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Abstract:

Polycystic ovary syndrome (PCOS) is a common endocrine disorder that affects 5% to 10% of women in reproductive age. It is the

most simply defined as the association of hyperandrogenism (diagnosed clinically and/or biochemically) with chronic anovulation

in the absence of specific ovarian, adrenal and pituitary gland diseases. Recent studies have revealed that PCOS is associated with

hyperinsulinemia and insulin resistance. Both of them have been shown to play a substantial role in the increased risk of the

cardiovascular events. The new data concerning the pathogenesis and management of PCOS have changed its treatment strategy.

The management of PCOS is complex and includes lifestyle modification combined with dietary-induced weight loss, oral

contraceptives, clomiphene citrate, gonadotropins, antiandrogens and insulin-sensitizing agents. Women with PCOS, diagnosed and

managed properly, can benefit from the reduction or even reversal of the reproductive and metabolic morbidities and from the

reduction of the risk factors for cardiovascular disorders. In this article, we describe all these treatment options. Although both

standard and novel therapies are discussed, this review focuses on the progress made in the recent years.
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gonadotropin, IGF-BP1 – insulin-like growth factor-binding

protein 1, INS-1 – D-chiro-inositol, LH – luteinizing hormone,

PAI-1 – plasminogen activator inhibitor-1, PCOS – polycystic

ovary syndrome, SHBP – sex hormone-binding globulin,

VEGF – vascular endothelial growth factor

Introduction

The polycystic ovary syndrome (PCOS) is one of the

most common endocrinological disorders in women

in reproductive age with incidence estimated at

5–10% [46]. It is undoubtedly one of the most confus-

ing diseases, probably due to various manifestations

of the disorder and lack of uniformly accepted diag-

nostic criteria [1, 46]. Despite being heterogeneous in

nature, the hallmarks of the disease are constant and

involve chronic anovulation, hyperandrogenism, in-

fertility, increased first trimester miscarriage rate,

dyslipidemia and insulin resistance, all of which ap-

pear mainly in obese patients but may be also present

in lean women [1, 34]. In comparison to the general

population, women with PCOS more frequently expe-

rience impaired glucose tolerance (35–40%) and dia-

betes (7.5–10%) [34, 46]. The connection between
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PCOS and infertility is clearly visible, because PCOS

belongs to the most frequent causative factors of ano-

vulation and the latter itself is responsible for about

40% of female sterility.

The diagnosis of the PCOS requires the finding of

“pearl line“ in ultrasonography, occurrence of early

follicular phase (2–5th day of menstrual cycle), bio-

chemical abnormalities including: high level of lutei-

nizing hormone (LH) (>10 IU/l), LH/FSH (follicle-

stimulating hormone) ratio > 2, testosterone level

above 2.5 mmol/l, androstendione > 10 mmol/l and

free androgen index > 4 [43]. The exclusion of other

endocrine diseases such as congenital adrenal hyper-

plasia, hormone-producing adrenal or ovary tumors,

Cushing syndrome or disease, prolactinoma and dis-

orders of the thyroid gland is also essential [43].

Despite the fact that pathogenesis of PCOS is still

not fully determined, recent studies provided some

further details about its etiology, which became

a stimulus for several modifications in the manage-

ment of PCOS patients. This paper is a short summary

of the contemporary approach to PCOS treatment

with emphasis on the advantages of the recent years.

Lifestyle modification/weight loss

Findings of many researches indicate that women

with PCOS benefit from caloric restriction (even if it

is not accompanied by weight loss), and naturally

even more from body mass reduction [36]. Lifestyle

modification leads to the improvement in insulin sen-

sitivity, normalization of plasma insulin level and re-

gaining of normal gonadotropin and androgen me-

tabolism (including normalization of P 450 and

17�-hydroxylase activities). Moreover, weight loss

can result in regression of acanthosis nigricans and

restoration of ovulations [40]. Among potential fac-

tors responsible for these benefits are: a decrease in

insulin-induced gonadotropin release, reduction of the

direct impact on the ovary, normalization of serum

sex hormone-binding globulin (SHBG) and insulin-

like growth factor-binding protein 1 (IGF-BP1) levels,

and probably also reduction of leptin concentration.

The latter effect leads to lower activity of hypothala-

mus-pituitary-ovary axis [36, 40]. In women with

PCOS, but not in obese patients without this syn-

drome, the diet can diminish 17-hydroxyprogesterone

level. Elevated concentration of this hormone is char-

acteristic of PCOS, indicating that ovarian hyperac-

tivity can be decreased by the reduction in insulin se-

cretion [36, 42]. In many clinical trials, lifestyle

modification, through insulin and free androgen level

reduction, caused the regaining of normal ovulation

[34, 42]. Moreover, after body mass reduction, the

lipid profile has been improved. This fact is impor-

tant, because abnormalities like low HDL level and

high triglyceride concentration are common in pa-

tients with PCOS [42]. Thus, lifestyle modification

needs to be advised in the treatment of infertility and

may be a prudent first step before insulin sensitizers

are considered.

