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Abstract

The Polycystic Ovary Syndrome (PCOS) is frequently associated with comor-
bidities such as obesity, reduced glucose tolerance, hypertension, macrovas-
cular disease and dyslipidemia. The Metabolic syndrome occurs in 30% of
women with PCOS. Metformin has increasingly been used in this therapy due
to its effects in reducing insulin resistance. Treatment of PCOS aims to reduce
the symptoms of hyperandrogenism, regularize the menstrual cycle, reduce
metabolic abnormalities, and lower the risk of type 2 diabetes mellitus and of
cardiovascular disease. Additionally it is important to prevent hyperplasia and
endometrial cancer, and to offer contraception to those who do not wish
pregnancy, and to help to induce ovulation to those who do. The effectiveness
of metformin in this treatment is assessed in the light of the current best evi-
dence.
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1. Introduction Methodology and Goals

The polycystic ovary syndrome (PCOS) is an endocrinopathy commonly occur-
ring in reproductive age, affecting up to one in five women, depending on the
population studied and the diagnostic criteria used, and it is the single most
common cause for infertility in women [1] [2].

It is estimated that, worldwide, 105 million women aged between 15 and 49

years are affected by PCOS [3]. However, there are few epidemiologic studies on
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PCOS, especially studies based on population [4].

It was originally described by Stein and Leventhal as an association of ame-
norrhea and polycystic ovaries. Five of the seven original cases displayed hirsut-
ism or acne, and four displayed obesity [5]. Several diagnostic criteria and con-
sensuses have been created over time. Of those, the one that is currently most
widely accepted is the Rotterdam consensus (2004), confirmed by the National
Institute of Health (NIH)-USA (2012). According to the consensus, at least two
of three established criteria are necessary: 1) Oligo- and/or anovulation; 2) Clin-
ical and/or biochemical hyperandrogenism; 3) Polycystic ovaries; as well as the
exclusion of other etiologies with similar clinical manifestation, such as: non-
classic (late-onset) congenital adrenal hyperplasia, androgen-secreting tumors,
thyroid dysfunction, hyperprolactinemia, Cushing’s syndrome, ovarian insuffi-
ciency, hypothalamic amenorrhea, and the use of exogenous androgens [2] [6].

Many women with PCOS display characteristics such as obesity, reduced glu-
cose tolerance, hypertension, macrovascular disease, and dyslipidemia, which are
common in metabolic syndrome [7] [8] [9]. The prevalence of metabolic syndrome
in women with PCOS is approximately 30%, according to several studies [2].

Though the pathophysiology of metabolic syndrome is not clearly defined,
recent evidence has accrued underscoring the role of insulin resistance as the ba-
sis of metabolic syndrome, as is described in the pathophysiology of PCOS [7].

The goal of this paper is to discuss the use of metformin in PCOS, its advan-
tages, side-effects, and benefits in comparison to the standard treatment with
oral contraceptives.

The methodology used was a review of present medical literature in search of
the best available evidence for such treatment. Articles published in the past 10
to 15 years were reviewed in order to develop understanding of current tenden-
cies of therapeutics and of the still-unclear points of treatment options available.
The search was performed in the databases: PUBMED, EMBASE, BIREME,
UPTODATE with “polycystic ovarian syndrome, metformin, oral contraceptive,

fertility and anovulation”.

2. Metformin and Metabolic Syndrome

Women with metabolic syndrome have been demonstrated to display an in-
crease in proinflammatory cytokines produced by the adipose tissue in substan-
tial quantity, such as tumor necrosis factor alpha and interleukin 6, which ap-
pear to compromise the effect of insulin on the cellular uptake of glucose and to
induce endothelial inflammatory response [7].

