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ABSTRACT

Background

Clomiphene citrate (CC) is generally considered first-line treatment in women with anovulation due to polycystic ovary syndrome (PCOS).
Ovulation induction with follicle-stimulating hormone (FSH; gonadotrophins) is second-line treatment for women who do not ovulate or
conceive while taking CC. Metformin may increase the effectiveness of ovulation induction with gonadotrophins and may promote safety
by preventing multiple pregnancy.

Objectives

To determine the effectiveness and safety of metformin co-treatment during ovulation induction with gonadotrophins with respect to rates
of live birth and multiple pregnancy in women with PCOS.

Search methods

We searched the Cochrane Gynaecology and Fertility (CGF) Group specialised register, the Cochrane Central Register of Controlled Trials
(CENTRAL), MEDLINE, Embase, PsycINFO and the Cumulative Index to Nursing and Allied Health Literature (CINAH) on 8 June 2016, and
the reference lists of included and other relevant studies. We searched ongoing trials registries in the World Health Organization (WHO)
portal and on clinicaltrials.gov on 4 September 2016.

Selection criteria

We included randomised controlled trials (RCTs) reporting data on comparison of clinical outcomes in women with PCOS undergoing
ovulation induction with gonadotrophins plus metformin versus gonadotrophins alone or gonadotrophins plus placebo.

Data collection and analysis

We used standard methodological procedures recommended by Cochrane. Primary review outcomes were live birth rate and multiple
pregnancy rate. Secondary outcomes were ovulation rate, clinical pregnancy rate, ovarian hyperstimulation syndrome (OHSS) rate,
miscarriage rate, cycle cancellation rate and adverse effects.
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Main results

We included five RCTs (with 264 women) comparing gonadotrophins plus metformin versus gonadotrophins. The gonadotrophin used was
recombinant FSH in four studies and highly purified FSH in one study. Evidence was of low quality: The main limitations were serious risk
of bias due to poor reporting of study methods and blinding of participants and outcome assessors.

Live birth

Metformin plus FSH was associated with a higher cumulative live birth rate when compared with FSH (odds ratio (OR) 2.31, 95% confidence
interval (Cl) 1.23 to 4.34; two RCTs, n = 180; 12 = 0%; low-quality evidence). This suggests that if the chance of live birth after FSH is assumed
to be 27%, then the chance after addition of metformin would be between 32% and 60%.

Other pregnancy outcomes

Metformin use was associated with a higher ongoing pregnancy rate (OR 2.46, 95% Cl 1.36 to 4.46; four RCTs, n = 232; 12 = 0%; low-quality
evidence) and a higher clinical pregnancy rate (OR 2.51, 95% Cl 1.46 to 4.31; five RCTs, n = 264; 12 = 0%; low-quality evidence).

Multiple pregnancy

Results showed no evidence of a difference in multiple pregnancy rates between metformin plus FSH and FSH (OR 0.55, 95% C1 0.15 to 1.95;
four RCTs, n =232; 12 = 0%; low-quality evidence) and no evidence of a difference in rates of miscarriage or OHSS.

Other adverse effects

Evidence was inadequate as the result of limited available data on adverse events after metformin compared with after no metformin (OR
1.78, 95% CI 0.39 to 8.09; two RCTs, n = 91; I2 = 0%; very low-quality evidence).

Authors' conclusions

Preliminary evidence suggests that metformin may increase the live birth rate among women undergoing ovulation induction with
gonadotrophins. At this moment, evidence is insufficient to show an effect of metformin on multiple pregnancy rates and adverse events.
Additional trials are necessary before we can provide further conclusions that may affect clinical practice.

PLAIN LANGUAGE SUMMARY

Metformin during ovulation induction with gonadotrophins in women with polycystic ovary syndrome

Review question: Cochrane review authors wanted to find out whether the addition of metformin increases the effectiveness of ovulation
induction with gonadotrophins.

Background: Women with polycystic ovary syndrome (PCOS) have reduced pregnancy chances caused by absence of or reduction
in ovulation requiring medical treatment. About 80% of women will ovulate on clomiphene citrate, and 50% will become pregnant.
Remaining women may take gonadotrophins - hormones that act on the ovaries to stimulate ovulation. The association between insulin
resistance and anovulation has led to the hypothesis that addition of metformin might increase the effectiveness of ovulation induction.

Study characteristics: We included five randomised controlled trials of women with PCOS undergoing gonadotrophin treatment for
ovulation induction. This review of trials compared metformin or placebo added to gonadotrophins for ovulation induction. Evidence is
current to July 2016.

Key results: We were able to include only five trials with a total of 264 women. We graded the quality of the evidence as low. We found
no evidence of a difference in risk of multiple pregnancy between metformin and placebo, but we noted higher rates of live birth, ongoing
pregnancy and clinical pregnancy with metformin.

Quality of the evidence: Evidence was of low quality for live birth, ongoing pregnancy, clinical pregnancy and multiple pregnancy.
Limitations of the evidence included inadequate reporting of study methods and blinding of participants and outcome assessors.
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associated with polycystic ovary syndrome (Review)
Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



“p¥7 ‘suos 13 A31IM uyor Aq paysiiqnd ‘uoneioqe|jod auedyd0) ayL LT0Z @ y3uAdod

(ma1ny) awoapuAs Aieno d13sAoKjod yim pajerdosse

AM)1119§gNS 10§ UOIIRUIWIASUI SULIDINRIUI 10 3SIN0D4)UI pawi} Aq pamo))o) suiydosjopeuos yam uoidNpul Uuoe|NAO SuINp UIWIONDN

SUMMARY OF FINDINGS

Summary of findings for the main comparison. Metformin versus placebo co-treatment for assisted reproduction for subfertility associated with
polycystic ovary syndrome

Metformin versus placebo co-treatment for assisted reproduction for subfertility associated with polycystic ovary syndrome

Patient or population: patients with subfertility associated with polycystic ovary syndrome
Settings: outpatient
Intervention: metformin vs placebo co-treatment for assisted reproduction

Outcomes Illustrative comparative risks* (95% Cl) Relative effect Number of par-  Quality of the Comments
(95% Cl) ticipants evidence
Assumed risk Corresponding risk (studies) (GRADE)
Placebo co- Metformin co-treatment
treatment
Live birth rate (per 267 per 1000 457 per 1000 OR2.31 180 BDOO
woman) (1.24 t0 4.33) (2 studies) Low @
Follow-up: 3-6 months 190 more per 1000 (42 to 345)
Multiple pregnancy rate 52 per 1000 26 per 1000 OR 0.55 232 BPOO
(per woman) (4 studies) Low a,b
23 fewer per 1000 (44 fewer to 25 more) (0.15t0 1.95)
Ongoing pregnancy rate 217 per 1000 393 per 1000 OR 2.46 232 SDOO
(per woman) (1.36 to 4.46) (4 studies) Low @

189 more per 1000 (57 to 336)

Clinical pregnancy rate 252 per 1000 444 per 1000 OR2.51 264 ®POO

(per woman) (1.46 t0 4.31) (5 studies) Low @
206 more per 1000 (78 to 340)

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

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.
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dLimited sample size, limited precision, lack of blinding of participants and of outcome assessors.

bMultiple pregnancy had a very low incidence.
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BACKGROUND

Description of the condition

Polycystic ovary syndrome (PCOS) is frequently the cause of
the subfertility affecting 6% to 10% of women of reproductive
age (Asuncion 2000). Polycystic ovary syndrome is characterised
by oligo-ovulation, or anovulation, clinical or biochemical
hyperandrogenism and the presence of polycystic ovaries - or
two of these three features (ESHRE/ASRM 2004). Anovulation is
the absence of ovulation. Oligo-ovulation refers to infrequent or
irregular ovulation usually defined as a cycle duration longer
than 36 days, or fewer than eight cycles per year. Insulin
resistance is a common feature of PCOS. The exact mechanism
for insulin resistance and impaired glucose metabolism in PCOS
remains unclear, but women may have inherited defects in
insulin-stimulated glycogen synthesis and impaired beta cell
function (Hojlund 2008). In combination with hypertension
and dyslipidaemia, insulin resistance may increase the risk of
cardiovascular and cerebrovascular events. These risk factors are
compounded by central obesity, which is present in many women
with PCOS.

Description of the intervention

In women with PCOS, ovulation induction with clomiphene
citrate (CC) is the first line of treatment according to most
treatment guidelines. Whether ovulation induction with CC should
subsequently be administered with or without metforminisan area
of debate (Moll 2007; Moll 2008; NICE 2014; Tang 2012). About 30%
to 40% of women do not ovulate on CC or on CC + metformin and
are considered to be clomiphene citrate-resistant. Letrozole is an
alternative medication for ovulation induction in treatment-naive
women with PCOS.

Ovulation induction with gonadotropins followed by timed
intercourse (TI) or intrauterine insemination (IUl) is the next
therapeutic step (Moll 2007; Weiss 2015). Gonadotrophins are
available as recombinant follicle-stimulating hormone (rFSH), as
highly purified urinary-derived follicle-stimulating hormone (FSH)
and as highly purified human menopausal gonadotrophin.
Metformin may improve pregnancy chances in women undergoing
ovulation induction with gonadotrophins. Potential disadvantages
of administration of gonadotrophins include increased risk of
multiple pregnancy and of OHSS. In ovulation induction, we target
monofollicular development, but risk of multiple pregnancy is
always present. This has resulted in chronic low-dose stimulation
regimens and close monitoring on ultrasonography. The goal is to
not exceed the concentration of gonadotrophins above which more
than one follicle will respond.

How the intervention might work

The association between insulin resistance and anovulation has
led to the novel and promising therapy of insulin-sensitising drugs
for women with PCOS, in an effort to restore ovulation and
enhance pregnancy rates. Among the insulin-sensitising drugs,
metformin has been studied most widely and provides the most
reassuring safety profile (Nestler 2002). Metformin is an orally
active, water-soluble biguanide that is used in type 2 diabetes
mellitus, is antihyperglycaemic and does not cause hypoglycaemia.
It enhances insulin sensitivity in the liver, where it inhibits hepatic
glucose production, and in peripheral tissue, where it increases

glucose uptake and utilisation within muscle tissue (Barbieri 1986;
Dunn 1995; Nardo 2001).

Why it is important to do this review

Metformin may increase the effectiveness of ovulation induction
with gonadotrophins and lead to a lower required amount of
gonadotrophin. On the other hand, metformin itself is not free of
side effects. Therefore, we need to consider all available evidence
in terms of efficacy, dosing and adverse events.

OBJECTIVES

To determine the effectiveness and safety of metformin co-
treatment during ovulation induction with gonadotrophins with
respect to rates of live birth and multiple pregnancy in women with
PCOS.

METHODS

Criteria for considering studies for this review
Types of studies

We will include truly randomised controlled trials (RCTs) in women
with PCOS undergoing gonadotrophin treatment for ovulation
induction. We will not include quasi-randomised trials. We will
include cross-over trials but will include in meta-analyses only data
from the first phase, as the cross-over is not a valid design in this
context.

