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Abstract
Purpose of Review Polycystic ovary syndrome (PCOS) is the commonest endocrine disorder during a woman’s reproductive
lifespan, with well-documented diagnostic criteria and therapeutic strategies in adults; the same is not necessarily true for
adolescents. The purpose of this reviewwas to identify frequent pitfalls in PCOS diagnosis and management during adolescence.
Recent Findings Although there is no global consensus on the definition, most experts converge to the presence of both oligo/
amenorrhea and (clinical and/or biochemical) hyperandrogenism, as a prerequisite for diagnosis in adolescents. The former
criterion includes: (a) consecutive menstrual intervals > 90 days even in the first year after menarche; (b) menstrual intervals
persistently < 21 or > 45 days for ≥ 2 years after menarche; or (c) lack of menses by the age of 15 or 2–3 years after pubarche.
However, these menstrual irregularity patterns may overlap with other common entities in adolescents, such as frequent or
infrequent uterine bleeding or anovulation due to immaturity of the hypothalamic-pituitary-ovarian axis. Clinical signs of
hyperandrogenism are obscure, without well-validated criteria. Finally, the criterion of polycystic morphology cannot be safely
used in adolescents, mostly due to technical limitations of the transabdominal ultrasound. Except for the efficacy of lifestyle
intervention in overweight and obese adolescents with PCOS, limited and low-quality data exist regarding the available medi-
cations, such as oral contraceptives, metformin, and anti-androgens.
Summary Individualized management, guided by clinical experience and research data and close monitoring appear the most
effective approach in this PCOS population for optimal control of its reproductive and metabolic outcomes. Research focusing on
PCOS genetic and molecular mechanisms may elucidate what diagnostic and therapeutic strategies will be most appropriate in
adolescents with PCOS in the future.
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Introduction

Polycystic ovary syndrome (PCOS) constitutes the most com-
mon endocrine disorder in females of reproductive age [1],
accounting for 70–80% of all cases with hyperandrogenism
[2]. Its prevalence is estimated to 6–8% of the general pre-
menopausal population [2], depending on the criteria used, it
may reach up to 20% [3, 4]. PCOS is considered a multifac-
torial syndrome of unknown cause. Disordered gonadotropin
secretion with elevated luteinizing hormone (LH), ovarian
hyperandrogenism, and insulin resistance are key components
of the syndrome [5]. Its etiopathogenesis involves an interac-
tion between genetic and environmental factors. Studies have
focused on mutations in genes that participate in androgen
biosynthesis and action, glucose metabolism, such as the in-
sulin and insulin receptor genes, and systemic inflammation,
such as the CYP11A1, CYP17A, CYP19, CYP21, HSD17B5,
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HSD17B6, INS, INSR, IRS-1, IRS-2, IGF, PPAR-γ, the tumor
necrosis factor-alpha (TNF-α), and interleukin-6 (IL-6) genes
[6]. Besides the strong genetic component, an epigenetic com-
ponent seems to play a significant role [2]. With regard to the
environmental component, it has been hypothesized that in-
trauterine growth restriction (IUGR) or exposure to androgens
in utero may result in the development of PCOS in adult
women [5, 7].

In general, there is heterogeneity in the clinical presentation
of PCOS, which varies with age, body weight, ethnicity, and
the influence of environmental factors, such as medications
[8]. The diagnosis of the syndrome, which is the result of the
exclusion of other causes of menstrual irregularity and andro-
gen excess, becomes challenging after taking into consider-
ation that the evolution of its features may occur any time
throughout a woman’s lifespan [9]. Based on the American
Society for Reproductive Medicine (ASRM)/European
Society of Human Reproduction and Embryology (ESHRE)
(“Rotterdam”) criteria, which are the most widely applied, the
presence of at least two of the following three criteria are
needed to confirm the diagnosis of PCOS: ovulatory dysfunc-
tion, hyperandrogenism (clinical or biochemical), and poly-
cystic ovarian morphology (PCOM) on ultrasound [3, 4].
However, the clinical presentation is more obscure in adoles-
cents compared with the adults, complicating the diagnostic
and therapeutic approach.

