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Background: Puberty is a complex and dynamic period 
in development during which individuals transition from 
the juvenile to adult state. Regulated by multiple genetic 
and endocrine controls, it is characterized by somatic 
growth and sexual maturation. Sexual precocity is defined 
as the appearance of secondary sexual characteristics 
before the lower limit of the normal age for pubertal onset.

Data sources: Based on recent publications and the 
experience with the disease of our group, we reviewed 
the normal timing and order of puberty, the definition 
of sexual precocity, the classification of sexual precocity, 
the differential diagnosis of sexual precocity, variations in 
pubertal development, the diagnosis of sexual precocity, 
and the treatment of sexual precocity.

Results: Sexual precocity can be classified as either 
gonadotropin-releasing hormone (GnRH)-dependent or 
GnRH-independent. Regardless of the etiology, sexual 
precocity causes increased height velocity, somatic 
development, and skeletal maturation, which may have 
profound physical and psychological implications.

Conclusions: The treatment of sexual precocity 
is focused on its cause and must address both its 
psychosocial and clinical implications. For GnRH-
dependent precocious puberty, GnRH agonists are the 
main pharmacological agents used. Alternatively, the 
treatment of disorders causing GnRH-independent sexual 
precocity is directed toward the underlying abnormality.
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Introduction

Puberty is a complex process of developmental 
change regulated by multiple genetic and 
endocrine factors .  I t  is  character ized by 

increased statural growth, somatic development, 
skeletal maturation, the appearance of secondary sex 
characteristics, and, ultimately, the onset of reproductive 
capability. Pulsatile secretion of hypothalamic 
gonadotropin-releasing hormone (GnRH) due to the 
pubertal "reawakening" of the GnRH pulse generator 
from its relative quiescent state during childhood 
regulates the release of the pituitary gonadotropins 
follicle-stimulating hormone (FSH) and luteinizing 
hormone (LH). The pulsatile and rising FSH and LH 
levels then lead to the increases in serum gonadal sex 
steroids (estrogen in females and testosterone in males), 
which yield the physical changes of puberty.

Normal timing and order of puberty
Descriptive standards for assessing pubertal development 
are in wide use (sexual maturation stages or Tanner 
stages),[1,2] and make it possible to objectively record the 
progression of secondary sexual development.

In girls, the first sign of puberty is typically an increase 
in linear growth, though breast development is often the 
first sign noted by parents and physicians.[3] Both are due 
to the actions of estrogen;[4] the rapid growth is secondary 
to estrogen-mediated increases in growth hormone (GH) 
secretion and insulin like growth factor-1 levels,[5,6] whereas 
breast development is secondary to estrogen-mediated 
effects on the glandular and connective tissues of the 
mammary glands.[7,8] Areolar changes in size, erectility, and 
color also occur in a predictable sequence. Other features 
reflecting estrogen action include enlargement of the 
labia minora and majora, dulling of the vaginal mucosa, 
and the production of a clear or slightly whitish vaginal 
secretion. Alternatively, pubic hair development is 
due to the secretion of adrenal and gonadal androgens. 
Moreover, although breast development and pubic hair 
growth often occur at similar rates, they are best staged 
separately as discrepancies may exist. In boys, the 
first sign of puberty is usually an increase in the size 
of the testes to more than 2.5 cm in longest diameter 
(excluding the epididymis), equivalent to a testicular 
volume of 4 mL or greater.[9] As in females, pubic 
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hair development is secondary to adrenal and gonadal 
androgen production. Furthermore, as in females, pubic 
hair growth is best classified separately from genital 
development.

The normal age of onset of puberty, particularly in 
girls, is controversial. Secondary sexual development 
starting after the age of 6 years in African American 
girls and 7 years in Caucasian girls in the United States  
have been reported by some to be "normal"; however, 
these age cut-offs must be used with caution and only 
in the absence of findings suggesting a condition that 
might predispose the girl to precocious puberty.[10,11] A 
more traditional cut-off for the age of normal pubertal 
onset in girls is 8 years. Moreover, while the mean 
age at menarche in the US was previously stable at 
about 12.8 years, there appears to be a recent decrease 
in the age of menarche by several months.[12,13] This 
decrease is partially explained by the obesity epidemic. 
Studies[14-16] have shown that pubertal development is 
inversely related to body mass index (BMI) in girls; the 
age of onset of puberty may also be inversely related to 
BMI in boys.[17] Twin studies, as well as the concordance 
of age at menarche between mother-daughter pairs and 
females within ethnic populations, also demonstrate 
genetic effects on the age of menarche. African-American 
girls typically have menarche 6 months earlier than 
Caucasian girls, but this difference is less than the 1-year 
difference in the age at onset of puberty between the two 
groups.[18,19] However, 9 years is taken as the lower limit 
of "normal" pubertal development in all boys.

The timing and duration of puberty may also be 
influenced by body composition, social milieu, and 
environmental exposures.[20] As alluded to above, the 
presence of obesity is an important factor in determining 
the age of puberty,[21] and leptin (an adipose-derived 
hormone) has been shown to play a significant role in 
mediating gonadotropin secretion.[22] Insulin levels, 
which are often elevated in obese non-diabetic states, 
may also be a codeterminant of pubertal tempo due 
to insulin-induced reductions in sex hormone-binding 
globulin, resulting in an increased bioavailability 
of gonadal sex hormones.[23] Moreover, exposure to 
endocrine disruptors, such as phthalates, bisphenol A, 
and plant-derived phytoestrogens has been implicated 
in precocious sexual development.[24]

Importantly, pubarche (i.e., the onset of pubic 
hair development), which results from increases in 
gonadal or adrenal androgen production, is different 
than puberty. The adrenal cortex normally begins to 
secrete dehydroepiandrosterone (DHEA), its sulfate, 
DHEA sulfate (DHEA-S), and androstenedione 
in increasing amounts at about 6-7 years of age in 
girls and 7-8 years of age in boys. A continued rise 
in these hormones (which act as weak androgens) 

persists until late puberty. Adrenarche (the secretion of 
adrenal androgens) thus occurs before gonadarche (the 
secretion of gonadal sex steroids). Moreover, the age at 
adrenarche does not significantly influence the age at 
gonadarche, and suppressed gonadarche does not alter 
the progression of adrenarche.