Types of participants

Anovulatory women with PCOS. We defined polycystic ovary
syndrome using criteria of the European Society for Human
Reproduction and Embryology and the American Society for
Reproductive Medicine (ESHRE/ASRM) (ESHRE/ASRM 2004). In
consideration of the wide variation in diagnostic criteria used
for PCOS, we included studies utilising different criteria if the
definition matched ESHRE/ASRM criteria, as agreed by consensus.
This consensus group recommends that diagnosis of PCOS requires
that at least two of the following three criteria are met.

1. Oligo-ovulation or anovulation (infrequent or no ovulation).
2. Clinical or biochemical (or both) signs of hyperandrogenism.
3. Polycystic ovaries observed on ultrasonography.

We excluded other causes of hyperandrogenism that mimic PCOS
(such as congenital adrenal hyperplasia, Cushing’s syndrome or
androgen-secreting tumours).

Types of interventions

Metformin versus no treatment or placebo before or during
ovulation induction, or both, with FSH-containing gonadotrophins
followed by timed intercourse or intrauterine insemination.

Types of outcome measures
Primary outcomes

1. Live birth, defined as delivery of a live foetus after 20 completed
weeks' gestation

2. Multiple pregnancy (per woman)

Metformin during ovulation induction with gonadotrophins followed by timed intercourse or intrauterine insemination for subfertility 5
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Secondary outcomes

3. Ongoing pregnancy (per woman), defined as pregnancy of at
least 12 weeks' gestation

4. Clinical pregnancy (per woman), defined as evidence of a
gestational sac, confirmed on ultrasonography

5. Miscarriage (per clinical pregnancy), defined as involuntary loss
of pregnancy before 20 weeks' gestation

6. Ovulation rate per started cycle

7. Ovarian hyperstimulation syndrome per woman, defined by
reporting study authors

8. Cycle cancellation rate

9. Adverse effects, including gastrointestinal disturbance, lactic
acidosis and discontinuation of therapy, as well as other adverse
effects reported by study authors

10. Amount of FSH used per woman (total dose in international
units (1U))

11. Duration (days) of ovarian stimulation per woman
12. Fasting insulin and glucose levels

Search methods for identification of studies
Electronic searches

We sought all relevant RCTs of metformin co-treatment (before
and during ovarian stimulation) in women with PCOS who received
FSH for ovulation induction followed by timed intercourse or
intrauterine insemination.

Marian Showell, Information Specialist for the Gynaecology and
Fertility Group, prepared explicit search strings. We have described
these search strategies in the appendices of this review.

We searched the following databases.

1. Cochrane Gynaecology and Fertility Specialised Register
(Procite platform) (Appendix 1).

2. Cochrane Central Register of Controlled Trials Online (CENTRAL
CRSO, Web platform) (Appendix 2).

MEDLINE (Ovid) (Appendix 3).
Embase (Ovid) (Appendix 4).

PsycINFO (Ovid) (Appendix 5).

Cumulative Index to Nursing and Allied Health Literature
(CINAHL; Ebsco) (Appendix 6).

7. Ongoing trial registries on the World Health Organization (WHO)
portal and on clinicaltrials.gov (searched 4 September 2016).

8. Other electronic databases, including Up-to-Date, Web of
Science and Latin American Caribbean Health Sciences
Literature (LILACS), according to a general search strategy
(Appendix 7).

o Uk w

We applied no language restrictions, We searched databases from
inception to 8 June 2016.

Searching other resources
1. We searched references of reviews and handsearched selected
articles for additional relevant citations.

2. We contacted pharmaceutical companies to request additional
relevant citations.

3. Wesearched the Open System for Information on Grey Literature
in Europe (openSIGLE) database (http://opensigle.inist.fr/).

Data collection and analysis
Selection of studies

Three review authors (MvW, MN and EB) independently selected
the trials included in this review. We discussed disagreements with
other review authors and resolved differences by consensus. We
paid particular attention to whether women in the comparison
groups showed differences in terms of:

age;
body mass index (BMI);

duration and causes of infertility;

dose, timing and duration of metformin co-treatment;

androgen levels (total testosterone (T), sex hormone-binding
globulin (SHBG), free androgen index (FAI));

fasting glucose and insulin levels; or
7. previous ovarian surgery.

AN

o

For details of the screening and selection process, see Figure 1.
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Data extraction and management

Three review authors (MvW, MN and EB) extracted from the
included studies information on trial characteristics, baseline
characteristics of included women, interventions and outcomes,
and we have presented this information in the Characteristics of
included studies table.

Three review authors (MvW, MN and EB) independently extracted
data using forms designed according to Cochrane guidelines.
We sought additional information regarding trial methods by
contacting the authors of trials that appeared to meet eligibility
criteria but for which methodological aspects were unclear. We
registered differences of opinion, discussed them with the other
review authors and resolved differences by consensus.

Assessment of risk of bias in included studies

Two of three review authors (MvW, MN and EB) extracted
information regarding risk of bias (threats to internal validity) under
the following domains.

1. Sequence generation: evidence that an unpredictable random
process was used.

2. Allocation concealment: evidence thatthe allocation list was not
available to anyone involved in the recruitment process.

3. Blinding of participants, clinicians and outcome assessors:
evidence that knowledge of allocation was not available to those
involved in subsequent treatment decisions or follow-up efforts.

4. Completeness of outcome data: evidence that losses to follow-
up were few and were comparable between groups.

5. Selective outcome reporting: evidence that major outcomes had
been reported in sufficient detail to allow analysis, independent
of their apparent statistical significance. When data were
obtained but were not reported in the paper, we considered this
to be internal reporting bias.

6. Other potential sources: evidence of miscellaneous errors or
circumstances that might influence the internal validity of trial
results.

We sought missing details from study authors and presented all
available information in the 'Risk of bias' table that follows each
included study. We resolved differences by discussion with the
other review authors.

Measures of treatment effect

We summarised all binary outcomes using the Mantel-Haenszel
(MH) odds ratio (OR) and applied 95% confidence intervals (Cls). We
used the fixed-effect model to pool data.

We treated amount of gonadotrophin used, duration of ovarian
stimulation, fasting insulin and glucose levels as continuous
outcomes. We abstracted, calculated or requested means and
standard deviations. We presented data provided per cycle per
individual study (i.e. we did not pool data).

Unit of analysis issues

We expressed all outcomes per randomised woman. When only
data 'per cycle' were available and the number of women was not
included, analysis was not possible, and we did not include the
data. We expressed the secondary outcome of miscarriage rate per
clinical pregnancy.

Dealing with missing data

When information in the published report was insufficient, we
attempted to contact study authors for clarification. We anticipated
that trials conducted more than 10 years ago may not provide data
on live birth rates for study participants. We analysed data extracted
from trials on an intention-to-treat basis. When randomised cases
were missing from outcome assessment, we contacted study
authors to ask for additional data. If additional data were not
available, we assumed that missing participants failed to achieve
pregnancy and did not exhibit a metformin-related side effect.

Assessment of heterogeneity

We presented clinical details of included and excluded studies in
the 'Characteristics of studies' tables. Two of three review authors
(MvW, MN and EB) used the Characteristics of included studies table
to evaluate the presence of clinical heterogeneity. We discussed
clinical heterogeneity in this review.

We used the 12 statistic to determine the presence of statistical
heterogeneity of treatment effect among trials. We adopted the
following broad interpretation: 0% to 40%, might not be important;
30% to 60%, may represent moderate heterogeneity; 50% to 90%,
may represent substantial heterogeneity; 75% to 100%, shows
considerable heterogeneity (Higgins 2011).

Clinical or statistical heterogeneity was not a reason for exclusion
of a trial.

Assessment of reporting biases

We searched the Methods section to identify relevant determined
outcomes. To show external reporting bias, we presented funnel
plots for primary outcomes and for clinical pregnancy rates.
When we found evidence of small study effects, we considered
publication bias as only one of several possible explanations.

Data synthesis

We used Review Manager software to perform meta-analyses using
a fixed-effect model in the absence of statistical heterogeneity, or a
random-effects model in the presence of statistical heterogeneity.
For binary outcomes, we used odds ratios. For very sparse event
rates, we planned to use Peto odds ratios. For reporting purposes,
we translated primary outcomes to absolute risks. We combined
results for continuous outcomes by using the mean difference.

Subgroup analysis and investigation of heterogeneity

We planned subgroup analyses to assess the effect of duration
of metformin treatment before gonadotrophins were started for
ovulation induction, and to assess effects of metformin dosage. We
planned to stratify women treated with metformin for less than
one week or longer than three months before the start of ovulation
induction with gonadotrophins. We also planned stratification for
women taking less than 500 mg metformin a day or more than 2000
mg a day. However, as primary outcome data were available for
only three trials, we did not perform these subanalyses.

In all cases of heterogeneity shown by |12 greater than 30%, we used
the random-effects model to perform a sensitivity analysis.
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Sensitivity analysis

We assessed the effect of excluding data from reports that included
multiple cycles per woman.

We repeated analyses using a random-effects model to explore
whether we reached different conclusions.

We performed sensitivity analyses for primary outcomes only.

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

We generated a 'Summary of findings' table using GRADEPro
software. This table shows the overall quality of the body
of evidence for main review outcomes according to GRADE
criteria (study limitations (i.e. risk of bias), consistency of effect,
imprecision, indirectness and publication bias). We justified
judgements about evidence quality (high, moderate or low), and we
documented and incorporated these judgements into reporting of
results for each outcome.

RESULTS

Description of studies
Results of the search

Figure 1 shows the flow chart for the literature search. Please see
tables of included and excluded studies for details of study methods
and participants of trials included in the analysis (Characteristics of
included studies; Characteristics of excluded studies).

We identified nine reports that compared a strategy with or
without the addition of metformin in ovulation induction with
gonadotrophins; all but one were prospective in design.

Included studies

See Characteristics of included studies.

Study design and setting

We included five RCTs that compared metformin versus
placebo or no treatment during ovulation induction cycles with
gonadotrophins (Begum 2013; Palomba 2005; Tasdemir 2004; Van
Santbrink 2005; Yarali 2002).

The studies included in this review varied in duration of
metformin pretreatment, initial gonadotrophin dose given,
primary outcome measurements and methodological quality.
Furthermore, investigators used different inclusion criteria, such
that individual studies differed in age of participants and in
numbers of previous CC cycles. We obtained details from published
articles and provided this information in the Characteristics of
included studies tables.

Participants

Studies included 264 CC-resistant women. All but one study were
two-group multi-centre randomised trials that included women
with CC-resistant PCOS. One study was a three-group single-
centre study that compared not only gonadotrophins with or
without metformin but also CC plus metformin. The definition of
clomiphene resistance varied between studies. Van Santbrink 2005
and Yarali 2002 defined clomiphene resistance as failure to ovulate
with incremental doses of CC up to 150 and 250 mg/d for five days,

respectively. Palomba 2005 and Tasdemir 2004 defined clomiphene
resistance as failure to ovulate or conceive after ovulating during
six previous cycles with incremental doses of CC up to 150 mg/
d for five days alone or in combination with metformin (1700 mg
daily). Begum 2013 described clomiphene resistance as failure to
produce any mature follicle with 150 mg CC daily for five days
for two consecutive cycles. All women in this study were insulin
resistant.

