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Abstract

Reproductive health is an important domain of women’s health care and broadly 
encompasses conditions which impact fertility, conception or birth of a healthy infant. 
Although numerous factors or conditions are associated with infertility, polycystic 
ovary disease is a well recognised cause. In this regard, metformin which belongs to 
the biguanide group of drugs and is commonly used as first line treatment in type 2 
diabetes has also been commonly employed in the management of infertile women 
with PCOS with beneficial results. This review examines the evidence base of the utility 
of metformin in PCOS on ovulation and reproductive outcomes and discusses its role in 
different aspects of management and in future research. 

Special Issue on 
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INTRODUCTION
Reproductive health broadly relates to healthy functioning 

of male and female reproductive systems and the investigation 
and treatment of diseases or conditions which impact fertility, 
conception or a healthy live birth [1-3].

Infertility is defined as ‘a disease of the reproductive system 
from failure to achieve a clinical pregnancy after 12 months or 
more of regular, unprotected sexual intercourse’ [4]. Infertility 
can be unexplained though common causal factors include 
ovulatory dysfunction, tubular or uterine pathology, declining 
age and/or due to the “male” factor. For couples seeking 
conception, infertility can present with devastating consequences 
including depression, feelings of inadequacy and low self-esteem, 
breakdown of relationships and in certain cultures is associated 
with stigma and social ostracism [5].

The global prevalence of infertility observed over the last 
decade was estimated at approximately 9%, with nearly two 
third of couples seeking advice on conception [6]. Recent trends 
in infertility indicate that both levels of primary infertility 
(unable to have a single first live birth), and secondary infertility 
(with a previous live birth and unable to have an additional live 
birth) have hardly changed [7]. In recent years, reproductive 
health has increasingly been recognised as a priority of women’s 
health care and adopted as one of the United Nations Millennium 
Development Goals to enable women to avail universal access to 
reproductive health by 2015[8].

In nearly a third of women attending infertility clinics, 
anovulatory infertility acounts for a majority of cases.  Polycystic 
ovary syndrome (PCOS) is the underlying cause in nearly 
three quarter of  women with anovulatory cycles [9]. It affects 
approximately 6-10% of women at their reproductive age and 
higher prevalence rates of up to 28% have been observed in 

overweight and obese women [10-13]. The beneficial effects of 
metformin, a commonly used anti-diabetic agent in women with 
PCOS was first proposed in 1994 [14]. Velazquez and colleagues 
showed that metformin can reverse metabolic abnormalities 
of hyperinsulinemia and gonadotrophin secretion and thereby 
regularise menstrual cycles, improve fertility and spontaneous 
pregnancy [14]. Since then numerous studies, both retrospective 
and randomised controlled trials exploring the role and efficacy 
of metformin in women with PCOS have been conducted.

The aim of this review is to look at the available evidence on 
the utility of metformin therapy on reproduction with a focus on 
its role in the management of women with PCOS.

PCOS 
PCOS is a heterogenous disorder characterised by chronic 

anovulation or oligo-ovulation, irregular menstrual cycles, 
androgen excess manifest by hirsutism, acne, alopecia and 
polycystic ovaries detected on ultrasonography [15]. Biochemical 
features include raised concentrations of luteinising hormone 
(LH), low or normal concentrations of follicle stimulating hormone 
(FSH) and raised levels of testosterone and androstenedione 
[16]. Elevated LH concentrations of >10 IU/l are often associated 
with infertility and raised serum testosterone is often associated 
with an increased risk of hirsutism, infertility and menstrual 
cycle disturbance [16]. Obesity is a common association and may 
correlate with increased rates of infertility and menstrual cycle 
irregularities [16]. 

PCOS and insulin resistance

Insulin resistance is a common underlying pathophysiological 
abnormality in PCOS and predisposes individuals to an increased 
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risk of impaired glucose tolerance, type 2 diabetes mellitus and 
cardiovascular events [17-19]. Although insulin resistance is 
closely linked to obese or overweight patients with PCOS, it may 
be independent of obesity and changes in body composition [20-
22].