Definition of sexual precocity
Sexual precocity is defined as the appearance of any 
sign of secondary sexual maturation before the normal 
lower age limit for pubertal maturation for race and 
sex. For practical purposes, we use the age limits of 8 
years for girls and 9 years for boys to determine when 
children with secondary sexual characteristics should 
be medically evaluated. However, some[12,25-28] but not 
all[29] studies suggest a secular trend toward a younger 
age of pubertal onset; thus, the acceptable lower age 
limit for normal pubertal development, especially in 
girls, remains a matter of debate.[30]

Classification of sexual precocity
Sexual precocity can be classified as (i) true or 
central precocious puberty (CPP), in which increased 
gonadal sex steroid production is dependent on the 
pulsatile hypothalamic GnRH stimulation of pituitary 
gonadotropes; or (ii) incomplete sexual precocity, in 
which increased gondal sex steroid production occurs 
independent of GnRH release or the subject is exposed 
to exogenous sex steroids. CPP is always isosexual, 
whereas incomplete sexual precocity can either be 
iso- or contrasexual. Regardless of the etiology, 
the increased sex steroid exposure increases height 
velocity, somatic development, and the rate of skeletal 
maturation. Affected individuals may therefore be 
tall during childhood but short as adults secondary to 
premature closure of the growth plates.[31,32]

Differential diagnosis of sexual precocity
Causes of sexual precocity are listed in Table 1. A 
comprehensive discussion of all the etiologies of sexual 
precocity is beyond the scope of this article, but has 
recently been reviewed.[3,33,34]

True or central precocious puberty (GnRH-
dependent sexual precocity)
Causes of true or central precocious puberty are listed 
in Table 1. In this group of disorders, increased sex 
steroid production is dependent on the pulsatile release 
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True or central precocious puberty (GnRH-dependent sexual precocity)
  Idiopathic central precocious puberty
     CNS tumors
          Optic glioma (associated with neurofibromatosis type 1)
          Hypothalamic astrocytoma
     Other CNS disorders
         Developmental abnormalities 
           (including hypothalamic hamartoma of the tuber cinereum)
         Head trauma
         Cranial irradiation
     Central precocious puberty after late treatment of virilizing CAH
Incomplete sexual precocity (GnRH-independent sexual precocity)
  Isosexual incomplete sexual precocity in boys
     Gonadotropin-secreting tumors
           hCG-secreting CNS tumors
           hCG-secreting tumors located outside the CNS
     Increased androgen secretion by adrenal or testis
           Virilizing CAH (e.g., CYP21, CYP11B1, or 3-HSD type 2
            deficiency)
           Virilizing adrenal neoplasm
            Leydig cell adenoma
            Familial testotoxicosis
  Isosexual incomplete sexual precocity in girls
     Ovarian cyst
     Estrogen-secreting ovarian or adrenal neoplasm
     Iatrogenic or exogenous (including exposure to estrogens in foods,
            drugs, or cosmetics)
  Isosexual incomplete sexual precocity in boys and girls
     McCune-Albright syndrome
     Hypothyroidism
  Contrasexual incomplete sexual precocity in boys
     Adrenal neoplasm
     Testicular neoplasm
     Aromatase excess syndrome
     Iatrogenic (i.e., exposure to estrogens)
  Contrasexual incomplete sexual precocity in girls
     Virilizing CAH (e.g., CYP21, CYP11B1, 
         or 3-HSD type 2 deficiency)
     Virilizing adrenal neoplasm (e.g., Cushing's syndrome)
     Virilizing ovarian neoplasm (e.g., arrhenoblastoma)
     Aromatase deficiency
     Iatrogenic (i.e., exposure to androgens)

Table 1. Classification of sexual precocity

CAH: congenital adrenal hyperplasia; GnRH: gonadotropin releasing 
hormone; CNS: central nervous system; hCG: human chorionic 
gonadotropin; CYP21: 21-hydroxylase; CYP11B1: 11-hydroxylase; 
3-HSD type 2: 3-hydroxysteroid dehydrogenase type 2. (Modified from 
Styne, et al[35])

of GnRH from the hypothalamus.
For reasons that remain unclear, true precocious 

puberty (i.e., GnRH-dependent CPP) is much more 
common in girls than boys,[36] with female/male 
ratios ranging from 3/1 to 23/1.[37] Furthermore, 
although central nervous system (CNS) lesions seem 
to predispose males and females equally to CPP, there 
is a striking sex difference (females > males) among 
children with CPP in whom no underlying pathology 
is found (i.e., idiopathic CPP). Specifically, whereas 
CPP caused by CNS abnormalities appears to occur as 
least as often as idiopathic CPP in boys, CPP caused by 
neurological lesions is estimated to be only one-fifth as 

common as idiopathic CPP in girls. Thus, evaluation for 
a neurogenic cause of CPP in both sexes-but especially 
males-is essential, particularly since sexual precocity 
may be the only manifestation of an underlying CNS 
tumor.[38] Furthermore, organic forms of CPP usually 
occur at an earlier age than the idiopathic form, and the 
progression of secondary sexual maturation is often 
more rapid.[39]

