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ABSTRACT

Articles should include
an abstract of between
200 and 250 words.

ABSTRACT
b is a common endocrinopathy affecting reproductive-aged women. PCOS has

been recognized as a syndrome combining reproductive and metabolic abnormalities with
lifelong health implications. Cardiometabolic alterations require regular screening and
effective and targeted lifestyle advice to lose weight as well as to prevent weight gain.
Pharmacological therapy includes insulin-sensitizer drugs and agents th directly on

metabolic comorbidities, such as statins and anti-obesity drugs. Bariatr gery may be an

option for severely obese women with PCOS Regarding reprod aspects, ovulation

induction with anti-estrogens such as clomiphene citrate or le is the first-line medical
treatment. Exogenous gonadotropins and in vitro ferti are reco@ended as second
line treatment for anovulatory infertility. La pic ovarian c@rmy may be used in
special cases and metformin is no longer re nded f(@@l ation induction. Combined
oral contraceptives (OCs) are the 1 treatrne r the management of menstrual
irregularities in women not se gnancy. @ providing endometrial protection and
contraception. Progesti ills or cych%rogestms are recommended for those with
contraindications . etformm@so considered a second-line choice for improving
menstrual cyeles.d en pr ¢ @g insulin-resistance and dysglicemia. Hirsutism requires
cosmetic dures and medical treatment with OCs. More severe cases may need anti-
androgen drugs added to the OCs. In conclusion, strategies regarding the management of

reproductive issues in PCOS encompass a tailored approach to individual needs of each

patient.
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Review articles. Generally commissioned by the Editox ief or the Managing Editor,

review articles should discuss a topic of current inte curren ledge of the
subject, analyze different opinions regarding the @ iscussed -to-date on the
e

latest data in the literature. The text should be words 34 typed, double-
spaced pages) not including references, tables, 0 mor 100 references will be
95% o\s
Insert the text here. INTRODUC ©@)
The Polycystic ovary syn e (PCO common endocrinopathy affecting 6,8%

of reproductive-aged

. PCOS @obeen recognized as a syndrome combining
reproductive a e c abnon@ ies with lifelong health implications. Anovulation
9
and andro X are t@mark clinical features of the syndrome, while insulin
resistance is & significant contributor to the pathogenesis of PCOS. Insulin resistance
participates in the reproductive as well as metabolic abnormalities associated with PCOS 2.
Increasingly appreciated are the metabolic and cardiovascular sequelae of the syndrome.
The expanding knowledge in the pathophysiology and clinical spectrum of PCOS has
modified therapeutic management of affected women. The research focus has been placed in

the discovery of novel strategies for the global, multi-level therapeutic management of this
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syndrome. A pathophysiologically rationalized therapeutic approach should take into
account the fact that reproductive and cardiometabolic abnormalities coexist and interact

with each other in the context of PCOS.

PATHOPHYSIOLOGY OF PCOS

The pathophysiology of PCOS is complex involving multiple components of the
reproductive and metabolic functions. The major pathophysiologic mechanisths of PCOS
include androgen overproduction due to intrinsic theca cell defects, impajred function of the

GnRH axis and insulin resistance.

The ovary is located at the pathophysiologic core of [he ovarian disarray

involves various processes inside and outside the ovary. Theca cells propagated from
women with PCOS display an intrinsic steroidogen ect Which\@fﬁ,to a constitutive
increase of androgen production . 2\ @\@

rt local/ ine as well as neuroendocrine

modulate gonadotropin-induce oidoge@Q granulosa cells and folliculogenesis °.
Intraovarian androg euld im lliculogenesis in a dual fashion, by stimulating
the growth of sina les agc@mdering follicular maturation towards the dominant
stage 3 ®

Available literature suggests that androgens contribute to the control of follicular
fate, acting in a developmental stage-specific manner and in co-operation with the
intrafollicular hormonal microenvironment .

Additionally, androgens may disturb the normal feedback control of the
hypothalamic GnRH pulse generator . In humans sustained androgen exposure during

critical windows of human neuroendocrine maturation may dysregulate the HPO feedback
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loop. However, in a proportion of individuals, progesterone feedback is preserved despite
the presence of androgen excess and the mechanisms of this varied susceptibility may
partly reflect genetic differences .

In particular, PCOS is associated with an increased frequency of pulsatile GnRH
release, which results in a selectively increased frequency of pulsatile LH secretion while
simultaneously suppressing FSH release *. LH stimulates increased androgen production
by the theca cells of the ovarian follicle °. Because of the relative deficieficy of FSH,
follicular growth is arrested resulting in a lack of granulosa cell maturati

@o ed with PCOS

within the ovary °.

Overall, it seems that the central neuroendocrine alteration

are not primary but rather secondary to the events that take pl
Androgen excess contributes to reproductive aberrations iicluding impaired function of the
ovary and the HPO axis > °. In fact recent studi eriment &genimd animals

have provided evidence that androgens int the intr 1an antioxidative system

O

ing to ac@ation of detrimental oxidative

©©

@nem of PCOS is insulin resistance
@terdependem factors contribute to the ovarian

derangement in PCOS. The resultant metabolic

stering of features typical of the Metabolic Syndrome .
Obesity, a common characteristic of PCOS women, aggravates insulin resistance and its
reproductive and metabolic sequelae ®.