The purpose of this narrative review is to focus on PCOS in
adolescence, in an attempt to identify frequent pitfalls in its
diagnosis and management.

Diagnostic Features of PCOS in Adults

Menstrual Irregularity and Ovulatory Dysfunction

Menstrual irregularity is present in > 75% of adult women
with PCOS. Oligomenorrhea is defined as intervals of > 6–8
weeks between menses. Adrenal (non-classical congenital ad-
renal hyperplasia (NCCAH)), thyroid (hypothyroidism, hy-
perthyroidism), and pituitary disorders (hyperprolactinemia)
should be excluded [10].

Androgen Excess

Androgen excess may be either biochemical or clinical.
Biochemical hyperandrogenemia is present in 60–80% of
adults with PCOS, mainly attributed to excess androgen pro-
duction by the ovaries, whereas the adrenal glands and periph-
eral adipose tissue contribute to a small degree [10].Androgen
excess may clinically manifest as hirsutism (i.e., excess facial
and body hair), acne, or alopecia (male-pattern baldness) [11].
Nonetheless, clinical assessment of hyperandrogenism (hir-
sutism, acne, alopecia) has limitations, as it is often subjective,

poorly specific, or standardized and varies among ethnic
groups. Moreover, > 90% of 18-year-old women have some
form of acne [12].

In addition, biochemical hyperandrogenemia is not clearly
defined, depending on which androgen is measured, its upper
normal serum concentrations and the method of assessment.
The usefulness of serum total testosterone as a surrogate mark-
er of female hyperandrogenism is low due to the poor accura-
cy and sensitivity of traditional immunoassays in the female
range [13, 14]. Furthermore, total testosterone concentrations
exhibit a high intra- and inter-individual variability and are
subject to variations of the binding proteins, such as albumin
and sex hormone-binding globulin (SHBG); therefore, precise
reference values cannot be determined [1]. In contrast, serum-
free testosterone (fT) is a more sensitive marker of
hyperandrogenism compared with total testosterone [15, 16];
albeit the method of choice for its measurement, equilibrium
dialysis, is time consuming, and not available worldwide.
Therefore, an indirect measurement of fT, the free androgen
index (FAI), calculated as the quotient 100 × total
testosterone/SHBG (both expressed in nmol/l), has been pro-
posed [16]. Of note, it has been reported that only 50% of
women with PCOS and hyperandrogenic phenotype have to-
tal testosterone concentrations > 95th percentile of the refer-
ence values, whereas nearly 90% of them have fT concentra-
tions > 95th percentile [17]. The diagnostic utility of other
less-potent androgens, such as dehydroepiandrosterone sul-
fate (DHEAS) and Δ4-androstenedione in PCOS, is limited
due to their almost exclusive adrenal production [10].

However, many patients with PCOS present with clinical
signs of hyperandrogenism but without biochemical
hyperandrogenism. This may be attributed to increased pe-
ripheral androgen metabolism of androgens or increased con-
version of testosterone to the potent dihydrotestosterone
(DHT) at the hair follicles and sebaceous glands, through the
action of the enzyme 5α-reductase. Peripherally produced an-
drogens act in an intracrine way that is not reflected in blood
concentrations [2]. Moreover, androgen excess may affect the
menstrual cycle and fertility, through ovarian dysregulation
and impaired follicular maturation that result in anovulation
and subfertility [2].

Polycystic Ovarian Morphology

PCOM, defined as the presence of ≥ 12 follicles (2–9 mm in
diameter in each ovary) or increased ovarian volume (> 10
ml), has been introduced as one of the Rotterdam diagnostic
criteria for PCOS and has received criticism for broadening
the definition of PCOS. PCOM has been associated with both
irregular menses and hyperandrogenism [18].