CNS tumors
The most common organic cause of CPP in an individual 
with sexual precocity is a hamartoma of the tuber 
cinereum.[40] These hypothalamic lesions are congenital, 
static, and composed of heterotopic neural tissue that 
often secrete GnRH. It is postulated that these neurons 
are not controlled by the intrinsic CNS mechanisms 
that normally inhibit GnRH, thereby releasing the 
CNS restraint of gonadotropin secretion. Hamartomas 
frequently cause the development of CPP before 3 
years of age, and can be associated with seizures 
[particularly laughing (gelastic) seizures], mental 
retardation, behavioral disturbances, and dysmorphic 
syndromes.[39,41-43] Neurosurgical resection of CNS 
tumors causing CPP is difficult because of their location. 
Thus, after biopsy, these lesions are usually treated with 
radiation therapy and/or chemotherapy, depending 
on the pathological findings. Hamartomas of the 
tuber cinereum in particular are preferentially treated 
medically, barring evidence of associated complications 
such as intractable seizures or hydrocephalus.

Non-CNS tumors
In addition to CNS tumors, infectious, post-infectious, 
or granulomatous conditions such as a brain abscess or 
sarcoidosis of the hypothalamus can cause CPP. CPP 
may also follow brain trauma or cranial irradiation 
for other types of CNS lesions or leukemia. Other 
CNS abnormalities associated with CPP are listed in 
Table 1. Interestingly, septo-optic dysplasia, although 
most often associated with anterior pituitary hormone 
deficiency and pubertal delay, has also been associated 
with CPP,[44] possibly due to hypersecretion of some 
anterior pituitary hormones (i.e., the gonadotropins) 
with concomitant hyposecretion of others.[45]

Incomplete precocious puberty (GnRH-
independent sexual precocity)
Causes of incomplete sexual precocity are listed in 
Table 1. In this group of disorders, increased sex steroid 
production is independent of the hypothalamic GnRH 
pulse generator. Etiologies include exogenous sex 
hormone exposure or excess secretion of endogenous 
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sex hormones from the adrenal glands or gonads.

Incomplete sexual precocity in boys
Causes of isosexual incomplete sexual precocity in boys 
are listed in Table 1. Human chorionic gonadotropin 
(hCG)-secreting tumors, either located in the CNS 
(e.g., chorioepitheliomas, germinomas, or teratomas) 
or outside the CNS (e.g., hepatomas, teratomas, or 
choriocarcinomas) can cause isosexual incomplete 
sexual precocity in males, as can increase androgen 
secretion by either the adrenal [e.g., congenital adrenal 
hyperplasia (CAH) or virilizing adrenal neoplasm] 
or testis (e.g., Leydig cell adenoma or familial 
testotoxicosis). Causes of contrasexual incomplete 
sexual precocity in boys are also listed in Table 1. One 
cause is the aromatase excess syndrome, which causes 
increased aromatization of adrenal steroids (such as 
androstenedione) to estrogens.[46] Feminizing testicular 
tumors (often associated with the Peutz-Jeghers 
syndrome) are another cause of contrasexual incomplete 
sexual precocity in boys.[47]

Incomplete sexual precocity in girls
Causes of isosexual incomplete sexual precocity in girls 
are listed in Table 1. In this condition, females have 
excessive estrogen exposure from either exogenous 
or endogenous sources, whereas serum LH and FSH 
levels remain low. The most common ovarian cause of 
sexual precocity in females is an autonomous follicular 
cyst;[48] granulosa cell tumors of the ovary occur less 
frequently. Other causes of isosexual incomplete sexual 
precocity in girls include the Peutz-Jeghers syndrome 
and estrogen-secreting adrenal tumors. Causes of 
contrasexual incomplete sexual precocity in girls are 
listed in Table 1. Hyperandrogenism, secondary to 
CAH or androgen-producing tumors of the adrenal 
gland, can also cause virilization and contrasexual 
incomplete sexual precocity in girls. Furthermore, 
aromatase deficiency due to inactivating mutations 
in the aromatase gene (CYP19) is associated with 
progressive virilization, lack of female secondary sex 
characteristics, multicystic ovaries, tall statue, and 
osteopenia.

Isosexual incomplete sexual precocity in boys and 
girls
Among the causes of isosexual incomplete sexual 
precocity in boys and girls (Table 1), McCune-Albright 
syndrome and hypothyroidism are particularly important.

McCune-Albright syndrome is an uncommon cause 
of precocious puberty in both sexes due to mutations in 
the GNAS1 gene, which result in constitutional activation 
of adenylyl cyclase in a sporatic pattern of tissues and 
cells. It is clinically characterized by irregularly shaped 

café-au-lait spots, polyostotic fibrous dysplasia of long 
bones, and GnRH-independent sexual precocity.[49]

In contrast to other forms of sexual precocity, 
primary hypothyroidism-related sexual precocity 
is associated with growth impairment and delayed 
skeletal maturation.[50] Although the precise mechanism 
underlying hypothyroidism-associated sexual precocity 
is unknown, studies suggest that it may be two fold. An 
increase in hypothalamic thyrotropin-releasing hormone 
enhances FSH release from the pituitary.[51] Also, thyroid-
stimulating hormone (TSH), which is elevated in primary 
hypothyroidism, may act on the FSH receptor.[52] Thus, 
stimulation of the FSH receptor by either its natural 
ligand or TSH may account for the increased ovarian 
estrogen secretion or testicular enlargement noted in 
affected girls or boys, respectively.[53]

Moreover, the chronology of secondary sexual 
characteristics development is also important. For 
example, the onset of menses before later Tanner 
stages of breast development in girls or the presence 
of secondary sexual characteristics in boys with no 
testicular enlargement would suggest incomplete sexual 
precocity rather than true precocious puberty.

