Chapter 2
Polycystic Ovarian Syndrome: A Diagnosis
of Exclusion
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Key Points

* Polycystic ovary syndrome presents with features that may overlap with multiple

other endocrine disorders and clinical conditions.

e These conditions must be ruled out before the diagnosis of PCOS can be

established.

Introduction

Polycystic ovary syndrome (PCOS) is a common chronic condition with implications

for morbidities, both in short-term (e.g., subfertility and pregnancy-related compli-
cations) and long-term risks (e.g., type 2 diabetes, cardiovascular disease, depres-

sion, poor quality of life, and overall mortality) [1]. A prompt diagnosis allows

opportunities for early institution of preventive strategies for prevention of sequelae.

However, diagnosing PCOS can be challenging, as the symptoms do overlap with a

number of disorders that themselves require specific treatment. No single symptom,
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Table 2.1 Differential diagnoses that may mimic or coexist with PCOS

Condition Initial screening

Hypothyroidism TSH

NCCAH 17-Hydroxyprogesterone

Hyperprolactinemia Prolactin

Androgen-secreting tumor Testosterone, DHEAS

Cushing’s syndrome Midnight serum/salivary cortisol, 24-h urine free-cortisol,
or dexamethasone suppression test

Exogenous androgen exposure History-taking

Hypothalamic hypogonadism Estradiol, FSH, LH

examination finding, or laboratory data is diagnostic of this disorder. Rather, arriving
at a diagnosis requires a systematic approach aimed at excluding the differential
diagnoses that could account for the patient’s presentation; the diagnosis of PCOS
is thus one of systematic exclusion.

Table 2.1 lists the common alternative etiologies that could mimic PCOS. On
occasion, patients may experience these conditions concurrently with PCOS.

Prevalence and Epidemiology of PCOS

It is estimated that 2—18 % of women have PCOS, making PCOS the most common
endocrine disorder among reproductive-aged women [2—4]. However, determina-
tion of exact prevalence is problematic owing to heterogeneity in the employed
diagnostic criteria (see next section) and variability in presenting symptoms, labora-
tory values, and imaging studies across populations and over time.

Diagnostic Criteria for PCOS (Laboratory and Imaging)

PCOS may include hyperandrogenism, chronic anovulation, and sonographic
polycystic ovarian morphology, once other etiologies have been excluded.
Hyperandrogenism, either clinical or biochemical, is required for diagnosis of PCOS
by the 1990 National Institutes of Health criteria and the 2006 Androgen Excess-
PCOS criteria, in contrast to the 2003 Rotterdam criteria, which allows for any two
of three [5-7]. Although obesity, luteinizing-hormone elevations, and insulin resis-
tance are common among PCOS, these are not required for diagnosis [1].

Clinical hyperandrogenism can manifest with hirsutism, defined as midline distributed
terminal hair growth, acne, or male-pattern balding [1]. Biochemical hyperandrogenism
may include elevations in total or bioavailable testosterone or dehydroepiandrosterone
sulfate (DHEAS), although the assays may not be sensitive even in the presence of
clinical hyperandrogenism [1]. The presence of virilization (rapidly progressing
hirsutism/acne with clitoromegaly) should raise suspicion for malignancy [1].



2 Polycystic Ovarian Syndrome: A Diagnosis of Exclusion 13

Chronic anovulation is suggested by oligomenorrhea with nine or fewer
menstrual cycles annually, although eumenorrhea with absent ovulation is present
in 20 % of PCOS patients [6]. Transvaginal ultrasound is considered the best imag-
ing modality, with polycystic ovaries defined as having either >12 follicles 2-9 mm in
diameter or ovarian volume >10 cm?® in at least one ovary in the absence of ovarian
lesions [5].

Etiologies that must be excluded include pregnancy, thyroid dysfunction, hyper-
prolactinemia, congenital adrenal hyperplasia, ovarian insufficiency, androgen-
secreting neoplasm, hypothalamic amenorrhea, and Cushing’s syndrome [1].

Congenital Adrenal Hyperplasia

Congenital adrenal hyperplasia (CAH), particularly nonclassical (NCAH), must be
considered in any woman presenting with features of PCOS. Notably, symptoms of
hirsutism, acne, alopecia, and menstrual dysfunction that are commonly attributed
to PCOS can be seen in patients with CAH [8, 9].

