.7 (3.4) . 23.53% -17[-19.62,-14.38]
Subtotal *** 30 25 | 83.5% -4.86[-6.26,-3.47]

Heterogeneity: Tau?=0; Chi*=114.36, df=1(P<0.0001); 1>=99.13%
Test for overall effect: Z=6.84(P<0.0001)

Total *** 60 45 [ 100% -6.57[-7.84,-5.29]
Heterogeneity: Tau?=0; Chi*=149.25, df=2(P<0.0001); 1>=98.66%

Favours metformin & CC ~ -100 -50 0 50 100 Favours CC

Metformin for ovulation induction (excluding gonadotrophins) in women with polycystic ovary syndrome (Review) 124
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Study or subgroup Metformin and CC cc Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Test for overall effect: Z=10.11(P<0.0001)
Test for subgroup differences: Chi*=34.89, df=1 (P<0.0001), 1?=97.13%
Favours metformin & CC ~ -100 -50 0 50 100 Favours CC
Comparison 3. Metformin versus clomiphene citrate

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size

pants

1 Live birth rate 5 741 0Odds Ratio (M-H, Fixed, 95% 0.71[0.49, 1.01]
Cl)

1.1 Participants with BMI <30 kg/ 3 241 0Odds Ratio (M-H, Fixed, 95% 1.71[1.00, 2.94]

m2 Cl)

1.2 Participants with BMI = 30 kg/ 2 500 0dds Ratio (M-H, Fixed, 95% 0.30[0.17,0.52]

m2 Cl)

2 Clinical pregnancy rate 8 1030 0Odds Ratio (M-H, Fixed, 95% 0.84[0.63,1.11]
Cl)

2.1 Participants with BMI <30 kg/ 6 530 0Odds Ratio (M-H, Fixed, 95% 1.56[1.06,2.29]

m2 Cl)

2.2 Participants with BMI = 30 kg/ 2 500 0Odds Ratio (M-H, Fixed, 95% 0.34[0.21,0.55]

m2 Cl)

3 Ovulation rate 7 852 0dds Ratio (M-H, Fixed, 95% 0.45[0.34, 0.60]
cl)

3.1 Participants with BMI < 30 kg/ 5 352 0dds Ratio (M-H, Fixed, 95% 0.80[0.52, 1.25]

m2 Cl)

3.2 Participants with BMI = 30 kg/ 2 500 0Odds Ratio (M-H, Fixed, 95% 0.29[0.20, 0.43]

m2 Cl)

4 Miscarriage rate per woman 6 781 0dds Ratio (M-H, Fixed, 95% 0.92[0.51, 1.66]
Cl)

4.1 Participants with BMI <30 kg/ 4 281 0dds Ratio (M-H, Fixed, 95% 1.51[0.62,3.71]

m2 Cl)

4.2 Participants with BMI =30 kg/ 2 500 0Odds Ratio (M-H, Fixed, 95% 0.61[0.27, 1.38]

m2 Cl)

5 Sensitivity analysis: miscarriage 6 203 0Odds Ratio (M-H, Fixed, 95% 1.36[0.69, 2.66]

rate per pregnancy Cl)

5.1 Participants with BMI <30 kg/ 4 105 0dds Ratio (M-H, Fixed, 95% 1.02[0.41,2.54]

m2

cl)

Metformin for ovulation induction (excluding gonadotrophins) in women with polycystic ovary syndrome (Review)
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Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

5.2 Participants with BMI = 30 kg/ 2 98 0dds Ratio (M-H, Fixed, 95% 1.92[0.72,5.12]

m2 Cl)

6 Multiple pregnancy rate per 5 858 0Odds Ratio (M-H, Fixed, 95% 0.29[0.06, 1.43]

woman Cl)

6.1 Participants with BMI < 30 kg/ 3 358 0dds Ratio (M-H, Fixed, 95% 0.46 [0.07, 3.16]

m2 Cl)

6.2 Participants with BMI = 30 kg/ 2 500 0dds Ratio (M-H, Fixed, 95% 0.14[0.01, 2.76]

m2 Cl)

7 Sensitivity analysis: multiple 5 201 0Odds Ratio (M-H, Fixed, 95% 0.33[0.06, 1.68]

pregnancy rate per pregnancy Cl)

7.1 Participants with BMI <30 kg/ 3 103 0dds Ratio (M-H, Fixed, 95% 0.32[0.05, 2.24]

m2 Cl)

7.2 Participants with BMI = 30 kg/ 2 98 0Odds Ratio (M-H, Fixed, 95% 0.33[0.02, 6.69]

m2 Cl)

8 Body mass index (kg/m2) 1 40 Mean Difference (IV, Fixed, 95%  -5.10 [-9.40, -0.80]
Cl)

9 Serum testosterone (nmol/L) 1 40 Mean Difference (IV, Fixed, 95%  0.30 [-0.82, 1.42]
Cl)

10 Fasting glucose (mmol/L) 1 40 Mean Difference (IV, Fixed, 95%  -0.20 [-0.79, 0.39]
Cl)

11 Fasting insulin (mIU/L) 1 40 Mean Difference (IV, Fixed, 95%  -13.0 [-16.96, -9.04]
Cl)

Analysis 3.1. Comparison 3 Metformin versus clomiphene citrate, Outcome 1 Live birth rate.
Study or subgroup metformin clomifene 0dds Ratio Weight 0dds Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

3.1.1 Participants with BMI <30 kg/m2

PCOSMIC 2010 10/35 13/36 — 13.06% 0.71[0.26,1.92]

Kar 2015 9/35 9/35 — 9.54% 1[0.34,2.92]

Palomba 2005a 26/50 9/50 — 6.16% 4.94[1.99,12.26]

Subtotal (95% CI) 120 121 @ 28.77% 1.71[1,2.94]

Total events: 45 (metformin), 31 (clomifene)

Heterogeneity: Tau?=0; Chi*=9.16, df=2(P=0.01); 1>=78.17%

Test for overall effect: Z=1.95(P=0.05)

3.1.2 Participants with BMI = 30 kg/m2

Legro 2007 15/208 47/209 - 62.08% 0.27[0.14,0.5]

Zain 2009 4/42 7/41 —_— 9.15% 0.51[0.14,1.9]

Subtotal (95% CI) 250 250 <o 71.23% 0.3[0.17,0.52]

Favours clomiphene  0.01 0.1 1 10 100 Favours metformin

Metformin for ovulation induction (excluding gonadotrophins) in women with polycystic ovary syndrome (Review)
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Study or subgroup metformin clomifene
n/N n/N

0dds Ratio Weight
M-H, Fixed, 95% CI

0dds Ratio
M-H, Fixed, 95% CI

Total events: 19 (metformin), 54 (clomifene)
Heterogeneity: Tau?=0; Chi*=0.76, df=1(P=0.38); 1>=0%
Test for overall effect: Z=4.25(P<0.0001)

Total (95% CI) 370 371 L 4 100% 0.71[0.49,1.01]
Total events: 64 (metformin), 85 (clomifene)
Heterogeneity: Tau?=0; Chi?=27.63, df=4(P<0.0001); 1*=85.52%
Test for overall effect: Z=1.88(P=0.06)
Test for subgroup differences: Chi*=19.41, df=1 (P<0.0001), 1?=94.85% ‘ ‘ ‘ ‘
Favours clomiphene  0.01 0.1 1 10 100 Favours metformin

Analysis 3.2. Comparison 3 Metformin versus clomiphene citrate, Outcome 2 Clinical pregnancy rate.