Variations in pubertal development
Premature thelarche
Premature thelarche is characterized by unilateral or 
bilateral breast development without other signs of 
secondary sexual development. Patients are usually 
younger than 2 years of age, and breast enlargement 
regresses within months, but may remain until actual 
pubertal development at a normal age.[54] Generally, 
premature thelarche is self-limiting and does not lead 
to central precocious puberty, though it may require 
provider reassurance with follow up at regular intervals 
to assess for further secondary sexual development or 
accelerated skeletal maturation.

Premature adrenarche
Premature adrenarche is characterized by the early 
appearance of pubic or axillary hair without other signs 
of virilization or pubertal development.[55] It is more 
common in girls and is typically found in children 
older than 6 years of age. Plasma DHEA-S levels may 
be elevated, and bone and height ages may be slightly 
advanced. Although this condition is considered a 
variant of normal development and for most individuals 
benign, it is associated with an increased risk for 
polycystic ovary syndrome in girls.[56] The presenting 
signs and symptoms of premature adrenarche may 
overlap with non-classical CAH, and the differentiation 
between the two may require adrenocorticotropic 
hormone stimulation testing.
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Diagnosis of sexual precocity
In general, the evaluation of children with sexual 
precocity focuses on identifying the source of the 
increased sex steroids. The source can be either 
exogenous or endogenous; if endogenous, it can be 
either from the gonad or adrenal, and the underlying 
process either primary (from the gland) or secondary 
(from the hypothalamic-pituitary unit).

The detailed history and physical examination guide 
further workup. The history should focus on the age of 
onset of sexual precocity, a family history of premature 
pubertal development, and possible head trauma. It 
should also include a careful review of systems for 
headaches, changes in vision, seizures, and abdominal 
complaints. On physical examination, it is important to 
assess breast development by inspection and palpation 
in order to differentiate breast tissue from adipose 
tissue. A visual examination to evaluate papilledema 
or restricted visual fields, and a full dermatologic 
examination to evaluate for café-au-lait spots should 
also be performed. In addition, a linear growth chart 
and height velocity should be assessed.

Given the effects of sex steroids on skeletal 
maturation, patients who have early secondary sexual 
development should be initially evaluated with a 

radiographic assessment of bone age by the Greulich 
& Pyle or Tanner methods. The subsequent diagnostic 
evaluation of sexual precocity in girls before age of 
8 years is outlined in Fig. 1, whereas the subsequent 
diagnostic evaluation of sexual precocity in boys before 
age of 9 years is outlined in Fig. 2.

Hormonal testing usually consists of measuring 
baseline concentrations of gonadotropins and gonadal 
sex steroids (estradiol in girls, testosterone in boys). 
There are many assays that are currently used; however, 
we recommend the use of highly sensitive and specific 
immunochemiluminometeric assays (ICMA) for the 
evaluation of gonadotropin concentrations and high-
performance liquid chromatography tandem mass 
spectrometry for the measurement of gonadal sex 
steroids.[57] Importantly, these measurements should 
also be made in a laboratory with established pediatric 
pubertal and pre-pubertal reference ranges. In the 
event of equivocal basal gonadotropin levels, a GnRH-
stimulation test with a GnRH analogue (leuprolide 
acetate, 20 mcg/kg) can be performed.[58] Whereas 
a peak LH concentration >5 mIU/mL (measured 
by ICMA) is indicative of maturing gonadotropin 
secretion, a diagnostic cut-off of 8 mIU/mL (measured 
by ICMA) is a more stringent threshold for CPP and 

Fig. 1. Algorithm for the evaluation of girls with sexual precocity prior to age 8. ACTH: adrenocorticotropic hormone; GnRHa: gonadotropin-
releasing hormone agonist; CAH: congenital adrenal hyperplasia; CNS: central nervous system; DHEA-S: dehydroepiandrosterone-sulfate; LH: 
luteinizing hormone; MRI: magnetic resonance imaging; 17-OHP: 17-hydroxyprogesterone; U/S: ultrasound.
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is suggestive of gonadotropin-dependent precocious 
puberty;[59] conversely, gonadotropin levels do not rise 
following GnRH analogue stimulation in gonadotropin-
independent precocious puberty.

Ultrasonography is also indicated to evaluate 
abdominal or pelvic masses when feminizing or 
virilizing disorders are suspected. In cases of CPP, the 
anatomical evaluation of the CNS is preferentially done 
by magnetic resonance imaging using a hypothalamus/
pituitary imaging protocol, since computed tomography 
is not sufficient to diagnose hypothalamic and other 
intracranial lesions.