CAH is an autosomal recessive disorder most commonly involving the mutations
of the gene encoding the enzyme 21-hydroxylase and, less frequently, genes encod-
ing 11p-hydroxylase and 3f-hydroxysteroid dehydrogenase, with phenotypes
exhibiting wide variability depending on severity of mutations and number of
alleles affected [9, 10]. All of these enzyme deficiencies lower production of corti-
sol and aldosterone by the adrenal cortex. This lowers the negative feedback of
cortisol on the pituitary, prompting compensatory increased pituitary adrenocorti-
cotropic hormone (ACTH), leading to hyperplasia of the adrenal cortex [9].
Precursor hormones proximal to the deficient enzyme accumulate that are either
themselves androgenic or are converted to androgenic products and thus promote
androgenization and virilization [9]. For example, 17-hydroxyprogesterone that is
elevated in 21-hydroxylase and 11p-hydroxylase deficiencies may be converted to
androstenedione via 17, 20 lyase, and through an alternate pathway, to dihydrotes-
tosterone [9].

NCAH presents in later childhood to early adulthood, affecting approximately
1 in 1,000 to 2 in 1,000 [8, 9] in the general population, but may be much more
prevalent in certain ethnic groups such as Hispanics, Yugoslavs, and Eastern
European Ashkenazi Jews [9, 10]. Classical CAH occurs in 1 in 5,000—15,000 live
births [9] and manifests as neonatal ambiguous genitalia or virilization, but diag-
nosis is important because 75 % of cases have associated salt-wasting [10].
Subfertility and infertility are uncommon in NCAH but more prevalent with the
classical type [11]. However, NCAH has been reportedly associated with higher
rates of pregnancy loss that improved with glucocorticoid therapy [11]. Twenty-
seven to seventy-six percent of NCAH are carriers of a severe loss-of-function
mutation, which has particular importance during pregnancy in terms of female
fetus virilization [11]. If the paternal status is unknown, the mother may be treated
with dexamethasone to suppress fetal ACTH and minimize excessive fetal
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androgen production until prenatal diagnosis can be achieved by either chorionic
villus sampling or amniocentesis [10]. This strategy is recommended, particularly
if there is a history of a child or first-degree relative with classical CAH, but
concerns have been raised about adverse maternal and fetal effects as a result of
dexamethasone exposure [10].

Clinically, it can be difficult to distinguish NCAH from PCOS [8, 12, 13], since
both present with features of androgen excess. The androgen excess associated
with CAH may lead to disruption of gonadotropin release from the pituitary and
ovarian cysts, producing superimposed PCOS [10]. NCAH due to 11p-hydroxylase
deficiency may be distinguished from PCOS by accompanying hypertension [14].
A morning basal 17-hydroxyprogesterone level >2 ng/mL during the follicular
(preovulatory) stage of the menstrual cycle has 97 % sensitivity for screening the
commonest variant of NCAH that due to 21-hydroxylase insufficiency [8].
However, 17-hydroxyprogesterone will be normal in cases of 3p-hydroxysteroid
dehydrogenase deficiency [15].

Once NCAH is suspected based on initial screening, patient should undergo the
diagnostic ACTH Stimulation Test. Exogenous acutely administered ACTH would
be expected to increase accumulation of precursors proximal to the deficient
enzyme. Inthe case of suspected 21-hydroxylase deficiency, 1 7-hydroxyprogesterone
(sometimes accompanied by androstenedione) is drawn at both baseline and
30-60 min following intravenous administration of 250 pg synthetic ACTH [9].
Testing should be done in the morning when endogenous ACTH is maximal [16]
and during the follicular phase of the cycle to prevent false-positive progesterone
elevations from ovulation. An overnight fast is preferred, given that food intake may
affect the hypothalamic—pituitary—adrenal axis [17]. NCAH is diagnosed with a
stimulated 17-hydroxyprogesterone level >10 ng/mL [12].

With 11p-hydroxylase deficiency, 11-deoxycortisol and 11-deoxycorticosterone
increase in addition to 17-hydroxyprogesterone and androstenedione during the
ACTH Stimulation Test [14]. Different hormone profiles will be seen for the rare
HSD3B2 deficiency, whereby elevated 17-hydroxypregnenolone and DHEA levels
are observed [15]. The clinical impression may be further refined with genotyping.
CYP21A2 is encoded on the short arm of chromosome 6, and missense mutations
resulting in NCAH with 20-60 % of enzyme activity preserved include P30L,
V281L, R339H, and P453S [10].