Women with PCOS should avoid smoking, because

it can increase the risk of atherogenesis and deterio-

rate insulin sensitivity in tissues [31].

Oral contraceptives and cyclic progestins

The mainstay for many years has been oral contracep-

tives which are nearly always effective in normalizing

menstrual cycles. The newer formulations, presently

available on the market, are generally safer than those

of the past years, although recently their administra-

tion in PCOS is coming under greater scrutiny, be-

cause of their potential deteriorating effect on insulin

sensitivity [15]. The mechanism underlying the posi-

tive impact of oral contraceptives in PCOS treatment

is complex and comprises: a reduction of LH secre-

tion, inhibition of ovarian and adrenal androgen pro-

duction and reduction of the free testosterone fraction

secondary to the increased SHGB production in the

liver [30, 48]. The progestins, present in oral contra-

ceptives, have protective effects on the endometrium

[26, 39]. It has been proven that contraceptive pills re-

duce the risk of endometrial cancer [48].

The consequence of their administration in most

cases is alleviation of hirsutism and acne, as well as

regression of irregular menses and of male-pattern

alopecia [23, 30]. The effect is dependent on the dose

of estrogen in a contraceptive drug [31]. Oral contra-

ceptives are considered the first line therapy in PCOS

women, who want to avoid pregnancy [8, 9]. Admin-

istration of contraceptive pills is connected with

greater hirsutism and acne reduction and normaliza-

tion of menstrual cycle, compared to metformin ther-

apy [2, 26]. There are some controversial issues con-

cerning their impact on glucose and lipid metabolism,
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which are still a matter of numerous unresolved de-

bates [15, 48]. According to some investigators, oral

contraceptives may impair tissue insulin sensitivity,

whereas other findings did not disclose such relation-

ship [8, 30].

The three-phasic oral contraceptives should be

avoided in early cycle phase, because the dose of eth-

inylestradiol administered at that time is too small to

inhibit single follicle selection and therefore, para-

doxically, this may promote stimulation of the devel-

opment of many cysts [31].

Alternative therapy are cyclic progestins which nor-

malize menses and reduce the risk of endometrial cancer,

but, unlike oral contraceptives, do not inhibit the ovarian

production of androgens [30]. Cyclic progestins are

sometimes combined with oral contraceptives [8, 15].

Progestins, especially slow-release medroxypro-

gesterone acetate and levonorgestrel, may be applied

in women willing to conceive a child, to whom the

only chance of success is to regain and sustain normal

functions of the corpus luteum [39].

Clomiphene citrate

The first choice therapy used to induce ovulation are

anti-estrogens, among which the most frequently used

is clomiphene citrate [8, 20]. This drug, a selective es-

trogen receptor modulator, has a substantial affinity

for the hypothalamus [41]. Clomiphene administra-

tion results in the state of pseudohypoestrogenism

which changes the frequency of GnRH pulses and re-

sults in the elevation of LH secretion [27]. The initial

dose of clomiphene is the most often 50 mg per day

administered orally for 5 subsequent days, usually

starting from day 2–3 [20] or day 3–5 [41] from the

beginning of the menstrual cycle. According to some

authors, in patients resistant to standard doses, clomi-

phene therapy should be prolonged to 8 days [17], or

a standard drug dose should be increased to 150 mg or

even 200 mg per day [27]. The therapy results in an

increased endogenous secretion of FSH, induction of

dominant follicle growth and appearance of ovulation

in about 75–80% patients [1]. The pregnancy rate is

variously estimated: some investigators predict it in

65–70% women within 6 cycles (which is relatively

close to the normal value) [20, 41], while others sug-

gest the lower probability of pregnancy (30–50%)

[43]. Prognostic factors of clomiphene treatment-

induced ovulation are body mass and free androgen

index [20, 29]. Potential problems, which arise from

this form of therapy, vary from corpus luteum insuffi-

ciency to ovarian hyperstimulation syndrome [27].

However, the latter one occurs less frequently than af-

ter treatment with gonadotropins [8, 17]. In agreement

with the current guidelines, ultrasonographic and hor-

monal monitoring are advised, at least at the begin-

ning of the therapy, to determine further doses in

subsequent cycles [20]. In about 20–25% of women

who have not had their fertility regained after admini-

stration of clomiphene at a daily dose of 200 mg for at

least four successive cycles, the clomiphene resis-

tance syndrome is diagnosed [1]. The pharmacologi-

cal forms of treatment of clomiphene-resistant women

were the issue of recent Cochrane Database of Sys-

tematic Review [6]. It disclosed that only the co-

administration of clomiphene and dexamethasone im-

proved significantly the pregnancy rate of these pa-

tients. Combined treatment with oral contraceptives and

clomiphene has also been proved successful, whereas

other combinations did not increase significantly the

pregnancy rate in clomiphene-resistant patients [6].