Psychosocial implications of sexual precocity
Whereas sexually precocious males are often perceived 
as more mature, attractive, and smart, and are often 
given more leadership roles than later developing boys, 
sexually precocious females often tend to experience 
more difficulty in academic and social environments 
due to their physical development, especially in the 
middle school and junior high school settings where 
they may attract the attention of older, more mature 

boys[60]-putting them at risk for possible sexual 
exploitation and/or abuse.[61] Moreover, sexual precocity 
in females may lead to a negative self-body image[62] 
and is a risk factor for aggression and delinquency.[63] 
The age of onset of many psychological conditions, 
including depression, panic attacks, and schizophrenia, 
also tend to mirror the onset of puberty,[64-69] and boys 
and girls who mature earlier are at increased risk of risk 
taking behavior as well as substance use and abuse.[70]

Treatment of sexual precocity
Treatment of sexual precocity is directed toward the 
underlying cause and is summarized in Table 2. For 
GnRH-dependent precocious puberty, the primary 
treatment is with a long-acting GnRH agonist (GnRHa). 
Chronic administration of long-acting analogs of GnRH 
(via monthly depot injection or subcutaneous implant) 
desensitizes the pituitary gonadotropes to GnRH, 
thereby inhibiting pulsatile LH and FSH release and 
gonadal sex steroid synthesis. Importantly, individuals 
affected by precocious puberty may be tall during 
childhood (due to early secretion of sex steroids) but 

Presence of secondary sexual characteristics
(<9 years old)

NoYes

Check LH

Check brain MRI to evaluate 
for CNS tumor

True precocious puberty

Pubertal LH level

Testicular diameter >2.5 cmTestotoxicosis

Pre-pubertal LH level

hCG level elevated

hCG-secreting tumor

hCG level normal (low)

Check serum hCG

Pubertal testosterone levels

Testicular tumor

Asymmetric testes; testicular lesionsPre-pubertal testosterone levels

Check adrenal androgens

17-OHP elevated DHEA-S elevated

21-hydroxylase  
deficiency 

Adrenal virilizing tumor 
or premature adrenarche if 

DHEA-S elevation consistent 
with pubertal development

Exogenous androgen
or hCG exposure

Check
1) Testicular size and shape
2) Bone age
3) Baseline or GnRHa-stimulated serum LH
4) Testosterone

History of exogenous androgen exposure?

Fig. 2. Algorithm for the evaluation of boys with sexual precocity prior to age 9. CNS: central nervous system; DHEA-S: dehydroepiandrosterone-
sulfate; GnRHa: gonadotropin-releasing hormone agonist; hCG: human chorionic gonadotropin; HSD: hydroxysteroid dehydrogenase; LH: 
luteinizing hormone; MRI: magnetic resonance imaging; 17-OHP: 17-hydroxyprogesterone.
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short as adults (secondary to premature closure of the 
growth plates); thus, one of the main goals of therapy of 
CPP is to modulate sex steroid production to maximize 
final adult height.

GnRHa therapy usually results in the reduction of 
gonadal sex steroid production to prepubertal levels 
within 2-4 weeks in girls and 6 weeks in boys. Changes 
in secondary sex characteristics, such as reduction 
in breast size, thinning of pubic hair, and cessation 
of menses (if present before treatment) in girls, and 
reduction in testicular size, thinning of pubic hair, and 
regression of acne in boys, usually occur within the first 
6 months of therapy.

Height velocity decreases approximately 60% during 
the first year of therapy, and skeletal maturation slows 
during the first 3 years of therapy, often to a rate less than 
expected for chronological age. However, after the first 
year of therapy, height velocity is usually appropriate for 
bone age. The optimal age for therapy discontinuation 
is variable, since the post-treatment growth spurt is 
important in determining final height.[71] In general, 
stopping GnRHa therapy at an age close to the median 
physiological age of puberty is likely adequate;[72] 
however, the longer the treatment is continued, the 
greater the final height outcome. After cessation of 
therapy, the hypothalamic-pituitary-gonadal axis 
usually returns to normal within 1 year.[73,74]

Treatment of the disorders leading to incomplete 
precocious puberty is directed toward the underlying 
abnormality. If the primary pathology is controlled, 
sexual development will be halted, and possibly regress. 
Furthermore, premature thelarche and adrenarche 
require no treatment, as both are self-limited benign 
conditions. Other pharmacological agents used in the 

management of particular causes of incomplete sexual 
precocity such as azoles, antiandrogens, and aromatase 
inhibitors are listed in Table 2.

Conclusions
Sexual precocity can be classified as (i) true or central 
precocious puberty, in which increased sex steroid 
production is GnRH-dependent, or (ii) incomplete 
sexual precocity, in which increased sex steroid 
production is GnRH-independent or exogenous. 
Regardless of the etiology, sexual precocity causes 
increased height velocity, somatic development, and 
skeletal maturation in affected children; it also can have 
profound psychological consequences. The treatment 
of sexual precocity addresses both its psychosocial and 
clinical implications, and for CPP, GnRH agonists are 
the main pharmacological agents used.

Funding: None.
Ethical approval: Not needed.
Competing interest: None declared.
Contributors: Brown DB wrote the main body of the article 
under the supervision of Bremer AA. Loomba-Albrecht LA 
provided advice on medical aspects. All authors contributed to 
the intellectual content and approved the final version. Bremer 
AA is the guarantor.

References
1	 Marshall WA, Tanner JM. Variations in the pattern of pubertal 

changes in boys. Arch Dis Child 1970;45:13-23.
2	 Marshall WA, Tanner JM. Variations in pattern of pubertal 

changes in girls. Arch Dis Child 1969;44:291-303.

