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Until recently no universally accepted clinical defini-
tion existed for the polycystic ovary syndrome (PCOS).
What has emerged from research over the last 30 yr
is a profound heterogeneity and ongoing speculation
regarding etiology. The various symptoms and signs
related to PCOS have now been extensively evaluated
as to their possible contribution to the diagnosis. Con-
sensus has been reached for the use of oligomenorrhea
or amenorrhea, clinical or biochemical hyperandrog-
enism, and polycystic ovaries at ultrasound as key diag-
nostic criteria. Obesity, insulin resistance, and the
so-called metabolic syndrome should be recognized
as associated conditions that present long-term health
risks for diagnosed PCOS cases. The way all these fea-
tures need to be applied in the work up of the indi-
vidual index patient is reviewed here.
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Introduction

The history of the diagnostic challenge of a condition
currently referred to as the polycystic ovary syndrome
(PCOS) goes back some 70 yr. It was in 1935 that Stein and
Leventhal described several cases presenting with oligo-
menorrhea/amenorrhea combined with the presence at
operation of bilateral polycystic ovaries (PCO) (/). Of these
seven patients, three also presented with obesity and five
showed signs of hirsutism. Only one patient was both obese
and showed hirsutism. These findings indicate that in cases
with polycystic ovaries proven by morphology not all of
the features associated with the PCOS necessarily have to
be present (2,3). With the introduction of transvaginal ultra-
sonography it also became clear that patients with oligo-
menorrhea, obesity, and hirsutism do not necessarily have
the typical polycystic morphology on ultrasound (4,5). More-
over, as the etiology of PCOS is far from well understood,
diagnostic criteria for PCO syndrome have been subject of
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lengthy debates among clinicians (6,7). Specialty groups
may still differ in their use of diagnostic criteria and diag-
nostic work up, as well in their choice of first- and second-
line treatment (7).

At the expert consensus meeting held in 2003 in Rotter-
dam (3,8), it was agreed that the polycystic ovary syn-
drome should be diagnosed in cases of WHO Il anovulation
if at least two of the following three features were present:
(1) oligomenorrhea or amenorrhea, (2) clinical or biochem-
ical hyperandrogenism, and (3) polycystic ovaries at ultra-
sound. The approach of only requiring a certain number of
relevant features to diagnose a disease state or clinical con-
dition is not without precedent. For instance, for the diag-
nosis of the metabolic syndrome it was decided that only
three out of five key criteria should be present (9,10). Several
commentaries have since emerged continuing the debate
on the definition and classification issue and have suggested
adaptations in the set of diagnostic criteria (//—13). The
Rotterdam consensus, however, is indeed a compromise,
which bridges the immense gap between the European and
American perspectives with regard to PCOS. It is anticipated
that with the use of consensual diagnostic criteria among
physicians working in the field of both endocrinology and
gynecology the comparability of published research will
increase and the search for etiological factors will lead to
improved results of patient management. It is therefore
recommended that all clinicians and investigators now use
this internationally agreed definition to ensure uniformity
in research studies and routine clinical management.

In this section much of the background for the use of the
so-called Rotterdam criteria will be discussed. Also, asso-
ciated features will be addressed, such as obesity, elevated
serum LH, insulin resistance, and the metabolic syndrome.
Those features are frequently present in PCO patients with-
out contributing to the diagnosis per se, and may well have
consequences for long-term health and as such should be
recognized. Also, risks for cancer development based on
unopposed estrogen exposure are briefly discussed. Finally,
the necessity for the exclusion of other explaining causes
for the phenotypic features will be addressed and a diagnos-
tic work up scheme presented.