C reactive protein, a sensitive acute-phase inflammatory marker, has a positive
correlation with insulin resistance, compensatory hyperinsulinemia, and some
manifestations of metabolic syndrome, as well as an independent association with
the risk of coronary artery disease. Thus, associated with visceral fat, insulin resis-
tance appears to result in endothelial dysfunction, vascular damage, oxidative

stress at the endothelial level, and subsequent formation of atheroma plaque [7].
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3. Metformin and the Polycystic Ovary Syndrome

The use of metformin in the treatment of PCOS has been under debate in the
past decade. Most earlier studies indicated that metformin improved hyperinsu-
linemia and hyperandrogenemia and restored ovulatory function, and that its use,
either on its own or combined with clomiphene citrate, could increase ovulation
and pregnancy rates in women with PCOS [6]. Furthermore, nonrandomized
prospective studies suggested that metformin may reduce first-trimester spon-
taneous abortions in women with PCOS. However, more recent large clinical
randomized trials have shown controversial results, with either a beneficial effect
or no effect of metformin on fertility in PCOS [6].

The Endocrine Society have conducted a systematic analysis and published a
consensus on cardiovascular risk assessment and prevention of cardiovascular
disease in women with PCOS. In addition to an increase in triglycerides and a
decrease in high-density lipoproteins (HDL), women with PCOS have increased
low-density lipoprotein (LDL) and non-cholesterol HDL levels, regardless of
BMI. Women with PCOS should have their BMI and blood pressure measured at
each clinic visit and, once PCOS has been diagnosed, a full lipid profile should
be included [6].

Even though hypertension has been an inconsistent finding, women with
PCOS appear to be at a later risk. Although in many studies both systolic and
diastolic blood pressures are normal, in other studies mean arterial pressures
and ambulatory systolic pressures are elevated in women with PCOS in compar-
ison with the controls. Anatomic evidence of early-onset coronary artery disease
and of other vascular diseases in PCOS has been documented through varied
techniques. Increase in carotid artery intima-media thickness, an independent
predictor of cerebrovascular accident and myocardial infarction, has been ob-
served in PCOS compared with control women of similar age. Calcification of
the coronary artery, another marker of atherosclerosis, is more common in
women with PCOS than in controls, even after adjustment for the effects of age
and BMI [6].

4. Therapeutic Approach

Treatment of PCOS aims to reduce the symptoms of hyperandrogenism, regu-
larize the menstrual cycle, reduce metabolic abnormalities, lower the risk of type
2 diabetes mellitus and of cardiovascular disease, prevent hyperplasia and en-
dometrial cancer, and offer contraception to those who do not wish pregnancy
and ovulation induction to those who do [2].

The strategy of lifestyle modification comprising diet associated with regular
physical exercise is essential, particularly for women with central obesity [2] [10]
[11].

As a consequence of lifestyle modification, a reduction of 7% - 10% in body
weight should occur within 6 to 12 months, even though the goal is a reduction

of 10% - 20%. With that, regularization of menses and spontaneous ovulation
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are achieved, as well as improvement of insulin resistance, dyslipidemia, DM2,
depression, and quality of life [2] [12] [13].

The first-line pharmacological treatment is the use of hormonal contraceptive
methods, specifically Combined Oral Hormonal Contraceptives (COCs), in
women with PCOS who do not wish pregnancy, aiming to regularize menses and
improve hirsutism. COCs may also be used as an isolated drug in cases of mild
hirsutism [2] [14].

5. Available Combined Oral Hormonal Contraceptives
(COCs)

Combined Oral Hormonal Contraceptives composed of progestins suppress LH
and consequently reduce the production of ovarian androgens. The estrogenic
fraction of the pill stimulates hepatic production of SHBG, increasing serum an-
drogen binding and reducing the concentration of circulating unbound andro-
gens and their bioactivity. COCs also have an antiproliferative effect on the en-
dometrium [2] [15].

Other hormonal methods may also be used similarly to combined hormonal
contraceptives (vaginal ring, patch, and monthly injectable), or composed only
of progestins (oral, trimonthly injectable, subdermal implant, and intrauterine
device) [2] [14].