Study or subgroup metformin clomifene 0dds Ratio Weight 0dds Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
3.2.1 Participants with BMI < 30 kg/m2
Begum 2014 12/35 15/36 — 9.49% 0.73[0.28,1.91]
Kar 2015 13/35 10/35 —T+ 6.14% 1.48[0.54,4.03]
Karimzadeh 2010 17/88 11/90 - 8.57% 1.72[0.75,3.92]
Liu 2004 4/20 3/20 R 2.34% 1.42[0.27,7.34]
Palomba 2005a 31/50 16/50 — 5.94% 3.47[1.52,7.9]
PCOSMIC 2010 14/35 14/36 — 8.09% 1.05[0.4,2.71]
Subtotal (95% CI) 263 267 L 2 40.58% 1.56[1.06,2.29]
Total events: 91 (metformin), 69 (clomifene)
Heterogeneity: Tau?=0; Chi*=6.75, df=5(P=0.24); 1°=25.88%
Test for overall effect: Z=2.25(P=0.02)
3.2.2 Participants with BMI = 30 kg/m2
Legro 2007 25/208 62/209 - 53.16% 0.32[0.19,0.54]
Zain 2009 4/42 7/41 —T 6.26% 0.51[0.14,1.9]
Subtotal (95% CI) 250 250 L 2 59.42% 0.34[0.21,0.55]
Total events: 29 (metformin), 69 (clomifene)
Heterogeneity: Tau?=0; Chi*=0.4, df=1(P=0.53); 1>=0%
Test for overall effect: Z=4.39(P<0.0001)
Total (95% CI) 513 517 ¢ 100% 0.84[0.63,1.11]
Total events: 120 (metformin), 138 (clomifene)
Heterogeneity: Tau?=0; Chi*=30, df=7(P<0.0001); 1°=76.66%
Test for overall effect: Z=1.23(P=0.22)
Test for subgroup differences: Chi*=23.3, df=1 (P<0.0001), 1>=95.71%

Favours clomiphene 0.02 0.1 1 10 50 Favours metformin

Analysis 3.3. Comparison 3 Metformin versus clomiphene citrate, Outcome 3 Ovulation rate.

Study or subgroup Metformin Clomifene
n/N n/N

0dds Ratio Weight
M-H, Fixed, 95% CI

0dds Ratio
M-H, Fixed, 95% CI

3.3.1 Participants with BMI < 30 kg/m2

Favours clomiphene

0.2 0.5 1 2 5 Favours metformin

Metformin for ovulation induction (excluding gonadotrophins) in women with polycystic ovary syndrome (Review)
Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

127



- Coch rane Trusted evidence.
= . Informed decisions.
1 Li b ra ry Better health. Cochrane Database of Systematic Reviews

Study or subgroup Metformin Clomifene 0dds Ratio Weight 0dds Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Begum 2014 20/35 22/36 — 4T 6.5% 0.85[0.33,2.19]
Kar 2015 15/35 18/35 . S E— 7.2% 0.71[0.28,1.82]
Liu 2004 15/20 16/20 t 2.8% 0.75[0.17,3.33]
Palomba 2005a 32/50 36/50 . 9.07% 0.69[0.3,1.61]
PCOSMIC 2010 23/35 23/36 e L — 5.44% 1.08[0.41,2.87]
Subtotal (95% Cl) 175 177 - 31.01% 0.8[0.52,1.25]

Total events: 105 (Metformin), 115 (Clomifene)
Heterogeneity: Tau?=0; Chi?=0.57, df=4(P=0.97); 1>=0%
Test for overall effect: Z=0.98(P=0.33)

3.3.2 Participants with BMI = 30 kg/m2

Legro 2007 50/208 106/209 —— 56.2% 0.31[0.2,0.47]
Zain 2009 9/42 23/41 4——— 12.8% 0.21[0.08,0.56]
Subtotal (95% Cl) 250 250 - 68.99% 0.29[0.2,0.43]

Total events: 59 (Metformin), 129 (Clomifene)
Heterogeneity: Tau?=0; Chi*=0.47, df=1(P=0.49); 1>=0%
Test for overall effect: Z=6.34(P<0.0001)

Total (95% CI) 425 427 S _d 100% 0.45[0.34,0.6]
Total events: 164 (Metformin), 244 (Clomifene)

Heterogeneity: Tau?=0; Chi*=12.68, df=6(P=0.05); 1>=52.68%
Test for overall effect: Z=5.52(P<0.0001)

Test for subgroup differences: Chi*=11.69, df=1 (P=0), 1>=91.44%

Favours clomiphene 0.2 0.5 1 2 5 Favours metformin

Analysis 3.4. Comparison 3 Metformin versus clomiphene citrate, Outcome 4 Miscarriage rate per woman.

Study or subgroup Metformin Clomiphene 0dds Ratio Weight 0dds Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

3.4.1 Participants with BMI < 30 kg/m2

Kar 2015 4/35 1/35 I s 3.83% 4.39[0.46,41.4]
Liu 2004 1/20 1/20 e 4.11% 1[0.06,17.18]
Palomba 2005a 3/50 6/50 — 24.41% 0.47[0.11,1.99]
PCOSMIC 2010 4/35 0/36 R e a— 1.87% 10.43[0.54,201.32]
Subtotal (95% Cl) 140 141 - 34.23% 1.51[0.62,3.71]

Total events: 12 (Metformin), 8 (Clomiphene)
Heterogeneity: Tau?=0; Chi*=5.11, df=3(P=0.16); 1?=41.3%
Test for overall effect: Z=0.91(P=0.36)

3.4.2 Participants with BMI = 30 kg/m2

Legro 2007 10/208 16/209 E = 65.77% 0.61[0.27,1.38]
Zain 2009 0/42 0/41 Not estimable
Subtotal (95% CI) 250 250 L 2 65.77% 0.61[0.27,1.38]
Total events: 10 (Metformin), 16 (Clomiphene)
Heterogeneity: Not applicable
Test for overall effect: Z=1.19(P=0.23)
Total (95% CI) 390 391 ) 4 100% 0.92[0.51,1.66]
Total events: 22 (Metformin), 24 (Clomiphene) ‘
Favours metformin ~ 0.001 0.1 1 10 1000 Favours clomiphene
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Study or subgroup Metformin Clomiphene 0dds Ratio Weight 0dds Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Heterogeneity: Tau?=0; Chi*=6.27, df=4(P=0.18); 1°=36.18%

Test for overall effect: Z=0.28(P=0.78)

Test for subgroup differences: Chi*=2.17, df=1 (P=0.14), 1’=53.94%

Favours metformin ~ 0.001 0.1 1 10 1000 Favours clomiphene

Analysis 3.5. Comparison 3 Metformin versus clomiphene citrate,
Outcome 5 Sensitivity analysis: miscarriage rate per pregnancy.

