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CLINICAL PRACTICE

Precocious Puberty

Jean-Claude Carel, M.D., and Juliane Léger, M.D.

This Journal feature begins with a case vignette highlighting a common clinical problem.
Evidence supporting various strategies is then presented, followed by a review of formal guidelines,
when they exist. The article ends with the authors’ clinical recommendations.

The parents of a 6-year-old girl bring her to a pediatrician because of breast develop-
ment. Her medical history is unremarkable. The parents are of average height, and
the mother reports first menstruating when she was 11 years old. At physical exami-
nation, the girlis 125 cm tall (in the 97th percentile for her age), weighs 28 kg, and has
a body-mass index (the weight in kilograms divided by the square of the height in
meters) of 17.9 (90th percentile for her age). Her pubertal development is classified as
Tanner stage 3 breast development and Tanner stage 2 pubic hair development. A re-
view of her previous growth data indicates that she has grown 8 cm during the past
year. How should her condition be evaluated and managed?

THE CLINICAL PROBLEM
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Cross-sectional data obtained in the 1960s led to designation of the normal age
range of pubertal onset (the age at which 95% of children attain Tanner stage 2)
as between 8 and 13 years in girls and between 9 years 6 months and 13 years
6 months in boys.»»? More recently, cross-sectional data obtained in the United
States indicated that pubertal milestones were being reached earlier than previous-
ly thought by black girls and to a lesser extent by Mexican-American and white
girls.3-° These observations led to recommendations to classify pubertal development
as precocious when it occurs before the ages of 6 years in black girls and 7 years
in all other girls.” However, the validity of these recommendations has been ques-
tioned, and most pediatric endocrinologists in the United States use the traditional
threshold of 8 years to define precocious pubertal development in girls.® Although
a similar tendency toward earlier puberty was also noted in Europe, the shift was
less marked, and there, the lower end of the normal range for the onset of puberty
is also 8 years in girls and 9 years 6 months in boys.®
The onset of puberty is affected by many factors in addition to race; it occurs
earlier in girls with early maternal menarche, low birth weight, or excessive weight
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A Breast Development and Pubic Hair
Breast Stage 1 Stage 2 Stage 3 Stage 4 Stage 5
Pubic hair Stage 1 Stage 2 Stage 3 Stage 4 Stage 5
B Genital Development and Pubic Hair

Stage 1 Stage 2 Stage 3 Stage 4 Stage 5

Figure 1. Pubertal Rating According to Tanner Stages.

20 months after stage 2 genital development.

In girls (Panel A), breast development is rated from 1 (preadolescent) to 5 (mature), and stage 2 (appearance of the breast bud) marks
the onset of pubertal development. Pubic hair stages are rated from 1 (preadolescent, no pubic hair) to 5 (adult), and stage 2 marks the
onset of pubic hair development.* In boys (Panel B), genital development is rated from 1 (preadolescent) to 5 (adult); stage 2 marks the
onset of pubertal development and is characterized by an enlargement of the scrotum and testis and by a change in the texture and a
reddening of the scrotal skin. Pubic hair stages are rated from 1 (preadolescent, no pubic hair) to 5 (adult), and stage 2 marks the onset
of pubic hair development.? Although pubic hair and genital or breast development are represented as synchronous in the illustration,
they do not necessarily track together and should be scored separately. In normal boys, stage 2 pubic hair develops at an average of 12 to

gain or obesity in infancy and early childhood,
after international adoption (for unclear reasons,
the risk is 10 to 20 times as great for these chil-
dren'?), and possibly after exposure to estrogen-
ic endocrine-disrupting chemicals or when no
father is present in the household.>'2 However,

N ENGL J MED 358;22

these factors account for only a fraction of the
variation in the timing of pubertal onset and are
not considered in definitions of normality in
practice. It is important to recognize that a “nor-
mal” timing of the onset of pubertal develop-
ment does not rule out a pathologic condition.*3:4
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The prevalence of precocious puberty is about 10
times as high in girls as in boys, with an esti-
mated prevalence of 0.2% among girls and less
than 0.05% among boys in Denmark.*>