In the original description of the syndrome, the histolog-
ical confirmed polycystic nature of ovarian architecture was
the primary abnormality. The association between endocrine
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Fig. 1. Shift in criteria for the diagnosis of PCO syndrome.

abnormalities and ovarian morphology in cases with proven
polycystic ovaries led to the use of serum LH and serum
androgens as endocrine tests for the clinical diagnosis in
patients with cycle disturbances with or without obesity (/4,
15). The ever presence of a considerable heterogeneity of
clinical symptoms and endocrine profiles even implied that
some women with polycystic ovaries on ultrasound appeared
to have none of the endocrine and clinical features attrib-
uted to PCOS. In contrast, at the 1990 National Institute of
Health conference on PCOS it was concluded that, for the
diagnosis of the syndrome, evidence should be present of
both hyperandrogenism and ovarian dysfunction and that
presence of PCO morphology was not absolutely required
(16) (Fig. 1). At the 2003 Rotterdam consensus workshop
it was agreed that the polycystic ovary syndrome is princi-
pally a syndrome of ovarian dysfunction along with features
of hyperandrogenism and PCO morphology (3,8) (Fig. 1).
The new criteria broaden rather than replace the previous
NIH criteria for PCOS diagnosis. Under the new criteria
the prevalence of PCOS among the general female popu-
lation may rise up to 10%. Whether these additional women
diagnosed as PCOS under the new criteria truly represent
a continuum of the broad and heterogeneous spectrum of
PCOS, in terms of pathophysiology, response to ovulation
induction treatment or long-term health consequences re-
mains to be established.

Diagnosis: Key Features

Ovarian Dysfunction

Ovarian dysfunction is usually manifested as oligomen-
orrhea or amenorrhea resulting from chronic oligoovula-
tion/anovulation. However, prolonged anovulation may
sometimes lead to dysfunctional uterine bleeding that mim-
ics menstrual bleeding (/7). Although the vast majority of
diagnosed PCOS patients shows signs of ovarian dysfunc-
tion, the present diagnostic criteria (3,8) state that women
with regular menstrual cycles may well be diagnosed as
PCOS patients because of the presence of hyperandrogen-

ism combined with PCO on ultrasound. From large series
it has been reported that among women diagnosed with
at least one symptom of PCOS approx 70-80% either had
oligomenorrhea or amenorrhea (4). In women presenting
with oligomenorrhea or amenorrhea it has been shown that
approx 80-90% of them eventually will be diagnosed with
PCOS, while for those with amenorrhea this figure will
amount to only 40% (18), as in this group hypothalamic
dysfunction is much more common. In PCOS women his-
tory taking will often reveal that menarche occurred at a
time point some 1 or 2 yr later than normal (7/9,20), that
cycles are irregular (i.e., oligomenorrhea) from menarche
onward, and that this irregularity often becomes camou-
flaged by the use of oral contraceptives (/7). When the use
of oral contraceptives is interrupted, the original irregular
cycle pattern is resumed. In some PCOS cases bleeds may
become very frequent and occasionally very heavy. This is
caused by long-term unopposed estrogen exposure leading
to endometrial hyperplasia and uncontrolled estrogen-with-
drawal bleeding (/7). Through the use of the new criteria
these cases may still be recognized as PCOS (hyperandrog-
enism and PCO).

Endocrine features that are associated with the oligo-
menorrhea/amenorrhea include elevated levels of luteiniz-
ing hormone (LH), coexistant with levels of follicle-stim-
ulating hormone (FSH) in the normal range. Both serum
estradiol and progesterone levels are usually in the nor-
mal range for the early or mid-follicular phase of a normal
cycle, unless sporadic dominant follicle growth and ovula-
tion occurs. The reason why follicles remain arrested in the
antral stage of 2—6 mm size and selection of one dominant
follicle is impaired is one of the great enigmas of the PCOS
syndrome. It may suffice to state here that the normal inter-
play between exposure to a late luteal and early follicular
FSH rise and intraovarian regulation of the sensitivity of
follicles to this FSH has become disrupted. Factors that
contribute to this disrupted balance are the excessive intra-
ovarian production of AMH (27-23) related to the increased
size of the preantral and early antral follicle cohort, the
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Table 1
Ultrasound Criteria and Approach in PCOS Diagnosis
Factor Cut off Method of assessment

Volume assessment

Number assessment
in diameter

Test Conditions Transvaginal approach

No use of oral contraceptives

One or two ovaries volume > 10 cm?