Study or subgroup Metformin Clomiphene 0dds Ratio Weight 0dds Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

3.5.1 Participants with BMI < 30 kg/m2

Kar 2015 4/13 1/10 I s a— 5.34% 4[0.37,43.14]
Liu 2004 1/4 1/3 S 5.85% 0.67[0.02,18.06]
Palomba 2005a 3/31 6/16 —— 48.78% 0.18[0.04,0.85]
PCOSMIC 2010 4/14 0/14 R 2.39% 12.43[0.6,256.66]
Subtotal (95% Cl) 62 43 L 2 62.35% 1.02[0.41,2.54]

Total events: 12 (Metformin), 8 (Clomiphene)
Heterogeneity: Tau?=0; Chi*=8.73, df=3(P=0.03); 1°=65.63%
Test for overall effect: Z=0.04(P=0.96)

3.5.2 Participants with BMI = 30 kg/m2

Legro 2007 10/25 16/62 - 37.65% 1.92[0.72,5.12]
Zain 2009 0/4 0/7 Not estimable
Subtotal (95% Cl) 29 69 o 37.65% 1.92[0.72,5.12]
Total events: 10 (Metformin), 16 (Clomiphene)
Heterogeneity: Tau?=0; Chi?=0, df=0(P<0.0001); 1>=100%
Test for overall effect: Z=1.3(P=0.19)
Total (95% Cl) 91 112 <> 100% 1.36[0.69,2.66]
Total events: 22 (Metformin), 24 (Clomiphene)
Heterogeneity: Tau?=0; Chi*=9.97, df=4(P=0.04); 1?=59.89%
Test for overall effect: Z=0.89(P=0.37)
Test for subgroup differences: Chi*=0.85, df=1 (P=0.36), 1>=0%

Favours metformin ~ 0.001 0.1 1 10 1000 Favours clomiphene

Analysis 3.6. Comparison 3 Metformin versus clomiphene citrate, Outcome 6 Multiple pregnancy rate per woman.

Study or subgroup Metformin Clomiphene 0dds Ratio Weight 0dds Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
3.6.1 Participants with BMI < 30 kg/m2
Karimzadeh 2010 0/88 2/99 = 34.52% 0.22[0.01,4.65]
Palomba 2005a 0/50 0/50 Not estimable
PCOSMIC 2010 1/35 1/36 14.12% 1.03[0.06,17.13]
Subtotal (95% CI) 173 185 —— 48.64% 0.46[0.07,3.16]

Total events: 1 (Metformin), 3 (Clomiphene)
Heterogeneity: Tau?=0; Chi*=0.54, df=1(P=0.46); 1>=0%
Test for overall effect: Z=0.8(P=0.43)

Favours metformin ~ 0.01 0.1 1 10 100 Favours clomiphene

Metformin for ovulation induction (excluding gonadotrophins) in women with polycystic ovary syndrome (Review) 129
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Study or subgroup Metformin Clomiphene 0dds Ratio Weight 0dds Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
3.6.2 Participants with BMI = 30 kg/m2
Legro 2007 0/208 3200 4—B—— 51.36% 0.14[0.01,2.76]
Zain 2009 0/42 0/41 Not estimable
Subtotal (95% Cl) 250 250 -~ — 51.36% 0.14[0.01,2.76]
Total events: 0 (Metformin), 3 (Clomiphene)
Heterogeneity: Not applicable
Test for overall effect: Z=1.29(P=0.2)
Total (95% Cl) 423 435 —l— 100% 0.29[0.06,1.43]
Total events: 1 (Metformin), 6 (Clomiphene)
Heterogeneity: Tau?=0; Chi*=1.03, df=2(P=0.6); 1>=0%
Test for overall effect: Z=1.51(P=0.13)
Test for subgroup differences: Chi*=0.42, df=1 (P=0.52), 1>=0% ‘ ‘ ‘ ‘
Favours metformin ~ 0-01 0.1 1 10 100 Favours clomiphene
Analysis 3.7. Comparison 3 Metformin versus clomiphene citrate,
Outcome 7 Sensitivity analysis: multiple pregnancy rate per pregnancy.
Study or subgroup Metformin Clomiphene 0dds Ratio Weight 0dds Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
3.7.1 Participants with BMI < 30 kg/m2
Karimzadeh 2010 0/17 2/11 H—— 49.85% 0.11[0,2.5]
Palomba 2005a 0/31 0/16 Not estimable
PCOSMIC 2010 1/14 1/14 15.87% 1[0.06,17.75]
Subtotal (95% CI) 62 41 e 65.72% 0.32[0.05,2.24]
Total events: 1 (Metformin), 3 (Clomiphene)
Heterogeneity: Tau?=0; Chi*=1.06, df=1(P=0.3); 1>=5.33%
Test for overall effect: Z=1.14(P=0.25)
3.7.2 Participants with BMI = 30 kg/m2
Legro 2007 0/25 3/62 = 34.28% 0.33[0.02,6.69]
Zain 2009 0/4 0/7 Not estimable
Subtotal (95% Cl) 29 69 e — 34.28% 0.33[0.02,6.69]
Total events: 0 (Metformin), 3 (Clomiphene)
Heterogeneity: Not applicable
Test for overall effect: Z=0.72(P=0.47)
Total (95% Cl) 91 110 —~l—— 100% 0.33[0.06,1.68]
Total events: 1 (Metformin), 6 (Clomiphene)
Heterogeneity: Tau?=0; Chi*=1.05, df=2(P=0.59); 1>=0%
Test for overall effect: Z=1.34(P=0.18)
Test for subgroup differences: Chi?=0, df=1 (P=0.99), I*=0%
Favours metformin ~ 0-01 0.1 1 10 100 Favours clomiphene

Metformin for ovulation induction (excluding gonadotrophins) in women with polycystic ovary syndrome (Review)
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Analysis 3.8. Comparison 3 Metformin versus clomiphene citrate, Outcome 8 Body mass index (kg/m2).

Study or subgroup Metformin Clomiphene Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Liu 2004 20 22.4(9.3) 20 27.5(3.1) . 100% -5.1[-9.4,-0.8]
Total *** 20 20 " 100% -5.1[-9.4,-0.8]
Heterogeneity: Not applicable ‘
Test for overall effect: Z=2.33(P=0.02) ‘
Favours metformin ~ -100 -50 0 50 100 Favours clomiphene

Analysis 3.9. Comparison 3 Metformin versus clomiphene citrate, Outcome 9 Serum testosterone (nmol/L).

Study or subgroup Metformin Clomiphene Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl
Liu 2004 20 43(0.9) 20 4(2.4) . 100% 0.3[-0.82,1.42]
Total *** 20 20 + 100% 0.3[-0.82,1.42]
Heterogeneity: Not applicable ‘
Test for overall effect: Z=0.52(P=0.6) ‘
Favours metformin ~ -100 -50 0 50 100 Favours clomiphene

Analysis 3.10. Comparison 3 Metformin versus clomiphene citrate, Outcome 10 Fasting glucose (mmol/L).

Study or subgroup Experimental Control Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Liu 2004 20 47(12) 20 4.9(0.6) [ 100% -0.2[-0.79,0.39]
Total *** 20 20 ‘ 100% -0.2[-0.79,0.39]
Heterogeneity: Not applicable ‘
Test for overall effect: Z=0.67(P=0.5) ‘
Favours metformin ~ -100 -50 0 50 100 Favours clomiphene

Analysis 3.11. Comparison 3 Metformin versus clomiphene citrate, Outcome 11 Fasting insulin (mIU/L).

Study or subgroup Metformin Clomiphene Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI| Fixed, 95% Cl
Liu 2004 20 29.9 (5.7) 20 42.9(7) . 100% -13[-16.96,-9.04]
Total *** 20 20 ¢ 100% -13[-16.96,-9.04]
Heterogeneity: Not applicable
Test for overall effect: Z=6.44(P<0.0001)
Favours metformin ~ -100 -50 0 50 100 Favours clomiphene
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Comparison 4. Metformin and letrozole versus letrozole alone

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

1 Live birth rate 1 134 0Odds Ratio (M-H, Fixed, 95% 1.0[0.48, 2.08]
Cl)

2 Adverse events (gastrointestinal 1 134 0Odds Ratio (M-H, Fixed, 95% 16.74 [0.94, 299.23]

side effects) Cl)

3 Clinical pregnancy rate 1 134 0Odds Ratio (M-H, Fixed, 95% 1.27[0.64,2.51]
cl)

4 Miscarriage rate per woman 1 134 0dds Ratio (M-H, Fixed, 95% 1.61[0.61,4.23]
Cl)

5 Sensitivity analysis: miscarriage 1 62 Odds Ratio (M-H, Fixed, 95% 1.5[0.51, 4.42]

rate per pregnancy

Cl)

Analysis 4.1. Comparison 4 Metformin and letrozole versus letrozole alone, Outcome 1 Live birth rate.