In hirsute women, COCs containing neutral progestins or progestins with an-
ti-androgenic activity are the method of choice for treatment. The progestins
that have the most anti-androgenic activity are: cyproterone acetate, followed by
the compounds of chlormadinone acetate, dienogest, drospirenone, nomege-
strol; in addition to those with weak androgenic activity: desogestrel, gestodene,
and norgestimate; and those with androgenic effects, such as levonorgestrel and
norethisterone acetate [2].

Daily doses of ethinylestradiol that are considered low (20 - 35 ug) are suffi-
cient to suppress follicular activity and reduce the symptoms of hyperandrogen-
ism. Therefore, improvement in hirsutism and acne are observed within at least
six months of use of COCs, given that the growth cycle of hair varies greatly in
different areas of the body [2].

Among the antiandrogens, cyproterone acetate can be used in oral-
ly-administered 25 to 50-mg doses, from the 5th to the 14th day; or spironolac-
tone in orally-administered 25 to 100-mg/day doses, both associated with COCs.
Effective contraception is necessary when using antiandrogens, since they can
cause feminization of male fetuses [2] [14].

The benefits of hormonal contraceptives outweigh the risks for the vast ma-
jority of patients with PCOS. However, potentially adverse metabolic and cardi-
ovascular effects are a concern, seeing that the treatment lasts several years.
Therefore, the choice of hormonal methods should be individualized depending
on each patient’s characteristics and on the presence of contraceptive risk fac-

tors, and a detailed screening of possible contraindications should be the basis
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for the decision [2].
In obese women with PCOS, preference should be given to natural COCs,
such as 17-beta estradiol and estradiol valerate, which reduce metabolic effects

when compared to COCs containing ethinylestradiol [2].

6. The Role of Metformin in the Treatment of PCOS

1) Metformin for control of menstrual cycles

Metformin is a potential alternative for regularizing menstrual cycles because
it restores ovulatory menses in approximately 30 to 50 per cent of women with
PCOS [16] [17]. Its capacity to provide endometrial protection is far less
well-established and, consequently considered second-line therapy [18] [19].

When metformin is used, follow-up is suggested to confirm whether ovulatory
cycles have been established. This can be done by measuring luteal phase serum
progesterone or by performing a transvaginal ultrasound [14].

Interest in the use of metformin increased when the role of insulin resistance
in the pathophysiology of the disease was noticed. Metformin is typically the
first-line treatment for patients with type 2 diabetes; its use in pre-diabetes or
PCOS is not approved according to the prescribing information, even though it
is often prescribed for such conditions [20].

Early trials in women with PCOS later showed benefits in weight loss, reduc-
tion of androgens, and restoration of menses in approximately 50% of women
with oligomenorrhea. Early data also suggested the efficacy of metformin for
ovulation induction in women with PCOS. As a consequence, metformin has
been used off-label for many of such indications [16] [17].

2) Mechanism of action and dosage

Metformin is an antihyperglycemic biguanide approved for management of
type 2 diabetes mellitus when hyperglycemia cannot be controlled with lifestyle
modification, e, diet and exercise. Contrary to sulfonylureas, it does not pro-
duce hypoglycemia in normal individuals or in patients with type 2 diabetes
[20].

The main effect of metformin is to reduce the production of hepatic glucose,
therefore reducing the need of insulin secretion; it also reduces intestinal glucose
absorption. Metformin also has an antilipolytic effect that reduces the concen-
tration of free fatty acids, thus lowering gluconeogenesis [18] [19].

Metformin is available in 500-, 850-, and 1000-mg tablets. The target dose is
between 1500 mg and 2000 mg per day. Clinically significant responses are not
regularly observed at doses smaller than 1000 mg per day. Many clinicians start
treatment with 500 mg taken with a meal in order to reduce gastrointestinal side
effects. If tolerated, the dose may be increased to 500 mg at lunch and dinner,
and then to 500 mg at breakfast, lunch, and dinner. There should be one to two
weeks between dosage increases [20].