Interventions

All women took metformin 850 mg twice or three times per day
for a known minimum duration of four weeks and maximum of
three months. Researchers used low-dose step-up protocols for
ovulation induction with gonadotrophins and reported at least
clinical pregnancy ratesin every study. Only Palomba 2005 included
three treatment cycles, Begum 2013 included up to six ovulatory
cyclesand all other studiesincluded one. One study (Palomba 2005)
used highly purified FSH, and the other four studies used rFSH.

All studies presented data according to intention to treat. Of 32
women included in Yarali 2002, one woman in the placebo group
and six in the metformin group ovulated spontaneously and did not
undergo ovulation induction with gonadotrophins. The remaining
25 women underwent ovulation induction with FSH. Tasdemir 2004
started ovulation induction in all 32 women who were randomised.
Van Santbrink 2005 randomised 20 women to metformin (n =
11) or placebo (n = 9), and 17 of these women received FSH
for ovulation induction. Two women presented with an ovarian
cyst on the day on which FSH treatment was due to be started
(placebo group), and one woman was ovulatory with metformin
only and did not start ovulation induction with FSH. Palomba 2005
randomised 70 women. No women conceived during the first 12
weeks of treatment with metformin or placebo, and all 70 women
started ovulation induction with FSH for up to three cycles, for
a total of 172 cycles. Begum 2013 did not describe the ovulation
rate with metformin only, and everybody started with randomised
treatment.

Tasdemir 2004, Van Santbrink 2005 and Palomba 2005 performed
a power calculation. Van Santbrink 2005 based this calculation on
primary study endpoints - duration of stimulation phase and total
amount of FSH used. The other trials did not state the endpoint on
which power calculations were based. Yarali 2002 and Begum 2013
performed no sample size power calculations.

Outcomes

Two trials (Begum 2013; Palomba 2005) reported live birth rates,
and two trials (Van Santbrink 2005; Yarali 2002) reported ongoing
pregnancy rates past 12 weeks' gestation. Two trials (Begum 2013;
Palomba 2005) reported live birth but no late birth loss, thus we
assumed that all ongoing pregnancies became live births. Five trials
(Begum 2013; Palomba 2005; Tasdemir 2004; Van Santbrink 2005;
Yarali 2002) reported clinical pregnancy rates, and four studies
(Begum 2013; Palomba 2005; Tasdemir 2004; Van Santbrink 2005)
multiple pregnancy rates.

Excluded studies

We excluded four of the nine trials that we identified in our
literature search (Cheng 2010; de Leo 1999; Raffone 2010; Shihibara
2007).
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One randomised trial (de Leo 1999) compared two treatment
protocols. Group A underwent two cycles of FSH stimulation,
then received metformin for one month before undergoing a third
treatment cycle. Group B underwent treatment with 1500 mg of
metformin a day for at least one month before a single cycle of
FSH stimulation. Investigators compared all cycles with FSH versus
all cycles with FSH and metformin. We tried to obtain additional
information from study authors but found that it was impossible to
compare the first treatment cycle.

Another trial (Raffone 2010) randomly treated women with
metformin 1500 mg/d orally or 4 grams myo-inositol, a molecule
that is known to have a role in activating enzymes that control
glucose metabolism. Researchers performed no comparison with
placebo .

One trial (Shihibara 2007) described a retrospective, non-
randomised comparison between ovulation induction with FSH,
with and without metformin.

Another randomised pilot study (Cheng 2010) assessed whether
the effect of coadministration of metformin, CC and human
menopausal gonadotrophin (hMG) was superior to the effect of CC
plus HMG in women with CC-resistant PCOS.

Risk of bias in included studies

We judged risk of bias per included trial in the Characteristics of
included studies table and showed results graphically in Figure 2
and Figure 3.
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Figure 2. Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Figure 3. Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages

across all included studies.
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Two of five trials (Palomba 2005; Yarali 2002) did not mention
duration and timing of the trial.

Unfortunately, all trials were small, with numbers of women
randomised in individual trials reported at 20 (Van Santbrink
2005), 32 (Yarali 2002), 32 (Tasdemir 2004), 70 (Palomba 2005)
and 110 (Begum 2013). Although this is not a direct bias, small
underpowered studies do affect strength of the evidence.

Allocation
Sequence generation

Allfiveincluded studies were RCTs, but for three studies the method
of randomisation was unclear (Begum 2013; Tasdemir 2004; Van
Santbrink 2005). Two trials (Palomba 2005; Yarali 2002) performed
randomisation by using a computer-generated randomisation list.

Allocation concealment

Two of the five trials (Palomba 2005; Yarali 2002) adequately
concealed allocation to the intervention or control group.
Allocation concealment was unclear in three trials (Begum 2013;
Tasdemir 2004; Van Santbrink 2005). One of these (Van Santbrink
2005) reported that investigators used sealed envelopes but did not
state whether these were numbered and opaque.

Blinding

Three of five trials (Palomba 2005; Van Santbrink 2005; Yarali 2002)
performed double blinding. Palomba 2005 blinded women and
operators for the whole treatment period by packaging both drug
and placebo in an identical form in the pharmacy and labelling
them according to participant number. Van Santbrink 2005 and
Yarali 2002 did not describe methods of blinding. Begum 2013 and
Tasdemir 2004 did not perform blinding.

Incomplete outcome data

No trials indicated loss of follow-up or drop-out of included
participants for pregnancy outcomes. We cannot be sure whether
data were complete for all women for FSH dose and duration. We
did not pool these outcomes.

Selective reporting

Selective reporting can never be completely excluded, but
we received no indication from proceedings or protocols that
investigators had reported other outcomes or planned to do so.

Other potential sources of bias

Within all trials, baseline characteristics appeared balanced over
the two treatment groups. One trial excluded obese women
(Palomba 2005).

Effects of interventions

See: Summary of findings for the main comparison Metformin
versus placebo co-treatment for assisted reproduction for
subfertility associated with polycystic ovary syndrome

1. Metformin versus placebo - Primary outcomes

We have presented data in the Data and analyses section.

1.1 Live birth rate per woman

Two RCTs (Begum 2013; Palomba 2005) reported a live birth rate of
46% in the metformin group and 27% in the placebo group after
three and six treatment cycles, respectively. Metformin use was
associated with a higher live birth rate (Analysis 1.1; O0R 2.31,95%ClI
1.24t04.33; two RCTs, n = 180; 12 = 0%; low-quality evidence) (Figure
4). This means that for a control live birth rate of 27% after FSH,
the addition of metformin would result in a live birth rate ranging
between 32% and 60%.
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Figure 4. Forest plot of comparison: 1 dichotomous outcome, outcome: 1.1 live birth rate (per woman).
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Sensitivity analysis

Excluding studies with multiple cycles was not feasible because
both studies that reported on live birth used multiple cycles.
Pooling based on a random-effects model resulted in a similar odds
ratio of 2.31 (95% Cl 1.23 to 4.34).

Increased in controls  Increased in metformin

1.2 Multiple pregnancy rate per woman

Four randomised trials reported multiple pregnancy rates per
woman ranging between zero and 14%. We found no evidence of a
difference for metformin versus placebo (Analysis 1.2; OR 0.55, 95%
Cl 0.15 to 1.95; four RCTs, n = 232; |12 = 0%; low-quality evidence)
(Figure 5). Use of a random-effects model resulted in a comparable
odds ratio of 0.52 (95% Cl 0.13 to 2.06).

Figure 5. Forest plot of comparison: 1 Metformin versus placebo co-treatment for assisted reproduction, outcome:

1.2 Multiple pregnancy rate (per woman).
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Metformin versus placebo - Secondary outcomes
1.3 Ongoing pregnancy rate per woman

We included four RCTs for which we could pool results. Two trials
(Van Santbrink 2005; Yarali 2002) reported ongoing pregnancy
rates. Two trials (Palomba 2005; Begum 2013) reported live birth

Increasedin controls  Increased in metformin

but no late birth loss; thus we assumed that all ongoing pregnancies
became live births. Metformin use was associated with a higher
ongoing pregnancy rate (Analysis 1.3; OR 2.46, 95% CI 1.36 to 4.46;
four RCTs, n = 232; 12 = 0%; low-quality evidence) (Figure 6) for
metformin versus placebo.
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Figure 6. Forest plot of comparison: 1 Metformin versus placebo co-treatment for assisted reproduction, outcome:

1.3 Ongoing pregnancy rate (per woman).
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1.4 Clinical pregnancy rate per woman

We included all five trials and pooled results. In total, the clinical
pregnancy rate was 45% for women treated with metformin versus
25% for women treated with placebo. The clinical pregnancy rate
ranged from 25% to 31% for women randomised to metformin, and
from 0% to 13% for women randomised to placebo in three trials
reporting the clinical pregnancy rate after one treatment cycle. One
study (Palomba 2005) after up to three cycles reported a clinical

Increased in controls  Increased in metformin

pregnancy rate of 51% for women randomised to metformin and
40% for women randomised to placebo. One trial (Begum 2013)
reported a clinical pregnancy rate after six cycles of 53% for women
randomised to metformin and 29% for women randomised to FSH
only. Treatment effect favoured metformin in all five trials. Pooling
of data resulted in a significantly higher clinical pregnancy rate for
women treated with metformin (Analysis 1.4; OR 2.51, 95% CI 1.46
to 4.31; five RCTs, n = 264; 12 = 0%; low-quality evidence) (Figure 7).

Figure 7. Forest plot of comparison: 1 Metformin versus placebo co-treatment for assisted reproduction, outcome:

1.4 Clinical pregnancy rate.
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1.5 Miscarriage rate per clinical pregnancy

Four trials (Begum 2013; Palomba 2005; Van Santbrink 2005;
Yarali 2002) reported data on miscarriage rate for up to three
to six treatment cycles. However, as no clinical pregnancies
occurred in one trial in the FSH only arm, researchers could not
express miscarriage per clinical pregnancy (Van Santbrink 2005).
Miscarriage rates per woman ranged from zero to 40%. Although
the direction of effect varied among studies, this fact did not cause

Increased in controls  Increased in metformin

significant heterogeneity. We found no evidence of a difference in
miscarriage rates between metformin and placebo (Analysis 1.5; OR
0.62,95% C1 0.19 to 2.01; three RCTs, n = 84; 12 = 0%).

