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depends on local growth factors, and there is variability in end organ
(PSU) sensitivity. Genetic factors and ethnic background also influence hair growth. In general, dark-haired individuals tend to be more
hirsute than blond or fair individuals. Asians and Native Americans
have relatively sparse hair in regions sensitive to high androgen levels,
whereas people of Mediterranean descent are more hirsute.

PART 2
Cardinal Manifestations and Presentation of Diseases

CLINICAL ASSESSMENT
Historic elements relevant to the assessment of hirsutism include the
age at onset and rate of progression of hair growth and associated
symptoms or signs (e.g., acne). Depending on the cause, excess hair
growth typically is first noted during the second and third decades of
life. The growth is usually slow but progressive. Sudden development
and rapid progression of hirsutism suggest the possibility of an androgensecreting neoplasm, in which case virilization also may be present.
The age at onset of menstrual cycles (menarche) and the pattern
of the menstrual cycle should be ascertained; irregular cycles from the
time of menarche onward are more likely to result from ovarian rather
than adrenal androgen excess. Associated symptoms such as galactorrhea should prompt evaluation for hyperprolactinemia (Chap. 403)
and possibly hypothyroidism (Chap. 405). Hypertension, striae, easy
bruising, centripetal weight gain, and weakness suggest hypercortisolism (Cushing’s syndrome; Chap. 406). Rarely, patients with growth
hormone excess (i.e., acromegaly) present with hirsutism. Use of
medications such as phenytoin, minoxidil, and cyclosporine may be
associated with androgen-independent excess hair growth (i.e., hypertrichosis). A family history of infertility and/or hirsutism may indicate
disorders such as nonclassic CAH (Chap. 406). Lipodystrophy is often
associated with increased ovarian androgen production that occurs as
a consequence of insulin resistance. Patients with lipodystrophy have
a preponderance of central fat distribution together with scant subcutaneous adipose tissue in the upper and lower extremities.
Physical examination should include measurement of height and
weight and calculation of body mass index (BMI). A BMI >25 kg/m2 is
indicative of excess weight for height, and values >30 kg/m2 are often
seen in association with hirsutism, probably the result of increased
conversion of androgen precursors to testosterone. Notation should
be made of blood pressure, as adrenal causes may be associated with
hypertension. Cutaneous signs sometimes associated with androgen
excess and insulin resistance include acanthosis nigricans and skin
tags. Body fat distribution should also be noted.
An objective clinical assessment of hair distribution and quantity
is central to the evaluation in any woman presenting with hirsutism. This assessment permits the distinction between hirsutism and
hypertrichosis and provides a baseline reference point to gauge the
response to treatment. A simple and commonly used method to grade
hair growth is the modified scale of Ferriman and Gallwey (Fig. 68-1),
in which each of nine androgen-sensitive sites is graded from 0 to 4.
Approximately 95% of white women have a score below 8 on this scale;
thus, it is normal for most women to have some hair growth in androgensensitive sites. Scores above 8 suggest excess androgen-mediated
hair growth, a finding that should be assessed further by means of
hormonal evaluation (see below). In racial/ethnic groups that are less
likely to manifest hirsutism (e.g., Asian women), additional cutaneous
evidence of androgen excess should be sought, including pustular acne
and thinning scalp hair.
HORMONAL EVALUATION
Androgens are secreted by the ovaries and adrenal glands in response
to their respective tropic hormones: luteinizing hormone (LH) and
adrenocorticotropic hormone (ACTH). The principal circulating
steroids involved in the etiology of hirsutism are testosterone, androstenedione, and dehydroepiandrosterone (DHEA) and its sulfated
form (DHEAS). The ovaries and adrenal glands normally contribute
about equally to testosterone production. Approximately half of the
total testosterone originates from direct glandular secretion, and the
remainder is derived from the peripheral conversion of androstenedione and DHEA (Chap. 411).