The most common side effects are gastrointestinal, such as diarrhea, nausea or

vomiting, flatulence, indigestion, and abdominal discomfort. Such symptoms are
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generally mild, transitory, and reversible upon reduction of dosage or discon-
tinuation of the medication [20].

3) Side effects

For women with PCOS who take metformin, we suggest annual monitoring of
B12 deficiency with full blood count and B12 concentration. In addition, they
should be certain to meet the recommended B12 dietary provisions (2.6 mcg for
adults). It is worth noting that metformin reduces intestinal absorption of vita-
min B12 in up to 30 percent of patients and it reduces serum concentration of
vitamin B12 by 5 to 10 percent, but it rarely causes megaloblastic anemia [21].

Metformin should not be prescribed to women with conditions that increase
the risk of lactic acidosis, such as renal insufficiency, congestive cardiac failure,
or sepsis, even though lactic acidosis is considered an extremely rare complica-
tion in healthy individuals [22] [23].

4) Efficacy

Data indicate that metformin will restore ovulatory menses in approximately
50% of women with PCOS, even though some studies report ovulatory rates
from 23% to 90% [24] [25]. Evidence of the efficacy of metformin includes a trial
involving 23 women with PCOS who were randomly designated to receive either
metformin (500 mg three times a day) or placebo for six months [24]. Approx-
imately half of the women treated with metformin achieved normalization of the
menstrual function, confirmed by intermenstrual interval and by monitoring of
the luteal phase serum progesterone. In a meta-analysis of 13 trials, women
treated with metformin had four times as much probability of ovulation as the
women treated with placebo [23] [26]. A similar fourfold increase was observed
for the combination of metformin and clomiphene when compared with clomi-
phene alone [20].

According to Palomba S., et al, a six-month course of treatment with metfor-
min 1700 mg/day and clomiphene citrate, administered in an escalation proto-
col, are two first-line approaches to improve fertility in women with PCOS [27].

Some women do not ovulate during the first six months of treatment; we
therefore recommend treatment with cyclical progestin in this interval. Al-
though some women may restore the menstrual cycle with metformin, unless the
cycles are regular and ovulatory, it cannot be assumed that the patient has relia-
ble endometrial protection [20].

For those women who have irregular and anovulatory menstrual cycles, cyclical
progestins or COCs are necessary. Normally, micronized progesterone (200 mg/day
for 14 days each two months) or medroxyprogesterone acetate (10 mg/day for 12
to 14 days each one to two months) are prescribed. Women who do not achieve
regular ovulatory menses should be treated with cyclical progestin therapy in
order to reduce the risk of endometrial hyperplasia until regular menstruation is
established [20].

After initiating therapy with metformin, it may take up to six months for the

ovulatory cycles to occur. During the initial phase of oligomenorrhea, it may be
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difficult to determine whether or not ovulation has occurred [20].

5) Contraceptives vs. Metformin in PCOS

There are concerns that estrogen-progestin contraceptives worsen insulin re-
sistance in women with PCOS and that therefore, metformin should be the
treatment of choice. However, while COCs are less beneficial than metformin
regarding insulin sensitivity, they are more effective in suppressing androgens
and in controlling menstrual cycles. Moreover, the data available have not
shown any evidence of adverse metabolic risk [28]. In a meta-analysis of four
trials involving 104 women with PCOS, metformin was less effective than COCs
in improving menstrual patterns and in reducing total testosterone serum con-
centration, but more efficient in reducing fasting insulin levels and in not in-
creasing fasting triglyceride concentration [29].

In women with PCOS, administration of metformin before or during cycles of
in vitro fertilization (IVF) does not appear to improve pregnancy or live birth
rates [30] [31]. However, administration of metformin before or during cycles of
IVF does appear to reduce the risk ovarian hyperstimulation syndrome (OHSS)
[30] [32].