One or two ovaries = 12 follicles sized 2-9 mm

(length x width x thickness) x (7t/6)

Whole ovary scanning
Follicle size from mean of two diameters

After progestogen-induced or spontaneous bleed
or random in oligomenorrhea/amenorrhea

Absence of cysts > 10 mm

intraovarian hyperandrogenism attributed to altered stimu-
lation of theca cell function by LH and insulin growth fac-
tors, as well as alterations in theca and granulosa cell func-
tion based on altered enzymatic control of the synthesis of
steroids and inhibins (24-26).

Polycystic Ovary and Ovarian Morphology

From the initial publication by Stein and Leventhal, but
possibly already in the 18th century, a characteristic ova-
rian morphology was described from histological exami-
nation of the wedges that were resected from the ovaries of
women with oligomenorrhea and enlarged, polycystic ova-
ries at laparotomy. The ovary showed a prominent fibrotic
thickening of the tunica albuginea, large numbers of small
cystic follicles in the 2—-6 mm size range, often showing
signs of atresia and granulosa cell degeneration and hyper-
trophy, and luteinization of the inner theca cell layer (27,
28). Moreover, the ovarian volume observed at laparotomy
was clearly increased compared to the size in normal women.
Quantitative histological data produced by Hughesdon and
Webber indicated a two- to threefold increase in the num-
ber of follicles in all stages after the primordial follicle
stage (29,30). This implies that, up to the stage that follicles
have attained FSH sensitivity, their number has more than
doubled. With the use of transabdominal ultrasound, which
became available from the late 1970s, reports described the
ultrasound appearance of the ovaries in PCOS patients. It
was in 1985 that the Adams group proposed to define the
polycystic ovary appearance by abdominal ultrasound as
the presence in one plane of at least 10 follicles within the
size range of 2 x 8 mm arranged peripherally around a dense
hyperechogenic core of the ovarian stroma (3/). The Adams
criteria have been used in many studies for the detection of
polycystic ovaries and were often used as a supportive find-
ing in women with clinical signs and symptoms typical for
PCO syndrome. Moreover, adequate correlation was found
between the PCO ultrasound morphology and histopatho-
logical criteria (27,28).

With the advent of the transvaginal ultrasonography, a
more accurate view of ovarian structure could be obtained.
In the report by Adams, polycystic ovaries as scanned through
abdominal ultrasonography were discovered to have a larger

volume compared to normal ovaries, although this feature
was not incorporated in their classification. Studies using
transvaginal sonography confirmed this notion and indi-
cated that the preferred method for the calculation of ova-
rian volume is the formula for a prolate ellipsoid (7t/6 x
longitudinal x anteroposterior x transverse diameter) (32,
33). From studies addressing the issue of ovarian volume
measurements in PCOS patients, the Rotterdam consensus
definition for polycystic ovary included the presence of
one or two ovaries with a volume over 10 mL as the first
feature. A second feature of ovarian architecture is the num-
ber and size of the antral follicles visible at ultrasound.
With the use of transvaginal ultrasonography equipment it
has become clear that the size range of follicles that con-
tribute to the predominance of antral follicles present in the
polycystic ovary tend to be in the size range of 2—5 mm,
while larger follicles in the size range of 6-9 mm were not
increased in number. According to the available literature
(32-35) the criteria to define the PCO ovary are 12 or more
follicles measuring 2—9 mm in diameter present in one or
two ovaries. These findings in a single ovary present are suf-
ficient to provide the diagnosis. The spatial distribution of
the follicles and the architecture or echogenicity of the stroma
are no longer key features in the ultrasound diagnosis.

Many normal healthy women in the general community
will have an ultrasound appearance of polycystic ovaries
butnorelevant clinical symptoms, and little is known about
the natural history and health risks of this group. Therefore,
a distinction needs to be made between those women with
polycystic ovaries without symptoms and those with symp-
toms and signs sufficient to warrant the diagnosis of PCOS
Currently a woman with a PCOS ovary that has no evidence
of ovulation disorders or hyperandrogenism should not be
considered as having a PCO syndrome. Full description of
the current consensus on ultrasound criteria are found in
Table 1.