Insulin resistance in PCOS is tissue specific and pathway selective involving various
molecules of insulin signaling. The PCOS ovary remains sensitive to the steroidogenic and
mitogenic actions of insulin, despite metabolic insulin resistance °. Insulin plays a central

part in ovarian function, since insulin receptors are present in both ovarian theca and
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granulosa cells. By binding to its own receptor, insulin retains its classic metabolic effects
but also modulates specific pathways of steroidogenesis and folliculogenesis in ovarian
cells . Thereby, both theca and granulosa cells are capable of responding to prevailing
hyperinsulinemia, which overdrives steroidogenic and mitogenic pathways

Hyperinsulinemia acts as a co-gonadotropin to increase LH-induced androgen synthesis in
theca cells. Additionally, insulin excess in PCOS may trigger premature LH receptor
expression leading prematurely to terminal differentiation of granulosa célls in small
10, 11

follicles. The latter phenomenon called premature luteinization and le @ arrest of
ts

follicular growth and linked to failure of ovulation . The sig that mediate
intraovarian insulin action, as well as the pathophysiologic indportance of insulin in ovarian

function and dysfunction are currently actively investiga d Moreover, inflammation and

such as glucose and glycotoxins in PC S: s are \@a e of modifying the

oxidative stress may play an intriguing in the pat ogy of P . Dietary triggers

expression of scavenger receptors a nducmg 1ve stress and inflammatory

infla % response may aggravate insulin

atory ‘sgimuli n%@egulate androgen production in ovarian

responses independent of obesi

resistance and pro-infla
theca '*. Furthermor ufnulating dat§@gest that a class of oxidative molecules, known
as Advanced nd Py s (AGEs), may be increased in PCOS women,

Sulin re@e and obesity '* '°. AGEs are produced endogenously as

well as consumed by diet and may affect various processes of reproduction, metabolism
. . 6,16,1

and cardiovascular function ®'® ",

Overall, insulin resistance and androgen excess appear to be the major

pathophysiologic mechanisms in PCOS. Oxidative stress, in the form of AGEs, may act

independently and participate in the pathophysiologic pathways of PCOS. It remains
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unclear which one of the above mechanisms precedes the other and how they interact with

each other in the developmental course of PCOS.

CARDIOMETABOLIC ASPECTS

It is well known that PCOS is a general health pathology involved not only in
infertility and menstrual alterations but also in metabolic disturbances . Among these

metabolic disturbances, cardiometabolic aspects, including higher risk of insulin resistance,

hyperinsulinemia, impaired glucose tolerance, dyslipidemia, hype
atherosclerosis, endothelial dysfunctions and other risk factors f
(CVD), are highly prevalent in women with PCOS '®. In
increased prevalence of sleep apnea, altered secretion of adip ines and adipose tissue-
derived pro-inflammatory factors, which influen e bohsm in sensitivity and

energy homeostasis ' ?°. Thus, the m S f card hc alterations is an

important issue in women with PC

aspects (Figure 1). @
&

Lifestyle changes @7

mprlseso ohc and cardiovascular risk

mende @ line of treatment of PCOS is lifestyle management

<
nd an @priate diet), the optimal dietary composition remains
garding anthropometric, reproductive, metabolic and psychological outcomes
in women with PCOS, it has been found that a monounsaturated fat-enriched diet is more
effective in weight loss and that low-glycemic diet reverses menstrual irregularities,
improves insulin sensitivity and quality of life, and decreases total fibrinogen and HDL-

cholesterol ?'. In addition, it has been reported that a high-carbohydrate diet increases the

free androgen index, that a high-protein diet improves depression and self-esteem, and that a
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low-carbohydrate diet decreases insulin resistance, total fibrinogen levels and HDL-
cholesterol *'.

In the treatment of PCOS patients, it is important to consider the role of vitamins as
supplements. In fact, in PCOS patients vitamin D deficiency is related to insulin resistance
and obesity ** and the regulation of vitamin D receptor is associated with glucose and lipid
metabolism and blood pressure regulation ». In addition, it has been established that
administration of vitamin B12 is associated with increased insulin sensitivity,&decreased
obesity and homocystein levels .

Finally, both the diet and the cooking methods (precooked @0 meals heated at

high temperatures) dramatically increase advanced glycated/end products (AGEs), thus,

increasing the atherosclerosis risk in women with and/or metabolic syndrome '*.

These findings together with the fact that seru levels a@i sterone and anti-
. . 15, 24

mullerian hormone levels are posmvely as PCOS i@e allow to suggest

that low AGEs dietary content changes/dur festyle c@ in women with PCOS *°.

Endothelial dysfunction @ surrog%@l rkers of CVD risk, which is high in
Xercise> improv,

PCOS patients . Physical othelial function in PCOS patients thus

reducing CVD risk fedct . It has @poﬁed that after a 16-week exercise program,

brachial artery efid i funcn(@}nproved, independently of changes in body weight or
compositi@ and’that die anagement and exercise, either alone or in combination,
modulate serum anti-mullerian hormone and improve insulin sensitivity in overweight/obese

women with PCOS **. Lifestyle intervention restores menstrual cycles, prevents androgen

. .. . . 2
excess and CVD and improves intima media thickness *°

Pharmacological treatments

Combined Oral contraceptives
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Combined oral contraceptives (OCs) have been the main therapy for PCOS patients.
However, the effects of OCs on cardiometabolic aspects are controversial. When comparing
with other therapies, such as insulin sensitizers and insulin-lowering agents, OCs are more

o : : 19, 30
effective in improving menstrual cycles and reducing serum androgen levels '*

. However,
OCs containing antiandrogenic progestins increase the risk of cardiovascular and
thromboembolic events . In addition, OCs have limited effect on carbohydrate metabolism

and the dyslipidemic effect has been linked to the progestogen component ¢f OCs . The

effects of OCs on lipid alterations are also controversial. Some report indicated that

OCs increase LDL-cholesterol and total cholesterol and decred -cholesterol *!,

whereas others have shown that OCs increase > or have no efféct on triglycerides . As a way
to neutralize some of the negative effects of OC e authors have proposed the
combination with lifestyle modifications **. In su s OCs mﬁ@ie a negative effect

on metabolic aspects of women with PCOS, mlmst ould be based on the

PCOS phenotype, and the metabolic state a inical his Q@f the patient.

