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dress a series of questions regarding the diagnosis of PCOS 
during adolescence including the following: clinical and bio-
chemical evidence of hyperandrogenism, criteria for oligo-
anovulation and polycystic ovary morphology, diagnostic 
criteria to exclude other causes of hyperandrogenism and 
amenorrhea, role of insulin resistance, and intervention.  Re-

sults and Conclusion:  Features of PCOS overlap normal pu-
bertal development. Hence, caution should be taken before 
diagnosing PCOS without longitudinal evaluation. However, 
treatment may be indicated even in the absence of a defini-
tive diagnosis. While obesity, insulin resistance, and hyper-
insulinemia are common findings in adolescents with hyper-
androgenism, these features should not be used to diagnose 
PCOS among adolescent girls.  © 2015 S. Karger AG, Basel 
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 Abstract 

  Background/Aims:  The diagnostic criteria for polycystic 
ovary syndrome (PCOS) in adolescence are controversial, pri-
marily because the diagnostic pathological features used in 
adult women may be normal pubertal physiological events. 
Hence, international pediatric and adolescent specialty soci-
eties have defined criteria that have sufficient evidence to be 
used for the diagnosis of PCOS in adolescents.  Methods:  The 
literature has been reviewed and evidence graded to ad-
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 Introduction 

 Polycystic ovary syndrome (PCOS) affects 6–15% of 
women of reproductive age and accounts for 72–84% of 
adult hyperandrogenism  [1–3] . The cause of PCOS is un-
known, but considerable evidence suggests that it is a 
complex trait arising from heritable influences, nonher-
itable intra- and extrauterine environmental factors, vari-
ations in insulin resistance, alterations in steroidogene-
sis/steroid metabolism, and alternative adaptations to en-
ergy excess  [4, 5] .

  The classic features in adult women include chronic 
anovulation associated with relative infertility, polycystic 
ovarian morphology, and hirsutism  [6] . Intrinsic abnor-
malities in ovarian steroidogenesis may underlie this 
ovarian dysfunction in some  [7, 8] . However, additional 
factors, such as insulin resistance and/or hyperinsu-
linemia, may play a major role. Hence, similar to diabetes, 
PCOS is not one disorder/disease  [9] .

  Three international conferences have developed
somewhat different but overlapping diagnostic criteria 
for adult women: the National Institutes of Health (NIH) 
conference criteria (1990), the Rotterdam consensus
criteria (2003) (Rotterdam ESHRE/ASRM-Sponsored 
PCOS Consensus Workshop Group 2004), and the An-
drogen Excess-PCOS Society consensus criteria (2006) 
 [10–12] . The NIH criteria included hyperandrogenism, 
chronic anovulation, and exclusion of other causes of 
these symptoms  [10] . The Rotterdam criteria are the 
broadest and include the features of the other definitions. 
They allow PCOS to be diagnosed with a combination of 
chronic anovulation and polycystic ovary morphology 
(PCOM) without hyperandrogenism  [13–17] .

  The diagnostic criteria for PCOS in adolescence are 
controversial, primarily because the diagnostic patholog-
ical features used in adult women, e.g. acne, irregular 
menses, and PCOM, may be normal pubertal physiologi-
cal events  [18] . In the recently published Guideline for the 
Diagnosis and Treatment of Polycystic Ovary Syndrome 
 [19] , the Endocrine Society indicated that diagnostic cri-
teria are unclear during adolescence. Hence, questions 
still exist regarding the features of PCOS in adolescence. 
How can one be certain that adolescent hyperandrogen-
emia is not a consequence of the lack of full synchrony of 
the hypothalamic-pituitary-ovarian axis during the pro-
longed anovulatory cycles typical of pubertal develop-
ment rather than an early manifestation of PCOS? Wheth-
er adolescent androgen levels predict adult levels and, as 
such, whether adolescent hyperandrogenic anovulation 
accurately predicts adult PCOS is unclear. Since anovu-

latory cycles are common after menarche, it is unclear 
when persistence of adolescent oligomenorrhea becomes 
a significant clinical finding.

  Insulin resistance and hyperinsulinemia are intrinsic 
to PCOS and are believed to exacerbate the hyperan-
drogenism and the reproductive and metabolic manifes-
tations of PCOS in adolescents. At the present time, none 
of the current definitions of PCOS include obesity, insu-
lin resistance, or hyperinsulinemia as a diagnostic crite-
rion  [1, 10–13, 18–20] . Therefore, insulin resistance and/
or hyperinsulinemia should not be used to diagnose 
PCOS among adolescent girls.

  To obtain consensus, the Pediatric Endocrine Society 
invited an expert group of representatives from the An-
drogen Excess-PCOS Society and stakeholder interna-
tional pediatric and adolescent specialty societies with the 
goal of defining which criteria have sufficient evidence to 
be used for the diagnosis of PCOS in adolescents. The hi-
erarchy of the evidence available in the literature assessed 
for this process was graded according to the AGREE cri-
teria for evaluation of evidence as follows  [1, 21] :
  • Level A requires at least one randomized controlled 

trial (RCT) as part of a body of literature of overall 
good quality and consistency that addresses the spe-
cific recommendation. 

 • Level B requires the availability of well-controlled clin-
ical studies, but no RCTs are available on the topics of 
recommendation. 

 • Level C requires evidence obtained from expert com-
mittee reports of opinions and/or clinical experiences 
of respected authorities, which indicates an absence of 
directly applicable clinical studies of good quality. 

 Question 1: What Are the Criteria for Clinical 

Evidence of Clinical Hyperandrogenism in the 

Adolescent Girl? 

 No consensus exists on the clinical criteria to reach the 
diagnosis of androgen excess in adolescence. In the ab-
sence of such consensus, the diagnosis of androgen excess 
should be considered in adolescents presenting with un-
wanted hair growth in a male-like pattern (hirsutism), 
moderate to severe inflammatory acne, and/or menstrual 
irregularities. Hirsutism is defined as excessive coarse 
sexual hair, i.e., terminal hair that develops in a male-like 
distribution  [22–24] .

  All adult PCOS criteria consider hirsutism as evidence 
of clinical hyperandrogenism. Acne and seborrhea are 
common, but alopecia is rare in adolescence  [25] . Hirsut-
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ism reflects the interaction between circulating androgen 
concentrations, local androgen concentrations, and the 
apparent sensitivity of the pilosebaceous unit/hair follicle 
to androgens. The severity of hirsutism does not correlate 
well with circulating androgen concentrations  [26] . Due 
to ethnic/genetic differences, hirsutism may be a less 
prominent feature of hyperandrogenism, as observed in 
some Asian populations  [27] . Even though hirsutism is 
common among women with hyperandrogenism, the lat-
ter can occur in the absence of cutaneous manifestations 
 [2, 3] . Idiopathic hirsutism is defined as hirsutism with-
out hyperandrogenemia  [22, 24, 28] .

  In adults, sexual hair growth is commonly graded by 
the semiquantitative Ferriman-Gallwey (FG) score. This 
scoring system has its limitations, which include different 
cutoff scores among racial/ethnic groups, its subjective 
nature, the lack of consideration of androgen-sensitive 
areas such as sideburns and the buttocks, and the failure 
to account for a locally high score that does not raise the 
total score to an abnormal extent (focal hirsutism)  [22, 
24] . It is important to realize that about half of otherwise 
asymptomatic mild hirsutism is not associated with hy-
perandrogenemia  [22, 24] . However, mild or focal hirsut-
ism may be a sign of hyperandrogenemia in young wom-
en when associated with other evidence of PCOS, i.e., 
menstrual irregularity  [29–32] .

  Whereas hair growth is comparable in unselected 
White and Black women, women from China, Japan, 
Thailand, and other South Asian countries have less hair 
per unit skin  [26, 30, 33–35] . One approach to defining 
hirsutism is using a FG score above the 95th percentile for 
the population, which is >8 in premenopausal adult 
White and Black women  [24] . Hirsutism, similarly de-
fined, is indicated by a score  ≥ 9–10 in Mediterranean, 
Hispanic, and Middle Eastern women,  ≥ 2 for Han Chi-
nese women, and  ≥ 5 in Southern Chinese women  [36] . 
Nevertheless, using a cluster analysis, modified FG scores 
>3 were uncommon among an unselected group of adult 
White and Black women  [37] .

  There are sparse normative data in early adolescence. 
Whether a different cutoff score should be used to define 
hirsutism in the young pubertal girl, at a stage when sex-
ual hair is still developing, is unclear. Even if not associ-
ated with androgen excess, hirsutism can be devastating 
for an adolescent girl and often warrants cosmetic treat-
ment  [38, 39] . Upper lip scores of 3–4 were found in <3% 
of Black and White US adolescents, though scores of 1–2 
rose in prevalence from 7.3% at <2 years after menarche 
to 28.2% at >2 years after menarche  [40, 41] .

  Hirsutism must be distinguished from hypertrichosis, 
which is defined as generalized excessive vellus hair 
growth distributed in a nonsexual pattern, e.g., predomi-
nantly on forearms or lower legs. This hair growth is not 
due to androgen excess. It may be hereditary, is frequent 
among girls of Mediterranean or Mid-Eastern ethnic 
background, or may result from malnutrition or certain 
medications, e.g., phenytoin or cyclosporine  [29] .

  Acne vulgaris may be the only pilosebaceous manifes-
tation of hyperandrogenism  [29] . While comedonal acne 
is common in adolescent girls, moderate or severe com-
edonal acne (i.e., 10 or more facial lesions) in early pu-
berty or moderate inflammatory acne through the peri-
menarcheal years is uncommon (<5% prevalence)  [42, 
43] .

  Recommendations 
 (1) Isolated mild hirsutism should not be considered 

clinical evidence of hyperandrogenism in the early post-
menarcheal years when it may be in a developmental 
phase (Level C).

  (2) Moderate to severe hirsutism constitutes clinical 
evidence of hyperandrogenism (Level B).

  (3) Girls with acne that is persistent and poorly re-
sponsive to topical dermatologic therapy should be evalu-
ated for the presence of hyperandrogenemia before ini-
tiation of any medical therapies (Level C).

  Question 2: What Are the Criteria for Evidence of 

Biochemical Hyperandrogenism in the Adolescent 

Girl? 

 The diagnosis of biochemical hyperandrogenism in 
symptomatic women with PCOS is based on documenta-
tion of elevated serum androgens using a reliable assay 
with well-defined normal ranges  [20, 24] . Testosterone is 
the major circulating androgen. Measurements of total 
and/or free testosterone have been the most recommend-
ed hormone determinations to document hyperandro-
genemia  [20, 22, 24] . However, accurate determinations 
of total and free testosterone concentrations are often 
problematic  [44] . The diurnal rhythm, stage of puberty, 
phase of menstrual cycle, and sex hormone-binding glob-
ulin (SHBG) concentrations are biological variables that 
influence testosterone concentrations. Methodological 
problems regarding testosterone determinations include 
the following: (1) inadequate assay sensitivity to measure 
low testosterone concentrations in children and women; 
(2) assay interference due to simultaneous presence of 
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other steroid molecules with similar structure; (3) lack of 
well-defined normative values; (4) binding of testoster-
one to SHBG and other proteins in the peripheral circula-
tion, and (5) technical aspects of testosterone assays  [24, 
45–47] .

  Methods used to measure testosterone concentrations 
include radioimmunoassays, chemiluminescence immu-
noassays, gas chromatography-tandem mass spectrome-
try (GC-MS), and liquid chromatography-tandem mass 
spectrometry (LC-MS/MS). A blinded comparison of 
three different methods using samples obtained from 
over 500 adult women showed poor precision at low lev-
els and much variability between the three methods, 
which highlights the difficulties in accurately measuring 
testosterone concentrations  [46] . Extraction steps to re-
move interfering substances have largely been eliminated 
from most automated analyzer methods for the direct 
measurement of testosterone, resulting in a lack of sensi-
tivity and specificity  [47] . The multichannel platform as-
says now commonly used by hospital laboratories are ad-
equate for SHBG and dehydroepiandrosterone sulfate 
(DHEAS) assays. It is anticipated that the increasing 
availability of reproducible high-quality tandem mass 
spectrometry methods will improve access to reliable and 
accurate steroid assays. However, these assays are not yet 
readily available  [48] .

  SHBG concentrations govern the fraction of testoster-
one that is free and, hence, bioavailable. Serum free tes-
tosterone (or the related bioavailable testosterone and 
free androgen index) is either calculated as the product of 
the total testosterone concentration times the free frac-
tion computed from the SHBG concentration or directly 
determined by dialysis  [49] . Free testosterone determined 
by equilibrium dialysis is presumed to be the most sensi-
tive single test for the diagnosis of hyperandrogenemia 
 [20, 24, 46, 48] . However, free testosterone assays are less 
well standardized than the total testosterone assay, which 
has limited their usefulness. The cost-effectiveness of 
routine assays of androgens other than testosterone has 
not been well studied, though androstenedione may be 
helpful in some populations  [50] .

  The criteria used to define hyperandrogenemia in ado-
lescent girls are confounded by developmental consider-
ations. Testosterone levels have long been known to rise 
during puberty to reach a peak approximating adult levels 
within a few years after menarche  [51–54] . However, tes-
tosterone levels increase as adolescent anovulatory cycles 
lengthen in both asymptomatic and symptomatic anovu-
latory schoolgirls  [55–57] . Thus, there is uncertainty 
about whether mild hyperandrogenemia results as a nor-

mal perimenarcheal phenomenon. Additionally, how of-
ten adolescent hyperandrogenemia persists and predicts 
adult hyperandrogenemia is unclear  [52] .

  In a study of unselected schoolgirls with oligomenor-
rhea, 4% had hirsutism and 57% had elevated testoster-
one levels  [58] . Follow-up of these oligomenorrheic girls 
from 15 to 18 years showed that the body mass index 
(BMI) predicted ongoing menstrual abnormality better 
than androgen levels  [52] . Follow-up of a different group 
of unselected healthy adolescents for 12 years showed 
tracking of androgen levels into adulthood; higher levels 
in adolescence were associated with lower fertility, sug-
gesting evolving PCOS  [59] . Serum free testosterone was 
not measured and testosterone concentrations were not 
re-measured, so the prevalence of hyperandrogenemia 
was possibly underestimated. In another series, hyperan-
drogenemia detected in girls with menstrual disorders 
frequently persisted over a 2- to 7-year follow-up period 
 [60] . However, detailed data are not available regarding 
the accuracy of the prediction of ongoing hyperandro-
genic anovulation from a single elevated testosterone lev-
el. Further, no data are available indicating how long hy-
perandrogenemia must continue to accurately predict 
persistence and development of PCOS in adulthood.

  At this time, because of the variability in the results of 
testosterone assays and the limited data on the normal 
developmental fluctuations in testosterone levels during 
puberty, no clear cutoff testosterone concentrations can 
be given that pertain with certainty to the broad popula-
tion. For these reasons, testosterone concentrations 
should be considered elevated when they are persistently 
greater than the adult female normative values according 
to assays performed by specialty laboratories with well-
defined reference intervals. In general, for an assay using 
an extraction step, total testosterone concentrations >55 
ng/dl are likely consistent with hyperandrogenism  [18] . 
Gambineri et al.  [61]  defined hyperandrogenism during 
the follicular phase as total testosterone concentrations 
>42 ng/dl using a LC-MS/MS assay.

  Recommendations 
 (1) Hyperandrogenemia needs to be defined based on 

the detailed characteristics of the testosterone assay used 
(Level A).

  (2) Biochemical evidence of hyperandrogenism, as in-
dicated by persistent elevation of serum total and/or free 
testosterone levels and determined in a reliable reference 
laboratory, provides the clearest support for the presence 
of hyperandrogenism in an adolescent girl with symp-
toms of PCOS (Level B).
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  (3) A single androgen level >2 SD above the mean for 
the specific assay should not be considered to be evidence 
of hyperandrogenism in an otherwise asymptomatic ado-
lescent girl (Level C).

  Question 3: What Are the Criteria for Evidence of 

Oligo-Anovulation in Adolescents? 

 Menstrual irregularity is common among adoles-
cents and is generally the result of anovulatory cycles. 
Both are frequent in the first 2 years after menarche. 
Regular cycles (21–45 days) are established by the third 
year after menarche in approximately 95% of girls, but 
cycles can remain irregular until the fifth year. Both 
Metcalf et al.  [62]  and Apter  [63]  reported that anovula-
tory cycles can persist until nearly 5 years after men-
arche. These data, like earlier studies on variation in 
menstrual cycle length, indicate that complete matura-
tion of the hypothalamic-pituitary-ovarian axis can take 
up to 5 years after menarche  [64–67] . Despite the view 
that irregular menstrual cycles in the first 5 years are not 
a reason for clinical concern, more recent studies report 
that regular menstrual patterns can in fact be established 
within 6–12 months of menarche  [68–70] . Indeed, after 
6 years of follow-up, 59% of the adolescents who had 
presented with oligomenorrhea at the beginning of the 
study remained oligomenorrheic and fulfilled the crite-
ria for PCOS  [70] .

  Persistent oligomenorrhea was suggested as a require-
ment for the diagnosis of PCOS in adolescents by the En-
docrine Society’s recent PCOS clinical practice guidelines 
 [19] . However, the definition of ‘persistent oligomenor-
rhea’ is uncertain. Carmina et al.  [18]  indicated that per-
sistent oligomenorrhea should be defined as lasting at 
least 2 years prior to PCOS diagnosis. Rosenfield  [54]  
concluded that PCOS should be considered when men-
strual irregularity persists for  ≥ 1 year. Southam and Rich-
art  [71]  demonstrated that approximately 50% of girls 
with persistent oligomenorrhea or abnormal uterine 
bleeding for 1 year remained oligomenorrheic during an 
8-year follow-up period.

  To define persistent oligomenorrhea in the context of 
the known variation in the adolescent menstrual cycle, 
scrutiny of parameters for normal cycles in peripubertal 
girls is worthwhile. The median age at menarche, between 
12 and 13 years, has remained relatively stable across 
well-nourished populations in developed countries  [72] . 
Ninety percent of females are menstruating by 13.75 years 
of age, and 98% of females will have had menarche by age 

15 years  [54] . Although primary amenorrhea has tradi-
tionally been defined as no menarche by 16 years of age, 
‘many diagnosable and treatable disorders can and should 
be detected earlier, using the statistically derived guide-
line of 14–15 years of age’  [73, 74] .

  Most normal cycles range from 20 to 90 days, even in 
the first gynecologic year  [75–77] . It is statistically un-
common for girls and adolescents to remain amenorrhe-
ic for more than 3 months or 90 days regardless of the 
gynecologic age  [64, 75] . The 5th and 95th percentiles for 
cycle length within the first gynecologic year are 18.3 and 
83.1 days, respectively. With increasing gynecologic age, 
fewer females experience cycles exceeding 45 days. By 2 
years after menarche, the 5th and 95th percentiles for the 
cycle length are 20.2 and 53.5 days, respectively; and by 
3 years after menarche, the 5th and 95th percentiles are 
20.6 and 43.6 days, respectively  [64] . Legro et al.  [69]  
found that over 90% of adolescent females have 10 or 
more menstrual cycles per year (average menstrual inter-
val 36.5 days) 3 years after menarche. For some girls, ir-
regular excessive menstrual bleeding, i.e., dysfunctional 
uterine bleeding, may be a manifestation of chronic an-
ovulation.

  The challenge for the clinician is the differentiation of 
adolescents with ‘physiological adolescent anovulation’ 
from those with true ovulatory dysfunction, particularly 
because evidence suggests that symptoms of PCOS can 
appear in the first years after menarche  [70, 78] . Thus, the 
persistence of menstrual irregularities appears to be a 
good indicator of the possible underlying pathology with 
acknowledgement that the definition of persistence dif-
fers among experts. Accordingly, the persistence of oligo-
menorrhea (menstrual cycles longer than 45 days), sec-
ondary amenorrhea (absence of cycles for more than 3 
months), or primary amenorrhea in girls with complete 
pubertal development and adult stature suggests the co-
existence of androgen excess  [71, 78] .

  Based upon the above evidence, we put forth the fol-
lowing recommendations for evidence of oligo-anovula-
tion in adolescence. However, the clinical context with 
which a patient presents is the ultimate indicator for that 
individual patient. For example, a 15-year-old without 
menarche, who started thelarche 1 year prior, coupled 
with a family history of delayed puberty can likely be re-
assured and followed for further progression of puberty. 
Alternatively, a 13-year-old without menses, but who has 
facial hair, severe acne, a maternal history of PCOS, and 
advanced breast development for 3–4 years likely war-
rants further investigation.
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  Recommendations 
 (1) The majority of adolescents establish a menstrual 

interval of 20–45 days within the first 2 years after men-
arche. Menstrual intervals persistently shorter than 20 
days or greater than 45 days in individuals 2 or more years 
after menarche are evidence of oligo-anovulation (Lev-
el B).

  (2) A menstrual interval greater than 90 days is un-
usual even in the first year after menarche. As such, con-
secutive menstrual intervals greater than 90 days are rare 
and require further investigation regardless of years after 
menarche (Level B).

  (3) Lack of onset of menses by age 15 years or by more 
than 2–3 years after thelarche regardless of chronologic 
age is statistically uncommon and warrants evaluation 
and consideration of diagnoses such as PCOS (Level B).

  Question 4. What Are the Criteria for PCOM in an 

Adolescent Girl? 

 What Are the Ultrasonographic Criteria for a 
Polycystic Ovary? 
 What Are the Criteria for the Diagnosis of PCOM in 
Adults? 
 The association of polycystic ovaries with amenorrhea 

and hyperandrogenism was noted since the first clinical 
description of this entity. However, the inclusion of poly-
cystic ovaries as a key diagnostic element of the syndrome 
has been controversial for adults. Using a transvaginal ap-
proach and 3D ultrasound examinations during the fol-
licular phase of the menstrual cycle (cycle days 2–6), the 
Androgen Excess-PCOS Taskforce suggested that PCOM 
should be defined as follicle number per ovary >24 using 
transvaginal ultrasound imaging  [79] . Moreover, a mul-
tifollicular pattern, which is defined by the presence of  ≥ 6 
somewhat larger follicles (4–10 mm) distributed across 
the ovary without increase in stromal tissue, should not 
be considered a pathological finding since it does not 
have a relationship with hyperandrogenism  [18, 80, 81] .

  What Are the Criteria for PCOM in Adolescents? 
 The significance of ovarian morphologic findings in 

making a diagnosis of PCOS in adolescents is controver-
sial due to physiological changes of the ovaries observed 
during the second decade of life and the high prevalence 
of this finding in adolescent girls. At the center of this 
controversy is the fact that the guidelines used to define 
PCOM overlap with the criteria for a multifollicular ova-
ry especially when utilizing a transabdominal approach 

and follicle counts. The ovarian volume starts to increase 
with the onset of puberty, achieves maximum volume 
soon after (between menarche and age 16 years), and re-
mains stable or decreases slightly thereafter  [82–85] . Fol-
licle number and size are also noted to increase with pu-
berty, with a higher number of small follicles during ado-
lescence and young adulthood and a decrease thereafter 
 [84] . Isolated studies have also suggested the use of MRI 
or Doppler examination for the diagnosis of PCOM  [85–
88] . Dewailly et al.  [79]  concluded that, when using trans-
abdominal ultrasonography, an ovarian volume >10 cm 3  
should be used because follicle counts become unreliable 
with this methodology.

  What Is the Prevalence of PCOM in Adolescents? 
 PCOM, variously defined, has been reported with a 

prevalence of 30–40% (range between 26 and 54%) and 
has been described in healthy girls  [82] . Given this high 
prevalence of PCOM in nonhyperandrogenic girls, cau-
tion should be exercised when interpreting the ultra-
sound study to avoid generating unnecessary anxiety in 
the adolescent and her family. Hence, PCOM is an incon-
sistent finding and does not invariably predict the devel-
opment of PCOS  [82] .

  What Hormonal Findings Are Associated with 
Polycystic Ovaries? 
 The few reports that have evaluated the hormonal cor-

relates of PCOM in healthy nonhirsute adolescents using 
transabdominal ultrasonography have found similar lev-
els of androgens, insulin, and indexes of insulin sensitiv-
ity in girls with and without PCOM  [80, 82] . PCOM has 
been related to birth weight; one study showed that hy-
perandrogenic girls with PCOM had higher birth weight 
and higher HOMA-IR  [89] .

  Elevated anti-Müllerian hormone (AMH) levels have 
been a consistent hormonal finding associated with 
PCOM in healthy girls  [90, 91] . AMH is produced by 
granulosa cells during the early stages of follicular devel-
opment. AMH concentrations reflect the number of an-
tral follicles and are often elevated in adult women with 
PCOS. Available data are inconsistent regarding the use-
fulness of AMH in the diagnosis of PCOS among adoles-
cent girls  [92–96] .

  Recommendations 
 (1) No compelling criteria to define PCOM have been 

established for adolescents. Until further research estab-
lishes definitive criteria, an ovarian volume >12.0 cm 3  (by 
formula for a prolate ellipsoid) can be considered en-
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larged. Follicle counts should not be utilized to define 
PCOM in adolescents (Level B).

  (2) Further, a multifollicular pattern, which is defined 
by the presence of large follicles distributed throughout 
the ovary, does not have a relationship with hyperan-
drogenism, is more common in adolescents, and should 
not be considered a pathological finding (Level C).

  (3) Additionally, in healthy girls with regular menstru-
al cycles and without hyperandrogenism, PCOM does 
not indicate a diagnosis of PCOS (Level B).

  (4) Abdominal ultrasound in adolescents, particularly 
obese girls, may yield inadequate information (Level C).

  (5) AMH concentrations should not be used to char-
acterize PCOM (Level B).

  (6) Until better quality-consistent data are available, 
ovarian imaging can be deferred during the diagnostic 
evaluation for PCOS (Level C).

  Question 5: What Diagnostic Procedures Are 

Appropriate in Adolescents to Exclude Other Causes 

of Hyperandrogenism and Amenorrhea? 

 All diagnostic criteria for PCOS include the proviso 
that other causes of androgen excess and amenorrhea 
have been excluded. The most frequent differential diag-
nosis is between PCOS and nonclassic forms of congeni-
tal adrenal hyperplasia (NCAH) because the phenotypic 
features are very similar  [97, 98] .

  The most common form of CAH is 21-hydroxylase
deficiency due to mutations in the  CYP21A2  gene. The 
reported prevalence for NCAH is 1 in 1,000 with an in-
creased prevalence in specific ethnic groups  [99] . Al-
though rare, other disorders of steroidogenesis can be 
associated with a PCOS phenotype in adult women and 
premature pubarche in children  [100, 101] .

  Cushing’s syndrome, primary pigmented nodular ad-
renocortical disease, McCune-Albright syndrome, gluco-
corticoid resistance due to mutations in the glucocorti-
coid receptor gene, ovarian androgen-secreting tumors, 
thyroid dysfunction, hyperprolactinemia, and adrenal tu-
mors can be associated with androgen excess  [102–104] . 
Although adrenocortical tumors are rare in children, 
most present with clinical features due to excessive an-
drogen secretion  [105] . If androgen-secreting tumors are 
suspected, abdominal and pelvic ultrasounds should be 
used as first-line screening tests.

  The approach to the differential diagnosis begins with 
a thorough medical history and physical examination. 
Bloodwork typically includes 17-hydroxyprogesterone 

(17-OHP), total testosterone, free testosterone, SHBG, 
androstenedione, and DHEAS. The clinical findings can 
guide additional hormone determinations such as thy-
roid function studies, gonadotropins, prolactin, and 
ACTH stimulation testing  [97, 98] . For those with NCAH, 
ACTH-stimulated 17-OHP values usually exceed 1,500–
10,000 ng/dl  [106] . When molecular genetic testing is 
performed, mutations on both  CYP21A2  alleles are usu-
ally identified found when the stimulated 17-OHP ex-
ceeds 1,500 ng/dl  [107] .

  Performing ACTH stimulation tests on all adolescent 
girls with suspected NCAH is not feasible. The use of fol-
licular phase morning 17-OHP levels has been advocated. 
Morning 17-OHP values >200 ng/dl appear to detect 
most adult women with NCAH  [108, 109] . Although 
morning 17-OHP concentrations (>200 ng/dl) have been 
reported as being more common in women with CAH 
(87%), over 20% of women with PCOS had elevated 
morning 17-OHP values  [110] . Normal random 17-OHP 
values do not completely exclude the diagnosis of NCAH 
because the values may be normal when obtained later in 
the day. Genetic testing should not be used as the prima-
ry diagnostic tool for NCAH because of the complexity of 
the  CYP21A2  genetic locus  [111] .

  Recommendations 
 (1) A thorough medical history, physical examination, 

and appropriate laboratory assessment are essential to 
provide the information necessary to exclude other dis-
orders associated with androgen excess (Level A).

  Question 6: What Is the Role of Insulin

Resistance/Hyperinsulinemia in the Diagnosis

of PCOS in Adolescents? 

 The high prevalence of insulin resistance and hyperin-
sulinemia among adolescent girls with PCOS is well rec-
ognized. Insulin resistance and hyperinsulinemia are in-
trinsic to PCOS in adults and adolescents, lean or obese. 
Hyperinsulinemia is believed to exacerbate the hyperan-
drogenism and the reproductive and metabolic manifes-
tations of PCOS in adolescents. With the exception of one 
published recommendation, none of the current defini-
tions of PCOS in adolescent or adult women include in-
sulin resistance/hyperinsulinemia as a diagnostic criteri-
on  [1, 10–12, 18, 19, 112] . Rather insulin resistance and 
hyperinsulinemia should be viewed as warnings to inves-
tigate and treat comorbidities associated with PCOS such 
as pre-diabetes or type 2 diabetes (T2D).
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  Fasting insulin and 24-hour insulin concentrations as 
well as stimulated insulin responses to intravenous glu-
cose are elevated in adolescent girls at risk for PCOS even 
after adjusting for BMI  [113] . The insulin resistance of 
PCOS is inherent to the syndrome and is over and above 
that conferred by obesity, since obese adolescents at risk 
for PCOS had a 50% lower in vivo peripheral insulin sen-
sitivity when measured by the hyperinsulinemic-euglyce-
mic clamp and compared with BMI-, body composition-, 
and visceral adiposity-matched obese peers  [114] . This 
insulin resistance is compensated by an increased insulin 
secretion  [114] . Some nonobese adolescents with ovarian 
androgen excess and a history of premature pubarche and 
those with low birth weight and exaggerated adrenarche 
are also reported to have hyperinsulinemia and decreased 
IGFBP-1 starting in prepubertal years and during puber-
ty  [115–118] . In most patients, clinical features suggest 
insulin resistance. Thus, the measurement of fasting glu-
cose-to-insulin ratios, i.e., HOMA, or the performance of 
a standard oral glucose tolerance test will suffice to estab-
lish hyperinsulinemia/insulin resistance  [119] . Accord-
ingly, clamp studies should be performed only in the re-
search setting.

  Overweight and obesity are common findings among 
adolescent girls with PCOS particularly in the US popula-
tion  [120] . The weight has an android distribution, and 
even nonobese adolescents with PCOS are reported to 
have twice as much abdominal fat as the reference popu-
lation  [121, 122] . Metabolic disturbances associated with 
insulin resistance such as the metabolic syndrome, im-
paired glucose tolerance, and type 2 diabetes are reported 
to occur at a relatively higher prevalence among obese 
adolescents with PCOS. This prevalence was independent 
of obesity in some studies but not in others  [121–129] .

  There is increasing evidence for a link between insulin 
resistance/hyperinsulinemia and the androgen excess in 
adolescents with PCOS. In vitro and in vivo data in adults 
indicate that hyperinsulinemia plays an important role in 
ovarian androgen production  [130, 131] . Observations 
suggesting that insulin resistance and/or hyperinsu-
linemia may be factors in the development of hyperan-
drogenism in adolescence include: (1) a population-based 
study from Australia of adolescents considered to have 
PCOS in which increased free testosterone concentration 
was the factor most predictive of insulin resistance, while 
menstrual irregularities and polycystic ovaries were not 
associated with insulin resistance  [127] ; (2) hCG-stimu-
lated testosterone concentration was increased in the 
presence of insulin resistance/hyperinsulinism  [132] ; (3) 
weight loss, treatment with metformin, or treatment with 

rosiglitazone were associated with improved insulin sen-
sitivity and attenuation of hyperandrogenemia in some 
studies  [133–137] ; and (4) among nonobese Catalan ado-
lescents with a history of premature pubarche, exagger-
ated adrenarche, and low birth weight, treatment with 
metformin or rosiglitazone, either prior to puberty or 
during adolescence, was reported to attenuate hyperan-
drogenism  [138] . Fetal growth restriction and low birth 
weight – conditions that increase the predisposition to 
insulin resistance – are reported to be associated with hy-
perandrogenemia in adolescents in some but not all stud-
ies  [116, 139, 140] . Rapid postnatal catch-up growth and 
adiposity seem to increase the risk of excessive androgen 
secretion and precocious pubarche with a higher predi-
lection to develop features suggestive of PCOS in adoles-
cence  [4, 140, 141] . Lastly, intractable childhood obesity 
with insulin resistance/hyperinsulinemia is reported as a 
precursor of PCOS in some adolescents  [9, 142–145] .

  Recommendations 
 (1) Although prevalent among adolescents at risk for 

PCOS, insulin resistance and hyperinsulinemia should 
not be utilized as diagnostic criteria (Level B).

  (2) Insulin resistance and hyperinsulinemia can be 
considered as indications to investigate and treat poten-
tial comorbidities (Level B).

  Question 7: Does a Diagnosis of PCOS during 

Adolescence Provide an Opportunity for Meaningful 

Intervention? What Are the Risks of Overdiagnosis? 

 A timely diagnosis of PCOS leads to awareness of this 
lifelong condition associated with hormonal and possibly 
metabolic complications and provides an opportunity for 
meaningful intervention, e.g., healthy lifestyle counsel-
ing, testing for comorbidities, or medications  [9, 146, 
147] . Testing for comorbidities can include fasting glu-
cose, fasting insulin, and lipid concentrations. For girls 
with polydipsia, polyuria, acanthosis nigricans, or obesi-
ty, consideration may be given to assessing glucose toler-
ance with an oral glucose tolerance test. Signs and symp-
toms suggestive of depression should prompt a referral 
for behavioral health evaluation.

  Intervention trials in adolescents with PCOS have 
shown benefits with respect to decreased androgen levels 
 [89, 148–151] . These trials have also shown improvements 
related to hirsutism, ovulation, quality of life, sleep, lipid 
profile, adipocytokine levels, and insulin resistance  [148–
160] . However, most trials have been limited by their short 
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duration (less than 6 months). Adequately powered, ran-
domized, double blind, placebo-controlled trials are lack-
ing. Longer duration trials (12 months or more) are very 
limited and are either open-labelled trials or lack placebo-
controlled arms  [133, 135, 161–163] . Fortunately, meta-
analyses have shown that medications commonly used in 
the management of women and adolescents with PCOS 
have a low risk of severe adverse effects  [160] .