The presence of insulin resistance with compensatory 
hyperinsulinemia plays an important role in androgen excess and 
anovulation [23,24]. Hyperinsulinemia has a dual fold effect on 
increasing free serum testosterone levels- firstly, insulin activates 
its homologous receptor and stimulates ovarian androgenesis 
and secondly, by reducing serum SHBG levels it increases tissue 
availability of circulating testosterone particularly affecting 
obese women with PCOS [25-28]. 

Multiple putative mechanisms of hyperinsulinemia 
responsible for anovulation in PCOS have been postulated. Insulin 
exerts a modulatory effect on the action of gonadotrophins 
on granulosa cells in the ovaries [29], enhances the effects of 
LH on theca interna cells of the ovary resulting in increased 
steroidogenesis [30] and increases ovarian cytochrome P450C17α 
thereby resulting in excessive ovarian androgen production [31]. 
Furthermore, in the presence of hyperandrogenism or altered 
gonadotrophic activity, follicular abnormalities and alterations 
in the normal intra-ovarian milieu result in anovulation [18,32]. 
Knowledge of these mechanisms are therefore important 
since therapies directed at lowering insulin resistance and 
hyperinsulinemia can reduce hyperandrogenism [31,33-35].

Menstrual cycle irregularities in women with PCOS may be 
associated with insulin resistance and is a phenotypic marker of 
hyperandrogenism [36]. In a recent study, Panadis and colleagues 
showed that insulin resistance and hyperandrogenemia were 
more marked in ammenorrhoeic patients whereas markers 
of insulin resistance were less pronounced in those reporting 
oligomenorrhoea or regular menstrual cycles [37]. 

Few studies have examined the effects of insulin resistance on 
reproductive capacity in PCOS [19,38-40]. Insulin concentration 
in follicular fluid determined from oocytes at assisted 
reproduction from women with a negative pregnancy outcome 
have shown significantly high levels suggesting that underlying 
insulin resistance and hyperinsulinaemia affects the reproductive 
process [40]. Defects in local insulin signalling pathways can also 
affect endometrial function in hyperinsulinemic women with 
PCOS [39].

In summary, insulin resistance has a major influence 
on numerous factors which impact reproductive function. 
Interventions which lower circulating insulin levels or improve 
insulin sensitivity therefore have the potential to offer therapeutic 
success in women with PCOS seeking conception [28,41-43].

METFORMIN
Metformin is an oral antidiabetic drug commonly used in the 

treatment of individuals with type 2 diabetes. Its role in women 
with PCOS is primarily a function of reducing insulin resistance 
and has also been employed with other ovulation induction 
regimen.

Mechanism of action

Metformin (dimethylbiguanide) belongs to the biguanide 
group of drugs which was first discovered in 1957 [44]. Its 

mechanism of action includes reduced intestinal absorption of 
glucose, improved insulin sensitivity in the liver and muscle by 
inhibiting gluconeogenesis in the liver and increasing uptake and 
utilisation of glucose in muscle cells [45]. Metformin stimulates 
AMP-activated kinase (AMPK), a key enzyme of glucose and 
energy regulation. AMPK enhances cellular uptake of glucose, 
fatty acid oxidation and regulates glucose transporter 4 (GLUT4) 
which are important metabolic processes involved with energy 
uptake [46]. Stimulation of AMPK therefore ameliorates 
hyperinsulinaemia induced insulin resistance [47]. Ovulation 
induction with metformin may be due to a direct effect on ovarian 
tissue [48]. Studies have shown that metformin has an inhibitory 
effect on androgen production but results from studies have been 
conflicting [49-51]. 

Administration, dosing and side effects

Metformin is usually commenced at 500 mg a day at meal 
time to minimize gastrointestinal side effects. Depending on 
tolerability, the dose can be increased to 500 mg a day a week up 
to a maximum recommended dose of 1000 mg taken twice daily. 
Diet and regular exercise are generally advised. Common side 
effects with metformin include dyspepsia, abdominal cramps, 
diarrhoea or constipation. These effects are reversible with 
stopping therapy and are usually minimised by gradual titration 
of dosage and administration with or after a meal [45]. Metformin 
does not cause hypoglycaemia and lactic acidosis is rare [45]. It 
is contraindicated in renal impairment with an estimated GFR of 
less than 30 ml/min//1.73m2, hepatic dysfunction and severe 
congestive heart failure. Metformin is safe for use in pregnancy 
[52].