Disorders Treatment Action
GnRH-dependent

    True or central precocious puberty Long-acting GnRH agonist* Desensitizes the gonadotropes to GnRH, thereby inhibiting
   pulsatile LH and FSH release and gonadal sex steroid synthesis

GnRH-independent
    Incomplete sexual precocity
        Girls
            Autonomous ovarian cyst Medroxyprogesterone acetate Inhibits gonadal steroidogenesis
            McCune-Albright syndrome Medroxyprogesterone acetate† Inhibits gonadal steroidogenesis

Aromatase inhibitor (e.g., letrozole)	 Inhibits aromatase; blocks estrogen synthesis
Selective estrogen receptor modulator
  (e.g., tamoxifen) Selective inhibition of estrogen action

Estrogen receptor antagonist (e.g., fulvestrant) Inhibition of estrogen action
        Boys
            Familial testotoxicosis Ketoconazole† Inhibits CYP17

Spironolactone or flutamide+letrozole Antiandrogen+aromatase inhibitor
Medroxyprogesterone acetate† Inhibits gonadal steroidogenesis

Table 2. Pharmacological therapy for sexual precocity

*: In a case with combined central precocious puberty and GH deficiency, recombinant human GH therapy can be added; †: If central precocious 
puberty develops, a long-acting GnRH agonist can be added. CYP17: P450c17; GH: growth hormone; FSH: follicle stimulating hormone; GnRH: 
gonadotropin releasing hormone; LH: luteinizing hormone. (Modified from Styne, et al[35])



110

World Journal of Pediatrics

R
eview

 article

World J Pediatr, Vol 9 No 2 . May 15, 2013 . www.wjpch.com

3	 Loomba-Albrecht LA, Styne DM. The physiology of puberty 
and its disorders. Pediatr Ann 2012;41:e1-9.

4	 Drife JO. Breast development in puberty. Ann N Y Acad Sci 
1986;464:58-65.

5	 Ross JL, Pescovitz OH, Barnes K, Loriaux DL, Cutler GB Jr. 
Growth hormone secretory dynamics in children with precocious 
puberty. J Pediatr 1987;110:369-372.

6	 Keenan BS, Richards GE, Ponder SW, Dallas JS, Nagamani M, 
Smith ER. Androgen-stimulated pubertal growth: the effects of 
testosterone and dihydrotestosterone on growth hormone and 
insulin-like growth factor-I in the treatment of short stature and 
delayed puberty. J Clin Endocrinol Metab 1993;76:996-1001.

7	 Rillema JA. Development of the mammary gland and lactation. 
Trends Endocrinol Metab 1994;5:149-154.

8	 Lyons WR, Li CH, Johnson RE. The hormonal control of 
mammary growth and lactation. Recent Prog Horm Res 
1958;14:219-248; discussion 248-254.

9	 Zachmann M, Prader A, Kind HP, Hafliger H, Budliger H. 
Testicular volume during adolescence. Cross-sectional and 
longitudinal studies. Helv Paediatr Acta 1974;29:61-72.

10	Herman-Giddens ME, Slora EJ, Wasserman RC, Bourdony CJ, 
Bhapkar MV, Koch GG, et al. Secondary sexual characteristics 
and menses in young girls seen in office practice: a study from 
the Pediatric Research in Office Settings network. Pediatrics 
1997;99:505-512.

11	 Kaplowitz PB, Oberfield SE. Reexamination of the age limit for 
defining when puberty is precocious in girls in the United States: 
implications for evaluation and treatment. Drug and Therapeutics 
and Executive Committees of the Lawson Wilkins Pediatric 
Endocrine Society. Pediatrics 1999;104:936-941.

12	Euling SY, Herman-Giddens ME, Lee PA, Selevan SG, Juul 
A, Sorensen TI, et al. Examination of US puberty-timing data 
from 1940 to 1994 for secular trends: panel findings. Pediatrics 
2008;121 Suppl 3:S172-191.

13	McDowell MA, Brody DJ, Hughes JP. Has age at menarche 
changed? Results from the National Health and Nutrition 
Examination Survey (NHANES) 1999-2004. J Adolesc Health 
2007;40:227-231.

14	Freedman DS, Khan LK, Serdula MK, Dietz WH, Srinivasan 
SR, Berenson GS. Relation of age at menarche to race, time 
period, and anthropometric dimensions: the Bogalusa Heart 
Study. Pediatrics 2002;110:e43.

15	Biro FM, McMahon RP, Striegel-Moore R, Crawford PB, 
Obarzanek E, Morrison JA, et al. Impact of timing of pubertal 
maturation on growth in black and white female adolescents: The 
National Heart, Lung, and Blood Institute Growth and Health 
Study. J Pediatr 2001;138:636-643.

16	Kaplowitz PB, Slora EJ, Wasserman RC, Pedlow SE, Herman-
Giddens ME. Earlier onset of puberty in girls: relation to 
increased body mass index and race. Pediatrics 2001;108:347-
353.

17	Herman-Giddens ME, Wang L, Koch G. Secondary sexual 
characteristics in boys: estimates from the national health and 
nutrition examination survey III, 1988-1994. Arch Pediatr 
Adolesc Med 2001;155:1022-1028.

18	Sun SS, Schubert CM, Chumlea WC, Roche AF, Kulin HE, 
Lee PA, et al. National estimates of the timing of sexual 
maturation and racial differences among US children. Pediatrics 
2002;110:911-919.

19	Chumlea WC, Schubert CM, Roche AF, Kulin HE, Lee PA, 
Himes JH, et al. Age at menarche and racial comparisons in US 
girls. Pediatrics 2003;111:110-113.

20	Buck Louis GM, Gray LE Jr, Marcus M, Ojeda SR, Pescovitz 
OH, Witchel SF, et al. Environmental factors and puberty timing: 
expert panel research needs. Pediatrics 2008;121 Suppl 3:S192-
207.

21	Burt Solorzano CM, McCartney CR. Obesity and the pubertal 
transition in girls and boys. Reproduction 2010;140:399-410.

22	Quennell JH, Mulligan AC, Tups A, Liu X, Phipps SJ, Kemp CJ, 
et al. Leptin indirectly regulates gonadotropin-releasing hormone 
neuronal function. Endocrinology 2009;150:2805-2812.

