DiAGNOSIS REVIEW
.

The Diagnosis of Polycystic Ovary
Syndrome in Adolescents

Andrea Hsu Roe, MD, Anuja Dokras, MD, PhD

Department of Obstetrics and Gynecology, University of Pennsylvania, Philadelphia, PA

Polycystic ovary syndrome (PCOS) is recognized as the most common
endocrinopathy in reproductive-aged women. The symptoms of PCOS vary
with age, race, weight, and medications, adding to the challenges of accurate
diagnosis. Adolescent patients pose particular diagnostic problems because
characteristics of normal puberty often overlap with signs and symptoms of
PCOS. This article reviews the diagnosis of PCOS in adolescents.
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amenorrhea, hirsutism, and bilateral polycystic ovaries, a condition that later

came to be known as polycystic ovary syndrome (PCOS).! PCOS is now recog-
nized as the most common endocrinopathy in reproductive-aged women (affect-
ing 5%-7%), with key features of menstrual irregularity, elevated androgens, and
polycystic-appearing ovaries. Since its original description in 1935, however, the
definition of PCOS has undergone several revisions (Table 1).

At the National Institutes of Health (NIH) consensus conference held in 1990,
PCOS was defined as chronic anovulation with clinical and/or biochemical hyper-
androgenism, with exclusion of other mimicking etiologies, such as thyroid or
adrenal dysfunction.” In 2003, the Rotterdam European Society for Human
Reproduction/American Society of Reproductive Medicine (ESHRE/ASRM)-
sponsored PCOS consensus workshop group proposed that the diagnosis include
two of the following three criteria: oligo- and/or anovulation, clinical and/or bio-
chemical hyperandrogenism, and polycystic ovaries on ultrasound; other etiologies
must be excluded.? By adding the polycystic ovaries criterion, the Rotterdam def-
inition extended the diagnosis of PCOS to women with oligo-ovulation and poly-
cystic ovaries (nonhyperandrogenic), as well as to women with hyperandrogenism
and polycystic ovaries (ovulatory), both of whom would not have met the narrower

In 1935, Stein and Leventhal published a case series of seven women with
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Table 1
PCOS Definitions 1990-2009

PCOS Clinical Hyperandrogenism Oligomenorrhea Polycystic Ovaries

Definition (Ferriman-Gallwey (Less Than 6-9 on Ultrasound
Score = 8) Menses per Year) (= 12 Antral Follicles
or or in One Ovary
Biochemical Oligo-Ovulation or
Hyperandrogenism Ovarian Volume = 10 cm’)
(Elevated Total/Free
Testosterone)

NICHD (1990)? Yes Yes No

Rotterdam Yes Yes Yes

(2003)’ 2 of 3 criteria

AE-PCOS Society Yes Yes Yes

(2009)* 1 of 2 criteria

AE-PCOS, androgen excess and polycystic ovary syndrome; NICHD, Eunice Kennedy Shriver National Institute of Child Health and Human Development;

PCOS, polycystic ovary syndrome.

NIH criteria for PCOS. Some have ar-
gued that the expanded Rotterdam
criteria can result in an overdiagnosis
or misdiagnosis of PCOS; more impor-
tantly, these different phenotypes may
not have similar risks of long-term
metabolic morbidities.

Most recently, in 2009, the Andro-
gen Excess and PCOS (AE-PCOS)
Society published a task force report
emphasizing that PCOS is primarily
a hyperandrogenic disorder and
proposed revising the definition to
hyperandrogenism (hirsutism and/or
hyperandrogenemia) and ovarian dys-
function (oligo-anovulation and/or
polycystic ovaries), thereby encom-
passing the Rotterdam ultrasound cri-
teria but requiring hyperandrogenism
for the diagnosis (Table 1).* None of
the above groups has proposed differ-
ent criteria for diagnosis of PCOS in
the adolescent population.

The symptoms of PCOS vary with
age, race, weight, and medications,
adding to the challenges of accurate
diagnosis. In adolescent patients, the
criteria described above pose particular
diagnostic problems because character-
istics of normal puberty often overlap
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with signs and symptoms of PCOS.
Therefore, different diagnostic criteria
for adolescent PCOS have been pro-
posed by some authors. Sultan and
Paris® recommended that the adolescent
girl meet four of the five following cri-
teria: oligo- or amenorrhea > 2 years
after menarche, clinical hyperandro-
genism, biochemical hyperandro-
genism, insulin resistance or hyperinsu-
linemia, and polycystic ovaries on
ultrasound. Carmina and colleagues®
suggested applying the Rotterdam crite-
ria, but limiting definitive diagnosis to
the adolescent patient who met all three
criteria. These authors suggest that ado-
lescents who exhibit only two of the
three criteria may well be diagnosed
with PCOS as adults and therefore their
symptoms should be followed and re-
evaluated. These proposed adolescent
criteria are stricter than their adult

endorsed by expert panels or societies in
the field.