Gonadotropins

Although for some authors gonadotropins are consid-

ered the first line therapy in patients resistant to clo-

miphene citrate, their application is associated with

high costs, the risk of ovarian hyperstimulation syn-

drome and multiple pregnancies [1, 29]. Therefore,

recently gonadotropins are administered only if met-

formin treatment is unsuccessful.

Gonadotropins used in the currently approved

treatment of PCOS include human menopausal gona-

dotropin (HMG) and pure follitropin. HMG, obtained

from the urine of postmenopausal women, contains

75 IU of FSH and 75 IU of LH [1, 17]. Available folli-

tropin is either the purified hormone obtained from urine

(uFSH) or produced through genetic engineering (rFSH).

This drug is practically devoid of LH activity [1, 41].

Results of current research indicate that ovarian hy-

perstimulation syndrome appears more frequently af-

ter administration of HMG than uFSH, probably due

to the stimulating effect of LH on the secretion of vas-

cular endothelial growth factor (VEGF), the factor in-

ducing strongly permeability of blood vessels [29,

41]. FSH can suppress tonic LH secretion, what im-
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proves hormonal balance inside the ovary and pro-

motes initial development of the follicle, with a mini-

mal risk of multiple follicle development or ovarian

hyperstimulation syndrome [1]. In line with the pres-

ent knowledge, the probability of ovulation and preg-

nancy, as well as the risks of miscarriage, multiple

gravidity or ovarian hyperstimulation syndrome, are

similar for both uFSH and rFSH [41]. The standard

protocol consists of the administration of 150 mg of

HMG for 14 days, starting from day 3–5 of the cycle

or at the first day of the menses after progesterone

withdrawal. If necessary, doses are increased by 7 IU,

but daily dose should not exceed 225 IU [20]. The re-

sults of gonadotropin treatment in PCOS are worse

than in women with anovulation caused by secondary

hypogonadism [20]. Due to the risk of ovarian hyper-

stimulation syndrome and multiple gravidity, fre-

quently applied alternative is the so-called “long pro-

tocol” [1, 29]. In this protocol, the initial dose of

HMG or FSH is lower (usually 52.5 IU), the dose ti-

tration is much slower and based on the size of the

follicle in ultrasonography and on the hormonal levels

assayed every 3–4 days from the beginning of the cy-

cle and every other day in the preovulation phase

[20]. Chorionic gonadotropin is used to induce ovula-

tion (5,000 IU–10,000 IU) in all women, because it

cannot be predicted whether the spontaneous LH

surge will occur or not [8].

Some physicians co-administer gonadotropins with

long-acting gonadoliberin (GnRH) analogs. The latter

are used to prevent too high plasma concentration of

LH and premature surge of this hormone [20]. Be-

cause oral co-administration of a GnRH agonist in-

creases the probability of pregnancy only slightly and

the treatment is associated with an increased risk of

ovarian hyperstimulation syndrome [29, 41], that

form of combined therapy does not seem justifiable,

especially in the “long protocol” [20].

GnRH analogs

The GnRH agonists have been administered in previ-

ous years to increase the probability of a single folli-

cle development and to diminish the risk of multiple

gravity or ovarian hyperstimulation syndrome [11,

41]. In conditions of permanent high level of GnRH,

the synthesis and secretion of FSH and LH are im-

paired. This effect, known as “receptor desensitiza-

tion” is clinically similar to hypothalamic amenor-

rhea, where pulsatory administration of GnRH ago-

nists is very effective [41]. In some of the studies,

implementation of this scheme was associated with

a high rate of ovulation (even up to 90%) and preg-

nancy (40%) [11]. So far, only one study has been

conducted to compare the effectiveness of GnRH ana-

logs and FSH. Its results showed the higher frequency

of ovulation in the latter but similar pregnancy rates in

both treatment groups [41]. Some authors prefer

a combination of GnRH analogs with oral contracep-

tive drug, which stimulate SHBG synthesis and,

therefore, cause additional effects, like lowering free

androgen fraction or normalization of hypoestro-

genism induced by GnRH analogs [38]. Because of

the risk of complications from the osseous system and

high costs of therapy, the combined treatment with

GnRH analogs and oral contraceptives should be lim-

ited only to severe forms of PCOS. GnRH analogs are

sometimes applied as the initiation for HMG therapy

in the “short protocol” (14 days) [38].