  On the other hand, overdiagnosis of PCOS can lead to 
unnecessary labeling and unwarranted interventions. A 
diagnosis of PCOS can impact an adolescent’s quality of 
life; this diagnosis can create early and unwarranted anx-
iety about future fertility for the young women and her 
family. It is crucial to re-evaluate all adolescents with fea-
tures suggestive of PCOS. Overdiagnosis can also lead to 
an overuse of treatments such as metformin and oral con-
traceptive pills. There has been a steady increase in pre-
scribing metformin over the last 10 years particularly in 
obese adolescent girls between 16 and 18 years, despite 
metformin being ‘off-label’ or unlicensed in many coun-
tries for the treatment of PCOS or obesity  [162, 163] .

  Recommendations 
 (1) A timely diagnosis of PCOS in symptomatic ado-

lescent girls is important for the initiation of appropriate 
screening and treatment (Level A).

  (2) Validated diagnostic criteria supported by robust 
clinical and hormonal findings are needed to avoid over-
diagnosis and unnecessary treatment in otherwise healthy 
normal girls without hyperandrogenism (Level C).

  (3) Research evaluating long-term interventions using 
high-quality RCTs and lifelong follow-up of girls with 
PCOS diagnosed during adolescence would be ideal (Lev-
el C).

  Summary 

 This paper represents the consensus of pediatric endo-
crine and adolescent medicine experts representing pro-
fessional organizations dedicated to the care of adoles-
cents and young women with disorders of androgen ex-
cess. PCOS is a common heterogeneous phenotype with 
features overlapping some features characteristic of nor-
mal pubertal development. The clinician needs to care-
fully balance the risks and benefits of labeling an adoles-
cent girl as having PCOS versus simply stating that the 
diagnosis of this disorder cannot be confirmed during the 
adolescent years. Most importantly, the levels of evidence 
supporting our recommendations are largely clinical 

studies or expert opinion. Thus, there is clearly a need for 
careful prospective clinical investigations to better define 
the diagnostic criteria and most effective treatments for 
adolescent girls with PCOS.

  Summary Recommendations 
 (1) The overlap between normal pubertal develop-

ment and characteristic features of PCOS may confound 
an accurate diagnosis of PCOS among adolescent girls 
(Level A).

  (2) Other disorders associated with irregular menses 
or hyperandrogenism need to be excluded from diagnos-
tic consideration (Level A).

  (3) Great caution should be taken before diagnosing 
PCOS in adolescent girls with clinical features of andro-
gen excess such as hirsutism and biochemical hyperan-
drogenism if oligomenorrhea has not persisted for more 
than 2 years. These girls can be considered to be at risk 
for PCOS. To avoid misdiagnosing physiological pubertal 
changes as PCOS, deferred diagnostic labeling accompa-
nied by frequent longitudinal re-evaluations of these girls 
considered to be at risk for PCOS is beneficial and pru-
dent during adolescence (Level C).

  (4) Even in the absence of a definitive diagnosis and 
the lack of an approved therapy for PCOS in adolescence, 
treatment options that both alleviate the current symp-
toms and decrease the risk for subsequent associated co-
morbidities are recommended (Level B).

  (5) Although obesity, insulin resistance, and hyperin-
sulinemia are common findings in adolescents with hy-
perandrogenism, these features should not be used to di-
agnose PCOS among adolescent girls (Level A).

  (6) Prospective longitudinal research studies will be 
helpful to understand the natural history for girls consid-
ered to be at risk for PCOS. Research evaluating long-
term interventions using high-quality RCTs and follow-
up of girls with PCOS diagnosed during adolescence 
would be ideal. Through such research studies, it is hoped 
that validated diagnostic criteria supported by robust 
clinical and hormonal findings can be established to fa-
cilitate timely diagnosis while preventing overdiagnosis 
and unnecessary treatment in otherwise healthy normal 
pubertal girls (Level C). 

  Appendix 

 The authors are members of the following societies:
 –  Androgen Excess-PCOS Society (AE-PCOS): Selma F.

Witchel, Sharon Oberfield
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 –  Australasian Pediatric Endocrine Group (APEG): 
Alexia Pena

 –  Asia Pacific Pediatric Endocrine Society (APPES): 
Preeti Dabdghao, Cecilia Garcia Rudaz

 –  African Society for Pediatric and Adolescent Endo-
crinology (ASPAE): Dipesalema Joel

 –  European Society for Pediatric Endocrinology 
(ESPE): Lourdes Ibáñez

 –  Japanese Society for Pediatric Endocrinology (JSPE): 
Reiko Horikawa

 –  Japanese Society of Obstetrics and Gynecology 
(JSOG): Reiko Horikawa

 –  North American Society of Pediatric and Adolescent 
Gynecology (NASPAG): Andrea Bonny, Veronica Go-
mez-Lobo

 –  Pediatric Endocrine Society (PES): Selma F. Witchel, 
Sharon Oberfield, Robert L. Rosenfield, Silva Arslanian, 
Peter A. Lee

 –  Latin American Society for Pediatric Endocrinology 
(SLEP): Ethel Codner
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Abstract 

 

Three international conferences 2015-2018 have provided recommendations for the 

diagnosis and treatment of polycystic ovary syndrome (PCOS) in adolescence. In spite of 

agreement about essentials, differences among details of these recommendations have 

engendered confusion. This Commentary provides perspective about the agreements and 

disagreements among these recommendations and how these recommendations relate to 

other guidance. It concludes with practice suggestions that align with these 

recommendations. 

 

Keywords: Acne; Hirsutism; Adolescent menstrual abnormalities; Polycystic ovary 

syndrome 
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Three international expert conferences, representing all relevant subspecialties, have 

published recommendations for the diagnosis and/or treatment of adolescents with 

polycystic ovary syndrome (PCOS) in the last 5 years: 2015,1 2017,2 2018.3,4 As a 

convener of the first conference, I consider these documents to be in agreement about 

essential matters. However, they are fairly dense and so some participants have attempted 

to render their content more accessible.5,6 However, a recent review of adolescent PCOS 

begins from the premise of “lack of agreement around both diagnosis and management”,7  

so confusion remains about the subject. 

 

This purpose of this commentary is to provide perspective about the agreements and 

disagreements among these international recommendations and how they relate to other 

guidance, and to provide practice suggestions that align with these recommendations. 

 

These conferences have established uniformity in diagnosis. All the documents agree on 

the core diagnostic criteria for adolescent PCOS: otherwise unexplained evidence of 

ovulatory dysfunction, as indicated by menstrual abnormalities based on stage-

appropriate standards, and evidence of an androgen excess disorder 

(“hyperandrogenism”) (Table 1). All three groups agree that polycystic ovary 

morphology cannot be used as PCOS diagnostic criteria, as they are for adults,8,9 because 

adolescent ovary morphology may normally be similar until 8 years after menarche. No 

guidelines accept obesity and insulin resistance as criteria. These criteria are likely to 

remain fundamentally unchanged until further research yields understanding of the 

environmental-molecular genetic interactions that cause PCOS.10 
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So what specifically might practitioners find confusing about diagnostic criteria? The 

clinical details regarding suitable evidence to satisfy these criteria differ somewhat 

among the documents. 

 

The menstrual abnormalities that indicate ovulatory dysfunction during the immediate 

post-menarcheal years are not fully described by any one document: they include primary 

and secondary amenorrhea, oligomenorrhea, and “dysfunctional” (excessive) uterine 

bleeding (Table 2).4,11-15 The bounds shown in Table 2 approximate the 5-95th percentiles 

of the general population. 

 

The adolescent PCOS recommendations differ in requiring the menstrual abnormality to 

persist for 1 year (2018)3,4 vs. 2 years (2015, 2017)1,2 to diagnose PCOS. What the 

conferees struggled with is differentiating how long after menarche a menstrual 

abnormality should persist to avoid confusing PCOS with normal immaturity of the 

menstrual cycle (traditionally termed “physiologic adolescent anovulation”, PAA, though 

recently it was recognized that most of these “anovulatory” cycles are actually immature 

ovulatory cycles5,16,17).  The degree of certainty is improved only modestly by waiting 2 

years rather than 1 year to make a diagnosis. Available data suggest that if a symptomatic 

menstrual disturbance persists for 1 year, it will last into adulthood in about half; and if it 

persists for 2 years, it will last into adulthood in nearly two-thirds.5 
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The 2018 adolescent PCOS guidelines go so far as to define irregular menstrual cycles as 

normal in the first year post-menarche.3 While there is no doubt that menstrual 

irregularity is normally greatest during early puberty, guidance from The American 

Academy of Pediatrics and American College of Obstetricians and Gynecologists 

(AAP/ACOG) places limits on the normal range of irregularity.12 The latter joint 

statement generally consider menstrual intervals to be abnormal if outside the bounds 

shown in Table 2. 12 11 They indicate that menses “90 days apart even for one cycle” and 

menses >45 days apart, irrespective of post-menarcheal year, may warrant evaluation. 

 

Fortunately, the three PCOS documents provide for a resolution of their differences: they 

agree that girls suspected of having PCOS within the first 1-2 years after menarche 

should be evaluated then. If tests are consistent with PCOS, the patient can be followed 

with a provisional diagnosis of “at risk for PCOS”, as discussed below. 

 

All the PCOS groups grappled with the extent to which adolescent hirsutism and acne 

constitute clinical evidence of androgen excess on a par with accurate biochemical 

evidence of hyperandrogenism. Mild hirsutism is considered acceptable evidence by 

2018 criteria, like 2013 Endocrine Society PCOS guidelines,9 whereas 2015/2017 

recommendations require moderate-severe hirsutism as a clinical criterion for evidence of 

hyperandrogenism. On the other hand, the 2018 Endocrine Society hirsutism guidelines 

recommend demonstration of hyperandrogenemia in women with all degrees of 

hirsutism. This was recommended partly because hirsutism and acne are variably 

expressed manifestations of hyperandrogenism: thus, there is no endocrine basis for 
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hirsutism in a substantial minority; conversely hyperandrogenemia often exists without 

hirsutism or acne.18  

 

While severe comedonal acne is common in early teenage adolescent girls, moderate-

severe inflammatory acne occurs in <5% of them.1,5 However, the prevalence of 

hyperandrogenemia in them is undetermined, so 2015/2017 criteria considered moderate-

severe inflammatory acne an indication to test for biochemical hyperandrogenism. 

Without citing further data, 2018 criteria considered all severe acne in adolescents to 

constitute clinical evidence of hyperandrogenism. 

 

All three sets of adolescent PCOS recommendations agree that investigation for 

biochemical hyperandrogenism be initiated by measuring serum total and/or free 

testosterone by specialty assays with well-defined reference ranges. These determine total 

testosterone by post-extraction/chromatography radioimmunoassay or tandem mass 

spectrometry and then calculate free testosterone by a separate assay for testosterone 

binding to serum proteins. Documentation of biochemical hyperandrogenism has been 

problematic because standard platform assays of testosterone give grossly inaccurate 

results. The 2013 Endocrine Society PCOS task force did not consider accurate assays to 

be widely available and so permit hirsutism to be a surrogate for hyperandrogenism. The 

2018 Endocrine Society Hirsutism Task Force deemed accurate assays to currently be 

widely available and so recommended them as the gold-standard for demonstration of 

androgen excess as the basis of hirsutism. The adolescent PCOS guidelines took different 

positions within this spectrum, as noted above. 
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The 2015 PCOS report was alone in specifying that the androgen level be persistently 

elevated. This recommendation was made because mild hyperandrogenemia may be 

found in the prolonged anovulatory cycles of physiologic adolescent anovulation. 

 

The management of PCOS was specifically addressed by the 2017 and 2018 adolescent 

PCOS conferences. Their different perspectives about pharmacologic treatment reflects 

the multi-cultural views about adolescent contraception. Estrogen-progestin combined 

oral contraceptives (COCP) are the favored first-line treatment recommended in the U.S. 

for the management of menstrual abnormalities and hirsutism.7 Both international groups 

endorsed this treatment when contraception is desired. Metformin is otherwise favored by 

the 2017 consortium, which emphasizes its promotion of ovulation, and improved weight 

control, insulin resistance, metabolic parameters, and androgen levels. However, 

androgen levels are not reduced sufficiently to significantly improve hirsutism,18 and the 

results of the few randomized, double-blind, placebo-controlled trials of metformin in 

adolescence show less effectiveness on ovulatory function than the many 2017-cited 

open-label trials suggest.19 Agreement is uniform that healthy lifestyle management is 

first-line therapy for management of the associated obesity and metabolic disturbances, 

i.e., prior to and/or in conjunction with metformin therapy.   

 

In summary, the differences in details among the international PCOS recommendations 

primarily reflect tension between the desirability of early diagnosis (i.e., avoiding false 

negatives) vs the liabilities of mistaken diagnosis (i.e., avoiding false positives) and 
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attitudes about adolescent contraception. These are issues not likely to be resolved easily, 

yet they are matters for every physician to consider in management of each case. 

 

What then are the take-home, practice points for the clinician faced with an adolescent 

within 1-2 years of menarche who has a menstrual abnormality, hirsutism, and/or topical 

treatment-resistant acne? 

 

First, PCOS must be considered in the general context of all causes of adolescent 

menstrual disturbances. The vast majority of early post-menarcheal menstrual 

disturbances will be due to PAA. However, if irregularities persist for 1 year, about half 

will be due to PAA and half due to ovulatory dysfunction and less frequent conditions 

like pregnancy, disorders of the genital tract, and coagulopathy.12 About half of the 

ovulatory disorders will be due to hyperandrogenism (including PCOS) and half due to 

hypogonadism (of which eating disorder, excessive exercise, or gonadal failure are the 

prime considerations).5,12   

 

It would be impractical for the front-line practitioner to evaluate all early post-

menarcheal girls for a single abnormal menstrual cycle. The following approach is 

suggested as a middle ground between potentially mislabeling a girl as having a disorder 

vs. making an early diagnosis in those who have a condition.  

 

If a girl is amenorrheic for 2 months, it would seem prudent to ascertain whether she is in 

general good health, has signs of PCOS, or is possibly pregnant. If that assessment is 
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negative, she should be followed to see if the menstrual disturbance becomes normal 

soon. However, for example, if she remains amenorrheic >90 days or if two successive 

periods are > 2 months apart, laboratory screening would be reasonable.  

 

A screening panel for the most prevalent disorders would include a pregnancy test, serum 

luteinizing hormone and follicle-stimulating hormone, as well as a complete blood count, 

comprehensive metabolic profile, and erythrocyte sedimentation rate. 

 

Measurement of total and/or free testosterone by a specialty assay would be indicated in a 

few circumstances if this screening panel is negative. One, if the menstrual disorder is 

persistent or requires prompt treatment with COCP, as for heavy bleeding. Two, if the 

menstrual abnormality coexists with hirsutism, treatment-resistant moderate-severe acne, 

and/or obesity/acanthosis nigricans, Eighty percent or more of adolescents with a 

menstrual abnormality and hirsutism will prove to have PCOS.5 Three, if hirsutism or 

acne will require COCP treatment, even if there is no menstrual abnormality since the 

PCOS ovulatory dysfunction may take years to present.2,5 

  

PCOS accounts for the vast majority of all adolescent hyperandrogenism. It is a diagnosis 

of exclusion for which referral to a specialist is advisable. Non-classic congenital adrenal 

hyperplasia, hyperprolactinemia, endogenous Cushing’s symdrome, thyroid dysfunction, 

and virilizing tumor must be ruled out to make the diagnosis with high certainty.  
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Symptomatic treatment, just as for PCOS itself, is indicated in early post-menarcheal 

girls “at risk of PCOS” to manage menstrual abnormality, hirsutism, acne, or obesity 

(2015, 2018). Such girls should be re-evaluated for persistence of PCOS by the time they 

finish high school, after withdrawing treatment for 3 or more months.5,6 Of course, 

withdrawal of contraceptive therapy should only be undertaken after ensuring that non-

hormonal contraceptive precautions are taken because the infertility of PCOS is not 

absolute. If evidence of ovulatory dysfunction and hyperandrogenism persist, the 

diagnosis of PCOS is confirmed, and treatment is reinstituted with an eye towards the 

time when fertility treatment may be required. 

 

 

Conflict of interest statement: none 
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Table 1. International Diagnostic Criteria for Polycystic Ovary Syndrome in 
Adolescents1-4 
 
Otherwise unexplained combination of: 
 
1. Abnormal menstrual pattern as evidence of ovulatory dysfunction 

a. Abnormal for age or gynecologic age 
b. Persistent symptoms for 1-2 years 

 
2. Clinical and/or biochemical evidence of hyperandrogenism 

a. Hirsutism is clinical evidence of hyperandrogenism, especially if moderate-severe 
b. Elevation of serum total or free testosterone by a specialty reference assay is 

biochemical evidence of hyperandrogenism  
 
 



Table 2. Abnormal uterine bleeding (AUB) in adolescence 

   Symptom Definition 

Primary amenorrhea  Lack of menarche by 15 years of age or by three years after the onset of breast development 

Secondary amenorrhea  Over 90 days without a menstrual period, after previously menstruating 

Oligomenorrhea (infrequent AUB)  Year 0 to 1 post-menarche: average cycle >60 days (fewer than six periods per year) 

Year 1 to <3 post-menarche: average cycle >45 days (fewer than eight periods per year) 

Year 3 to perimenopause: average cycle >38 days (fewer than nine periods per year) 

Excessive uterine bleeding† Menstrual bleeding that is more frequent than every 21 days (19 days in year 1), or prolonged 

  

(lasts more than 7 days) or heavy (soaking pads or tampons sufficiently to interfere with quality 

of life) 

 
 
 
† Encompasses frequent intermenstrual, heavy, or prolonged abnormal uterine bleeding, “polymenorrhea”, and “meno/metrorhagia”. 
Traditionally termed “dysfunctional uterine bleeding”. 
 
Modified from: Rosenfield RL Adolescent anovulation: maturational mechanisms and implications. J Clin Endocrinol Metab 
2013;98:3572-83, according to references 4, 12-15. 
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Polycystic ovary syndrome (PCOS) is
a common, complex, and
heterogeneous familial disorder that
affects 5% to 10% of females of
reproductive age and is seen across
race and ethnicity, country of origin,
and other sociodemographic
backgrounds.1 PCOS has become an
increasingly important adolescent
reproductive health diagnosis, given
the significant reductions in health-
related quality of life observed among
affected patients2,3; potential long-
term cardiovascular, metabolic, and
reproductive health outcomes4; and
annual clinical management costs that
exceed $4 billion annually.5 In this
article, we will highlight current
evidence, consensus, and controversy
among clinicians regarding the
pathogenesis, clinical presentation,
diagnostic evaluation, and
management of adolescents
with PCOS.

Although the etiology of PCOS
remains unclear despite decades of
both basic science and clinical
research, multiple systems and
factors including ovarian function,
steroidogenesis, metabolism,
neuroendocrinology, genetic, and
environmental issues have been
identified as contributing to the
pathophysiology.6 Normally, there is
a highly functional and coordinated
process through which follicular
development occurs with each
menstrual cycle. In adolescents with
PCOS, there is an imbalance, resulting
from an exaggerated luteinizing
hormone (LH) response driving
androgen production7 and
inadequate follicle-stimulating
hormone (FSH), resulting in
inadequate conversion of androgens
to estradiol, with follicular arrest.8

Anti-Müllerian hormone (AMH) plays
a key role in regulating the
transitional development of follicles,
leading to a dominant follicle.
However, in adolescents with PCOS,
follicular growth is arrested, leading
to the many small follicles stemming
from anovulation.9 The phenotypic

expression of this aberration is
revealed in ovarian theca cells
through increased expression of
cytochrome P450 enzymatic activity
(through the gene CYP17A1 or
p450c17).10

Adolescents with PCOS often
demonstrate both insulin resistance
(IR) and hyperandrogenism.
Associated manifestations may be
exacerbated in adolescents who are
overweight or obese, which can
complicate management of PCOS.11,12

The temporary decline in insulin
sensitivity observed during puberty
may be a critical moment in the
development of IR and
hyperinsulinemia in patients
predisposed to developing PCOS. The
changes in insulin and androgen
metabolism appear to be interrelated,
as increases in androgens reduce
insulin sensitivity and insulin
elevations may potentiate androgen
secretion in fat tissue.13–15 Insulin
also augments the ovarian response
to LH and enhances dysregulated LH
secretion from the pituitary gland.

DIAGNOSIS

Clinical Presentation

Patients seek evaluation when the
absence of or irregularity of menses
becomes worrisome and they develop
physical findings, such as acne or
hirsutism. These physical
manifestations, for which home
treatments are no longer effective, are
typically of great concern to the
adolescent patient who is in a period
of life when a semblance of normalcy
with peers is critically important.
They may also have significant
concerns about sexual health and
their future fertility.14 Attention to
the details of their sexual and
reproductive health histories and
liberal use of office-based testing to
assess for pregnancy in the absence
of menses can prevent the need for
a costly and unnecessary diagnostic
workup. Nonetheless, the PCOS
evaluation becomes an important

touch point with these patients who
must be carefully managed with
thoughtfulness and closely followed
to ensure the patient is successful
with its clinical management.

The associated clinical findings of
PCOS usually begin to manifest
during adolescence with the
presentation evolving into a clinical
picture that can vary considerably.
The reproductive dysfunction
presents with a range of menstrual
disorders, including amenorrhea,
oligomenorrhea, and abnormal
uterine bleeding associated with
anovulation or oligoovulation.
Patients may also present with
ovarian enlargement, endometrial
hyperplasia, and infertility.

Research has demonstrated that up to
80% of patients with PCOS will
exhibit clinical or laboratory evidence
of androgen excess. Manifestations
include hirsutism, acne, male-pattern
baldness or alopecia, and elevated
androgens (eg, total testosterone, free
testosterone,
dehydroepiandrosterone sulfate, or
androstenedione).15,16 Hirsutism is
common among affected adolescents
and women, but often patients have
been using home remedies or
professional services that range from
temporary (eg, tweezing, chemical
depilatory agents, waxing) to
permanent (eg, electrolysis,
thermolysis, laser) hair removal
techniques. Although acne is
a common presentation during
adolescence, in combination with an
evolving menstrual disorder, it may
be a manifestation of androgen
excess.17 Clinical tools, such as the
Ferriman-Gallwey scoring system,18

have been used to document
hirsutism for clinical management.
However, in more recent work,
authors suggest that patient-, nurse-,
and pediatrician-rated hirsutism are
highly variable.19 Temporal recession
and/or alopecia as a sign of
hyperandrogenism is also important
to document with tools such as the
Ludwig visual score.20 In an era of
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electronic medical record
documentation, use of images at
baseline and during follow-up visits
may be an objective way to assess the
clinical impact of hyperandrogenism
and the effectiveness of interim
treatment over time. It is critically
important to assess preconsultation
hair removal or acne treatment being
employed by the patient to
thoroughly assess the impacts of
hyperandrogenism when making the
diagnosis and at each follow-up visit
to ascertain the effectiveness of
combined therapy, minimize side
effects, and examine the burden of
treatment on health-related quality
of life.

Clinical Guidelines

Given the heterogeneity of clinical
findings observed in patients with
PCOS, demonstrating engagement of
multiple endocrine signaling
networks as a manifestation of
systems-level disease is critical.
Several expert consensus meetings
have been convened to generate
evidence-based diagnostic criteria to
facilitate a uniform approach to
identifying and managing this
disorder, which is characterized by
both disordered menstrual cycles and
the clinical symptoms of androgen
excess. The multiple clinical
guidelines that have been published
over the years have led to confusion
among clinicians who seek to care for
these patients who present in
a variety of ways. Most recently,
a collaborative group under the
International Consortium of Pediatric
Endocrinology provided an update to
the pathophysiology, diagnosis, and
treatment of PCOS care specific to the
management of adolescents with the
disorder.6 These recommendations
outline the required clinical features
and appear to follow most closely the
1990 National Institutes of Health
guidelines,21 which include irregular
menses and/or oligomenorrhea and
biochemical or clinical evidence of
hyperandrogenism.6 Optional factors
include polycystic ovaries on

ultrasound and severe cystic acne.
The consortium did not recommend
obesity or biochemical (eg, IR or
hyperinsulinemia) or clinical
evidence (eg, acanthosis nigricans) of
aberrant insulin metabolism; these
clinical factors may be associated but
are not sufficiently specific to PCOS to
make the diagnosis.6 AMH and
testosterone-to-dihydrotestosterone
ratios have emerged as potential
diagnostic biomarkers for clinical use,
given their association with follicular
development and adverse
phenotypes, respectively.22–25

However, additional research is
warranted to define their diagnostic
potential in adolescents; therefore,
they are not recommended in
laboratory evaluation for these
patients. The new guideline also
stressed the point that a definitive
diagnosis of PCOS cannot be made
until 2 years postmenarche and,
echoing earlier guidelines, other
causes of hyperandrogenism are first
ruled out (eg, nonclassic congenital
adrenal hyperplasia, Cushing’s
syndrome, etc).7

Another recent international
guideline on PCOS from the
International PCOS Network is also
worth consideration, which reviews
the available evidence to support
both diagnosis and management in
both adolescents and women.20 This
guideline notes the evidence for both
assessment and management of PCOS
to be of low-to-moderate quality.
They also recommend an increased
focus on patient education, lifestyle
modifications, emotional well-being,
and quality of life as critical
components of intervention. The
guideline also asserts that the
evidence supports allowing for only
1 year of menstrual irregularity
postmenarche before becoming
concerned about oligo- or
anovulation. Importantly, this
guideline allows for a patient to be “at
risk for PCOS” with longitudinal
follow-up as an acceptable alternative
to making an early diagnosis.

However, clinicians can intervene
medically with an oral contraceptive
as first-line management after
observance of hirsutism or alopecia,
given the known impacts of each on
health-related quality of life. Early
intervention can serve as a preventive
measure to avoid more severe
cosmetic problems. For non–sexually
active patients, a 3-month hormonal
washout period can be undertaken to
reassess hormonal status in patients
who are uncertain about their
diagnosis and want to determine if
their menses will resume on
their own.

CLINICAL ASSESSMENT

History and Physical Examination

As with all adolescent visits,
a detailed, patient-centered interview
is critical; this includes an assessment
of present illness(es) focused on the
patient’s clinical symptoms, past
medical history, reproductive health
history (including details of puberty),
menstrual history, social history
(including sexual behaviors and
pregnancy history), and contraceptive
use.15 The review of systems can be
useful in determining the presence of
symptoms that are consistent with
PCOS (eg, weight, hair, or skin
changes) and assessing for other
disorders that may impact menstrual
function (neck enlargement
[thyromegaly], headaches,
galactorrhea, weight changes, skin
and/or nail changes). Use of
prescription and over-the-counter
medications and cosmetic procedures
to reduce symptoms can also be
assessed. Adolescents may not be as
aware of family history; therefore,
collection of key historical data from
parents before engaging in alone time
with the patient may be useful for
completing the clinical story of
a patient.

A comprehensive physical
examination can be done that
includes vital signs, anthropometric
assessment, general appearance, skin
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survey to detect alopecia, male-
pattern baldness, acanthosis
nigricans (Fig 1), acne, hirsutism
(Fig 2), Tanner staging, examination
of the external genitalia to assess for
virilization (indicated by a clitoris
glans width .5 mm), and bimanual
examination, if tolerated, to assess for
an ovarian mass.15,16

Laboratory Evaluation

The goals of laboratory assessment
are to support the diagnosis of PCOS
to exclude other causes of menstrual
irregularity and clinical
hyperandrogenism and assess for
associated clinical issues, such as
diabetes and hyperlipidemia. Free
and total testosterone (employing
high-quality assays, such as liquid
chromatography tandem mass
spectrometry and extraction or
chromatography)26 and
dehydroepiandrosterone sulfate are
routinely measured to assess for the
contribution of ovarian and adrenal
androgens and consider the
possibility of an adrenal or ovarian
tumor. If late-onset congenital adrenal
hyperplasia is suspected, a morning
serum 17-hydroxyprogesterone can
be obtained. A serum FSH can be
measured to ensure that the ovary is
functioning and assess for ovarian
insufficiency. Given the aberrant
changes in LH, this is often ordered to
assess the ratio of LH to FSH.
Although the LH-to-FSH ratio is often
elevated in patients with PCOS, this

calculation cannot be used to make
the diagnosis in isolation; many
patients with the disorder will not
have elevations, and the elevated
ratio can be seen both in patients
with PCOS and in those who are
ovulating. As previously noted, AMH
levels are associated with the
anovulation and fertility issues
observed in adult women with PCOS,
but this promising biomarker is
currently not recommended for
diagnostic decision-making because
guidelines for use have not been
established for adolescents.24,26

Patients suspected of having PCOS
can also be screened for thyroid
disease (thyroxine and thyroid-
stimulating hormone),
hyperprolactinemia (prolactin), and
metabolic abnormalities, such as type
2 diabetes mellitus (fasting glucose or
hemoglobin A1c) and hyperlipidemia
(fasting lipid profile). Patients with
PCOS who are significantly obese and
have profound chemical metabolic
abnormalities may present with
nonalcoholic fatty liver disease;
therefore, liver function (aspartate
aminotransferase, alanine
aminotransferase) testing is
warranted in this subgroup.6,15,16

Radiologic procedures, such as pelvic
sonograms, to determine the
presence of the classic ovarian
morphology (increased ovarian
volume with a thickened white
capsule and multiple small 2–8-mm

follicles) are not recommended to
diagnose PCOS in adolescents.26

Although ultrasound findings have
been shown to be supportive of the
diagnosis in women, these findings
are not specific to the disorder and
the diagnosis can often be made
without an ultrasound.25 There is also
significant overlap between normal
adolescent and PCOS morphology. A
liver ultrasound is warranted for the
patient who is obese with evidence of
nonalcoholic fatty liver disease.

TREATMENT

Because PCOS in adolescence can
have lifelong implications for
metabolic and reproductive health,
early treatment is critical, and the
goals of therapy should be discussed
with each patient.6,15,16 These goals
include decreasing the risk of
endometrial cancer (for unopposed
estrogen stimulation, which can lead
to endometrial hyperplasia),
managing irregular menses
(oligomenorrhea and abnormal
uterine bleeding), reducing hirsutism
and acne, decreasing the risk for
development of type 2 diabetes,
reducing cardiovascular risks,
improving quality of life, and
preserving fertility. Affected
adolescents have an increased
prevalence of multiple metabolic
derangements, each of which can
present a target condition that merits
treatment. Examples include markers
for obesity, IR, dyslipidemia, and
hypertension. Obesity is one of the
most common findings in patients,
with 40% to 80% of women with
PCOS meeting criteria for being
overweight or obese.26 Obesity can
lead to ovarian inflammation, reduced
oocyte quality, and abnormal
ovulatory patterns that can manifest
as infertility. Although both metabolic
and reproductive abnormalities are
well characterized, there remain
many questions regarding the best
long-term management strategies for
adolescents or women with this
diagnosis.27,28

FIGURE 1
Acanthosis nigricans in an adolescent with
PCOS. (DermAtlas: Online Dermatology Image
Library, with permission [Cohen, B (ed)], All
rights reserved).

FIGURE 2
Hirsutism in an adolescent with PCOS. (Der-
mAtlas: Online Dermatology Image Library, with
permission [Cohen, B (ed)], All rights reserved).
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Lifestyle modifications, such dietary
changes, exercise, and weight loss, are
first-line interventions for
adolescents with PCOS27 and are
endorsed by the Endocrine Society’s
clinical practice guideline28 as well as
the recent international evidence-
based guideline on PCOS.20 This
nonpharmacologic therapy is
a critical first step for patients who
are overweight or obese, which
exacerbates the PCOS phenotype.29

Weight loss as a sole maneuver can
decrease androgen production,30

improving insulin sensitivity and
reducing cardiovascular risk. Lifestyle
modifications, including a calorie-
restricted diet and/or physical
activity, has proven effective in
altering the disease course of PCOS.26

One small study of women with PCOS
revealed that exercise markedly
improved hyperlipidemia.31 In
another study, the authors examined
the effectiveness of exercise and/or
dietary interventions for affected
adolescents and found beneficial
effects of exercise for a range of
metabolic, anthropometric, and
cardiorespiratory fitness-related
outcomes.32 Subgroup analyses
revealed the greatest improvements
in participants who were overweight
or obese, and more outcomes
improved when interventions were
supervised, aerobic in nature, or
shorter in duration.

Estrogen and progestin combination
therapy represent the first-line
pharmacologic therapy for
adolescents with PCOS, most
commonly as a combined oral
contraceptive (COC), with 20 to 35 mg
of ethinyl estradiol.20,33 This therapy
has the potential to mitigate both
hirsutism and acne. A combined
transdermal patch and the vaginal
ring are other options, but there is no
evidence to suggest one delivery
method to be superior to the others.31

However, the transdermal patch is not
recommended for girls or women
whose weight is .90 kg. There have
been some concerns raised about an

increased thrombotic risk with
a combined patch, but these have not
been substantiated across reports.34

The combined preparations suppress
the hypothalamic-pituitary ovarian
axis and decrease ovarian and
adrenal androgen production. As
a result, unwanted hair growth
improves in 50% to 70% of hirsute
women treated with an oral COC,
which represents the most effective
therapy for management of
hirsutism.14,28 However, insulin
sensitivity does not change.35

Because there is often the common
goal of treating hyperandrogenism
and providing contraception for an
adolescent, a COC can address both
issues.

Antiandrogens can be helpful for
severe cases of hirsutism, as an
adjunct to a COC, especially when
alopecia is present and if hirsutism
has not improved after 6 months of
a COC as monotherapy.20 Many young
women seek pharmacologic
treatment because of the stigma
associated with the male-pattern hair
growth, even before a diagnosis of
PCOS is made. Pediatricians can
consider cultural and societal factors
around the hirsutism and take into
account not only the severity of the
hirsutism but also the patient’s
perception of the severity when
determining appropriate treatment.36

Spironolactone is the most commonly
prescribed androgen receptor blocker
and can be used in combination with
oral contraceptives because this agent
can lead to irregular menses and
potential teratogenicity (feminization
of a male fetus).14 The recommended
dose is 50 to 200 mg/day in 1
to 2 divided doses.37 Other
options include cyproterone
acetate, flutamide, and finasteride,
but hepatotoxicity has emerged
as a concern, and not all
medications are available in the
United States.

Systemic therapy can be augmented
by topical and mechanical treatments
for hirsutism (eg, electrolysis, laser

therapy, plucking, waxing, shaving,
and bleaching to achieve the desired
cosmetic result)1,15,38,39 and topical
therapies for acne. Eflornithine
hydrochloride (13.9%) cream (which
blocks the enzyme ornithine
decarboxylase, needed for hair
growth) is another option to lessen
facial hirsutism and can augment the
effects of laser therapy.15 However,
the benefits of this cream and other
topical strategies can be outweighed
by their side effects (eg, burning,
folliculitis, etc).15,36 For acne, topical
retinoic acid and antibiotics can be
helpful adjuncts to oral antibiotics,
hormonal therapy, or antiandrogens.