1.6 Ovulation rate per started cycle

We included three randomised trials and could not pool results, as
data per cycle were reported (Analysis 1.6). In total, the ovulation
rate was 87% for women treated with metformin and 82% for
women treated with placebo (Palomba 2005: OR 1.5, 95% Cl 0.66
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to 3.5; Van Santbrink 2005: OR 0.23, 95% CI 0.01 to 5.5; Yarali 2002:
OR 3.3, 95% CI 0.31 to 34.7). The direction of effect varied among
studies, and we found no significant differences within trials.

1.7 OHSS rate per woman

Two studies reported ovarian hyperstimulation rate. Palomba 2005
observed no cases of OHSS in the group treated with metformin
and reported that one woman treated with placebo developed mild
OHSS during the third treatment cycle. Begum 2013 reported that
no participants in any of the groups developed OHSS (Analysis 1.7;
OR0.32, 95% C1 0.01 to 8.23; two RCTs, n = 180).

1.8 Cycle cancellation rate

Four included randomised trials reported data on cycle
cancellation rate per cycle, and we could not pool data as they were
reported per cycle (Analysis 1.8). One trial reported rates after up to
three cycles (Palomba 2005) and cancelled 8% of cycles for women
treated with metformin and 16% of cycles for women treated with
placebo (OR 0.47, 95% Cl 0.18 to 1.2). Another trial (Begum 2013)
reported rates after up to six cycles and cancelled 3% (6/213) of
cycles for women treated with metformin and 5% of cycles (14/276)
for women treated with placebo. The cancellation rate ranged
from zero to 25% in treatment groups after one treatment cycle
(Tasdemir 2004: OR 0.20, 95% CI1 0.02 to 2.3; Van Santbrink 2005: OR
4.41,95% Cl 0.18 to 107.3). We observed no significant differences
within trials.

1.9 Adverse effects related to metformin use

Van Santbrink 2005 did not observe serious gastrointestinal
problems during use of study medication. Palomba 2005 reported
that serious adverse events did not occur, and that drug-related
adverse events were not significantly different between the two
groups, at 14% (5/35) versus 9% (3/35) for women treated
with metformin and placebo, respectively (two trials; OR 1.78,
95% Cl 0.39 to 8.09). Tasdemir 2004 reported that dyspeptic
complaints occurred but did not lead to discontinuation of therapy.
Researchers did not report the number of women who presented
with these complaints.

1.10 FSH dose

All five randomised studies reported the dose necessary per
cycle for ovulation induction with FSH. We excluded one study
(Begum 2013), as the total FSH dose did not correspond with the
starting dose and stimulation protocol. We could not pool data
as investigators reported data per cycle. One study reported the
median dose (Palomba 2005). The mean total dose of FSH per
woman ranged from 945 to 2062.5 IU per cycle in the other trials.
The direction of effect favoured metformin, and the total FSH
dose was lower in two trials (Van Santbrink 2005: weighted mean
difference -2288 1U, 95% CI -2737 to -1839; Tasdemir 2004: mean
difference -425 IU, 95% CI -507 to -342). The direction of effect
favoured placebo, and the total FSH dose was lower in one trial
(Palomba 2005: mean difference 173 1U, 95% Cl 95 to 250). Another
trial (Yarali 2002) reported that no statistically significant difference
was observed (mean difference -455 1U, 95% Cl -1350 to 441).

1.11 Mean duration of stimulation days

All five randomised studies reported the duration of stimulation
days necessary for ovulation induction with FSH. We could not
pool data as investigators reported data per cycle. One study

reported the median duration of stimulation (Van Santbrink 2005)
at 15 days for women treated with metformin and at 33 days for
women treated with placebo. The remaining four trials reported
mean values and standard deviation (Begum 2013; Tasdemir 2004;
Palomba 2005; Yarali 2002). The mean duration of stimulation
ranged from 11.2 to 16.0 days. The direction of effect favoured
metformin in three trials that reported a shorter stimulation period
(Begum 2013: mean difference -1.99 days, 95% Cl -2.75 to -1.23;
Van Santbrink 2005: mean difference -18 days, 95% Cl -23 to -12;
Tasdemir 2004: weighted mean difference -4.3 days, 95% Cl -6.6 to
-2.0). Begum 2013 reported a mean duration of stimulation of 14
days for women treated with metformin and 16 days for women
treated with placebo. The direction of effect favoured placebo, and
one trial had a shorter stimulation period (Palomba 2005: mean
difference 3.0 days, 95% Cl 1.9 to 4.1). One trial reported that results
did not show a statistically significant difference (Yarali 2002: mean
difference -2.6 days, 95% CI -9.9 to 4.7).

1.12 Fasting insulin and glucose levels

Three studies (Begum 2013; Palomba 2005; Tasdemir 2004)
provided data on fasting insulin and glucose levels at baseline -
not after treatment - and therefore data were not useful. None of
the five studies provided data on fasting glucose levels before and
after treatment. Only one study provided data on fasting insulin
levels before and after treatment (Yarali 2002). Fasting insulin levels
before and after treatment in the metformin group were 93 mcU/mL
(standard deviation (SD) 128) and 98 mcU/mL (SD196), respectively,
and in the control group 66 mcU/mL (SD 33) and 73 mcU/mL (SD
42), respectively. In view of the large standard deviation suggesting
a non-parametric distribution of data, it was decided that a mean
difference would not be calculated.

Two studies described the glucose/insulin ratio before and after
trials and found no differences after treatment (Van Santbrink 2005:
ratio of 0.2 (SD 0.1) before and after in both groups; Yarali 2002:
average ratio of 0.1 before and after in both groups).

DISCUSSION

Summary of main results

For this systematic review, we selected studies that compared
metformin versus placebo during ovulation induction with
gonadotrophins in women with polycystic ovary syndrome (PCOS).
All included women received a diagnosis of PCOS on the basis
of Rotterdam consensus criteria. Five randomised controlled trials
provided gonadotrophins plus metformin versus gonadotrophins
alone in 264 subfertile women with PCOS. Metformin was
associated with higher rates of live birth, ongoing pregnancy and
clinical pregnancy, but we rated this evidence as low quality. We
found no evidence of a difference in multiple pregnancy rates, but
again we rated this evidence as low quality.

Overall completeness and applicability of evidence

All five trials that compared metformin versus placebo during
ovulation induction with gonadotrophins provided data on clinical
pregnancy; two trials provided data on the primary outcome live
birth rate, and four trials provided data on the primary outcome
multiple pregnancy.

The included patient population seems to represent the general
clomiphene citrate (CC)-resistant PCOS population. Therefore,
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although the quality of results is limited, they are applicable
to a general CC-resistant PCOS population undergoing ovulation
induction with gonadotrophins. No studies involved a treatment-
naive PCOS population, and none examined patients after letrozole
use.

Quality of the evidence

The quality of the evidence was limited. Evidence was of low quality
for live birth, ongoing pregnancy, clinical pregnancy and multiple
pregnancy. Only two trials provided data on the primary outcome
live birth. One of these studies was not blinded and did not describe
mode of randomisation. One of five included studies used a proper
method of allocation concealment. Sample size in these studies
was small. Three of five studies reported a sample size smaller than
32. To have power of 80% to detect a 10% difference in a control
live birth rate of 30% to 40%, a study would have to include 700 to
800 women. Even when combined, the five trials identified in this
review included less than a quarter of this number.

Multiple pregnancy rates ranged between 0 and 10%. Nowadays,
multiple pregnancies are rare when cycles are monitored and
ovulation stimulation is directed at developing a single follicle.

Heterogeneity between trials could be explained in part by
differences between definitions of clomiphene resistance. Van
Santbrink 2005 and Yarali 2002 defined clomiphene resistance as
failure to ovulate with incremental doses of CC up to 150 and 250
mg/d for 5 days, respectively. Palomba 2005 and Tasdemir 2004
defined clomiphene resistance as failure to ovulate or conceive
after ovulating during six previous cycles with incremental doses
of CC up to 150 mg/d for five days alone or in combination with
metformin (1700 mg daily). Begum 2013 described clomiphene
resistance as failure to produce any mature follicle with 150 mg CC
daily for five days for two consecutive cycles.

Potential biases in the review process

We did not explore differences between trials by performing
subanalyses because of the limited number of included studies.
The duration of pretreatment with metformin varied between
studies. In four trials, women took 850 mg two times daily, and
in another trial (Begum 2013), women took three times 500 mg
daily. In Palomba 2005, investigators continued pretreatment with
metformin before the start of gonadotrophin ovulation induction
for three months, in Tasdemir 2004 for eight weeks, in Yarali 2002
for six weeks, in Begum 2013 for four weeks and in Van Santbrink
2005 for a maximum of 25 days. All groups continued metformin
during ovulation induction with gonadotrophins, and most studies
stopped treatment until the day of human chorionic gonadotropin
(hCG) administration or ovulation (Tasdemir 2004; Van Santbrink
2005; Yarali 2002). Palomba 2005 stopped metformin when women
conceived. Begum 2013 continued metformin until a pregnancy
test was given.

Agreements and disagreements with other studies or
reviews

Two other reviews evaluated the evidence for metformin plus
gonadotrophins versus gonadotrophins alone in CC-resistant
women with PCOS (Moll 2007; Palomba 2014). The first review
gathered live birth data from one trial only and concluded
that review authors found no evidence of a difference between
metformin plus gonadotrophins versus gonadotrophins (Moll
2007). The second review reached a conclusion similar to the
one presented in our review, but review authors combined cycles
instead of women, thus introducing a unit of analysis error
(Palomba 2014).

AUTHORS' CONCLUSIONS

Implications for practice

Preliminary evidence suggests that metformin may increase the
live birth rate in women undergoing ovulation induction with
gonadotrophins. At this moment, evidence is insufficient to show
an effect of metformin on multiple pregnancy rates and adverse
events; therefore, we advise that metformin should be used only in
a research setting.

Implications for research

First, additional large randomised controlled trials with adequate
blinding measures are needed to more precisely estimate the
difference between metformin and placebo. Such trials should
preferably include clomiphene-resistant women who use 150 mg/
d for five days, should examine live birth rate as a primary endpoint
and should consider side effects of metformin and quality of life
and/or women's preferences. Researchers must explore effects
of baseline variables such as body mass index (BMI) and insulin
resistance on the effectiveness of metformin.

Second, investigators should seek to determine the optimal dose
and duration of use of metformin.

Finally, trials should include a total of 700 to 800 women to achieve
adequate power.
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Methods

Method of randomisation: unclear

Randomised, prospective, non-blinded, single-centre trial

Duration, timing and location of the trial: between December 2004 and August 2009 at 1 outpatient fer-

tility centre in Dhaka

Sample size calculation was not performed.

165 women were randomised, 110 women were randomised to FSH plus metformin or FSH solely, 55
women were randomised to CC and metformin.

Up to six cycles per woman

Ratio between metformin and placebo: 1:1

Intention-to-treat analysis was performed.

Participants

165 infertile women with CC-resistant PCOS. Group A received CC + metformin, Group B FSH + met-

formin and Group C only FSH. All women had insulin resistance determined as a glucose-to-insulin ra-
tio below 6.4, or a HOMA score above 47.