Hormonal Changes in Normal
Puberty and the Pathophysiology
of PCOS

Puberty is initiated with the matura-
tion of the hypothalamic-pituitary-
ovarian axis and secretion of
gonadotrophin-releasing hormone
(GnRH), whose activity is suppressed
during childhood. Varying GnRH
pulse frequencies trigger the pituitary
to release luteinizing hormone (LH)
and follicle-stimulating hormone
(FSH), which stimulate ovarian theca
and granulosa cells, respectively.
Theca cells produce androstenedione,
which nearby granulosa cells aroma-
tize into estradiol. The resulting estro-
genic changes during puberty include
breast development, bone growth,

These proposed adolescent criteria are stricter than their adult counterparts,
may limit inappropriate early diagnosis, but are currently not endorsed by

expert panels or societies in the field.

counterparts, may limit inappropriate
early diagnosis, but are currently not
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increasing amounts of androgens,
such as dehydroepiandrosterone
(DHEA) and DHEA sulfate (DHEAS),
which are responsible for the devel-
opment of pubic and axillary hair, as
well as acne. The subsequent increase
in ovarian androgens also facilitates
the development of sexual hair
growth.

Although the exact etiology of
PCOS is unclear, androgen excess is
proposed to be a core defect. Increased
androgen levels, primarily produced
by the ovaries (with a smaller contri-
bution from the adrenals and periph-
eral adipose tissue) interfere with
hypothalamic sensitivity to negative
feedback from the ovary, thereby in-
creasing GnRH pulse frequency.” This
persistently rapid pulse frequency fa-
vors increased LH secretion,® which in
turn stimulates the ovarian theca cells
to produce more androgens. The rela-
tive decrease in FSH secretion leads to
less aromatization of androgens to
estradiol and impaired follicular de-
velopment, resulting in the prolonged
periods of oligomenorrhea that are
characteristic of PCOS.

Like the central features of PCOS,
certain metabolic changes that are
associated with PCOS are also physio-
logic during puberty. Hyperinsulinemia
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Figure 1. Pathophysiology of metabolic risks in polycystic ovary syndrome (PCOS). HDL, high-density lipoprotein;
HTN, hypertension; NEFA, nonesterified fatty acids; PAI-1, plasminogen activator inhibitor 1; TG, triglycerides.

Together, these effects result in in-
creased circulating free androgen lev-
els, thus perpetuating the underlying
pathophysiology of PCOS. In addi-
tion, insulin resistance promotes re-
lease of nonesterified fatty acids from
the liver and adipose tissue due to de-
creased lipoprotein lipase activity,
which contributes to the dyslipidemia
that is associated with PCOS (Figure 1).

Like the central features of PCOS, certain metabolic changes that are asso-
ciated with PCOS are also physiologic during puberty.

is common in healthy adolescents; in-
sulin sensitivity decreases by about
50% and there is a compensatory rise
in insulin secretion, which later re-
turns to prepubertal levels in adult-
hood.>™ However, both insulin resis-
tance and hyperinsulinemia are more
severe in adolescents with PCOS com-
pared with the general adolescent
population.” Insulin stimulates ovar-
ian theca cell synthesis of andro-
gens'? and inhibits hepatic production
of sex hormone-binding globulin."

Diagnosis of PCOS in the
Adolescent

Currently, adolescents are diagnosed
with PCOS by the same criteria de-
scribed previously for adults (Table 1).
The workup includes both laboratory
and ultrasound testing (Table 2).

Irregular Menses

Menstrual irregularity is a common
feature of PCOS, occurring in more
than 75% of the adult PCOS popula-
tion,'* and is often the earliest clinical
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manifestation in the adolescent.' It is
defined as menses that occur at inter-
vals of greater than 6 to 8 weeks in the
absence of thyroid, adrenal, or other
pituitary dysfunction. This menstrual
pattern can be difficult to distinguish
from anovulation associated with pu-
berty because the hypothalamic-
pituitary-ovarian axis matures pro-
gressively over a period of several
years after menarche. Although many
adolescents establish regular cycles by
2 years postmenarche, irregularity
may continue beyond that time pe-
riod, often without cause for clinical
concern.'® In a longitudinal study of
112 adolescents, 65% had established
a pattern of > 10 menses per year
after 1 year postmenarche and > 90%
had > 10 menses per year at the end
of 3 years postmenarche.'” The age of
onset of menstruation also determines
the age at which ovulatory cycles are
established; in girls who begin men-
struation at age < 12, 12 to 13, and
> 13 years, 50% of cycles are ovula-
tory by 1, 3, and 4.5 years, respec-
tively.’® Van Hooff and colleagues"
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Table 2
Testing in Adolescents Presenting with PCOS-Like Symptoms