Insulin sensitizers @Q >

There is a gener: nsensus th lin resistance, in particular hyperinsulinemia,

roge 1a angl @@ociated with risk for CVD. Then, insulin sensitizers,
mainly me <@ inNand thia@aediones (TZDs) ameliorate the metabolic aberrations of
PCOS patients:

Although the way in which metformin prevents these aberrations is not yet
established, it is known that the molecular mechanism is complex and tissue-specific **>¢,
Metformin suppresses gluconeogenesis and hepatic glucose output in the liver, enhances

peripheral insulin action in skeletal muscle and reduces glucose absorption from the

digestive tract, but has a controversial effect on adipose tissue lipolysis *’. Metformin has
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additional benefits on weight loss in the combined treatment with lifestyle changes (via diet
or exercise) . This combined treatment also results in a significantly greater decrease in
hyperandrogenism and insulin resistance . Metformin also ameliorates cardiometabolic
parameters by enhancing insulin sensitivity and lowering blood glucose and androgen levels
¥ and contributes to fewer atherothrombotic events by reducing the circulating levels of
plasminogen activator inhibitor-1 (PAI-1) *. Several studies support that metformin has a
beneficial effect on lipid profile but no effect on normolipidemic patients *°. Th fact, it has

been reported that metformin is least effective in women who have dy mass index

greater than 35kg/m” . @
Regarding insulin-sensitizing drugs versus combined@n COS patients, it has

been reported that metformin is more effective than OGS, in reducmg fasting insulin and

triglycerides *’and Advanced Glycated End pr % t there s 01ent evidence on

%}

(PPARY) pathway, which bind

their effects on fasting glucose and cholester:
Metformin also interacts with isome p@tor—activated receptor gamma
NS

actions on cardlornetaboh

treatr@@’

and r(@zone) are synthetic ligands of PPARY. The activation

A7

of PPAR increa@suhn sensitivity and stimulates differentiation of adipose
cells, increases HDL-cholesterol levels, reduces triglycerides, improves hepatic insulin
signaling and reduces overproduction of hepatic lipoprotein . However, rosiglitazone
treatment has been suspended due to its association with increased cardiovascular mortality .
On the other hand, as ligands of PPARa, fibrates have a major impact on triglyceride

metabolism and on atherogenic dyslipidemia by increasing HDL-cholesterol and decreasing

LDL-cholesterol .
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Antiobesity agents

Orlistat, a pancreatic lipase inhibitor, reduces the absorption of dietary fat, body
weight, insulin resistance and total testosterone levels in PCOS patients and a long-term
orlistat treatment reduces increased AGE levels independently of the BMI 1 It has been
recently reported that orlistat is as effective as metformin in improving the lipid profile and
pregnancy rates in obese PCOS patients. However, orlistat has minimal side-€ffects and is

better tolerated than metformin . On the other hand, a recent study has s thatumetformin

and sibutramine, but not orlistat, reduce PAI-1 levels, which are inc¢feased invinsulin-resistant
nges, orlistat induces
substantial weight loss in women with PCOS, result in improvements in insulin
sensitivity, hyperandrogenemia and cardiovascularti tors . 0\@)@’

Sibutramine, a selective serotonin ergic r&@k@ inhibitor, also has a

Q)

positive effect on metabolic abnorm@ ese PC@&MS * In obese women with

PCOS, sibutramine reduces the atio, s iglyceride levels ® and PAI-1 levels

42 . . R . .
. However, as sibutramine cany cause @@ in blood pressure and can increase

cardiovascular risk, itha withcg@hom the market in both the United States and

Europe. . \Q@
®
Statins
Atorvastatin and simvastatin improve the cardiometabolic aspects, including lipid
metabolism of PCOS patients . However, the effect of simvastatin remains controversial.
Some authors have reported that simvastatin has a lower impact on the atherogenic
lipoprotein phenotype with a moderate beneficial effect *> whereas others have reported a

reduction in total cholesterol, triglycerides and LDL-cholesterol . In a multicenter, open-

12 Page 13 of 52



OCoOoO~NOURAWNE

Minerva Endocrinologica

labeled, randomized trial, Park et al (2010) found that rosuvastatin was more effective than

atorvastatin on lipid and glycemic profile in patients with metabolic syndrome.