Hyperandrogenism

The frequent occurrence of clinical and/or biochemical
signs of androgen excess in PCOS patients stems from
increased synthesis and release of androgens from ovarian
theca cells (36). Elevated plasma levels of LH and insulin



6 Diagnostic Criteria for Polycystic Ovarian Syndrome / Broekmans and Fauser

Endocrine

synergistically lead to increased stimulation of theca cells
to synthesize androgens. Moreover, theca cells in PCOS
are believed to have enhanced efficiency for converting pre-
cursors into androgenic substances, like androstenedione
and testosterone (37,38). Also, high insulin levels tend to
reduce production of sex hormone-binding globulin from
liver cells, thereby raising the proportion of free circulating
testosterone (39). The presence of androgen excess itself
may contribute to the presence of increased numbers of
follicles in all stages (36), as well in the arrest of FSH-sen-
sitive follicles in their efforts to select a dominant follicle.

Clinical hyperandrogenism includes hirsutism, acne,
male pattern hair loss, and, rarely, mild virilization (40). The
clinical signs of androgen excess result from the increased
exposure to dihydrotestosterone, which is synthesized in the
skin from circulating androgens and affects both hair fol-
licles and sebaceous glands.

Hirsutism can be defined as the occurrence in females of
male-type terminal hair growth and distribution. PCO syn-
drome is a very common cause of hirsutism, while the occur-
rence of hirsutism in PCOS patients is high (approx 60%).
The frequency of occurrence of hirsutism may however
vary with the race of the woman. For instance, the inci-
dence in Japanese PCOS women is half of that in Caucasian
(41). The assessment of hirsutism should preferably be done
using a standardized scoring system, as described by Ferri-
man and Gallwey (42). In addition, the use of hormonal
treatment for hirsutism should be avoided before true assess-
ment of the body hair pattern.

Acne is present in one of three PCOS cases, while in
young women with severe acne, a high percentage will be
diagnosed with PCOS.

Male pattern hair loss (androgenic alopecia) is not fre-
quently seen in PCOS cases, as it also requires a familial
predisposition (43). In this condition there is a progressive
loss of terminal scalp hair over the crown area, while the
frontal area is initially preserved. Widening of the hair
parting (“geheimratsecken”) may be the first sign of this
type of hair loss.

Mild virilization, especially present as clitoromegaly,
has been described as a possible feature in PCOS patients
in the older literature (40). It may well reflect more classic
and thus severe cases of the syndrome. Frank virilization,
especially of rapid onset, should urge the exclusion of a
possible adrenal or ovarian androgen secreting tumor.

Biochemical hyperandrogenism is present in most pa-
tients with PCOS (4,44). Assessment of circulating andro-
gens as a tool for diagnosis in PCOS is, however, limited by
the lack of normative ranges corrected for body mass index,
race, and age (45). Also, there is a wide array of androgenic
substances circulating of which some may be considered
more valuable than others (46). From the Rotterdam con-
sensus meeting it was advised to measure free testosterone
or the free (testosterone) androgen index (FAI) by applying
either equilibrium dialysis (47,48), or calculating free tes-

tosterone from SHBG (sex hormone binding globulin)
measurement and total testosterone, or by the ammonium
sulfate precipitation technique (49). The use of total testos-
terone assays as well as the measurement of dehydroepian-
drosteronesulphate and androstenedione are currently con-
sidered as having no additional value (3,8).

Diagnosis: Associated Features

Obesity

Obesity has been one of the features for the diagnosis of
PCOS in the classical description by Stein and Leventhal
(). Indeed, in many cases of PCOS, body mass index
(BMI) is increased above or may even greatly exceed the
limit of normality (=25 kg/m? being considered as over-
weight, =27 kg/m? as obese). However, the BMI also may
be in the normal or even subnormal range (<19 kg/ m?2, lean
PCO). Even more important is the notion that fat distribu-
tion often follows the abdominal pattern, with increased
waist-to-hip ratio or waist circumference (central obesity).
As this pattern is typically associated with increased risk of
cardiovascular disease, in the diagnostic criteria for the
metabolic syndrome (see below) obesity is defined as a
waist circumference of more than 88 cm (35 in.).