The most common mechanism of progressive
precocious puberty is the early activation of pul-
satile gonadotropin-releasing hormone (GnRH)
secretion (central or gonadotropin-dependent pre-
cocious puberty), which may result from hypotha-
lamic tumors or lesions but in most cases remains
unexplained (Table 1).1¢ Several causes of periph-
eral or gonadotropin-independent puberty are rec-
ognized, including gonadal and adrenal tumors
and tumors producing human chorionic gonado-
tropin, activation of mutations in the gonado-
tropic pathway, and exposure to exogenous sex
steroids (Table 1). Peripheral precocious puberty
can lead to activation of pulsatile GnRH secre-
tion and to central precocious puberty.

In at least 50% of cases of precocious pubertal
development, pubertal manifestations will regress
or stop progressing, and no treatment is neces-
sary.r” Although the mechanism underlying these
cases of nonprogressive precocious puberty is un-
known, the gonadotropic axis is not activated. For
cases in which precocious puberty progresses,
concerns include early menarche in girls and short
adult stature due to early epiphyseal fusion and
adverse psychosocial outcomes in both sexes.!®
Parents often seek treatment in girls because they
fear early menarche,* but it is difficult to predict
the age at which menarche will occur after the
onset of puberty. In the general population, the
time from breast development to menarche is
longer for children with an earlier onset of pu-
berty, ranging from a mean of 2.8 years when
breast development begins at the age of 9 years
to 1.4 years when breast development begins at
the age of 12.2°

Several studies have assessed adult height in
people with a history of precocious puberty. In
older published series of untreated patients, mean
heights ranged from 151 to 156 cm in boys and
from 150 to 154 cm in girls, corresponding to a
loss of about 20 cm in boys and 12 cm in girls
as compared with normal adult height.?* Height
loss due to precocious puberty is inversely corre-
lated with the age at the onset of puberty, and
today, treated patients tend to have a later onset
of puberty than did patients in historical se-
ries.2* Adverse psychosocial outcomes are also a
concern, but the available data that are specific
to patients with precocious puberty have serious

limitations.?? Data from surveys of the general
population have indicated that a higher propor-
tion of early-maturing adolescents engage in
exploratory behaviors (sexual intercourse and
legal and illegal substance use), and at an earlier
age, than adolescents maturing within the normal
age range or later.2>2* However, the relevance of
these findings to precocious puberty is unclear,
and they should not be used to justify inter-
vention.

STRATEGIES AND EVIDENCE

EVALUATION
The first step in evaluating a child with preco-
cious puberty is to obtain a complete family his-
tory (age at onset of puberty in parents and sib-
lings) and personal history, including the age at
onset of puberty and progression of pubertal
manifestations, and any evidence suggesting pos-
sible central nervous system dysfunction, such as
headache, increased head circumference, visual
impairment, or seizures. Growth should be eval-
uated, because progressive precocious puberty is
almost invariably associated with a high growth
velocity; a high growth velocity may also precede
the onset of pubertal manifestations.?>

The stage of pubertal development should be
classified as described by Tanner. Careful assess-
ment is needed in obese girls to avoid overesti-
mating breast development (Fig. 1). The devel-
opment of pubic hair results from the effects of
androgens, which may be produced by testes or
ovaries in central precocious puberty. In girls,
pubic hair in the absence of breast development
is suggestive of adrenal disorders, premature
pubarche, or exposure to androgens (Table 1). In
boys, measurement of testicular volume may sug-
gest the cause of puberty; volume increases in
central precocious puberty as it does in normal
puberty (Fig. 1) and in cases of peripheral preco-
cious puberty due to testicular disorders (although
generally less so); volume remains prepubertal
in adrenal disorders, premature pubarche, and
other causes of peripheral precocious puberty.
The physical examination should include an as-
sessment for signs of specific causes of precocious
puberty, such as hyperpigmented skin lesions
suggesting neurofibromatosis or the McCune-
Albright syndrome (Table 1). Precocious puber-
tal changes have been associated with high levels
of anxiety in girls,'>23 and psychological evalua-
tion may be useful.
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ADDITIONAL TESTING