Bariatric surgery

In the recent consensus statement of the Androgen Excess and Polycystic Ovary
Society *, it has been recommended that bariatric surgery should be performed only after
standard weight loss strategies have failed in PCOS patients with a BMI gréater than 40
kg/m? or greater than 35 kg/m” with a high-risk obesity-related conditj %ng to the

1992 NIH Consensus Development Conference Statement (1992). @

In conclusion, based on all the above-described data onsidering the long-term health,

cardiometabolic alterations present in PCOS patients ire more rcreening for such

risks as well as effective and targeted lifest icgto pre t gain (Table 1). The
diagnosis and subsequent manageme n with P@re continuously in discussion.
Although most PCOS patients erwerght, th@@@ significant number of lean women

with PCOS who have ca

iometabolic ab@ties. The most common pharmaceutical

products deal wit hyper@, dyslipidemia, diabetes, inflammation and

atherogenic risks’ er, fugt {\@ earch should focus on these issues in patients with
PCOS. Q ®
REPRODUCTIVE ASPECTS

The management of reproductive aspects in women with PCOS should focus on the
treatment of infertility in women seeking pregnancy or the improvement of menstrual
abnormalities and clinical hyperandrogenism as well as endometrial protection in women not

seeking pregnancy.
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Management of Infertility

Infertility in women with PCOS is associated not only to dysovulation but also to low
oocyte quality and disturbed endometrial receptivity. In addition, these reproductive
disturbances are worsened in the presence of obesity and/or insulin resistance '*. Therefore,
the first non-pharmacological approach for overweight or obese women with PCOS is
lifestyle changes and weight loss. Modest decreases in body weight hav%associated
with improvement in ovulation and pregnancy rates as well as on requ1 ts for ovulation

induction drugs ®

Clomiphene citrate o @’

The first-line pharmacological treati% nfeﬂilib&@dary to anovulation in
Ly,

PCOS is ovulation induction. Classi miphene@e (CC) is the most frequent

choice because of their know@ hypot @u)s competing with estradiol by the
negati

estrogen receptor and blockin @bad{ on the gonadotropin secretion. In

dotropin 1 , ovaries are stimulated leading to follicular

consequence to hi

the risk fi riarl hyperst tion syndrome (OHSS) is rare and the risk for multiple

gestations is around 6%, being almost limited to twin pregnancies */

Metformin

Metformin was first proposed for inducing ovulation in women with PCOS, based on

the high prevalence of obesity, insulin resistance and compensatory hyperinsulinemia in
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these patients. Insulin is known to act as a co-gonadotropin in the ovary, activating the
cytochrome P-450 enzyme complex, leading to increased androgen production. Therefore, as
metformin improves insulin action and, in consequence, decreases insulin levels the final
effect might be a decrease on ovarian androgen secretion (Figure 2). Metformin may also
exert a direct ovarian effect improving the follicular microenvironment . However, evidence
indicates that metformin alone or associated to CC does not improve live births rates in
PCOS ¥ *. Therefore, currently, metformin is no longer considered as firstiline drug to

induce ovulation. In contrast, specific cases such as those presenti paired glucose

tolerance or BMI>35 kg/m® associated to CC resistance mig

associated to lifestyle changes or other ovulation inducing@

with this drug
4S described later. In

addition, metformin may also be used as an adjuvant \therapy in women with PCOS

undergoing in vitro fertilization in order to preve arian hglaﬁon syndrome
(OHSS) *. 3\ @\@
Aromatase inhibitors @

$
More recently, accum vidence gests aromatase inhibitors, such as

Q)

letrozole, may be effecti ovulation in on in women with PCOS. Letrozole acts by

inhibiting andro yersion to@ gen, leading to a lower feedback effect of
endogenous n,on the h amus and pituitary (Figure 2) >'. Aromatase inhibitors

seem to exertan adequate endometrial stimulus and a more physiological follicle recruitment
* In fact, in a recent randomized clinical trial comparing letrozole with CC in 750 PCOS
women, Legro et al *® found a higher cumulative live birth in the letrozole group (27.5%)
than in the CC group (19.1%, p=0.007) (Figure 3). In addition, the study showed no
differences on the rates of miscarriage, multiple pregnancies, or congenital malformations
between the groups, suggesting letrozole might be superior to CC for treating infertility in

PCOS. Moreover, a recent meta-analysis, including other nine studies and totalizing 1,783
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women also showed that letrozole is superior to CC in the treatment of infertile women with
PCOS (OR 1.64, CI 1.32-2.04), although the quality of the evidence was low °'. However,
concerns with letrozole are related to its potential fetal teratogenicity, as reported previously,

although not confirmed in the study of Legro et al **.

Exogenous gonadotropins

A second-line therapy for ovulation induction in women with P @%he use of
exogenous gonadotropins, mainly low-dose FSH (Figure 2). Both -up protocol, in
which the dose of gonadotropin is gradually increased accordi lar development at
ultrasound and the step-down protocol, that begins wit hi@ses and advances with

lesser doses may be used . Using low-dose FSH «the\risk\ for multg@ﬂpregnancies and

cancellations rate due to multifollicular recrui been re@to be less pronounced

than in the past with conventional do addltl@w meta-analysis reported a

possible beneficial effect of metfo d to lo FSH treatment on live birth and

54

pregnancy rates in patients wit , altho e quahty of the evidence was low

indicating that further chmca]@%re needed to confirm these data.

x@
In vitro fe tio @

In vitro fertilization (IVF) is also recommended to women with PCOS who are not-
responsive to ovulation induction. While classically regarded as a third choice for treating
infertility in women with PCOS, after low dose FSH, IVF may be a better approach than
FSH for older women with PCOS. IVF presents a specific benefit of limiting multiple
pregnancies - but not the risk of OHSS, by employing single embryo transfer (Figure 2) >