Study or subgroup Metformin Letrozole 0dds Ratio Weight 0dds Ratio
& Letrozole
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Liu 2017 21/67 21/67 —.— 100% 1[0.48,2.08]
Total (95% Cl) 67 67 ¢ 100% 1[0.48,2.08]
Total events: 21 (Metformin & Letrozole), 21 (Letrozole) ‘

Heterogeneity: Not applicable ‘

Test for overall effect: Not applicable ‘

FavoursLE 001 0.1 1 10 100 Favours metformin & LE

Analysis 4.2. Comparison 4 Metformin and letrozole versus letrozole
alone, Outcome 2 Adverse events (gastrointestinal side effects).

Study or subgroup Metformin Letrozole 0dds Ratio Weight 0dds Ratio
& Letrozole
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Liu2017 7/67 0/67 R 100% 16.74{0.94,299.23]
Total (95% Cl) 67 67 e 100% 16.74[0.94,299.23]
Total events: 7 (Metformin & Letrozole), 0 (Letrozole)
Heterogeneity: Not applicable
Test for overall effect: Z=1.92(P=0.06)
Favours metformin &LE ~ 0.01 0.1 1 10 100 Favours LE

Metformin for ovulation induction (excluding gonadotrophins) in women with polycystic ovary syndrome (Review)
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Analysis 4.3. Comparison 4 Metformin and letrozole versus letrozole alone, Outcome 3 Clinical pregnancy rate.

Study or subgroup Metformin Letrozole 0dds Ratio Weight 0dds Ratio
& Letrozole
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Liu 2017 33/67 29/67 -.— 100% 1.27[0.64,2.51]
Total (95% Cl) 67 67 ’ 100% 1.27[0.64,2.51]
Total events: 33 (Metformin & Letrozole), 29 (Letrozole) ‘

Heterogeneity: Not applicable ‘

Test for overall effect: Z=0.69(P=0.49) ‘

FavoursLE 001 0.1 1 10 100 Favours metformin & LE

Analysis 4.4. Comparison 4 Metformin and letrozole versus letrozole alone, Outcome 4 Miscarriage rate per woman.

Study or subgroup Metformin Letrozole 0dds Ratio Weight 0dds Ratio
& Letrozole
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Liu 2017 12/67 8/67 100% 1.61[0.61,4.23]
Total (95% Cl) 67 67 100% 1.61[0.61,4.23]

Total events: 12 (Metformin & Letrozole), 8 (Letrozole)
Heterogeneity: Not applicable
Test for overall effect: Z=0.96(P=0.34)

Favours metformin & LE ~ 0.01 0.1

10 100 Favours LE

IR

Analysis 4.5. Comparison 4 Metformin and letrozole versus letrozole
alone, Outcome 5 Sensitivity analysis: miscarriage rate per pregnancy.

Study or subgroup Metformin Letrozole 0dds Ratio Weight 0dds Ratio
& Letrozole
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Liu 2017 12/33 8/29 100% 1.5[0.51,4.42]
Total (95% Cl) 33 29 100% 1.5[0.51,4.42]

Total events: 12 (Metformin & Letrozole), 8 (Letrozole)
Heterogeneity: Not applicable
Test for overall effect: Z=0.74(P=0.46)

Favours metformin & LE ~ 0.01 0.1

10 100 Favours LE

IR

Comparison 5. Metformin and laparoscopic ovarian drilling versus laparoscopic ovarian drilling alone

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
1 Live birth rate 1 42 0dds Ratio (M-H, Fixed, 95% 2.13[0.51,8.77]
Cl)
Metformin for ovulation induction (excluding gonadotrophins) in women with polycystic ovary syndrome (Review) 133
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Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
2 Clinical pregnancy rate 1 42 0dds Ratio (M-H, Fixed, 95% 3.19[0.79, 12.80]
Cl)
3 Miscarriage rate per woman 1 42 0Odds Ratio (M-H, Fixed, 95% 5.51[0.25, 122.08]
Cl)
4 Sensitivity analysis: miscarriage 1 13 0Odds Ratio (M-H, Fixed, 95% 3.0[0.12,77.64]

rate per pregnancy

Cl)

Analysis 5.1. Comparison 5 Metformin and laparoscopic ovarian drilling
versus laparoscopic ovarian drilling alone, Outcome 1 Live birth rate.

Study or subgroup Metformin LoD 0dds Ratio Weight 0dds Ratio
and LOD
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Kocak 2006 7/21 421 e 100% 2.13[0.51,8.77]
Total (95% Cl) 21 21 ‘ 100% 2.13[0.51,8.77]
Total events: 7 (Metformin and LOD), 4 (LOD)
Heterogeneity: Not applicable
Test for overall effect: Z=1.04(P=0.3)
Favours LOD  0.01 0.1 1 10 100 Favours metformin & LOD

Analysis 5.2. Comparison 5 Metformin and laparoscopic ovarian drilling
versus laparoscopic ovarian drilling alone, Outcome 2 Clinical pregnancy rate.

Study or subgroup Metformin LoD 0dds Ratio Weight 0dds Ratio
and LOD
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Kocak 2006 9/21 421 - B 100% 3.19[0.79,12.8]
Total (95% Cl) 21 21 i 100% 3.19[0.79,12.8]

Total events: 9 (Metformin and LOD), 4 (LOD)
Heterogeneity: Not applicable
Test for overall effect: Z=1.63(P=0.1)

Favours LOD 0.01 0.1 100 Favours metformin & LOD

-
-
o

Analysis 5.3. Comparison 5 Metformin and laparoscopic ovarian drilling versus
laparoscopic ovarian drilling alone, Outcome 3 Miscarriage rate per woman.

Study or subgroup Metformin LoD 0dds Ratio Weight 0dds Ratio
and LOD
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Kocak 2006 2/21 0/21 e 2 100% 5.51(0.25,122.08]
Favours metformin & LOD ~ 0.01 0.1 1 10 100 Favours LOD
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Study or subgroup Metformin LoD 0dds Ratio Weight 0dds Ratio
and LOD
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Total (95% CI) 21 21 —b 100% 5.51[0.25,122.08]

Total events: 2 (Metformin and LOD), 0 (LOD) ‘
Heterogeneity: Tau?=0; Chi*=0, df=0(P<0.0001); 1>=100% ‘
Test for overall effect: Z=1.08(P=0.28) ‘

1

10 100 Favours LOD

Favours metformin & LOD ~ 0-01 0.1

Analysis 5.4. Comparison 5 Metformin and laparoscopic ovarian drilling versus laparoscopic
ovarian drilling alone, Outcome 4 Sensitivity analysis: miscarriage rate per pregnancy.

