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Puberty 2

Causes, diagnosis, and treatment of central precocious puberty
Ana Claudia Latronico, Vinicius Nahime Brito, Jean-Claude Carel

Central precocious puberty results from the premature activation of the hypothalamic-pituitary-gonadal axis. It 
mimics physiological pubertal development, although at an inappropriate chronological age (before 8 years in 
girls and 9 years in boys). It can be attributable to cerebral congenital malformations or acquired insults, but the 
cause in most cases in girls remains unknown. MKRN3 gene defects have been identifi ed in familial disease, with 
important basic and clinical results. Indeed, genetic analysis of this gene should be included in the routine clinical 
investigation of familial and idiopathic cases of central precocious puberty. Gonadotropin-releasing hormone 
agonists are the gold-standard treatment. The assessment and management of this disease remain challenging for 
paediatric endocrinologists. In this Series paper, we describe current challenges involving the precise diagnosis 
and adequate treatment of this disorder.

Introduction
Puberty represents a complex biological process of sexual 
development that can be aff ected by genetic, nutritional, 
environmental, and socioeconomic factors. During this 
phase of development, individuals attain secondary 
sexual characteristics and reproductive capacity. In girls, 
the onset of puberty is defi ned clinically as the fi rst 
appearance of breast buds, whereas in boys, testicular 
enlargement is the fi rst pubertal sign.1 In both sexes, 
pubic hair appearance can begin before, together with, or 
after the clinical onset of puberty.1

The normal age range for puberty onset refers to the 
time in which 95% of children attain initial pubertal 
signs (Tanner and Marshall stage 2 in both sexes).2,3 In 
the 1960s, cross-sectional data led to designation of the 
normal age range of pubertal onset between ages 8 and 
13 years in girls and between ages 9 and 14 years in boys. 
In the past two decades, cross-sectional data from the 
USA and Europe suggests that pubertal milestones are 
being reached earlier than previously thought in both 
sexes.4–7 The putative decrease in age at the start of 
puberty has largely been attributed to improved health, 
nutrition, and sanitation.8

These fi ndings guided recommendations to classify 
pubertal development as precocious when it occurs 
before age 6 years in black girls and before age 7 years in 
all other girls.4 However, the validity of these initial 
recommendations was questioned because the Tanner 
staging of breast development was established mainly by 
inspection and not palpation.3 In 2009, Roelants and 
colleagues6 updated the reference charts for pubertal 
development in a large group of healthy Belgian children. 
The median age at menarche (13·0 years) had not 
advanced over the previous 50 years, despite the 
increasing prevalence of overweight and obesity in 
children older than 5 years in this period. However, about 
10% of girls and boys in the study had initial pubertal 
development before age 9 years. In 2013, Biro and 
colleagues7 reported that the onset of thelarche at younger 
ages is associated with ethnic origin and temporal 

changes in BMI, confi rming and extending patterns seen 
in previous studies.4–8 The lower age at thelarche in girls 
did not seem to be caused by gonadotropin-releasing 
hormone (GnRH) activation—but other potential 
mechanisms, such as endocrine disruptors and 
nutritional eff ects, might have had a role in this process.9

The most common mechanism of precocious puberty 
is the early activation of pulsatile GnRH secretion, 
known as gonadotropin-dependent precocious puberty 
or central precocious puberty. The estimated incidence in 
American girls is 1 in 5000–10 000.10 However, the 
prevalence was 1 in 500 among Danish girls, based on 
national registries over a 9-year period (1993–2001).11 The 
prevalence is sexually dimorphic, being higher in girls 
than in boys (15–20 girls for every boy).