Although the cause for the occurrence of obesity in PCOS
patients remains largely unknown, androgen excess and in-
sulin resistance are considered as the main independent
factors that contribute to the development of central obe-
sity in PCOS cases, while the role of leptin remains to be fur-
ther elucidated. Obesity induces, through the path of insulin
resistance, the presence of oligoovulation/anovulation, and
caloric restriction, even with mild body weight reduction
will frequently lead to restoration of ovarian function (50—
52). Also, obesity increases the risk of developing type II
diabetes and cardiovascular disease like hypertension and
cerebral/coronary artery disease. Both obesity and the long-
term sequela in the field of glucose tolerance and vascular
compromise are considered part of the so-called metabolic
syndrome, which will be discussed below.

Elevated LH

Elevated LH, in the presence of normal levels of FSH,
has long been one of the basic features of the diagnosis.
Increased frequency of LH pulses in the peripheral blood,
resulting from a presumed altered GnRH pulse frequency,
is the cause of the rise in serum LH (53,54). Increased pulse
frequency may be caused by continued low progesterone
levels or be a consequence of an intrinsic abnormality of
the pulse generator. Elevated LH is found in over 60% of
PCOS cases and is thought to be one of the actors in the
increased theca cell production of androgens. Alternatively,
elevated LH may play a role in the lower rates of ongoing
pregnancies obtained in PCOS patients, but definite proof
for such contention, as well as for the benefits of LH manip-
ulation, has not been provided to date (/07). According to
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Table 2
Tests for Assessment of Insulin Sensitivity
Correlation Cut off for insulin

Test with clamp test ~ Calculation  resistance in PCOS Note
Hyperinsulinemic- Gold standard — — —

euglycemic clamp
Oral glucose tolerance test  Good Gia0/Lin =1.0 mg/dL/pU/mL Various modifications exist
Fasting insulin Good Iy =20 pU/mL (White) No standard assay

=23 yU/mL (Hispanic) Not accurate in hyperglycemia
Race differences

Fasting

glucose/insulin ratio” Good G/l =4.5 mg/dL/pU/mL (White) No standard assay

<7.2 mg/dL/pU/mL (White)
=4.0 mg/dL/pU/mL (Hispanic)

Not accurate in hyperglycemia
Race differences

Adapted from Legro (73).

“The Homeostatic Model Assessment (HOMA) and Quantitative Insulin Sensitivity Check Index (QUICKI) both apply the results
of the fasting glucose and insulin levels in an adapted fashion and are applicable to cases with fasting hyperglycemia. For calculation

and reference values see Legro (73).

the Rotterdam consensus, LH measurements are not essen-
tial for the diagnosis of PCOS, but may be useful in lean
women with oligoamenorrhea that do not otherwise fulfil
the new criteria.

Insulin Resistance

As already stated, there is an increased risk for the devel-
opment of type Il diabetes and gestational diabetes in PCOS
women (55-58). This seems especially true for PCOS women
with obesity or overweight (57,59), although normal weight
PCOS women still have increased incidence of diabetes. In
longitudinal studies on PCOS women with either normal or
impaired glucose tolerance, a high number of cases devel-
oped either impaired tolerance, or overt diabetes type II
(60). The disturbance in carbohydrate metabolism s clearly
associated with the increased presence of insulin resistance
in PCOS cases, with an estimated risk of between 50 and
70% (61). Resistance to insulin in fat and skeletal tissue
cells stems from defects in the insulin signaling pathways
that may typically be present in PCOS cases (62—-64). Overt
glucose intolerance, however, will only develop in those
PCOS cases where, in addition to the insulin resistance, pan-
creatic f§ cell capacity to respond to the increased demand
is insufficient (65—67). Apart from being a key factor in the
development of glucose intolerance, high levels of insulin-
related growth factors will stimulate theca cells to produce
excess amounts of androgens. Therefore, insulin resistance
is one of the targets for therapy in PCOS, both for the con-
trol of glucose tolerance as well as for the restoration of
ovarian function (68—72). For this purpose both life style
changes (caloric restriction and weight loss) and the use of
insulin sensitizers has shown to be effective. Therefore,
PCOS women are advised to be screened for the presence
of insulin resistance and glucose intolerance.