Study or subgroup Metformin LoD 0dds Ratio Weight 0dds Ratio
and LOD
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Kocak 2006 2/9 0/4 e 100% 3[0.12,77.64]
Total (95% CI) 9 4 e —— 100% 3[0.12,77.64]

Total events: 2 (Metformin and LOD), 0 (LOD)
Heterogeneity: Not applicable
Test for overall effect: Z=0.66(P=0.51)

Favours metformin & LOD ~ 0.01 0.1 1 10 100 Favours LOD

Comparison 6. Metformin versus laparoscopic ovarian drilling

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants

1 Live birth rate 1 120 0Odds Ratio (M-H, Fixed, 95% 2.29[1.09, 4.78]

cl)
2 Adverse events (gastrointestinal 2 230 0dds Ratio (M-H, Fixed, 95% 7.77[2.43,24.89]
side effects) Cl)
2.1 Participants with BMI < 30kg/ 1 120 0Odds Ratio (M-H, Fixed, 95% 4.75[1.27,17.82]
m2 Cl)
2.2 Participants with BMI = 30kg/ 1 110 0Odds Ratio (M-H, Fixed, 95% 25.62 [1.46,449.07]
m2 Cl)
3 Clinical pregnancy rate 2 230 Odds Ratio (M-H, Fixed, 95% 0.93 [0.54, 1.59]

Cl)
3.1 Participants with BMI <30 kg/ 1 120 0dds Ratio (M-H, Fixed, 95% 1.74[0.83, 3.62]
m2 Cl)
3.2 Participants with BMI = 30 kg/ 1 110 0Odds Ratio (M-H, Fixed, 95% 0.40[0.17,0.95]
m2 Cl)
4 Ovulation rate 1 145 Odds Ratio (M-H, Fixed, 95% 0.51[0.26,1.01]

cl)
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Outcome or subgroup title No. of studies

No. of partici-
pants

Statistical method

Effect size

5 Miscarriage rate per woman 2 230 0dds Ratio (M-H, Fixed, 95% 0.58[0.23, 1.47]
Cl)

5.1 Participants with BMI < 30 kg/ 1 120 0Odds Ratio (M-H, Fixed, 95% 0.63[0.21, 1.89]

m2 Cl)

5.2 Participants with BMI 2 30 kg/ 1 110 0Odds Ratio (M-H, Fixed, 95% 0.48[0.08, 2.74]

m2 Cl)

6 Sensitivity analysis: miscarriage 2 102 0Odds Ratio (M-H, Fixed, 95% 0.55[0.20, 1.48]

rate per pregnancy Cl)

6.1 Participants with BMI <30 kg/ 1 70 0dds Ratio (M-H, Fixed, 95% 0.44[0.14,1.43]

m2 Cl)

6.2 Participants with BMI = 30 kg/ 1 32 0dds Ratio (M-H, Fixed, 95% 0.94[0.14,6.19]

m2 Cl)

7 Body mass index (kg/m?2) 1 110 Mean Difference (IV, Fixed, 95%  -3.60 [-13.48, 6.28]
Cl)

8 Serum testosterone (nmol/L) 1 110 Mean Difference (IV, Fixed, 95% -0.16 [-1.09, 0.77]

Cl)

Analysis 6.1. Comparison 6 Metformin versus laparoscopic ovarian drilling, Outcome 1 Live birth rate.

Study or subgroup Metformin LoD 0dds Ratio Weight 0dds Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Palomba 2004 32/60 20/60 B 100% 2.29[1.09,4.78]
Total (95% CI) 60 60 - 100% 2.29[1.09,4.78]
Total events: 32 (Metformin), 20 (LOD)
Heterogeneity: Not applicable
Test for overall effect: Z=2.19(P=0.03)

FavoursLOD 001 0.1 1 10 100 Favours metformin

Analysis 6.2. Comparison 6 Metformin versus laparoscopic ovarian
drilling, Outcome 2 Adverse events (gastrointestinal side effects).

Study or subgroup Metformin LoD 0dds Ratio Weight 0dds Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
6.2.1 Participants with BMI < 30kg/m2
Palomba 2004 12/60 3/60 —B— 85.52% 4.75[1.27,17.82]
Subtotal (95% CI) 60 60 —l— 85.52% 4.75[1.27,17.82]
Total events: 12 (Metformin), 3 (LOD)
Heterogeneity: Not applicable
Test for overall effect: Z=2.31(P=0.02)

Favours metformin ~ 0.01 0.1 1 10 100 Favours LOD

Metformin for ovulation induction (excluding gonadotrophins) in women with polycystic ovary syndrome (Review)
Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



- Coch rane Trusted evidence.
= . Informed decisions.

q Li b rary Better health. Cochrane Database of Systematic Reviews

Study or subgroup Metformin LoD 0dds Ratio Weight 0dds Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
6.2.2 Participants with BMI = 30kg/m2
Hamed 2010 10/55 0/55 —) 14.48% 25.62[1.46,449.07]
Subtotal (95% CI) 55 55 ——e— 14.48% 25.62[1.46,449.07]
Total events: 10 (Metformin), 0 (LOD)
Heterogeneity: Not applicable
Test for overall effect: Z=2.22(P=0.03)
Total (95% Cl) 115 115 - 100% 7.77[2.43,24.89]
Total events: 22 (Metformin), 3 (LOD)
Heterogeneity: Tau?=0; Chi*=1.2, df=1(P=0.27); 1>=16.58%
Test for overall effect: Z=3.45(P=0)
Test for subgroup differences: Chi*=1.1, df=1 (P=0.3), 1*=8.77%
Favours metformin ~ 0.01 0.1 1 10 100 Favours LOD

Analysis 6.3. Comparison 6 Metformin versus laparoscopic ovarian drilling, Outcome 3 Clinical pregnancy rate.

Metformin
n/N

Study or subgroup LoD

n/N

0dds Ratio
M-H, Fixed, 95% CI

Weight 0Odds Ratio

M-H, Fixed, 95% Cl

6.3.1 Participants with BMI < 30 kg/m2
Palomba 2004

Subtotal (95% ClI)

Total events: 39 (Metformin), 31 (LOD)

39/60
60

31/60
60

Heterogeneity: Not applicable
Test for overall effect: Z=1.48(P=0.14)

6.3.2 Participants with BMI = 30 kg/m2
Hamed 2010

Subtotal (95% Cl)

Total events: 11 (Metformin), 21 (LOD)

11/55
55

21/55
55

Heterogeneity: Not applicable
Test for overall effect: Z=2.07(P=0.04)

Total (95% Cl)

Total events: 50 (Metformin), 52 (LOD)
Heterogeneity: Tau?=0; Chi*=6.42, df=1(P=0.01); 1°=84.42%

Test for overall effect: Z=0.27(P=0.78)

Test for subgroup differences: Chi?=6.42, df=1 (P=0.01), 1>=84.42%

115 115

—E—
-

*

39.24%
39.24%

1.74[0.83,3.62]
1.74[0.83,3.62]

60.76%
60.76%

0.4[0.17,0.95]
0.4[0.17,0.95]

100% 0.93[0.54,1.59]

Favours LOD

0.01 0.1 1

10 100 Favours metformin

Analysis 6.4. Comparison 6 Metformin versus laparoscopic ovarian drilling, Outcome 4 Ovulation rate.

Study or subgroup Metformin LoD 0dds Ratio Weight 0dds Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Malkawi 2003 35/64 57/81 = 100% 0.51[0.26,1.01]
Total (95% CI) 64 81 - 100% 0.51[0.26,1.01]
Favours LOD 0.01 0.1 1 10 100 Favours metformin
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Study or subgroup Metformin LoD 0dds Ratio Weight 0dds Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Total events: 35 (Metformin), 57 (LOD)
Heterogeneity: Not applicable
Test for overall effect: Z=1.94(P=0.05)
Favours LOD ~ 0.01 0.1 1 10 100 Favours metformin

Analysis 6.5. Comparison 6 Metformin versus laparoscopic ovarian drilling, Outcome 5 Miscarriage rate per woman.