The timing of puberty has substantial biological, 
psychosocial, and long-term health implications.1,12 
Concerns are associated with the diagnosis of precocious 
puberty, such as early menarche in girls, short adult stature 
because of early epiphyseal fusion, and adverse 
psychosocial outcomes. Evidence suggests an association 
between early timing of puberty and adverse health 
outcomes in later life.8,12,13 Early age at menarche has been 
associated with increased risks of obesity, hypertension, 
type 2 diabetes, ischaemic heart disease, stroke, oestrogen-
dependent cancer, and cardiovascular mortality.12,13 
Additionally, early age at menarche is a known risk factor 
for the development of breast cancer.14,15 This association is 
largely attributed to high early exposure to oestrogen 
during the initial stages of breast development and 
throughout the reproductive years. Some evidence 
suggests that children with precocious puberty have 
increased sexual and delinquent behaviours in adulthood, 
or more psychological disturbances over and above general 
trends reported in children who undergo a normal 
puberty.16,17 In this Series paper, we describe the known and 
new causes of central precocious puberty. We focus on the 
clinical assessment of central precocious puberty, and 
outline the challenges involved in the precise diagnosis 
and management of this common paediatric disorder. 
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Causes
Several cerebral malformations and acquired insults 
have been associated with central precocious puberty 
(panel). The range of causes is similar in boys and girls, 
although idiopathic disease is much more common in 
girls—about 90% of cases in girls are idiopathic.18,19 By 
contrast, 50–70% of the boys have identifi able 
pathological changes. The most frequently detected brain 
abnormalities associated with the disorder include 
hypothalamic hamartomas, encephalitis, hydrocephalus, 
neurofi bromatosis type 1, meningomyelocele, and 
neonatal encephalopathy (fi gure 1).20

The hypothalamic hamartoma represents the most 
common organic cause in both sexes, usually manifesting 
before age 4 years.21 This congenital mass is probably 

composed of GnRH neurons or transforming growth 
factor (TGF)α-producing astroglial cells that could cause 
premature activation of pulsatile GnRH release.22 The 
disease phenotype caused by hamartomas can be 
associated with neurological abnormalities, such as 
gelastic, focal, or generalised tonic-clonic seizures, and 
cognitive impairment.22,23

Internationally adopted children seem to be at increased 
risk.24 The reason for this fi nding is unclear, but it is 
postulated that nutritional deprivation in early life 
followed by increased adiposity after adoption triggers the 
endocrine and physical changes of puberty. Additionally, 
changing environmental eff ects, including possible roles 
of stress and early-life exposure to endocrine-disrupting 
factors, such as oestrogenic and antiandrogenic chemicals, 
can aff ect pubertal onset and tempo.25,26 A quarter of the 
patients treated for sexual precocity in Belgium had 
migrated from abroad, particularly through international 
adoption, coming from malaria-endemic countries.26 
Additionally, most of these children had been exposed to 
the insecticide dichlorodiphenyltrichloroethane (DDT) 
during prenatal life and infancy.26 DDT has prominently 
oestrogenic properties and its derivative dichlorodiphenyl-
dichloroethylene (DDE) is regarded as antiandrogenic.27 
These fi ndings initially suggested the potential 
involvement of DDT in the early pathogenesis of sexual 
precocity in exposed children. However, data for the 
timing of menarche after prepubertal exposure to DDE or 
DDT have been inconclusive, with menarche seen to 
occur early28 or within the normal age range.26,29,30 
Additional animal and human studies are needed to 
establish the role of these chemicals in pubertal disorders.

Long-term exposure to sex steroids can result in 
maturation of CNS centres that are important for the 
initiation of puberty.18,19,31 The decrease in sex steroids 
during treatment of the primary underlying disorder 
causes an activation of the precociously matured 
hypothalamic GnRH pulse generator via feedback 
mechanisms, resulting in what is referred to as secondary 
central precocious puberty. This form of puberty can 
occur after treatment of congenital adrenal hyperplasia, 
after removal of sex steroid-producing tumours, and in 
testotoxicosis.19,31,32

Studies33–35 have implicated the activation of the genes 
KISS1, which encodes kisspeptin, and KISS1R (formerly 
called GPR54), which encodes the kisspeptin receptor, and 
the inactivation of the MKRN3 gene, which encodes 
makorin ring fi nger protein 3, in the premature 
reactivation of GnRH secretion, which was previously 
deemed idiopathic. In 2008, a heterozygous activating 
mutation of KISS1R (p.Arg386Pro) was identifi ed in 
association with central precocious puberty.33 This 
mutation was identifi ed in an adopted girl who had 
progressive thelarche from birth, suggesting early, 
persistent, and slightly increased oestrogen secretion. 
Accelerated growth, skeletal maturation, and progression 
of breast development were noticed at age 7 years. Data 

Figure 1: Pathological brain MRI from three representative cases of central precocious puberty
Hypothalamic hamartoma (A), optic glioma (neurofi bromatosis type 1; B), and arachnoid cyst (C). 