Treatment of NCAH depends on the severity of symptoms and is individualized
to the patient. Menstrual cyclicity can be reinstituted and hyperandrogenic features
controlled through use of hormonal contraceptives and use of antiandrogens (indi-
vidually or in concert). A judicious use of exogenous glucocorticoid by exerting
negative feedback at the pituitary level and, hence, suppressing the ACTH-driven
adrenal steroidogenic pathway, allows spontaneous resumption of ovulation with-
out conferring additive risk of multiple pregnancy, and should be considered in
anovulatory patients desirous of achieving pregnancy [9, 10]. As discussed earlier,
a diagnosis of NCAH per se is not an indication for continuing glucocorticoid ther-
apy during pregnancy [10, 18].
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Tumors

In women, androgen-secreting tumors can originate from the ovary or the adrenal
gland. Rapidity of onset and symptom progression and evidence of virilization
should alert one to the possibility of an androgen-secreting tumor as a mecha-
nism for the PCO-like clinical picture. Tumors vary in the potency of androgens
secreted, although weaker androgens may be converted into potent hormones in
peripheral sites. Serum total testosterone >200 ng/dL has been used as a thresh-
old for alerting clinicians regarding the possibility of an underlying androgen-
secreting tumor, and warrants further evaluation to rule out the possibility of an
ovarian and/or adrenal tumor [19, 20]. At this specified threshold, the test has a
high sensitivity and negative predictive value. However, because of the relatively
low overall prevalence of androgen-secreting tumor/s, the positive predictive
value of total testosterone for diagnosing an androgen-secreting ovarian or
adrenal tumor is poor [20]. It is important to appreciate that total testosterone
levels at <200 ng/dL do not necessarily exclude the possibility of an underlying
tumor; additionally, tumor interpretation can be challenging because a standard-
ized testosterone assay is not available [1]. Virilizing tumors of the adrenal glands
are also extremely rare. Measurement of DHEAS has been recommended for
screening of virilizing adrenal tumors given its exclusive production by the adre-
nal, with further workup at levels >600-700 pg/dL, but it is difficult to assess
positive predictive value because the prevalence of tumor is so low [20]. Levels
that suppress to normal with dexamethasone administration suggest a non-
neoplastic process [19].

Ultrasound is generally regarded as the initial imaging choice for evaluating the
ovaries. However, sex cord-stromal tumors can be difficult to visualize by ultrasound
given that a majority are isoechoic to the ovary [21]. When ultrasound imaging of
the ovaries is inconclusive, additional imaging is warranted, preferably by magnetic
resonance imaging (MRI) rather than computer tomography (CT). Even with
advanced imaging, however, virilizing ovarian tumors can be difficult to localize
[22]. When this occurs, the ovarian veins can be sampled bilaterally and testoster-
one levels can be measured to identify the laterality of ovarian source of excess
androgen [22]. The ovarian vein with abnormally high androgen levels can identify
on which side the tumor exists [22].

The treatment of androgen-secreting ovarian tumors depends on the stage at the
time of diagnosis. Most are stage I, meaning that they are unilateral and localized
to the ovary, and are treated with surgery [23, 24]. Surgery may involve unilateral
or bilateral oophorectomy accompanied by hysterectomy, depending on the
patient’s fertility desires, along with staging [23, 24]. In contrast to the ovary, CT is
a reasonable initial imaging modality for virilizing adrenal imaging tumors [19]. In
the event of a suspected focal adrenal source of androgen excess, patients should be
promptly referred for definitive management that will likely entail a surgical
approach [19].



16 J. Wolf et al.
Cushing’s Syndrome

Cushing’s syndrome is an uncommon but potentially life-threatening condition that
can mimic PCOS. Caused by excessive exposure to cortisol, with an incidence of
0.7-2.4 per million population per year [25], the clinical presentation commonly
overlaps that of PCOS, including progressive weight gain, menstrual abnormalities,
and features of hyperandrogenism (acne and hirsutism) [25, 26]. Clinical stigmata
include evidence of central adiposity, dorsal cervical fat accumulation, proximal
muscle weakness, violaceous cutaneous striae, depression, hypertension, osteope-
nia, and glucose intolerance [25, 26]. Anterior pituitary corticotroph tumors leading
to excessive ACTH production are responsible for 70 % of the cases of Cushing’s
syndrome, with the remainder being due to ectopic ACTH production [25].
Cushing’s syndrome may be the presenting feature of an occult cancer presenting as
a paraneoplastic syndrome, or it may result secondary to cortisol-secreting tumors
or even follow exogenous exposure to glucocorticoids [25].