TSH

Prolactin

Total and free testosterone
DHEAS

17-0H progesterone

Ultrasound of ovaries (not essential if other 2 criteria are met)

FSH, LH, estradiol (in amenorrheic adolescents)

Once PCOS has been confirmed
Fasting and 2-hour GTT
Lipid panel

Fasting insulin

DHEAS, dehydroepiandrosterone sulfate; FSH, follicle-stimulating hormone; GTT, glucose toler-
ance test; PCOS, polycystic ovary syndrome; LH, luteinizing hormone; TSH, thyroid-stimulating

hormone.

observed a cohort of adolescents from
the general population and reported
that oligomenorrhea at age 15 was the
best predictor of oligomenorrhea
3 years later, with 51% of these
oligomenorrheic girls remaining so at
follow-up. On the other hand, only 2%
of adolescents with regular menstrual
cycles and 12% of those with slightly
irregular menstrual cycles (average
cycle length between 22 and 41 days),
went on to develop oligomenorrhea
subsequently. Although irregular
menstrual cycles cannot be the sole
criterion for PCOS, they comprise an
important symptom that should be
followed in the adolescent. When
oligomenorrhea is persistent or pre-
sents in conjunction with symptoms
of androgen excess, further evaluation
for PCOS is recommended (Table 2).

Androgen Excess

Androgen excess plays an important
role in the pathophysiology of PCOS
and has been hypothesized to be the
final common pathway for the devel-
opment of the signs and symptoms of
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this disorder. The majority (> 80%) of
adults with PCOS have hyperandro-
genemia.'* In the adolescent, clinical
evidence of androgen excess, such as
severe acne or hirsutism, may prompt
evaluation for PCOS. But although
acne may be the presenting symptom
of underlying hyperandrogenism,? it
is too commonplace in the adolescent
population to be used alone as a cri-
terion for clinical hyperandrogenism.
Over 90% of 18-year-old women
have some form of acne, and 23%
have acne requiring pharmacother-
apy, the prevalence of which declines
in adulthood.” The presence of severe
acne in the adolescent population has
been shown to correlate with DHEAS
levels and to a lesser extent with total
and free testosterone levels.”” Hir-
sutism may be a more reliable marker
of hyperandrogenism in adolescents,
and occurs in approximately 60% of
adult women with PCOS." Hirsutism
is often less prominent during the
adolescent period compared with
adulthood as hair growth becomes
thick and coarse with increasing
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duration of androgen exposure.” To
quantify hirsutism, the modified
Ferriman-Gallwey scoring system
should be used, although there are no
separate diagnostic cutoffs in adoles-
cents (Table 2). There is little informa-
tion on the prevalence of androgenic
alopecia in adults, and even less in
the adolescent population.

Given the low reliability of these
clinical symptoms of hyperandro-
genism, increased serum androgen
levels provide the best measure of
androgen excess in the adolescent. Al-
though there is a physiologic increase
in androgen levels during normal pu-
berty, biochemical hyperandrogenemia
remains a defining feature of PCOS. El-
evated free testosterone is the most fre-
quent abnormal biochemical finding,
although total testosterone and DHEAS
may also be elevated.** Currently, there
are no androgen ranges specific to the
adolescent population that may be
used to establish the diagnosis of PCOS.
As in adults, using a sensitive testos-
terone assay is important. The AE-PCOS
Society recommends using mass spec-
trometry for the measurement of total
testosterone.*

Polycystic Ovaries

Ovarian morphology was introduced
as one of the Rotterdam diagnostic
criteria for PCOS (Table 2) and has re-
ceived criticism for broadening the
definition of PCOS. Indeed, PCOS and
control populations share a signifi-
cant overlap in ovarian morphology,
and a large proportion (estimates
range from 10%-48%) of adolescents
who do not have PCOS may have
polycystic-appearing  ovaries.**?’
Nevertheless, polycystic ovaries per se
have been linked to both menstrual
irregularity and hyperandrogenism.?®
Van Hooff and colleagues® observed
polycystic ovaries in 9% of adolescent
girls with regular menstrual cycles, in
280 with irregular cycles (average
cycle length between 22 and 41 days),
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and in 45% with oligomenorrhea and
found a similar association with
higher androgen levels.