23	Ahmed ML, Ong KK, Dunger DB. Childhood obesity and the 
timing of puberty. Trends Endocrinol Metab 2009;20:237-242.

24	Ozen S, Darcan S. Effects of environmental endocrine disruptors 
on pubertal development. J Clin Res Pediatr Endocrinol 
2011;3:1-6.

25	Toppari J, Juul A. Trends in puberty timing in humans and 
environmental modifiers. Mol Cell Endocrinol 2010;324:39-44.

26	Biro FM, Galvez MP, Greenspan LC, Succop PA, Vangeepuram 
N, Pinney SM, et al. Pubertal assessment method and baseline 
characteristics in a mixed longitudinal study of girls. Pediatrics 
2010;126:e583-590.

27	Biro FM, Greenspan LC, Galvez MP. Puberty in girls of the 21st 
century. J Pediatr Adolesc Gynecol 2012;25:289-294.

28	Herman-Giddens ME, Steffes J, Harris D, Slora E, Hussey M, 
Dowshen SA, et al. Secondary sexual characteristics in boys: 
data from the pediatric research in office settings network. 
Pediatrics 2012;130:e1058-1068.

29	Sorensen K, Mouritsen A, Aksglaede L, Hagen CP, Mogensen 
SS, Juul A. Recent secular trends in pubertal timing: implications 
for evaluation and diagnosis of precocious puberty. Horm Res 
Paediatr 2012;77:137-145.

30	Midyett LK, Moore WV, Jacobson JD. Are pubertal changes in 
girls before age 8 benign? Pediatrics 2003;111:47-51.

31	Sigurjonsdottir TJ, Hayles AB. Precocious puberty. A report of 
96 cases. Am J Dis Child 1968;115:309-321.

32	Werder EA, Murset G, Zachmann M, Brook CG, Prader A. 
Treatment of precocious puberty with cyproterone acetate. 
Pediatr Res 1974;8:248-256.

33	Berberoglu M. Precocious puberty and normal variant puberty: 
definition, etiology, diagnosis and current management. J Clin 
Res Pediatr Endocrinol 2009;1:164-174.

34	Appelbaum H, Malhotra S. A comprehensive approach to the 
spectrum of abnormal pubertal development. Adolesc Med State 
Art Rev 2012;23:1-14.

35 Styne DM, Grumbach MM. Puberty: ontogeny, neuroendocrinology, 
physiology, and disorders. In: Kronenberg HM, Melmed S, 
Polonsky KS, Larsen PR, eds. Williams Textbook of Endocrinology, 
11th Edition. Philadelphia: Saunders, 2008: 969-1166.

36	Bridges NA, Christopher JA, Hindmarsh PC, Brook CG. 
Sexual precocity: sex incidence and aetiology. Arch Dis Child 
1994;70:116-118.

37	Kappy MS, Ganong CS. Advances in the treatment of precocious 
puberty. Adv Pediatr 1994;41:223-261.

38	Chemaitilly W, Trivin C, Adan L, Gall V, Sainte-Rose C, Brauner 
R. Central precocioius puberty: clinical and laboratory features. 
Clin Endocrinol (Oxf) 2001;54:289-294.

39	Mahachoklertwattana P, Kaplan SL, Grumbach MM. The 
luteinizing hormone-releasing hormone-secreting hypothalamic 
hamartoma is a congenital malformation: natural history. J Clin 
Endocrinol Metab 1993;77:118-124.

40	Hochman HI, Judge DM, Reichlin S. Precocious puberty and 
hypothalamic hamartoma. Pediatrics 1981;67:236-244.

41	Zuniga OF, Tanner SM, Wild WO, Mosier HDJ. Hamartoma 



111

Sexual precocity

R
eview

 article

World J Pediatr, Vol 9 No 2 . May 15, 2013 .  www.wjpch.com

of CNS associated with precocious puberty. Am J Dis Child 
1983;137:127-133.

42	Minnas RA, Stirling HF, Wu FC. Hypothalamic hamartoma with 
skeletal malformations, gelastic epilepsy and precocious puberty. 
Dev Med Child Neurol 1994;36:173-176.

43	Deonna T, Ziegler AL. Hypothalamic hamartoma, precocious 
puberty and gelastic seizures: a special model of "epileptic" 
developmental disorder. Epileptic Disord 2000;2:33-37.

44	Hanna CE, Mandel SH, LaFranchi SH. Puberty in the syndrome 
of septo-optic dysplasia. Am J Dis Child 1989;143:186-189.

45	LaFranchi  SH. Sexual  precoci ty with hypothalamic 
hypopituitarism. Am J Dis Child 1979;133:739-742.

46	Stratakis CA, Vottero A, Brodie A, Kirschner LS, DeAtkine D, 
Lu Q, et al. The aromatase excess syndrome is associated with 
feminization of both sexes and autosomal dominant transmission 
of aberrant P450 aromatase gene transcription. J Clin Endocrinol 
Metab 1998;83:1348-1357.

47	Solh HM, Azoury RS, Najjar SS. Peutz-Jeghers syndrome 
associated with precocious puberty. J Pediatr 1983;103:593-595.

48	de Silva KS, Kanumakala S, Grover SR, Chow CW, Warne GL. 
Ovarian lesions in children and adolescents--an 11-year review. J 
Pediatr Endocrinol Metab 2004;17:951-957.

49	Volkl TM, Dorr HG. McCune-Albright syndrome: clinical 
picture and natural history in children and adolescents. J Pediatr 
Endocrinol Metab 2006;19 Suppl 2:551-559.

50	Van Wyk JJ, Grumbach MM. Syndrome of precocious 
menstration and galactorrhea in juvenile hypothyroidism: an 
example of hormonal overlap in pituitary feedback. J Pediatr 
1960;57:416-435.