Study or subgroup

n/N

Metformin

LOD
n/N

0dds Ratio
M-H, Fixed, 95% CI

Weight 0Odds Ratio

M-H, Fixed, 95% Cl

6.5.1 Participants with BMI < 30 kg/m2
Palomba 2004

Subtotal (95% Cl)

Total events: 6 (Metformin), 9 (LOD)
Heterogeneity: Not applicable

Test for overall effect: Z=0.82(P=0.41)

6.5.2 Participants with BMI = 30 kg/m2
Hamed 2010

Subtotal (95% ClI)

Total events: 2 (Metformin), 4 (LOD)
Heterogeneity: Not applicable

Test for overall effect: Z=0.82(P=0.41)

Total (95% Cl)
Total events: 8 (Metformin), 13 (LOD)

6/60
60

2/55
55

115

Heterogeneity: Tau?=0; Chi*=0.07, df=1(P=0.8); 1>=0%

Test for overall effect: Z=1.14(P=0.25)

9/60
60

4/55
55

115

Test for subgroup differences: Chi*=0.07, df=1 (P=0.8), I*=0%

—B—
s

67.76%
67.76%

0.63[0.21,1.89]
0.63[0.21,1.89]

32.24%
32.24%

0.48[0.08,2.74]
0.48[0.08,2.74]

100% 0.58[0.23,1.47]

Favours metformin

0.01

0.1

10 100 Favours LOD

Analysis 6.6. Comparison 6 Metformin versus laparoscopic ovarian
drilling, Outcome 6 Sensitivity analysis: miscarriage rate per pregnancy.

Study or subgroup Metformin LoD 0dds Ratio Weight 0dds Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
6.6.1 Participants with BMI < 30 kg/m2
Palomba 2004 6/39 9/31 —- 79.04% 0.44[0.14,1.43]
Subtotal (95% CI) 39 31 i 79.04% 0.44[0.14,1.43]
Total events: 6 (Metformin), 9 (LOD)
Heterogeneity: Not applicable
Test for overall effect: Z=1.36(P=0.17)
6.6.2 Participants with BMI = 30 kg/m2
Hamed 2010 2/11 4/21 — 20.96% 0.94[0.14,6.19]
Subtotal (95% Cl) 11 21 —— 20.96% 0.94[0.14,6.19]

Total events: 2 (Metformin), 4 (LOD)
Heterogeneity: Not applicable

Favours metformin

0.01

0.1

10 100 Favours LOD
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Study or subgroup Metformin LoD 0dds Ratio Weight 0dds Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Test for overall effect: Z=0.06(P=0.95)

Total (95% Cl) 50 52 - 100% 0.55[0.2,1.48]
Total events: 8 (Metformin), 13 (LOD)

Heterogeneity: Tau?=0; Chi*=0.45, df=1(P=0.5); I>=0%

Test for overall effect: Z=1.18(P=0.24)

Test for subgroup differences: Chi?=0.45, df=1 (P=0.5), I*=0%

Favours metformin ~ 0-01 0.1 1 10 100 Favours LOD

Analysis 6.7. Comparison 6 Metformin versus laparoscopic ovarian drilling, Outcome 7 Body mass index (kg/m2).

Study or subgroup Metformin LoD Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% Cl Fixed, 95% Cl
Hamed 2010 55  30.5(23.7) 55  34.1(28.9) . 100% -3.6[-13.48,6.28]
Total *** 55 55 # 100% -3.6[-13.48,6.28]
Heterogeneity: Tau?=0; Chi*=0, df=0(P<0.0001); 1>=100% ‘
Test for overall effect: Z=0.71(P=0.48) ‘
Favours metformin ~ -100 -50 0 50 100 Favours LOD

Analysis 6.8. Comparison 6 Metformin versus laparoscopic
ovarian drilling, Outcome 8 Serum testosterone (nmol/L).

Study or subgroup Metformin LoD Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% Cl
Hamed 2010 55 1.9 (2.4) 55 2.1(2.6) || 100% -0.16[-1.09,0.77]
Total *** 55 55 * 100% -0.16[-1.09,0.77]
Heterogeneity: Not applicable ‘
Test for overall effect: Z=0.34(P=0.74) ‘
Favours metformin  -100 -50 0 50 100 Favours LOD
ADDITIONAL TABLES
Table 1. Abbreviations used
Abbreviation Definition
BMI Body mass index
cC Clomiphene citrate
Cl Confidence interval
CT Computerised tomography scan
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Table 1. Abbreviations used (continved)

FSH Follicle-stimulating hormone

GTT Glucose tolerance test

HbA1C Glycosylated haemoglobin

LOD Laparoscopic ovarian drilling

NIDDM Non insulin dependent diabetes mellitus
PCO Polycystic ovary

PCOS Polycystic ovary syndrome

RCT Randomised controlled trial

rFSH Recombinant follicle-stimulating hormone
SD Standard deviation

SE Standard error of the mean

S Versus

MD Mean difference

Table 2. Conversion factors

Convert from Convert to Conversion factor
Glucose mg/dL mmol/L 0.056
Testosterone ng/dL nmol/L 0.03467
Standard deviation Standard error Standard deviation Sqgrtn
Confidence intervals Confidence intervals Standard error (upper limit - lower limit)/3.92

Table 3. Metformin versus placebo: ovulation rate per cycle

Study ID Metformin Placebo P value

Events Cycles Events Cycles

BMI < 30 kg/m2

Baillargeon 2004 27 32 11 32 P<0.01
Ng 2001 3 9 3 9 P=1.00
Onalan 2005 17 153 20 150 P=0.81
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Table 3. Metformin versus placebo: ovulation rate per cycle (continued)

Yarali 2002 6 16 1 16 P=0.06
BMI = 30 kg/m2

Fleming 2002 37 45 30 47 P=0.05
Hoeger 2004 3 9 6 11 P=0.35
Hoeger 2004 4 9 3 9 P=0.63
Jakubowicz 2001 8 28 0 28 P=0.03
Lord 2006 9 22 9 22 P=1.00
Nestler 1998 12 35 1 26 P=0.02
Onalan 2005 5 63 5 51 P=0.73
PCOSMIC 2010 17 32 13 33 P=0.27
Sturrock 2002 0 12 1 14 P=0.54
Vandermolen 2001 1 12 1 15 P=0.87

Table 4. Metformin and clomiphene citrate versus clomiphene citrate alone: ovulation rate per cycle

Study ID Metformin + Clomiphene citrate alone P value
clomiphene citrate
Events Cycles Events Cycles
BMI <30 kg/m2
Ben Ayed 2009 10 16 6 16 P=0.16
Boudhraa 2010 17 32 10 31 P=0.10
Machado 2012 15 21 5 15 P=0.03
Malkawi 2002 11 16 3 12 P=0.03
Moll 2006 84 141 98 168 P=0.83
Ng 2001 4 9 1 9 P=0.14
PCOSMIC 2010 27 35 23 36 P=0.22
BMI = 30 kg/m2
Jakubowicz 2001 26 28 22 28 P=0.14
Khorram 2006 7 16 1 15 P=0.04
Legro 2007 582 964 462 942 P<0.01