Screening for Cushing’s syndrome may be accomplished by sampling cortisol in
serum, saliva, or urine, either alone or in combination. Timing of sample takes into
consideration diurnal changes of ACTH and cortisol, which peak in the morning
and nadir at night [16]. Salivary cortisol assessed between 2,300 and midnight is
used as a surrogate for midnight serum cortisol [26]. Falsely positive screening may
be encountered in cases of depression, alcoholism, anorexia nervosa, and use of
estrogen-containing contraceptives (within 6 weeks of testing), rifampin, antiepi-
leptic drugs, or late pregnancy [25, 27]. Contraceptive use increases cortisol binding
globulin and, thereby, total serum or salivary cortisol, but it does not affect free-
cortisol levels in urine [27]. Renal dysfunction or severe illness may produce false-
negative results [25, 27]. An abnormal result for 24 h urine free-cortisol is considered
as >4 times normal (<150 pg/24 h, depending on the assay) [26-28]. A salivary
cortisol level >8.6 nmol/L (0.31 pg/dL) or repeatedly >4.3 nmol/L (0.15 pg/dL) is
highly suggestive of Cushing’s syndrome, with sensitivity of 90-95 % and specific-
ity of 90—100 %, but results may be compromised in patients with depression or for
occupations with disrupted sleep—wake cycles [26, 27].

Suppression of normal pituitary ACTH release follows exposure to an exogenous
glucocorticoid, thereby decreasing serum cortisol level. As a screening strategy for
diagnosing overproduction of cortisol, the overnight dexamethasone suppression
test (DST) utilizes administration of 1 mg dexamethasone at 2300 hours, followed
by serum cortisol measurement in early morning, between 0800 and 0900 hours;
serum cortisol level of <50 nmol/L (<1.8 pg/dL) is taken to reflect adequate adrenal
suppression [25, 26]. An overnight fast is preferred, as serum cortisol levels dur-
ing the DST may be affected by food intake [17]. Less commonly, a total of 4 mg
dexamethasone is administered in divided doses of 0.5 mg every 6 h over 48 h,
and serum cortisol is measured at 0900 hours at the start and end of the test [25].
The false-negative rate of the DST is reported to be 8 % [26].

Once a diagnosis of CS has been made, the patient should be referred to an
endocrinologist for further management. While definitive management is beyond
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the scope of reproductive endocrinology, the next steps focus on unraveling the
underlying mechanism(s) for cortisol overproduction. Serum ACTH levels, if abnor-
mally elevated, should prompt imaging studies to identify focal pituitary pathology
and/or metastatic lesions that may account for ACTH overproduction. Alternatively,
non-suppressible excess cortisol in the setting of low ACTH levels should direct one
to imaging of the adrenals for evidence of an adrenal mass or hyperplasia. In the
absence of evident adrenal asymmetry or mass, adrenal vein sampling may help
establish a diagnosis of adrenal overproduction of cortisol; definitive surgical inter-
vention can then follow, if indicated [25].

Exogenous Androgens

Prior to making a diagnosis of PCOS, a hyperandrogenic patient should be queried as
to exposure to agents with androgenic activity such as danazol, synthetic derivatives
of testosterone for “performance enhancing,” and exogenous use of testosterone by
the patient or her partner (symptoms of androgen excess have been reported from
passive transfer through physical contact of transdermal testosterone gel being used
by partner) [29]. Once exposure is discontinued, symptoms typically improve,
although virilization with clitoromegaly, male-pattern balding, voice deepening,
and hirsutism may persist [30].

Idiopathic Hyperandrogenism

At least in one study, idiopathic hyperandrogenism accounted for approximately 15 %
of cases of presumed androgen excess in premenopausal women of Italian origin
[31]. The diagnosis is based on clinical and biochemical assessment. Ovulatory
menstrual cycles, sonographically normal ovaries, and a normal androgen milieu
despite clinical evidence of hyperandrogenism identify these cases as distinct from
PCOS [31].