Anti-androgens

Many women with PCOS with typical symptoms of

hirsutism or acne do not benefit from an exclusive ad-

ministration of oral contraceptives. They may, how-

ever, take advantage of anti-androgen treatment [2, 8].

Anti-androgens can be applied in combined therapy

with oral contraceptives in adolescent patients with

PCOS during puberty. One of the advantages of the

combination of anti-androgens and oral contracep-

tives is hyperadditive synergism between these drugs,

and minimization of the risk of irregular menses. Es-

pecially the latter effect occurs when anti-androgens

are administered alone. The most often used and ef-

fective anti-androgen is cyproterone acetate [2, 16].

Its clinical effectiveness results from a complex

mechanism of action. The anti-androgen activity is re-

lated to the competition with androgens for binding to

their receptors [37]. Moreover, cyproterone has the

progesterone-like properties which are responsible for

the suppression of LH and androgen production, and

increases hepatic clearance of testosterone [37]. It has

been shown that cyproterone administrated to patients

treated with clomiphene citrate or uFSH induces ovu-
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lation and increases pregnancy rate to a greater degree

than spironolactone and dexamethasone [41]. Cypro-

terone acetate is not free of adverse effects, because

its administration may lead to body mass gain which

can deteriorate tissue insulin sensitivity [16, 31].

Spironolactone is an aldosterone receptor antago-

nist which was initially introduced as an antihyperten-

sive agent [10, 16]. Its anti-androgenic activity includes

the blockade of androgen receptors and suppression

of testosterone synthesis [38]. Spironolactone reduces

hirsutism scores by 40% and is effective in approxi-

mately 50% when used alone [12]. Reasonable start-

ing dose is 50 mg per day, working up to 100 mg

twice a day, if needed, after 6 to 12 months. The most

common side-effect of this drug are irregular menses

and, therefore, it should be administered together with

oral contraceptives [16, 30]. Other side effects are hy-

potension and polyuria, and a typical adverse effect of

aldosterone receptor antagonists – hyperkalemia [10].

Because of the latter, frequent control of the potassium

level should be advised [8, 16]. The spironolactone

therapy often causes regaining of ovulation which is

not always a desirable effect for patients who do not

want to become pregnant [10, 31].

Flutamide is an androgen receptor inhibitor addi-

tionally suppressing the activity of 17, 20-liase. As

a consequence, it decreases androgen synthesis and,

according to some authors, increases disposition of

active forms of androgen to inactive ones. In clinical

trials, flutamide reduced free and total androgen lev-

els in patients with PCOS, decreasing also the sever-

ity of hirsutism and increasing the regularity of men-

ses [2, 38]. The drug, however, does not improve glu-

cose metabolism or insulin sensitivity [17, 32].

Ketoconazole, by suppression of steroidogenesis,

decreases plasma concentration of testosterone, dehy-

droepiandrosterone sulfate (DHEA-S), androstendi-

one and LH in women. Only one clinical trial of com-

bined therapy with clomiphene citrate and ketocona-

zole has been conducted so far. The results of this trial

indicate that the combined therapy increased the prob-

ability of a single follicle development and the preg-

nancy rate [41]. On the other hand, some trials dis-

closed that the combined therapy with ketoconazole

and clomiphene in clomiphene-resistant women was

inefficient [6]. Moreover, studies on animals showed

its teratogenic, embryotoxic and hepatotoxic liability,

what makes the drug unusable in pregnant women or

those who wish to conceive [16]. This fact seriously

limits its suitability in young subjects with PCOS [41].

It has been proved recently that finasteride, a 5 � re-

ductase type 2 inhibitor, can effectively alleviate symp-

toms of virilization in PCOS women by suppressing

testosterone conversion to dihydrotesterone [2 ,39].

Anti-androgens are potentially teratogenic and

should not be administered without oral contracep-

tives in women of childbearing age [8, 38]. They can-

not be applied during pregnancy, because of, at least

theoretical, risk of feminization of male fetuses [2, 41].

Metformin

The mechanism of metformin action is complex and

involves: suppression of gluconeogenesis and hepatic

glucose output, enhancing peripheral insulin action

and the reduction of glucose absorption from the di-

gestive tract, without any significant direct effect on

pancreatic insulin production [5, 24]. As a result, met-

formin reduces insulin resistance in spite of lowering

insulinemia. Apart from these actions, in patients with

PCOS metformin diminishes hyperandrogenism and

restores the normal secretion of LH and FSH [23].

Long-term administration of metformin decreases the

level of both free and bound testosterone [3, 35], and

this reduction has been particularly pronounced in

subjects with the highest initial level of the hormone

[7]. The effect of metformin on hyperandrogenism in

PCOS involves: the direct inhibitory action on andro-

gen secretion by ovarian thecal cells and the adrenal

glands; indirect effect due to lowering of the LH se-

cretion and the increased androgen binding secondary

to the enhanced SHBG synthesis [5, 13]. In patients

with PCOS, metformin reduced previously elevated

17-hydroxyprogesterone level, both baseline and after

stimulation with GnRH [32, 35].