Metformin for ovulation induction (excluding gonadotrophins) in women with polycystic ovary syndrome (Review)
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Table 4. Metformin and clomiphene citrate versus clomiphene citrate alone: ovulation rate per cycle (continued)

Nestler 1998 19 21 2 25 P<0.01
Heathcote 2013 24 43 38 60 P=0.44
Siebert 2009 34 52 36 55 P=0.99
Sturrock 2002 5 12 4 14 P=0.49
Vandermolen 2001 9 12 4 15 P=0.02
Zain 2009 38 41 24 41 P<0.01

Table 5. Metformin versus clomiphene citrate: ovulation rate per cycle

Metformin Clomiphene citrate

Study ID Events Cycles Events Cycles P value
BMI < 30 kg/m2

Palomba 2005a 129 205 148 221 P=0.38
PCOSMIC 2010 23 35 23 36 P=0.87
BMI = 30 kg/m2

Legro 2007 296 1019 462 942 P<0.01
Zain 2009 4 42 7 41 P=0.32

Table 6. Metformin and letrozole vs letrozole: ovulation rate per cycle

Metformin and letrozole Letrozole
Study ID Events Cycles Events Cycles P value
BMI < 30 kg/m2
Liu 2017 89 118 93 130 P=0.49

Table 7. Metformin and laparoscopic ovarian drilling (LOD) vs LOD: ovulation rate per cycle

Metformin & LOD LOD
Study ID Events Cycles Events Cycles P value
BMI = 30 kg/m2
Kocak 2006 56 65 29 65 P<0.01
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Table 8. Metformin vs laparoscopic ovarian drilling (LOD): ovulation rate per cycle

Metformin LoD
Study ID Events Cycles Events Cycles P value
BMI < 30 kg/m2
Palomba 2004 115 210 123 231 P=0.75
BMI = 30 kg/m2
Hamed 2010 94 281 131 258 P<0.01

APPENDICES

Appendix 1. Cochrane Gynaecology and Fertility specialised register search strategy
Searched 13 December 2018

PROCITE platform

Keywords CONTAINS "polycystic ovary syndrome" or "PCOS" or "ovarian failure" or "polycystic ovary morphology" or
"hyperandrogenemia" or "hyperandrogenism" or "hyperinsulinaemia" or "hyperandrogenicity" or Title CONTAINS "polycystic ovary
syndrome" or "polycystic ovary syndrome" or "PCOS" or "ovarian failure" or "polycystic ovary morphology" or "hyperandrogenemia" or
"hyperandrogenism" or "hyperinsulinaemia" or "hyperandrogenicity"

AND
Keywords CONTAINS "metformin" or "glucophage" or Title CONTAINS "metformin" or "glucophage"
(442 hits)

Appendix 2. Cochrane Central Register of Studies Online (CRSO) search strategy
Searched 13 December 2018

Web platform

#1 MESH DESCRIPTOR Polycystic Ovary Syndrome EXPLODE ALL TREES 1267

#2 (PCOS or PCOD):TI,AB,KY 1964

#3 (polycystic ovar*):TI,AB,KY 2383

#4 #1 OR #2 OR #3 2592

#5 MESH DESCRIPTOR Metformin EXPLODE ALL TREES 3288

#6 Metformin:TI,AB,KY7 163

#7 (dimethylbiguanid* or dimethylguanylguanidine or glucophage or glucovance):TI,AB,KY 109
#8 #5 OR #6 OR #7 7167

#9 #4 AND #8 824

Appendix 3. MEDLINE search strategy
Searched from 1946 to 13 December 2018
OVID platform

1 Polycystic Ovary Syndrome/ (13144)
2 PCOS.ti,ab,sh. (9665)

3 polycystic ovar$.ti,ab,sh. (17186)

4 PCOD.ti,ab,sh. (283)
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5 (stein-leventhal or leventhal).tw. (718)

6 (ovars$ adj (scelerocystic or polycystic or degeneration)).tw. (89)
7 or/1-6 (17765)

8 Metformin/ (11517)

9 metformin.ti,ab,sh. (18593)

10 (dimethylbiguanid$ or dimethylguanylguanidine or glucophage or glucovance).tw. (250)
11 or/8-10 (18643)

127 and 11 (1556)

13 randomized controlled trial.pt. (472057)

14 controlled clinical trial.pt. (92771)

15 randomized.ab. (428370)

16 randomised.ab. (85530)

17 placebo.tw. (198968)

18 clinical trials as topic.sh. (185394)

19 randomly.ab. (301433)

20 trial.ti. (190942)

21 (crossover or cross-over or cross over).tw. (78495)
22 or/13-21 (1244547)

23 exp animals/ not humans.sh. (4519948)

2422 not 23 (1145169)

2512 and 24 (588)

Appendix 4. Embase search strategy
Searched from 1980 to 13 December 2018

OVID platform

1 exp ovary polycystic disease/ (24241)

2 PCOS.tw. (15248)

3 polycystic ovar$.tw. (20966)

4 PCOD.tw. (388)

5 (stein-leventhal or leventhal).tw. (297)

6 (ovars$ adj (scelerocystic or polycystic or degeneration)).tw. (83)
7 or/1-6 (28153)

8 Metformin/ (55132)

9 metformin.tw. (29780)

10 (dimethylbiguanid$ or dimethylguanylguanidine or glucophage or glucovance).tw. (1798)
11 or/8-10 (57045)

127 and 11 (3875)

13 Clinical Trial/ (942899)

14 Randomized Controlled Trial/ (523265)
15 exp randomization/ (80398)

16 Single Blind Procedure/ (33297)

17 Double Blind Procedure/ (153077)

18 Crossover Procedure/ (57463)

19 Placebo/ (313868)

20 Randomi?ed controlled trial$.tw. (192316)
21 Rct.tw. (30475)

22 random allocation.tw. (1837)

23 randomly.tw. (391618)

24 randomly allocated.tw. (31084)

25 allocated randomly.tw. (2377)

26 (allocated adj2 random).tw. (797)

27 Single blind$.tw. (21733)

28 Double blind$.tw. (186112)

29 ((treble or triple) adj blind$).tw. (857)
30 placebo$.tw. (276040)

31 prospective study/ (488511)

32 or/13-31 (2173583)

33 case study/ (57987)

34 case report.tw. (357892)

35 abstract report/ or letter/ (1039805)
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36 0r/33-35 (1446525)

3732 not 36 (2123511)

38 (exp animal/ or animal.hw. or nonhuman/) not (exp human/ or human cell/ or (human or humans).ti.) (5582439)
39 37 not 38 (1976585)

40 12 and 39 (1536)

Appendix 5. PsycINFO search strategy
Searched from 1806 to 13 December 2018

OVID platform

1 exp Endocrine Sexual Disorders/ (1152)

2 PCOS.tw. (252)

3 polycystic ovar$.tw. (385)

4 PCOD.tw. (6)

5 (stein-leventhal or leventhal).tw. (291)

6 (ovar$ adj (scelerocystic or polycystic or degeneration)).tw. (0)
7 or/1-6 (1699)

8 metformin.tw. (418)

9 (dimethylbiguanid$ or dimethylguanylguanidine or glucophage or glucovance).tw. (2)
10 or/8-9 (418)

117 and 10 (16)

Appendix 6. CINAHL search strategy
Searched from 1961 to 13 December 2018

EBSCO platform

S22 S9AND S21 191

S21S10ORS110RS12 ORS130RS14 ORS150RS16 ORS17 ORS18 ORS19 OR S20 1,289,129
S20 TX allocat* random* 9,584