Because IR is common in PCOS,
insulin-sensitizing agents are among
the most frequently studied agents.
Metformin is a biguanide that acts to
decrease hepatic glucose production
and increase peripheral insulin
sensitivity.28,40 IR, important within
the pathophysiology of PCOS,
predisposes patients to metabolic
dysfunction and increases the risk of
type 2 diabetes mellitus. As an
insulin-sensitizing agent, metformin
has the potential to improve glycemic
control and prevent or improve type
2 diabetes, as well as address
problems, such as dyslipidemia, that
stem from the IR; it has been
endorsed by recent clinical
guidelines.6,20

In a recent study, the authors
compared metformin and
N-acetylcysteine on clinical,
metabolic, and hormonal parameters
in women with PCOS.41 Researchers
studied 100 patients with PCOS who
received metformin (1500 mg/day)
or N-acetylcysteine (1800 mg/day)
for 24 weeks. There was significant
improvement in BMI, waist
circumference, and waist-to-hip ratio
in the N-acetylcysteine group, but no
significant difference was found in
weight reduction among the 2 groups.
Markers of IR, including fasting
insulin and the fasting glucose-to-
insulin ratio, improved significantly
after N-acetylcysteine, and a greater
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reduction of total testosterone was
seen. Enhanced improvement of the
metabolic and hormonal profile was
observed in the N-acetylcysteine
group. Further study is needed, but
because of potentially fewer side
effects compared to metformin, this
therapy may arise as a new option to
consider over metformin in the
treatment of PCOS.

Adolescents with PCOS often seek
care regarding irregular menses,
infertility, hirsutism, and acne. For
hirsutism, viewed by many
adolescents as a “cosmetic
emergency,” COCs are a first-line
therapy, as endorsed by recent
guidelines.6,20 More than 2 decades
ago, we examined whether quality of
life was compromised in young
adolescents with PCOS.3 We observed
that scores on assessments of health-
related quality of life were lower than
healthy control subjects, and the issue
that generated the most concern was
infertility. Although adolescent
specialists typically try to prevent
pregnancy, it is important to
acknowledge that concerns about
infertility may be seen even in the
young adolescent patient. The
effect of this diagnosis on quality
of life continues to be mentioned,
including in recent clinical
guidelines.6,20

Mood disturbances are common
among adolescent girls with PCOS
and have been the subject of recent
research. The propensity for obesity
and cosmetic concerns (eg, hirsutism,
acne, etc) may lead to poor self-
esteem and depression. In a recent
pilot study, the authors examined
mood disturbances as well as IR in
adolescents and adult women with
PCOS at baseline and after metformin
therapy (1500 mg/day).42 Nineteen
adolescents (#18 years old) and 25
women ($18 years old) were
enrolled and had their baseline and
90-day anthropometric data tracked
as well as measurements of glucose,
androgens, and lipids; IR was
calculated by using the homeostasis

model assessment for IR. Anxiety and
depression were measured by the
Beck Anxiety Inventory and the Beck
Depression Inventory-II (BDI-II).
After 90 days of metformin treatment,
both Beck Anxiety Inventory and BDI-
II scores decreased, and indicators of
IR and obesity were improved. The
findings suggest that metformin can
decrease IR and improve mood, both
in adolescents and adults with PCOS.
In another recent study, researchers
explored the use of a psychological
approach in caring for adolescents
with this diagnosis.43 The researchers
examined the prevalence of coping
and depression in adolescent girls
with PCOS. Adolescent girls 13 to
18 years of age with this diagnosis
completed questionnaires and
answered interview questions
regarding how they coped with their
disease and depression. Adolescents
perceived little control over many
aspects of PCOS, with menstrual
irregularities and the threat of
infertility reported as the most
stressful and least controllable
aspects of PCOS. Lower control was
a predictor of more significant
depression among the participants.
These results remind pediatricians to
be aware of and screen for depression
in this population.

Authors of a few recent studies have
explored whether vitamins and
supplements are of benefit to
adolescents and/or women with
PCOS; one study was used to examine
vitamin D and probiotic
cosupplementation.44 In
a randomized, double-blind, placebo-
controlled trial in 60 adult women
(18–40 years of age) with PCOS, the
effect of vitamin D and probiotic
coadministration on mental health,
hormonal, and inflammatory and
oxidative stress parameters was
examined. The intervention was oral
50 000-IU vitamin D3 every 2 weeks
plus 8 3 109 colony-forming units
per day of the probiotic (n = 30) or
placebo (n = 30) for 12 weeks.
Vitamin D and probiotic

cosupplementation, compared to
a placebo, significantly improved BDI-
II scores, general health questionnaire
scores, as well as depression, anxiety,
and stress scale scores. Vitamin D and
probiotic cosupplementation were
associated with a significant
reduction in total testosterone,
hirsutism, and high-sensitivity
C-reactive protein and an increase in
total antioxidant capacity compared
to the placebo. In a systematic review
and meta-analysis, authors similarly
concluded that vitamin D
supplementation may be beneficial
for follicular development and
menstrual regulation in patients with
PCOS45; however, confirmatory trials
are needed. Omega-3 fatty acid
supplementation has been shown to
have short-term (ie, 12 weeks)
beneficial effects for mental health
parameters, IR, androgens, and
inflammatory markers.28 However,
a meta-analysis46 suggests that IR
was not beneficially impacted by
omega-3 fatty acids.

In a recent review, authors examined
the cardiovascular profile of
pharmacologic agents that have been
used for the management of PCOS.47

It has been unclear whether PCOS is
associated with increased
cardiovascular events in later years,
independent of the presence of type 2
diabetes. The medications reviewed
included COCs, antiandrogens,
clomiphene, and drugs specifically
used in diabetes therapy, including
metformin. In the review, the authors
concluded that therapies used to treat
these patients do not confer an
increased cardiovascular risk and that
there is no evidence that any
interventional medical therapy may
prevent the onset of diabetes in
patients with PCOS. However, in the
case of metformin, this agent was
suggested to be beneficial in
preventing the development of
gestational diabetes. Lastly, orlistat is
a noteworthy medication that reduces
weight and, therefore, might lead to
decreased cardiovascular risk.
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Considering agents that a clinician
might prescribe for the long-term
management of PCOS, orlistat is one
that has been suggested to have the
potential to help achieve weight loss
and improve lipid and glucose
metabolism.27 In a recent systematic
review, the authors suggested orlistat
to be more effective in improving
ovulation rate, weight loss, and lipid
profiles in women with PCOS.48

Lastly, a 2018 study revealed that
orlistat is more effective and
has fewer side effects than
metformin.49

CONCLUSIONS

Long-term individualized
management that integrates
evidence-based practice using
a combination of pharmacologic
interventions, topical dermatologic
treatments, lifestyle intervention, and
social support for patients with PCOS
is needed to normalize menses,
effectively treat associated
dermatologic issues (eg, hirsutism
and acne), achieve fertility, reduce the
burden of obesity and risk of
metabolic related diseases, and
address health-related quality of life
issues associated with the disorder.
Surprisingly, the PCOS field is
advancing slowly to attain new
evidence that would change practice.
PCOS is a common diagnosis but is far
from “one size fits all” with respect to
treatment. Optimal treatment uses
a multimodal approach, including
nutrition and exercise interventions
in adolescents. Pharmacologic
therapies can address a variety of
symptoms and clinical findings
associated with PCOS. COCs address
menstrual irregularity, protect the
endometrium, and protect against
unwanted pregnancy. COCs are also
the most effective strategy for the
management of hirsutism and acne in
both adolescents and women with
PCOS. Metabolic dysfunction can be
mitigated by using insulin-sensitizing
agents, such as metformin, which also
have shown to induce some weight

loss and improve glucose tolerance in
many patients in randomized
controlled clinical trials. Additionally,
androgen receptor blockers, such as
spironolactone, can aid in the
treatment of hirsutism, acne, and
alopecia, which are the issues of most
concern to adolescents. Patients with
PCOS may also benefit from an
adolescent medicine or pediatric
endocrinology referral for diagnostic
evaluation and dermatology
services for optimal management
of hirsutism and acne. As an adjunct
to treatment by subspecialty
clinicians, local listings for
adolescent-friendly cosmetology
services are important for access to
temporary and permanent hair
removal methods because medical
treatments such as laser therapy are
expensive and may not be covered by
insurance despite the potential
positive impact on health-related
quality of life. Finally, attention to
social, emotional, and vocational
development is critically important,
given the observed quality of life
issues observed in this population, as
well as the potential need for
alternative financial resources to
enable access to assisted
reproductive technologies to address
potential fertility issues in adulthood.
Attention to both the physical and
emotional health of affected
adolescents is paramount as part of
a personalized management strategy
designed to improve the overall
longitudinal health outcomes for
affected adolescents and emerging
adults.

ABBREVIATIONS

AMH: anti-Müllerian hormone
BDI-II: Beck Depression Inventory-

II
COC: combined oral contraceptive
FSH: follicle-stimulating hormone
IR: insulin resistance
LH: luteinizing hormone
PCOS: polycystic ovary syndrome
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Abstract

Background: Diagnosing polycystic ovary syndrome (PCOS) during adolescence is challenging because features of
normal pubertal development overlap with adult diagnostic criteria. The international evidence-based PCOS
Guideline aimed to promote accurate and timely diagnosis, to optimise consistent care, and to improve health
outcomes for adolescents and women with PCOS.

Methods: International healthcare professionals, evidence synthesis teams and consumers informed the priorities,
reviewed published data and synthesised the recommendations for the Guideline. The Grading of Recommendations,
Assessment, Development, and Evaluation (GRADE) framework was applied to appraise the evidence quality and the
feasibility, acceptability, cost, implementation and strength of the recommendations.

Results: This paper focuses on the specific adolescent PCOS Guideline recommendations. Specific criteria to improve
diagnostic accuracy and avoid over diagnosis include: (1) irregular menstrual cycles defined according to years post-
menarche; > 90 days for any one cycle (> 1 year post-menarche), cycles< 21 or > 45 days (> 1 to < 3 years post-
menarche); cycles < 21 or > 35 days (> 3 years post-menarche) and primary amenorrhea by age 15 or > 3 years
post-thelarche. Irregular menstrual cycles (< 1 year post-menarche) represent normal pubertal transition. (2)
Hyperandrogenism defined as hirsutism, severe acne and/or biochemical hyperandrogenaemia confirmed
using validated high-quality assays. (3) Pelvic ultrasound not recommended for diagnosis of PCOS within 8
years post menarche. (4) Anti-Müllerian hormone levels not recommended for PCOS diagnosis; and (5) exclusion of other
disorders that mimic PCOS. For adolescents who have features of PCOS but do not meet diagnostic criteria an ‘at risk’ label
can be considered with appropriate symptomatic treatment and regular re-evaluations. Menstrual cycle re-evaluation can
occur over 3 years post menarche and where only menstrual irregularity or hyperandrogenism are present initially, evaluation
with ultrasound can occur after 8 years post menarche. Screening for anxiety and depression is required and assessment of
eating disorders warrants consideration. Available data endorse the benefits of healthy lifestyle interventions to prevent
excess weight gain and should be recommended. For symptom management, the combined oral contraceptive pill and/or
metformin may be beneficial.

Conclusions: Extensive international engagement accompanied by rigorous processes honed both diagnostic criteria and
treatment recommendations for PCOS during adolescence.
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Background
Polycystic ovary syndrome (PCOS) is the most common
endocrine condition affecting between 8 and 13% of
women of reproductive age [1] and 6–18% of adolescent
girls [2, 3] depending on the diagnostic criteria used and
the population studied [4–6]. Adolescence, as defined by
the World Health Organisation, is the period between
10 and 19 years of age that includes significant and crit-
ical changes in growth, development and puberty.
Diagnosis of PCOS during adolescence is both contro-

versial and challenging due to the overlap of normal pu-
bertal physiological changes (irregular menstrual cycles,
acne and polycystic ovarian morphology on pelvic ultra-
sound) with adult PCOS diagnostic criteria. These
challenges have been acknowledged in adult and paedi-
atric consensus statements [4–10]. Specifically, chal-
lenges include the risk of under-diagnosis, delayed and/
or poor diagnosis experiences [11], and over-diagnosis as
well as the additional risk of the use of inconsistent non-
evidence-based approaches in the diagnosis and manage-
ment of PCOS among specialists, general practitioners
and allied health professionals [12–14]. These challenges
are exacerbated by the lack of robust evidence. For ex-
ample, ‘only adolescents’ studies are limited and subopti-
mal in quality. Further, adult studies that include
adolescents do not specify the number of adolescents or
time post menarche, which is critical information to
determine the evolution of normal pubertal physio-
logical changes [15]. Lastly, relevant consensus state-
ments are often not specific to adolescents and/or not
based on robust high-level evidence and/or rigorous
processes, indicating the need for high quality,
evidence-based guidelines [4, 5, 7, 10].
The aim of the first International Evidence-based

Guideline for the Assessment and Management of PCOS
(‘the Guideline’) was to promote the accurate diagnosis
of PCOS, optimal consistent care, the prevention of
complications and improved patient health outcomes
from adolescence to adulthood [6]. The term ‘adoles-
cence’ in the Guideline was defined as the period be-
tween 10 and 19 years of age according to the World
Health Organisation. However, based on evidence, those
who were within a gynaecological age of 8 years or less
than 8 years post menarche were also identified in the
recommendations.
This paper focuses specifically on the adolescent recom-

mendations from the Guideline and examines the evidence
and rationale supporting these recommendations. We dis-
cuss the importance of avoiding missed diagnosis, of delayed,
under- or over-diagnosis, and of evidence-based manage-
ment to address PCOS symptoms in adolescents. Addition-
ally, we expand on approaches to identify girls ‘at risk’ of
PCOS but not yet diagnosed, including the need for future
follow-up.

Methods
Best practice evidence-based guideline development
methodology was applied [16–18], as detailed in the full
Guideline and Technical Report that are freely available
[19, 20]. The Guideline development process engaged
health professional societies and consumer organisa-
tions, multidisciplinary experts including paediatricians
and gynaecologists who are experts in adolescent gynae-
cology, and women with PCOS, who were directly in-
volved at all stages.
As previously outlined, a six-continent international

advisory and project board, a multidisciplinary inter-
national guideline development group, and consumer
and translation committees provided governance of the
Guideline processes [6]. The engaged, international
society-nominated panel provided experts in endocrin-
ology, paediatrics, gynaecology, reproductive endocrin-
ology, obstetrics, and public health, alongside consumers
and project management, evidence synthesis, and trans-
lation experts. A total of 37 societies and organisations
representing 71 countries were engaged in a 15-month
process. The Guideline addressed 60 prioritised clinical
questions encompassing 40 evidence-based reviews and
20 narrative reviews, most of which sought to identify
evidence relevant to adolescents. The detailed descrip-
tion of the methods of development of each of the 60
questions and subsequent reviews is extensive and can-
not be provided herein; therefore, for each topic out-
lined, we have provided guidance to the corresponding
section of the Guideline Technical Report [20]. Ap-
praisal of Guidelines for Research and Evaluation
(AGREE) II-compliant processes were followed, with
extensive evidence synthesis. The Grading of Recom-
mendations, Assessment, Development, and Evaluation
(GRADE) framework was applied across evidence qual-
ity, desirable and undesirable consequences, feasibility,
acceptability, cost, implementation and, ultimately, rec-
ommendation strength [16]. Evidence-based recommen-
dations were formulated on the basis of an extensive and
detailed review of all available evidence and following a
rigorous, structured GRADE processes as well as exten-
sive international peer review.
Importantly, extensive engagement with stakeholders,

including women with PCOS, and the multidisciplinary
panels informed the Guideline research questions and
highlighted the impact of PCOS across the lifespan. It
also highlighted the importance of accurate and early
diagnosis to optimise education, treatment and the pre-
vention of longer-term complications.
Categories of recommendations are described in

Table 1 and included evidence-based recommendations,
consensus recommendations and practice points [6]. Key
recommendation terms include ‘should’, ‘could’ and
‘should not’. These terms are informed by the nature of
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the recommendation (evidence or consensus), the
GRADE framework and evidence quality, and are inde-
pendent descriptors reflecting the judgement of the
multidisciplinary Guideline Development Group (GDG),
including consumers (women with PCOS). These terms
refer to overall interpretation and practical application
of the recommendation, balancing benefits and harms.
‘Should’ is used where benefits of the recommendation
exceed harms and where the recommendation can be
trusted to guide practice. ‘Could’ is used where either
the quality of evidence was limited or the available stud-
ies demonstrate little clear advantage of one approach
over another, or where the balance of benefits to harm
was unclear. ‘Should not’ is used where there is either a
lack of appropriate evidence or the harms may outweigh
the benefits.
The GRADE quality of the recommendation was de-

termined by the GDG from structured consideration of
the GRADE framework [16], including desirable effects,
undesirable effects, balance of effects, resource require-
ments and cost effectiveness, equity, acceptability, and
feasibility. The GRADE approach included Conditional
recommendation against the option; Conditional recom-
mendation for either the option or the comparison; Con-
ditional recommendation for the option; and Strong
recommendation for the option.
The quality of the evidence was categorised according

to information about the number and design of studies
addressing the outcome; judgments about the quality of
the studies and/or synthesised evidence such as risk of
bias, inconsistency, indirectness, imprecision and any
other considerations that may influence the quality of
evidence; key statistical data; and classification of the im-
portance of the outcomes (Table 2). The quality of evi-
dence reflects the extent to which our confidence in an
estimate of the effect is adequate to support a particular
recommendation [18] and was largely determined by the
expert evidence synthesis team.
The GRADE recommendations affirm that the quality

of evidence is a continuum; any discrete categorisation

involves a degree of arbitrariness [16]. Nevertheless,
the advantages of simplicity, transparency and vivid-
ness outweigh these limitations [18]. Consensus rec-
ommendations do not have a quality of evidence
rating (as no evidence was found) and practice points
do not have a ‘GRADE’ rating as they arose from dis-
cussion of evidence-based or clinical consensus
recommendations (Table 1). The meaning or inter-
pretation of the GRADE quality of recommendations
is provided in Table 3 [16, 21].
Following completion of these stages, the draft guide-

line was distributed to all 37 partnering societies, includ-
ing paediatric endocrine societies, and to specifically
formulated special interest groups in each society pro-
viding review and feedback. Evidence was required to
support any requests for recommendation modifications.
The feedback and responses are available under the
Guideline supporting documents (Public Consultation
Comments and Developer Responses) [19]. These were
reviewed by a specially convened paediatric guideline
committee (including the authors of this paper). This
process further refined the recommendations, which in
turn were approved by all societies.

Results
The full Guideline is summarised by Teede et al. [6] and
provides recommendations on the five areas covered by
the GDGs, namely diagnosis and comorbidities risk as-
sessment, assessment and treatment of emotional well-
being, lifestyle, pharmacological treatment for non-
fertility indications, and assessment and treatment of
infertility.
This paper examines the recommendations related to

adolescents, including diagnosis, assessment and treat-
ment of emotional wellbeing, and lifestyle and pharma-
cological treatment for non-fertility indications. We do
not cover assessment and treatment of infertility, which
can be found in the Guideline. The recommendations
provided here include evidence-based recommendations,
consensus recommendations and practice points, with
most of the evidence-based recommendations in adoles-
cents being related to the treatment of PCOS.

Table 1 Categories of recommendations in the Polycystic Ovary
Syndrome (PCOS) Guideline

Evidence-based
recommendations

Evidence-based recommendations are made where
evidence is sufficient to inform a recommendation
made by the guideline development group

Consensus
recommendations

Clinical consensus recommendations are made in
the absence of adequate evidence on PCOS; these
are informed by evidence in other populations and
is made by the guideline development group, using
rigorous and transparent processes

Practice points Clinical practice points are made where evidence
was not sought and where important clinical issues
arose from discussion of evidence-based or clinical
consensus recommendations

Table 2 Categories of quality (certainty) of evidence (adapted
from GRADE [16])

High Very confident that the true effect lies close to that of the
estimate of the effect

Moderate Moderate confidence in the effect estimate – the true effect
is likely to be close to the estimate of the effect, but there is
a possibility that it is substantially different

Low Limited confidence in the effect estimate – the true effect
may be substantially different from the estimate of the effect

Very low Very little confidence in the effect estimate – the true effect
is likely to be substantially different from the estimate of
effect

Peña et al. BMC Medicine           (2020) 18:72 Page 3 of 16



Diagnosis
Key changes within the Guideline recommendations in-
clude the elimination of specific unnecessary tests and
the importance of identifying adolescents ‘at risk’ of
PCOS. The changes also aim to avoid misdiagnosis or
delayed, under- or over-diagnosis. Adolescent consensus
recommendations for PCOS diagnosis are based on the
best-quality available evidence and its limitations.

Criteria required

1. Irregular menstrual cycles and ovulatory dysfunction

Clear definition of irregular menstrual cycles according
to time post menarche was the first strong consensus
recommendation as there was limited evidence to for-
mulate an evidence-based recommendation (Table 4).
When irregular menstrual cycles are present, a diagnosis
of PCOS should be considered.
Whilst the literature search on the question “At what

time point after the onset of menarche do irregular men-
strual cycles indicate ongoing menstrual dysfunction?”
revealed 36 studies (see Section 1.1 in the Technical Re-
port), these did not meet the selection criteria for the
systematic review framework as they did not report on

the duration of menstrual irregularity and/or diagnosis
of PCOS. Hence, relevant information from diverse stud-
ies was extracted from the literature in a narrative re-
view format. This informed the consensus
recommendation based on the evidence on menstrual
cycles in healthy girls [22–32].
This recommendation was also informed by previous

available guidelines, multidisciplinary expertise, con-
sumer perspectives, international feedback, and the po-
tential for both over and delayed diagnosis when
assessing this diagnostic feature in PCOS. This recom-
mendation considered available data on normal physio-
logical events during adolescence such as menstrual
cycle interval variations according to time post menar-
che and the fact that anovulation is a common physio-
logical event in early post menarcheal years [22–34].
Physiological maturation of the hypothalamic–pituitary
ovarian axis occurs over the years and ovulation and
menstrual cycles in adolescents may not match those of
women in reproductive age [26, 28, 33, 34]. More spe-
cific cut-offs aligned with gynaecological maturity were
provided in comparison to previous guidelines [4, 5, 9].
Another practice point from the Guideline is that

ovarian dysfunction can still occur in adolescents or
women with regular menstrual cycles and, if anovulation

Table 3 Strength of recommendations (adapted from GRADE and ESHRE Manual)

Target
group

Strong
recommendationsa

Conditional (weak)
recommendations for the
option (test or treatment)

Conditional (weak)
recommendation for
either the option or the
comparison

Research-only
recommendations

Clinical practice pointsb

Consumers Most people in your
situation would want
the recommended
course of action and
only a small
proportion would not

The majority of people in
your situation would want
the recommended course
of action but some would
not

There is considerable lack
of clarity over whether the
majority of people in your
situation would want the
recommended course of
action or not

The test or intervention
should only be considered
by patients and clinicians
within the setting of a
research trial for which
appropriate approvals and
safety precautions have
been established

Clinicians, patients and
policy-makers are in-
formed on the clinical
implications relevant to
implementation of
recommendations

Health
professionals

Most patients should
receive the
recommended course
of action

Recognise that different
choices will be appropriate
for different patients and
that greater effort is
needed with individuals to
arrive at management
decisions consistent with
values and preferences
Decision aids and shared
decision-making are im-
portant here

The test or intervention
should only be considered
by patients and clinicians
within the setting of a
research trial for which
appropriate approvals and
safety precautions have
been established

Policy-
makers

The recommendation
can be adopted as
policy in most
situations

Policy-making needs to
consider perspectives and
involvement of diverse
stakeholders

Policy decisions remain
unclear

Policy-makers need to be
aware of the need for
evidence gaps and health
professional and
consumer-prioritised re-
search gaps

a Strong recommendations based on high quality evidence will apply to most patients for whom these recommendations are made, but they may not apply to all
patients in all conditions; no recommendation can take into account all of the often-compelling unique features of individual patients and clinical circumstances
b A clinical practice point is developed by the Guideline Development Group to support recommendations; advice can be provided to enhance shared decision-
making and on factors to be considered in implementing a specific test or intervention

Peña et al. BMC Medicine           (2020) 18:72 Page 4 of 16



is suspected, serum progesterone levels can be measured
to confirm it.

2. Hyperandrogenism
a. Biochemical

Calculated free testosterone, free androgen index or
bioavailable testosterone should be used to assess bio-
chemical hyperandrogenism in the diagnosis of PCOS.
This was the only strong evidence-based recommenda-
tion of low GRADE quality for biochemical testing for
hyperandrogenism, including one study in adolescents
[35]. This recommendation was determined after exam-
ination of the literature showing that androgen levels in
adolescents reach adult levels around the time of menar-
che. Seven studies evaluated the most effective measure
to diagnose PCOS-related hyperandrogenism (biochem-
ical) [35–41], with only one of these studies performed
in adolescents, including 89 subjects (26 with girls with
PCOS and 63 controls) [35] (see Section 1.2 in the Tech-
nical Report).
There were two conditional evidence-based recommen-

dations of low GRADE quality derived from studies in
adult women that reported on the diagnostic accuracy of
different hormone markers to detect PCOS [36–41]. One
study compared the diagnostic accuracy of different types
of assay to detect PCOS but did not include adolescents
[42]. High-quality assays, such as liquid chromatography–
mass spectrometry and extraction/chromatography im-
munoassays, should be used for the most accurate
assessment of total or free testosterone in PCOS. Andro-
stenedione and dehydroepiandrosterone sulfate (DHEAS)
provide limited additional information in the diagnosis of
PCOS, however they could be considered if total or free
testosterone are not elevated. Androstenedione and
DHEAS are more useful in excluding other causes of
hyperandrogenism. Androstenedione is elevated in non-
classical adrenal hyperplasia. DHEAS is a predominantly
adrenal androgen and mild elevations can be seen in

PCOS, whereas significant elevations and/or virilisation
can be seen in androgen-secreting adrenal tumours.
Important practice points included avoiding the as-

sessment of biochemical hyperandrogenism in women
on hormonal contraception (a drug withdrawal of 3
months is recommended, addressing needs for contra-
ception through other means). Careful interpretation of
androgen levels is needed by considering the reference
ranges of the laboratory used and normal values derived
from a well-phenotyped population, including age and
pubertal-specific stages. Additionally, the guidelines
noted that, when clinical hyperandrogenism is not de-
tected, biochemical hyperandrogenism should be deter-
mined using appropriate high-quality assays.

b. Clinical hyperandrogenism

A comprehensive history and physical examination
should be completed for symptoms and signs of clinical
hyperandrogenism, which in adolescents include severe
acne and hirsutism; this was the first strong consensus
recommendation because no evidence-based recommen-
dation in relation to clinical hyperandrogenism was
available. This recommendation was based on the fact
that mild comedonal acne is common in adolescent girls
but moderate or severe comedonal acne (i.e. 10 or more
facial lesions) in early puberty or moderate to severe in-
flammatory acne during the peri-menarcheal years is un-
common (less than 5%) and is more likely to relate to
clinical hyperandrogenism [43–45]. In addition, there
are no studies in adolescents evaluating alopecia in the
context of PCOS.
Standardised visual scales are preferred when assessing

hirsutism, such as the modified Ferriman–Gallwey score
(mFG), with a level ≥ 4–6 indicating hirsutism, depend-
ing on ethnicity, and acknowledging that self-treatment
is common and can limit clinical assessment. This sec-
ond strong consensus recommendation was based on
the most common visual assessment tool, the mFG [46,
47]. This tool was first used in a cohort of women that
included 75 females aged between 15 and 24 years, yet
the number of adolescents per se was not specified [46].
mFG evaluates terminal hairs (hairs that would grow
more than 5mm in length if left intact and are usually
pigmented and medullated) in 9 primarily androgen-
dependent areas – upper lip, chin and neck, upper chest
(excluding the nipples), upper abdomen (above the um-
bilicus), lower abdomen, thighs (front and/or back),
upper back, lower back, and upper arms. Each area is
visually scored from zero (no terminal hair visible) to
four (terminal hair consistent with a well-developed
male) [46, 47]. Inquiry regarding self-treatment should
be made and recorded in the examination. The defin-
ition of ‘abnormal’ in hirsutism is controversial and

Table 4 Definition of irregular menstrual cycles in adolescents
according to time post menarche

Time post
menarche

Definition of irregular menstrual cycles

Less than 1 year
post menarche

Irregular menstrual cycles are normal pubertal
transition

> 1 to < 3 years
post menarche

< 21 or > 45 days

> 3 years post
menarche

< 21 or > 35 days or < 8 cycles per year

More than 1 year
post menarche

> 90 days for any one cycle

Primary amenorrhoea by age 15 years or > 3 years
post thelarche (breast development)
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varies across ethnicities. The original Ferriman–Gallwey
cut-off was 4–6 and this later evolved in the literature to
an arbitrary cut-off of 6–8 based on the 95th percentile
of unselected women (which likely included women with
PCOS) [48]. Lower mFG cut-offs are generated in stud-
ies where the lower 85th to 90th percentile cut-offs are
used to define ‘normal’ or from cluster analysis including
other features of PCOS (> 3 in White and Black women
[49], > 5 in Mongoloid Asian (Han Chinese) women
[50]). Over 50% of women with mFG scores of 3–5 and
over 70–90% of women with mFG scores > 5 have ele-
vated androgens and/or PCOS. Of note, these cut-offs
sought accurate diagnosis by avoiding under-diagnosis
and reflected evidence on clustering of hyperandrogen-
ism with other PCOS features, rather than arbitrary per-
centile cut-offs. However, the cut-offs are based mainly
on studies in adult women, not adolescents (see Section
1.3 in the Technical Report). Of note, three well-
designed population studies, including a total of 889
healthy adolescents and some adolescents with PCOS
(12.5–17.5 years), have demonstrated that higher hirsut-
ism scores are related to higher testosterone levels [2,
51, 52]. Additionally, a longitudinal study in adolescents
showed an increase in hirsutism scores with age and
time post menarche [53].
Health professionals should be aware of the potential

negative psychosocial impact of clinical hyperandrogen-
ism. Reported unwanted excess hair growth should be
considered important, regardless of apparent clinical se-
verity. This third consensus recommendation was based
on a systematic review of quality of life and included a
study with 97 adolescents with PCOS [54].

Investigations not recommended

1. Pelvic ultrasound for PCOS diagnosis

Pelvic ultrasound should not be used for the diagnosis
of PCOS in those with a gynaecological age of < 8 years
(< 8 years post menarche) due to the high incidence of
multi-follicular ovaries in this life stage. This was a
strong consensus recommendation and not an evidence-
based recommendation because reliable data regarding
longitudinal ovarian morphology are limited. Addition-
ally, the specific 8 years post-menarche cut-off was based
on a consensus recommendation by the GDG, consulted
with international societies and refined after inter-
national peer review. The recommendation also consid-
ered 15 studies evaluating the most effective ultrasound
criteria to diagnose PCOS in women using various mea-
sures and thresholds for ovarian volume and follicle
number. However, adult PCOS criteria have been de-
rived from transvaginal ultrasounds, which should be
avoided in females not yet sexually active. Three of these

15 studies included adolescents (181 with PCOS and 137
controls), two of which used trans-abdominal ultrasound
and one used trans-rectal ultrasound (68 with PCOS and
26 controls) [35, 55, 56]. The 12 studies included women
aged between 18 and 40 years (average minimum and
maximum ages 24.9 and 31.2 years, respectively) (see
Section 1.4 in the Technical Report). Additionally, this
recommendation considered the physiological matur-
ation of the hypothalamic–pituitary ovarian axis [26, 28,
33, 34].
Furthermore, a polycystic ovarian morphology may

represent a marker of PCOS or may be normal in young
women. A population study showed a higher prevalence
of polycystic ovarian morphology in very young women
without menstrual irregularity and hyperandrogenism
(although this study used older criteria for polycystic
ovarian morphology and none of the criteria for polycys-
tic ovarian morphology have used age base cut-offs)
[57]. A small longitudinal study of healthy adolescents at
2 to 4 years post menarche suggested that polycystic
ovarian morphology is common and not associated with
reproductive dysfunction [58]. Due to this overlap be-
tween follicle numbers per ovary in normal adolescents
and in those with other features of PCOS, the adult
polycystic ovarian morphology criteria are likely inaccur-
ate for the ultrasound diagnosis of PCOS during adoles-
cence. Additionally, the use of pelvic ultrasound will
increase the risk of PCOS over-diagnosis during adoles-
cence. Lastly, the Guideline also highlighted the signifi-
cant evolution of ultrasound technologies and the
evolving number of follicles recommended for diagnosis
even in adult women, a factor that contributed to the
recommendation to avoid the use of pelvic ultrasound in
the diagnosis of PCOS in females at less than 8 years
post menarche. The term ‘adolescents’ was avoided in
this recommendation and the terms ‘gynaecological age’
or ‘time post menarche’ were used to align with inter-
national paediatric guidelines describing menstrual ir-
regularity [4, 32]. A gynaecological age of < 8 years as
the cut-off was in part chosen based on normative
models suggesting that the maximum ovarian volume is
reached at age 20 [59]. There are no large studies across
the lifespan to validate normal ovarian development with
normal reference ranges. Some studies indicate that
ovarian volume changes over time with increased antral
follicles and stroma; ovarian size increases from ages 9
to 11, reaching the maximum volume at age 20 [59–62].
Although pelvic ultrasound is not indicated for PCOS
diagnosis in adolescents, it can be used to investigate
other possible uterine or ovarian abnormalities in ado-
lescent girls such as those that present with primary
amenorrhoea.

2. Anti-Müllerian hormone (AMH)
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AMH is a polypeptide of the transforming growth
factor-β family secreted by granulosa cells of the pre-
antral and small antral ovarian follicles. Hence, AMH has
been evaluated in the diagnosis of PCOS, especially in sit-
uations where pelvic ultrasound is not feasible [63, 64].
AMH levels should not be used as an alternative for

the detection of polycystic ovarian morphology or as a
single test for the diagnosis of PCOS. This evidence-
based recommendation (conditional and of low GRADE
quality) was based on 29 studies, including a systematic
review [65] evaluating whether AMH was effective for
the diagnosis of PCOS or polycystic ovarian morphology.
Six of the 29 studies [58, 66–70] were performed in ado-
lescents from different countries and included 375 ado-
lescent girls diagnosed with PCOS and 639 controls.
One study was in overweight/obese adolescents [70] and
one study did not specify body mass index (BMI) [69].
Only one study in adolescents evaluated the diagnostic
accuracy of AMH for polycystic ovarian morphology
[58] (see Section 1.5 in the Technical Report).
Although serum AMH levels in adolescents and adult

women with both polycystic ovarian morphology and
PCOS are significantly higher than in those without
these features in all the studies included [58, 65–70],
there was significant overlap in levels as well as hetero-
geneity between studies with regards to assays, life stage
and phenotypes of the populations studied, including the
use of different PCOS criteria.
There is emerging evidence that, with improved stand-

ardisation of assays and established cut-off levels based
on large populations of different ages and ethnicities,
AMH assays will become more accurate in the detection
of polycystic ovary morphology.