Hypothyroidism

While menstrual disturbances are commonly encountered in the setting of thyroid
dysfunction, the prevalence of menstrual dysfunction is much higher with hypothy-
roidism compared to hyperthyroidism [32]. Evaluation of thyroid function must be
undertaken in any woman presenting with menstrual irregularities. Thyroid evalua-
tion is typically performed by obtaining a serum thyroid-stimulating hormone
(TSH) level, preferably in the morning when the level is at its nadir [33]. If the TSH
is elevated, a thyroxine (T4) serum level can be obtained. In the case of overt
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hypothyroidism, laboratory findings would demonstrate an elevated TSH level and
a decreased free-T4 level [33]. Elevated TSH in the setting of normal free-T4 levels
is consistent with subclinical hypothyroidism, which can progress to overt disease
over time [33]. Less commonly, free T4 is low but TSH is normal or low, which
suggests hypothalamic or pituitary dysfunction [33]. Patients having severe hypo-
thyroidism with TSH >10 mIU/mL have significant menstrual disturbances (34 %
vs. 23 % in controls), including irregular cycles, oligo-, poly-, and amenorrhea,
but those with mild-moderate hypothyroidism were not significantly different [32].
The prevalence of TSH >4.5 mIU/mL in the United States among women age 1249
is 3.1 % [34] but increases to 31.5 % at TSH of 4-4.5 mIU/mL [35]. Other laboratory
findings of hypothyroidism include elevated low-density lipoprotein (LDL), high
triglycerides, hyponatremia, normocytic anemia, proteinuria, hyperprolactinemia,
and elevated C-reactive protein levels [33].

Patients with overt hypothyroidism are encouraged to start thyroid replacement
therapy, which is typically continued for life [33]. This has particular importance for
women of reproductive age, although evidence to support therapy in the setting of
subclinical hypothyroidism is debated [36]. The thyroid gland makes thyroxine
(T4) and the more biologically active triiodothyronine (T3) [33]. Twenty percent
of T3 is synthesized from the thyroid gland, with the remainder derived from periph-
eral conversion of T4 by deiodinase enzymes [33]. T3 preparations have short half-
lives and require more frequent daily dosing, so T4 in the form of levothyroxine is
preferred [33]. After initiating pharmacologic treatment of hypothyroidism, TSH
levels are followed until normalized [33].

Hashimoto’s disease is the most common cause of hypothyroidism in the United
States and is the result of autoimmune thyroid damage [33]. Other relatively uncom-
mon etiologies for hypothyroidism include iodine deficiency, radioablation or
surgery to treat hyperthyroidism, radiation to the neck, central dysfunction from
a cranial mass, radiation to the head, or ischemia [33]. Certain medications can also
result in hypothyroidism, such as lithium, amiodorone, interferon-alpha, and inter-
leukin-2 [33].

Hyperprolactinemia

Hyperprolactinemia is a relatively common endocrinopathy with an estimated
prevalence at 15 % in women with isolated anovulation, and 43 % in those manifesting
a combination of galactorrhea with anovulation [37]. While hyperprolactinemia may
be asymptomatic, common clinical features include galactorrhea, oligo-amenorrhea,
reduced libido, and subfertility [38].

Prolactin is synthesized and released by lactotroph cells in the anterior pituitary
and is inhibited by dopamine from the hypothalamus via the pituitary portal circulation
[37-39]. Diurnal variations in circulating levels of prolactin are evident, with the
levels being highest during sleep and lowest during waking hours [39]. Normal
serum levels of prolactin are 10-28 pg/L [37-39].
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A spectrum of physiological, pathological, and pharmacological etiologies may
underlie hyperprolactinemia. Physiologic causes of prolactin excess include preg-
nancy, lactation, breast stimulation, stress, sexual intercourse, and exercise [37-39].
Pathologic contributors to prolactin excess include pituitary and non-pituitary tumors,
of which the most common are tumors of lactotrophs (prolactinoma) that account for
about 30 % of all pituitary adenomas [37-39]. latrogenic causes of hyperprolac-
tinemia are not uncommon; commonly used pharmacological agents that can cause
hyperprolactinemia include verapamil, metoclopramide, methyldopa, phenothi-
azine, and reserpine [37-39]. Estrogen, thyrotropin-releasing hormone (TRH),
epidermal growth factor, and dopamine receptor antagonists promote synthesis and
secretion of prolactin [37-39]. In primary hypothyroidism, in which thyroid
hormone secretion is low, compensatory increased TRH would increase both TSH
and prolactin secretion [39].