Mean age (+SD) of women was 26.8 (5.1) for the metformin group and 27.2 (4.2) for the FSH only group.

Body mass index (+SD) was 28.4 (4.5) and 29.0 (3.2), respectively.

Duration of infertility (+SD) was 5.1 (3.0) and 4.7 (2.8) years, respectively.

Infertility workup consisted of endocrinology, midcycle vaginal ultrasonography and progesterone
measurement and semen analysis. Fasting glucose and insulin levels were measured, and a glucose

tolerance test was performed.

Interventions

Along with metformin, group A received CC, and group B received rFSH. Group C was treated with rFSH

only. Metformin 500 mg 3 times daily (1500 mg) was administered for 4 weeks. After 4 weeks, the same
dose was continued for another 6 months, along with scheduled rFSH (group B) 75 IU every alternate
day, starting from day 3 of the cycle (then daily if necessary after first monitoring on day 12) until matu-
rity of follicles or maximum of 15 doses of rFSH. Group C went without metformin and was scheduled
for rFSH only 75 IU every alternate day. Dose and duration were adjusted by monitoring response on
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transvaginal sonography. Ovarian maturation was triggered by urinary hCG at a dosage of 10,000 IU.
Metformin use continued until pregnancy test.

Treatment was terminated when no response occurred with maximum dose of CC, with maximum dose
of rFSH, after six ovulatory cycles with no pregnancy or after a positive pregnancy test.

Outcomes Pregnancy or live birth rate within six ovulatory cycles
OHSS
Ovulation rate
Spontaneous abortion
Ectopic pregnancy
Multiple pregnancies
Congenital anomalies
Adverse perinatal or obstetrical complications
Notes PCOS was diagnosed according to revised Rotterdam criteria and included 2 of the following 3 findings:
(1) oligo- or anovulation; (2) clinical and/or biochemical signs of hyperandrogenism; and (3) polycystic
ovaries according to ultrasonography.
Clomiphene resistance was a specific inclusion criterion.
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Sequence allocation was not described.
tion (selection bias)
Allocation concealment High risk Allocation was not described.
(selection bias)
Blinding of participants High risk No blinding was performed.
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- High risk No blinding was performed.
sessment (detection bias)
All outcomes
Incomplete outcome data  Low risk No indication of loss to follow-up or drop-out was reported. All randomised
(attrition bias) women were included in the analysis.
All outcomes
Selective reporting (re- Low risk All outcomes described in the Methods section were reported.
porting bias)
Other bias Unclear risk In view of insecurities around randomisation and allocation
Palomba 2005
Methods Randomised, prospective, double-blinded, multi-centre trial
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Palomba 2005 (continued)

Method of randomisation: computer-generated randomisation list; further details unknown
Duration, timing and location of the trial: unknown

Sample size calculation was performed.

70 women were randomised.

Three cycles per participant

Ratio between metformin and placebo: 1:1

Intention-to-treat analysis was performed.

Participants

70 non-obese insulin-resistant primary infertile women with clomiphene-resistant PCOS
Mean age (+SD) was 26.2 (2.7) for the metformin group and 26.9 (2.8) for the placebo group.
Body mass index (+SD) was 26.5 (2.7) and 26.4 (2.5), respectively.

Duration of infertility (+SD) was 26.1 (4.7) and 24.8 (4.9) months, respectively.

Infertility workup consisted of endocrinology, vaginal ultrasonography and semen analysis. Fasting

glucose and insulin levels were measured, and a glucose tolerance test was performed. Each woman
received 75 grams of glucose, and at 30, 60, 90 and 120 minutes, glucose and insulin concentrations

were determined.

Interventions

The women took metformin 850 mg 2 times daily or placebo for 3 months. After 3 months, ovulation in-
duction was started. Metformin or placebo was continued during ovarian stimulation with FSH and was
stopped when women conceived.

All women underwent ovulation induction according to a low-dose step-up protocol, started with 751U
hpFSH (fostimon) for 14 days. If no ovarian response was detected, this dose was increased by 37.5 1U
hpFSH each week until follicular development was observed on ultrasonography. Maximum dose was
225 1U daily.

Treatment was discontinued if no follicular response was detected after 35 days of treatment, or if
more then 3 follicles > 14 mm were present.

hCG was given when the diameter of the dominant follicle was > 17 mm.

Women with PCOS who in previous ovulation induction failed to ovulate underwent timed intercourse,
whereas those who were ovulating who did not conceive underwent intrauterine insemination.

Outcomes (Ongoing) pregnancy rate per woman
OHSS
Cycle cancellation
Ovulation rate
Number of oocytes produced per cycle
Monofollicular development and multi-follicular development.
Miscarriage rate per woman
Live birth rate
Quantity of gonadotrophins used per woman per cycle (total dose in IU (international units))
Duration (days) of ovarian stimulation per woman per cycle
Serum oestradiol level on the day of hCG trigger injection
Notes PCOS: Diagnosis was based on National institutes of Health criteria (Zawadski and Dunaif, 1992).
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Palomba 2005 (continued)

Insulin resistance was defined according to Legro et al (1998).

Clomiphene-resistant: failure to ovulate or conceive, ovulating during 6 previous cycles of clomiphene
citrate with incremental doses of clomiphene citrate up to 150 mg/d for 5 days alone or in combination
with metformin (1700 mg daily)

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Randomisation was performed by computer-generated randomisation list.
tion (selection bias)

Allocation concealment Unclear risk No further information was provided.

(selection bias)

Blinding of participants Low risk Women and operators were blinded for the whole treatment period. Drug and
and personnel (perfor- placebo were packaged in identical form in the pharmacy and were labelled
mance bias) according to participant number.

All outcomes

Blinding of outcome as- Low risk Women and operators were blinded for the whole treatment period. Drug and
sessment (detection bias) placebo were packaged in identical form in the pharmacy and were labelled
All outcomes according to participant number.

Incomplete outcome data  Low risk No indication of loss to follow-up or drop-out was reported. All randomised
(attrition bias) women were included in the analysis.

All outcomes

Selective reporting (re- Low risk All outcomes described in the Methods section were reported.

porting bias)

Other bias Unclear risk Obese women were excluded.

Tasdemir 2004

Methods

Randomised, prospective, multi-centre trial
Method of randomisation: unknown

Duration, timing and location of the trial: between September 2000 and December 2001 at 1 IVF centre
in Turkey

Sample size calculation was not performed.
32 women were randomised.

No drop-out. One cycle per participant
Ratio between metformin and placebo: 1:1

Intention-to-treat analysis was performed.

Participants

Clomiphene-resistant women with PCOS . Women with type 1 or 2 diabetes were excluded.
Mean age (+SD) was 31.8 (2.7) for the metformin group and 30.6 (3.2) for the placebo group.

Body mass index (+SD) was 28.5 (3.5) and 29 (2.1), respectively.
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Tasdemir 2004 (continued)

Duration of infertility (+SD) was 3.2 (0.9) and 3.8 (0.7) years, respectively.

Infertility workup consisted of endocrinology, vaginal ultrasonography, hysterosalpingography or la-
paroscopy and semen analysis.

Interventions

Women took metformin 850 mg 2 times daily or placebo for 8 weeks.

Metformin was continued daily during ovarian stimulation with rFSH until the day of hCG administra-
tion.

Ovulation was induced with rFSH (follitropin alpha, gonal F). Treatment was started on day 3 after a
spontaneous or induced menses. Starting dose was 75 IU rFSH (SC)/d for 7 days. If no ovarian response
was noted, dose was increased until ovarian response was observed on ultrasonography.

Treatment was discontinued if more than 6 follicles > 17 mm were present.
hCG was given when 1 follicle of 17 mm developed.

Ovulation was assumed when progesterone level was > 5 ng/mL 6-8 days after hCG.

Outcomes Ongoing pregnancy rate per woman
Ovulation rate
Number of oocytes produced per cycle
Monofollicular development and multi-follicular development.
Miscarriage rate per woman
Quantity of gonadotrophins used per woman per cycle (total dose in IU (international units))
Duration (days) of ovarian stimulation per woman per cycle
Serum oestradiol level on the day of hCG trigger injection
Fasting insulin and glucose levels
Notes PCOS: oligomenorrhoea and clinical or biochemical signs of hyperandrogenism
Clomiphene-resistant: failure to ovulate with incremental doses of clomiphene citrate up to 150 mg/d
between 5th and 10th days of the cycle for 3 successive cycles
Anovulation: progestogen levels <5 ng/mL
Oligomenorroe: fewer than 6 menstruations per year
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Method of randomisation was unknown.
tion (selection bias)
Allocation concealment Unclear risk Not stated
(selection bias)
Blinding of participants High risk Blinding was not performed.
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- High risk Blinding was not performed.

sessment (detection bias)
All outcomes
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Tasdemir 2004 (continued)

Incomplete outcome data  Low risk No indication of loss to follow-up or drop-out was reported. All randomised
(attrition bias) women were included in the analysis.
All outcomes

Selective reporting (re- Unclear risk Not sure owing to missing details
porting bias)

Other bias Unclear risk Not sure owing to missing details

Van Santbrink 2005

Methods Randomised, double-blind, prospective, multi-centre trial
Method of randomisation: sealed, opaque and numbered envelopes

Duration, timing and location of the trial: All women attending the outpatient clinic of the Erasmus
Medical Centre (a tertiary hospital in the Netherlands) were approached between July 1999 and June
2001.

Sample size calculation was performed.
20 women were randomised.

One cycle per participant. One woman was pregnant with metformin alone, before ovulation induction.
Two women presented with an ovarian cyst on the day on which ovulation induction should be started
and were excluded from analysis.

Ratio between metformin and placebo: 11:9

Intention-to-treat analysis was performed.

Participants Clomiphene-resistant WHO group Il anovulatory women. Women with diabetes were excluded.
Median age (range) was 28 (22-32) for the metformin group and 28 (24-34) for the placebo group.
Body mass index (range) was 38 (28-51) and 34 (27-44), respectively.
Duration of infertility was unknown.

Infertility workup consisted of endocrinology and vaginal ultrasonography. A glucose tolerance test
was performed.

Interventions After initial workup and menses induced with Duphaston, women started with metformin or placebo.
They took metformin 850 mg 2 times daily or placebo.

Women were subsequently monitored every 1-2 days. In cases of ovarian response, no FSH was admin-
istered. In cases of absent response 25 days after randomisation, ovulation induction with FSH (fol-
litropin alpha, gonal F) was started. Starting dose was 50 IU rFSH (SC)/d for 7 days. If no ovarian re-
sponse was noted after this period, the first dose was increased with 25 IU rFSH. A further dose increase
of 37.5 IU rFSH was performed, with a maximum dosage of 225 IU rFSH daily. Metformin or placebo was
continued daily during ovulation induction with rFSH until the day of hCG administration.

Treatment was discontinued without follicular response after 225 IU rFSH daily, or if more than 3 folli-
cles>15 mm were present.

hCG was given when 1 follicle of at least 18 mm developed.