Effects on weight

The effects of metformin on weight loss has been examined 
in a recent meta-analysis of studies comparing insulin sensitizing 
drugs to lifestyle or diet modification [53]. Treatment with 
metformin significantly reduced body mass index (BMI) and 
the effect was greater with maximal dose (>1500 mg/day) and 
longer duration of treatment (>8 weeks). Long term treatment 
has also shown sustained effects on weight loss [54].

Effects on Insulin Sensitivity

Early proof of concept experiments in PCOS women indicate 
that metformin improves insulin-stimulated glucose utilization 
resulting in improved insulin sensitivity [14,55]. Studies in 
morbidly obese, nondiabetic subjects with BMI > 30 have shown  
reductions in fasting insulin, weight and centripetal obesity 
[56]. Activation of AMPK and control of lipid metabolism have 
recently been postulated to also influence its insulin sensitising 
mechanism of action [57,58].

Effects on ovulation

Various treatment options such as weight loss, therapeutic 
agents such as clomiphene citrate (an ovulation inducing drug) 
and assisted reproductive techniques have been used to induce 
ovulation to improve fertility in women with PCOS. Recent 
practice based guidelines issued by the Endocrine Society and 
European Society of Endocrinology suggest that clomiphene 
is the preferred first line drug in the management of ovulation 
related infertility in women with PCOS [59].

Observational studies and randomised controlled trials 
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evaluating the benefits of metformin on ovulation have reported 
disparate results [60-62]. The first systematic review and 
meta-analysis of available evidence was published by Lord and 
colleagues in 2003 [63]. Metformin was effective in achieving 
ovulation in women with PCOS with an odds ratios of 3.88 (95% 
confidence interval (CI); 2.25 - 6.69) compared to placebo and 
combination of metformin and clomifene with an odds ratio of 
4.41 (CI; 2.37 - 8.22) compared to clomifene therapy. Furthermore, 
metformin treatment induced ovulation in 46% women with 
PCOS versus 24% in the placebo arm. In combination therapy 
with metformin and clomifene, 76% women achieved ovulation 
compared to 42% those on clomifene alone [63].

Tang, reviewed the evidence from a meta-analysis of thirty 
one randomised controlled trials (n= 2537) women with PCOS. 
Metformin compared to placebo or compared to clomiphene, 
improved ovulation and clinical pregnancy with no effect on live 
births [64]. A subsequent review of the evidence which reviewed 
forty four studies (n= 3992), agreed with the results of the 
previous meta-analysis and suggest that metformin may have a 
limited role in improving reproductive outcomes in women with 
PCOS [65].

Emerging trial data indicate that metformin may be useful 
in certain subgroups of women with anovulatory infertility. In 
a meta-analysis of three randomised controlled trials [66-68] 
conducted among non obese women with PCOS and anovulatory 
infertility, both metformin and clomiphene were equi-efficacious 
and suitable as first line ovulation induction agents [69].

Enhancing endometrial implantation with metformin 
in PCOS

A healthy receptive endometrium is important for successful 
implantation of an oocyte. Impedance to blood flow in the 
uterine vasculature and endometrial thickness abnormalities 
can impede endometrial receptivity [70-72] and implicated in 
recurrent pregnancy loss [70]. Metformin improves uterine, sub-
endometrial and endometrial blood flow although this may not 
directly translate to beneficial effects on reproductive outcomes 
[73].