Although no evidence-based algorithm is avail-
able to guide testing, evaluation of the mecha-
nism and potential for progression of precocious
puberty is generally recommended in all boys with
precocious pubertal development and in girls who
have precocious breast development at stage 3 or
higher or at stage 2 with additional criteria such
as increased growth velocity or who have symp-
toms or signs suggestive of central nervous system
dysfunction or of peripheral precocious puberty.
Table 2 summarizes the features identified in
cross-sectional and small longitudinal studies as
potentially useful in distinguishing between pro-
gressive and nonprogressive precocious puberty.
Particularly when these features are inconsistent,
the best policy is to wait a few months and per-
form a reassessment in order to avoid unneces-
sary treatment.®

Bone Age

A reference atlas such as the one by Greulich and
Pyle can be used to evaluate the effect of sex ste-
roids on epiphyseal maturation; the bone age of
patients with precocious puberty is generally great-
er than their chronologic age. Bone age can also
be used to predict adult height, although the pre-
cision is low (with a 95% confidence interval of
about 6 cm below to 6 cm above the predicted
value), and predictions tend to overestimate adult
height.?®

Hormonal Measurements

Levels of sex steroids should be determined in
the morning, with the use of assays that have
detection limits adapted to pediatric values (Ta-
ble 3). Most boys with precocious puberty have
morning plasma testosterone values in the puber-
tal range.?° In girls, serum estradiol levels are
highly variable and have a low sensitivity for the
diagnosis of precocious puberty. Very high estra-
diol levels (above 100 pg per milliliter [367 pmol
per liter]) generally indicate an ovarian cyst or
tumor (Table 1). Gonadotropin determinations
(based on ultrasensitive assays) are central to the
diagnosis. The gold standard for evaluation is the
measurement of gonadotropins after stimulation
by GnRH (which is unavailable in the United
States) or a GnRH-releasing hormone agonist.
Peak luteinizing hormone levels of 5 to 8 IU per
liter suggest progressive central precocious puber-
ty, but there is an overlap between prepubertal
and early pubertal values.3* Random measure-

ments of luteinizing hormone have been proposed
as an alternative; in one study, randomly measured
values of 0.3 IU per liter and above were reported
to be 100% specific for peak values above 5 IU
per liter.32 However, unless levels of luteinizing
hormone are clearly elevated, it is advisable to con-
firm the diagnosis of progressive central preco-
cious puberty with a stimulation test before ini-
tiating treatment. Caution should be used when
interpreting gonadotropin levels in children young-
er than 2 or 3 years old, because gonadotropin
levels are normally high in this age group. Random
measurements of follicle-stimulating hormone are
not useful, since they vary little throughout puber-
tal development.

Pelvic or Testicular Ultrasound Scans

In girls, pelvic ultrasonography can reveal ovar-
ian cysts or tumors. Uterine changes due to estro-
gen exposure can be used as an index of progres-
sive puberty, but this approach is used much less
frequently in the United States than in Europe.
A uterine volume greater than 2.0 ml has been
reported to have 89% sensitivity and specificity
for precocious puberty.2® Testicular ultrasonog-
raphy can detect nonpalpable Leydig-cell tumors
and should be performed in cases of asymmetric
testicular volume or peripheral precocious pu-
berty.33

Brain Magnetic Resonance Imaging

In all cases of progressive central precocious pu-
berty, magnetic resonance imaging (MRI) of the
brain should be performed to determine whether
a hypothalamic lesion is present (Table 1).3* The
prevalence of such lesions is higher in boys (40 to
90%) than in girls (8 to 33%) presenting with
precocious puberty and is much lower when pu-
berty starts after the age of 6 years in girls (about
2% in one series).**3> It has been suggested that
an algorithm based on age and estradiol levels
may obviate the need for MRI in one third of girls,
but this practice has not been extensively vali-
dated.34