Ovulation was assumed with direct signs on ultrasonography. After ovulation, metformin or placebo
was stopped.
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Van Santbrink 2005 (continued)

Outcomes Ongoing pregnancy rate per woman
Ovulation rate
Number of oocytes produced per cycle
Monofollicular development and multi-follicular development

Miscarriage rate per woman

Quantity of gonadotrophins used per woman per cycle (total dose in IU (international units))
Duration (days) of ovarian stimulation per woman per cycle

Serum oestradiol level on the day of hCG trigger injection

Fasting insulin and glucose levels

Notes PCOS: peripubertal onset of oligo-amenorrhoea, elevated serum testosterone levels and ultrasono-
graphic evidence of polycystic ovaries

Clomiphene-resistant: failure to ovulate with incremental doses of clomiphene citrate up to 250 mg/d
for 5 days

Anovulation: progestogen levels <5 ng/mL

Oligomenorroe: fewer than 6 bleeding episodes per year

Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Computer-generated list

tion (selection bias)

Allocation concealment Low risk Randomisation was performed with sealed, opaque and numbered envelopes
(selection bias) by the pharmacy of Erasmus University.

Blinding of participants Low risk Blinding was performed, but the method was unclear.

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk Blinding was performed, but the method was unclear.
sessment (detection bias)
All outcomes

Incomplete outcome data  Low risk No indication of loss to follow-up or drop-out was reported. All randomised
(attrition bias) women were included in the analysis.
All outcomes

Selective reporting (re- Low risk All outcomes described in the Methods section were reported.
porting bias)

Other bias Unclear risk Very small study
Yarali 2002
Methods Randomised, open-label, prospective, multi-centre trial

Method of randomisation: computer-generated numbers, preparation unknown
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Yarali 2002 (continued)

Duration, timing and location of the trial: unknown
Sample size calculation was not performed.

32 women were randomised.

No drop-out. One cycle per participant

Ratio between metformin and placebo: 1:1

Intention-to-treat analysis was performed.

Participants

Clomiphene-resistant WHO group Il anovulatory women. All women underwent a 75 gram oral glucose
tolerance test and were shown to have normal glucose tolerance.

Mean age (+SD) was 27.9.(5.6) for the metformin group and 28.4 (5.1) for the placebo group.
Body mass index (+SD) was 28.6 (4.0) and 29.6 (4.8), respectively.
Duration of infertility (+SD) was 57.8 (37.9) and 62.3 (41.9) months, respectively.

Infertility workup consisted of endocrinology, vaginal ultrasonography, hysterosalpingography or la-
paroscopy.

Interventions

Women took metformin 850 mg 2 times daily or placebo for 6 weeks.

Metformin was continued daily during ovulation induction with rFSH until the day of hCG administra-
tion.

Ovulation was induced with rFSH (follitropin alpha, gonal F). Treatment was started within 2-5 days af-
ter spontaneous or induced menses. Starting dose was 75 IU rFSH (SC)/d for 14 days. If no ovarian re-
sponse was noted after this period, a weekly increase of 37.5 IU to a maximum of 187.5 was provided.

Treatment was discontinued without follicular response after 35 days of gonadotrophins, if more than
3 follicles > 15 mm were present.

hCG was given when 1 follicle of 17 mm developed.

Ovulation was assumed when progesterone level was > 5 ng/mL 6-8 days after hCG.

Outcomes Ongoing pregnancy rate per woman
Ovulation rate
Number of oocytes produced per cycle
Monofollicular development and multi-follicular development
Miscarriage rate per woman
Quantity of gonadotrophins used per woman per cycle (total dose in IU (international units))
Duration (days) of ovarian stimulation per woman per cycle
Serum oestradiol level on the day of hCG trigger injection
Fasting insulin and glucose levels
Notes PCOS: peripubertal onset of oligo-amenorrhoea, elevated serum testosterone levels and ultrasono-

graphic evidence of polycystic ovaries

Clomiphene-resistant: failure to ovulate with incremental doses of clomiphene citrate up to 250 mg/d
for 5 days

Anovulation: progestogen levels <5 ng/mL

Oligomenorroe: fewer than 6 bleeding episodes per year
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Yarali 2002 (continued)

Risk of bias
Bias Authors' judgement Support for judgement
Random sequence genera-  Low risk Randomisation was performed by computer-generated numbers

tion (selection bias)

Allocation concealment Unclear risk Not stated
(selection bias)

Blinding of participants High risk Blinding was not performed.
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- High risk Not stated

sessment (detection bias)

All outcomes

Incomplete outcome data  Low risk No indication of loss to follow-up or drop-out was reported. All randomised
(attrition bias) women were included in the analysis.

All outcomes

Selective reporting (re- Low risk All outcomes described in the Methods section were reported.
porting bias)

Other bias Unclear risk Very small study

CC: clomiphene citrate.

FSH: follicle-stimulating hormone.

hCG: human chorionic gonadotropin.

HOMA: Homeostasis Model Assessment.

hpFSH: human pituitary follicle-stimulating hormone.
IVF: in vitro fertilisation.

OHSS: ovarian hyperstimulation syndrome.
PCOS: polycystic ovary syndrome.

rFSH: recombinant follicle-stimulating hormone.
SD: standard deviation.

WHO: World Health Organization.

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Cheng 2010 This randomised pilot study was performed to assess whether the effect of coadministration of
metformin, CC and hMG was superior to that of CC plus hMG in women with CC-resistant PCOS.
Ovulation induction was provided with CC and hMG together. No woman was treated with hMG
solely.

de Leo 1999 Two cycles of FSH stimulation, then metformin for 1 month before a third treatment cycle vs treat-
ment with 1500 mg of metformin/d for at least 1 month before a single cycle of FSH stimulation.
All cycles of FSH were compared with 1 cycle of metformin in a relatively unfavourable group of
women without pregnancy after 2 cycles of ovulation induction.

Raffone 2010 Women were randomly treated with metformin 1500 mg/d orally or 4 grams myo-inositol. No com-
parison was made vs placebo or no treatment.
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Study Reason for exclusion

Shihibara 2007 This is a retrospective, non-randomised comparison between ovulation induction with go-

nadotrophin, with and without metformin.

CC: clomiphene citrate.
FSH: follicle-stimulating hormone.

hMG: human menopausal gonadotropin.

PCOS: polycystic ovary syndrome.

DATA AND ANALYSES

Comparison 1. Metformin versus placebo co-treatment for assisted reproduction

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
1 Live birth rate (per woman) 2 180 0dds Ratio (M-H, Random, 2.31[1.23,4.34]
95% Cl)
2 Multiple pregnancy rate (per 4 232 0Odds Ratio (M-H, Fixed, 95% 0.55[0.15, 1.95]
woman) Cl)
3 0ngoing pregnancy rate (per 4 232 0Odds Ratio (M-H, Fixed, 95% 2.46 [1.36, 4.46]
woman) Cl)
4 Clinical pregnancy rate 5 264 0dds Ratio (M-H, Fixed, 95% 2.51[1.46,4.31]
Cl)
5 Miscarriage rate (per clinical 3 84 0Odds Ratio (M-H, Fixed, 95% 0.62[0.19, 2.01]
pregnancy) Cl)
6 Ovulation rate (per started cycle) 3 0Odds Ratio (M-H, Fixed, 95% Totals not selected
Cl)
7 OHSS rate (per woman) 2 180 0Odds Ratio (M-H, Fixed, 95% 0.32[0.01, 8.23]
cl)
8 Cycle cancellation rate (per start- 4 0dds Ratio (M-H, Fixed, 95% Totals not selected
ed cycle) Cl)
9 Adverse effects 2 90 0Odds Ratio (M-H, Fixed, 95% 1.78[0.39, 8.09]
Cl)
10 FSH dose per cycle 4 Mean Difference (IV, Random, Totals not selected
95% Cl)
11 Duration of stimulation days 5 Mean Difference (IV, Random, Totals not selected

per cycle

95% Cl)
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Analysis 1.1. Comparison 1 Metformin versus placebo co-treatment
for assisted reproduction, Outcome 1 Live birth rate (per woman).

Study or subgroup metformin placebo 0dds Ratio Weight 0dds Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Palomba 2005 17/35 12/35 ——— 42.81% 1.81[0.69,4.74]
Begum 2013 24/55 12/55 —— 57.19% 2.77[1.21,6.38]
Total (95% CI) 20 20 L 100% 2.31[1.23,4.34]
Total events: 41 (metformin), 24 (placebo)
Heterogeneity: Tau?=0; Chi*=0.43, df=1(P=0.51); 1>=0%
Test for overall effect: Z=2.61(P=0.01)

Increased in controls ~ 0-01 0.1 1 10 100 |ncreased in metformin

Analysis 1.2. Comparison 1 Metformin versus placebo co-treatment for
assisted reproduction, Outcome 2 Multiple pregnancy rate (per woman).

Study or subgroup Increased placebo 0dds Ratio Weight 0dds Ratio
in controls
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Begum 2013 1/55 0/55 ———— 7.31% 3.06[0.12,76.64]
Palomba 2005 2/35 5/35 —B— 70.82% 0.36[0.07,2.02]
Tasdemir 2004 0/16 1/16 —_— 21.87% 0.31[0.01,8.28]
Van Santbrink 2005 0/11 0/9 Not estimable
Total (95% Cl) 117 115 P 100% 0.55[0.15,1.95]
Total events: 3 (Increased in controls), 6 (placebo)
Heterogeneity: Tau?=0; Chi*=1.43, df=2(P=0.49); 1>=0%
Test for overall effect: Z=0.93(P=0.35)

Increased in controls ~ 0-001 0.1 1 10 1000 |ncreased in metformin

Analysis 1.3. Comparison 1 Metformin versus placebo co-treatment for
assisted reproduction, Outcome 3 Ongoing pregnancy rate (per woman).