Metformin and IVF

In vitro fertilisation (IVF) is an effective treatment option 
for women with PCOS who do not conceive with conventional 
treatment [74]. Broadly, IVF treatment encompasses hormonal 
stimulation of the ovaries by administration of recombinant FSH 
(r-hFSH), monitoring response to gonadotrophin stimulation, 
oocyte retrieval after HCG stimulation, in vitro fertilization or 
intracytoplasmic sperm injection (ICSI) and embryo transfer 
[75-77]. The earliest report on the role of metformin treatment 
in improving IVF outcomes in women with PCOS resistant 
to clomiphene was reported in a retrospective analysis of 
sixty patients treated in a private IVF unit [78]. Patients 
were administered 1000–1500 mg metformin a day prior to 
gonadotropin stimulation. Mean number of mature oocytes 
and embryos cleaved increased after metformin treatment and 
there were significant improvements in both fertilization and 
clinical pregnancy rates [78]. Metformin also reduces the risk 
of ovarian hyperstimulation which can occur as a complication 
of gonadotrophin administration [79]. In a randomised, double-
blind placebo controlled study among women undergoing 

either IVF or ICSI, metformin treatment commenced three 
months before and continued during the duration of IVF showed 
significant improvements in pregnancy and live birth rates [80]. 
Improvements in the duration of r-hFSH stimulation, number of 
oocytes retrieved, fertilisation rates or embryo quality were not 
significantly affected. Small but significant reductions in weight as 
a result of metformin treatment may have influenced pregnancy 
outcomes in this study. However, a recent systematic review of 
the literature concluded that metformin administration in IVF/
ICSI cycles had no effect on pregnancy or live birth rates [81]. 
Neither the dose of metformin, pretreatment duration or stopping 
time of metformin therapy had any effect on reproductive end 
points. Metformin reduced the risk of ovarian hyperstimulation 
syndrome and of miscarriage while improving the chances 
of implantation (OR 1.42, 95% CI 1.24-2.75) [81]. Further 
randomised trials are much needed to assess the reproductive 
effect of metformin in selected phenotypes of women with PCOS.

Effect of preconceptional metformin on abortion risk 
in PCOS

Individual studies indicate that metformin admistered before 
conception and continued during the entire pregnancy can 
reduce early pregnancy loss [82]. However, a systematic review 
and meta-analysis of randomised controlled trials reviewed up 
to June 2008, concluded that metformin administered prior to 
pregnancy had no effect on early pregnancy loss [83]. 

Metformin and pregnancy
Women with PCOS are more likely to suffer from early 

miscarriages, gestation diabetes and hypertensive states in 
pregnancy [84,85]. The most current updated review on the 
clinical benefits of metformin on pregnancy outcomes from a 
meta-analysis of data from thirty eight randomised controlled 
trials involving 3495 women where metformin was compared 
either with placebo or an ovulation inducing drug in women with 
PCOS, menstrual disturbance and subfertility [64]. Metformin 
improved clinical pregnancy rates but there was no significant 
improvements in live birth rates. However, in a sub group of 
trials conducted with metformin compared to clomiphene as 
monotherapy, there were significant improvements in both 
clinical pregnancy and live birth rates only in the group of obese 
women treated with clomiphene citrate [64].

Although metformin is safe [86], it not routinely indicated 
for use to prevent or reduce pregnancy complications in PCOS 
women who become pregnant. In a randomised control trial 
involving 257 women with PCOS, metformin compared to 
placebo administered from first trimester to delivery did not 
reduce a composite of preeclampsia, gestational diabetes 
mellitus or preterm delivery outcomes [87]. A meta-analysis 
of eight trials which included women with diabetes or PCOS 
exposed to metformin during the first trimester of pregnancy 
showed no increase in risk for major malformations and inferred 
that metformin offers a protective effect [52].

PREDICTORS OF METFORMIN TREATMENT – 
WHO BENEFITS?
Response to phenotype

The response to metformin may be dependent on BMI 
in infertile women with PCOS [88]. Although not a licensed 
indication, guidance from the National Institute of Clinical 
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Excellence (NICE) in the UK recommend that women with PCOS 
and anovulatory cycles who lack response to clomifene citrate and 
with a BMI of >25 kg/m2 should be offered metformin combined 
with clomifene citrate to increase ovulation and pregnancy rates 
[89]. More recent studies suggest that metformin-responders 
are often those with lower BMI [88,90] though, overall trials 
in this regard have yielded conflicting results [66,67,88,91]. A 
systematic review conducted to clarify this clinically important 
question concluded there was insufficient evidence that either 
metformin or clomiphene citrate were more efficacious for 
ovulation, pregnancy, live birth, miscarriage and pregnancy 
outcomes in non obese women (BMI < 32 kg/m2) with PCOS [90].