Exclusion of other conditions
The diagnosis of PCOS is a diagnosis of exclusion – all
other aetiologies that can cause menstrual irregularities
and/or hyperandrogenism must be excluded, regardless
of the fact that some aetiologies are less common in ad-
olescents. The most important cause of amenorrhoea in
a sexually active adolescent is pregnancy. Menstrual ir-
regularity alone could be due to gonadotropin deficiency
caused by functional hypothalamic amenorrhoea, sec-
ondary deficiency due to any systemic cause, or to a pri-
mary gonadotropin defect. Many conditions can lead to
hyperandrogenism; the most common albeit rare condi-
tion (outside of PCOS) is non-classic congenital adrenal
hyperplasia (NCAH), characterised by a marked eleva-
tion of androgen levels. Deficiency of 21-hydroxylase,
due to mutations in the 21-hydroxylase (CYP21A2) gene,
is the most common type of NCAH seen. The
prevalence of NCAH is reported as 1 in 1000 but is even
more frequent in certain ethnic groups [71]. Diagnosis
of NCAH is suspected if an adolescent girl has

clitoromegaly and/or an early-morning, follicular phase
17-hydroxyprogesterone (17-OHP) level of > 200 ng/dl
(> 6 nmol/L) and confirmed at 17-OHP levels of > 35
nmol/L (1000–1500 ng/dl) 60 min after administration
of 250 μg of synthetic adrenocorticotropic hormone or
synacthen [72].
Hypothyroidism, hyperprolactinemia, glucocorticoid

excess due to Cushing’s disease, glucocorticoid resist-
ance, and androgen-secreting ovarian or adrenal tu-
mours can cause menstrual irregularity and/or
hyperandrogenism [73]. A thorough history and physical
examination to look for signs of hypothyroidism, galac-
torrhoea, glucocorticoid excess or virilisation are import-
ant in the evaluation of an adolescent girl with suspected
PCOS. Measurement of serum thyroid stimulating hor-
mone, prolactin, gonadotropins, androgen and/or fol-
licular phase 17-OHP levels is required to exclude these
conditions. If the androgen levels are twice above the
upper limit of the reference range, imaging is also re-
quired to assess the ovary and/or adrenals. An overnight
dexamethasone suppression test or midnight salivary
cortisol estimation is required to exclude Cushing’s syn-
drome, though importantly only where the condition is
clinically suspected.

Adolescents ‘at risk’ of PCOS
A practice point for this section is that, for adolescents
who have features of PCOS but do not meet the diag-
nostic criteria, the ‘at risk’ of PCOS label could be con-
sidered and reassessment is advised at or before full
reproductive maturity. This timing is at 3 years post me-
narche in relation to menstrual cycle irregularity and at
8 years post menarche in relation to the use of pelvic
ultrasound to identify a polycystic ovarian morphology,
as described in the ultrasound section. The timing of re-
assessment in relation to menstrual cycles was based on
physiological maturation of the hypothalamic–pituitary
ovarian axis and the likelihood of having ovulatory cycles
matching those of women in reproductive age [26, 28,
33, 34]. Reassessment is particularly important for ado-
lescent girls with persisting PCOS features and those
with significant weight gain in adolescence and should
occur after hormonal therapy washout of at least 3
months if this therapy has been commenced (whilst en-
suring contraceptive needs are met). This recommenda-
tion is based on the need to address isolated symptoms,
such as irregular menstrual cycles or clinical hyperan-
drogenism, where the diagnosis of PCOS remains
unclear as pelvic ultrasound is not recommended at this
life stage. PCOS cannot be diagnosed during adolescence
unless both irregular menstrual cycles or hyperandro-
genism are present. It was recommended that these ado-
lescents be made aware of their ‘at risk’ status for PCOS
and that future re-evaluation may be needed if both
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features persist beyond 3 years post menarche. This rec-
ommendation emerged from published evidence as well
as from strong and consistent feedback from women
with PCOS, who had a poor diagnostic experience and
often failed to be diagnosed during adolescence,
remaining unaware of this potential diagnosis until seek-
ing treatment for infertility [11] (see Section 1.1 in the
Technical Report). Adult physicians and reproductive
endocrinologists also expressed significant concern over
delayed diagnosis. All GDGs highlighted the need to ac-
knowledge ‘risk’ yet avoid over-diagnosis or premature
labelling. Another practice point for this section is that,
in adolescents with irregular menstrual cycles and ‘at
risk’, the value and optimal timing of assessment and
diagnosis of PCOS should be discussed with the adoles-
cent and their families, considering all diagnostic chal-
lenges at this life stage as well as psychosocial and
cultural factors.

Emotional wellbeing
The first consensus recommendation was that ‘Health
professionals should be aware that, in PCOS, there is a
high prevalence of moderate to severe anxiety and de-
pressive symptoms in adults and a likely increased
prevalence in adolescence’; the second consensus recom-
mendation was that ‘Anxiety and depressive symptoms
should be routinely screened in all adolescents and
women with PCOS at diagnosis’. If the screening results
are positive, further evaluation and/or referral for assess-
ment and treatment should be completed by suitably
qualified health professionals informed by regional
guidelines. There were no evidence-based recommenda-
tions in the Guideline for the prevalence, screening,
diagnostic assessment or treatment of emotional well-
being for women or adolescents with PCOS and the
GDG provided the two strong consensus recommenda-
tions mentioned above with limited available evidence,
most of which related to studies in women and only one
study in adolescents [74, 75]. These recommendations
were based on a growing body of literature that includes
cross-sectional, longitudinal and population-based stud-
ies indicating that women with PCOS experience a high
prevalence of anxiety and depression [75–82] and the
fact that psychological issues are under-recognised [11].
According to previous and recent meta-analyses, the
odds of moderate/severe depressive symptoms were in-
creased as were the odds of moderate/severe anxiety
symptoms, independent of obesity [7, 77, 83]. Similar
evidence has started emerging in adolescent girls with
PCOS, though the data are still rather limited [74, 75].
Emotional wellbeing during adolescence was examined
in a meta-analysis and subgroup analysis observing that
adolescent girls with PCOS scored higher in depressive
and anxiety symptoms compared to controls; the

standardised mean differences for depression and anx-
iety were 0.54 (95% CI 0.16–0.93) and 0.48 (95% CI,
0.00–0.96), respectively [75]. The clinical significance of
these findings as well as the factors associated with
scores for anxiety/depression are uncertain. In adult
women with PCOS, increased BMI, insulin resistance,
hyperandrogenaemia, worse hirsutism scores and infer-
tility have been implicated in the development or exacer-
bation of depressive and anxiety symptoms [79]. Similar
studies/data are lacking for adolescents (see Section 2.2
in the Technical Report).
Given the high rates of anxiety/depression in women

with PCOS and the current evidence in adolescence, the
Guideline recommends routine screening of these condi-
tions in all adolescents and women at diagnosis, with
further evaluation if the screen is positive. Rescreening is
recommended according to medical judgement and the
patient’s progress. Often, the physical features of PCOS
can cause anxiety and depressive symptoms, yet over-
diagnosis of these psychological conditions should be
avoided whilst recognising the distress caused by PCOS
and paying attention to factors that most influence qual-
ity of life. If clinical anxiety or depression are diagnosed,
the individual should be treated according to standard
guidelines as specific studies that evaluate the effect of
psychiatric medications in PCOS are lacking (see Sec-
tions 2.8 and 2.9 in the Technical Report). The use of
psychiatric agents may worsen obesity and should be
used with caution. According to recent but limited data,
cognitive behavioural therapy may be beneficial in terms
of weight loss and symptoms of anxiety/depression in
both adolescents and women with PCOS; however, the
data merit further confirmation [83]. Similarly, initial
outcome data regarding lifestyle changes on body weight
and wellbeing in women with PCOS appear promising,
while studies in adolescents are yet to be performed. Re-
cent studies in women with PCOS indicate an increased
prevalence of disordered eating and the international
Guideline provides conditional recommendations for
awareness, assessment and appropriate therapy of disor-
dered eating [84] (see Section 2.5 in the Technical Re-
port). Whether the same applies to adolescent girls with
PCOS is yet to be determined.

Treatment
Lifestyle
Lifestyle interventions (preferably multi-component, in-
cluding diet, less sedentary behaviour, exercise and be-
havioural strategies) should be recommended in all
those with PCOS and excess weight to achieve reduc-
tions in weight, central adiposity and insulin resistance.
This was a conditional and low GRADE quality
evidence-based recommendation for lifestyle interven-
tions. Weight gain is the number one priority expressed
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by young women with PCOS [85]. Additionally, this rec-
ommendation was also based on the bidirectional associ-
ation between PCOS and weight gain, wherein there is a
high prevalence and important adverse impact of excess
weight in PCOS [86]. Obesity may induce PCOS by
worsening features and, although the concept of ‘second-
ary PCOS’ has been raised, it is still far from defined.
The same argument could apply to PCOS secondary to
other drivers of hyperinsulinemia such as type 1 dia-
betes. We could elude to an emerging concept of PCOS
secondary to other drivers of hyperinsulinaemia and
hyperandrogenism such as obesity and type 1 diabetes
[4, 87]. Vitally important was the emphasis on lifestyle
interventions to prevent excess weight gain in adoles-
cents with PCOS, avoiding waiting until obesity has de-
veloped, where lifestyle intervention alone is unlikely to
reverse the excess adiposity. Specific recommendations
on regular weighing, whilst acknowledging appropriate
sensitivities, were made. Once present, obesity exacer-
bates metabolic and psychological comorbidities in ado-
lescents with PCOS [88, 89]. Additionally, weight gain
escalates from adolescence and early adulthood requir-
ing early vigilance and intervention [90, 91]. Two sys-
tematic reviews of lifestyle interventions in women with
PCOS show improvements in weight, hyperandrogenism
and insulin resistance [92, 93]. In particular, in adoles-
cents with PCOS, a multidisciplinary model of care with
a dietitian, health psychologist and endocrinologist
showed that a behavioural intervention enhanced weight
loss when combined with dietary intervention compared
to receiving neither or dietary advice only [94].
Additionally, a randomised controlled trial (RCT) com-
paring lifestyle intervention (diet, physical activity and
behaviour) with placebo over 24 weeks had some bene-
fits in adolescents with PCOS [95] (see Chapter 3 in the
Technical Report).

Pharmacological principles of treatment in PCOS
Recommendations for the pharmacological treatment of
adolescents with PCOS include the use of the combined
oral contraceptive pill (COCP) and/or metformin in
those with a clear diagnosis or in adolescents deemed ‘at
risk’ of PCOS for the management of symptoms. These
recommendations were made following review of the
evidence for the efficacy of COCP, metformin and anti-
androgens alone or in combination for the management
of hormonal or clinical PCOS features in adolescents
and adult women with PCOS. These recommendations
were also based on the need for interventions and longi-
tudinal follow-up to address PCOS symptoms in adoles-
cents who are ‘at risk’ but do not yet meet full
diagnostic criteria. Whilst diagnosis is recommended
where both irregular menstrual cycles and hyperandro-
genism are present, when only one of these is detected,

symptom reduction and future reassessment was
deemed preferable to prematurely labelling or over-
diagnosing an adolescent as having PCOS. This
approach addressed the conundrum that healthcare pro-
fessionals involved in the medical management of ado-
lescent girls face in potentially over-diagnosing normal
pubertal girls, girls with transient menstrual irregular-
ities, or under-diagnosing girls who will likely evolve to
a PCOS phenotype. Additionally, medications such as
COCP are commonly prescribed in adolescents for
contraception and other indications.
The following practice points should apply to all medi-

cations used in PCOS to inform adolescents and their
families and to guide health professionals when consid-
ering or recommending pharmacotherapy: (1) an
individual’s personal characteristics, preferences and
values are of importance when recommending pharma-
cotherapy; (2) the benefits, adverse effects and contrain-
dications in PCOS and in general populations should be
considered; and (3) the fact that COCPs, metformin and
other pharmacological treatments are generally ‘off-label’
for the treatment of PCOS should be discussed where
allowed, with adolescents and their families to consider
the evidence and potential side effects for each option.
However, off-label use is predominantly evidence based
for other conditions and is allowed in many countries.
Off-label prescribing occurs when a medication is pre-
scribed for an indication, a route of administration, or a
patient group that is not included in the approval prod-
uct information document for that medication by the
relevant regulatory body. Prescribing off-label is un-
avoidable and most commonly means that there has not
been a submission to request evaluation of the indication
or of that patient group for any given medication. The
latter is very common in paediatric practice. Off-label
use of metformin in adolescents with PCOS has been
described [96].
Holistic approaches are required and pharmacotherapy

in PCOS should be considered alongside education and
counselling, lifestyle, and other options, including cos-
metic therapy. Of note, the Guideline did not review the
evidence on cosmetic therapies for hirsutism or non-
hormonal therapies for acne.

Medications

1. COCP (oestrogen and progestin preparations)

The COCP alone should be considered in adolescents
with a clear PCOS diagnosis or could be considered in
those deemed ‘at risk’ but not yet diagnosed with PCOS
in both groups for the management of clinical hyperan-
drogenism and/or irregular menstrual cycles. These two
conditional and low GRADE quality evidence-based
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recommendations were based on limited evidence in ad-
olescents, including two RCTs [95, 97] and a meta-
analysis [98]. The latter evaluated the effect of metfor-
min versus the COCP and included four RCTs [95, 99–
101] with a total of 170 adolescents aged 12–21 years,
showing improvements in menstrual irregularities and
acne. The RCTs were of 6-months duration with the ex-
ception of one, which was of 24 months [101] (see Sec-
tion 4.2 and 4.3 in the Technical Report). Evidence on
COCP use from the general population also informed
the Guideline by including considerations of adverse
effects. Although the COCP is relatively safe, there are
absolute medical contraindications to consider according
to World Health Organisation Guidelines such as history
of migraine with aura, deep vein thrombosis, pulmonary
embolism, known thrombogenic mutations, multiple risk
factors for cardiovascular disease, breast cancer, neur-
opathy, severe cirrhosis and malignant liver tumours
[102]. Smoking and obesity are also risk factors for deep
vein thrombosis; however, the absolute risk of these
complications in adolescents remains very low.
Specific types or doses of progestins, oestrogens or

combinations of COCP cannot currently be recom-
mended due to insufficient data among women and ado-
lescents with PCOS. Practice should be informed by
general population guidelines. This was a conditional
and low GRADE quality evidence-based recommenda-
tion in relation to the use of specific types of COCP and
was based on evidence of COCP use in the general
population and World Health Organisation Guidelines
as there were no trials evaluating this in women or ado-
lescents with PCOS (see Section 4.2 and 4.3 in the Tech-
nical Report). A practice point for this section includes
that COCPs with 35 μg of ethinylestradiol and cyproter-
one acetate should not be used as first-line therapy due
to the absence of evidence of greater efficacy and the
presence of higher risks, including deep venous throm-
bosis. All COCPs are associated with an increased risk of
deep venous thrombosis, but the risk is higher with
COCPs containing 30–35 μg of ethinylestradiol and ges-
todene, desogestrel, cyproterone acetate or drospirenone
when compared to the COCP containing 30 μg of
ethinylestradiol with levonorgestrel, norethisterone (nor-
ethindrone) or norgestimate. Lower-risk COCP prepara-
tions should be recommended as first-line therapy [103].

2. Combined COCP and metformin

The COCP in combination with metformin could be
considered in adolescents with PCOS and a BMI > 25
kg/m2 where the COCP and lifestyle changes do not
achieve desired goals. This was a conditional and low
GRADE quality evidence-based recommendation based
on a single RCT including 79 adolescents followed over

6 months [95] and supported by 6 RCTs in adult women
that highlighted the differential effects according to BMI
categories [104]. Although the combination of metfor-
min and the COCP offers additional benefits, these did
not surpass the impact of the COCP plus lifestyle inter-
ventions and hence the combination was indicated when
the COCP and lifestyle interventions have failed to meet
the treatment goals. Since the COCP in combination
with metformin lead to mild gastrointestinal side effects,
these potential side effects need to be discussed with the
adolescent and her family (see Section 4.2 and 4.3 in the
Technical Report).

3. Metformin

Metformin in addition to lifestyle interventions could
be considered in adolescents with a clear PCOS diagno-
sis or with symptoms of PCOS before a diagnosis is
made. This was a conditional low GRADE quality
evidence-based recommendation based on a meta-
analysis evaluating the effect of metformin versus pla-
cebo in women with PCOS. This meta-analysis included
20 RCTs (one RCT in adolescents [95]) and highlighted
the beneficial effects of metformin on BMI, waist-to-hip
ratio and triglycerides. Metformin doses used in the
meta-analysis trials were 1500–1700mg per day. Side ef-
fects were only reported in five RCTs and included mild
to moderate gastrointestinal side effects that were self-
limiting (nausea, vomiting, diarrhoea, abdominal pain
and non-specified gastrointestinal disturbances). There
were no reports on vitamin B12 levels in the trials in-
cluded in the meta-analysis. Additionally, there were
three RCTs (one RCT in adolescents [95]) evaluating the
effect of metformin versus lifestyle interventions, which
showed improvements in testosterone levels with met-
formin but with very low certainty in effect estimates.
There was also a meta-analysis that evaluated metformin
versus COCP in adolescents with PCOS, which included
four RCTs [95, 99–101] and showed that metformin at a
dose of 1700–2000 mg per day was associated with an
improvement in BMI when compared to the COCP [98].
There were no studies in adolescents evaluating the ef-
fects of different doses of metformin; the only study that
evaluated this in 68 adult women with PCOS did not re-
port a difference in weight effects when using 1500 mg
or 2550mg a day of metformin [105] (see Section 4.4 in
the Technical Report).

4. Antiandrogens

Recommendations suggest the use of the COCP alone
with cosmetic therapy for at least 6 months prior to con-
sidering antiandrogens. Where COCPs are contraindi-
cated or poorly tolerated, and in the presence of
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effective forms of contraception, antiandrogens could
be considered to treat hirsutism or androgen-related
alopecia. The use of effective contraception is essen-
tial due to the teratogenic potential of antiandrogens
and their impairment of external genital development
in male foetuses. This conditional evidence-based rec-
ommendation of very low GRADE quality was based
mainly on studies in adult women and included the
use of flutamide, finasteride or spironolactone alone
or in combination with a diet intervention [106–110].
The reported side effects were gastrointestinal, includ-
ing mild elevation of transaminases. There was only
one study including a small number of adolescents
with PCOS (n = 14) that evaluated finasteride, but it
lacked a direct comparison between groups and did
not report side effects [111]. There was insufficient
evidence to make an evidence-based recommendation
in relation to efficacy of specific types of antiandro-
gens; the trials included small numbers of subjects
and some were not RCTs (see Section 4.6 in the
Technical Report). This recommendation was also in-
formed by the Endocrine Society guidelines for the
management of hirsutism, which recommend the use
of cosmetic and COCP therapy as the first-line treat-
ment for hirsutism in women with PCOS [112].

Models of care and transition
There was no evidence-based recommendation as the
systematic search did not identify any studies evaluating
any type of models of care. A practice point for this sec-
tion recommended that interdisciplinary care needs to
be considered for those with PCOS where appropriate
and available. Primary care is generally well placed to
diagnose, screen and coordinate interdisciplinary care
considering that women with PCOS face multiple health
problems across the lifespan and see multiple health
professionals. Differences in healthcare systems and set-
tings, including rural or urban areas and developing
countries, as well as primary care system differences in
developed countries were acknowledged. The coordin-
ation of interdisciplinary care also allows the screening
and management of comorbidities associated with
PCOS. Four studies have described models of care in
adult women with PCOS in terms of barriers, enablers
and patient/healthcare provider satisfaction [113–116].
There were no studies in adolescents with PCOS nor
any studies evaluating outcomes following the transition
from paediatric to adult care (see Section 2.6 in the
Technical Report). Transition to adult care is required
not only for adolescents with a clear diagnosis of PCOS
but also for adolescents ‘at risk’ of PCOS to ensure their
re-evaluation at an appropriate time to review PCOS
diagnosis and management.

Discussion
The Guideline recommendations are the result of exten-
sive international engagement and rigorous, evidence-
based processes aligned with international best practice.
Whilst the Guideline provided recommendations for
adult women and adolescents, this paper summarises the
evidence and recommendations relating to adolescents
as defined by the World Health Organisation, namely as
females aged between 10 and 19 years. It also addresses
recommendations relating to gynaecological age, and
specifically 8 years post menarche, and the use of pelvic
ultrasound in PCOS diagnosis as well as recommenda-
tions relating to the re-evaluation of girls that do not
meet the diagnostic criteria in adolescence but are con-
sidered ‘at increased risk’ of PCOS. There are few
evidence-based recommendations relating to adolescents
in the Guideline highlighting the limited evidence in this
age group. Limitations within studies included poorly
defined study populations, challenges in diagnosis
around puberty, the different diagnostic criteria used
and lack of availability of data for “time post menarche”
of subjects included in most of the studies. Research rec-
ommendations highlighted these gaps and emphasised
the need for greater high-quality research of PCOS dur-
ing adolescence.

Diagnosis
The controversies of diagnosing adolescents with PCOS
are compounded by a reliance on 95th centiles cut-off
points for menstrual cycles or hirsutism, which are not
diagnostic of pathology and are derived from highly vari-
able populations and relatively poor-quality data. Add-
itionally, there is a lack of available outcome data on the
long-term health impact of PCOS in conditions such as
diabetes. Moving forward, there is a need for greater re-
search into how the confluence of diagnostic factors can
be separated out to establish a clear clinical syndrome
and how these factors predict short- and long-term ad-
verse health outcomes, with studies in this area now
underway.
Diagnosis relied on strong consensus recommenda-

tions and aimed to avoid delayed, under- or over-
diagnosis of PCOS during adolescence. The criteria in-
cluded a clear definition of irregular menstrual cycles
according to time post menarche and clinical hyperan-
drogenism, including severe acne and hirsutism and/or
biochemical hyperandrogenism, after exclusion of other
conditions that mimic PCOS. The use of pelvic ultra-
sound for diagnosis in females less than 8 years post me-
narche should be avoided due to the overlap with
normal pubertal physiology, the lack of specificity of
polycystic ovarian morphology for PCOS diagnosis in
this age group and the avoidance of transvaginal ultra-
sound in those not yet sexually active. AMH was not
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recommended for a diagnosis of PCOS due to a lack of
evidence and apparent lack of specificity. Additionally,
special considerations need to be given when assessing
adolescents for PCOS; importantly, adolescents’ and
their family’s preferences and cultural norms should be
included in decision-making.
The Guideline recommends recognising adolescents ‘at

risk’. The potential for over-diagnosis is minimised by the
narrowed diagnostic criteria; however, there is also re-
spectful recognition of the need to avoid delayed and
missed diagnosis and a poor diagnosis experience. As
such, reassessment is recommended at 3 years post me-
narche in relation to menstrual irregularity and at 8 years
post menarche in relation to the use of pelvic ultrasound
to review the polycystic ovarian morphology. This ap-
proach recognises a group of adolescents with only one
symptom cluster as ‘at risk’ of PCOS, enabling a focus on
symptom management whilst avoiding premature label-
ling and recommending subsequent follow-up.

Emotional wellbeing
Following a diagnosis of PCOS, healthcare providers
should be aware of the likely increased risk of anxiety
and depressive symptoms that will benefit from appro-
priate screening and management. General Guidelines
for the assessment and management of these conditions
in children and adolescents should be used as there is
no specific data referring to adolescent girls with PCOS.
Emotional wellbeing is a poorly evaluated area in adoles-
cent girls with PCOS. Clearly, more research is needed
to determine the pathophysiology, whether the symp-
toms start early in adolescence, the optimal treatment
and whether these symptoms will influence engagement
with management strategies as observed in adult women
with PCOS.

Treatment
Multicomponent lifestyle interventions (diet, exercise,
less sedentary behaviour and behavioural strategies) are
the first line of treatment, vital in preventing excess
weight gain as well as targeting weight management
from adolescence. Pharmacologic management for non-
fertility indications in PCOS included evidence-based
recommendations with data in adolescents. The treat-
ment options for girls considered to be ‘at risk’ of PCOS
and those with a clear diagnosis of PCOS include the
COCP and metformin. The COCP is recommended for
the management of irregular menstrual cycles and/or
hyperandrogenism, whereas metformin alone or in com-
bination with the COCP is recommended to manage
weight and metabolic comorbidities.
Recognition of a group who are at risk of PCOS but

do not meet all diagnostic criteria allows the treatment
of adolescent girls with symptoms yet acknowledges the

need for future reassessment at or before 8 years post
menarche should PCOS features persist. It also high-
lights the need for appropriate transition from paediatric
to adult care.

Strengths and limitations
The strengths of the Guideline include the extensive
international engagement and rigorous processes aligned
with international best practice, including systematic evi-
dence review and synthesis (AGREE II, GRADE, Na-
tional Health and Medical Research Council (NHMRC)
and European Society of Human Reproduction and
Embryology (ESHRE) criteria), extensive consultation
and partnership at all stages with those affected by
PCOS and interdisciplinary health professionals and ex-
perts, GDG meetings, integration and response to feed-
back from international consultation across 37 societies,
and the latest updates in key evidence raised during pub-
lic consultation.
A limitation of the Guideline is the lack of a formal

analysis of cost effectiveness or economic feasibility;
however, the potential impact of cost was considered in
the GRADE process. Furthermore, the Guideline
followed priorities that were mostly derived from women
with PCOS, not adolescents with PCOS (this will be ad-
dressed in the next update of the guideline), whilst the
group of multidisciplinary healthcare professionals in-
cluded paediatricians.
Overall, the evidence considered by the Guideline

around adolescence was of low to moderate quality and
highlighted the need for future high quality research, in-
cluding longitudinal studies, to identify the early predic-
tors and natural history of PCOS in adolescents and to
allow for timely diagnosis and appropriate management
during adolescence and in the transition to adult care.
Most importantly, the Guideline refined the diagnostic
criteria based on the best available evidence and consen-
sus input from all stakeholders and should allow a more
accurate diagnosis of adolescent girls with PCOS.

Translation
The aim of the comprehensive research translation
programme that accompanied the release of the Guide-
line was to improve the timely and accurate diagnosis
and management as well as to augment the consistent
implementation of evidence-based care worldwide. A re-
cent Cochrane review demonstrates that obtaining
patient-provided information improves adherence with
guidelines and evidence-based care [117]. Hence, the
Guideline translation encompassed a range of co-
designed outputs developed with both women and
health professionals, including the freely available and
rigorously developed AskPCOS app, which is based on
the Guideline and is now used across 112 countries. It
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provides personalised information and a question
prompt list for those with PCOS and their families to
optimise health professional engagement. The app also
provides health literacy-enhancing tools, comprehensive
PCOS-related health information, internationally accre-
dited and accessible health professional-accredited
courses on the FutureLearn platform, webinars with
international expert panels, and freely available e-health
information resources [19, 118]. The guideline and re-
sources are available in a range of languages, proven to
be important in guideline uptake [119]. This translation
initiative contributes to improved patient experience and
serves as an exemplar for international collaborative en-
gagement and healthcare impact.

Conclusion
Extensive international engagement and rigorous pro-
cesses have refined the diagnostic criteria to avoid the
delayed, under- or over-diagnosis of PCOS and have
clarified the treatment of PCOS during adolescence. The
Guideline is supported by a multifaceted international
translation programme with co-designed resources to
educate health professionals and empower adolescents
and women with PCOS, including an integrated and
comprehensive evaluation programme. However, the evi-
dence synthesis and guideline process highlighted the
need for further research on PCOS during adolescence.
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Is ultrasound useful in the diagnosis  
of adolescents with polycystic ovary  
syndrome?
Abstract

Background: Diagnosis of adolescent polycystic ovary 
syndrome (PCOS) remains a challenge despite several 
existing criteria, and may be difficult to distinguish from 
pubertal changes. Different parameters to study ovarian 
function using ultrasonography have been proposed, but 
there is still no consensus about their diagnostic value.
Objective: To evaluate the role of ultrasonography in 
the diagnosis of adolescent PCOS by reviewing available 
studies that assessed the ovarian volume (OV) and other 
ovarian morphological features such as location and 
number of follicles, stromal area, and volume.
Methods: MEDLINE/PubMed database were searched 
to identify studies that assessed ovarian characteristics 
of adolescent PCOS patients by ultrasound. Studies on 
adults were also reviewed if study population included 
adolescents and stromal characteristics were assessed by 
three-dimensional (3D) sonogram.
Results: Five studies, including 262 PCOS adolescents 
(10–19!years of age) and two-dimensional (2D) ultrasound 
analysis, were identified. Mean OV was 9.29!cm3 for PCOS 
patients and 4.77! cm3 for controls. The morphology of 
ovarian follicles, when reported, showed multiple ( > 10) 
peripheral follicles in 83% of cases. Two studies, includ-
ing 157 PCOS adolescents and young women (15–35!years 
of age) and 2D and 3D ultrasound analysis, were identi-
fied. Patients with PCOS patients had a MOV 13.1 cm3, mul-
tiple follicles ( > 15), and a statistically significant greater 

S/A ratio compared to controls. Stromal volume indices 
were positively correlated with hyperandrogenemia in 
PCOS patients.
Conclusion: Pelvic ultrasound is an increasingly impor-
tant aid in the diagnosis of PCOS in adolescents. Besides 
ovarian volume, ovarian morphology must be assessed 
with 2D ultrasound to look for peripherally located multi-
ple follicles. Further studies are warranted to evaluate the 
utility of 3D ultrasonographic assessment in adolescents 
with PCOS.

Keywords: adolescents; ovarian morphology; polycystic 
ovary syndrome; ultrasound.
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Introduction
Polycystic ovary syndrome (PCOS) is one of the most 
common endocrine disorders affecting up to 6%–10% 
of reproductive-age women (1). Symptoms of PCOS can 
often be traced to the peripubertal years and may present 
as premature adrenarche. The pathogenesis of PCOS is 
difficult to ascertain as it is considered a complex mul-
tigenetic disorder characterized by disordered gonado-
tropin release from the pituitary and abnormal ovarian 
steroidogenesis (2). Although the presentation of PCOS 
varies widely, some of the key features of PCOS include 
menstrual irregularity, clinical and biochemical hyper-
androgenism, and polycystic-appearing ovaries. It is 
often associated with obesity and insulin resistance. 
However, in adolescents the PCOS features may be dif-
ficult to distinguish from pubertal changes. In general, 
menstrual abnormalities are common in adolescents 
immediately following menarche and may be a less 
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reliable diagnostic feature of PCOS (3). In addition, 
increased ovarian and adrenal androgen production 
during puberty may lead to increased acne and mild hir-
sutism. Thus, PCOS in adolescent patients poses a diag-
nostic challenge.

Adolescents with PCOS are at an increased risk for 
developing other disorders, such as adulthood infertil-
ity, obstructive sleep apnea, diabetes mellitus, metabolic 
syndrome, and psychiatric morbidities (4). Thus, an early 
diagnosis of PCOS in adolescents may allow for screen-
ing of metabolic complications and timely intervention 
to reduce circulating androgen levels and may improve 
health consequences and quality of life of women with 
this disorder.

The criteria used to diagnose adolescents with PCOS 
remain controversial. It is unclear whether the adult crite-
ria for the diagnosis of PCOS may be adapted for diagno-
sis in the adolescent population. At the first international 
conference on PCOS at the National Institutes of Health 
in 1990, a diagnosis of PCOS required a combination of 
chronic anovulation and clinical or biochemical signs of 
hyperandrogenism and exclusion of other endocrine dis-
orders. An expert meeting at Rotterdam in 2003 recom-
mended that a diagnosis of PCOS be made when at least 
two of the three following features were present: chronic 
anovulation or oligoovulation, clinical or biochemical 
hyperandrogenism, and clearly defined polycystic ovaries 
on ultrasound. Polycystic ovarian morphology on ultra-
sound is defined as the presence of 12 or more follicles 
per ovary measuring 2–9!mm diameter and/or an ovarian 
volume  < 10!mL (5). Historically, ultrasound was used to 
describe the ovarian morphology in women already diag-
nosed with PCOS rather than to establish a diagnosis of 
PCOS. The inclusion of polycystic ovarian morphology as 
one of the criteria for the diagnosis of PCOS sparked con-
troversy as it widens the population of women who meet 
the criteria for PCOS (6).

Different parameters to study ovarian function using 
ultrasonography have been proposed in adult patients, 
but there is still no consensus about their diagnostic 
value in adolescents. The classic routine transabdomi-
nal ultrasound gives information pertaining to ovarian 
volume and the location and number of follicles in each 
ovary (7). Recent advances in ultrasonography have 
emphasized the importance of ovarian stromal area/
total area (S/A) ratio and its correlation to hyperandro-
genism (8). The purpose of this review is to evaluate the 
available studies of ultrasonography that have been per-
formed in adolescent PCOS patients and highlight the 
role of ultrasound in diagnosis and management of PCOS 
in adolescents.

Methods
Relevant research concerning the use of ultrasound in adolescent 
PCOS patients was identi"ed by doing a PubMed/Medline search. 
In order to ensure that relevant studies were not missed, the search 
terms used were “ultrasound”, plus “adolescent”, plus “polycystic 
ovary syndrome” anywhere in the title or abstract. Studies a#er 2003 
until the current time frame were included in the study because the 
Rotterdam diagnostic criteria were updated in 2003 to include ultra-
sound assessment of polycystic ovarian morphology. Studies were 
eligible for consideration if (a) the study included PCOS subjects of 
adolescent age (10–19!years of age) and controls, and (b) ultrasound 
was performed to assess ovarian characteristics, including ovarian 
volume and/or ovarian follicular details. Studies were omitted if 
the patient population did not include adolescents or if the patient 
population was not already diagnosed with PCOS. In addition, we 
included studies with two-dimensional (2D) and three-dimensional 
(3D) ultrasound in older patients if the patient population included 
the adolescent age group.

Results of ovarian ultrasound 
studies in adolescents
Overall, nine studies conducted between 2003 and 2013 
were identified, and seven were used in this review (8–
14). Two studies were excluded from our analysis because 
there was a lack of ultrasonographic quantitative data 
(15, 16).

Two groups were created. Group A included five 
studies, which had PCOS adolescents with or without 
controls and used 2D ultrasound (9–11, 13, 14). Group B 
included two studies, which consisted of both adolescents 
and young women and used 2D and 3D ultrasound (8, 12).