MANAGEMENT

CENTRAL PRECOCIOUS PUBERTY
GnRH agonists are indicated in progressive cen-
tral precocious puberty. They work by providing
continuous stimulation of the pituitary gonado-
trophs, leading to desensitization and decreases
in the release of luteinizing hormone and, to a
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Table 2. Criteria for Differentiating Progressive from Nonprogressive Forms of Precocious Puberty in Girls.*

Criterion Progressive Central Precocious Puberty Nonprogressive Precocious Puberty

Clinical

Progression through
pubertal stages

Progression from one stage to the next in 3-6 mo  Stabilization or regression of pubertal

signs

Growth velocity Accelerated (> about 6 cm per yr) Usually normal for age

Bone age Usually advanced by at least 1 yr Usually within 1 yr of chronologic age

Predicted adult height Below target height range or declining on serial

determinations

Within target height range

Uterine development

Pelvic ultrasound scan Uterine volume >2.0 ml or length >34 mm, pear-
shaped uterus, endometrial thickening (endo-

metrial echo)

Uterine volume <2.0 ml or length
<34 mm; prepubertal, tubular-
shaped uterus

Hormone levels

Estradiol Estradiol not detectable or close to the

detection limit

Usually measurable estradiol level with advanc-
ing pubertal development

LH peak after GnRH
or GnRH agonisti

In the pubertal range In the prepubertal range

3

These criteria were developed to distinguish progressive central precocious puberty (characterized by a sustained activa-
tion of the gonadotropic axis) from nonprogressive precocious puberty (in which the gonadotropic axis is not activated)
and were obtained in cross-sectional and small longitudinal studies; their reliability has not been fully evaluated.*®262”
GnRH denotes gonadotropin-releasing hormone, and LH luteinizing hormone.

Pelvic ultrasonography is used much more frequently in Europe than in the United States. Uterine development reflects
sustained exposure to estrogens and is a marker of progressive puberty.

£ GnRH is not available in the United States for use in testing.
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lesser extent, follicle-stimulating hormone.?® Sev-
eral GnRH agonists are available in depot forms
(Table 4). In open-label, noncomparative, longitu-
dinal studies, the use of GnRH agonists consis-
tently resulted in the regression or stabilization
of pubertal symptoms.#42 A suppressed lutein-
izing hormone response to GnRH or a GnRH
agonist or a suppressed response after an injec-
tion of the depot preparation (which contains a
fraction of free GnRH agonist) indicates that the
therapy is having the desired effect.*

There are no data from randomized controlled
trials assessing long-term outcomes of GnRH
therapy for central precocious puberty. Among
approximately 400 girls who received such treat-
ment until the age of 11 years on average, the
mean adult height was about 160 cm; mean gains
over predicted height in several series of patients
ranged from 3 to 10 cm.?* Individual height gains
varied considerably but were calculated on the
basis of predicted height, which is unreliable. Fac-
tors affecting height gains include baseline bone
age (with markedly advanced bone age associat-
ed with shorter adult height) and, in some series,
duration of treatment (with a younger age at the

start of treatment and a longer duration of treat-
ment associated with greater height*+4%). The
optimal time to stop treatment has not been
established, but retrospective analyses suggest
that discontinuation at the age of 11 years is as-
sociated with optimal height outcomes (i.e., no
appreciable further gains with continued treat-
ment).*® Pubertal manifestations generally re-
appear within months after GnRH-agonist treat-
ment has been stopped, with a mean time to
menarche of 16 months.#” Long-term fertility has
not been fully evaluated, but preliminary observa-
tions are reassuring.*’