Although therapy with metformin is a potential option to reduce the risk of
OHSS with IVF, there seem to be more effective strategies, such as gonadotro-
pin-releasing hormone (GnRH) antagonists [33].

Addition of metformin in this configuration does not appear to reduce the
risk of multiple gestation [34].

A meta-analysis of 13 trials reported that metformin is associated with a re-
duction of blood pressure, low-density lipoprotein (LDL), and fasting insulin le-
vels, when compared with placebo [35].

At least 50% of women with PCOS are obese. For obese women with PCOS
who need to lose weight, we suggest other weight loss medication or bariatric
surgery rather than metformin. Nevertheless, some benefits are seen when met-
formin is combined with calorie restriction [20].

In one study, metformin (850 mg twice a day) plus a low-calorie diet (1200 to
1400 kcal per day) was superior to a low-calorie diet alone, facilitating weight
loss in obese women with and without PCOS [35]. Other researchers have re-
ported similar results [36] [37] [38]. One trial reported that a higher dose of
metformin (2550 mg/day) was more effective for weight loss than the lowest
dose of metformin (1500 mg/day) in obese women with PCOS. The
dose-dependent effect was observed in women with a BMI between 30 and 37
kg/m?, but not in those whose BMI was higher than 37 kg/m? [39].

Gestational diabetes is considered a complication in 5% of pregnancies and it
is associated with complications during pregnancy and long-term risk of di-
abetes both for mothers and offspring. Lifestyle modification intervention and,
in case of persistent hyperglycemia, treatment with insulin have shown im-
provement in perinatal results. Women who initiate insulin therapy require
education for safe administration of insulin. The use of insulin is also associated

with hypoglycemia and weight gain. Therefore, the use of safe and effective oral
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agents may offer advantages over insulin [40].

Oral metformin is an option for women with gestational diabetes mellitus. It
improves sensitivity to insulin and is not associated with weight gain or hypog-
lycemia. The reported results of its use during pregnancy have been favorable,
except for a small retrospective cohort study that showed increased perinatal loss
and pre-eclampsia rates compared to the treatment with insulin. According to
the study by Janet A. R., et al, 2008, perinatal results were similar for both
treatments (insulin versus metformin); however, the use of metformin was more
acceptable to the women [40].

Given that PCOS is a chronic disorder affecting 5% to 10% of women of re-
productive age, during the last decade, the use of metformin in such cases has
been widely debated [41].

Most studies indicate that metformin improves hyperinsulinemia and hyper-
androgenemia, as well as it restores ovulatory function; and that its use alone or
combined with clomiphene citrate might increase ovulation and pregnancy rates
in women with PCOS. Furthermore, a nonrandomized prospective study has
suggested that metformin may reduce the risk of spontaneous abortion in the
first trimester for women with PCOS [41].

The use of metformin alone or combined with other treatments for infertility,
however, have improved pregnancy and live birth rates in women with PCOS; in
addition, the most beneficial effects have been observed in obese women. This is
an important result because the birth of a healthy child is the only meaningful

result for a couple with infertility [41].

7. Conclusions

In order to minimize both short- and long-term repercussions for these patients,
early detection and treatment of cardiovascular risk factors in patients with
PCOS allows multidisciplinary interventions to be performed aiming to improve
these women’s quality of life.

PCOS treatment is symptomatic and driven by clinical manifestations, pa-
tients” wish for contraception or pregnancy, and the presence of associated me-
tabolic disorders. Patients with PCOS should be informed that this is a chronic
disease with long-term treatment and follow-up.

Lifestyle modifications, including diet associated with regular physical exer-
cise, are considered the essential conduct, particularly for women with central

obesity.
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POCS: Polycystic Ovary Syndrome

NIH: National Institute of Health

HDL: High-Density Lipoproteins

LDL: Low-Density Lipoprotein

COCs: Combined Oral Hormonal Contraceptives
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