Table 3
Consensus Criteria
for the Metabolic Syndrome in Women with PCOS*

Risk Factor Abnormal result

1. Abdominal Obesity >88 cm or > 35 inch
(waist circumference)

2. Triglycerides =150 mg/dL

3. HDL-C (high density lipoprotein- <50 mg/dL

cholesterol)
4. Blood pressure
5. Fasting and/or
2 h glucose level after 75 g
oral glucose

=130/= 85 mmHg
>110-126 mg/dL
140-199 mg/dL

4At least three out of the five criteria have to be met for the
diagnosis (76).

Assessment of insulin tolerance may be difficult (73)
(see Table 2). The ratio of fasting levels of insulin and the
glucose/insulin ratio both correlate well with the results of
more laborious tests like the euglycemic clamp test, but
there is lack of a standardized insulin assay. Also, insulin
levels show physiological fluctuations and f cell function
may become altered in PCOS cases, changing the sensitiv-
ity of the test. Therefore, to date, specific screening for insu-
lin resistance is not recommended. Instead, it was agreed to
apply the criteria for the presence of the so-called metabolic
syndrome, which comprises factors related to insulin resis-
tance and cardiovascular disease, as will be listed below
(Table 3). In this set of criteria oral glucose tolerance test-
ing is incorporated to identify cases with impaired glucose
tolerance based solely on the 2 h glucose. Oral glucose tol-
erance testing using both fasting and 2 h glucose levels espe-
cially is advised in obese PCOS women (9,10,57,60,73,74).
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Acanthosis nigricans is a skin eruption clearly associ-
ated with the presence of insulin resistance in PCOS (75).
It is found as areas of increased pigmentation and papillo-
matosis of the skin of the backside of the neck, and in skin
flexures, preferably the axilla region. Its presence is found
in 1-3% of PCOS cases.

Metabolic Syndrome

Apart from the criteria for the presence of impaired glu-
cose intolerance, the metabolic syndrome as defined in
Table 3 represents risk factors for the development of car-
diovascular disease. The criteria used for the metabolic
syndrome are based on the third report of the National Cho-
lesterol Education Program (NCEP) (76), which was re-
cently adjusted as for the treatment approach in cases that
were diagnosed based on this definition (77). Although
debates upon the preferred definition of the metabolic syn-
drome are still ongoing, it is crucial to apply a consented
definition within the field of PCOS to be able to evaluate
the role of this condition as for the long-term health risks
in PCOS. With the current definition (three out of five cri-
teria as listed in the table), the incidence of the metabolic
syndrome in PCOS is not well established, although recent
observations suggest it to be around 40-50% (78-80). The
increased presence of dyslipidemia, however, has been more
clearly established (8/-83). This disturbance itself may
be related to or even manifested by the presence of obesity,
hyper-androgenism, and hyperinsulinemia.

The question whether PCOS women do have an increased
risk for the development of cardiovascular disease, based
on the increased incidence of hyperlipidemia and insulin re-
sistance, remains to be answered. Studies on true outcome
variables like cardiovascular morbidity and mortality rates
show a trend toward a higher incidence of hypertension only
(84-88). If biochemical and histological markers for vascu-
lar damage are taken as measure, PCOS patients show alter-
ations in platelet and endothelium function, as well as clear
changes in vascular architecture associated with arterial dis-
ease (89-95). All this seems to be truer for the obese PCOS
case and argues for the longitudinal follow up of PCOS pa-
tients to assess the true risk for cardiovascular disease. At
present, assessment of the presence of the metabolic syn-
drome is advised for obese PCOS cases, as well as for non-
obese PCOS with insulin resistance and a family history of
type 1I diabetes (3,8).