Per the Endocrine Society, serum prolactin levels are accurate for diagnosing
hyperprolactinemia, and dynamic testing (TRH, L-dopa, nomifensine, and dom-
peridone) is not superior or necessary [38]. Despite diurnal variations [39], prolactin
can be drawn at any time of day [38]. It is best to measure prolactin at least 1 h after
awakening or eating [40]. It is preferable to draw prolactin levels prior to performing
breast or pelvic examinations, though one study did not find that breast examina-
tions affected prolactin levels in euprolactinemic women [41]. Prolactin levels
persistently >25-28 pg/mL need further evaluation. If the patient with moderately
elevated prolactin level <150 pg/mL is asymptomatic or has less-typical presenting
symptoms such as decreased libido in the setting of eumenorrhea, polyethylene
glycol precipitation to identify macroprolactin forms, which have low bioactivity,
can avoid further workup [38, 40]. Symptomatic patients should receive a gadolin-
ium-enhanced MRI to evaluate the pituitary for an adenoma, particularly a mac-
roadenoma with size >10 mm [38, 40]. Although macroadenomas are associated
with prolactin levels >250 pg/mL, tumor size does not always correlate with serum
levels, so imaging is warranted even with low degrees of prolactin elevations [38, 40].
Symptoms of headaches, visual changes, features suggestive of cranial nerve palsy,
and perturbations in pituitary hormones in addition to prolactin excess (such as
concomitant thyroid and adrenal dysfunction) are concerning as mass effect phenom-
ena secondary to a pituitary tumor, and merit expeditious evaluation with brain MRI
and visual field testing [38].

If the patient with hyperprolactinemia is asymptomatic, does not have amenorrhea,
and does not have a macroprolactinoma, treatment is not needed [38]. Treatment of
hyperprolactinemia depends on the underlying mechanism and the individual
patient’s clinical profile. In medication-induced hyperprolactinemia, discontinu-
ation of the offending agent may restore gonadal function, but may come at the
expense of exacerbating other medical conditions, particularly psychiatric [38].
Restoration of functioning of the hypothalamic—pituitary—ovarian (HPO) axis
through use of dopamine agonists allows resumption of spontaneous ovulation;
this strategy is particularly meaningful for those desirous of fertility, and in those
diagnosed with a pituitary macroadenoma wherein tumor shrinkage can be achieved
in more than 90 % of patients through lactotroph suppression [37-39].
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Dopamine agonists (such as bromocriptine, cabergoline, and quinagolide) are
the mainstay of pharmacologic treatment in clinical practice; acting on the
D2-type receptors on the pituitary lactotrophs, these agents decrease the synthe-
sis and cellular release of prolactin [37-39]. Treatment with dopamine agonists
restores ovulation in about 90 % of women with anovulatory infertility secondary
to hyperprolactinemia [37-39]. Cabergoline is preferred for macroprolactino-
mas over bromocriptine, with magnitude of tumor shrinkage 90 % vs. 50 %,
respectively [38].

Decreased bone mineral density and predisposition to skeletal fragility should
be considered as a long-term risk relating to chronic hyperprolactinemia and pre-
menopausal hypogonadism [38]. Dopamine agonist therapy should be considered
as a strategy to normalize ovarian function in patients deemed at a lifetime risk for
skeletal fragility, as correction of hypogonadism allows an opportunity for optimizing
bone mass accrual [38].

However, dopamine agonist therapy may exacerbate psychiatric illness, and,
therefore, may not be appropriate for some patients [38, 40]. Estrogen-containing
hormonal contraceptives may be considered in hypogonadal women with a micro-
prolactinoma not desiring pregnancy or those who are not good candidates for
dopamine agonist therapy [38, 40].