Controversy persists with regard to the recommended
criteria for an accurate diagnosis of PCOS, since the criteria
proposed by the National Institutes of Health (NIH) consensus
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in 1990 for PCOS in adult women require menstrual irregu-
larity and androgen excess [19]. The NIH criteria proposed in
2012 are in agreement with the Rotterdam criteria [20]. By
contrast, the Androgen Excess and PCOS Society (AEPCOS)
requires the presence of hyperandrogenism in combination
with either menstrual irregularity or PCOM for the diagnosis
of PCOS [10].

Diagnostic Challenges in Adolescence

Diagnostic Criteria

Although there is no consensus on the definition of PCOS in
adolescents, according to the aforementioned international
scientific groups, the same diagnostic criteria can be extrapo-
lated in the adolescent population [3, 4]. However, the main
shortcoming in these cases is the fact that many adolescents
exhibit physiologic menstrual irregularity and signs of andro-
gen excess peripubertal [2, 21]. Furthermore, adolescent ovar-
ian morphology overlaps with that of women with PCOS [22,
23].Although there is no global consensus on the exact PCOS
definition in adolescents, the diagnosis is suggested to be
based on the concomitant presence of clinical and/or biochem-
ical hyperandrogenism with persistent oligomenorrhea [4, 24,
25]. The following criteria have been proposed for the latter:
(a) consecutive menstrual intervals > 90 days, even from the
first year after menarche; (b) menstrual intervals persistently <
21 or > 45 days for ≥ 2 years after menarche; or (c) lack of
menses by the age of 15 or 2–3 years after pubarche (devel-
opment of breast budding) [25]. With regard to PCOS preva-
lence in adolescents, a recent meta-analysis reported rates of
11.0% (95% confidence interval (CI), 6.8–16.1), 3.4% (95%
CI, 0.3–9.5), and 8.0% (95% CI, 6.2–10.0), according to the
Rotterdam, NIH, or AEPCOS criteria [26•].

Menstrual Irregularity and Ovulatory Dysfunction in
Adolescence

Menstrual irregularity is often the earliest clinical manifestation
of PCOS in adolescence [27]. It may manifest as oligomenor-
rhea or excessive uterine bleeding [25], which usually resolve
within 2 years post-menarche. In some cases, however, regular
menses might be established later on, without any pathological
cause [28]. Oligomenorrhea at the age of 15 years persists for 3
years more in 51% of the cases; on the other hand, only 2% of
adolescents with regular menstrual cycles develop oligomenor-
rhea later on [29]. Thus, oligomenorrhea at 15 years of age may
be a good predictor of oligomenorrhea in 3 years. Moreover,
PCOS has been reported as the predominant diagnosis in hos-
pitalized adolescents with excessive uterine bleeding, account-
ing for 33% of the cases [30].

Anovulation is also common at the beginning of puberty
due to the immaturity of the hypothalamic-pituitary-ovarian
axis and involves approximately 40–50% of adolescent girls
[31]. Therefore, differentiation between physiological
anovulation during adolescence and ovulatory dysfunction is
challenging.

Androgen Excess in Adolescence

Although acne may be associated with underlying
hyperandrogenism, it cannot be used as the sole criterion for
clinical hyperandrogenism, due to its high prevalence (up to
90%) in adolescence [32]. Hirsutism is considered a more
reliable marker of hyperandrogenism in adolescents compared
with acne. It becomes more prominent in adulthood as the
duration of exposure to androgens is increasing [33].
According to the international consensus of 2003 [34],
moderate-to-severe hirsutism is considered a clinical feature
of androgen excess, as well as persistent acne. In contrast,
mild hirsutism is considered to be normal soon after menarche
[25]. The Ferriman-Gallwey scoring system is applied for the
quantification of hirsutism (a score of 8–15 indicates mild
hirsutism and a score of > 15 indicates moderate or severe
hirsutism, although the same thresholds are used in adults
and adolescents). There is a paucity of data concerning andro-
genic alopecia in adolescents.