S19 (MH "Quantitative Studies") 21,468

S18 (MH "Placebos") 11,083

S17 TX placebo* 54,535

S16 TX random* allocat* 9,584

$15 (MH "Random Assignment") 52,378

S14 TX randomi* control* trial* 162,277

S13 TX((singl* n1 blind*) or (singl* n1 mask*) ) or TX ( (doubl* n1 blind*) or (doubl* n1 mask*) ) or TX ( (tripl* n1 blind*) or (tripl* n1 mask*))
or TX ( (trebl* n1 blind*) or (trebl* n1 mask*) ) 990,611

S12 TX clinic* n1 trial* 237,099

S11 PT Clinical trial 86,802

$10 (MH "Clinical Trials+") 253,415

S9 S4 AND S8 469

S8 S5 OR S6 OR S7 6,457

S7 TX (dimethylbiguanid* or dimethylguanylguanidine or glucophage or glucovance) 47
S6 TX Metformin 6,451

S5 (MM "Metformin") 2,449

S4S10RS20RS34,343

S3 TX polycystic ovar* 3,774

S2 TXPCOS or TX PCOD 2,309

S1 (MM "Polycystic Ovary Syndrome") 2,339

WHAT'S NEW

Date Event Description
14 August 2019 New citation required but conclusions When metformin is compared with placebo and CC treatment,
have not changed the conclusions have not changed. There was insufficient evi-

dence to draw conclusions about letrozole and LOD.
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Date Event

Description

13 December 2018 New search has been performed

An update to the review, however, a change in protocol to in-
clude studies that compared metformin with placebo and/or CC,
letrozole and LOD monotherapy or combination therapy and ex-
clude studies on rosiglitazone, pioglitazone and D-chiro-inositol
due to lack of reporting of reproductive outcomes and concerns
about safety of these medications in pregnancy.

13 new studies added (Fatima 2018; Hamed 2010; Heathcote
2013; Kjotrod 2011; Ko 2001; Kocak 2006; Liu 2004; Liu 2017;
Malkawi 2003; Chuni 2006; Palomba 2004; Raja 2005; Refaie
2005).

HISTORY

Review first published: Issue 12,2019

Date Event

Description

15 September 2017 New search has been performed

Five new studies added (Ayaz 2013; Begum 2014; Kar 2015;
Machado 2012; Morin-Papunen 2012). Six studies reclassified as
excluded (Chaudhry 2016; Chaudhury 2008; Constantino 2009;
Farzadi 2006; Ladson 2011; Refaie 2005). The review now in-
cludes 48 studies.

15 September 2017 New citation required and conclusions

have changed

The Inclusion and exclusion of studies at this update has led to a
modification in the conclusions of this review.

19 April 2012 New citation required but conclusions

have not changed

New studies added but no change to conclusions

2 October 2011 New search has been performed

New studies added: Ben Ayed 2009; Boudhraa 2010; Bretten-
thaler 2004; Carmina 2004; Karimzadeh 2010; Khorram 2006;
Ladson 2011; Lam 2011; Otta 2010; Pasquali 2000; Romualdi
2010; Sahin 2004; Siebert 2009; Williams 2009

Re-classified publications Rautio 2006a; Rautio 2006b into a sin-
gle study Rautio 2006

Protocol changes: removed secondary outcomes of hirsutism,
waist circumference and HDL cholesterol; Removed Kelly 2002,

Re-classification of risk of bias in included studies according to
the CRG recommendations

6 December 2010 New search has been performed

New Studies added: PCOSMIC 2010

1 March 2010 Amended

Errorin abstract corrected

12 June 2008 New citation required and conclusions

have changed

Converted to new review format. Twenty-one new RCTs were
added to the review: Baillargeon 2004, Chou 2003, Eisenhardt
2006, Gerli 2003, Glintborg 2005, Hoeger 2004 and b, Karimzadeh
2007, Legro 2007, Lord 2006, Maciel 2004 and b, Moll 2006 Onalan
2005 and b, Palomba 2005a, Rautio 2006, Rautio 2006b, Tang
2006, Trolle 2007 and Zain 2009.
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Date Event Description

Some changes to the methodology were made in accordance
with Revman 5 and one new comparison was added (Metformin
versus CC).

Studies using troglitazone were removed as this drug has been
removed from the market because of safety concerns.

7 December 2006 New citation required and conclusions Substantive amendment
have changed
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DIFFERENCES BETWEEN PROTOCOL AND REVIEW

Changes in 2009 update

In the 2009 update of this review, the title was changed from 'Insulin-sensitising drugs (metformin, rosiglitazone, pioglitazone, D-chiro-
inositol) for polycystic ovary syndrome' to 'Insulin-sensitising drugs (metformin, rosiglitazone, pioglitazone, D-chiro-inositol) for women
with polycystic ovary syndrome, oligo amenorrhoea and subfertility"

The outcome measures were restructured. One new comparison was added (metformin versus CC).

Studies using troglitazone were excluded.
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Changes in 2017 update

Unit of analysis

We added a note to the Methods section to clarify that miscarriage and multiple pregnancy data were analysed 'per woman' and added
a sensitivity analysis to check the effect of analysing these outcomes 'per pregnancy". In addition we restricted analysis of ovulation rates
to per-woman data and reported per-cycle data in an additional table.

'Summary of findings' table

We added more detail in the Methods section to state which comparisons and outcomes would be included in the 'Summary of findings'
table. We decided to include only the three most important clinical comparisons. For one comparison (metformin versus CC), there was
high heterogeneity for some outcomes, which was associated with BMI status, so for this comparison we decided as a post hoc measure
to present the data by BMI subgroup.

Changes in 2019 update
Inclusion criteria

We included randomised control trials only involving women with polycystic ovary syndrome (PCOS) that met the Rotterdam diagnostic
criteria. We included papers only if reproductive outcomes were reported, at the least ovulation, but ideally also clinical pregnancy and live
birth rate. We did not include menstrual frequency in this review because regular menstruation is a marker of ovulation and we had already
included ovulation rates defined as a raised serum progesterone level in the luteal phase or follicle tracking on ultrasound. We excluded
studies that only reported anthropometric, metabolic or endocrine outcomes and also studies where participants were asked to use barrier
contraception or were not trying to conceive. We also excluded studies that used human chorionic gonadotropin injections to trigger
ovulation because the aim was to directly compare prespecified ovulation induction agents: metformin, clomiphene citrate, letrozole, and
laparoscopic ovarian drilling. Studies that assessed the effect of metformin in PCOS patients undergoing artificial reproductive techniques
or induction with gonadotrophin therapy were excluded because these are the subject of different Cochrane Reviews.

NOTES

A previous Cochrane Review compared the effects of LOD with other ovulation induction agents including metformin (Farquhar 2012).
However, no studies were found that directly compared these two comparators. Two studies compared metformin and CC with LOD
however, these comparisons were out of the scope of this review (Palomba 2004; Palomba 2010).

INDEX TERMS

Medical Subject Headings (MeSH)

Abortion, Spontaneous; Birth Rate; Body Mass Index; Clomiphene [therapeutic use]; Fertility Agents, Female [therapeutic use];
Infertility, Female [therapy]; Metformin [*therapeutic use]; Ovary [surgery]; Ovulation Induction [*methods]; Polycystic Ovary
Syndrome [*complications]; Pregnancy Outcome; Pregnancy Rate; Randomized Controlled Trials as Topic

MeSH check words

Female; Humans; Pregnancy

Metformin for ovulation induction (excluding gonadotrophins) in women with polycystic ovary syndrome (Review) 148
Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