In addition, there is inconclusive evidence regarding any influence of metformin before or
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during IVF or intracytoplasmic sperm injection (ICSI) on live birth rates but metformin
added to women with PCOS undergoing IVF was associated with a decrease in the risk of
OHSS *. Obesity exerts a negative impact on live birth rate with IVF treatment °°,
supporting the common sense that obese women with PCOS should lose weight before IVF
procedures. In vitro maturation (IVM) of oocytes obtained from women with ovaries
minimally stimulated has been proposed as an alternative to IVF because of the potential
lower risk of OHSS. However, up to now there is no convincing evide%ich could

allow deciding the more effective and safe procedure, IVM versus IVF o 1°"

Laparoscopic ovarian diathermy @

Laparoscopic ovarian diathermy is an opti resistan@ en with PCOS,

<
particularly for those who cannot follow the i@)@nitorin\@@}red for low-dose FSH
. The procedure, using either electrocau@as r, inclu e insertion of a laparoscopic

needle into the ovarian stroma pro n therm, @}n‘y (Figure 2) . Around 50% of

women undergoing laparoscopie’dvarian dizt have an improvement on menstrual

cycles and ovulation. rates ar@i ilar to low-dose FSH *’. Concerns related to

this procedure sibility ﬁhesion formation and the potential reduction of

o
ovarian res §\§

Management of menstrual abnormalities, endometrial protection and hirsutism in

women not seeking pregnancy
Menstrual disturbances

Menstrual disturbances are a very frequent clinical feature in women with PCOS,

varying from menstrual irregularity to oligo/amenorrhea and signalize the occurrence of
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anovulatory cycles. While weight loss in overweight and obese patients may improve
menstrual cyclicity and restore ovulation in some cases, most of patients will need a medical
treatment for this complaint. Effective treatment will additionally protect endometrium
against unopposed estrogen stimulation and the recognized higher risk for endometrial

hyperplasia and cancer .

Combined oral contraceptives

Combined oral contraceptives (OCs) are the first-line pha cal treatment for
the management of menstrual irregularities in PCOS, providi rial protection and
contraception. The estrogen component increases SHB r@ bioavailable androgen

levels and the progestin component suppresses circu luteiniz@ormone, thereby

<
decreasing ovarian androgen secretion. Curr contain\@@oses of estrogens and
synthetic progestins, equivalent to < 3%@ estr@d@@d between 0.1 and 3 mg of

different progestins. There is a co alzidea thaidence exists until now showing
any difference in the effectiven@tinc@@he treatment of PCOS % °,
While the b@ s in th @%-term treatment of PCOS outweigh the risks,

the rel risk of venous thrombosis as well as the potential

D

concerns emerge/fe
S ects o drugs ' ®. A meta-analysis including 35 studies found

metabolic
OCs in PCOS were not associated with alterations in fasting glucose or laboratorial markers
of insulin resistance ®'. Overall, screening for contraindications to OCs is recommended

before prescription in women with PCOS %%,

Progestin-only hormonal contraceptive pills and cyclical progestins

Medical alternatives for treating menstrual irregularities, providing endometrial
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protection and guaranteeing contraception to women with contraindications to OCs are
progestin-only hormonal contraceptive pills ®* or intrauterine devices, although these
methods may be associated with spotting or intermenstrual bleeding. Metformin is also
considered a second-line choice for improving menstrual cycles in women presenting
insulin-resistance and dysglicemia . In turn, cyclical progestins, such as micronized
progesterone, dydrogesterone or medroxyprogesterone acetate for 10—14 days/month are

plausible options for those women who do not need contraception '*

Clinical hyperandrogenism @
Non-pharmacological and topical treatment 1§ Z)

Clinical manifestations of hyperandrogenis ch as hism, acne and
androgenetic alopecia are also common in WO ith"PCOS a a source of anxiety

and stress to these patients. The mos‘[@ ature o 1cal hyperandrogemsm is

hirsutism and non-pharmacologic agement 1n@¢& cosmetic procedures such as
shaving, waxing and bleachm@ 10n, mo 1c1ent for long-term hair removal is
laser therapy (photoepﬂ@Another ch@ mild or moderate facial hirsutism, is the
topical application{Qf /&flgrnithine irreversible inhibitor of the enzyme ornithine

decarboxylase @lo cellu th and proliferation .

Combined oral contraceptives

In women with moderate or severe hirsutism pharmacological therapy is
recommended in addition to cosmetic procedures. The aims of the treatment are to suppress
ovarian androgen excess and inhibit androgen action on hair follicle. OCs are the first-line

choice to treat hirsutism, acting on suppressing LH secretion, leading to a decrease on
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ovarian androgen production. OCs also increase SHBG hepatic secretion, thus reducing
circulating free testosterone levels ' °* . At long-term OCs may decrease the binding of

dihydrotestosterone to the androgen receptor **

Anti-androgen drugs

Anti-androgen therapy is recommended in addition to OCs for more severe hirsutism

65 or if the response is not complete after 6 months of treatment with O 1830 Both

cyproterone acetate (CPA) and spironolactone are effective for treati sutism. CPA is a

progestin with anti-androgenic properties that reduces the a ion by competing
with endogenous androgens for binding to androgen ece n addition, due to its
progestogenic activity, CPA also suppresses gona@crenon educes androgen

production °’, and may be administered in a y. Splr tone an antagonist of
the mineralocorticoid receptor, presents drogenic Qr es havmg a structure that is

very close to the testosterone and s com e itiv) \ to the androgen receptor . The
reduction of hirsutism starts to vident aftg onths of treatment with CPA or

spironolactone % 7. T ant to p the need to guarantee contraception during
anti-androgen th se of t ratogemc effects of these drugs and their effects on

fetal sexual ration. §\

Among’other anti-androgens that have been proposed for the treatment of hirsutism,
flutamide, a nonsteroidal molecule, is effective in reducing androgen action, although it