Since clinical signs of hyperandrogenism are not reliable in
adolescence, biochemical hyperandrogenemia remains a defin-
ing feature of PCOS in this population [17], despite the phys-
iological increase in androgen concentrations during adoles-
cence. Increased calculated fT is the most prevalent biochemi-
cal finding, although total testosterone and DHEAS may also
be increased [17]. To date, there are no well-defined thresholds
for androgen concentrations adjusted for adolescence. As in
adults, a sensitive testosterone assay remains the sine qua non
for accurate results. The AEPCOS Society recommends mass
spectrometry as the optimal method for assessing total and free
testosterone concentrations [35].

PCOM in Adolescence

The presence of multifollicular ovaries (≥ 6 cysts, 4–10mm in
diameter, and of normal or slightly increased size) is frequent
in adolescents [34] and may reach 57.9% in adolescents with
menstrual irregularities [36]; thus, the clinical significance and
diagnostic reliability of this criterion in adolescence are
questioned. PCOM and increased ovarian volume are features
of physiologic puberty and may subsequently subside with the
onset of regular menstrual cycles [37]. Hence, it is recom-
mended that the ultrasonographic picture should not be in-
cluded in the diagnostic criteria of PCOS during adolescence,
as it has not been validated for this age group [31].
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There are several reports in the literature with regard to
PCOM in adolescents. It has been estimated that 10–48% of
adolescents without PCOS may have a polycystic appearance
of their ovaries, suggesting an overlap in ovarian morphology
between adolescents with PCOS and control adolescents [21,
38, 39]. It has also been reported that one third of normal
weight or overweight girls may have PCOMwithout ovulato-
ry dysfunction within 2–4 years after menarche [23, 40].

On the same concept, PCOM may exist in one third of
adolescents with hyperandrogenism [41], as well as in 9 and
28% of those with regular and irregular menses (average cycle
length 22–41 days), respectively, and in 45% of adolescents
with oligomenorrhea and increased androgen concentrations
[42]. However, the early menstrual pattern is predictive of the
late one [29]; therefore, oligomenorrhea that persists 2 years
beyond menarche should be evaluated as an early clinical sign
of PCOS. Another shortcoming of PCOM in adolescents is
that transabdominal ultrasound, which is the primary imaging
tool used in this population (instead of transvaginal ultra-
sound), may limit the diagnostic accuracy and usefulness of
this imaging modality in overweight or obese adolescents.
Magnetic resonance imaging (MRI) has been suggested as a
more accurate approach, but it is not routinely used [43].

Further studies in larger populations during the second de-
cade of life are needed for safe conclusions to be drawn. With
these limitations, the diagnosis of PCOS hinges on the evi-
dence of androgen excess and ovulatory dysfunction, rather
than ovarian imaging [25].

Diagnostic Approach of PCOS in Adolescence

Α thorough medical history has to be obtained, including in-
formation on exogenous medication intake, such as androgen-
ic steroids and anti-epileptics. Of note, PCOS features may be
covered by medications used to treat acne [44]. Furthermore,
obtaining a family history is required, since a genetic compo-
nent may be present. A detailed physical examination is also
important. Acanthosis nigricans and truncal obesity may be
detected as clinical signs of insulin resistance. The degree of
hirsutism can be assessed by the Ferriman-Gallwey score [45],
and the severity of acne can be graded based on lesion type
and count [8].

Biochemical workup in PCOS should mainly include
fasting plasma glucose, lipid profile [46], and total or calcu-
lated fT concentrations (or FAI), preferably in the morning
[3]. If treatment has been initiated in the interim, androgen
concentrations may be altered, and this should be taken into
consideration by the clinicians [10, 11, 46, 3]. To discriminate
between different causes of hyperandrogenemia or menstrual
irregularity, additional testing may include DHEAS, Δ4-an-
drostenedione, 17-hydroxyprogesterone [17(OH)P], thyroid-
stimulating hormone (TSH), prolactin, LH, FSH, and estradiol
from the 3rd to 5th day of the menstrual cycle. In adolescents

with baseline morning 17(OH)P > 200 mg/dl, a cosyntropin
stimulation test should be performed to exclude NCCAH [47].
A pregnancy test is essential.

Although pelvic ultrasonography is not universally recom-
mended for setting the diagnosis of PCOS in adolescents [25],
a pelvic ultrasound may be useful for excluding other under-
lying pathology, particularly androgen-secreting tumors in
cases of hyperandrogenemia and anovulation [48, 49].