51	Pringle PJ, Stanhope R, Hindmarsh P, Brook CG. Abnormal 
pubertal development in primary hypothyroidism. Clin 
Endocrinol (Oxf) 1988;28:479-486.

52	Anasti JN, Flack MR, Froehlich J, Nelson LM, Nisula BC. A 
potential novel mechanism for precocious puberty in juvenile 
hypothyroidism. J Clin Endocrinol Metab 1995;80:2543-2544.

53	Hess RA, Cooke PS, Bunick D, Kirby JD. Adult testicular 
enlargement induced by neonatal  hypothyroidism is 
accompanied by increased Sertoli and germ cell numbers. 
Endocrinology 1993;132:2607-2613.

54	Volta C, Bernasconi S, Cisternino M, Buzi F, Ferzetti A, Street 
ME, et al. Isolated premature thelarche and thelarche variant: 
clinical and auxological follow-up of 119 girls. J Endocrinol 
Invest 1998;21:180-183.

55	Williams RM, Ward CE, Hughes IA. Premature adrenarche. 
Arch Dis Child 2012;97:250-254.

56	Bremer AA. Polycystic ovary syndrome in the pediatric 
population. Metab Syndr Relat Disord 2010;8:375-394.

57	Albrecht L, Styne D. Laboratory testing of gonadal steroids in 
children. Pediatr Endocrinol Rev 2007;5 Suppl 1:599-607.

58	Ibanez L, Potau N, Zampolli M, Virdis R, Gussinye M, 
Carrascosa A, et al. Use of leuprolide acetate response patterns 
in the early diagnosis of pubertal disorders: comparison with the 
gonadotropin-releasing hormone test. J Clin Endocrinol Metab 
1994;78:30-35.

59	Neely EK, Hintz RL, Wilson DM, Lee PA, Gautier T, Argente 
J, et al. Normal ranges for immunochemiluminometric 
gonadotropin assays. J Pediatr 1995;127:40-46.

60	Hayward C, Killen JD, Wilson DM, Hammer LD, Litt IF, 
Kraemer HC, et al. Psychiatric risk associated with early 
puberty in adolescent girls. J Am Acad Child Adolesc Psychiatry 

1997;36:255-262.
61	Herman-Giddens ME, Sandler AD, Friedman NE. Sexual 

precocity in girls. An association with sexual abuse? Am J Dis 
Child 1988;142:431-433.

62	Slap GB, Khalid N, Paikoff RL, Brooks-Gunn J, Warren MP. 
Evolving self-image, pubertal manifestations, and pubertal 
hormones: preliminary findings in young adolescent girls. J 
Adolesc Health 1994;15:327-335.

63	Celio M, Karnik NS, Steiner H. Early maturation as a risk factor 
for aggression and delinquency in adolescent girls: A review. Int 
J Clin Pract 2006;60:1254-1262.

64	Walker EF, Sabuwalla Z, Huot R. Pubertal neuromaturation, 
stress sensitivity, and psychopathology. Dev Psychopathol 
2004;16:807-824.

65	Hayward C, Killen JD, Hammer LD, Litt IF, Wilson DM, 
Simmonds B, et al. Pubertal stage and panic attack history in 
sixth- and seventh-grade girls. Am J Psychiatry 1992;149:1239-
1243.

66	Angold A, Worthman CW. Puberty onset of gender differences 
in rates of depression: a developmental, epidemiologic and 
neuroendocrine perspective. J Affect Disord 1993;29:145-158.

67	Hafner H, an der Heiden W, Behrens S, Gattaz WF, Hambrecht 
M, Loffler W, et al. Causes and consequences of the gender 
difference in age at onset of schizophrenia. Schizophr Bull 
1998;24:99-113.

68	Wilson DM, Killen JD, Hayward C, Robinson TN, Hammer LD, 
Kraemer HC, et al. Timing and rate of sexual maturation and 
the onset of cigarette and alcohol use among teenage girls. Arch 
Pediatr Adolesc Med 1994;148:789-795.

69	Steinberg L. Risk taking in adolescence: what changes, and 
why? Ann N Y Acad Sci 2004;1021:51-58.

70	Patton GC, McMorris BJ, Toumbourou JW, Hemphill SA, 
Donath S, Catalano RF. Puberty and the onset of substance use 
and abuse. Pediatrics 2004;114:e300-306.

71	Pasquino AM, Pucarelli I, Segni M, Matrunola M, Cerroni F. 
Adult height in girls with central precocious puberty treated with 
gonadotropin-releasing hormone analogues and growth hormone. 
J Clin Endocrinol Metab 1999;84:449-452.

72	Carel JC, Lahlou N, Roger M, Chaussain JL. Precocious puberty 
and statural growth. Hum Reprod Update 2004;10:135-147.

73	Feuillan PP, Jones JV, Barnes K, Oerter-Klein K, Cutler GB 
Jr. Reproductive axis after discontinuation of gonadotropin-
releasing hormone analog treatment of girls with precocious 
puberty: long term follow-up comparing girls with hypothalamic 
hamartoma to those with idiopathic precocious puberty. J Clin 
Endocrinol Metab 1999;84:44-49.

74	Feuillan PP, Jones JV, Barnes KM, Oerter-Klein K, Cutler GB Jr. 
Boys with precocious puberty due to hypothalamic hamartoma: 
reproductive axis after discontinuation of gonadotropin-releasing 
hormone analog therapy. J Clin Endocrinol Metab 2000;85:4036-
4038.

Received December 10, 2012
Accepted after revision March 19, 2013