Demographic characteristics of studies 
including adolescent PCOS patients and 2D 
ultrasound analysis (group A)
General characteristics of the studies assessed are pre-
sented in Table 1. Group A included 262 PCOS patients in 
the age group of 10–19 years. Seventy percent of patients 
were overweight/obese, and 30% of patients were non-
obese. Ethnic groups included Caucasian (46%), Asian 
(30%), Hispanic (19%), and African American (5%). Most 
Caucasians (94%) and Hispanics (95%) were overweight/
obese, and most Asians (86%) were non-obese. The mean 
age was 16.9, 15.4, and 15.9! years for non-obese PCOS, 
overweight/obese PCOS, and control patients, respec-
tively. Ovarian volume, ovarian morphology, and serum 
androgen levels were assessed.
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Ultrasound (2D) and biochemical features of 
studies including adolescent PCOS patients 
(group A)
Ultrasonographic and hormonal features of the PCOS 
studies are shown in Table 2 for group A. The overall mean 
ovarian volume was 9.29 ± 4.62!cm3 for PCOS patients and 
4.77 ± 2.30!cm3 for controls (p < 0.001). This was calculated 
using studies that had both PCOS and control patients 
(9,!11, 13). The morphology of ovarian follicles was reported 
in three of the studies, which showed peripheral and mul-
tiple follicles ( > 10) in 83% of cases (10, 11, 14). Greater 
levels of androgens, including total and free testosterone, 
were found in the obese PCOS patients, compared with the 
controls in four studies (9, 11, 13, 14).

Demographic characteristics of studies 
including adolescents and young women with 
PCOS and 3D ultrasound analysis (group B)
General characteristics of the studies assessed are pre-
sented in Table 1. Group B included 157 PCOS patients 
in the age group of 15–35 years. Each study had unique 
patient populations. Battaglia et!al. conducted a study 
that comprised 112 non-obese young Italian women (18–
35 years) and 52 healthy age-matched volunteers (18–35 
years) with normal ovulatory cycles. Ovarian volume, 
androgen levels, and stromal area to total ovarian area 
ratio (S/A ratio) were assessed using both 2D and 3D 
transvaginal ultrasound (8). Sun and Fu evaluated 
ovarian volume, serum androgen levels, and S/A ratio 
using a 3D transrectal ultrasound in 45 obese Chinese 
adolescent and young women (15–25 years), 30 obese 
PCO patients (polycystic ovaries without clinical symp-
toms of PCOS, 15–25 years), and 25 healthy age-matched 
controls (12).

3D Ultrasound and biochemical features of 
studies including adolescents and young 
women with PCOS (group B)
Ultrasonographic and hormonal features of the PCOS 
studies are shown in Table 2 for group B. The mean ovarian 
volume of group B using 3D ultrasound was 13.1 ± 3.2!cm3 
for PCOS patients and 6.3 ± 1.6!cm3 for controls (p < 0.001). 
The average numbers of follicles were  > 15 in all PCOS 
patients, and stromal area to total ovarian area (S/A) ratio 
was significantly higher in PCOS patients than in controls 
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(8, 12). In addition, there was a statistically significant 
difference in the S/A ratio between patients with PCOS vs. 
patients with PCO (12). Stromal volume (SV) and stromal/
ovarian volume (SV/OV) ratio were significantly higher in 
PCOS patients than in controls, and ovarian vasculariza-
tion significantly lower in controls than in PCOS patients 
(8). Indices such as S/A ratio, SV, and SV/OV ratio were 
positively correlated with hyperandrogenemia in PCOS 
patients (8, 12).

Discussion

Ovarian volume

Pelvic ultrasound is an important tool used in the diag-
nosis of PCOS in adolescent girls and young women. 
One of the diagnostic criteria in the Rotterdam criteria 
includes the ultrasound evaluation of polycystic ovaries 
(the presence of 12 or more follicles per ovary measuring 
2–9!mm diameter and/or an ovarian volume  < 10 mL). 
Four of the seven studies done in adolescents revealed 
statistically significant differences in ovarian volume 
between PCOS patients and controls (8, 9, 12, 13). Shah 
et!al. and Pawelczak et!al. revealed that in a cohort of 
74 overweight/obese PCOS adolescents, 40% of adoles-
cents had an enlarged ovarian volume (10, 14). Ovarian 
volume was also found to be similar in patients with 
PCOS and patients with polycystic ovaries but with no 
clinical manifestations of PCOS (12). However, a mean 
ovarian volume may be  < 10 mL in adolescents because 
of either a shorter duration or milder form of disease and 
may be influenced by stage of puberty. Thus, ovarian 
volume is important to evaluate in adolescent patients 
but is not enough in making a definitive diagnosis of 
PCOS in adolescents.

Morphology of the ovaries

Morphological characteristics of ovaries include number 
and location of the follicles distributed within the ovary, 
stromal echogenicity, and vascularization (17). Silfen 
et!al. reported that 100% obese PCOS and 75% non-obese 
PCOS patients had multiple peripherally oriented ovarian 
follicles, compared with 31% of controls (11). Shah et!al. 
and Pawelczak et! al. reported that more than 80% of 
obese adolescent PCOS patients had  > 10 follicles located 
peripherally (10, 14). Figure 1 shows the peripherally 
located follicles in obese and non-obese PCOS adoles-
cents, compared with a normal ovary. Figure 2 shows both 
transabdominal and transvaginal ultrasound of a polycys-
tic ovary in an overweight PCOS adolescent.

The pathophysiology leading to this ultrasound 
finding is thought to be explained by phenomena put 
forth by Panchal et!al. Androgen leads to proliferation of 
stromal and theca cells, leading to increased stroma. As 
the disease progresses and the stroma expands, the folli-
cles in the central part of the ovary move out to the periph-
ery, leading to a peripheral polycystic ovary. A peripheral 
cystic pattern is suggestive of a long-standing, more severe 
disease (17). Thus, the number and distribution of ovarian 
follicles, even in the absence of an enlarged ovarian 
volume, can be suggestive of PCOS in adolescents. The 
radiological findings are most useful when combined 
with the clinical and biochemical findings consistent with 
PCOS (10).

Ovarian stromal area/total area (S/A) ratio

Studies using newer 3D ultrasound showed that the 
ovarian stromal area and S/A ratio were significantly 
greater in PCOS patients than in controls, as well as 
patients with polycystic ovaries, a condition known to 

CBA

Figure 1$Transabdominal transverse ultrasound images (A) normal ovary. (B) Right ovary in a non-obese adolescent with PCOS (ovarian 
volume 13 mL). Several small follicles are peripherally located, without evidence of a dominant follicle. (C) Right ovary in an obese PCOS 
adolescent (ovarian volume 17 mL). Several small follicles are also peripherally located. Body habitus limits the quality of the image.
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occur in 20% of the female population (8, 12, 18). The 
S/A ratio was also significantly correlated with androgen 
levels and hirsutism (8, 12).

It is thought that thickening of the ovarian stroma cor-
relates with prominent theca and fibrotic thickening of the 
lutheal cell albuginea. Theca cells reside in the ovarian 
stroma and are responsible for androgen production. The 
androgens are required by the developing follicle and are 
transported to the granulosa cells for conversion into estro-
gens (19). Ovarian stromal hypertrophy is involved in the 
pathophysiology of the PCOS, but its acceptance as a crite-
rion for diagnosis of PCOS remains controversial (20). The 
data strongly support the use of 3D ultrasound to assess 
S/A ratio in the diagnosis of PCOS, as it was found to be the 
parameter most closely correlated with androgen levels.

Comparison of 2D vs. 3D ultrasound 
techniques
In adolescents who are not sexually active, pelvic ultra-
sonography is preferred using the transabdominal 
approach. The resolution of the image may be suboptimal, 
especially in overweight and obese individuals, making 
evaluation of ovarian morphology more difficult (21). The 
use of 2D sonography to assess ovarian stromal echogenic-
ity has been criticized for user subjectivity and inaccurate 
reproducibility (8). With the advent of 3D ultrasound, the 
transverse plane of the pelvis can be visualized, allow-
ing for the ovary to be examined simultaneously in three 
orthogonal planes and for ovarian stroma measurement. 
Direct measurement of the ovarian stromal volume is 
done by subtraction of the total follicular volume from the 
total ovarian volume (8, 22).

3D ultrasound assessment of ovarian morphology is 
less subjective than 2D ultrasound and allows for a more 
precise and objective assessment of ovarian volume, 
total ovarian area, stromal area, and overall blood flow 

within the ovary (8). The hyperechogenicity of the ovarian 
stroma seen in patients with PCOS is useful for differentia-
tion of multicystic ovaries normally seen in adolescence 
(17). Using a 3D transabdominal probe in the adolescent 
population to assess the S/A ratio may pose a challenge 
as the resolution of the scan is decreased because there is 
an increased distance between the probe and ovary, com-
pared with the transvaginal method. Research studies 
need to be done to assess whether using a 3D transabdom-
inal probe is a feasible method to assess ovarian features, 
especially S/A ratio, in both the non-obese and obese ado-
lescent population.

Vascularization

Most research evaluating changes in ovarian vasculariza-
tion in PCOS has occurred in young women. Studies have 
showed that increased ovarian blood flow is a common 
feature in PCOS patients (23, 24). Battaglia et!al. showed 
that stromal 3D power Doppler indices were significantly 
greater in PCOS women compared with controls (8). Simi-
larly, other studies have showed that total ovarian vas-
cularization index, flow index, and vascularization flow 
were significantly higher in normal weight PCOS women 
compared with overweight PCOS women (17, 25, 26). Vas-
cularization analysis has also proven to be an important 
tool when a clinician is assessing infertility and response 
to fertility treatment in women (27, 28).

It is thought that elevated luteinizing hormone (LH) 
levels may be accountable for increased stromal vasculari-
zation through a variety of mechanisms: neoangiogenesis, 
catecholaminergic stimulation, leukocyte and cytokine 
activation, and elevated levels of vascular endothelial 
growth factor (8, 17). With the recent advances of 3D ultra-
sound, the detection of an increased stromal Doppler 
signal may be a possible ultrasound marker in the diag-
nosis of PCOS.

A B

Figure 2$(A) Transabdominal longitudinal ultrasound image of the right ovary in an overweight adolescent with PCOS. (B) Transvaginal 
longitudinal ultrasound image of the right ovary in the same patient. The quality of the image is improved with transvaginal ultrasound.
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Correlation of radiologic findings to 
 biochemical findings
Increased ovarian volume was significantly associated 
with circulating testosterone and insulin and indications 
of insulin resistance (11, 13). Sun and Fu revealed that there 
was a significant correlation between S/A ratio and testos-
terone level. The ovarian stromal area was also found to 
correlate with LH and LH/FSH levels (12). Battaglia et!al. 
reported that ovarian stroma/total ovarian volume ratio 
was the most accurate predictor of both hyperandrogen-
emia and hirsutism (8).

Hyperinsulinemia and elevated serum LH levels play 
an important role in ovarian enlargement and androgen 
synthesis in PCOS patients. In vitro studies have showed 
that insulin promotes theca cell proliferation and andro-
gen production. Insulin also stimulates insulin-like 
growth factor I (IGF-I), which binds to IGF receptors on 
theca cells to promote more androgen production (19). 
Insulin also inhibits hepatic synthesis of sex hormone-
binding globulin, thus increasing the free testosterone in 
circulation (29). In a clinical situation, it is advisable to 
obtain both radiologic and biochemical tests when PCOS 
is suspected. However, not all clinical, biochemical, and 
radiologic features may be present in an individual case.

Conclusion
Currently, ultrasonography is not diagnostic of PCOS in 
adolescents but provides supportive evidence, mainly 
in the setting of an enlarged ovarian volume. Ovarian 
volume is important to evaluate in adolescents but is not 
enough in making a definitive diagnosis of PCOS.

Although morphologic sonographic features, such as 
peripheral distribution of follicles, increased stromal area, 
and vascularization are not included in the diagnostic 
criteria for PCOS, they may have significant potential to 
increase the accuracy of diagnosis of PCOS in adolescents. 
Thus, ovarian volume and morphology should be assessed 
with 2D ultrasound while working up cases of PCOS.

With the advent of new technology, such as 3D ultra-
sound, ultrasound analysis allows for a more precise and 
objective assessment of not only ovarian morphology but 
also stromal area, volume, and overall blood flow within the 
ovary. Further studies are warranted to evaluate the utility of 
3D ultrasonographic assessment in adolescents with PCOS.

Conflict of interest statement: The authors declare that 
they have no conflict of interest.
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a b s t r a c t

Background: Polycystic ovary syndrome (PCOS) is a common reproductive endocrinopathy in women of
childbearing age, affecting 5e15% women in this age group. Suggestive cardinal features comprise
hyperandrogenism, ovulatory dysfunction and/or polycystic ovary appearance. The gold standard
radiological tool is the pelvic ultrasound (PUS) whose yield may be limited in overweight and obese
adolescent girls.
Objective and hypotheses: To evaluate the contribution of pelvic MRI to the diagnosis of PCOS in a specific
group of virginal overweight and obese adolescent girls.
Method: Eight adolescent girls seen for menstrual irregularities or amenorrhea, with features of
hyperandrogenism were biochemically screened (LH, FSH, testosterone, S-DHEA, delta-4 androstenedi-
one, 17 (OH) P, SHBG, TSH, free T4, prolactin and lipid profile, fasting blood sugar and HOMA-IR and
HOMA-B). Each had PUS and/or pelvic MRI (PMRI) performed. Other causes of hyperandrogenism were
excluded.
Imaging: PUS with the trans-abdominal transducer was attempted in only one patient Acuson© scanner,
using 3.5e7.5 MHz transducer; PMRI was performed in all patients with phased array coil of 1.5 T
Siemens MRI scanner, with T1 and T2-weighted axial and coronal images. PCOS was defined according to
the Rotterdam PCOS consensus Workshop.
Results: Eight girls (mean age 14,6 ± 1.47 years) are reported, one was overweight (BMI Z-score > 1 SDS),
seven others were obese (BMI Z-score > 2 SDS). Mean age at menarche was 11.58 ± 1.11 years, except for
one who had not yet entered menarche. All had menstrual irregularities, acanthosis nigricans, acne,
hirsutism, and biochemical characteristics of PCOS (high plasma androgens, insulin resistance, glucose/
insulin ratio <4.5, decreased SHBG).
PUS was not contributive to the diagnosis of PCOS, whereas PMRI showed typical aspect (well delineated
peripheral ovarian cysts), with increased ovarian volume and stroma.
Conclusion: Although PUS remains the gold standard for the diagnosis of PCOS in most cases, its limi-
tations in overweight and obese girls are real and must be considered.
If utilization of endovaginal transducer not being feasible in young virginal girls, PMRI could be a useful
alternative, allowing greater delineation of structural components of the ovary and better appreciation of
both its volume and structural alterations.
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1. Introduction

Polycystic ovary syndrome (PCOS) is a common heterogeneous
and complex reproductive endocrinopathy affecting 5e15% women
of child-bearing age in all ethnic and racial groups [1e3]. An inci-
dence of 3% has been reported in a general population of Iranian
adolescents, but higher incidence between 11% and 26% has also
been reported by others [4,5].

Although the exact cause of PCOS remains unknown, available
evidence suggest that it could result from the interaction between
heritable predisposition, intra and extrauterine environmental
factors, insulin resistance variations, and defective changes in ste-
roidogenesis/steroid metabolism, of which disordered gonado-
tropin secretion, insulin resistance and hyperinsulinemia,
hyperandrogenism, ovarian dysfunction and follicular arrest are the
more prominent features. The androgen overexposure hypothe-
sizes that PCOS could originate in fetal life, with clinical expression
becoming apparent only during adolescence when hypothalamic-
pituitary-ovarian axis attains maturation [6e10].

Being the commonest cause of hyperandrogenism and men-
strual irregularities in females, PCOS per se also carries the risks of
leading to infertility, dysfunctional uterine bleeding, obesity, type 2
diabetes, hypertension, dyslipidemia and metabolic syndrome in
affected individuals [10e13].

The PCOS clinical spectrum is wide, and includes women free
from evidence of both clinical and biochemical parameters, despite
having dysfunctional polycystic ovaries. In the majority of patients,
however, clinical cardinal features associate irregular menstrual
cycles, acne, obesity, hirsutism, with signs of hyperinsulinism.

Affected individuals show, biochemical parameters of hyper-
androgenism, and polycystic ovaries on radiological investigations.
An early description of this syndrome was in adult patients,
extrapolation of these clinical and biochemical features to the pe-
diatric population raised a number of concerns [14].

In a recent publication, pediatric recommendations have
emerged from the pediatric and adolescent medicine experts call-
ing for caution, as characteristic features on which the diagnosis of
PCOS is based may overlap with those found in normal pubertal
development in adolescent girls. The experts also recommend that
other causes of menstrual disorders be excluded and that a �2
years history of oligomenorrhoea is necessary before considering
the diagnosis. They also recommend that obesity, insulin resistance,
and hyperinsulinemia should not be used for the diagnosis. Lastly,
in the absence of a definitive diagnosis, therapy to alleviate
symptoms and prevent subsequent co-morbidities should be
considered [15].

Overall, the diagnosis in both adolescents and adults females
remains based on the Rotterdam consensus criteria. To be diag-
nosed PCOS, a patient must present at least two out of three of the
following: chronic anovulation (presenting as oligo or amenor-
rhea), polycystic ovary morphology (on pelvic ultrasound) and
clinical or biochemical signs of androgen excess [16].

In spite of abnormal ovarian morphology being part of diag-
nostic criteria, its isolated presence or absence is neither essential
nor sufficient for the diagnosis of PCOS.

Radiologically, the gold standard tool for investigating ovarian
morphology has, so far, been the pelvic ultrasound (PUS), accepted
criteria of which, were derived from studies performed in a pop-
ulation of adult women [17].

Initial ovarian sonographic description of PCOS had emphasized
on the distribution and size of antral follicles within an enlarged
ovary [15], but this has been reviewed by subsequent studies, and
the recent Task Force recommends to utilize either follicle number
per ovary (�25) when a sophisticated US transducer � 8 MHz is
available or, otherwise, an ovarian volume of�10ml to define PCOS

morphology [18].
Despite the lack of specific pediatric US criteria, cases of PCOS in

children have been reported, based on those derived from adult
studies [19e21].

It is noteworthy that in routine practice, trans-abdominal US,
used for virginal patients, is only reliable in lean adolescents,
whereas the trans-vaginal US which has better yield is not feasible.
Trans-abdominal PUS per se, also, has several limitations that have
been underlined previously by Yoo et al. namely the difficulty to
obtain clear images in obese girls, and the confusion in interpreting
reported results as most of them are based on ovarian volume
rather than on antral follicles number, etc. [22].

The above-mentioned technical difficulties and limitations have
led some researchers to consider pelvic MRI as a reliable alternative
to PUS in the diagnosis of PCOS in some adolescent girls, with
encouraging results. MRI as investigating modality offers the
advantage of improved visualization of the ovarian anatomy and a
clearer definition of its contents [22e25].

We, hereby report our experience of abdominal MRI in the
diagnosis of PCOS in overweight and obese adolescent virginal girls
in whom trans-abdominal PUS was not feasible.

2. Population and methods

2.1. Population

The study population comprised eight adolescent girls recruited
from the cohort of children attending our ediatric endocrinology
clinics. Those included in the study had signs and symptoms of
hyperandrogenism (acne, increased body odor, hirsutism, over-
weight or obesity, andmenstrual irregularities) asmain complaints.

Hirsutism was evaluated according to the Ferriman Gallway
score, (with score � 8 considered as significant) [26]. Overweight
and obesity were defined according to the World Health Organi-
zation by BMI-for-age (Z-scores), with BMI calculated by dividing
each individual's body weight in kilogram by the square of their
height in meters (kg/m2). A child with a Z-score above 1 SDS was
considered overweight and, and one with a Z-score over 2 SDS was
categorized as obese.

To be investigated for PCOS, each patient had to have a history of
irregular menstrual cycle (oligo or amenorrhea) lasting � 6 months
and having occurred at least two years after menarche or primary
amenorrhea after excluding other causes. All eight patients were
Tanner pubertal stage 5 [14].

Patients were biochemically screened (basal LH, FSH, testos-
terone, S-DHEA, delta-4 androstenedione, 17 (OH) P, TSH, FT4,
SHBG, prolactin and plasma lipid profile, fasting blood sugar, fasting
plasma insulin and HOMA-IR and HOMA-B were calculated). Blood
samples were drawn in the morning between 08h00 and 09h00
a.m., after an overnight fasting period of 10e12 hours, through an
indwelling catheter placed around 30 minutes before sampling.
Other causes of hyperandrogenism such as adrenal hyperplasia and
adrenal tumors were excluded. For one patient, we started imaging
with PUS, the poor yield of which led us to go for pelvic MRI
thereafter.

For the purpose of this study, we compared our findings to those
reported by Cappa et al. with their control population serving as
normal references [23].

2.2. Method

2.2.1. Imaging
PUS was performed with the transabdominal transducer (Acu-

son® scanner using 3.5e7.5 MHZ transducers), pelvic MRI was
performed with phased array coil of 1.5 T Siemens MRI scanner,
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with T1 and T2-weighted axial and coronal images, 4 mm slices.
Images capture and interpretation were performed by a senior
radiologist with extensive experience in MRI technics in children
and adults population.

(Dr. SM Benosman).Ovarian measurements were recorded on
three orthogonal dimensions, using electronic calipers on the PACS
system monitor. The ovarian volume was calculated with the for-
mula D1 x D2 x D3 x 0.523 (in which D1 was the longitudinal
diameter, D2 the anteroposterior diameter, and D3 the transverse
diameter of the ovary [22]). The ovarian follicles number and
localization within the ovary were defined using both T1-weighted
gradient echo (GE), and T2-weighted turbo spin echo (TSE) images
[22].

The criteria retained for the diagnosis were those from Rotter-
dam PCOS consensus Workshop [16]. We considered patients as
having PCOS when their MRI images revealed more than 12
peripherally located follicles, with increased central stroma, and an
ovarian volume >10 ml, as previously reported [23]. Informed
consent was obtained from each patient's parents, and the study
received the approval from the Local Ethic Committee.

2.2.2. Hormonal assays
Plasma LH, FSH, SDHEA, and insulin assays were performed by

ECLIA method (COBAS; Roche-Diagnosis, Meylan, France). The in-
ter- and intra-assay coefficients of variation (CVs) were 8% and 7%
for LH and FSH respectively. Testosterone was measured by RIA
assay after extraction with Ether (Immunotech, Beckman Coulter,
Marseille, France), inter- and intra-assay CVs were between 2.9 and
9.7% at mid-range concentration.

3. Results

Eight adolescent girls with a mean age of 14.6 ± 1.47 years met
our inclusion criteria. Their mean BMI was 36.04 ± 6.34 kg/m2,
seven girls were obese with BMI Z-scores above 2 SDS (cases 1, 2, 4,
5, 6, 7, 8), one was overweight (>1 SDS BMI Z-score < 2 SDS) (case
3). The mean age at menarche was 11.6 ± 1.11 years. All, except case
6, presented with a history of menstrual irregularities that were
persisting two years after menarche and had lasted at least six
months before the diagnosis was made. Patients were diagnosed as
having PCOS on the clinical criteria of hyperandrogenism (as
detailed in material & methods section above), all had high total
plasma testosterone levels (Table 1).

Clinical characteristics, age at diagnosis, age at menarche and
presenting features are summarized in Table 1. Patient 1 was under
followed-up for autoimmune thyroiditis. Another (case 3) had a
positive history of central precocious puberty that had been
managed with GnRH agonist from the age of 8.5 years to the age of
10.6 years; her plasma DHEAS being very high (Table 1), a long
Synacthen test and adrenal glands CT scanwere performed. Results
were unremarkable, excluding any adrenal pathology. Acanthosis
nigricans was present in 6/8 girls. Patient 6 had not entered
menarche, her clinical and biochemical profile were compatible
with PCOS, other causes of primary amenorrhea were excluded.

Biochemically, total plasma testosterone level was raised in all
eight patients, with mean ± SDS value of 2.35 ± 0.93 nmol/L (N
0.11e0.57) (Free/total testosterone ratio could not be calculated as
we did not measure free testosterone levels in most patients),
plasma DHEAS results were available for six patients, with
mean ± SDS value of 4875 ± 3017 ng/ml (N 651e3680) and
mean ± SDS delta-4 Androstenedione of 11.31 ± 2.68 nmol/L (N
2.1e24.9).

Plasma markers of insulin resistance were abnormal with high
mean ± SDS basal insulin of 187.54 ± 117.42 pmol/L (N 2.6e24.9),
mean HOMA-IR 6.97 ± 3.46 SDS (N ¼ 1), and mean HOMA-B of

615.9 ± 352.6 SDS (N < 100).
Oral Glucose Tolerance Test (OGTT) was performed in six pa-

tients, and results were normal in three (cases 1, 2 and 7), but
frankly abnormal in three others (cases 4, 5 and 8), with plasma
glucose at time 120 minutes of 1.58 g/L, 1.59 g/L and 1.32 g/L
respectively (Table 1).

PlasmaProlactinwaswithinnormal ranges in all patients (results
not shown). Mean plasma LH and FSH values were 7.57 ± 1.63 UI/L
and 5.42 ± 1.73 UI/L respectively, with a mean LH/FSH ratio of 1.40.

MRI Imaging Results: Attempts to perform transabdominal US
being inconclusive with of poor yield, we decided to go for pelvic
MRI in our overweight and obese virginal adolescent girls sys-
tematically. Abdominal US failure was mainly due to limitations in
available US probes to allow better definition of ovarian structures,
as this was hampered by excess subcutaneous abdominal fat as
illustrated in Fig. 1.

Mean ovarian volumes were 13.23 ± 1.96 SDS ml (right ovary)
and 13.66 ± 1.26 SDS ml (left ovary) in our study population. The
follicles distribution and their peripheral localization were clearly
delineated in T2-wieghted images (Figs. 2 and 3). Follicles number
per ovary was >12 (22.0 versus 10.0 in Cappa et al. in normal
control; Z ¼ 2.12, P < 0.05). We were, unfortunately, not able to
measure the follicular volume. Overall, pelvic MRI allowed better
delineation of the ovarian morphology with a clear illustration of
the peripheral distribution of the follicles along with increased
stromal components as expected in PCOS (Fig. 3).

4. Discussion

This study reports our short experience with pelvic MRI in the
diagnosis of PCOS in eight overweight and obese virginal adoles-
cent girls who had clinical and biochemical features of hyper-
androgenism. Our findings corroborate those reported previously
[22e24] and add to the existing body of evidence that has sug-
gested pelvic MRI as a good alternative to pelvic Ultrasound in
diagnosing PCOS, in a specific category of pediatric population
(overweight and obese adolescents). PCOS is a common heteroge-
neous disorder, the diagnosis of which is hampered by the lack of
universally accepted consensus in the pediatric population.

In adult patients, the diagnosis is based on the guidelines
derived from different international conferences, the most known
being those from the National Institute of Health conference
criteria (1990), now abandoned, and those from the Rotterdam
consensus (2003), and also those from the Androgen Excess PCOS
Society consensus criteria (2006) [17,27].

All our patients met the diagnostic criteria, and presented, as
defined by the Rotterdam Consensus Workshop, clinical features
associating hyperandrogenism and menstrual irregularities, to
which ovarian findings of PCOS on the pelvic MRI are added.
Although it is well recognized that diagnostic criteria for this dis-
order are essentially clinical and biochemical (the NIH criteria), it is
admitted that performing pelvic imaging brings additional evi-
dence of PCOS by showing its characteristic radiological features. In
this respect, trans-abdominal PUS remains the first choice imaging
modality by which ovarian morphology can be studied in patients,
despite the fact that results are still interpreted on the basis of
criteria derived from adult studies.

On the practical standpoint, PUS is carried out in virginal
adolescent girls trans-abdominally rather than trans-vaginally as
performed in adults. The latter route would normally improve the
scan resolution, but its utilization is not feasible in virginal
adolescent girls. Pelvic US performance and assessment of the
ovarian morphology is both problematic and limited in adolescent
girls for a number of reasons: firstly, the trans-abdominal approach
is largely preferred to the transvaginal route, not practical in

S. Kayemba-Kay's et al. / International Journal of Pediatrics and Adolescent Medicine 4 (2017) 147e152 149



virginal girls, in addition to the discomfort induced by vaginal
probes. Secondly, pelvic US yield is more or less dependent on the
operator's experience and on the equipment quality. This being
likely to introduce an inherent level of subjectivity to the diagnosis.
Lastly, the quality of images may be impeded by the excess in
abdominal and pelvic fat common in this age group. In a recent
attempt to offer alternative radiological investigation, Korean au-
thors have suggested trans-rectal US as a possible route in virginal
PCOS patients, results seem interesting but need to be confirmed
before it can be extended to the adolescent girls population [28].

Insulin testing and HOMA measures, intended to evaluate in-
sulin resistance common in PCOS patients, suggest that most pa-
tients were, effectively, insulin resistant and likely to benefit from
specific care (physical exercice and/or metformin), this being
beyond the scope of this paper.

Our findings strengthen those reported by others and show that
pelvic MRI allows better characterization of the ovarian
morphology in overweight and obese adolescent girls with clinical
and biochemical features of PCOS [22e24].

This study was not intended to compare pelvic MRI with the
pelvic US; this has been done earlier by others, with results that
support pelvic MRI superiority to the pelvic US, in a particular pe-
diatric adolescent population [23,24].

Table 1
Patients'clinical characteristics, presenting signs and symptoms and biochemical parameters.

1 2 3 4 5 6 7 8

Age (yrs) 15.1 12.1 14.9 15.0 16.0 16.5 13.0 14.0
BMI z-score (SDS) >2.0 >2.0 >1.0 >2.0 >2.0 >2.0 >2.0 >2.0
Age at menarche (yrs) 12.6 10.0 13.0 12.5 11.0 NS 11.0 11.0
Irregular menses (yes/no) (þ) (þ) (þ) (þ) (þ) (�) (þ) (þ)
Acanthosis nigricans (yes/no) (þ) (þ) (�) (þ) (þ) (þ) (þ) (þ)
Acne/greasy hair (yes/no) (þ) (þ) (þ) (�) (�) (þ) (þ) (þ)
Hirsutism (yes/no) (�) (þ) (�) (�) (þ) (þ) (�) (þ)
Ferriman Gallwey score 0 13.0 2.0 0 11.0 9.0 0 28.0
Total testosterone (nmol/L) 2.3 3.1 3.0 3.3 3.0 1.6 1.18 1.35
DHEAS (ng/ml) NA 5347 10 378 4930 1732 4122 2740 NA
D4 Androstenedione (nmol/l) 11.2 NA 16.06 7.5 12.5 11.1 9.2 11.6
Basal plasma insulin (pmol/l) 138 86 49 358 157 356 123.3 233
HOMA IR (N ¼ 1) 3.92 NA NA 10.17 4.22 11.1 NP 19.6
HOMA B (N < 100) 290 NA NA 1187.73 704.61 800 434 279
Glucose/insulin ratio (n > 4.5) 8.44 NA 13.3 1.51 3.20 1.46 4.38 3.40
LH/FSH 1.36 1.53 1.20 1.45 1.34 0.93 2.40 1.61

NS: not started; NA: not available;NP:not performed; N:normal.

Fig. 1. T2-weighted image showing excess in subcutaneous abdominal fat.

Fig. 2. T2-weighted image showing multiple peripherally located ovarian cysts with
increased stromal volume, axial section (A), and sagittal section (B).
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The absence of a control group in our study may be considered
as limit, but our results clearly show that MRI gave clearer visual-
ization of the ovarian anatomy with both mean volume of 23 ± 1.96
ml (right ovary) and 23 ± 1.26 ml (left ovary), and follicle numbers
(mean 19 ± 3.28) that met the criteria for Polycystic ovaries as
defined in the Rotterdam PCOS consensus Workshop [17]. The
mean follicular number in our study population was well above
that found in normal control subjects (<12 per ovary) as reported
by Cappa et al. [23]. In spite of its yield and contribution to the
diagnosis of PCOS in a defined pediatric population, there still are
number of issues that need to be settled before the generalization

of pelvic MRI: consensus on the ovarian volume, follicle number,
stromal volume, technical modalities such as slice size (2, 4 or 6
mm) need to be established.

We have, like others, based the definition and diagnosis of PCOS
on criteria derived from the pelvic US. Brown et al. have, however,
shown that pelvic MRI would identify a larger number of follicles
when 2 mm slices are captured [24]. It is, therefore, likely that
pelvic US criteriawhich have served as the basis for early pelvicMRI
studies may not be appropriate [22e24]. This observation calls,
therefore, for prospective studies intended to lay down pelvic MRI
imaging definition of criteria that should guide the diagnosis of
PCOS in adolescent girls' population.

As suggested earlier by Yoo et al. [22], we also believe that pelvic
MRI could be helpful in understanding the early changes which
occur in the ovarian anatomy in obese girls developing PCOS. Here
again, larger prospective studies are awaited. We have studied the
ovarian morphology using 4 mm thickness slices in this study,
whereas Brown et al. used 2 mm and reported a higher follicle
count when they compared the yield with that obtained with 6mm
[24].

It is therefore questionable whether studying the ovarian
anatomy with the 4 mm slices thickness as we have empirically
done here is sufficient and/or perfectible.

This study has other limitations such as the small sample size, in
addition to the fact that despite finding an increased stromal vol-
ume, we did not measure it precisely.

5. Conclusion

PCOS is a common disorder with long-term consequences
which can be prevented if the diagnosis is made early enough
during adolescence. Our findings support those previously reported
by others and confirm that pelvic MRI is a reliable alternative to the
pelvic US in overweight and obese adolescent girls inwhomvaginal
probes can not be utilized. The Pelvic US, using high definition
probes remains the first imaging choice in lean girls. Large pro-
spective studies are needed to set criteria for PCOS diagnosis by
pelvic MRI in this age group.
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Cajal and Centro de Investigación Biomédica en Red Diabetes y Enfermedades Metabólicas Asociadas CIBERDEM
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Abstract

Polycystic ovary syndrome (PCOS) is the most common ovarian disorder associated with androgen excess in women, which

justifies the growing interest of endocrinologists. Great efforts have been made in the last 2 decades to define the syndrome.

The presence of three different definitions for the diagnosis of PCOS reflects the phenotypic heterogeneity of the syndrome.

Major criteria are required for the diagnosis, which in turn identifies different phenotypes according to the combination of

different criteria. In addition, the relevant impact of metabolic issues, specifically insulin resistance and obesity, on the

pathogenesis of PCOS, and the susceptibility to develop earlier than expected glucose intolerance states, including type 2

diabetes, has supported the notion that these aspects should be considered when defining the PCOS phenotype and

planning potential therapeutic strategies in an affected subject. This paper offers a critical endocrine and European

perspective on the debate on the definition of PCOS and summarises all major aspects related to aetiological factors,

including early life events, potentially involved in the development of the disorder. Diagnostic tools of PCOS are also

discussed, with emphasis on the laboratory evaluation of androgens and other potential biomarkers of ovarian and metabolic

dysfunctions. We have also paid specific attention to the role of obesity, sleep disorders and neuropsychological aspects of

PCOS and on the relevant pathogenetic aspects of cardiovascular risk factors. In addition, we have discussed how to target

treatment choices based according to the phenotype and individual patient’s needs. Finally, we have suggested potential areas

of translational and clinical research for the future with specific emphasis on hormonal and metabolic aspects of PCOS.