A CB

Panel: Causes of progressive central precocious puberty

CNS lesions—congenital malformations
• Hypothalamic hamartoma
• Suprasellar arachnoid cysts
• Hydrocephalus
• Glioma or neurofi bromatosis type 1
• Tuberous sclerosis
• Septo-optic dysplasia
• Chiari II malformations and myelomeningocele

CNS lesions—acquired insults
• Tumours: astrocytoma, ependymoma, pinealoma, hypothalamic or optic glioma, 

chraniopharyngioma, dysgerminoma (non-hCG secreting), meningioma
• Post-insults (perinatal, infection trauma, radiotherapy)
• Granulomatous disease
• Cerebral palsy

No CNS lesions
• Idiopathic
• Endocrine disruptors
• No CNS lesions—congenital causes
• Genetic changes: gain-of-function mutations in the genes encoding kisspeptin (KISS1) 

and kisspeptin receptor (KISS1R [formerly called GPR54]), loss-of-function mutation in 
makorin ring fi nger 3 (MKRN3)

• Chromosomal abnormalities

No CNS lesions—acquired conditions
• International adoption 
• Early exposure to sex steroids (secondary central precocious puberty) 
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from in-vitro studies showed that the p.Arg386Pro 
mutation, located in the C-terminal tail of the receptor, led 
to prolonged activation of intracellular signalling pathways 
in response to kisspeptin, resulting in much higher 
inositol phosphate accumulation for as long as 18 h.33

In view of the description of an activating mutation in 
KISS1R causing premature activation of the 
gonadotropic axis, KISS1 was another obvious natural 
candidate gene for genetic central precocious puberty. 
One rare kisspeptin variant, p.Pro74Ser, was identifi ed 
in the heterozygous state in a boy who developed 
sporadic disease at age 1 year, with high concentrations 
of basal luteinising hormone (LH) and testosterone.34 
His mother and maternal grandmother, both of whom 
had normal pubertal development, also carried the 
p.Pro74Ser mutation in the heterozygous state, 
suggesting incomplete sex-dependent penetrance. 
Results of in-vitro studies showed that the capacity to 
stimulate signal transduction was signifi cantly greater 
for p.Pro74Ser than for the wild type, suggesting that 
this variant might be more resistant to degradation, 
resulting in greater kisspeptin bioavailability.34 
Although these cases contribute to the elucidation of 
the fundamental role of the kisspeptin pathway in the 
physiological regulation of pubertal development, no 
other cases with activating KISS1R or KISS1 mutations 
have been reported, suggesting that these genetic 
abnormalities are very rare.

MKRN3, an imprinted gene located on the long arm of 
chromosome 15 (Prader-Willi region), encodes makorin 
ring fi nger protein 3, which is involved in gene 
transcription and ubiquitination. The MKRN3 protein is 
derived only from RNA transcribed from the paternally 
inherited copy of the gene, because of maternal 
imprinting.35 Segregation analysis of families with central 
precocious puberty caused by MKRN3 mutations clearly 
shows an autosomal dominant inheritance with complete 
penetrance. Inherited MKRN3 defects have been 
identifi ed in children with apparently sporadic disease.36 
Because of the imprinting pattern (maternal silencing) of 
MKRN3, the disease phenotype can be inherited from an 
asymptomatic father who carries an MKRN3 mutation. 
Indeed, genotype analysis of patients who have MKRN3 
mutations and no family history of premature sexual 
development showed that paternal inheritance was 
present in all studied cases;36 no de-novo mutation of 
MKRN3 has been described in these patients so far. 
Findings from these initial studies suggested that the 
familial nature of this disorder is probably under-
recognised, because of the diffi  culty of obtaining a 
precise family history from the father and the likelihood 
of under-diagnosis of early testicular enlargement.36 A 
growing list of loss-of-function mutations of MKRN3 has 
been identifi ed in several aff ected families from diff erent 
ethnic groups.35–42 Remarkably, patients with MKRN3 
mutations had typical clinical and hormonal features of 
premature activation of the reproductive axis, including 

early pubertal signs such as breast, testis, and pubic hair 
development, accelerated linear growth, advanced bone 
age, and raised basal or GnRH-stimulated LH con-
centrations. A few patients with loss-of-function 
mutations in MKRN3 had mild, non-specifi c syndromic 
features, including two related patients with esotropia 
and one girl with a high-arched palate, dental 
abnormalities, clinodactyly, and hyperlordosis.40 No 
signifi cant diff erence was noted in the median age of 
pubertal onset, clinical features, or basal and 
GnRH-stimulated LH concentrations between patients 
with and without MKRN3 mutations.40