Complications of PCOS

Cumulative evidence supports that PCOS is associated with
long-term consequences, including impaired reproductive
health, psychological dysfunction, dysregulation of glucose
homeostasis (impaired glucose tolerance (IGT) or type 2 dia-
betes mellitus (T2DM)), non-alcoholic fatty liver disease
(NAFLD), dyslipidemia, metabolic syndrome (MetS), cardio-
vascular disease, and increased endometrial, breast, and ovar-
ian cancer risk [50–52]. Obesity exacerbates PCOS-associated
metabolic dysregulation [53, 54]. Furthermore, insulin stimu-
lates ovarian androgen synthesis [55] and inhibits the produc-
tion of SHBG in the liver [56]. As a result, circulating free
androgen concentrations are increased. Although this meta-
bolic dysregulation is a core defect in PCOS, these “physio-
logic” metabolic changes are also prominent during puberty.
Indeed, reduced insulin sensitivity and hyperinsulinemia are
quite common in healthy adolescents [57]. It has been report-
ed that insulin sensitivity decreases by 50% during puberty,
compensated by doubling of insulin secretion [56].

However, adolescents diagnosed with PCOS should be
screened for metabolic disorders, as approximately one third
of them meet the criteria for MetS, such as central obesity,
arterial hypertension, atherogenic dyslipidemia, and glucose
intolerance, as opposed to only 5% of those without PCOS
[58, 59]. Of note, the diagnostic criteria for MetS differ in the
adolescent population. In particular, three of the following five
are required for setting the diagnosis: (i) fasting blood glucose
concentrations > 100 mg/dl; (ii) high-density lipoprotein cho-
lesterol (HDL-C) < 40 mg/dl; (iii) triglycerides ≥ 110 mg/dl;
(iv) waist circumference ≥ 90th percentile for age and sex; and
(v) blood pressure ≥ 90th percentile for age and sex [60].

These abnormalities may present early in the course of the
PCOS [61]. Obesity has shown to exacerbate these metabolic
abnormalities in adolescents with PCOS [62•]. Although
PCOS poses a heightened risk for MetS, independently of
body mass index (BMI), the prevalence of MetS is higher in
the presence of obesity [59], especially abdominal obesity
[63]. Interestingly, although obesity is considered a better pre-
dictor of MetS compared with androgen excess [64, 65], the
latter may conversely increase the risk of obesity independent-
ly of BMI [59, 66].
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PCOS may be a sign of systemic inflammation, since in-
creased concentrations of IL-6 and reduced adiponectin con-
centrations have been found in lean adolescents with
hyperandrogenism compared with adolescents without
hyperandrogenism [67]. Low adiponectin concentrations have
been correlated with insulin resistance and visceral adiposity
[68]. With respect to dyslipidemia, increased triglyceride and
low-density lipoprotein- cholesterol (LDL-C) concentrations
have been reported in adolescents with PCOS and androgen
excess [66]. Another complication of PCOS in adolescence
that should be taken into account is its effect on the quality of
life (QoL). Indeed, a meta-analysis has shown that QoL, most-
ly referring to a psychological profile, is impaired in adoles-
cent patients with PCOS, with obesity strongly mediating this
effect [69•].

Follow-up of PCOS in Adolescence

Regular follow-up is of utmost importance to record the
severity and progression of hirsutism, acne, and men-
strual disturbances. Additionally, monitoring for PCOS-
associated comorbidities, such as the presence of meta-
bolic disturbances, as described above, is also crucial
[25, 59, 70].

A 2-h oral glucose tolerance test (OGTT) is the gold-
standard screening test for diagnosing impaired glucose regu-
lation and periodic screening using this test has been sug-
gested [49]. The increased prevalence ofMetS at such a young
age underscores the importance of regular screening of this
population to decrease the future risk of diabetes and coronary
artery disease.