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Although it is the most important circulating androgen, testosterone is in effect the penultimate androgen in mediating hirsutism; it
is converted to the more potent dihydrotestosterone (DHT) by the
enzyme 5α-reductase, which is located in the PSU. DHT has a higher
affinity for, and slower dissociation from, the androgen receptor. The
local production of DHT allows it to serve as the primary mediator of androgen action at the level of the pilosebaceous unit. There
are two isoenzymes of 5α-reductase: Type 2 is found in the prostate
gland and in hair follicles, and type 1 is found primarily in sebaceous
glands.
One approach to the evaluation of hirsutism is depicted in Fig. 68-2.
In addition to measuring blood levels of testosterone and DHEAS, it
is important to measure the level of free (or unbound) testosterone.
The fraction of testosterone that is not bound to its carrier protein, sex
hormone–binding globulin (SHBG), is biologically available for conversion to DHT and binding to androgen receptors. Hyperinsulinemia
and/or androgen excess decrease hepatic production of SHBG, resulting in levels of total testosterone within the high-normal range, whereas
the unbound hormone is elevated more substantially. Although there
is a decline in ovarian testosterone production after menopause, ovarian estrogen production decreases to an even greater extent, and the
concentration of SHBG is reduced. Consequently, there is an increase
in the relative proportion of unbound testosterone, and it may exacerbate hirsutism after menopause.
A baseline plasma total testosterone level >12 nmol/L (>3.5 ng/mL)
usually indicates a virilizing tumor, whereas a level >7 nmol/L (>2 ng/
mL) is suggestive. A basal DHEAS level >18.5 μmol/L (>7000 μg/L)
suggests an adrenal tumor. Although DHEAS has been proposed as a
“marker” of predominant adrenal androgen excess, it is not unusual
to find modest elevations in DHEAS among women with PCOS.
Computed tomography (CT) or magnetic resonance imaging (MRI)
should be used to localize an adrenal mass, and transvaginal ultrasound usually suffices to identify an ovarian mass if clinical evaluation
and hormonal levels suggest these possibilities.
PCOS is the most common cause of ovarian androgen excess (Chap.
412). An increased ratio of LH to follicle-stimulating hormone (FSH)
is characteristic in carefully studied patients with PCOS. However,
because of the pulsatile nature of gonadotropin secretion, this finding may be absent in up to half of women with PCOS. Therefore,
measurement of plasma LH and FSH is not needed to make a diagnosis of PCOS. Transvaginal ultrasound classically shows enlarged
ovaries and increased stroma in women with PCOS. However, cystic
ovaries also may be found in women without clinical or laboratory
features of PCOS.
It has been suggested that the measurement of circulating levels of
antimüllerian hormone (AMH) may help in making the diagnosis of
PCOS; however, this remains controversial. AMH levels reflect ovarian
reserve and correlate with follicular number. Measurement of AMH
can be useful when considering premature ovarian insufficiency in a
patient who presents with oligomenorrhea, in which case a subnormal
level of AMH will be present.
Because adrenal androgens are readily suppressed by low doses
of glucocorticoids, the dexamethasone androgen-suppression test
may broadly distinguish ovarian from adrenal androgen overproduction. A blood sample is obtained before and after the administration of
dexamethasone (0.5 mg orally every 6 h for 4 days). An adrenal source
is suggested by suppression of unbound testosterone into the normal
range; incomplete suppression suggests ovarian androgen excess. An
overnight 1-mg dexamethasone suppression test, with measurement
of 8:00 a.m. serum cortisol, is useful when there is clinical suspicion of
Cushing’s syndrome (Chap. 406).
Nonclassic CAH is most commonly due to 21-hydroxylase deficiency but also can be caused by autosomal recessive defects in other
steroidogenic enzymes necessary for adrenal corticosteroid synthesis
(Chap. 406). Because of the enzyme defect, the adrenal gland cannot
secrete glucocorticoids (especially cortisol) efficiently. This results
in diminished negative feedback inhibition of ACTH, leading to
compensatory adrenal hyperplasia and the accumulation of steroid
precursors that subsequently are converted to androgen. Deficiency
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