Cancer Risk

Unopposed exposure to estrogens has been known as an
important risk factor for the development of endometrial
hyperplasia and eventually endometrial carcinoma. Women
with PCOS do have an increased life time risk for endo-
metrial carcinoma, as has been suggested by several studies
(96—98). Whether this is caused by unopposed estrogen ex-
posure due to ovarian dysfunction alone or also by the pres-
ence of diabetes and obesity, which in itself are risk factors

for endometrial carcinoma, is difficult to assess. Currently,
itis advised to perform endometrial histological evaluation
through directed biopsy at hysteroscopy, endometrial brush,
or curettage in cases with heavy prolonged bleeding or sus-
tained increased endometrial thickness at transvaginal ultra-
sound (99). Risks for the development of cancers of the breast,
ovary or uterine cervix have shown to be not increased.

Differential Diagnosis

In the consensus meeting on the diagnosis PCO syndrome
it was decided to use three key criteria, of which at least 2
should be present, while exclusion of other aetiologies was
mandatory. In the following other possible explanations
fortwo of the key features of PCOS are briefly summarised.

Other Causes of Oligomenorrhea/Amenorrhea

1. Hypogonadotropic (WHO I)

* Stress, weight or exercise related: Plasma levels for both
gonadotropins and estrogens are typically low.

* Hyperprolactinemia: Galactorrhea is often present and
prolactin levels are elevated. Further work-up directed
toward pituitary adenoma, history on central nervous sys-
tem drug use, evaluation of thyroid function (100,101).

2. Hypergonadotropic (WHO III)

* Plasma levels for both gonadotropins are typically ele-

vated and levels for estrogens low.
3. Normogonadotropic (WHO II)

e Levels for both gonadotropins are in the normal range
and only one or none of the criteria for PCOS present.
These cases should be categorized as WHO ITnon PCOS.

Other Causes of Hyperandrogenism

1. Congenital adrenal hyperplasia (see Fig. 2). This disorder
comprises several possible enzymatic defects, of which
the 21-hydroxylase deficiency is by far the most common
(102). It is the non-classic, late onset type in which the
enzymatic defect is partial, that has to be excluded in a
suspected PCOS case. Levels of 17-hydroxy-progesterone
are elevated in the follicular or anovulation state of ova-
rian function. Also, the increased production of andros-
tenedione and testosterone, which results from the pooling
of 17-OH-progesterone, leads to clinical hyperandrogen-
ism, which may be indistinguishable from that in PCOS
women. However, hirsutism may be more severe and, more
frequently, signs of virilization are present. Inheritance is
autosomal-recessive and explains a family tendency. The
ovaries on ultrasound may show the same appearance as is
typical for PCOS patients. Cases with partial 11-p-hydrox-
ylase deficiency largely show the same features as the much
more common partial 21-hydroxylase deficiency, but in
addition have elevated levels of 11-deoxycortisol and an
accompanying arterial hypertension (1/03).

2. Cushing’s syndrome. This rare entity results from exces-
sive cortisol production based on the presence of an adre-
nal neoplasm or driven by enhanced ACTH release, which
is almost invariably due to a pituitary tumor and seldom
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Fig. 2. Scheme of steroid synthesis pathways in the adrenals, showing effects of partial enzymatic failure of 21-hydroxylase and 11-§3-
hydroxylase.

from ectopic origin. The presence of obesity, hirsutism,
acne, and oligomenorrhea may create confusion with the
PCOS but the finding of signs like moon face, muscle waist-
ing, abdominal striae, and hypertension point toward hyper-
cortisolism. Fasting cortisol levels may be elevated and
diurnal rhythm absent. Failure to suppress cortisol levels in
an overnight dexamethasone suppression test is the final
clue for diagnosis (104).

. Androgen-producing neoplasms. These rare tumors may

arise in the ovary or adrenal gland. The clinician should be
alerted to their possible presence in cases with rapid devel-
opment of severe hirsutism, acne, and virilization, with
clitoromegaly, deepening of the voice and a male body
shape. Secondary to raised androgen levels, PCO-like mor-
phology of the ovaries may develop, as well as oligomenor-
rhea/amenorrhea. Levels of testosterone and androstene-
dione may be elevated far more above upper limits for
normality and may urge to apply imaging techniques of
the adrenals and ovaries like MRI or CT (105,106).
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