Hypothalamic Hypogonadism

Hypothalamic hypogonadism (HH) is the most common cause for menstrual irregu-
larities in adolescents and must be considered in the differential diagnosis when
evaluating for PCOS [42]. While oligo-amenorrhea dominates the clinical picture,
subtle features suggestive of hyperandrogenemia may be apparent (e.g., acne and
excess villous hair). Circulating levels of androgens are typically within normal
range, although mild excess in free testosterone may be seen and can be attributed
to suppressed serum sex hormone binding levels (a sequel to protracted hypoestro-
genemia). Laboratory testing typically indicates low estradiol, while gonadotropin
levels may be low or normal, and other etiologies relating to thyroid or prolactin
disorders are excluded [42].

HH is categorized as functional, implying a correctable cause, and nonfunctional.
In functional HH, pituitary follicle-stimulating hormone (FSH) and luteinizing hor-
mone (LH) responsiveness to hypothalamic gonadotropin release hormone (GnRH)
is intact, but the pulsatility of GnRH secretion is altered. Potentially reversal causes
of functional HH include psychologic stress, nutrition deficit, and exercise excess
[42]. Stress (psychological as well as physical) is a recognized contributor to HH;
stress-induced release of hypothalamic corticotropin release hormone (CRH) dis-
rupts the pulsatile release of GnRH, thereby resulting in dysfunction of the pituitary
gonadotrophs [42]. Anorexia nervosa (AN) is classically associated with HH.
Combinations of extreme nutritional limitations, low percentage body fat mass,
and concomitant leptin deficiency as well as ongoing psychological stress are
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recognized as contributory to HH of patients diagnosed with AN; the latter explains
the inconsistent recovery of the hypothalamic—pituitary—ovarian axis function,
despite fat mass being regained through intervention in some patients diagnosed
with AN [42]. Athletes endure combinations of extreme physical and psychological
stresses as well as dietary restrictions that predispose them to HH [42]. Nonfunctional
hypothalamic states as causes for HH are relatively uncommon and merit consider-
ation in appropriate clinical settings; these include idiopathic HH, Kallmann’s
syndrome, infection, and chronic illness [42]. Idiopathic HH presents as primary
amenorrhea and absent pubertal development and is estimated at 1 in 50,000 females
[43]. Kallmann’s syndrome is a rare condition caused by a genetic mutation and
additionally presents with anosmia (apparent or covert) due to failure of olfactory
neuron migration during embryonic development [42]. Infectious etiologies include
tuberculosis, sarcoidosis, and syphilis [42].

Management considerations for HH are guided by underlying mechanisms
and the patient’s unique clinical profile. Of particular concern is the long-term risk
for skeletal fragility given that HH is a protracted state of hypoestrogenemia. For
patients with HH not desirous of pregnancy, estrogen therapy (either as a hormonal
contraceptive formulation or as menopausal hormonal regimen) offers skeletal ben-
efit for all except those with AN [44]. For the latter, some success with normalization
of the HPO-axis function, and skeletal protection may be achieved through combina-
tions of targeted psychological support and therapy and through deliberate weight
gain [42]. Additionally, bisphosphonate risedronate and low-dose testosterone, both
used off-label, improved bone density in a trial involving premenopausal women
with AN [44]. Exogenous leptin therapy has demonstrated therapeutic success in
achieving normalization of the HPO functioning, albeit in research settings [45].

For patients with HH seeking fertility, correction of the underlying condition
may restore GnRH pulsatility; more realistically, however, successful ovulation can
be achieved either through use of exogenous gonadotropins (albeit at the cost of an
increased risk for multiple pregnancy) or where access to pharmacological GnRH is
available with use of exogenous GnRH administered in a physiological paradigm
through a transcutaneous pump (a physiological approach that holds minimal risk
for multiple ovulation) [42].

Hyperandrogenic Insulin Resistance with Acanthosis
Nigricans (HAIR-AN) Syndrome

Hyperandrogenic insulin resistance with acanthosis nigricans, or HAIR-AN, syn-
drome represents an extreme state of insulin resistance and can be identified in
1-3 % of women presenting with clinical features of hyperandrogenism [46].
Although there is no gold-standard test, a diagnosis is suggested based on markedly
elevated basal or glucose-stimulated insulin levels (more than 3-5 times higher
than the upper limit of normal range) [46]. It is quite plausible that rather than
being a distinct entity, HAIR-AN may represent a more metabolically severe form
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of PCOS [46, 47]. Despite the severe hyperinsulinemia, pancreatic § cells appear to
be dysfunctional, such that the severity of hyperinsulinemia is disproportionate to
the glycemic profile of these patients [47]. High circulating levels of insulin are
recognized to drive androgen synthesis by the ovarian theca cells and, thus, are of
pathophysiological relevance to the overall clinical picture. Management strategies
aim at improving insulin sensitivity through a combination of lifestyle modifica-
tions and pharmacological therapy [46, 47].