Treatment may be associated with headaches
and menopausal symptoms (e.g., hot flushes).
Local complications, including sterile abscesses
at injection sites, occur in 3 to 13% of patients.*®
Fat mass tends to increase with treatment, where-
as lean mass and bone density tend to decrease.
Concerns have been raised about possible risks
of obesity and osteoporosis,**>° but longitudinal
studies indicate that the prevalence of obesity
does not increase during or after treatment and
that bone density is normal after the cessation of
treatment.>%>*
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Table 4. Medications Used for the Treatment of Precocious Puberty.*

Drug

Depot GnRH agonistsT

Overview

Leuprorelin leuprolide (Enantone [Takeda],
Lupron Depot [TAP], Lupron Depot-PED
[TAPIE)

Triptorelin (Decapeptyl [Ipsen, Ferring],
Gonapeptyl [Ferring])§

Goserelin (Zoladex [AstraZeneca], 3.6 mg
or 10.8 mg)

Histrelin (Supprelin LA [Indevus]i)

Rapid-acting GnRH agonists — buserelin,
deslorelin, histrelin, leuprorelin, leupro-
lide, nafarelin, triptorelin

Aromatase inhibitors

Testolactone (Teslac [Bristol-Myers Squibb])

Letrozole (Femara [Novartis])

Anastrozole (Arimidex [AstraZenecal)

SERM — Tamoxifen (Nolvadex [AstraZeneca])

Androgen-synthesis inhibitor — ketoconazole
(Nizoral [Janssen-Cilag])

Formulation and Usually
Recommended Dose

For treatment of central or gonadotropin-dependent precocious puberty

4-wk and 12-wk preparations (subcuta-
neous or intramuscular); United
States — 0.3 mg/kg of body weight
every 4 wk (1-mo depot); Europe —
3.75 mg every 4 wk (4-wk depot) or
11.25 mg every 12 wk (12-wk depot)

4-wk and 12-wk preparations (intramus-
cular); Europe — 3.00-3.75 mg every
4 wk (1-mo depot) or 11.25 mg every
12 wk (3-mo depot)

4-wk and 12-wk implants

12-mo implants
United States — 50-mg implant every
12 mo

Nasal spray or subcutaneous injections
1-3 times daily

For treatment of peripheral or gonadotropin-independent precocious pubertyq|

40 mg/kg of body weight/day orally,
4-6 times daily

2.5 mg orally once daily

1 mg orally once daily

20 mg orally once daily

20 mg/kg of body weight/day orally

Side Effects and Cautions

Local side effects include pain, erythema, inflam-
matory reaction, sterile abscess, implant-site
reaction; other side effects include headaches
and menopausal-like symptoms (hot flushes,
asthenia); decreased bone density during
treatment but no long-term impairment doc-
umented after treatment is discontinued

Difficulties with compliance; use usually limited
to patients with sterile abscesses from depot
injections

Data from small, uncontrolled trials in McCune—
Albright syndrome; also used in association
with spironolactone for familial male-limit-
ed precocious puberty®’

Menopause-like symptoms; data from small,
uncontrolled trial in McCune-Albright syn-
drome?®®

Data from case reports

Data from small, uncontrolled trials in McCune—
Albright syndrome?®

Side effects include liver toxicity and adrenal de-
ficiency; data from small, uncontrolled trials
in familial male-limited precocious puberty*°

* Drugs used for the treatment of adrenal disorders (congenital adrenal hyperplasia) are not included in this table. SERM denotes selective

estrogen-receptor modulators.

7 The availability, approval for use, and recommended dosages of depot GnRH agonists for the treatment of precocious puberty vary through-

out the world.

i The Food and Drug Administration has approved Lupron Depot-PED and Supprelin LA for the treatment of central precocious puberty. Histrelin

implants are available only in the United States.
§ Triptorelin is not available in the United States.