European Journal of

Endocrinology

(2014) 171, P1–P29
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Introduction

Polycystic ovary syndrome (PCOS) is the most common

endocrinopathy of women of reproductive age (1). Its high

prevalence has attracted significant public attention

(O1.5!106 sites dedicated to the syndrome) and, in

addition, identification and management of PCOS have

been estimated to cost the USA healthcare system $4

billion annually (2). Similar data are not available for

Europe. PCOS is a complex endocrine condition, due to

its heterogeneity and uncertainty about its aetiology.

The diverse nature of PCOS was evident even from the

first description of the syndrome by Stein & Leventhal (3),

who in their original report described seven women with

variable clinical characteristics (i.e. obesity, hirsutism,

acne and amenorrhoea) associated with enlarged bilateral

polycystic ovaries. Following an international meeting in

1990, held at the U.S. National Institute of Health (NIH),

it was recommended that the diagnostic criteria for PCOS

should comprise the concomitant presence of anovula-

tion and evidence of hyperandrogenaemia – biochemical,

clinical (hirsutism/acne) or both – but without reference

to ovarian morphology (4).

In order to provide a more inclusive definition of the

syndrome, the report of a meeting of experts at a joint

ESHRE/ASRM meeting held in Rotterdam in 2003

proposed that the presence of two of the three criteria

(chronic anovulation (CA), hyperandrogenism and poly-

cystic ovaries on ultrasonography) would be sufficient for

PCOS diagnosis (5). Nevertheless, disagreements

remained as clearly illustrated in a study conducted in

2005, in which it was found that the majority of

gynaecologists considered that polycystic ovaries on

ultrasound was an essential tool for PCOS diagnosis,

whereas the endocrinologist’s view was more focused on

hirsutism and anovulation (6). In 2006, the Androgen

Excess PCOS Society (AEPCOS) suggested a compromise

between the two sets of diagnostic criteria, arguing that

PCOS is mainly a hyperandrogenic disorder and the

existence of hirsutism/acne and/or hyperandrogenaemia

constitutes a sine qua non for PCOS diagnosis (7). The

second criterion essential for the diagnosis according to

AEPCOS could be either CA or polycystic ovarian

morphology.

The fact that PCOS is often characterised by the

presence of insulin resistance and associated hyper-

insulinaemia and most of the patients in clinical series

are overweight or obese is significant (8). These factors

may play an important role in the pathogenesis of

androgen excess and the susceptibility to develop earlier

than expected glucose intolerance states and type 2

diabetes (T2D) (9). In 2011, the Amsterdam ESHRE/

ASMR-sponsored 3rd PCOS Consensus Workshop Group

(10) identified different phenotypes, and separated the

most classic phenotype, characterised by hyperandro-

genism and CA, from those characterised by ovarian

dysfunction and polycystic morphology. It was also

suggested that major metabolic disorders should be

addressed in the clinical workup while defining the

PCOS phenotype in each individual patient.

Since PCOS is a very common disorder (the preva-

lence ranges from 6 to 20% depending on the criteria

used), it would be helpful to have unity about the

diagnostic criteria (11). Some progress has been made

towards that goal by the recommendations of the Expert

Panel following the NIH (USA) Evidence-based Method-

ology Workshop on PCOS in December 2012, whose

major results have been summarised and presented very

recently (12, 13). While supporting the Rotterdam

definition (5) as the most inclusive and appropriate in a

global context, it was suggested that a more appropriate,

less ‘ovary-centric’ name for the syndrome should be

considered. It is therefore a timely opportunity for the

European community of endocrinologists to discuss

where future efforts in research and clinical management

should be focused.

The debate on the definition of PCOS

Nowadays, a common perception among medical

experts dealing with the syndrome is that the name

PCOS constitutes a distraction that impedes progress,

and that this name does not reflect the complex

interactions that characterise the syndrome (13).

Furthermore, the emergence of new definitions with

the use of ovarian morphology, besides CA and

hyperandrogenism, as diagnostic criteria has increased

the phenotypic variety of PCOS presentation. However,

the NIH Experts Panel (12) recommended the main-

tenance of the broad diagnostic criteria of Rotterdam

(5), but focused on the need for specific identification

of the phenotype of each patient. By using the possible

combinations of these criteria, four different phenotypes

of PCOS are now identified: i) hyperandrogenism

(clinical or biochemical) and CA (H-CA); ii) hyper-

androgenism and polycystic ovaries on ultrasound

(PCOm) but with ovulatory cycles (H-PCOm); iii) CA

and polycystic ovaries without hyperandrogenism
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(CA-PCOm); and, finally, iv) hyperandrogenism, CA and

polycystic ovaries (H-CA-PCOm). The identification of

specific phenotypes in women with PCOS seems to be

justified from the metabolic point. In contrast to CA,

metabolic abnormalities may dominate the syndrome

throughout the subject’s lifespan, although no data

regarding adolescence are available (1). Several research

groups have suggested that the origin of PCOS lies in

foetal life and involves the foetal programming of

metabolic/endocrine axes, especially carbohydrate

metabolism and adrenal secretion (14, 15, 16, 17, 18).

Indeed, girls born small for gestational age (SGA) or

large for gestational age, these being an indirect index

of exposure to stressful intrauterine conditions, manifest

a high incidence of PCOS in adolescence (19). Further-

more, in girls with early adrenal androgen secretion

clinically disclosed as premature pubarche, that is a

different clinical entity with respect to PCOS, several

components of PCOS have been found, such as insulin

resistance and visceral adiposity, in comparison with

their normal peers (20). On the other hand, it has been

suggested that a few patients with premature pubarche

could develop PCOS later in their life (21). In addition,

an increased proportion of these girls develop PCOS in

adolescence, indicating a common pathogenetic path-

way of these two nosologic entities. Also of interest,

girls born SGA who develop premature adrenarche have

a significantly higher tendency to develop full-blown

PCOS in adulthood compared with other girls who

express only one of these two conditions (19). These

observations suggest that exposure of a female to

harmful events during foetal life and the peripubertal

period may considerably affect her metabolic, hormonal

and reproductive phenotype.

In addition, some of the available reports also imply

that PCOS sequelae continue post-menopause (22, 23,

24, 25), namely in subjects diagnosed with the strict

NIH criteria (4). Specifically, the existing unfavourable

metabolic/hormonal milieu associated with a cluster of

several cardiovascular (CV) risk factors such as oxidative

stress, dyslipidaemia, subclinical inflammation and

impaired fibrinolysis, is translated to increased CV

incidents in these women, compared with their BMI-

matched control peers. These findings have been

challenged by recent data from the Study of Women’s

Health across the Nation (SWAN), a longitudinal cohort

study aimed at determining the impact of menopause

on the cardiometabolic profile. The authors analysed

the impact of menopause on the incidence of the

metabolic syndrome in women with high levels of

androgen and a history of menstrual irregularity (26).

Baseline analysis of 2543 pre- and perimenopausal

women originally included in the SWAN study indi-

cated that hyperandrogenaemia but not oligomenorr-

rhoea was independently associated with the risk of

prevalent metabolic syndrome (27). In the prospective

SWAN study, the authors found that among metabolic

syndrome-free women at baseline, 497 new cases were

identified during 20 249 woman-years of follow-up over

12 years. Women with hyperandrogenaemia and oligo-

menorrhoea, key features of PCOS according to the NIH

criteria (4), developed incident cases of metabolic

syndrome at a comparable rate to their counterparts,

and there was no significant difference in incidence of

self-reported stroke or myocardial infarction by hyper-

androgenaemia/oligomenorrhoea status, suggesting that

these factors are not associated with worsening of

metabolic health after menopause. However, it should

be kept in mind that women with the metabolic

syndrome present before menopause had been excluded

from the study.

With respect to metabolic profile and CV risk

factors, several studies suggested that women with

PCOS based on the NIH criteria (4) exhibit a more

detrimental profile compared with milder phenotypes

(10, 11). Usually, women with classic PCOS are

characterised by higher body weight, but when com-

parisons were made between groups matched for age

and BMI, it was obvious that the degree of dyslipidae-

mia, central adiposity, insulin resistance and metabolic

syndrome prevalence was significantly higher in women

with the classic (or more severe) PCOS phenotype. The

prevalence of metabolic syndrome and degree of insulin

resistance in the milder phenotype (oligo-anovulatory

patients with PCOm but without hyperandogenaemia),

although elevated (28), are closer to control subjects

than to the other three phenotypes (29). Specifically,

women with this phenotype usually display normal

insulin sensitivity and a metabolic profile similar to age-

and BMI-matched normal women. On the other hand, a

recent study evaluating not only CV risk factors but also

carotid intima–media thickness reported that in women

with PCO and hyperandrogenaemia, the CV risk was

lower than that in other classic phenotypes (5). In

agreement with the above, Amato et al. (30) found that

oligomenorrhoea was associated with the visceral

adiposity index, a marker of visceral adipose dysfunc-

tion, and a CV risk factor. These findings are in

disagreement with the general belief that phenotypes

with androgen excess have the highest CV risk.
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However, one may hypothesise that the above con-

troversial data arise due to the nature of PCOS, since

women with hyperandrogenaemia and polycystic mor-

phology may later develop anovulation, especially if

they gain weight (18), although in a subgroup of

patients the phenotype in itself seems to ameliorate in

ageing PCOS women (31). This logical approach under-

lines the gap in understanding regarding the nature of

the syndrome based on available data.

One of the major problems with PCOS definition

based on the Rotterdam criteria (5) is the lack of natural

history of PCOS. In fact, no consensus exists on how to

define this disorder during early and late adolescence, nor

during and after menopause (18, 31). In addition, it is not

known whether women transfer from one phenotype to

another, and specifically from ovulatory to anovulatory

PCOS, and how this transition affects their health status

in the long term. If the answer to the above question is

affirmative, then it can be postulated that women who

have presented once with a mild phenotype may at a later

stage of their life develop a worse and severe phenotype,

with the known adverse sequelae. Although core data

answering these questions are thus far not available, it is

hypothesised from the pathophysiogical point of view

that women can transfer from one phenotype to another

depending on their exposure to several factors, such as

increment of body weight, dietary intake and exercise

habitus (18, 32).

The most astonishing aspect showing the variability

of PCOS regarding metabolic derangements is T2D. The

current perspective is that women with the syndrome

develop carbohydrate metabolism disturbances, such as

impaired glucose tolerance (IGT) and T2D over the years

(9, 33). A careful examination of available data on which

this notion was based shows clearly that this gradual

deterioration of glucose is almost only ever observed in

obese women with PCOS. Indeed, the prospective studies

in which increased susceptibility to IGT and/or T2D has

been reported were based on significantly obese patients

with very high BMI values (O30 kg/m2) (9, 33, 34, 35).

However, studies conducted in overweight or normal

weight patients did not report increased evolution from

normoglycaemia to T2D, although occasional cases have

been reported (32, 33, 34).

Moreover, it must be borne in mind that although

lean women with PCOS display intrinsic insulin resist-

ance, the degree of insulin resistance is not comparable

to their obese control peers. Hence, obesity per se seems

to be the critical risk factor for development of insulin

resistance and one may hypothesise that T2D occurrence

in women with PCOS may be an epiphenomenon due to

increased body weight, since obesity and PCOS often

coincide (33). This hypothesis was, in fact, put forward

by several research groups (34, 35, 36, 37), which

reported a significantly higher prevalence of PCOS in

overweight and obese women compared with their lean

peers, although some studies did not confirm this finding

(38). In addition, it has been shown that women with

PCOS seeking medical advice are significantly heavier

that their peers living in the community and dealing with

the syndrome without medical assistance (39). This

finding may bias medical experts’ opinion of the

syndrome, since they are dealing with the most serious

forms of the disorder.

The design of prospective follow-up studies from

adolescence to menopause of women with different

PCOS, will provide a definitive answer to the impact of

different phenotypes in the metabolic profile. It must be

underlined that this issue is of utmost importance given

that, with the use of the new criteria and also depending

on the population recruited, 20–25% of women carrying

a PCOS diagnosis may have ovulatory PCOS, and a

percentage ranging from 10 to 20% may suffer from non-

hyperandrogenic PCOS (13).

Aetiology of PCOS: foetal life, birth weight,
neonatal and childhood events

There are no certainties about the origin of PCOS (16),

and a variety of hypotheses about either the genetic or

the environmental origins of PCOS have been postu-

lated. As reported above, the PCOS phenotype can be

found from early infancy to puberty, based on predis-

posing environmental influences and genetic factors

(18). There is some evidence that PCOS may partly

depend on genetic factors (17). However, it is unlikely

that PCOS represents a single gene defect and it is more

likely to be polygenic or oligogenic (40, 41). On the

other hand, low birth weight and foetal exposure to

androgens may contribute to development of the PCOS

phenotype (39). In addition, low birth weight is

particularly associated with insulin resistance and obesity

in adulthood (42). One hypothesis suggested that the

clinical features of PCOS may develop as a consequence

of genetically determined hypersecretion of androgens

by the ovary starting at puberty or very likely long before

puberty (42, 43), so that typical clinical and biochemical

characteristics of PCOS may become expressed as a

consequence of exposure to androgen excess at or before

puberty. Through its effect on programming of the
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hypothalamo-pituitary unit, hyperandrogenism in foetal

life favours excess luteinising hormone (LH) secretion

and leads to the development of abdominal obesity and

consequent insulin resistance (17). Altered steroid

negative feedback regulation of LH together with the

compensatory hyperinsulinaemia due to insulin

resistance may disrupt ovulatory function, causing

anovulation (43). Intrauterine factors with resulting

effects on birth weight and possible changes in the

intrauterine environment as a function of birth order

may also play a role (18). In retrospective analyses, it was

demonstrated that, in the subset of girls born SGA, early

pubarche, early menarche and PCOS will develop later in

their life (18). Intrauterine growth retardation was

frequently associated with the development of premature

pubarche and hyperinsulinism in girls and functional

ovarian hyperandrogenism and disorders of glucose

tolerance in adult women (20). Anti-Müllerian hormone

(AMH) levels are increased in daughters of women with

PCOS in infancy, early childhood and in prepuberty (17).

Concerning in utero androgenic exposure, lower

3b-hydroxysteroid dehydrogenase 1 and aromatase

activities were found in the placentas of women with

PCOS (44). Premature adrenarche may lead to the

development of at least one subtype of PCOS. Recently,

it has been proposed that age at menarche in women

with PCOS is influenced by BMI and genetic variants

near LIN28B (45). Studies of breastfeeding in women

with PCOS demonstrated that there are no correlations

between DHEAS, testosterone and free androgen index

(FAI) in pregnancy with breast size increment or

duration of breastfeeding (46).

Laboratory, potential new biomarkers and
ovarian ultrasound

Laboratory and biomarkers

Testosterone " Testosterone is the main circulating active

androgen, and the total serum testosterone concentration

is the first-line recommendation for assessing androgen

excess in women (47). Serum testosterone concentrations

can also be crucial in the identification of androgen-

secreting tumours, although the clinical history with a

rapid progression of virilising symptoms is generally

helpful to suggest a tumorous source of androgen excess

or hyperthecosis. Measuring total testosterone at any time

during the menstrual cycle is adequate, since its variations

are marginally significant. A simple paradigm for identify-

ing hyperandrogenism in PCOS is reported in Fig. 1. There

is, however, considerable overlap of values with normal

healthy control women. This lack of sensitivity is partly

due to differences between the assay kits themselves as

well as the lack of accuracy of most assay kits at female

concentration levels. The vast majority of laboratories

performing a total serum testosterone assay use direct

methods without extraction before performing an

immunoassay (48, 49). In fact, most immunoassays yield

values higher than those obtained using gas chromato-

graphy coupled with mass spectrometry (GC–MS) or

liquid chromatography coupled with tandem mass

spectrometry (LC–MS/MS) (50, 51), which are recom-

mended as gold standard methods for evaluating steroid

hormones (52, 53).

Free testosterone assays, androstenedione and

DHEAS " Free testosterone assays should not be used

due to their intrinsic inaccuracy (48). The FAI, calculated

by the ratio between total testosterone and sex hormone-

binding globulin (SHBG), is possibly the most sensitive

measurement for the evaluation of hyperandrogenaemia

in PCOS (7) and is largely preferred. There has not been

any evidence that measuring androstenedione, the

immediate precursor of testosterone that does not bind

to SHBG, offers greater specificity or sensitivity compared

with total testosterone for identifying hyperandrogenic

women with PCOS (7) until recently when a study showed

better sensitivity and specificity of androstenedione to

diagnose hyperandrogenism in PCOS women compared

with testosterone, both steroids being assessed by

LC–MS/MS (54). Whether this may apply also to the

sub-phenotype of women with ovulatory dysfunction and

PCOm should be investigated. Similarly, measurement of

DHEAS, an abundant steroid that is mainly from adrenal

Normal

Normal

Bio-testosterone

High

Total testosterone assay

Elevated

Hyperandrogenism

Normal

SHBG

Low

Figure 1

Paradigm for identifying hyperandrogenism in PCOS.
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source, is not required in routine practice, although when

a tumorous source of androgen excess is suspected then

DHEAS may be predictive of androgen-secreting adrenal

carcinoma (55, 56).

Androgen assay by mass spectrometry " For a number

of years, LC–MS/MS has amply equalled GC–MS. The

emergence of atmospheric pressure chemical ionisation

(APCI) and of electrospray ionisation (ESI) has allowed

direct coupling of liquid chromatography and mass

spectrometry (LC–APCI and LC–ESI respectively) without

derivatisation (57). It has recently been shown that the use

of extremely high pressures, far higher than with standard

LC, produces unrivalled performance in terms of separ-

ation. This approach forms the basis for the development

of ultra-performance LC, with improved analysis speed,

sensitivity and resolution. It is however recognised that

LC–MS/MS is not widely used at the moment due to high

costs of materials, the special skills required and lack of

practicality for large series of assays unless automatic

analysis becomes possible. Consideration should be given

to making it easier to access to LC–MS/MS based assays,

in Europe, for both research and practice.

Steroid profiling has traditionally been performed on

24-h urine samples and, when applied to PCOS, the most

consistent finding has been increased 5a-reductase

activity with variable results for overall adrenal function

and for other enzyme anomalies (58, 59). More recently,

the LC–MS/MS methodology has been applied to serum

samples from women with PCOS, providing a more

sensitive method of characterising androgen excess (60),

particularly in anovulatory women with PCOS (61).

Sex hormone-binding globulin " Low SHBG has shown

excellent diagnostic accuracy for the diagnosis of PCOS in

epidemiological studies, even superior to measurements of

serum androgen concentrations (62), and low SHBG is a

surrogate marker of insulin resistance and androgen excess

that predicts the susceptibility to develop metabolic

syndrome and gestational diabetes in women with PCOS

(63, 64, 65, 66). Overweight and obese women with PCOS

are characterised by reduced SHBG, yet this appears to be

predominantly due to the excess body fat rather than to

the associated insulin resistance and androgen excess (67).

Therefore, the data published so far support the concept

that SHBG likely only influences the PCOS phenotype

indirectly, perhaps by altering the bioavailable androgen

levels in the target tissues. Finally, it has been found that

polymorphism in the gene encoding SHBG may be

associated with reduced SHBG levels in women with

PCOS, independent of the effects of insulin resistance

and obesity (68, 69).

What diagnostic procedures should be favoured in

the presence of elevated testosterone levels? " The

differential diagnosis with other causes of raised serum

testosterone concentrations should be considered before

making a diagnosis of PCOS. Where testosterone is twice

the upper normal limit, raising the possibility of an

androgen-secreting tumour, it is recommended that a

measurement of DHEAS should be obtained together with

imaging of the adrenals (computerised tomography or

magnetic resonance scans should be preferred) (56). If the

DHEAS concentration is normal then the diagnosis of

ovarian hyperthecosis, normally associated with insulin

resistance, or androgen-secreting ovarian tumour, should

be considered. On the other hand, DHEAS may be

decreased in the case of sulphatase enzyme defect and in

adrenocortical cancer. In ovarian tumours, raised testo-

sterone may be LH-dependent and in some cases can

be suppressed by treatment with gonadotrophin-releasing

hormone (GNRH) agonist, oestrogen–progestogen or

cyproterone acetate (CPA) (70). However, it should be

noted that hyperthecosis and ovarian androgen-secreting

tumours are both LH-dependent and therefore should be

further explored by complementary imaging (71). More

rarely, raised total serum testosterone can be associated

with a marked elevation of SHBG possibly as the result of

use of medication having an oestrogenic effect (tamoxifen

and raloxifene), or of hyperthyroidism or liver disease,

particularly portal hypertension with primary cirrhosis

(57). Where testosterone is just above the normal upper

limit, the most likely diagnosis is PCOS. However, a careful

screening should be performed for the non-classic form

of 21-hydroxylase deficiency (72) by basal or ACTH-

stimulated 17 hydroxyprogesterone measurement and,

depending on the clinical setting, for Cushing’s syndrome

by a complete adrenal exploration, including the dexa-

methasone suppression test.

What diagnostic approach should be adopted in the

presence of normal testosterone levels? " It is import-

ant to recognise that serum testosterone levels may be

normal, even in women with hirsutism, but factors that

could result in inappropriately low serum testosterone

concentrations should be considered. It is recommended

that an alternative assay can be used with the consider-

ation of an LC–MS/MS methodology. To account for an

effect from low SHBG, a common finding in PCOS

patients, SHBG should be measured and with the
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testosterone values should be used for calculating free

testosterone, using the standard formulae (73) (see Fig. 1).

SHBG is typically reduced in the event of excess body fat,

metabolic syndrome or familial history of diabetes. It is

still debatable if androgen receptor (AR) sensitivity

determined by CAG repeat polymorphisms may be

informative as a determinant of hyperandrogenism in

the presence of normal free testosterone concentrations.

That is, reduced AR CAG repeats, while not a genetic

marker for PCOS, are associated with higher serum

testosterone concentrations (74, 75, 76).

Screening for T2D and insulin resistance " Fasting

plasma glucose and HbA1c are not sensitive methods

of screening for T2D in situations of risk, such as PCOS

(77, 78), although as a screening tool with adjusted

criteria, fasting glucose may have some utility (79).

According to the AE-PCOS Society, an oral glucose

tolerance test should be performed in all obese women,

as well as in lean PCOS women with advanced age (O40

years), in the presence of a personal history of gestational

diabetes or family history of T2D (80, 81). Measurements

of serum insulin and estimates of insulin resistance are

not required for routine clinical management (82).

Hypersecretion of LH and the LH/follicle-stimulating

hormone ratio " Hypersecretion of LH, as the result of

increased pulsatility of the GNRH, is a quite common

feature of PCOS, particularly in lean women with oligo-

amenorrhoea (83). The current consensus did not support

the use of a single LH measurement (5) due to its intrinsic

variability; LH should be measured in the follicular phase

of the menstrual cycle or at random in the presence

of amenorrhoea. Because of the pulsatile nature of LH

secretion, several measurements may be useful in equiv-

ocal cases. It is estimated that over 75% of women with

PCOS harbour some degree of dysregulation of the

gonadotrophin function (7). Notably, obesity influences

LH pulse amplitude but not its frequency (84). These

findings are against the use of the LH/follicle-stimulating

hormone (FSH) ratio as a criterion for the diagnosis of

PCOS. In any case, an increase in LH blood levels is not

uncommon in non-obese PCOS women and perhaps in

those who are overweight or have mild obesity. Serum

LH measurements can also be particularly useful in the

differential diagnosis of normogonadotrophic amenor-

rhoea, where the most common competing diagnosis

is hypothalamic amenorrhoea, associated with an LH

concentration lower than that of FSH (85).

Anti-Müllerian hormone " For the past 10 years, AMH

has been recognised as an important marker of the

number of small antral follicles. It is not only used to

measure ovarian reserve but also reflects the greater

number of follicles present in the ovaries with polycystic

morphology (PCOm). Serum concentrations of AMH

correlate with the antral follicle count and degree of

menstrual disturbances (86, 87, 88). The strong association

between AMH and follicle count has led some authors

to compare the performance of one against the other for

the diagnosis of PCOS. However, the results in the

current literature are not homogeneous between studies,

as demonstrated in a recent compilation (89). Interest-

ingly, the serum AMH has been found to correlate with

the severity of both hyperandrogenism (90) and oligo-

anovulation in women with PCOS (91, 92). Future research

is required to explore the predictive value of AMH for the

outcome of treatment and in particular for the induction

of ovulation (89). Variability of results from studies

reporting AMH in women with PCOS can be explained

by methodological problems with serum AMH assays.

Currently available assays, while better than earlier

versions, are soon to be replaced by new kits from several

companies. It is therefore impossible at present to propose a

consensual and universal diagnostic threshold for serum

AMH that is predictive of ovarian dysfunction in PCOS (93).

Areas in development for laboratory assessment of

PCOS " For obesity-related parameters, see the section on

CV and metabolic issues relating to PCOS.

Oestrone " Serum oestrogen concentrations have

received relatively little attention in the diagnostic process

of PCOS. Although usually considered to be a normal

oestrogenaemic state, compared with other causes of

amenorrhoea, by aromatisation of excess androgens, it

would be expected that an oestrogen parameter would

be a potential marker for the syndrome. One group has

reported that the combination of serum oestrone and FAI

was highly predictive of PCOS status (94).

Vitamin D " Deficiency of vitamin D is very common in

women with PCOS, particularly in those with obesity (95).

It has been suggested that vitamin D status may contribute

to the development of the metabolic disturbances

associated with PCOS, chiefly insulin resistance and

glucose intolerance states (95). Current evidence, based

on a recent systematic review, supports an inverse

association between vitamin D serum levels and body

weight and metabolic alterations in PCOS (96, 97).
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Deficiency of vitamin D may also affect fertility in women

with PCOS. It is established that its receptors are expressed

in the ovaries, particularly in the granulosa cells, as well as

in the pituitary gland and endometrium (98, 99, 100).

With respect to AMH, it is known that, in vitro, LH

stimulates AMH from the granulosa cells (101), but the

main AMH receptors have also been found in the CNS

(102, 103). Therefore, it could be suggested that AMH may

have an extraovarian function. Interestingly, vitamin D

regulates AMH production in different cells (e.g. avian

granulosa cells) (104). The AMH gene promoter itself

seems to contain a vitamin D response element. In

addition, the presence of vitamin D receptors in the

hypothalamic preoptic area and in immortalised GNRH-1

cells (105) has been detected. With this background, we

expect that in the next few years the potential role of

an AMH–vitamin D network will be elucidated.

Advanced glycation end products " Advanced glycation

end products (AGEs) have received recent attention as

possible mediators not only of the metabolic syndrome

but also of ovarian physiology. Serum AGE concentrations

are raised in lean and obese women with PCOS (106),

with localisation of AGEs and their receptors to both theca

and granulosa cells (107). A suggested role for the AGE

system in ovarian follicular development might help in

predicting the outcome of fertility treatments (108).

Proteomics " The pursuit of novel biomarkers to define

either the aetiology or the complications of PCOS has led

to a tentative start of the application of proteomics (109).

Publications so far in this field have sampled various

tissues in small numbers of women and proposed a panel

of possible biomarkers. With plasma being the most easily

accessible tissue, the early studies have shown altered

expression of acute-phase response proteins and markers

of inflammation (110, 111). From omental adipose tissue,

proteins related to intermediate metabolism, oxidative

stress and differentiation have been described (111, 112).

Proteomics analysis of ovarian tissue comparing polycystic

and normal morphologies revealed a battery of 69 proteins

associated with cellular metabolism, the majority of which

were upregulated in PCOS (113).

Evaluation of ovarian morphology

With the advent of trans-vaginal ultrasonography, assess-

ment of ovarian follicle number has become the main

item of polycystic ovarian morphology (PCOm). An

increase in ovarian volume (OV), as well as an increased

ovarian area, are also considered as accurate markers of

PCOm, provided the measurements are carried out on

median sections of the ovaries. Nowadays, there is an

almost universal consensus on the choice of follicular

excess and ovarian enlargement as the main criteria to

define PCOm by ultrasound (93).

Establishing the normal values for follicle number per

ovary (FNPO), as well as for OV, and especially the setting

of accurate thresholds for distinguishing normal ovaries

from PCOm, is still the subject of great controversy. With

the advent of high-resolution ultrasonography, the

threshold of FNPO proposed at the 2003 Rotterdam

consensus (5) for the diagnosis of PCOm (i.e. R12 follicles

measuring 2–9 mm in diameter, mean of both ovaries)

(114) is currently met by more than 50% of normal young

ovulatory women in some series (115). Most likely, this

situation has arisen from the marked improvements in the

level of spatial resolution afforded by newer ultrasound

scanners. This issue has been revisited recently in two

studies comparing PCOS with controls by means of

receiver operating characteristic curve analysis and use

of well-selected control groups (116, 117). The conclusion

of these studies was to suggest raising the diagnostic

threshold substantially to R19 and to R26 follicles per

ovary respectively. Compared with 2D estimates, the 3D

method seems to detect more follicles per ovary in subjects

with PCOm, which is the opposite of that observed when

imaging normal ovaries (118, 119, 120). 3D ultrasono-

graphy holds promise in the evaluation of PCOm, but

further studies are required before recommending its

routine use (89).

OV appears to be a good surrogate marker of PCOm

although, compared with FNPO, it had less sensitivity for

discriminating between patients with PCOm and controls

in all the studies comparing both parameters. Therefore,

the use of OV for the diagnosis of PCOm is recommended

in instances when the image quality does not allow a

reliable estimate of FNPO, especially when the transva-

ginal route is not feasible, such as in adolescent girls (5).

Because there is some variability according to age,

ethnicity and body weight, the use of in-house reference

normal values is highly recommended but, if unavailable,

the existing OV R10 ml threshold can be used conserva-

tively. The ratio of ovarian stroma to total ovarian size may

be a good criterion for the diagnosis of PCOS, with a cutoff

value of 0.32 indicating an association with hyperandro-

genaemia (121). However, to date there are few studies

corroborating the diagnostic potential of this parameter.

In general, ovarian stromal volume and total ovarian size

are well correlated and, hence, there may not be any
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additional value to include stromal size measurements in

clinical practice. At present, the lack of uniform data and

absence of cutoff values make vascular indices by Doppler

impractical for discriminating between PCOm and normal

ovarian morphology (93).

Obesity, body composition and nutrition

Obesity, particularly the abdominal phenotype, is

undoubtedly a useful clinical predictor of metabolic

abnormalities which can be detected in the early stages

of PCOS and, sometimes, it even precedes its develop-

ment. It is also very frequent in PCOS, although its exact

prevalence is unknown, due to the lack of representative

population-based data. In fact, most studies performed in

this field are cross-sectional and retrospective or, at most,

case–control studies. Besides, most of them consist of

subjects referred for care (122). Referral to a medical

practice can be highly influenced by the degree of patient

concern for symptoms, awareness of the disorder and

socio-economic status, and all these conditions can be

responsible for a referral bias (39). Therefore, a more

accurate picture of the association between PCOS and

obesity might arise from the studies where PCOS would

be detected through the screening of an unselected or

minimally biased population. In addition, the studies

performed so far do not make it possible to establish the

direction of the association between PCOS and obesity,

and the causes of this association (66, 105). It is possible

that environmental factors such as energy intake, energy

expenditure or quality of diet, particularly the amount of

AGEs, are somehow involved in PCOS pathogenesis (123),

but the lack of rigorous methodology and carefully

controlled direct observation of the lifestyle of patients

leave the question unresolved. What we actually know

from the studies performed so far is that PCOS and obesity

are closely associated and that obesity, particularly the

abdominal/visceral phenotype, worsens the metabolic

and also the reproductive features of PCOS (67). Con-

versely, it is also possible that androgen excess favours

abdominal adiposity from early ages, facilitating insulin

resistance (18). Obesity is also strongly associated with the

most feared metabolic co-morbidity in PCOS that is T2D,

possibly through the well-known association of obesity

and insulin resistance. Longitudinal studies demonstrate,

in fact, that there is a risk intrinsic to the syndrome to

develop T2D and that this risk increases steadily with BMI

and is particularly high for BMI over 30 (9, 33, 124). There

is also evidence for a specific altered function of the

adipocytes in women with PCOS (125). Adiponectin, an

adipokine secreted by the adipose tissue, has intrinsic

insulin-sensitising activity that is mediated by activation

of AMP kinase (126). High molecular weight (HMW)

adiponectin is closely related with insulin sensitivity, and

low blood levels are associated with obesity and predict

T2D. It has been shown that HMW–adiponectin levels are

selectively reduced in PCOS, independent of BMI, fat

distribution and insulin resistance, and it was suggested

that the low levels may also be due to the degree of

hyperandrogenaemia through, possibly, an increased

action of testosterone on the adipocyte functions (127).

The distribution of fat to abdominal/visceral area is

unlikely to be the entire explanation for the metabolic

abnormalities observed in PCOS women. However, this

distribution together with the amount of body fat

contributes significantly to the expression and severity of

the PCOS phenotype (128). It has been demonstrated that

the adipose tissue of PCOS has an aberrant morphology

and function. In particular, adipocytes from women with

PCOS are hypertrophic and there is an impaired activity

of the sympathetic system in their abdominal fat (129).

Altered morphology and function of the adipose tissue are

associated with a reduced adipose tissue vascularisation

and a consequent hypoxia that stimulates a local low-

grade inflammation with an increased production of

cytokines, chemokines, adipokines (free fatty acid (FFA),

leptin, resistin and visfatin) and a decreased production of

adiponectin (129). Interestingly, this chronic low-grade

inflammatory state has been associated with the develop-

ment of local and systemic insulin resistance and,

probably through this mechanism, to T2D and to other

CV risk factors (130). The cause of the abnormal structure

and function of the adipose tissue in PCOS is unclear and

much more research has to be done in this exciting area.

Available evidence suggests that androgens could be

indirectly involved. In fact, androgens stimulate the

hypertrophy of adipocytes, by influencing the expression

of enzymes and proteins involved in lipid and carbo-

hydrate metabolism, in oxidative stress and in the

differentiation of pre-adipocytes into mature adipocytes

(131). In addition, androgens increase lipolysis, resulting

in an increased release of FFA (132). However, intrinsic

defects in adipocyte proliferation and differentiation

cannot be excluded and this will certainly be an area of

research in the near future. Recently, a link between

macrophage activation status and insulin resistance in

PCOS women has been found. Namely, it was observed

that the high gene expression of CD11c (ITGAX) along

with tumour necrosis factor alpha (TNFa) in subcutaneous

adipose tissue were significantly higher in PCOS women.
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Moreover, CD11c mRNA abundance made a stronger

contribution to models predicting TNFa, which has

proinflammatory properties that might significantly

contribute to the pathogenesis of insulin resistance in

PCOS women (133).