Study or subgroup Metformin Placebo 0dds Ratio Weight 0dds Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Begum 2013 24/55 12/55 —— 47.7% 2.77[1.21,6.38]
Palomba 2005 17/35 12/35 - 43.52% 1.81[0.69,4.74]
Van Santbrink 2005 2/11 0/9 3.05% 5[0.21,118.65]
Yarali 2002 3/16 1/16 R I S— 5.73% 3.46[0.32,37.47]

Total (95% Cl) 117 115 0 100% 2.46[1.36,4.46]
Total events: 46 (Metformin), 25 (Placebo)
Heterogeneity: Tau?=0; Chi*=0.74, df=3(P=0.86); 1>=0%
Test for overall effect: Z=2.97(P=0)
Increased in controls 0.01 0.1 1 10 100 Increased in metformin
Metformin during ovulation induction with gonadotrophins followed by timed intercourse or intrauterine insemination for subfertility 28

associated with polycystic ovary syndrome (Review)
Copyright © 2017 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
Analysis 1.4. Comparison 1 Metformin versus placebo co-treatment
for assisted reproduction, Outcome 4 Clinical pregnhancy 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
Begum 2013 29/55 16/55 —— 44.66% 2.72[1.24,5.97]
Palomba 2005 18/35 14/35 —— 40.15% 1.59[0.62,4.09]
Tasdemir 2004 4/16 2/16 I s — 8.86% 2.33[0.36,15.05]
Van Santbrink 2005 3/11 0/9 2.28% 7.82[0.35,174.42]
Yarali 2002 5/16 1/16 o E— 4.06% 6.82[0.69,66.9]
Total (95% CI) 133 131 <o 100% 2.51[1.46,4.31]
Total events: 59 (metformin), 33 (placebo)
Heterogeneity: Tau?=0; Chi*=2.19, df=4(P=0.7); I>=0%
Test for overall effect: Z=3.34(P=0)
Increased in controls ~ 0-005 0.1 1 10 200 |ncreased in metformin

Analysis 1.5. Comparison 1 Metformin versus placebo co-treatment for
assisted reproduction, Outcome 5 Miscarriage rate (per clinical 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
Begum 2013 5/30 4/16 —B— 62.92% 0.6[0.14,2.65]
Palomba 2005 1/18 2/14 —_— 30.75% 0.35[0.03,4.35]
Yarali 2002 2/5 0/1 6.33% 2.14[0.06,77.54]
Total (95% CI) 53 31 e 100% 0.62[0.19,2.01]
Total events: 8 (metformin), 6 (placebo)
Heterogeneity: Tau?=0; Chi*=0.65, df=2(P=0.72); 1>=0%
Test for overall effect: Z=0.79(P=0.43)

Increased in controls 001 0.1 1 10 100 Increased in metformin

Analysis 1.6. Comparison 1 Metformin versus placebo co-treatment for
assisted reproduction, Outcome 6 Ovulation rate (per started cycle).

Study or subgroup metformin placebo 0dds Ratio 0dds Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Palomba 2005 74/85 71/87 —_1— 1.52[0.66,3.49]
Van Santbrink 2005 8/10 77 0.23[0.01,5.51]
Yarali 2002 9/10 11/15 R s e— 3.27[0.31,34.72]
Increased in controls 0.01 0.1 1 10 100 Increased in metformin
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Analysis 1.7. Comparison 1 Metformin versus placebo co-treatment
for assisted reproduction, Outcome 7 OHSS rate (per woman).
Study or subgroup metformin placebo 0dds Ratio Weight 0dds Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Begum 2013 0/55 0/55 Not estimable
Palomba 2005 0/35 1/35 - B 100% 0.32(0.01,8.23]
Total (95% Cl) 20 20 e 100% 0.32[0.01,8.23]
Total events: 0 (metformin), 1 (placebo)
Heterogeneity: Not applicable
Test for overall effect: Z=0.68(P=0.49)
Increased in controls ~ 0-001 0.1 1 10 1000 |ncreased in metformin

Analysis 1.8. Comparison 1 Metformin versus placebo co-treatment for
assisted reproduction, Outcome 8 Cycle cancellation rate (per started cycle).

Study or subgroup metformin placebo 0dds Ratio 0dds Ratio
n/N n/N M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Begum 2013 6/213 14/276 — 0.54[0.2,1.44]
Palomba 2005 7/85 14/87 — 0.47[0.18,1.22]
Tasdemir 2004 1/16 4/16 —_—t 0.2[0.02,2.03]
Van Santbrink 2005 2/10 0/7 4.41[0.18,107.28]
Increased in metformin 0.01 0.1 1 10 100 Increased in controls
Analysis 1.9. Comparison 1 Metformin versus placebo co-
treatment for assisted reproduction, Outcome 9 Adverse effects.

Study or subgroup metformin placebo 0dds Ratio Weight 0dds Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Palomba 2005 5/35 3/35 o= 100% 1.78[0.39,8.09]
Van Santbrink 2005 0/11 0/9 Not estimable
Total (95% Cl) 46 44 ’ 100% 1.78[0.39,8.09]
Total events: 5 (metformin), 3 (placebo)
Heterogeneity: Tau?=0; Chi*=0, df=0(P<0.0001); 1>=100%
Test for overall effect: Z=0.74(P=0.46)

Increased in controls 001 0.1 1 10 100 |ncreased in metformin

Analysis 1.10. Comparison 1 Metformin versus placebo co-
treatment for assisted reproduction, Outcome 10 FSH dose per cycle.

Study or subgroup metformin placebo Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
Van Santbrink 2005 11 950 (397.4) 9 3238 (585.8) < -2288[-2737.02,-1838.98]
Yarali 2002 10 1607.8 (887.1) 15 2062.5(1397.1) 4 -454.7[-1350.34,440.94]
Tasdemir 2004 16 1050.3 (75.1) 16 1475.1 (150.4) —+ -424.8[-507.17,-342.43]
Increased in controls  -1000  -500 0 500 1000 |ncreased in metformin
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Study or subgroup metformin placebo Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
Palomba 2005 85 1117.5(300) 87 945 (210) —+ 172.5[94.95,250.05]
Increased in controls  -1000  -500 0 500 1000 |ncreased in metformin

Analysis 1.11. Comparison 1 Metformin versus placebo co-treatment for
assisted reproduction, Outcome 11 Duration of stimulation days per cycle.

Study or subgroup metformin placebo Mean Difference Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
Begum 2013 55 14.1(1.7) 55 16.1(2.4) + -1.99[-2.75,-1.23]
Palomba 2005 85 15.6 (4.1) 87 12.6 (2.9) + 3[1.94,4.06]
Tasdemir 2004 16 11.2(3.3) 16 15.5 (3.4) — -4.3[-6.62,-1.98]
Van Santbrink 2005 10 15(5.1) 7 33(5.7) — -18[-23.27,-12.73]
Yarali 2002 10 17.1(7.8) 15 19.7(10.8) —_—tT -2.6[-9.9,4.7]

Increased in controls 20 -10 0 10 20 Increased in metformin

APPENDICES

Appendix 1. CGF search strategy

Gynaecology and Fertility group specialised register
PROCITE Platform
From inception until 8 June 2016

Keywords CONTAINS "polycystic ovary morphology" or "polycystic ovary syndrome" or "PCOS" or "anovulation" or "Oligo-amenorrhea"
or "oligo-ovulation" or "oligo-ovulatory" or "oligoamenorrhea" or "oligoanovulatory" or "oligohypomenorrhea" or "Amenorrhea" or
"amenorrhea-outcome" or "amenorrhoea" or Title CONTAINS "polycystic ovary morphology" or "polycystic ovary syndrome" or "PCOS"
or "anovulation" or "Oligo-amenorrhea" or "oligo-ovulation" or "oligo-ovulatory" or "oligoamenorrhea" or "oligoanovulatory" or
"oligohypomenorrhea" or "Amenorrhea" or "amenorrhea-outcome" or "amenorrhoea"

AND
Keywords CONTAINS "metformin" or "glucophage" or Title CONTAINS "metformin" or "glucophage"

AND

Keywords CONTAINS "superovulation" or "superovulation induction" or "IUI" or "insemination, intrauterine " or "Intrauterine
Insemination" or "ART" or "artificial insemination" or "assisted reproduction techniques" or "subfertility-Female" or "subfertility" or
"anovulation" or "infertile"or "infertility" or "ovulation" or "timed intercourse" or "intercourse" or "ovulation induction" or "ovulation
stimulation" or "Ovarian hyperstimulation syndrome" or "ovarian hyperstimulation" or "ovarian response" or "ovarian responsiveness"
or "pregnancy" or "Ovarian stimulation" or "ovarian stimulation syndrome" or "controlled ovarian hyperstimulation" or "controlled
ovarian stimulation" or "COH" or "COH IUI" or Title CONTAINS "superovulation" or "superovulation induction" or "IUI" or "insemination,
intrauterine " or "Intrauterine Insemination" or "ART" or "artificial insemination" or "assisted reproduction techniques" or "subfertility-
Female" or "subfertility" or "anovulation" or "infertile" or "infertility" or "pregnancy"

(192 hits)

Appendix 2. CENTRAL CRSO search strategy
Web platform

From inception until 8 June 2016
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#1 MESH DESCRIPTOR Polycystic Ovary Syndrome EXPLODE ALL TREES 857
#2 (Polycystic Ovar*):TI,AB,KY 1599

#3 PCOS:TI,AB,KY 1212

#4 (stein-leventhal or leventhal):TI,AB,KY 15

#5 PCOD:TI,AB,KY 24

#6 anovulat™:TI,AB,KY 435

#7 MESH DESCRIPTOR Anovulation EXPLODE ALL TREES 110

#8 (oligo ovulat*):TI,AB,KY 10

#9 oligoovulat™:TI,AB,KY 4

#10 #1 OR#2 OR #3 OR#4 OR #5 OR #6 OR #7 OR #8 OR #9 1996

#11 MESH DESCRIPTOR Metformin EXPLODE ALL TREES 1702

#12 (dimethylbiguanidium or dimethylguanylguanidine or glucophage or glucovance):TI,AB,KY 36
#13 Metformin:TI,AB,KY 4034

#14 #11 OR#12 OR #13 4035

#15#10 AND #14 561

#16 MESH DESCRIPTOR Ovulation Induction EXPLODE ALL TREES 1119

#17 ovulat™:TI,AB,KY 2819

#18 (ovar* respons*):TI,AB,KY 393

#19 MESH DESCRIPTOR Infertility, Female EXPLODE ALL TREES 1025

#20 fertility:TI,AB,KY 1636

#21 (infertil* or subfertil*):T1,AB,KY 3976

#22 (ovarian hyperstimulation syndrome):TI,AB,KY 381

#23 MESH DESCRIPTOR Ovarian Hyperstimulation Syndrome EXPLODE ALL TREES 161
#24 pregnancy:T1,AB,KY 24768

#25 (ovarian stimulation):TI,AB,KY 1072

#26 intercourse:TI,AB,KY 1364

#27 (intrauterine insemination):TI,AB,KY 581

#28 IUI:TIAB,KY 457

#29 (artificial insemination):TI,AB,KY 166

#30 #16 OR#17 OR #18 OR #19 OR #20 OR #21 OR #22 OR #23 OR #24 OR #25 OR #26 OR #27 OR #28 OR #29 29173
#31 #15 AND #30 277

Appendix 3. MEDLINE search strategy

Database: Ovid MEDLINE(R) Epub Ahead of Print, In Process & Other Non-Indexed Citations, Ovid MEDLINE (R) Daily, and Ovid MEDLINE
(R) 1946-Present

From inception until 8 June 2016

1 exp Polycystic Ovary Syndrome/ (11492)
2 Polycystic Ovar$.tw. (12559)

3 PCOS.tw. (7815)

4 (stein-leventhal or leventhal).tw. (708)
5PCOD.tw. (271)

6 (ovar$ adj degeneration).tw. (44)

7 (sclerocystic adj ovar$).tw. (98)

8 anovulat$.tw. (4936)