Although the results of many clinical trials provide

different, sometimes incoherent results, the compiled

analysis of them indicates that long-term metformin

administration is associated with at least 30% im-

provement in ovulation frequency in comparison with

placebo [20]. In some clinical trials, metformin in-

duced ovulation even in over 80% of patients [32].

Moreover, most of the findings indicate that met-

formin therapy increases frequency and regularity of

menstrual cycles and probability of pregnancy [13,

41]. The time needed to restore normal menstruation

lasted in some cases up to 9 months [32]. The preg-
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nancy rate growth is attributed to the restoration of in-

sulin sensitivity, normalization of insulin level, stimu-

lation of the follicle growth, the improvement of oo-

cyte quality, the induction of ovulation and normaliza-

tion of PAI-1 concentration [8, 23].

Metformin decreases fasting and post-oral glucose

load plasma insulin levels [18]. Other endocrinologi-

cal effects of metformin include lowering of sponta-

neous and GnRH-induced LH secretion, reducing to-

tal and free testosterone level, increasing SHBG level

and inducing ovulation not only in obese subjects but

also in women with normal or even low body weight

[9, 44]. Moreover, normalization of menses occurs in

women, who have not achieved weight reduction or

normalization of insulin level [7].

The results of few trials which did not reveal a di-

rect, body weight loss-independent effect of met-

formin on gonadotropin secretion and ovarian steroid

production [17] may imply similar effectiveness of

metformin and other forms of obesity treatment [44].

The reason for the unexpected inefficiency of met-

formin in these studies may be including in these trials

mainly people with high-grade obesity. In the largest one,

in which metformin was found inefficient, the mean BMI

value of PCOS patients was 40 kg/m� [3, 17].

Interestingly, metformin which evidently reduced

free and total androgen content, produced only slight

impact on skin manifestations of hyperandrogenism

[8, 13]. Although in the majority of patients acantho-

sis nigricans receded, hirsutism usually remained

while acne subsided in only a small percentage of pa-

tients [13]. It should be stressed that all the studies ex-

amining the action of metformin on clinical manifes-

tations of hyperandrogenism were short in duration

and, therefore, cannot give the answer to the question

whether longer treatment is able to combat skin symp-

toms of hyperandrogenism more successfully or not [7].

Metformin therapy has many other positive effects.

Most of the trials revealed that metformin administra-

tion led to the reduction in body mass, waist/hip ratio,

and plasma levels of LDL cholesterol and triglyc-

erides and elevated HDL cholesterol [25, 32]. Further-

more, metformin reduced PAI-1 and lipoprotein (a)

plasma concentration [32]. What should be stressed is

that, like its influence on the reproductive activity,

metabolic benefits are not limited to overweight

women only, but may be observed also in patients

with body mass index within the normal range [20].

The most frequent side-effects of metformin are

gastrointestinal symptoms [3, 25]. To prevent or mini-

mize the risk of their occurrence, the treatment should

be started with a small dose (usually 500 mg per day)

and then gradually titrated up to 500 mg 3 times a day

or 850 mg twice daily [25]. To minimize the risk of

the most serious adverse effect of metformin therapy,

lactic acidosis, the drug is contraindicated in women

with kidney failure, liver insufficiency, heart failure,

serious pulmonary disorders or alcoholism [26, 47].

An important finding is that metformin should not

be restricted to PCOS patients with diabetes. Accord-

ing to the results of Diabetes Prevention Study, its tak-

ing (850 mg twice daily) by subjects with impaired

glucose tolerance caused a 31% reduction of the risk

of diabetes development [24]. There are some pre-

sumptions that the metformin-related reduction in dia-

betes risk is independent of its effect on fertility [39].

Despite the lack of randomized, double blind clini-

cal studies, the comparison of miscarriage rate in

women before and after metformin therapy indicates

that metformin (belonging to pregnancy group B) is

a safe, effective and non-teratogenic agent [23, 45]. It

has not been proved that its application leads to any

dangerous adverse effects on fetus because so far only

one case of congenital achondroplasty has been re-

ported [28, 47]

Recent years have shown that metformin adminis-

tered during pregnancy decreased the risk of gesta-

tional diabetes, which in women with PCOS is greater

than in healthy pregnant subjects [18]. Another favor-

able effect of metformin in pregnant patients with

PCOS is a reduction of an increased miscarriage rate

found in these subjects [24, 45]. In one of clinical tri-

als, metformin administration during pregnancy was

found to be associated with a five-fold lower prob-

ability of early pregnancy loss (8.8%) when compared

to untreated women (41.9%) [13, 45]. Among poten-

tial mechanisms, which can be responsible for this ef-

fect, an important role seems to be played by the

stimulation of IGF-BP1 and glycodelin production.

