2380 TABLE 412-2 Differential Diagnosis of Precocious Puberty
Central (GnRH Dependent)
Idiopathic
CNS tumors
Hamartomas
Astrocytomas
Adenomyomas
Gliomas
Germinomas
CNS infection
Head trauma
Iatrogenic
Radiation
Chemotherapy
Surgical
CNS malformation
Arachnoid or suprasellar cysts
Septo-optic dysplasia
Hydrocephalus

Peripheral (GnRH Independent)
Congenital adrenal hyperplasia
Estrogen-producing tumors
Adrenal tumors
Ovarian tumors
Gonadotropin/hCG-producing tumors
Exogenous exposure to estrogen or
androgen
McCune-Albright syndrome
Aromatase excess syndrome

Abbreviations: CNS, central nervous system; GnRH, gonadotropin-releasing hormone;
hCG, human chorionic gonadotropin.

PART 16

Disorders of Puberty
The differential diagnosis of precocious and delayed puberty is similar
in boys (Chap. 411) and girls. However, there are differences in the
timing of normal puberty and differences in the relative frequency of
specific disorders in girls compared with boys.

Endocrinology and Metabolism

Precocious Puberty Traditionally, precocious puberty has been defined
as the development of secondary sexual characteristics before the age
of 8 in girls based on data from Marshall and Tanner in British girls
studied in the 1960s. More recent studies led to recommendations
that girls be evaluated for precocious puberty if breast development or
pubic hair is present at <7 years of age for white girls or <6 years for
black girls.
Precocious puberty in girls is most often centrally mediated
(Table 412-2), resulting from early activation of the hypothalamicpituitary-ovarian axis. It is characterized by pulsatile LH secretion
(which is initially associated with deep sleep) and an enhanced LH
and FSH response to exogenous GnRH (two- to threefold stimulation)
(Table 412-3). True precocity is marked by advancement in bone age
of >2 standard deviations, a recent history of growth acceleration,
and progression of secondary sexual characteristics. In girls, centrally
mediated precocious puberty is idiopathic in ~85% of cases; however,
neurogenic causes must be considered. Mutations in genes associated
with GnRH deficiency have been reported in small numbers of patients
with idiopathic precocious puberty (KISS, KISS1R, TAC3, TAC3R, and
DAX-1), but their frequency is insufficient to warrant their use in clinical testing. GnRH agonists that induce pituitary desensitization are the
mainstay of treatment to prevent premature epiphyseal closure and
preserve adult height, as well as to manage psychosocial repercussions
of precocious puberty.
Peripherally mediated precocious puberty does not involve activation of the hypothalamic-pituitary-ovarian axis and is characterized
by suppressed gonadotropins in the presence of elevated estradiol.
Management of peripheral precocious puberty involves treating the
underlying disorder (Table 412-2) and limiting the effects of gonadal
steroids using aromatase inhibitors, inhibitors of steroidogenesis,
and ER blockers. It is important to be aware that central precocious
puberty can also develop in girls whose precocity was initially peripherally mediated, as in McCune-Albright syndrome and congenital
adrenal hyperplasia.
Incomplete and intermittent forms of precocious puberty may also
occur. For example, premature breast development may occur in girls
before the age of 2 years, with no further progression and without significant advancement in bone age, estrogen production, or compromised
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TABLE 412-3 Evaluation of Precocious and Delayed Puberty
Initial Screening Tests
History and physical
Assessment of growth velocity
Bone age
LH, FSH
Estradiol, testosterone
DHEAS
17-Hydroxyprogesterone
TSH, T4
Complete blood count
Sedimentation rate, C-reactive
protein
Electrolytes, renal function
Liver enzymes
IGF-I, IGFBP-3
Urinalysis
Secondary Tests
Pelvic ultrasound
Cranial MRI
β-hCG
GnRH/agonist stimulation test
ACTH stimulation test
Inflammatory bowel disease panel
Celiac disease panel
Prolactin
Karyotype

Precocious

Delayed

×
×
×
×
×
×
×
×

×
×
×
×
×
×
×
×
×
×
×
×
×

×
×
×
×
×
×

×
×
×
×
×
×
×

Abbreviations: ACTH, adrenocorticotropic hormone; DHEAS, dehydroepiandrosterone sulfate; FSH, follicle-stimulating hormone; hCG, human chorionic gonadotropin; IGF-I, insulinlike growth factor-I; IGFBP-3, IGF-binding protein 3; LH, luteinizing hormone; MRI, magnetic
resonance imaging; TSH, thyroid-stimulating hormone; T4, thyroxine.

height. Premature adrenarche can also occur in the absence of progressive pubertal development, but it must be distinguished from late-onset
congenital adrenal hyperplasia and androgen-secreting tumors, in
which case it may be termed heterosexual precocity. Premature adrenarche may be associated with obesity, hyperinsulinemia, and the
subsequent predisposition to PCOS.
Delayed Puberty Delayed puberty (Table 412-4) is defined as the
absence of secondary sexual characteristics by age 13 in girls. The diagnostic considerations are very similar to those for primary amenorrhea
(Chap. 69). Between 25 and 40% of delayed puberty in girls is of ovarian origin, with Turner’s syndrome accounting for the majority of such
patients. Functional hypogonadotropic hypogonadism encompasses
diverse etiologies such as systemic illnesses, including celiac disease
and chronic renal disease, and endocrinopathies such as diabetes and
hypothyroidism. In addition, girls appear to be particularly susceptible
to the adverse effects of decreased energy balance resulting from exercise, dieting, and/or eating disorders. Together these reversible conditions account for ~25% of delayed puberty in girls. Congenital hypogonadotropic hypogonadism in girls or boys can be caused by mutations
in several different genes or combinations of genes (Fig. 412-4, Chap.
411, Table 411-2). Approximately 50% of girls with congenital hypogonadotropic hypogonadism, with or without anosmia, have a history
of some degree of breast development, and 10% report one to two
episodes of vaginal bleeding. Family studies suggest that genes identified in association with absent puberty may also cause delayed puberty,
and recent reports have further suggested that a genetic susceptibility
to environmental stresses such as diet and exercise may account for
at least some cases of functional hypothalamic amenorrhea. Although
neuroanatomic causes of delayed puberty are considerably less common in girls than in boys, it is always important to rule these out in the
setting of hypogonadotropic hypogonadism.
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