68, 69 . o
*>7. For this reason, it is not recommended as

presents a dose-dependent hepatic toxicity
first-line option to treat hirsutism. Another anti-androgen drug is finasteride that acts by

inhibiting the activity of the enzyme of Sa-reductase, and in consequence reduces the

conversion of testosterone to its more potent metabolite DHT in the hair follicle. Although
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finasteride is not extensively used it may present the same effects as spironolactone or
flutamide in the treatment of hirsutism "°. However, no definitive evidence emerges from
literature regarding the effectiveness and safety of finasteride in comparison with other anti-
androgens mnn

In conclusion, management strategies for women with PCOS desiring pregnancy

should focus on weight loss for overweight and obese women. Ovulation induction with

anti-estrogens such as clomiphene citrate or letrozole is the first-line medidal treatment.

Exogenous gonadotropins and in vitro fertilization are recommen S ond line
treatment for anovulatory infertility. Laparoscopic ovarian diathe used in special
cases and metformin is no longer recommended for ovulatigh in on because evidence

has shown that it does not increase live birth rates.\\However, metformin might be
administered during IVF cycles to prevent ovari stlmulatirome. Combined
oral contraceptives (OCs) are the first-lin K t for t&@a agement of menstrual
irregularities in women not seeking pre , restori nstrual cycles and providing
endometrial protection and co ptient/ Prog @)@ﬁy pills or cyclical progestins are

recommended for those

co aindica@ OCs. Metformin is also considered a
pfoving mens cycles in women presenting insulin-resistance
esence @l d hirsutism cosmetic procedures are recommended,
tism re@ medical treatment with OCs. Management of more severe
cases of hirsutism or cases with incomplete response to OCs involves anti-androgen drugs,
mainly ciproterone acetate or spironolactone. In conclusion, strategies regarding the
management of reproductive issues in PCOS encompass a tailored approach to individual

needs of each patient.

NOVEL STRATEGIES IN ADOLESCENTS
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Polycystic ovary syndrome (PCOS) is a common disorder among reproductive- age
women. This syndrome is increasingly recognized in adolescent girls and is one of the most
frequent causes of androgen excess in this age group "°. Although the clinical and metabolic
features are similar to those found in young adult women with PCOS, the diagnosis may be
overlooked during adolescence, as irregular menses with anovulatory cycles, polycystic
ovarian morphology, obesity, and acne are frequent in teenagers without this syndrome " 7.

Therefore, strict diagnostic criteria have been proposed to limit premature and §yerdiagnosis

of PCOS in adolescents .

Management of the adolescent with PCOS is and requires a
multidisciplinary team approach, including endocrinologists, ecologists, dermatologists,
psychologists, and nutritionists, who should have a d owledgmewf the disease for
optimal results. Due to the fact that PCOS if; ong con patlents should be
carefully monitored during adolescence an eafter 1n hood Early treatment of
menstrual irregularity and hirsutism improve an @cent s self-image and quality of
life. Moreover early interventi S-associ morbidities such as insulin resistance,

obesity, and dyslipidemi modify the %gression of these chronic conditions later in
life . @

eral tre@ of PCOS in adolescents is symptomatic and preventive.
Lifestyle changes are the first-line intervention in women with PCOS, who are overweight.
Management of menstrual abnormalities, endometrial protection and cutaneous
manifestations of hyperandrogenism is similar to those employed in young PCOS women
who do not desire pregnancy. Insulin resistance can be managed by diet and exercise, and
with appropriate weight control. Metformin improves insulin sensitivity and glucose

. . . . . 78. 79
metabolism 7, and ameliorates hyperandrogenism and irregular menses in adolescents "> .
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Metformin is also beneficial in normalizing the lipid profile "*. However, questions about
how long treatment should be continued and regarding the long-term safety are
controversial. Actually the major debate in the management of PCOS is the long-term

treatment with insulin sensitizers starting in adolescence.

Lifestyle changes g

Early lifestyle changes may prove to be the most effective @ch as younger
adolescents with PCOS and obesity are more prone to adopt healstyle changes than
older adolescents »°. It has been demonstrated that a reducti@lo% in body weight in
obese women with PCOS can, for example improve hifsutism in 40-55ithin 6 months of
weight reduction * and restore regular me 1 cycles. Si@ﬁndmgs have been
observed in adolescents with PCOS . Neve %, there % data regarding the most

<
imett, or beh@ modification program for obese

ion will @o weight loss, however it is not clear

effective dietary intervention, exerci

adolescents with PCOS *!. Cale

if low carbohydrate or 1 t dietS are pre@ for achieving and maintaining long-term

weight loss *.. In aqultidiseiplinary @@;proach for adolescents with PCOS, nearly 70%
of patients su e shog @weight stabilization, with 57% demonstrating weight
loss. Interactions with the he psychologist and dietitian appeared to play a key role in

successful weight control, supporting the importance of psychology and nutrition expertise

in the management of this disorder **.

Reproductive Abnormalities
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Menstrual irregularities such as persistent oligomenorrhea, primary or
secondary amenorrhea and menorrhagia are the most frequent cause of consultation of PCOS
adolescent. As previously mentioned, lifestyle changes are the first line of treatment in these

girls.