The concentration of both of them in plasma of PCOS

patients is reduced [9]. IGF-BP1 seems to play an im-

portant role in fetus implantation, whereas glycodelin

is suggested to take part in rising tolerance of the en-

dometrium to the developing fetus [5]. Moreover,

metformin decreases PAI-1 concentration, which is

considered as an independent risk factor of miscarriage

in PCOS [13, 47], and increases the blood flow through

the spiral arteries of the uterus [9]. An important issue

is, if a woman is planning to conceive or conceives on

metformin and continues the therapy throughout the
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pregnancy, the daily diet should be supplemented with

folic acid at a daily dose of 1 mg to avoid eventual

side effects on the fetal central nervous system [23].

The results of the latest studies have revealed the

benefits from the combined treatment with metformin

and clomiphene citrate. Referring to the hitherto accu-

mulated data, such a drug combination induces ovula-

tion significantly more frequently than clomiphene

alone, and metformin monotherapy is superior to pla-

cebo [32, 39]. An increased ovulation percentage in

combined therapy-treated patients was associated

with greater pregnancy rate [18, 41]. The most prob-

able reason for metformin effectiveness is its influ-

ence on insulin resistance which is an important factor

in the pathogenesis of clomiphene citrate resistance [9].

Co-administration of metformin diminishes also the

probability of the development of ovarian hyperstimula-

tion syndrome in clomiphene-resistant women [44].

Nowadays, there is a lack of head to head studies

comparing monotherapy with metformin, clomiphene

citrate or both these drugs taken together [41]. In

comparison to clomiphene, metformin is associated

with the lower rate of multiple pregnancies [39].

Ongoing The Pregnancy in Polycystic Ovary Syn-

drome trial, performed under the auspices of NIH

should provide an answer to the question which treat-

ment option is the most effective one in promotion of

pregnancy, and will help to verify the treatment strate-

gies for PCOS women willing to have children. The

participants of this trial are randomized to one of the

three groups: treated respectively with slow-release

metformin, clomiphene citrate or both these agents to-

gether. Until the results of this trial have been avail-

able, most of the authorities recommend clomiphene

citrate as the first line option in a PCOS patient want-

ing to become pregnant soon [27]. The daily dose of

this agent is gradually titrated from 50 mg to 150 mg

per day. If no improvement is present, metformin is

started and concomitantly clomiphene dose is reduced

to the initial dose of 50 mg a day [39]. Only if the

combined therapy with metformin and a high dose of

clomiphene citrate (200–250 mg per day) are unsuc-

cessful, gonadotropin therapy is recommended to be

applied [39]. In this treatment schedule, metformin is

administered only if clomiphene at a dose of 150 mg

per day is ineffective. In women who want to con-

ceive, but in no particular time period, the lifestyle

modification is recommended and metformin is

started if the diet is ineffective. Ineffectiveness of

metformin after at least 6 anovulatory cycles gives rea-

sons for the implementation of clomiphene citrate [9].

The benefits of metformin treatment were found

also in women, in whom the ovulation was induced

by administration of exogenous gonadotropins [33].

The results of recent trials demonstrated that met-

formin implementation was associated with the reduc-

tion in the number of large (over 15 mm in size) folli-

cles and lower estradiol level, what indicates that met-

formin may reduce the risk of ovarian hyperstimula-

tion syndrome [33].

Some recent long-term observations have revealed

that metformin improved the quality of oocytes in

PCOS women, which was caused probably by local

changes in insulin and IGF-1 concentration [18, 47].

These findings encouraged some investigators to con-

clude that metformin may be effective in women with

PCOS who think about in vitro fertilization [7]. One

of the trials demonstrated that the drug increased the

fertilization ratio and pregnancy rate. This effect

seems to be related to the changes in follicle complex

structure, increased IGF-1 and decreased IGF-BP1

level [3, 7]. There are some findings which prove the

rationale of metformin and flutamide combination

[37]. It has been shown that both these agents used to-

gether reduce hyperinsulinemia and hyperandro-

genism to a greater degree than each of them adminis-

tered alone. Taken together they also normalize hor-

monal and metabolic abnormalities [32]. Moreover, in

PCOS women expressing the signs of hyperandro-

genism, the concomitant therapy with both these

agents may lead to a reduction in tissue fat content.

These findings also suggest that there exists a syner-

gistic effect of hyperandrogenism and insulin excess

on the appearance of lipid deposits and resulting from

this insulin resistance [37].