The psychological impact of PCOS in adolescent patients
should also be addressed at regular intervals. Depression and
anxiety are seen in this population at an increased prevalence,
and expert guidance may be needed in specific cases [71, 72].
Eating disorders are prevalent in adolescents with PCOS, and
physicians should be aware [73].

Management of PCOS in Adolescence

Goals and Principles of Management

The goals of PCOS treatment are to improve QoL and
reduce the risk of long-term health outcomes [11].
Individualized treatment based on the clinical presentation,
needs and preferences of each patient is imperative. The
initiation of treatment for PCOS does not require a defini-
tive diagnosis of the syndrome, as it may decrease the risk
for future comorbidities [25].

Lifestyle Modifications

Lifestyle modifications to avoid weight gain in non-obese
patients or to reduce body weight in cases of excess body fat
remain the mainstay of treatment [3, 4]. Weight loss is bene-
ficial for PCOS-associated menstrual irregularity, androgen
excess, and cardiometabolic risk. Interestingly, it seems to
be of no benefit in normal-weight women with PCOS [3, 4].
It is the calorie restriction itself rather than the type of diet (i.e.,
protein content) that has an impact on reproductive and met-
abolic profile [3, 4, 74]. Lifestyle intervention may also ame-
liorate the lipid profile in adolescents with PCOS [75].

Although 40–70% of adolescents with PCOS are over-
weight or obese, adherence to lifestyle intervention is subop-
timal and drugs used for weight loss in adults have not been
approved in this population. Furthermore, the optimal diet has
not been defined [76].

Few data exist regarding the effect of lifestyle modification
on the metabolic and reproductive profile in adolescents. In a
prospective study (59 obese PCOS girls, aged 12–18 years),
lifestyle intervention (diet modification plus regular exercise),
leading to a mean BMI reduction of 3.9 kg/m2 after 1 year,
ameliorated lipid profile (increased HDL-C and reduced tri-
glyceride concentrations), and reduced insulin resistance in-
dex and blood pressure. It also reduced the prevalence of
oligo- and amenorrhea, by 42 and 19%, respectively.
Interestingly, carotid-intima media thickness (cIMT) de-
creased, as well as testosterone concentrations [77]. On the
same note, a randomized-controlled trial (RCT) in obese ado-
lescents with PCOS (n = 60) showed that intensive dietary
program with conventional calorie restriction led to an im-
provement in menstrual pattern and hirsutism score, compared
with a healthy diet, without energy restriction [78]. In this
study, lifestyle modification in adolescents with PCOS result-
ed in a decrease in waist circumference, denoting a decrease in
insulin resistance [78].

Oral Contraceptives

Combined oral contraceptives (COCs) are recommended as a
first-line medical treatment for the management of menstrual
irregularity and clinical signs of androgen excess in women
with PCOS [3, 4]. The combination of estrogen and proges-
terone has a suppressive effect on the hypothalamus-pituitary-
ovarian (HPO) axis, by blocking the ovarian androgen pro-
duction. Furthermore, COCs increase SHBG concentrations,
thereby further reducing androgen excess [79]. The progester-
one component of the COC prevents estrogen action and de-
creases the risk of endometrial hyperplasia [11]. COCs are
indicated for all forms of menstrual irregularity, including
amenorrhea, oligomenorrhea, menorrhagia, and abnormal
uterine bleeding [4, 45]. The positive effect of COCs in men-
struation is evident 2–3 months after initiation of treatment.

197Curr Obes Rep (2020) 9:193–203



Although the duration of treatment with COCs is not well
defined, one or more years is the suggested period for HPO
axis recovery and potential resolution ofmenstrual irregularity
[11]. COCs may also be efficacious for the management of
acne and hirsutism [11].

Common adverse effects associated with COC use include
nausea, breast tenderness, headaches, and mood changes,
which are mitigated after the first months of administration
[80]. Studies in adults with PCOS indicate that COCs may
have either negative or neutral impact on lipid profile and
glucose metabolism, mostly dependent on the dose of estro-
gen and type of progestin; data are derived from studies of
small sample size and short duration [80]. According to a
Cochrane meta-analysis, there is no effect of COCs on body
weight in women with PCOS [81]. Recent meta-analyses have
shown that potential cardiometabolic COC-related adverse ef-
fects may be blunted when COCs are combined with metfor-
min or lifestyle modification [82, 83].