The use of cyclic progestins or OCs constitutes the second line of treatment.
Progestin regulates menstrual cycles and may protect against endometrial hyperplasia, which

is secondary to chronic anovulation. Treatment with cyclic progestin is usz%girls with

PCOS who are not candidate for OCs or have not initiated their sexual y. Nevertheless
they must be advised that cyclic progestin will not treat androgen toms and is not a
contraceptive. In adolescents requiring contraception OCs or @stin intrauterine device

could be the option.
® &

o

OCs and anti-androgens are N ools f@&@%atment of the clinical
manifestations of hyperandrogenism. ess, con@@@dst about the risk of venous
thromboembolism (VTE), insuli 1 and d@@@mia caused by OCs in adolescents
with PCOS. PCOS may represen indepe@mk factor for VTE in young women with

PCOS and OCs may increase th tive risk of VTE in these women . Concerns

with O(@ ntaining drosperinone have emerged. Nevertheless,
9

observatio ave not@ered other factors such as prolonged immobility, obesity,

smoking history, and family history of VTE . Increased risk for IR caused by OCs in

adolescents with PCOS has been suggested by a number of clinical trials *> *. A 6- months

study with drosperinone/ethinilestradiol (EE) showed no effect on insulin sensitivity or in

insulin secretion measured by hyperinsulinemic-euglycemic clamp *’. On the contrary the

combination of desogestrel/EE and cyproterone acetate/EE showed an increase in insulin

resistance estimated by HOMA-IR % In addition, OCs increase LDL and HDL cholesterol,
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leading to unchanged total cholesterol-to-HDL ratio ®" **

. However, the long-term impact of
the use of OCs in adolescents on cardiovascular and diabetes risk is not known; further

studies remain to be conducted.

For cosmetic improvement of acne and hirsutism, low dose antiandrogen
drugs used alone or in combination with OCs had beneficial effects on hiperandrogenism or

hirsutism in adolescents % %

. Nevertheless, the use of antiandrogens in late adolescence
requires concurrent use of an effective contracepcion to prevent the risk of ization of a
male fetus if they get pregnant. Spironolactone at a dose100 mg/day en shown to be

more effective than placebo in reducing hirsutism in women wi ‘@ " The addition of

spironolactone (100 mg/day) to an OCs containing drosperinone /did not lead to elevated

potassium levels in small trials but the safety of this c tion has r@peen evaluated in
<

larger trials . More recently, it has been $ho that the %mation of low-dose

spironolactone (50 mg/d) and metformin &Ved insul@\ensitivity to a magnitude

<
superior to either drug alone *'. Regdrding utamide@drogen receptor antagonist, the

group of Ibanez et al, publishe ies-of clinic§®95 using combination therapy with low
dose flutamide and ins sensitizers in%é’lescents showing improvement of clinical

manifestations as c iovascul@k factors *> %°.

o\Q
Metabolic derangement

In the last years there is a growing concern about the increase in dyslipidemia,

impaired glucose tolerance, and hypertension in adolescents with PCOS, especially in obese

37

girls. Therefore, management of PCOS with insulin sensitizers like metformin °° and

thiazolidinediones °*, has generated significant interest.
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Metformin, an oral biguanide, is well established for the treatment of diabetes and it
is now considered the first —line drug in the management of women with PCOS and insulin
resistance. In addition to its insulin sensitizing properties, metformin may also have a direct
action on human theca cells, reducing androgen synthesis, through an insulin- independent
mechanism *°. A recent survey indicated that 30% of pediatric endocrinologists consider
metformin appropriate treatment for adolescents with PCOS, and 68% for obese adolescents

with PCOS .

Many studies has demonstrated the efficacy of met in improving
menstrual cyclicity, anovulation, inflammation, endothelial d@ion, and various
metabolic parameters. Low dose metformin alone or in combination/with flutamide has been
used in lean adolescents with PCOS and insulin resi by Ibaﬁez al *® showing an

improvement in the lipid profile. Few studi a compare@s and metformin in

adolescents have been published, maklr%% o draw ¢ . lusions . Studies that have
evaluated the effectiveness of me @herapy al@b\)r in conjunction with lifestyle

modifications suggest that n de serum androgens and clinical

hyperandrogenism and i e lipid proﬁle chromc anovulation .

In sum studi 1ndlcat$he degree to which metformin therapy is effective

<
in improvi ogenic@\etabolic profile in adolescents with PCOS may be related
to (i) the dose’ used, particularly when metformin is used as monotherapy, necessitating
higher doses '’; (ii) the agent with which metformin is combined, estrogen-progestin
combination pills or anti-androgenic agents such as flutamide, spironolactone, and
cyproterone acetate °'; and (iii) the characteristics of the PCOS patient being treated, whether

obese or lean, hyperinsulinemic, or normoinsulinemic " ™. All these aspects have to be

considered before initiating metformin therapy in these girls.
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Thiazolidinediones (TZDs) are a family of insulin-sensitizer drugs that act
through the nuclear receptor PPAR-y that when stimulated, are able to mediate the genetic
transcription and regulate the glucose metabolism, inflammatory response and the
differentiation of adipocytes. These drugs have also shown very similar effects to the ones
obtained with metformin, improving hyperandrogenism, anovulation, and insulin resistance
in adult women with PCOS . In addition they show a favorable effect on visceral adipose
tissue which was also observed in young PCOS women °*. Nevertheless, despite its proven
efficacy in adult women with PCOS these medications have not been ri uslywstudied in

adolescents, in either traditional states of IR or in late adole$ Is with PCOS.