Thiazolidinediones

Thiazolidinediones are ligands of peroxisome proli-

ferator-activated receptor-� [PPAR-�� which belongs

to the nuclear steroid superfamily [37]. Activation of

these receptors mediates insulin action in the liver,

muscles and the fat tissue [18, 39].

Among drugs belonging to PPAR-� activators, tro-

glitazone is the best known and being the aim of the

greatest number of studies. In women with PCOS, tro-
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glitazone not only decreased insulin level and im-

proved insulin sensitivity in peripheral tissues, but

also reduced LH and free testosterone level, suppressed

leuprolin-induced 17-hydroprogesterone production and

increased SHBG concentration. This last effect was the

consequence of the reduction in insulinemia [35, 40].

Apart from testosterone, troglitazone reduced plasma

levels of other androgens [1, 21]. As a result of some or

all these activities, troglitazone increased ovulation rate

and diminished the severity of hirsutism [39].

It has not been explained so far in what way trogli-

tazone was able to increase insulin sensitivity [21,

40]. Potential factors include, among others, the re-

duction of tumor necrosis factor and leptin production

[35, 40]. The favorable effect of troglitazone in PCOS

results not only from the improved tissue insulin sen-

sitivity, but was partially secondary to its direct effect

on ovarian steroidogenesis [1]. Contrary to met-

formin, troglitazone reduces the activity of pivotal en-

zymes of steroidogenesis, namely 3-hydroxysteroid

dehydrogenase, and via inhibiting the expression of

P450c17 also 17,20-lyase genes [7]. The consequence

of the suppression of 3-hydroxysteroid dehydroge-

nase activity is a reduced production of progesterone

in follicular cell culture [40]. Unfortunately, because

of frequent events of elevation of aminotransferase

activity (about 2% of treated patients), case reports

about episodes of lethal liver necrosis and due to the

implementation of other thiazolidinediones, troglita-

zone was withdrawn from the market and is not pres-

ently in use for the treatment of PCOS [18, 21].

In contrast to troglitazone, the number of clinical

studies concerning pioglitazone or rosiglitazone usage

in PCOS is much smaller [9]. In one elegant trial, both

these drugs improved insulin sensitivity, decreased

free testosterone level and restored normal menses

[13]. Beneficial effects of this therapy have been ob-

served in both untreated subjects and patients taking

clomiphene citrate [44]. Pioglitazone administered to

PCOS patients non-optimally treated with metformin

(2.55 g per day) plus low-caloric diet has recently

been found to normalize menses and PCOS-induced

changes in metabolic and hormonal profile. It in-

creased HDL and SHBG level and reduced DHEA-S,

insulin and glucose concentration [44]. Recently con-

ducted studies have provided new arguments support-

ing the theory that thiazolidinediones currently being

in use seem to be effective agents in PCOS. Rosiglita-

zone administered alone induced ovulation in 33%

whereas given together with clomiphene even in 77%

of PCOS patients primarily resistant to clomiphene

[22]. Another randomized open label study has

revealed that 8-month therapy with rosiglitazone was as-

sociated with a dose-dependent reduction of PCOS-

induced ovulatory dysfunction, hirsutism and insulin re-

sistance. Because the strongest effect was observed when

used at a daily dose of 4 mg, the authors recommend us-

ing this dose of rosiglitazone in clinical practice [14].

Therapy with rosiglitazone or pioglitazone is asso-

ciated with the risk of peripheral edemas, mass gain,

but unlike troglitazone there is no evidence for their

hepatotoxicity [21, 35]. The above-mentioned adverse

effects are probably secondary to excessive plasma

volume (by approximately 6–7%) and, therefore, both

drugs should be avoided in subjects with heart failure

[13]. Contrary to metformin, rosiglitazone and piogli-

tazone belong to class C of drugs, because of their

proven effects on the delayed development of some

animal fetuses [23, 28]. Therefore, in women after

conception, these drugs should be discontinued, un-

less future human findings prove their safety and ef-

fectiveness in pregnant women. Moreover, the terato-

genic effect of these drugs in animals suggests that

thiazolidinediones should be administered prudently

to women who want to become pregnant [9, 28].

D-chiro-inositol

The results of the recent studies have shown that some

insulin effects are mediated by potential inositolphos-

phoglycan mediators. The deficiency in one of these

mediators, D-chiro-inositol (INS-1), contributes to in-

sulin resistance in PCOS women [35]. In a group of

44 obese PCOS women, INS-1 administered at a daily

dose of 1200 mg decreased serum testosterone level,

increased SHBG concentration and induced ovulation

significantly more than placebo did [44]. It has been

shown that insulin-sensitizing drugs (like metformin)

increase release of INS-1and in this way they enhance

insulin activity in PCOS women [4].