Regarding adolescents, the evidence is not robust for safe
conclusions. A Greek study has shown that 30 μg/day of
ethinyl-estradiol combined with 150 mg/day of desogestrel,
for 21 days per cycle of 28 days, may reduce androgen con-
centrations without worsening the lipid profile, weight, or
waist-to-hip ratio [79]. However, some data suggest an in-
crease in systemic inflammation, as assessed by high-
sensitivity C-reactive protein concentrations and cIMT, with
the use of COCs [84, 85]. Contra-indications, such as a history
of deep vein thrombosis (DVT) or migraine, should be strong-
ly taken into consideration before the initiation of COCs [80].

Metformin

In general, metformin, as an insulin sensitizer, is recommended
as a second-line therapeutic modality in patients with PCOS
and disordered glucose metabolism (IGT or T2DM) in whom
lifestyle intervention was ineffective or who have contra-
indications or are intolerant to COCs [3, 4]. The use of other
insulin sensitizers, such as inositols or thiazolidinediones, is not
recommended for the treatment of PCOS [3, 4]. Metformin
may improve the cardiometabolic profile and menstrual irreg-
ularity in women with PCOS, although with a negligible effect
on clinical hyperandrogenism [3, 4]. Interestingly, it may ame-
liorate the reproductive function regardless of insulin resistance
and IGT [86].

A few non-RCTs, of small sample size and short duration
studies exist on metformin use in adolescents with PCOS. In
one prospective study in non-obese adolescents with PCOS (n
= 18, mean BMI 21.4 kg/m2) with hyperinsulinemic
hyperandrogenism and persistent anovulation, metformin
1275 mg/day for 6 months, restored menstrual irregularity in
all patients [87]. Ovulation induction was achieved in almost
80% of patients in 6 months. In the same study, metformin
improved clinical and biochemical hyperandrogenemia and

resulted in a less atherogenic profile, characterized by a reduc-
tion in total cholesterol, triglyceride, and LDL-C concentra-
tions [87]. This was also the case in another study in adoles-
cents with PCOS and IGT, in which metformin (850 mg,
twice daily), improved insulin sensitivity and biochemical
hyperandrogenemia and mitigated the adrenal steroidogenic
response to adrenocorticotropic hormone [88]. In these stud-
ies, the effect of metformin on BMI was either beneficial [88]
or neutral [87].

Additional studies have shown that the combination of
metformin with a low-carbohydrate diet resulted in normali-
zation of menstrual cycles and restoration of ovulation in ad-
olescents with PCOS within a few months [89, 90]. A few
months of metformin therapy has also led to normalization
of glucose tolerance, reduction in total and free testosterone
concentrations, and improvement of BMI, body composition,
and insulin sensitivity in adolescents [88].

A few comparative data exist with regard to metformin use
vs. COCs in adolescents. A meta-analysis of four RCTs (n =
170), published in 2016, showed that COC use induced a
modest amelioration in menstrual pattern and acne scores. In
contrast, metformin led to greater BMI reduction and im-
provement in glucose dysregulation, total cholesterol, and
LDL-C concentrations in adolescents with PCOS. No differ-
ence in hirsutism and HDL-C or triglyceride concentrations
were observed between groups [91]. However, available data
were of poor quality. Additional studies are needed regarding
the management of PCOS in adolescents. Gastrointestinal ad-
verse effects (nausea, stomach upset, diarrhea) constitute the
most common shortcoming with metformin use, which may
occur in up to 30% of adolescents with PCOS [92].

Anti-androgens

These medications are suggested in cases with severe clinical
hyperandrogenemia, not successfully managed with COCs or,
in which, COCs are contra-indicated. Prerequisite of their use
is the application of effective contraception in sexually active
adolescents, due to their potential teratogenic action. In gen-
eral, anti-androgens are effective in improving clinical signs
of androgen excess, psychological profile, and QoL in women
with PCOS [3, 4].