Sleep disorders in PCOS

Limited available data suggest that obstructive sleep

apnoea (OSA) is more common in obese PCOS women

both in adolescence and during reproductive years,

compared with the general population (134, 135). Overall,

sleep disordered breathing and daytime sleepiness appear

to be two- to threefold increased in obese PCOS patients.

Alternatively, normal-weight women with PCOS do not

seem to have an increased risk of sleep disorders compared

with healthy BMI-matched women (136). BMI, insulin

resistance and glucose intolerance are risk factors for the

development of sleep disorders in PCOS similar to those

reported in non-PCOS studies. Androgen excess might be

associated with the presence of OSA in PCOS. The presence

of OSA increases cardiometabolic risk in PCOS similarly

to non-PCOS women (137), whereas treatment of OSA

with continuous positive airway pressure is associated

with improvement in cardiometabolic dysfunction of

PCOS (138). It should be noted that almost all studies

on this topic have a cross-sectional design with a small

sample size, making it difficult to establish a mechanistic

link between PCOS and OSA. Nevertheless, it seems wise

at this moment to screen sleep disorders by clinical

questionnaires in obese women with PCOS. In the case

of clinical suspicion resulting from these questionnaires,

patients should be referred to a centre of sleep disorders

for polysomnography and further evaluation.

Psychological symptoms and
heath-related quality of life in PCOS

In addition to the signs and symptoms like hirsutism,

acne, irregular menses, infertility and excessive body

weight, psychological disorders may have a specific link

with PCOS (139, 140, 141, 142) and they may have

significant implications on the quality of life (143, 144,

145). Although there are very few available studies, it has

been shown that similar psychological profiles exist in

both NIH and non-NIH phenotypes of PCOS, which

implies that the presence of psychological dysfunction

occurs even in milder phenotypes of the syndrome (145),

suggesting that psychological function and quality of

life should be considered in all women with PCOS.

The assessment of psychological symptoms and quality

of life can be performed with appropriate validated

questionnaires or structured interviews. The most com-

mon questionnaires used to evaluate anxiety, depression

and other psychological aspects are the Hospital Anxiety

and Depression Scale (HADS questionnaire) (146), the

Rosenberg’s Self-Esteem Scale (147), the Beck Anxiety

Inventory (that evaluates the frequency of anxiety

symptoms) (148) and the Beck Depression Inventory

(that measures physical, emotional and mental symptoms

in depression) (149). A further questionnaire that

addresses many areas including depression and anxiety is

the Symptom Checklist 90 (SCL-90-R) (150). The choice of

each questionnaire largely depends on specialists involved

in different studies. The heath-related quality of life

(HRQoL) has been investigated by generic questionnaires,

such as the Short Form-36 questionnaire (SF-36) (151), the

most frequently utilised tool for many diseases besides

PCOS, or by a more specific questionnaire validated for

PCOS patients, the PCOSQ questionnaire, that involves

analysis of emotions, body hair impact, weight, menstrual

problems and infertility (152).

Available data show that PCOS status may have

significant negative consequences on both the psycho-

logical well-being and on the HRQoL, measured by either

the SF-36 scores or the PCOSQ (143, 153, 154, 155, 156,

157). Most cohort studies demonstrated that the preva-

lence of both anxiety (158) and depression (158, 159, 160,

161) may be higher than expected. Another study showed

that, compared with controls, a higher lifetime incidence

of depressive episodes, social phobia, and eating disorders,

and, dramatically, of suicide attempts does occur (161).

A recent study has found that depression was related more

to infertility while anxiety more to excess weight or

obesity (162), whereas other studies have reported that

obesity was also independently related to depression (163,

164). Interestingly, one prospective study reported that,

after 6 months of combined oral contraceptives (COCs)

use, the PCOSQ scores on body hair impact and menstrual

problems were significantly improved along with a clinical

improvement in hirsutism and menstrual irregularity,

although depression and anxiety mean scores and

depression rates did not show a significant change (165).

Conversely, in obese PCOS women, weight loss has been

found to improve depression and quality of life (166).

Whether an objective relationship between hormonal

and metabolic profiles and psychological symptoms exists

is still controversial. PCOS women with higher anxiety

scores were shown to have significantly higher androgen

(testosterone or FAI) values than those with lower anxiety
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scores, independently of BMI (145, 167). However, other

studies did not confirm these findings (163, 168).

Altered stress reactivity has been reported in women

with PCOS, as documented by exaggerated ACTH and

cortisol stress responses (169), impaired interleukin 6

upregulation after stress (163) and heightened sympath-

etic nerve activity (170).

Psychological gender and sexuality in PCOS are also a

matter of increasing interest, due to the potential impact

of high testosterone levels on psychological functions and

behaviour. The development of a feminine gender role

depends on self-acceptance in all of the aspects of biology,

maturity and social role. It was observed that younger

PCOS women are more influenced by the biological

sphere, particularly worries related to menstrual disorders

and infertility. On the contrary, adult PCOS women

behave more often as sexually undifferentiated due to a

weakened self-assessment in terms of biological maturity

and social role (171).

The high prevalence of depression and anxiety in

these patients should imply the inclusion of psychological

assessment not only in the initial evaluation of women

with PCOS but also in their follow-up, after any treatment

has been initiated. Much more research should be devoted

to the impact of androgens on psychological functions

and of obesity and related metabolic alterations. In line

with this reasoning, future research should also investigate

different aspects of sexuality.

Cardiometabolic risk factors

Insulin resistance and endothelial dysfunction

Current epidemiological data suggest increased prevalence

of classic and non-classic CV risk factors in women with

the different phenotypes of PCOS, according to the

Rotterdam definition. Phenotypic variability, particularly

ovulatory function and hyperandrogenism, appears to

influence CV and metabolic risks the most, as shown by

recent studies (54, 172). PCOS and obesity act synergisti-

cally to impair insulin sensitivity, thus making insulin

resistance highly prevalent in these women. Insulin

resistance of the arterial endothelial cells is associated

with reduced synthesis and release of nitric oxide (NO),

enhanced inactivation of NO after its release from

endothelial cells and increased synthesis of vasoconstrict-

ing agents leading to increased vascular stiffness and

impaired vasodilatory action of insulin, as demonstrated

in women with PCOS (173). Moreover, hyperinsulinaemia

exerts a direct hypertrophic effect on the vascular

endothelium and the vascular smooth muscle cells

and in concert with insulin resistance stimulates

endothelin-1 (ET1) production, thus exaggerating

endothelial dysfunction (174).

Role of lipo-oxidative stress

The most prevalent metabolic aberration in PCOS is

dyslipidaemia, which is present in 70% of patients, most

often represented by hypertriglycaeridaemia and low HDL

cholesterol levels and small dense LDL cholesterol (LDL-C)

particles – atherogenic dyslipidaemia, typical for the states

of insulin resistance (170) while LDL-C seems to be more

androgen dependent (175, 176). However, the impact of

dyslipidaemia in different PCOS phenotypes is not known.

Metabolic abnormalities including dyslipidaemia seem

to be transmitted to first-degree relatives of women with

PCOS (177) and may deteriorate with obesity (176) and

ageing (178). Nevertheless, the influence of BMI on the

severity of dyslipidaemia is still controversial and may be

influenced by the origin of investigated PCOS women

(177, 178). PCOS women in Europe showed differences

in lipid values. Namely, while triglycerides were almost

universally elevated in PCOS women, in some Caucasian

populations HDL was significantly lower and LDL

higher in comparison with other populations or reference

controls (179, 180). Detailed assessment of the prevalence

of different patterns of dyslipidaemia is still needed.

It is supposed that persistent androgen exposure could

induce dyslipidaemia via different mechanisms mediated

by ARs or the activity of lipoprotein lipase (181). A more

atherogenic LDL particle size pattern was observed,

suggesting androgen excess modifies LDL early in the life

of women with PCOS (182), offering a prolonged period

for further oxidative transformation, possibly leading to

more atherogenic potential (183). PCOS is associated with

oxidative stress characterised by increased production of

free radicals followed by decreased serum total antioxidant

levels even in non-obese women (184). Some data are

indicative of increased oxidative stress from mitochondria

of peripheral blood leucocytes (185), but this was not

confirmed in mitochondria of muscle tissue (186). It has

been shown that several circulating markers of oxidative

stress are abnormal in women with PCOS, independent

of weight excess (187). Oxidative stress in PCOS may

participate in systemic inflammation and together with

insulin resistance and consequent hyperinsulinaemia

promote ovarian thecal compartment dysregulation and

dysfunction of endothelial cells, resulting in hyper-

androgenism, anovulation and CV disorders (188).
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A contribution of insulin resistance to the disruption of

mitochondrial function by impairment of mtDNA in

mouse oocytes has been recently suggested (189). This

‘transgenerational-effect’ could be translated into humans

as similar oxidative stress pattern was found in mothers

with PCOS and their neonates, implying that mothers’

deranged oxidative milieu could be transferred into the

future metabolic vulnerability of their offspring (190).

Role of glyco-oxidative stress: AGEs

AGEs are the products of glycation or glycooxidation of

proteins and lipids and increased serum AGEs were

reported to be a distinct finding in women with PCOS,

independent of obesity, insulin resistance and serum

glucose levels (106).

Serum AGEs were closely and positively associated

with serum ET1 levels as a marker of endothelial

dysfunction in women with PCOS (191). Thus, increased

serum AGEs in young PCOS women with no apparent

traditional CV risk factors may be involved in pathways of

early-onset CV injury. Moreover, the direct correlation of

serum AGEs with serum testosterone levels in PCOS

women implicates both of these factors in the pathophy-

siology of reproductive and cardiometabolic aspects of the

syndrome (106). It is suggested that AGE dietary interven-

tions or inhibitors might represent an emerging thera-

peutic approach with significant applications in the

metabolic and reproductive consequences of PCOS (192).

Cardiometabolic risk in PCOS: the heart of the problem

There is an increased prevalence of classic and non-classic

CV risk factors in women with PCOS. This is reflected in

impaired endothelial function as measured by flow-

mediated dilation of the brachial artery, already at an

early age and confirmed by the recent meta-analysis (193).

Besides the early functional impairment of the vascular

wall, the morphologic signs of early atherogenesis as

increased intima–media thickness of carotid arteries

(C-IMT) are highly prevalent in young women with

PCOS (194, 195, 196). Whether the risk translates into

increased CV morbidity and mortality has not yet been

fully elucidated as appropriate long-term prospective

studies are lacking. The data on CV events in PCOS

women are inconsistent due to different criteria used to

retrospectively confirm the diagnosis of PCOS. Some of

the studies including very high numbers of women point

towards an increase in either CV morbidity and even

mortality in women with irregular menses (197, 198), or

increased incidence of stroke in PCOS women from the UK

(199). A prospective study on 32 PCOS patients followed

for 21 years did not confirm these data (24). A large study

(456, 298 person-years of follow-up) has shown an

association between menstrual irregularity and increased

age-adjusted risk for CV mortality, which lost significance

after adjusting for BMI (200), while the recent meta-

analysis has reported a twofold relative risk for arterial

disease irrespective of BMI (201).

Subclinical CV disease in PCOS

Various invasive and more commonly used non-invasive

methods, as well as structural markers, were used in

patients with PCOS for the evaluation of subclinical

atherosclerosis in asymptomatic patients. Endothelial

dysfunction was shown to be associated with higher levels

of androgens and with insulin resistance (202). This was

observed even at very early ages, and with a trend of

deterioration of endothelial function from lean to over-

weight and obese PCOS women (203). A recent systematic

review of the studies has confirmed that C-IMT was thicker

in women with PCOS in comparison with controls (204).

PCOS women have also been found to present with a

greater prevalence and extent of coronary artery calcifica-

tion than unaffected women, and this was independent of

age and BMI (205). Vascular calcifications lead to an

increase in arterial stiffness and in pulse wave velocity

together with endothelial dysfunction and increased

C-IMT, pointing towards early atherogenetic processes

driven by insulin resistance and other CV risk factors

present in PCOS women without overt CV disease (173).

These relationships provide a clue that lifelong exposure

to an adverse CV risk profile in PCOS may lead to

premature atherosclerosis (206) and that association of

CIMT in PCOS is explained only in part by weight and

fat distribution and associated risk factors (194).

Targeting treatment on patient’s need: costs,
benefits and side effects

General considerations

The following section summarises all the major thera-

peutic choices in the treatment of PCOS.

Lifestyle modifications " Lifestyle modification, inclu-

ding diet and exercise, is considered a cornerstone of

the management of women with PCOS presenting

with obesity, particularly the abdominal phenotype.
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As reported in a previous paragraph, PCOS is characterised

by a vicious circle whereby androgen excess favours

abdominal fat deposition which in turn aggravates insulin

resistance and compensatory hyperinsulinism, further

enhancing ovarian androgen secretion. Hence, thera-

peutic strategies ameliorating abdominal adiposity and

weight excess may inhibit this vicious circle, improving

not only the metabolic comorbidities of PCOS but also

androgen excess and reproductive aberrations (207, 208,

209, 210, 211). Dietary advice is the major component of

lifestyle modification, especially in obese patients. There is

little evidence suggesting that the composition of the diet

may influence the final outcomes, since weight loss

improved the presentation of PCOS regardless of dietary

composition in most studies (211). On the other hand,

only a few studies have addressed whether exercise

training and specific exercise programmes exert beneficial

effects on PCOS. Physical exercise may improve fitness,

CV, hormonal, reproductive and psychological par-

ameters in patients with PCOS. The type, intensity and

frequency of exercise required for treating PCOS are far

from being established (208). A recent systematic review

and meta-analysis has appraised the evidence regarding

the benefits associated with lifestyle modification in

women with PCOS (212); however, available data do not

allow evaluation of the independent effect of lifestyle

modification after accounting for weight loss. Neither

does available literature provide long-term follow-up to

ascertain benefits on other outcomes such as prevention of

diabetes or obesity, fertility or hirsutism (211). In addition,

the response to weight loss may be heterogenous. To

explore this issue, a follow-up study in obese women with

PCOS treated with a long-term lifestyle programmes,

consisting of a 1200–1400 kcal/day diet for 6 months,

followed by mild calorie restriction and physical activity,

showed that weight loss may lead to full recovery of PCOS

in more than one-third of women (213). Predictive factors

are still unclear, although higher androstenedione levels

may be associated with a poorer outcome (213).

In conclusion, exercise training combined with

dietary advice aiming at sustained weight loss may

ameliorate many aspects of the syndrome in overweight/

obese patients with PCOS. However, there is still not

enough evidence to guide specific lifestyle programmes

for women with PCOS and predict the response of each

patient to weight loss.

Bariatric surgery " Lifestyle modification aimed at

weight loss should be long-lasting and can be frustrating

for both patients and physicians. Moreover, long-term

maintenance of a reduced weight is extremely difficult as

reflected by the fact that only 15% of the subjects

undergoing weight loss interventions maintain their

reduced weight (214). In morbidly obese patients,

bariatric surgery can be an effective means of weight

loss and most women may resolve PCOS signs and

symptoms (215). Remarkably, recent evidence-based

Australian guidelines suggest a lower BMI threshold for

initiation of bariatric surgery in women with PCOS,

considering the strong pathogenetic association of the

syndrome with obesity (216). Bariatric surgery may in

fact prevent or reverse the metabolic syndrome and may

also have reproductive benefits (217), it may restore the

hypothalamic–pituitary axis, reduce CV risk and even

improve pregnancy outcomes. Hence, bariatric surgery

should be considered as part of the treatment in morbidly

obese PCOS women, especially in those with metabolic

syndrome (218, 219, 220)

Insulin sensitisers and other antidiabetic drugs " Since

insulin resistance and the associated compensatory

hyperinsulinaemia are common features, if not an integral

part, of the PCOS phenotype, the therapeutic challenge

has been expanded to insulin sensitising agents. Metfor-

min is the most widely used insulin sensitiser drug to treat

women with insulin resistance and PCOS. The benefits of

metformin treatment are believed to target both cardio-

metabolic disorders and the reproductive abnormalities

that characterise the syndrome with modest or null

efficacy on hyperandrogenic cutaneous signs (1). The

plausible mechanisms of metformin’s action include

the amelioration of insulin sensitivity in the liver and

peripheral tissues with local, direct effects on ovarian

steroidogenesis (221). Moreover, metformin appears to

ameliorate atherogenic markers, including inflammatory

molecules and AGEs acting independently of insulin

sensitisation. The latter effect may be exerted directly on

the pathways of AGE synthesis and clearance (221).

Thiazolidinediones (TZDs) are another class of insulin-

sensitising drugs that have been studied in women with

PCOS. Pioglitazone and rosiglitazone, the two currently

available TZDs, have been shown to be effective in

improving some metabolic (insulin resistance and IGT),

hormonal (hyperandrogenaemia) as well as reproductive

parameters (ovulation rate and menstrual cyclicity) of

PCOS (222, 223). At present there is not sufficient evidence

to support the suggestion that TZDs are superior to

metformin in metabolic and reproductive aspects of

PCOS (222). Most importantly, TZDs may increase body

weight due to fluid retention, which is a major concern in
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women with PCOS having a high prevalence of obesity

(224). Hence, TZDs are not considered as a first-line choice

for women with PCOS, but they may be an alternative

treatment in insulin-resistant or obese PCOS women who

do not tolerate or do not respond to metformin therapy.

A specific role for TZDs has been suggested for PCOS

women with severe insulin resistant state, often related to

a genetic disorder (225). However, there are several caveats

in the treatment with TZDs. More specifically, TZDs

should not be offered to patients who have any evidence

of liver disease or to patients with elevated baseline

alanine aminotransferase levels, while regular liver enzyme

control is required for patients receiving such treatment.

In addition, TZDs should not be prescribed to women

desiring pregnancy, because they are category C drugs

and may bear a teratogenic risk. Furthermore, regarding

rosiglitazone, previous meta-analyses of trials and obser-

vational studies suggested that it may increase the risk of

heart attack and other adverse CV events as compared with

the combination of metformin plus sulphonylurea (226).

However, a comprehensive readjudication of the relevant

trials has challenged this suggestion, and more recently

the FDA has lifted major prescribing and dispensing

restrictions for rosiglitazone (227).

Glucagon-like peptide 1 (GLP1) analogues (exenatide

and liraglutide) are novel therapeutic options for T2D,

acting as incretin mimetics that share similar glucoregu-

latory properties with the gut peptide hormone GLP1,

including glucose-dependent enhancement of insulin

secretion (228). Although GLP1 analogues are currently

only licensed for the treatment of people with T2D, they

represent an attractive option for the treatment of obesity

(229, 230), particularly in women with PCOS who display

impaired first- and second-phase insulin secretion (231).

Exploring this perspective, Elkind-Hirsch et al. (232)

undertook a prospective 24-week pilot study in 60 obese

oligo-ovulatory women with PCOS, randomised to receive

either metformin or exenatide or a combination of both.

Menstrual cycle frequency, the primary study endpoint,

as well as ovulatory rates, hormonal parameters and

metabolic markers were significantly improved in all

treatment groups and to a significantly greater degree in

the group taking the combined treatment, compared with

the metformin-treated group (232). Another preliminary

report has suggested that another GLP1 analogue, liraglu-

tide, may have an add-on effect on weight loss in obese

women with PCOS who had lost !5% body weight during

a 6-month pre-treatment with metformin (233).

In brief, changes in diet and lifestyle remain the

primary choice in the management of reproductive and

metabolic and CV sequelae in overweight and obese

women with PCOS. Metformin is the primary insulin

sensitising drug to be used as an adjuvant to general

lifestyle modification in patients who have IGT or, of

course, overt T2D. Furthermore, accumulating evidence

shows that, in a subset of women with PCOS, metformin

treatment may be effective for the improvement of

reproductive function irrespective of insulin resistance

and glucose intolerance (33). Since metformin exerts

beneficial metabolic, endocrine and ovarian effects acting

by tissue-specific mechanisms, this insulin sensitiser

seems to confer a global therapeutic benefit including

not only cardiometabolic aspects but also reproductive

aspects of PCOS. However, much more research should be

performed to identify those women who may derive

advantages from metformin. The use of TZDs should be

reserved only for patients who are intolerant or refractory

to metformin, while the potential therapeutic efficacy of

GLP1 analogues in obese PCOS women should be further

explored.

Use of oral contraceptives and progestins in manage-

ment of PCOS " COCs have an important place in the

management of both menstrual disorders and androgen

excess symptoms. Progestins, usually given cyclically, also

have a role in the management of menstrual dysfunction.

Although COCs remain the mainstay of the pharmaco-

logical therapy of PCOS, even low dose pills may

contribute to metabolic alterations and are linked to an

increased risk of CV events (234, 235). These data have

raised major concerns over the long-term safety of this

treatment, although, much to the contrary, data in PCOS

patients did not show significant worsening of insulin

resistance, glucose tolerance and lipid profiles during

treatment with antiandrogenic COCs (236). The most

widely prescribed COCs contain ethinylestradiol (EE) at

doses ranging from 20 to 35 mg and an antiandrogenic

progestin. Although both second- and third-generation

COCs are equally effective in controlling menses, it is

advisable to avoid COCs with higher oestrogen doses or

those containing 19-nor derived progestins, which are

modified androgens. Such COCs may be associated with

more adverse effects on the CV risk, which may be

inherently increased in women with PCOS, particularly

the obese ones (237). Although there is no evidence that

COCs containing EE doses lower than 35 mg exert a

significant influence on plasma glucose concentrations

and insulin secretion (238), androgenic progestins may

worsen insulin resistance and lipid profile (239). In addi-

tion, COCs may aggravate low grade inflammation (240).
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Another concern raised by recent data on the use of COCs

is the potential increase of risk of venous thromboembo-

lism. Even low dose COCs containing antiandrogenic

progestins, such as drospirenone, have been associated

with an increased risk of venous thromboembolic events

among women in the general population and, parti-

cularly, women with PCOS (241, 242). Overall, physicians

should consider the increased risk of metabolic abnorm-

alities, CV events and venous thromboembolism when

prescribing contraceptive therapy to women with PCOS.

Menstrual regulation " Menstrual irregularity in the

form of oligomenorrhoea or prolonged and/or heavy

vaginal bleeding is common in women with PCOS. In

those patients who do not wish to conceive, a low-dose

combined COC is the most convenient form of treatment

(1). Cyclical progestins (typically micronised progesterone

100–200 mg daily or medroxyprogesterone acetate 10 mg

daily for 10–14 days/month) are a reasonable alternative,

particularly in women who do not need the pill for

contraceptive purposes. In severely oligomenorrheic

patients, treatment is strongly advised, because of the

long-term risks of unopposed endometrial exposure to

oestrogen (endometrial hyperplasia and cancer).

Hirsutism and acne " COCs are also important in

management of hirsutism, acne and androgenetic alope-

cia. The major mechanism of action is the suppression of

LH-mediated ovarian androgen production together with

markedly increasing SHBG concentrations that, by seques-

tering testosterone, reduce free testosterone concen-

trations even to below the normal range. In more severe

cases, anti-androgen therapy is indicated. The most

commonly used anti-androgen in Europe is CPA. This

also has progestogenic activity and can be combined with

EE to provide cycle control in addition to the amelioration

of hyperandrogenic symptoms. This treatment is equally

effective for the treatment of acne, although other options

such as antibiotics and retinoic acid derivatives may

be considered. CPA, flutamide, finasteride or spirono-

lactone can be added to any COC to amplify the anti-

antiandrogenic activity (243, 244, 245, 246) although,

except CPA, all other antiandrogens are still not registered

for these indications, even though their well-defined acti-

vity on dermatological signs of androgen excess has been

documented, as summarised in the following paragraph.

Anti-androgens " Hyperandrogenaemia/hyperandro-

genism is an integral part of PCOS and an imperative

criterion for the diagnosis of PCOS (4, 5, 7). We strongly

believe that androgen excess is the major abnormality in

PCOS. Normal androgen blood levels in some women do

not mean that PCOS may be associated with normal

androgen secretion. In fact, technical reasons might be

responsible for inaccurate testosterone levels (48, 49, 57),

as discussed in the previous paragraph on ‘Laboratory and

biomarkers’. In addition, recent data have supported the

suggestion that simultaneous measurement of serum

testosterone and androstenedione may represent a useful

tool to predict metabolic issues in PCOS women (54).

Moreover, hyperandrogenism is closely related to ovula-

tory dysfunction and follicle excess, which might be a

marker of an ‘occult’ hyperandrogenism, as demonstrated

by a principal component analysis by Dewailly et al. (247).

Accordingly, hyperandrogenism could still be a major

abnormality in this phenotype. Most patients seek

medical advice because of hirsutism, which is the most

common clinical manifestation of hyperandrogenaemia.

In addition, PCOS is the most prevalent diagnosis among

patients presenting with hirsutism (248, 249). Therefore,

hyperandrogenaemia is a major target of therapeutic

management of PCOS (250). Since hirsutism negatively

influences the psychological well-being of young women

(see previous paragraph), antiandrogen treatment

improves not only their physical appearance but also

their psychological situation and quality of life (245).

Antiandrogens should be used only with concomitant

contraception to avoid foetal male pseudohermaphrodit-

ism in the event of unplanned pregnancy. At least 9–12

months are required in order to decide whether or not the

antiandrogen treatment is effective in the amelioration

of hirsutism (249, 251, 252, 253). The factors to be

considered in the selection of antiandrogen drugs include

the severity of hirsutism, the cost and the effectiveness of

the drug, side effects and the associated clinical features/

manifestations of the patient (245, 246).

Spironolactone is an aldosterone receptor as well as an

AR antagonist. Doses between 50 and 200 mg are generally

effective for the treatment of hirsutism, while the preferred

dose is 100 mg/day. It is accepted as a safe antiandrogen

drug although it may cause several side effects, particularly

in higher doses (breast tenderness, menstrual disturb-

ances, headache or polyuria) (243, 245, 246).

CPA is a steroidal antiandrogen. The recommended

dose of CPA for the treatment of hirsutism is 50 or

100 mg/day for 10 days/cycle. However, studies compar-

ing various dosages of CPA demonstrated that low and

high doses of CPA have similar effects in decreasing the

hirsutism scores. Consequently, the most commonly used

dosage is 2 mg CPA combined with 35 mg EE. CPA may
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result in several side effects including liver toxicity,

headache, weight gain, breast tenderness, loss of libido,

oedema and mood changes (243, 244, 252).

Flutamide is a non-steroidal antiandrogen. A low

dose (%250 mg/day) is as effective as a higher dose

(500 mg/day) in the treatment of hirsutism (246, 254,

255). Although serious liver toxicities have been reported

with high doses of flutamide (750–1500 mg/day), available

data have shown no evidence of hepatotoxicity in

hyperandrogenic girls or young women receiving low-

dose flutamide (62.5–250 mg/day) for up to 54 months

(245, 254, 255). However, liver function tests should be

monitored regularly during the treatment.

Finasteride is not actually an antiandrogen but a

5a-reductase inhibitor that inhibits the local conversion

of testosterone into dihydrotestosterone before the latter

binds to the nuclear AR in target tissues. Finasteride 5 mg

daily is a safe drug that is effective for the treatment of

hirsutism, similarly to antiandrogens (256).

Drospirenone, a relatively new progestin, has anti-

androgenic and antimineralocorticoid features. Although

it is weaker than the other antiandrogens in the treatment

of hirsutism, drospirenone has been widely used as a

combination with EE in women with PCOS. Available

studies have reported that a 6-month treatment with the

drospirenone-containing COC is effective in improving

hirsutism in women with PCOS (245, 257). The potential

benefits offered by this improved pharmacological profile

of drospirenone have translated into a positive effect on

body weight in clinical trials of women with PCOS (258).

Overall, antiandrogen drugs may be used alone or

combined with another antiandrogen, an insulin sensi-

tiser (metformin) or with an oral contraceptive pill. The

combined treatments are generally more effective than

one drug alone. In particular, a combination of an

antiandrogen and COCs with metformin may lead to

more beneficial metabolic effects than monotherapy with

either an antiandrogen or a COC (259, 260, 261, 262).

There are sufficient data in the literature to confirm that

low doses of antiandrogens are as effective as high doses of

antiandrogens, so the lowest effective dose of an anti-

androgen agent should be used to avoid dose-related side

effects and reduce costs.

Targeting treatment based on a
phenotypic approach

The therapeutic management of the syndrome should

consider the heterogeneity in PCOS phenotypes.

Therefore, a careful individualised approach is required

to follow-up these women throughout their life.

Therapeutic approach to the metabolic phenotype

Recent advances using non-targeted metabolomic

approaches (263) have indicated that obesity is the

major determinant of the metabolic heterogeneity of

patients with PCOS. When considered as a group, both

lean and obese women with PCOS have increased

circulating insulin levels relative to those of serum glucose

compared with healthy lean and obese women (264). Such

a finding strongly suggests a certain degree of hepatic

(central) insulin resistance irrespective of obesity, since

increased insulin levels in conjunction with normal

hepatic insulin sensitivity would necessarily lead to

hypoglycaemia. However, the metabolomic profiles of

non-obese patients with PCOS were consistent with

suppression of lipolysis and increased glucose utilisation

in peripheral tissues, clearly indicating preserved insulin

sensitivity in peripheral tissues such as skeletal muscle and

adipose tissue (262). The profiles of obese patients with

PCOS, on the contrary, indicate the existence of both

central and peripheral insulin resistance (263). Hence,

substantial metabolic heterogeneity, strongly influenced

by obesity, underlies PCOS and the possibility that

hyperinsulinaemia may occur in the absence of universal

insulin resistance in non-obese women with PCOS should

be considered when designing diagnostic and therapeutic

strategies for the management of this prevalent disorder.

Therefore, the presence of obesity is of capital importance

not only for the association of PCOS with metabolic

disorders, but also for the management of the syndrome.

In this regard, every effort should be made to prevent

obesity and abdominal adiposity in non-obese women

with PCOS. Lifestyle modification such as maintenance of

regular physical activity, dietary counseling in pre-obese

women and proactive promotion of smoking cessation

should be routinely advised to non-obese patients. The

latter is especially important because smoking is associ-

ated with abdominal adiposity and potentiates the

unfavourable effects of current drug therapies for PCOS

on blood clotting tests and endothelial function (264).

The same approaches should be applied to obese women

with PCOS, in whom some anti-obesity drugs might be

considered. Unfortunately, currently available anti-

obesity drugs are seldom useful in the long-term. For

PCOS patients presenting with grades 2 and 3 obesity,

bariatric surgery may be especially useful, because the

marked weight loss usually attained after such procedures
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usually resolves not only the metabolic disorders of PCOS

but also PCOS itself, restoring ovulatory function and

fertility (see previous paragraph). It is noteworthy that the

onset of metabolic disorders, such as IGT, diabetes,

dyslipidaemia and even hypertension, occurs at earlier

ages in women with PCOS compared with the general

population. Other than the need for a more aggressive

approach towards adequate control of these and other CV

risk factors, the drug treatment of metabolic disorders is

not specific for patients with PCOS, although the use of

insulin sensitisers and statins may secondarily ameliorate

some of the symptoms of PCOS (265, 266). Finally, it

should be stressed that there is no solid evidence

supporting that the presence of metabolic complications

should influence the choice of treatment for PCOS. On the

one hand, insulin sensitiser drugs are inferior to COCs for

the control of PCOS signs and symptoms (265). Modern

third generation COCs containing an antiandrogenic

compound are not associated with significant adverse

effects on the metabolic profile of PCOS patients and

might even exert beneficial effects on their lipid profiles

and adipokine secretion (1).

Therapeutic approach to the hyperandrogenic

phenotype

It is likely that in endocrinology departments the great

majority of women with PCOS are seen because of

hirsutism as PCOS accounts for 70–80% of patients with

hirsutism (250), therefore the hyperandrogenic pheno-

type is the most common form of PCOS in endocrinology

outpatient clinics. The choice of treatment should be

defined according to age and the specific phenotype of

the individual patient. Among others, selected classes

of patients who may require specific attention in defining

the therapeutic plan are i) adolescent girls, ii) normal

weight hirsute women with PCOS, iii) obese hirsute

women with PCOS, iv) hirsute women with PCOS seeking

pregnancy, v) hirsute women with PCOS and menopause

and vi) hirsute women with PCOS and glucose intolerance

states. Review articles focused on treatment of hirsutism

in women with PCOS have recently been published and

may be referred to for more detailed information (248).

The treatment of hirsutism may take advantage of

different strategies, even including lifestyle changes in

the presence of excess weight or obesity. In fact, all these

interventions may be helpful in lowering high androgen

levels and consequently ameliorating the severity of

hirsutism (246). In most cases, the hirsutism score may

improve by more than 50% and testosterone blood values

may reach the normal range. However, the therapeutic

plan should be prolonged for a long period of time in order

to maintain weight loss (245, 246).

Pharmacological treatment is preferred in women

who do not desire pregnancy. Pharmacological agents

consist of COCs and antiandrogens. For most hyper-

androgenic women with PCOS, COCs are suggested as the

first-line drugs, unless contraindicated, for most hyper-

androgenic women with PCOS (1, 245). If there is a

contraindication for the use of COCs, antiandrogens may

represent the first choice. For many decades, CPA

combined with EE has been used as the most common

agent for the treatment of hirsutism and its efficacy has

been proved in a long series of clinical studies. Finasteride

is a very safe drug and can produce seminal efficacy,

although some studies found that it may be less effective

when compared with other antiandrogens. Drospirenone

may be combined with EE, but its activity is inferior to that

of CPA (245, 246). Flutamide has significant clinical

efficacy in the treatment of hirsutism in the long term

(251, 266), although some concern has been raised

because of its potential hepatotoxicity (see previous

paragraph). It is important to note that antiandrogens

are usually used in combination with COCs, especially in

severe hirsute patients. The combination of CPA (2 mg)C

EE (35 mg) and spironolactone or finasteride have

been found to be more effective than one each of these

drugs alone (261, 267, 268). On the other hand,

antiandrogens may also be used alone when COCs are

contraindicated, but this should be advised only after

ensuring safe contraception, even if non-hormonal, is

established. Metformin is not effective in the treatment

of hirsutism (1).

Additional treatments of hirsutism are cosmetic

procedures. They may be particularly effective as indivi-

dual therapy in controlling mild and localised hirsutism,

but can also be recommended as an adjuvant to

pharmacological therapy in cases of clinically moderate

to severe hirsutism, according to each woman’s wishes.

Electrolysis and the newer methods, such as laser therapy

and intense pulse light, are folliculytic treatments that

may result in permanent amelioration of hirsutism,

although they are operator dependent and may be

associated with local side effects (269, 270). Their main

advantages are related to their rapid effectiveness and,

possibly, to a relative permanence of hair removal.

However, it should be considered that a recent Cochrane

review of hair removal methods found little evidence of

effectiveness for some of these techniques, with only

alexandrite and diode lasers being able to reduce hair by
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w50% in a few months (270). Unfortunately, there

are no long-term follow-up studies and, in many cases,

these procedures frequently require multiple therapeutic

sessions. In some cases of mild hirsutism localised on the

face, an alternative may be the topical application of a

13.9% eflornithine (an irreversible inhibitor of L-ornithine

decarboxylase) cream, which may reversibly slow facial

hair growth in many hirsute women. However, it does not

remove hair (271).