9 None of these drugs have been approved for use in the treatment of precocious puberty.
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For cases in which precocious puberty is
caused by a central lesion (e.g., a mass or malfor-
mation), management of the causal lesion gener-
ally has no effect on the course of pubertal de-
velopment. Hypothalamic hamartomas should not
be removed surgically for the purpose of manag-
ing precocious puberty. When precocious puberty
is associated with the presence of a hypothalamic
lesion, there may be progression to gonadotro-
pin deficiency.

PERIPHERAL PRECOCIOUS PUBERTY
Surgery is indicated for gonadal tumors. The roles
of postoperative chemotherapy and radiotherapy
in granulosa-cell tumors of the ovary at stage I or
after complete resection have not been defined.>?
For large ovarian cysts (those that are greater
than 20 ml in volume [3.4 cm in diameter] and
particularly those that are more than 75 ml in
volume [5.2 cm in diameter]), puncture should be
considered because of the risk of adnexal tor-
sion.>? If there is exposure to exogenous sex ste-
roids, it should be withdrawn.

Aromatase inhibitors3® have been used to in-
hibit the production of estrogens, and selective
estrogen-receptor modulators3® have been used
to interfere with the action of estrogens in the
McCune-Albright syndrome. Limited data from
uncontrolled studies suggest that these strategies
have been effective in some cases.

AREAS OF UNCERTAINTY

The appropriate age threshold for the definition of
precocious puberty remains controversial; well-
performed longitudinal assessments of normally
developing children are needed to inform these
criteria. The best approach for differentiating pro-
gressive from nonprogressive forms of precocious
puberty remains unclear. The decision about
whether to provide treatment is therefore often
difficult, particularly for girls with an onset of
puberty between the ages of 6 and 8 years. The
most appropriate age for stopping treatment also
remains uncertain. The addition of growth hor-
mone>* or oxandrolone®> has been proposed when
growth velocity decreases or if the prognosis for
adult height appears to be unsatisfactory, but data
are limited on the efficacy and safety of these

drugs in children with precocious puberty. Causal
mechanisms underlying idiopathic precocious pu-
berty also remain uncertain.®

GUIDELINES

A consensus statement on the use of GnRH ago-
nists in children is currently being prepared by
the European Society for Paediatric Endocrinology
and its American counterpart, the Lawson Wilkins
Pediatric Endocrine Society.

CONCLUSIONS AND
RECOMMENDATIONS

In the case described in the vignette, advanced
breast development (Tanner stage 3), pubic hair
development, higher-than-expected height given
parental height, and increased growth velocity at
6 years of age suggest progressive precocious pu-
berty. Evidence of possible causes of precocious
puberty should be sought by means of a thor-
ough history taking and careful examination,
but this search is often unrevealing. Further eval-
uation should include measurements of bone age
(which would probably be advanced) and levels of
estradiol and luteinizing hormone. If a randomly
measured level of luteinizing hormone is in the
pubertal range, an MRI scan of the brain should
be obtained, and it would be useful to perform a
GnRH-agonist stimulation test to confirm pro-
gressive central precocious puberty before con-
sidering treatment with a GnRH agonist. If the
randomly measured level of luteinizing hormone
is in the prepubertal range, a pelvic ultrasound
scan is needed to rule out an ovarian tumor or
cyst, particularly if the estradiol level is elevated.
If randomly measured levels of both estradiol
and luteinizing hormone are in the prepubertal
range, we recommend performing a GnRH or
GnRH-agonist stimulation test to further evalu-
ate the activation of the gonadotropic axis and
the potential for progression of puberty. If the
results suggest nonprogressive precocious pu-
berty, we recommend follow-up every 3 to 6
months between the ages of 6 and 7 years to as-
sess the child clinically for progression. If pro-
gressive central precocious puberty is confirmed,
treatment with a depot GnRH agonist is recom-
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mended and is generally continued until the child
is 11 years old, although the optimal duration of
therapy is uncertain. [Educational information
for families can be found at http://eurospe.org/
patient/English/index.html or at www.hormone.

org/Public/factsheets.cfm.]
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