9 exp Anovulation/ (2063)

10 oligo ovulat$.tw. (77)

11 oligoovulat$.tw. (49)

12 or/1-11 (19239)

13 exp Metformin/ (9039)

14 (dimethylbiguanidium or dimethylguanylguanidine or glucophage or glucovance).tw. (120)
15 Metformin.tw. (12783)

16 or/13-15 (14306)

17 16 and 12 (1342)

18 exp Ovulation Induction/ (11272)

19 ovulat$.tw. (34281)

20 ovar$ respons$.tw. (2249)

21 exp Infertility, Female/ (25439)

22 fertility.tw. (61511)

23 infertil$.tw. (48621)

24 ovarian hyperstimulation syndrome.tw. (2276)
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25 pregnancy.tw. (313830)

26 ovarian stimulation.tw. (4552)

27 intercourse.tw. (16667)

28 intrauterine insemination.tw. (1974)

29 1ULtw. (1380)

30 artificial insemination.tw. (5535)

31 0r/18-30 (445218)

3217 and 31 (708)

33 randomized controlled trial.pt. (420633)
34 controlled clinical trial.pt. (90997)

35 randomized.ab. (358562)

36 randomised.ab. (70923)

37 placebo.tw. (178464)

38 clinical trials as topic.sh. (177470)

39 randomly.ab. (256508)

40 trial.ti. (156075)

41 (crossover or cross-over or cross over).tw. (69484)
42 or/33-41 (1090726)

43 exp animals/ not humans.sh. (4260951)
44 42 not 43 (1005502)

4532 and 44 (293)

Appendix 4. Embase search strategy
OVID platform

From inception until 8 June 2016

1 exp ovary polycystic disease/ (19944)

2 Polycystic Ovar$.tw. (16539)

3 PCOS.tw. (11206)

4 (stein-leventhal or leventhal).tw. (696)

5 PCOD.tw. (340)

6 (ovar$ adj degeneration).tw. (41)

7 (sclerocystic adj ovar$).tw. (95)

8 anovulat$.tw. (5539)

9 exp Anovulation/ (4387)

10 oligo ovulat$.tw. (87)

11 oligoovulat$.tw. (68)

12 or/1-11 (27471)

13 exp Metformin/ (42485)

14 (dimethylbiguanidium or dimethylguanylguanidine or glucophage or glucovance).tw. (1609)
15 Metformin.tw. (21275)

16 or/13-15 (43864)

17 12 and 16 (3173)

18 exp ovulation induction/ (11594)

19 ovulat$.tw. (35504)

20 ovar$ respons$.tw. (3127)

21 exp female infertility/ or exp infertility therapy/ (114547)
22 fertility.tw. (69709)

23 infertil$.tw. (63999)

24 ovarian hyperstimulation syndrome.tw. (3104)
25 pregnancy.tw. (375837)

26 ovarian stimulation.tw. (7035)

27 intercourse.tw. (19759)

28 intrauterine insemination.tw. (2802)
29 1ULLtw. (2382)

30 artificial insemination.tw. (5181)

31 or/18-30 (560584)

3217 and 31 (1768)

33 Clinical Trial/ (858094)

34 Randomized Controlled Trial/ (404847)
35 exp randomization/ (70570)
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36 Single Blind Procedure/ (22197)

37 Double Blind Procedure/ (128704)
38 Crossover Procedure/ (47202)

39 Placebo/ (275451)

40 Randomi?ed controlled trial$.tw. (136119)
41 Ret.tw. (20323)

42 random allocation.tw. (1528)

43 randomly allocated.tw. (24807)

44 allocated randomly.tw. (2113)

45 (allocated adj2 random).tw. (757)

46 Single blind$.tw. (17385)

47 Double blind$.tw. (162039)

48 ((treble or triple) adj blind$).tw. (555)
49 placebo$.tw. (232908)

50 prospective study/ (334857)

51 or/33-50 (1574988)

52 case study/ (37932)

53 case report.tw. (305862)

54 abstract report/ or letter/ (961247)
55 or/52-54 (1298029)

56 51 not 55 (1533942)

57 (exp animal/ or animal.hw. or nonhuman/) not (exp human/ or human cell/ or (human or humans).ti.) (5531185)
58 56 not 57 (1474848)

5932 and 58 (759)

Appendix 5. PsycINFO search strategy
OVID platform

From inception until 8 June 2016

1 exp Endocrine Disorders/ (17257)
2 Polycystic OvarS$.tw. (319)

3 PCOS.tw. (201)

4 (stein-leventhal or leventhal).tw. (268)
5 PCOD.tw. (5)

6 (sclerocystic adj ovar$).tw. (1)

7 anovulat$.tw. (137)

8 or/1-7 (17809)

9 Metformin.tw. (308)

10 glucophage.tw. (1)

119 or 10 (308)

128and 11 (112)

13 exp Ovulation/ (334)

14 ovulatS.tw. (1378)

15 ovar$ responsS.tw. (5)

16 fertility.tw. (5905)

17 infertil$.tw. (2892)

18 ovarian hyperstimulation syndrome.tw. (4)
19 pregnancy.tw. (30627)

20 ovarian stimulation.tw. (17)

21 intercourse.tw. (8237)

22 intrauterine insemination.tw. (19)
23 1ULtw. (28)

24 artificial insemination.tw. (239)
25 or/13-24 (46095)

26 12 and 25 (7)

Appendix 6. CINAHL search strategy
EBSCO platform

From inception until 8 June 2016
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# Query Results
S46 S33 AND S45 74
S45 S34 OR S35 OR S36 OR S37 OR S38 OR S39 OR S40 OR S41 OR S42 OR S43 OR 942,089
S44
S44 TX allocat* random* 4,203
S43 (MH "Quantitative Studies") 13,027
S42 (MH "Placebos") 9,083
S41 TX placebo* 33,240
S40 TXrandom* allocat* 4,203
S39 (MH "Random Assignment") 38,641
S38 TX randomi* control* trial* 83,441
S37 TX ((singl* n1 blind*) or (singl* n1 mask*) ) or TX ( (doubl* n1 blind*) or (dou- 754,151
bl* n1 mask*)) or TX ( (tripl* n1 blind*) or (tripl* n1 mask*) ) or TX ( (trebl* n1
blind*) or (trebl* n1 mask*))
S36 TX clinic* n1 trial* 169,477
S35 PT Clinical trial 77,334
S34 (MH "Clinical Trials+") 183,704
S33 S18 AND S32 167
S32 S19 OR S20 OR S21 OR S22 OR S23 OR S24 OR S25 OR S26 OR S27 OR S28 OR 145,671
S29 OR S30 OR S31
S31 TX artificial insemination 448
S30 TX Ul 78
S29 TX intrauterine insemination 146
S28 TXintercourse 3,690
S27 TX ovarian stimulation 206
S26 TX pregnancy 134,106
S25 TX ovarian hyperstimulation syndrome 247
S24 TX infertil* 7,277
S23 TX fertility 6,780
S22 (MM "Infertility") 3,645
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(Continued)
S21 TX ovar® N2 respons* 117
S20 TX ovulat* 1,529
S19 (MM "Ovulation Induction") 236
S18 S13 AND S17 291
S17 S14 ORS150R S16 3,962
S16 TX(dimethylbiguanidium or dimethylguanylguanidine or glucophage or gluco- 43
vance)
S15 TX Metformin 3,951
S14 (MM "Metformin") 1,630
S13 S1ORS20ORS3 0ORS40RS50RS60RS7ORS80RS90RS100RS110RS12 2,765
S12 TX oligoovulat* 7
S11 TX (oligo ovulat®) 3
S10 (MM "Anovulation") 84
S9 TX anovulat* 350
S8 TX (sclerocystic N2 ovar*) 1
S7 TX (sclerocystic N2 ovar*) 0
S6 TX (ovar* N2 degeneration) 4
S5 TXPCOD 13
S4 TX (stein-leventhal or leventhal) 628
S3 TXPCOS 652
S2 TX (Polycystic Ovar*) 1,905
S1 (MM "Polycystic Ovary Syndrome") 1,217

Appendix 7. General search terms for other databases

PCOS, metformin, ovulation induction, FSH, CC resistance

Appendix 8. Search terms for the WHO portal and clinicaltrials.gov
PCOS and metformin - no ongoing trials were found

HISTORY

Protocol first published: Issue 5,2011
Review first published: Issue 1,2017
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Date Event Description

12 July 2016 New search has been performed We performed a new search.
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MC and LT proposed developing a Cochrane review on this topic and developed the title. MvW and MN developed and wrote the draft of
the protocol and the intended methods of the review. All review authors agreed and helped to respond to peer reviewers' comments on
the protocol.

EB, MvW and MN performed literature searches for the review, selected relevant trials, procured data and information about studies,
assessed validity and checked data extracted for each trial; these review authors entered all study information, data and text into RevMan;
performed analyses; wrote the abstract, background, methods, results and conclusion sections of the review; and approved the final
version.

MC, FV, LT and BM took part in writing the abstract, background, methods, results and conclusion sections of the review and approved
the final version.
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DIFFERENCES BETWEEN PROTOCOL AND REVIEW

In the protocol, review authors planned to pool process outcomes. However, as all data were reported per cycle, we could not pool results.
We provided data on ovulation rate per started cycle, cycle cancellation rate per started cycle, mean duration of stimulation days per cycle
and FSH dose per cycle per study without pooling.

In the protocol, review authors intended to pool ongoing pregnancy and live birth rates when an ongoing pregnancy was defined as
pregnancy of at least 20 weeks' gestation. However, we defined ongoing pregnancy as a pregnancy of at least 12 weeks' gestation. We
present both live birth and ongoing pregnancy data.

We adjusted protocol search strategies and refined them for the review.

After receiving referee comments, we decided to make multiple pregnancy the primary safety outcome. Nowadays, OHSS is a rare event
that follows ovulation induction with gonadotrophins in PCOS. Ovulation induction with gonadotrophins is always monitored.

We decided to use the term 'gonadotrophins' rather than 'FSH', as ovulation induction is also possible with HP-HMG. FSH is present in
recombinant FSH, in urinary-derived highly purified FSH and in highly purified human menopausal gonadotrophins. These FSH-containing
gonadotrophins are usually referred to as gonadotrophins.
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NOTES

None.
INDEX TERMS

Medical Subject Headings (MeSH)

*Coitus; Combined Modality Therapy [methods]; Drug Therapy, Combination [methods]; Fertility Agents, Female [*therapeutic use];
Fertilization in Vitro [*methods]; Follicle Stimulating Hormone [*therapeutic use]; Gonadotropins [therapeutic use]; Infertility,
Female [etiology] [*therapy]; Live Birth; Metformin [*therapeutic use]; Ovulation Induction [*methods]; Polycystic Ovary Syndrome
[*complications]; Pregnancy Outcome; Pregnancy Rate; Pregnancy, Multiple; Randomized Controlled Trials as Topic

MeSH check words

Female; Humans; Pregnancy
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