Glucocorticoids

Cortisol has been used in PCOS therapy for many

years. Although dehydroepiandrosterone (DHEA) and
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DHEA-S, produced in the adrenal glands are weak

androgens, they may be metabolized either to more

potent androgens or to estrogens [41]. Due to the in-

hibition of the hypothalamus-pituitary-adrenal axis ac-

tivity, cortisol and other glucocorticoids reduce DHEA

production [29]. There are some pieces of evidence that

dexamethasone added to clomiphene citrate induces

ovulation in clomiphene-resistant women [6, 41].

Naltrexone

The opiate receptor antagonists, particularly naltrex-

one, improve the response to insulin during oral glu-

cose tolerance test. This is probably caused by an in-

creased insulin clearance in a subgroup of patients

with defective initial clearance of the hormone [40].

Despite being devoid of a significant effect on LH re-

lease and androgen levels, the improvement of spon-

taneous and clomiphene-induced ovulation has been

noticed, and this effect is attributed to a naltrexone-

induced reduction in insulin level [40]. The findings

of a few trials disclose that the addition of naltrexone

to clomiphene in women ineffectively-treated with

the latter alone, induced ovulation in 86% and preg-

nancy in 55% of them [41].

Surgical treatment

It has been known since 1939 that surgical resection

of the ovarian tissue in PCOS women increases the

percentage of ovulatory cycles, often restores regular

menstruations and increases the pregnancy rate [33].

Nowadays classical wedge ovarian resection has been

virtually abandoned because its performing requires

laparotomy, the procedure is associated with a certain

risk and may lead to the development of periadnexal

adhesions [1]. Modern techniques of electrocauteriza-

tion (multiple ovarian punctions, optimally 5–6 punc-

tions per the ovary) and vaporization of the ovarian

capsule and atressive follicles with laser are in com-

mon use [1, 43]. These small-invasive procedures per-

formed by laparoscopic technique restore normal ovu-

lation in 92% of women and pregnancy in 58% of

them [43]. The application of electrocoagulation and

laser leads to regaining of ovulatory cycles in nearly

the same percentage, but the former is associated with

a slightly greater pregnancy rate [43]. Although the

wedge resection can be also done by laparoscopy, its

effectiveness is lower than the above-mentioned

methods. The most important benefit of surgical treat-

ment is the fact, that surgery gives a long-lasting ef-

fect, although the effect appears later than when phar-

macological therapy is used [8, 33].

In spite of a long history of use, the reasons for the

effectiveness of surgery have not been explained. The

most probable explanations include: (1) promotion of

ovulation and maturation of the follicle caused by the

reduced concentration of androgens in the follicular

fluid, and (2) restoration of normal gonadotropin se-

cretion as a result of an androgen deficiency-induced

reduction in estrogen levels [43]. The beneficial effect

of an increased FSH secretion on the growth and

maturation of the follicle resulting from the impaired

secretion of inhibin, and supersensivity of the follicle

to growth factors, especially IGF-1 may be other de-

sirable consequences of surgery [43]. The results of

one elegant study comparing the effects of small-

invasive surgical procedures and gonadotropin ther-

apy (with or without GnRH analogs), revealed similar

pregnancy and miscarriage rates with both strategies

but a smaller risk of multiple pregnancies in surgery-

treated women [19].

Conclusions

The complex picture of PCOS and individual differ-

ences in the severity of complaints experienced by in-

dividual patients make the PCOS therapy difficult and

thankless. The warranted therapy should be multidi-

rectional and involve minimization of the symptoms

of hyperandrogenism (such as hirsutism and acne),

disappearance of anovulation (irregular menses, infer-

tility) and prevention of late PCOS complications, es-

pecially type 2 diabetes mellitus and cardiovascular

disorders. For these reasons, monotherapy is seldom

fully effective (Tab. 1). The PCOS treatment must be

individualized and the choice of a drug in each case

should be based on the age of the patient, severity of

symptoms, priorities of therapy and comorbidities. In

the light of the recent studies not only traditional

drugs (oral contraceptives, clomiphene and antiandro-
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gens) but also newer treatment options (dietary treat-

ment, metformin, thiazolidinediones and probably

also other insulin-sensitizing drugs) are effective, and

in some groups of patients the latter ones seem to be

even the drugs of choice. Progress made in better un-

derstanding of pathophysiology of PCOS and the im-

plementation of new treatment strategies markedly

limited the necessity of using expensive and associ-

ated with potential complications gonadotropins and

gonadoliberin analogs. Unfortunately, the relative

paucity of randomized trials makes the question of the

role and effectiveness of the different forms of PCOS

therapy still open. Ongoing or planned trials con-

ducted on large numbers of people are believed to

shed new light on the proper position of new treat-

ment modalities in the armamentarium of treatment

options for PCOS.
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