Data in adolescents are limited. Spironolactone, an
aldosterone- and androgen-receptor antagonist, may improve
menstrual disturbances and cutaneous manifestations of
hyperandrogenism but not metabolic disorders [93]. It can
be used as an adjunct to treatment with COCs or metformin,
at doses of 50–200 mg/day [93, 94]. With respect to the ado-
lescent population with PCOS, low dose of the triple combi-
nation spironolactone (50 mg/day)/pioglitazone (7.5 mg/day)/
metformin (850 mg/day) (SPIOMET) exerted comparable ef-
fect with COCs on the reduction in biochemical
hyperandrogenemia and body fat distribution. Furthermore,
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SPIOMET reduced insulin and increased adiponectin concen-
trations and ovulation rates up to threefold during the post-
treatment period (after 12 months) compared with COCs [95].

Flutamide is another anti-androgen, acting at the level of
the androgen receptor [96]. In addition to its anti-androgenic
action in adults with PCOS, it has proven efficacy in clinical
and biochemical hyperandrogenism in non-obese adolescents
with PCOS, at the dose of 250 mg/day. However, the medi-
cation had no effect on the menstrual regularity and insulin
resistance [97]. Also, clinicians should be mindful of its po-
tential liver toxicity [3, 4].

Cyproterone acetate (CPA) is another anti-androgen most
commonly used in a contraceptive pill, at the dose of 2 mg in
combination with 35 mg ethinyl-estradiol or at doses of 50–
100 mg/day as adjuvant therapy to COC [3, 4]. In adult wom-
en with PCOS, CPA reduced hirsutism score in more than
50% of them and improved acne [98, 99]. However, it may
increase triglyceride concentrations [79] and DVT risk [100].
Furthermore, finasteride, an inhibitor of 5α-reductase isoen-
zyme, at low doses (2.5 mg every 3 days), has been trialed in a
pilot study and was found to be effective for the treatment of
hirsutism in adolescents [101].

Local Treatment/Cosmetic Treatment

Treatment of hirsutism includes local application of eflornithine
cream; the duration of treatment is not clearly defined, as data in
adolescents are limited. Non-pharmaceutical treatment ap-
proaches, offering immediate results, are also available, includ-
ing mechanical hair removal by laser or electrolysis [11]. The
combination of eflornithine with laser therapy is more effica-
cious compared with each approach alone; again, more data are
needed [102, 103].

Conclusions

The diagnosis of PCOS in adolescents is not straightforward,
due to the high degree of phenotypical variability in its pre-
sentation. The impaired menstruation in adolescents, mani-
fested as frequent or infrequent uterine bleeding, as well as
the high prevalence of clinical signs of hyperandrogenism and
PCOM, overlap with symptoms and signs of PCOS, further
complicating the process of establishing a firm diagnosis.
Menstrual irregularity as a clinical expression of PCOS is
difficult to be distinguished from anovulation due to the im-
maturity of the HPO axis. Furthermore, the clinical value of
signs of hyperandrogenism is low; therefore, increased serum
androgen concentrations represent the best marker of andro-
gen excess. In addition, the value of PCOM, a key criterion for
setting the diagnosis in adult women, is low in adolescents,
due to the changes in ovarian appearance and the technical
limitations of the transabdominal ultrasound. As a result, a

high index of suspicion and close follow-up are necessary
for establishing the diagnosis of PCOS.

Concerning treatment, individualized management is re-
quired to change the natural history of the reproductive and
metabolic outcomes of this complex condition. Lifestyle in-
tervention in overweight and obese adolescents may reduce
PCOS-associated long-term complications, such as T2DM
and cardiovascular disease. The efficacy and safety of the
pharmaceutical approach are well-documented in adults with
PCOS but limited in adolescents. Therefore, more data from
RCTs are needed to establish a therapeutic strategy. Close
monitoring for metabolic derangements, evaluation of the pro-
cess of the disease and exclusion of other PCOS-mimicking
diseases is crucial in this population.
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