Therefore, it is not recommended in this age group. As previQusly mentioned, metformin is
recommended as first line insulin sensitizer given the larger evidence in the beneficial use of

this drug in the clinical practice. 9,

Other treatment alternatives

Recently ployment of @macupunture and the use of berberine have
emerged as new optlon ctroacupunture and Chinese kidney-nourishing
medicine in o ese we w1th PCOS improve obesity-related indexes, insulin
sensitivity adiponectin 1 . This favorable effect was not demonstrated in a previous

. . . . 98
study using electroacupuncture and exercise in Caucasian PCOS women

Berberine, the major active component of rhizomacoptidis, exists in a number of
medicinal plants and displays a broad array of pharmacological effects. In Chinese medicine,

Berberine has long been used for its anti-diabetic effects. Recently it has been shown to have
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positive effects on insulin resistance, lipid metabolism, nitric oxide production, and

metabolic syndrome .

The mechanisms of berberine in treating PCOS are partially known. Berberine acts
through the activation of AMP-activated protein kinase (AMPK), improving insulin

resistance in theca cells and granulosa cells in a way similar to metformin *.

Risk Factors and prevention Q

Risk factors such as premature pubarche , ethnicity 100@ itive family history
i

101193 should alert the clinician about the possibility of PCOS

olescent girls. Moreover,
in recent years a relationship between early puberty< d high @@Kveight have been
described '° and the events that may occur dnfx regnancy ar > ing very relevant in
the ontogeny of this syndrome. Und g "how pe@tions of the maternal-fetal

environment influence the develep

nt origins COS will allow the set up of

preventive strategies.
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Figure 2. Mechanisms of action of induction of ovulation and IVF treatments.

Clomiphene citrate acts on the hypothalamus-pituitary axis, competing with estradiol for
estrogen receptor binding and blocking its negative feedback on gonadotropin secretion. In
consequence to higher gonadotropin levels, ovaries are stimulated leading to follicular
development (=); aromatase inhibitors (letrozole) act by inhibiting androgen conversion to

estrogen, leading to a weaker feedback effect of endogenous estrogen on the othalamus

and pituitary, thereby enhancing follicle recruitment (< ); exogenous gon opiny(low-dose
FSH) directly stimulates follicular development (=); in IVF alogs promote
suppression of the hypothalamus-pituitary axis and gonadotropins sti e multiple follicular

development (=*); Laparoscopic ovarian diathermy promotes—a thermal injury by the

insertion of laparoscopic needle into the ovarian );me improves insulin

tfo
action and decreases ovarian androgen sec é& may ®i> direct ovarian effect

improving the follicular microenvironmz ; ver it dmprove live births rates and

nduc%éﬂon in PCOS ().
N

Figure 3. Cumulati% tes ir@zole versus Clomiphene treatments.

Data from Ref 7@ S, BrzysknRG, Diamond MP, Coutifaris C, Schlaff WD, Casson P
)

et al. Letroz ersus clomiphene for infertility in the polycystic ovary syndrome. N Engl J

it is no longer considered as first-li

Med 2014;371(2):119-29.
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Table I. Management of cardiometabolic aspects of adult patients with PCOS

Treatment

Positive and negative effects on cardiometabolic aspects

Lifestyle changes

(Physical exercise and
an appropriate diet)

- Induce weight loss

- Improve insulin sensitivity

- Decrease total fibrinogen

- Regularize blood pressure

- Improve endothelial functions

- Restore menstrual cycle

Combined oral
contraceptives (OCs)

y/a\
-Controversial evidence %
- OCs are more effective in reducing rogen levels
than affecting cardiometabolic asgcis
- Some OCs may increase thromb olic events

- Flutamide improves lipt
decreases visceral fat’€o

les and adippkine levels,
and impr: sulin

sensitivity. Prese 0se-depende atic toxicity
Insulin sensitizers Metformin %\ 6\

- Enhan ripheral insul'<> ion and reduces glucose

absorptionidrom the digestive tract

-1 ation wi style changes results in a

ecrease in insulin resistance and

N\

\oves lipid profile in dyslipidemic patients
Thiazolidinediones
- Increase insulin sensitivity and stimulate differentiation of
adipose cells, increase HDL-cholesterol, reduce
triglycerides, improve hepatic insulin signaling and reduce
overproduction of hepatic lipoprotein. May promote weight
gain

- Rosiglitazone treatment has been suspended due to its
association with increased cardiovascular mortality.

Fibrates
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- Improves triglyceride metabolism (decreases triglycerides,
LDL- and total -cholesterol and increases HDL-cholesterol)

Antiobesity agents

Orlistat

- Reduces the absorption of fat, body weight, insulin
resistance and total testosterone

- A long-term orlistat treatment reduces advanced glycated
end products

- Improves lipid profile

- In combination with lifestyle changes, orlistat induces
substantial weight loss reducing cardiovascular ris

Sibutramine
- Reduces plasminogen activator inhibiter=1

- Reduces the waist-hip ratio, trigl
plasminogen activator inhibitor-

- As adverse effects: sibutramine raises blood pressure and
cardiovascular risk thus, s ine has begn withdrawn

from market in Un%p nd Eurc;&@)
)

Statins

Atorvastatin im %@ﬁiometa@@peas including

<
The effect ofisi statin re@@ controversial (low impact
0

ont ic lipo phenotype and high effect in
re 1 choles ; triglycerides and LDL-
holesterol) 7 QS

j@suvastati i re effective than atorvastatin on lipid and
klycemic eters in patients with metabolic syndrome

Bariatric s
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