Diagnosis of polycystic ovaries poses
additional difficulties in the adolescent
population. First, ovarian appearance
and volume may vary during adoles-
cence; it has been reported that ovaries
can develop a polycystic morphology
over time, and enlarged ovaries with a
polycystic appearance can subse-
quently become normal in size.*® Sec-
ond, transabdominal ultrasound is pre-
ferred to the transvaginal approach in
adolescent girls, but this approach may
be technically limited in overweight
and obese individuals. These chal-
lenges to ultrasound evaluation make
this diagnostic criterion much less use-
ful in the adolescent. Recent studies
have suggested magnetic resonance
imaging (MRI) as a potentially more
accurate modality to evaluate the
ovaries,” but currently transabdominal
ultrasound remains the primary imag-
ing tool in this population.

Metabolic Risk in Adolescent
PCOS

Once the diagnosis of PCOS has been
established in an adolescent girl, she
should be screened for metabolic ab-
normalities. Although not part of the
definition of PCOS, metabolic dys-
function constitutes an important risk
associated with PCOS, and it can
manifest at an early age. Acanthosis
nigricans (pigmentation of the skin
creases on the nape of the neck and
underarms) and truncal obesity are

Table 3
Pediatric ATP Ill Diagnostic Criteria for Metabolic Syndrome in
Adolescents (3 of 5 criteria)

Blood glucose > 100 mg/dL

HDL-C < 40 mg/dL

Triglycerides = 110 mg/dL

Waist circumference = 90th percentile for age and sex

Blood pressure = 90th percentile for age and sex

ATP 1II, Adult Treatment Panel III; HDL-C, high-density lipoprotein cholesterol.

including obesity, dyslipidemia, hy-
pertension, and glucose intolerance—
compared with approximately 5% of
adolescents from the general popula-
tion.’**? Different criteria have been
published for the diagnosis of meta-
bolic syndrome in adolescents
(Table 3). Coviello and colleagues®
reported an association between
PCOS and metabolic syndrome inde-
pendent of body mass index (BMI);
obese adolescents with PCOS had a
greater prevalence of metabolic syn-
drome than obese adolescents without
PCOS. As with adults, adolescents of
European descent have lower preva-
lence rates for metabolic syndrome—
9% in Italy and 11% in Turkey com-
pared with no cases of metabolic
syndrome among controls in the lat-
ter study.**** The increased preva-
lence of metabolic syndrome at such a
young age underscores the impor-
tance of regular screening of this pop-
ulation to decrease the future risk of
diabetes and coronary artery disease.

Although not part of the definition of PCOS, metabolic dysfunction consti-
tutes an important risk associated with PCOS, and it can manifest at an

early age.

clinical surrogates for insulin resis-
tance. One-third of adolescents with
PCOS meet criteria for metabolic syn-
drome—a constellation of risk factors

Abdominal obesity is common in
PCOS and is associated with greater
metabolic dysfunction in adolescents
with PCOS.*® Obesity also modulates
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the development and course of PCOS
and a high BMI predicts persistent
oligomenorrhea.'”” Although obesity
may be a better predictor of metabolic
dysfunction than PCOS status,’”*®
androgen excess may also increase the
risk for metabolic syndrome indepen-
dent of obesity.**** Within a cohort of
adolescents diagnosed with PCOS, hy-
perandrogenic subgroups exhibited
the highest degree of insulin resis-
tance and inflammation.”* Lipid ab-
normalities have also been reported in
adolescents with PCOS; triglycerides
and low-density lipoprotein cholesterol
levels were higher in hyperandrogenic
phenotypes, as compared with other
PCOS subgroups.** The risks of im-
paired glucose tolerance and type 2 di-
abetes are also increased in adolescents
with PCOS.*** Although these studies
are small and the overall risk low, they
emphasize the need to screen this
population at regular intervals. The
AE-PCOS Society currently recom-
mends all women with PCOS, includ-
ing adolescents, be screened using the
2-hour glucose tolerance test and a
complete lipid profile (Table 2).*!

Conclusions

Although the diagnosis of PCOS in
adolescent girls can be difficult given
its strong association with metabolic
syndrome, a complete evaluation is
indicated. Hyperandrogenemia is
often the most reliable finding in this
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age group, and it may be prudent to
define adolescent PCOS according to
the AE-PCOS Society criteria. The
current epidemic of childhood obesity
may increase the severity of symp-
toms of PCOS and underscores the
importance of its early and accurate
diagnosis. In patients with well-
defined hyperandrogenemia, a meta-
bolic workup should be performed.
Additionally, given the evidence for
PCOS as a complex genetic disorder
with familial clustering, it is impor-
tant to ascertain the family history for
both PCOS and metabolic disease. In
the adolescent where the diagnosis is
not clear, it is preferable to follow the
symptoms and repeat the evaluation
in 6 to 12 months. ]
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