Hyperreactio Luteinalis

Hyperreactio luteinalis is an uncommon condition that occurs during pregnancy in
the second or third trimester and produces severe virilization [48]. The etiology is
unknown but may be due to increased ovarian sensitivity to hCG, thereby increasing
androgen production by theca cells and causing large cystic ovaries [48]. The risk is
increased in gestational trophoblastic disease [48]. Although the condition is unlikely
to be mistaken for PCOS during pregnancy, it is possible that a provider may see the
patient for the first time during the postpartum period.

Coexisting with PCOS

Although related endocrinologic disorders are typically ruled out prior to establish-
ing the diagnosis of PCOS, they may coexist. Hyperprolactinemia was present in
7 % of Spanish women with hyperandrogenism [49]. As half of those cases were
associated with macroprolactin, which would point more toward PCOS as the
primary etiology for the hyperandrogenism, it is unclear whether the association is
coincidental and independent or somehow related [49].

Autoimmune hypothyroidism and thyroiditis are more prevalent among PCOS
patients compared to controls, and may relate to increased humoral immunity in
the setting of unopposed estrogen [50, 51]. Subclinical hypothyroidism (TSH 4.5—
10 mIU/mL) was present in 11 % of Brazilian women with PCOS and was associated
with higher LDL cholesterol and prolactin levels than those with normal TSH [52].
Women with PCOS and subclinical hypothyroidism also have higher triglycerides
than euthyroid PCOS women [53]. This relationship is likely bidirectional, as met-
formin therapy for women with both PCOS and hypothyroidism reduced TSH levels
[54], while thyroid hormone therapy for hypothyroid patients with polycystic ovaries
decreased both ovarian size and serum androgen levels [55].

Superimposed PCOS can occur due to the hyperandrogenic state from NCAH
[10], with the two coexisting in 10 % of NCAH-afflicted Greek women [13].

Among patients with functional hypothalamic amenorrhea, 30-50 % have
sonographic polycystic ovary morphology [56]. Although these patients are not
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Table 2.2 Diagnostic paradigms for PCOS*

Society consensus criteria

NIH 1990 Rotterdam 2003 AES 2006
Oligomenorrhea + Androgen excess +either
Signs/symptoms androgen excess  Any 2 anovulation or PCO
Oligomenorrhea or anovulation + +/— +/—
Hyperandrogenism +/— +/— +/—
Hyperandrogenemia +/— +/— +/—
PCO on ultrasound - +/— +/—

*Reprinted from Fertility and Sterility, 81/1, revised 2003 consensus on diagnostic criteria and
long-term health risks related to polycystic ovary syndrome, 19-25, Copyright 2004, with permission
from Elsevier

Table 2.3 Suggested workup TSH
for evaluation of PCOS Prolactin
Androgens
DHEAS

Testosterone (total and free)
17-Hydroxy progesterone
Pelvic ultrasound
Miscellaneous
Glucose tolerance test or hemoglobin alc
Lipids
24-h Urine-free cortisol

hyperandrogenic initially, they have higher stimulated serum androstenedione and
testosterone levels than controls [57]. This exaggerated ovarian response to
gonadotropins is similar to that found in PCOS; a normal unstimulated androgen
status in a subgroup of women with HH may be a reflection of ovarian quiescence
due to basal hypothalamic suppression, and recovery of HPO axis in this population
may unmask a PCOS phenotype [57].

Summary

PCOS is the most common cause of hyperandrogenic anovulation among
reproductive-aged women. Early diagnosis allows the opportunity of timely inter-
ventions aimed at reducing long-term morbidity in this population. A variety of
potentially serious disorders can, however, mimic the clinical presentation of PCOS.
Despite a patient meeting well-defined clinical criteria (Table 2.2), the diagnosis of
PCOS is one of exclusion after systematic evaluation to rule out common endocri-
nopathies that can masquerade as PCOS (Table 2.3).
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