Therapeutic approach to the reproductive phenotype

Infrequent or absent ovulation is the predominant cause

of reproductive dysfunction in women with PCOS.

Abnormal endometrial function has been reported but

this is usually secondary to anovulation (e.g. endometrial

hyperplasia due to unopposed oestrogen stimulation).

The main therapeutic issues for women with PCOS and

reproductive dysfunction are therefore treatment of

infertility or else menstrual regulation in those women

who do not desire pregnancy.

Diet and lifestyle " Weight reduction alone may result

in spontaneous ovulation in overweight or obese women

with PCOS, and it is recommended that diet and lifestyle

changes (including increasing daily exercise) should be

the first-choice treatment in overweight and obese women

with PCOS (211, 272). Even in women who do not ovulate

spontaneously following weight reduction and lifestyle

modifications, the response to induction of ovulation is

likely to be improved by these measures, although there

have been reports of pregnancies after nine or more

months of treatment (273). In fact, excess weight or

obesity has an adverse effect on ovulation rate and both

elevated androgens and high LH negatively affect respon-

siveness to treatment (273, 274, 275, 276).

Induction of ovulation " The objective of agents to

induce ovulation is to increase serum FSH levels, to

stimulate follicle development, in women with PCOS

who typically have sub-optimal serum FSH concen-

trations. This can be achieved either by raising endogen-

ous levels of FSH (as with the use of anti-oestrogens

or aromatase inhibitors) or by giving exogenous FSH

by daily injection. The oestrogen receptor antagonist,

clomiphene citrate (CC), remains the treatment of first

choice for induction of ovulation in women with

PCOS (263) and typically results in ovulation in 75–80%

of cases. This is usually given as a 5-day course at a

starting dose of 50 mg/day at the onset of menses or a

progestagen-induced withdrawal bleed. It is wise to

monitor the first cycle of treatment using ultrasound

scans so that the dose can be adjusted if there is no

response (or if too many follicles develop). If ovulation is

successfully induced, it is conventional to continue

treatment with CC for up to 6–12 months (272). A more

recently proposed alternative to CC or other anti-

oestrogens are aromatase inhibitors. Initial studies have

reported effective induction of ovulation but progress to

routine therapeutic use has been delayed by early concerns

about safety. We are now waiting for the results of large

randomised control trials (RCTs) and so the use of

aromatase inhibitors for induction of ovulation cannot

yet be recommended, even though initial results from

previous studies are encouraging (277).

Management of CC-resistant patients (those who fail

to ovulate) is difficult, as is the choice of treatment in

those who ovulate but have not conceived within

6 months. In many centres, the treatment of choice in

CC non-responders is low-dose FSH (272), with careful

ultrasonographic monitoring of the ovarian response.

In specialist centres, the use of low-dose FSH has been

successful in maintaining the multiple pregnancy rate

at a minimum (272, 277). Data from an RCT suggest that

laparoscopic ovarian diathermy may be as effective as low-

dose FSH in inducing ovulation, but adjunctive therapy

with CC and/or FSH was also required after surgery in

about two-thirds of cases (278, 279, 280, 281).

Metformin has been reported to improve ovulation

rates in women with PCOS when given alone or together

with CC (1, 282) and has been widely used in women

with oligo- or anovulation. However, it is questionable

whether the small improvement in ovulation rate in

women given metformin alone is independent of the

weight loss that can occur in some patients during

metformin treatment (1, 283). Results of the initial clinical

trials suggested that addition of metformin improves the

efficacy of CC treatment but subsequent data from large,

prospective, double-blind, randomised control trials have

shown no benefit of metformin alone or in combination

with CC in terms of live birth rates (284, 285).

Menstrual regulation " Menstrual regulation may be

indicated in those women who do not wish to conceive.

Many patients suffer occasional distressing episodes of

prolonged and/or heavy vaginal bleeding. Even in patients

without menstrual symptoms, treatment may be advisable

because of the long-term risk of unopposed oestrogen

(endometrial hyperplasia and cancer). A low-dose COC

(containing EE, 20–35 mg) may be the most convenient
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form of treatment, although cyclical progestogen is a

reasonable alternative, particularly in women who do not

need the pill for contraceptive purposes. For details of oral

contraceptive use in women with PCOS, see section ‘Use

of oral contraceptives and progestins in management of

PCOS’ above and recent Endocrine Society clinical

practice guidelines (1).

Future directions of research in PCOS

This paper expresses an overall perspective of endocrinol-

ogists in Europe on PCOS, aiming to help clinicians in the

management of this complex and multifaceted disorder.

At the same time, it clearly underlines the need for clinical

and translational research in many areas of uncertainty, in

order to provide an adequate rationale for the diagnostic

work-up, for the treatment choices, according to the age

and needs of each patient, and on the prevention of

dysmetabolic consequences. Further research is also

needed to define the aetiological aspects of PCOS, which

should include not only genetic and, probably, epigenetic

factors, but also early events responsible for the develop-

ment of different phenotypes. In turn, this effort could

favour preventive strategies, anyhow feasible before or

during adolescence. Ethnic differences in the clinical

manifestations of PCOS require specific attention, due to

the genetic background and the effects of environmental

factors, often related to the development of obesity and

associated metabolic comorbidities. Diagnosis of PCOS

might also be potentially improved by the use of new

biomarkers of androgen excess and ovarian dysfunction.

In this context, we believe that it is time for the

development of a more objective method to define and

quantify hirsutism in the different parts of the body,

possibly with the collaboration of dermatologists. An

important area of future basic and clinical research is also

represented by the study of impact of androgen excess and

the androgen–oestrogen imbalance on metabolism. This

could be particularly relevant for the development of

therapeutic strategies for prevention of T2D and, possibly,

CV events, not only during adult age but extended to well

after the menopause. In this regard it is important to

consider that the significantly higher propensity of obese

women with PCOS to develop T2D may disclose specific

pathophysiological mechanisms related to the dangerous

effect of the sex hormone imbalance on insulin secretion

and action, through still poorly defined molecular

mechanisms. The psychoneurological consequences of

androgen excess also require much more consideration in

the diagnostic work-up and in the management of women

with PCOS. New methods addressing infertility are

also under intensive research activity worldwide.

Finally, we clearly recommend separately including the

different possible PCOS phenotypes when planning

clinical studies including heterogeneous phenotypes or

interventional therapeutic trials targeted at the treatment

of hyperandrogenism, infertility or associated metabolic

comorbidities.
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A 22-year-old woman reports having hirsutism and irregular menses. She describes 
unpredictable and infrequent menses (five or six per year) since menarche at 11 years 
of age. Dark, coarse facial hair began to develop at 13 years of age. The symptoms 
worsened after she gained weight in college. The physical examination includes a 
body-mass index (BMI; the weight in kilograms divided by the square of the height 
in meters) of 29, blood pressure of 135/85 mm Hg, and moderate hirsutism without 
virilization. Laboratory tests reveal a total testosterone level of 65 ng per deciliter 
(2.3 nmol per liter) (assay reference range, 14 to 53 ng per deciliter [0.5 to 1.8 nmol 
per liter]), calculated free testosterone level of 15.3 pg per milliliter (53.1 pmol per 
liter) (assay reference range, 0.6 to 6.8 pg per milliliter [2.1 to 23.6 pmol per liter]), 
and glycated hemoglobin level of 5.7% (normal value, ≤5.6%). How should this case 
be evaluated and managed?

The Clinic a l Problem

The polycystic ovary syndrome is a disorder that is character-
ized by hyperandrogenism, ovulatory dysfunction, and polycystic ovarian 
morphologic features. As defined by the diagnostic criteria of the National 

Institutes of Health (i.e., hyperandrogenism plus ovulatory dysfunction), “classic” 
polycystic ovary syndrome affects 6 to 10% of women of reproductive age, but the 
prevalence may be twice as high under the broader Rotterdam criteria (Table 1).1 
Manifestations of androgen excess (e.g., hirsutism) may cause substantial distress 
in patients, and the polycystic ovary syndrome is the most common cause of an-
ovulatory infertility.

This complex polygenic disorder has environmental influences (e.g., those that 
contribute to obesity).1 Many studies suggest that inherent abnormalities of ovar-
ian steroidogenesis and follicular development play a role in the polycystic ovary 
syndrome. The syndrome is also associated with persistently rapid gonadotropin-
releasing hormone pulses, an excess of luteinizing hormone, and insufficient 
follicle-stimulating hormone (FSH) secretion, which contribute to excessive ovar-
ian androgen production and ovulatory dysfunction. In addition, many women 
with the polycystic ovary syndrome have insulin resistance, and compensatory 
hyperinsulinemia enhances ovarian (and adrenal) androgen production and in-
creases androgen bioavailability through reduced levels of sex hormone–binding 
globulin. Genomewide association studies implicate many genes, including those 
for gonadotropin receptors, the beta subunit of FSH, insulin receptor, differen-
tially expressed in normal and neoplastic cells domain-containing protein 1A 
(DENND1A), and thyroid adenoma-associated protein (THADA). “Developmental 
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programming” through environmental or hor-
monal imprinting may also contribute to the 
development of the polycystic ovary syndrome. 
Various pathophysiological factors (Fig. 1, and 
Fig. S1 in the Supplementary Appendix, available 
with the full text of this article at NEJM.org) may 
play different relative roles in individual patients.1

The polycystic ovary syndrome is associated 
with cardiometabolic abnormalities and possibly 
an increased risk of cardiovascular disease.9 Among 
women with this syndrome, 50 to 80% are obese.1 
Impaired glucose tolerance is reported in 30 to 
35% of U.S. women with classic polycystic ovary 
syndrome, and type 2 diabetes mellitus is re-
ported in 8 to 10%; the risk of these conditions 
is influenced by age, adiposity, and a family his-
tory of diabetes.10,11 Women with the polycystic 
ovary syndrome have lower high-density lipopro-
tein cholesterol and higher triglyceride and low-
density lipoprotein (LDL) cholesterol levels than 
women without the syndrome. Differences in LDL 
cholesterol levels are at least partly independent 
of differences in BMI.12

Subclinical vascular disease (e.g., impaired en-
dothelial function, increased carotid-artery in-
tima–media thickness, and elevated coronary-
artery calcium scores) has also been reported in 
women with the polycystic ovary syndrome and 
appears to be at least partly independent of adi-
posity.1,9 Although some studies suggest a higher 
incidence of cardiovascular events among post-
menopausal women with a presumed history of 
the polycystic ovary syndrome, data are insufficient 

to address rates of cardiovascular events among 
premenopausal women with this syndrome.1,9

The risk of endometrial cancer is estimated to 
be 2.7 times as high among women with the poly-
cystic ovary syndrome as among women without 
the syndrome, and the lifetime risk of endometrial 
cancer among women with the syndrome has been 
estimated to be as high as 9%.13 Risk factors for 
endometrial cancer among women with the poly-
cystic ovary syndrome include anovulation, obe-
sity, and insulin resistance; the risk related to 
chronic anovulation reflects prolonged estrogen-
mediated mitogenic stimulation of the endome-
trium with inadequate progesterone exposure for 
endometrial differentiation.13 Women with the 
polycystic ovary syndrome also have increased 
risks of pregnancy complications (e.g., gestational 
diabetes and preeclampsia),14 obstructive sleep 
apnea,15 and emotional distress (e.g., depression 
and anxiety).16

S tr ategies a nd E v idence

Diagnosis

Three sets of criteria for the polycystic ovary syn-
drome in women have been developed.17-19 Each 
set involves different combinations of hyperan-
drogenism, ovulatory dysfunction, and polycystic 
ovarian morphologic features (Table 1).

Hyperandrogenism can be clinical (e.g., hir-
sutism and acne), biochemical (e.g., elevated se-
rum androgen levels), or both. Hirsutism, or ex-
cessive growth of terminal hair that appears in 

Key Clinical Points

Polycystic Ovary Syndrome

• The polycystic ovary syndrome is diagnosed in women with at least two of the following otherwise 
unexplained abnormalities: hyperandrogenism (clinical, biochemical, or both), ovulatory dysfunction, 
and polycystic ovarian morphologic features.

• Women with the polycystic ovary syndrome are at increased risk for infertility, endometrial hyperplasia 
and cancer, abnormal glucose metabolism, dyslipidemia, obstructive sleep apnea, depression, and 
anxiety.

• Nonpharmacologic therapies play key roles in the treatment of the polycystic ovary syndrome. Lifestyle 
modification is important for patients who are (or are at risk for being) overweight or obese and in 
those with other coexisting metabolic conditions. Mechanical hair removal (e.g., shaving) is an 
important treatment strategy in patients with hirsutism.

• Combined (estrogen–progestin) oral contraceptives are considered to be the first-line pharmacologic 
therapy for the classic symptoms of the polycystic ovary syndrome. They ameliorate hyperandrogenism 
(e.g., hirsutism), result in predictable withdrawal bleeding, and provide reliable endometrial protection 
and contraception.

• Additional pharmacologic therapies may include spironolactone (with appropriate contraception) for 
hirsutism, episodic or continuous progestin therapy for endometrial protection, metformin for 
abnormal glucose tolerance, and clomiphene for ovulation induction.
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a male pattern, may be quantified with the use 
of the modified Ferriman–Gallwey score. This 
scoring system involves visual grading of hair 
growth over nine androgen-sensitive areas (each 
area graded on a scale from 0 to 4, with 0 indi-
cating no terminal hair growth and 4 indicating 
marked terminal hair growth), and all individual 
scores are summed to obtain a final score; a 
score of 8 or more is typically considered abnor-
mal, although lower thresholds are appropriate 
for women of eastern Asian descent and higher 
scores may be more appropriate for women of 
Hispanic, Mediterranean, and Middle Eastern 
descent (Fig. S2 in the Supplementary Appendix).1

Assessment of hyperandrogenemia requires 
reliable androgen assays. Total testosterone assays 
are relatively inaccurate at the lower levels de-
tected in women, although mass spectrometry–
based assays of total testosterone may perform 
better.20 Free testosterone is the most sensitive 
test for hyperandrogenemia in women with the 
polycystic ovary syndrome,1 but direct free tes-
tosterone assays are notoriously inaccurate; ac-
cordingly, it is more appropriate to calculate free 

testosterone with the use of measurements of 
total testosterone and sex hormone–binding 
globulin.20

Some experts have argued that hyperandrogen-
ism should be required for a diagnosis of the 
polycystic ovary syndrome because it best identi-
fies women at risk for coexisting metabolic con-
ditions. As a group, women with only ovulatory 
dysfunction and polycystic ovaries have lower car-
diometabolic risk than women with classic poly-
cystic ovary syndrome.19

Ovulatory dysfunction is typically indicated 
by unpredictable menses that occur at less than 
21-day or greater than 35-day intervals. However, 
regular menses that occur every 21 to 35 days do 
not confirm normal ovulatory function in women 
with hyperandrogenism: 15 to 40% of women with 
hyperandrogenism and regular menses have 
ovulatory dysfunction.21

Polycystic ovarian morphologic features are 
currently defined as 12 or more antral follicles 
(2 to 9 mm in diameter) in either ovary, an ovar-
ian volume that is greater than 10 ml in either 
ovary, or both.18 A transvaginal transducer with 

Variable
National Institutes 

 of Health Rotterdam
Androgen Excess 

 and PCOS Society

Hyperandrogenism* Hyperandrogenism 
 required

Any two of the three features (hyper-
androgenism, ovulatory dysfunc-
tion, polycystic ovarian morpho-
logic features) required

Hyperandrogenism required

Oligo-ovulation or 
 anovulation†

Ovulatory dysfunction required Any two of the three features (hyper-
androgenism, ovulatory dysfunc-
tion, polycystic ovarian morpho-
logic features) required

Either ovulatory dysfunction or 
polycystic ovarian morpholog-
ic features required

Polycystic ovarian morpholog-
ic features‡

Not applicable Any two of the three features (hyper-
androgenism, ovulatory dysfunc-
tion, polycystic ovarian morpho-
logic features) required

Either ovulatory dysfunction or 
polycystic ovarian morpholog-
ic features required

No. of combinations that 
meet criteria for the poly-
cystic ovary syndrome

Two (hyperandrogenism plus 
ovulatory dysfunction; hyper-
androgenism plus ovulatory 
dysfunction plus polycystic 
ovarian morphologic fea-
tures)

Four (hyperandrogenism plus ovula-
tory dysfunction plus polycystic 
ovarian morphologic features; hy-
perandrogenism plus ovulatory 
dysfunction; hyperandrogenism 
plus polycystic ovarian morpho-
logic features; ovulatory dysfunc-
tion plus polycystic ovarian mor-
phologic features)

Three (hyperandrogenism plus 
ovulatory dysfunction plus 
polycystic ovarian morpholog-
ic features; hyperandrogenism 
plus ovulatory dysfunction; hy-
perandrogenism plus polycys-
tic ovarian morphologic fea-
tures)

*  Evidence of hyperandrogenism can be clinical, biochemical, or both.
†  Ovulatory dysfunction frequently manifests as unpredictable menses at intervals of less than 21 or more than 35 days, but it may also be 

present in patients who have hyperandrogenism with apparent eumenorrhea.
‡  Polycystic ovarian morphologic features are defined as 12 or more antral follicles (2 to 9 mm in diameter) in either ovary, an ovarian volume 

that is greater than 10 ml in either ovary, or both.

Table 1. Diagnostic Criteria for the Polycystic Ovary Syndrome.
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Figure 1. Basic Pathophysiology of Hyperandrogenemia in the Polycystic Ovary Syndrome.

Since ovarian steroidogenesis requires gonadotropin stimulation, luteinizing hormone (LH) is a key factor in the hyperandrogenemia of 
the polycystic ovary syndrome.2 Progesterone is the primary regulator of gonadotropin-releasing hormone (GnRH) pulse frequency; 
however, in the polycystic ovary syndrome, the GnRH pulse generator is relatively resistant to the negative feedback effects of progester-
one.3 This resistance to progesterone negative feedback appears to be mediated by androgen excess (since it is reversed by the andro-
gen-receptor blocker flutamide).4 Resulting high GnRH pulse frequencies favor production of LH and limit production of follicle-stimu-
lating hormone (FSH), which promote androgen production and interfere with normal follicular development. The polycystic ovary 
syndrome is associated with inherent abnormalities of ovarian (and adrenal) steroidogenesis: cultured ovarian theca cells from women 
with the polycystic ovary syndrome secrete excess androgens and precursors,5 and women with the polycystic ovary syndrome have ex-
aggerated ovarian steroidogenic responses to gonadotropin stimulation.6 A recent study suggests that increased expression of a 
DENND1A splice variant drives a polycystic ovary syndrome–like steroidogenic phenotype in theca cells.7 The polycystic ovary syndrome 
is associated with insulin resistance — which is at least partly independent of obesity — and compensatory hyperinsulinemia.8 Hyperin-
sulinemia contributes to hyperandrogenemia in several ways: it augments LH-stimulated androgen production by ovarian theca cells, it 
potentiates corticotropin-mediated adrenal androgen production, and it inhibits hepatic synthesis of sex hormone–binding globulin 
(SHBG), which increases free testosterone levels. The precise effects of hyperinsulinemia on gonadotropin secretion remain unclear. 
3β-HSD denotes 3β-hydroxysteroid dehydrogenase, 17β-HSD 17β-hydroxysteroid dehydrogenase, SCC cholesterol side-chain cleavage 
enzyme, and StAR steroidogenic acute regulatory protein.
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frequencies of 8 MHz or greater commonly de-
tects an antral follicle count in this range in 
asymptomatic women (in ≥50% of asymptomatic 
women in some series), and some experts rec-
ommend a criterion with a higher antral follicle 
count (≥25) for sufficient specificity.22 Appropri-
ate use of either criterion requires an experienced 
ultrasonographer; an unqualified report of “poly-
cystic ovaries” is inadequate for diagnostic pur-
poses. Ovarian ultrasonography is not required 
for diagnosis when both hyperandrogenism and 
ovulatory dysfunction are present.

In many patients, the polycystic ovary syn-
drome manifests in adolescence with the lack of 
establishment of regular menses and the gradual 
emergence of hirsutism. However, some findings 
of the polycystic ovary syndrome (e.g., oligomen-
orrhea, acne, and polycystic-appearing ovaries) 
overlap with those of normal puberty. Emerging 
consensus suggests that a reliable diagnosis of 
the polycystic ovary syndrome in adolescents may 
require both unequivocal hyperandrogenism (e.g., 
moderate-to-severe hirsutism, persistent elevation 
of serum free testosterone levels, or both) and 
ovulatory dysfunction that is inappropriate for 
the developmental stage (e.g., ovulatory dysfunc-
tion that persists >2 years after menarche).23

Since features of the polycystic ovary syn-
drome (hyperandrogenemia, menstrual irregu-
larity, and increases in the antral follicle number 
and ovarian volume) may improve with advancing 
age,1 the diagnosis is challenging in perimeno-
pausal or postmenopausal women. However, a 
clear history of hyperandrogenism and oligomen-
orrhea may justify a presumptive diagnosis of the 
polycystic ovary syndrome.24

The polycystic ovary syndrome is a diagnosis 
of exclusion.17-19 Nonclassic congenital adrenal 
hyperplasia can closely mimic this syndrome. 
An early-morning, early follicular-phase plasma 
level of 17-hydroxyprogesterone of less than 200 ng 
per deciliter effectively rules out 21-hydroxylase 
deficiency, which is the most common cause of 
nonclassic congenital adrenal hyperplasia. Causes 
of oligomenorrhea and amenorrhea include preg-
nancy, hyperprolactinemia, hypothyroidism, ovar-
ian failure, and hypogonadotropic hypogonad-
ism (e.g., functional hypothalamic amenorrhea); 
these entities typically do not cause appreciable 
hyperandrogenism. Androgen-secreting ovarian 
or adrenal tumors are rare, but they should be 

considered in patients with abrupt, rapidly pro-
gressive, or severe hyperandrogenism (e.g., viril-
ization, clitoromegaly, a deep voice, and male-
pattern baldness), marked hyperandrogenemia 
(total testosterone level >150 ng per deciliter 
[5.2 nmol per liter]), or both. Testing for Cush-
ing’s syndrome and acromegaly should be con-
sidered in women with other clinical features 
that indicate these conditions.

Longitudinal screening for cardiometabolic 
risk factors is recommended in women with the 
polycystic ovary syndrome.9,24-28 This screening 
includes measurement of the BMI, waist circum-
ference, and blood pressure at each visit, as well 
as measurement of fasting lipid levels every 2 years 
(or sooner if the woman has gained weight).9

Most guidelines regarding the polycystic ovary 
syndrome suggest screening for impaired glu-
cose tolerance and type 2 diabetes mellitus with 
a 2-hour oral glucose-tolerance test, repeated ev-
ery 1 to 5 years depending on the characteristics 
of the patient (e.g., obesity, a history of gesta-
tional diabetes or impaired glucose tolerance, 
and interval weight gain).9,24-26,28 Measurement of 
fasting blood glucose levels alone is not recom-
mended for type 2 diabetes screening in women 
with the polycystic ovary syndrome, although 
some guidelines suggest that measurement of 
glycated hemoglobin levels may be an acceptable 
option.9,24 Laboratory assessments of insulin re-
sistance (e.g., measurements of fasting insulin 
levels) are not routinely recommended given the 
imprecision of these assessments and their un-
certain clinical usefulness.27-29

Women with the polycystic ovary syndrome 
should also be screened (by a history, question-
naire, or both) for cigarette smoking, obstructive 
sleep apnea, depression, and anxiety, with fur-
ther assessment and treatment as needed.9,24-28 
Guidelines do not recommend routine screening 
for endometrial hyperplasia by means of ultraso-
nography or biopsy, but they provide support for 
referral to a gynecologist in patients with pro-
longed amenorrhea or persistently abnormal 
vaginal bleeding.24,26,28

Management

Treatment decisions are informed by patient pri-
orities, the likely effectiveness and potential risks 
of available therapies, and whether the woman 
wishes to become pregnant (Table 2). Typical 
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therapeutic targets include hirsutism, irregular 
menses (and the risk of endometrial hyperpla-
sia), and infertility.

Although subfertility is a characteristic of the 
polycystic ovary syndrome, pregnancy without 
medical assistance is common and contracep-
tion should be used as indicated. One study sug-
gested that among patients with the polycystic 
ovary syndrome who had previously attempted 
to conceive, two thirds had received treatment 
for infertility at some point in the past and two 
thirds had had at least one pregnancy without 
medical assistance.35

Available treatments do not reverse the under-
lying disorder, although sustained weight loss 
may be an exception in some obese women with 
the polycystic ovary syndrome. Weight loss of as 
little as 5 to 10% can reduce cardiometabolic 
risk factors and androgen levels and improve 
menstrual function and possibly fertility.36

Mechanical hair removal (e.g., shaving and 
plucking) may be adequate to address hirsut-
ism, but when pharmacologic therapy is needed, 
combined hormonal (estrogen–progestin) oral 
contraceptives are considered to be first-line 
agents.24,25,33,37 Combined oral contraceptives sup-
press gonadotropin secretion and ovarian andro-
gen production, and the estrogen component 
increases hepatic production of sex hormone–
binding globulin, decreasing androgen bioavail-
ability. Combined oral contraceptives reduce new 
terminal hair growth, although many patients 
still require concomitant mechanical hair remov-
al for well-established hirsutism. Since changes 
in the quality of terminal hair begin at the hair 
root, altered hair shafts may not become visible 
for up to 6 months. Monophasic combined oral 
contraceptives containing progestins with low an-
drogenic potential (e.g., ethinyl estradiol [35 μg] 
plus norgestimate [0.25 mg]) are commonly used 
in women with the polycystic ovary syndrome, 
although no particular combined oral contracep-
tive has proved to be superior for clinical hyper-
androgenism.

Other benefits of combined oral contraceptives 
include amelioration of acne, regular withdrawal 
bleeding that contributes to prevention of endo-
metrial hyperplasia, and contraception. Although 
additional delivery methods of combined hor-
monal contraceptives include extended continu-
ous use of active combined oral contraceptives 

(i.e., without hormone-free intervals) and nonoral 
administration (patches and vaginal rings),24 
available data on these methods in women with 
the polycystic ovary syndrome are limited.38,39

Some experts have expressed concern that com-
bined oral contraceptives may increase the risk of 
cardiovascular disease among women with the 
polycystic ovary syndrome. Combined oral con-
traceptives may increase blood pressure and tri-
glyceride levels; their effects on LDL cholesterol 
levels depend on progestin androgenicity.24 Avail-
able data do not support a meaningful effect of 
combined oral contraceptives on glucose metabo-
lism.24,40,41 Combined oral contraceptives increase 
the risk of venous thromboembolism; this risk is 
also influenced by increasing age, smoking, obe-
sity, and the specific progestin used.40 When pre-
scribing combined hormonal contraceptives, pro-
viders should carefully consider medical eligibility 
criteria such as those of the U.S. Centers for Dis-
ease Control and Prevention.32

Oral spironolactone is an androgen-receptor 
antagonist that can reduce the growth of terminal 
hair.33,34 Spironolactone is typically used as an 
add-on therapy to combined oral contraceptives. 
Antiandrogens may disrupt androgen-dependent 
processes (e.g., formation of external genitalia) in 
a male fetus; this mandates concomitant use of 
reliable contraception. Moreover, limited data from 
randomized trials suggest that combined oral con-
traceptives and antiandrogens have additive effects 
on hirsutism.34 Spironolactone antagonizes the 
mineralocorticoid receptor, so adverse effects can 
include hyperkalemia.

Metformin reduces hyperinsulinemia and low-
ers serum testosterone levels by approximately 
20 to 25% in women with the polycystic ovary 
syndrome. However, its effects on hirsutism are 
modest at best,42 and it is not recommended for 
this indication.33 Metformin may improve ovula-
tory function. Meta-analyses of randomized, 
placebo-controlled trials involving women with 
the polycystic ovary syndrome have shown in-
creased pregnancy rates but not increased live 
birth rates among women who received metfor-
min43; this agent is not recommended as a first-line 
agent for anovulatory infertility.24,27,28 Metformin 
is recommended for women with the polycystic 
ovary syndrome and impaired glucose tolerance 
or type 2 diabetes that does not respond adequate-
ly to lifestyle modification.24,27 Given the favorable 
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metabolic effects of metformin, it is plausible 
that it could provide a long-term cardiovascular 
benefit to women with the polycystic ovary syn-
drome, but confirmatory data are lacking.

Prevention of endometrial hyperplasia (endo-
metrial protection) may be achieved with the use 
of combined hormonal contraceptives, intermittent 
or continuous progestin therapy, or a levonorg-
estrel-releasing intrauterine device (IUD) (Table 2). 
When episodic progestins are used, induction of 
withdrawal bleeding every 1 to 3 months is rec-
ommended.25-27 If regular menses are restored 
with lifestyle modification, metformin, or both, 
it may be prudent to seek objective evidence of 
ovulation (e.g., a plasma level of progesterone 
≥3 to 4 ng per milliliter a week before anticipated 
menses) because apparent eumenorrhea does not 
confirm regular ovulation in women with the 
polycystic ovary syndrome.1,21

Clomiphene is generally considered to be the 
first-line agent for induction of ovulation in wom-
en with the polycystic ovary syndrome.24,27,28 A 
randomized trial of ovulation induction involving 
women with the polycystic ovary syndrome and 
infertility showed a higher live birth rate among 
women who received clomiphene than among 
women who received metformin alone (22.5% vs. 
7.2%).44 However, a subsequent randomized trial 
showed a higher live birth rate among women 
who received the aromatase inhibitor letrozole 
than among women who received clomiphene 
(27.5% vs. 19.1%)45; this suggests a potential role 
for letrozole as initial therapy.24 In some cases, 
ovarian stimulation with exogenous gonadotropins 
or advanced reproductive techniques (e.g., in vitro 
fertilization) may be required.46

A r e a s of Uncerta in t y

The precise role and the best definition of poly-
cystic ovarian morphologic features as a diag-
nostic criterion is controversial. Although serum 
antimüllerian hormone levels correlate with the 
ultrasonographically determined antral follicle 
count and ovarian volume, the diagnostic use-
fulness of measurement of these levels in wom-
en with the polycystic ovary syndrome is uncer-
tain.22 The practical implications of the various 
subtypes of the polycystic ovary syndrome al-
lowed by the Rotterdam criteria (e.g., the poly-
cystic ovary syndrome with hyperandrogenism 
versus ovulatory dysfunction and polycystic ova-* 
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ries without hyperandrogenism) remain unclear. 
There is controversy regarding thresholds for di-
agnosis in adolescents and the most appropriate 
therapeutic approaches for these patients (e.g., ad-
dressing underlying metabolic abnormalities with 
metformin rather than targeting symptoms with 
combined oral contraceptives).

It is unclear whether metformin should be used 
as primary therapy in some patients (e.g., obese 
adults) or whether the addition of metformin to 
combined oral contraceptives provides substan-
tial benefits. Most therapeutic studies involving 
women with the polycystic ovary syndrome have 
been relatively short (e.g., ≤12 months), and data 
regarding the potential risks of combined oral 
contraceptives are derived largely from the gen-
eral population. The long-term risk–benefit ratios 
of various treatment approaches in patients with 
the polycystic ovary syndrome remain uncertain. 
Best practices for lifestyle management and weight 
loss in these patients are unknown. The absolute 
risks of cardiovascular disease and endometrial 
cancer among women with the polycystic ovary 
syndrome are unclear, as are the most appropri-
ate screening and prevention strategies.

Guidelines

Guidelines, best practices, and consensus state-
ments for the polycystic ovary syndrome have been 
published by the Endocrine Society,24 the European 
Society of Endocrinology,27 the PCOS Australian 
Alliance,25 jointly by the European Society of Hu-
man Reproduction and Embryology and the Amer-
ican Society for Reproductive Medicine,26 and 
jointly by the American Association of Clinical 
Endocrinologists and the Androgen Excess and 
PCOS Society.28,37 Most endorse the Rotterdam 
diagnostic criteria.24,25,37 This review is generally 
consistent with these recommendations.

Conclusions a nd 
R ecommendations

The patient in the vignette has hyperandrogenism 
and oligomenorrhea, so ovarian ultrasonography 
is not needed for diagnosis; however, nonclassic 
congenital adrenal hyperplasia, hyperprolactinemia, 
and hypothyroidism should be ruled out. She 
should also be screened for metabolic abnormali-
ties, including glucose intolerance and dyslipid-

emia. Although most guidelines suggest screen-
ing for impaired glucose tolerance and type 2 
diabetes with the use of the 2-hour oral glucose-
tolerance test, we favor measurement of the gly-
cated hemoglobin level47 for initial screening given 
enhanced patient convenience. We would consider 
a 2-hour oral glucose-tolerance test for patients 
who have a glycated hemoglobin level that is ap-
proaching but below the diagnostic threshold 
for diabetes of 6.5% (e.g., a glycated hemoglobin 
level ≥6%). The patient should also be asked about 
cigarette smoking and symptoms of obstructive 
sleep apnea, depression, and anxiety, and further 
assessment and treatment should be provided as 
needed.

The patient’s primary concerns are hirsutism 
and irregular menses. Given her borderline gly-
cated hemoglobin level and overweight status, 
counseling regarding diet, exercise, and weight 
loss is important. In the absence of contraindi-
cations, we would recommend a monophasic com-
bined oral contraceptive containing a low andro-
genic progestin (e.g., ethinyl estradiol [35 μg] 
plus norgestimate [0.25 mg]) to ameliorate hir-
sutism, provide predictable withdrawal bleeding, 
and prevent endometrial hyperplasia. At 3 months, 
our clinical assessment would include measure-
ment of blood pressure and fasting lipid levels to 
rule out adverse effects. If the patient is not satis-
fied with regression of hirsutism after receiving 
combined oral contraceptives for 6 to 9 months, 
we would recommend the addition of spirono-
lactone with monitoring of serum potassium lev-
els. In addition, if normalization of the glycated 
hemoglobin level has not been achieved with 
lifestyle modification, we would suggest the ad-
dition of metformin.

If the patient has contraindications to or de-
clines combined oral contraceptives, therapeutic 
options would include mechanical hair removal 
and spironolactone (with reliable contracep-
tion). To prevent endometrial hyperplasia, we 
would recommend a course of progestin every 
1 to 3 months, or, if contraception is required, a 
daily progestin-only contraceptive pill (e.g., nor-
ethindrone [0.35 mg]) or a levonorgestrel-releas-
ing IUD. Alternatively, if eumenorrhea follows 
weight loss, metformin use, or both, confirma-
tion of ovulatory menses (i.e., luteal progesterone 
levels) would provide evidence of adequate endo-
metrial protection. The patient can be counseled 
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that live birth can be achieved by a majority of 
women with the polycystic ovary syndrome, al-
though fertility treatment may be required.
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