Response to genotype

Recent developments in pharmacogenomics may provide a 
better understanding of the relationship between response to 
drug therapy influenced by underlying individual genetic makeup. 
In a substudy among 312 women with PCOS randomised to either 
extended release metformin, clomiphene citrate or combination 
treatment to induce ovulation, individuals with polymorphism in 
the STK11 gene exhibited poor response to metformin therapy 
[92]. Furthermore, a study of C and G allele polymorphism of the 
STK11 gene showed that individuals who were GG homozygotes 
showed a more robust metabolic response to metformin therapy 
compared to GC heterozygotes with intermediate response and 
CC homozygotes who demonstrated no response at all [93]. 
Although the clinical impact of these findings needs to be tested 
in larger trials, they provide the impetus for further research in 
this area.

COMBINATION TREATMENT REGIMEN WITH 
METFORMIN
Long versus short course treatment with metformin 
and clomiphene citrate for ovulation induction in 
women with PCOS

Combination treatment with metformin and clomiphene 
has proven efficacy for ovulation induction in women with 
PCOS [63]. Few studies have suggested priming with metformin 
administration for approximately 7-8 weeks prior to clomiphene 
citrate therapy. However, a systematic review of the literature did 
not identify any trials which compared the efficacy of short course 
combination treatment (<4 weeks) to long course treatment (>4 
weeks or more) on ovulation or pregnancy outcomes in women 
with PCOS [94].

Metformin co-administered with gonadotrophins

The clinical efficacy of treating women undergoing IVF was 
evaluated in a retrospective data analysis of women with PCOS, 
with a prior history of resistance to clomiphene citrate therapy 
and who received IVF in a private treatment facility [78]. Among 
forty six women with a total of sixty cycles of IVF embryo 
transfer with intracytoplasmic sperm injection, metformin was 
administered in approximately thirty IVF cycles. Treatment was 
initiated on the first day of the cycle prior to commencement 
of gonadotropins and continued to the day of the pregnancy 
test. Individuals were down-regulated with GnRH-agonist and 
then received recombinant FSH with doses adjusted depending 
on individual response. The results of this study showed that 
adding metformin to assisted reproductive procedures increased 

the mean number of mature oocytes and embryos cleaved. 
Importantly, fertilization and clinical pregnancy rates increased 
suggesting improved outcomes with such a combination 
regimen [78]. Modulation of insulin-like growth factors may be 
one mechanism by which metformin exerts a beneficial effect 
[78,95,96]. The combination of metformin with gonadotrophins 
used for ovulation induction was evaluated in a systematic review 
of available studies designed to estimate reproductive outcomes 
in women with PCOS [97]. The results of this meta-analysis 
concluded that metformin co-administered with gonadotrophins 
was beneficial and improved rates of live birth and pregnancy by 
two fold [97].

CONCLUSION
Metformin is a widely used oral agent for the treatment of 

individuals with type 2 diabetes. Its role in reproductive health 
particularly in women with PCOS is a function of ameliorating 
insulin resistance and has shown efficacy in combination 
with clomiphene citrate, a recommended first line ovulation 
inducing agent. By itself, metformin has a limited role in 
improving pregnancy outcomes. Administration alongside 
assisted reproductive procedures has shown conflicting results 
on pregnancy or live birth rates and as such no immediate 
recommendation can be made regarding its use in IVF/ICSI 
procedures. Although metformin is safe during pregnancy, it not 
indicated to prevent or reduce pregnancy complications in PCOS 
women who become pregnant. Finally, emerging data indicates 
the role of pharmacogenomics in guiding its use in infertile 
women with PCOS.
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