Distinct chromosomal abnormalities have been 
associated with complex syndromic phenotypes that 
could include premature sexual development caused by 
activation of the hypothalamic-pituitary-gonadal axis. 
Among these syndromes are the 1p36 deletion, 7q11.23 
microdeletion (Williams-Beuren syndrome),43 9p 
deletion,44 maternal uniparental disomy of chromosomes 
7 (Silver-Russell syndrome) and 14 (Temple syndrome),45 
inversion duplication of chromosome 15,46 de-novo 
interstitial deletion and maternal uniparental disomy of 
chromosome 15 (Prader-Willi syndrome),47 and a de-novo 
deletion in cyclin-dependent kinase-like 5 gene (CDKL5; 
located in the Xp22 region),48 with a phenotype 
reminiscent of Rett syndrome. Notably, maternal 
uniparental disomy of chromosomes 7 and 14 are 
genomic imprinting disorders.45

Assessment
Clinical assessment 
The fi rst step in assessing a child with precocious puberty 
is to obtain a detailed personal and family history.18,31 The 
age of onset and the time velocity of physical changes, 
development of secondary sexual characteristics, sex 
steroid exposure, and evidence of possible CNS 
dysfunction (such as headache, large head circumference, 
visual abnormalities or seizures, trauma, or infections) 
are important information. The physical examination 
includes the assessment of secondary sexual features—
ie, breast development in girls and testis measurement 
in boys, and pubic hair development in both sexes, 
classifying them on the basis of the Marshall and Tanner 
criteria.31 Careful assessment is desirable, particularly in 
overweight and obese girls, to avoid overestimation of 
breast development. In boys, testicular volume greater 
than 4 mL or length greater than 2·5 cm usually suggests 
gonadotropin stimulation. Advanced height, bone age, 
and accelerated growth velocity are usually present in 
patients with central precocious puberty and should be 
checked for. Other physical characteristics, such as 
axillary hair and body composition, should also be 
documented. Skin examination is strongly recommended 
for detection of facial acne or oily skin and cutaneous 
pigmentation (café au lait spots) and lesions, which could 
be associated with McCune-Albright syndrome, 
neurofi bromatosis, or tuberous sclerosis.
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Hormonal profi le
The gold-standard biochemical diagnosis is based on the 
assessment of gonadotropins, mainly LH, after 
stimulation with exogenous GnRH or GnRH agonists.18,31 
With the development of laboratory methods that make 
use of monoclonal antibodies such as immuno-
fl uorometric, immunochemiluminometric, and electro-
chemiluminometric assays, which have higher sensitivity 
and specifi city than radioimmunoassay methods, it has 
been suggested that baseline random LH could be used 
to assess the activation of the gonadotropic axis, avoiding 
the need for testing of the GnRH-stimulated LH 
concentration.49 However, several studies49–54 have shown 
that the diagnostic value of basal LH is variable, with 
sensitivity ranging from 60% to 100%. Diff erent cutoff  
values for basal LH, ranging from 0·1 to 1·5 IU/L, 
showed diff erent diagnostic sensitivities and specifi cities 
(table). Caution should be used when interpreting 
gonadotropin concentrations in children younger than 
2 or 3 years, because baseline gonadotropin concen-
trations are usually high in this age group.18

In patients with clinical sexual precocity and basal 
prepubertal LH, the GnRH stimulation test is indicated 
to establish the level of activation of the gonadotropic 
axis.18,31 Generally, the several protocols that have been 
produced suggest blood sampling at one or more 
timepoints for gonadotropin measurement, ranging 
from 30 min to 180 min after intravenous or subcutaneous 
GnRH administration.49,54 Some investigators have 
suggested that a simplifi ed test with a single 
measurement 30 or 40 min after GnRH is suffi  cient to 
confi rm activation of the gonadotropic axis.55,56 Cutoff  
concentrations for an LH peak higher than 5 IU/L, 
assessed by ultrasensitive immunoassays, are usually 
indicative of an activated gonadotropic axis.18,50 However, 
several cutoff s for GnRH-stimulated LH concentrations 
have been suggested, particularly for girls, ranging 
from 5 to 8 IU/L.49,50,54 Basal and GnRH-stimulated 

follicle-stimulating hormone (FSH) concentrations do 
not adequately diff erentiate children with and without 
central precocious puberty because of a substantial 
overlap between prepubertal and pubertal healthy 
children.31,49 However, evidence of suppressed GnRH-
stimulated FSH concentrations strongly suggests 
peripheral precocious puberty. A GnRH-stimulated peak 
LH-to-FSH ratio of 0·6–1·0 has been suggested for use 
in diagnosis.57 However, its sensitivity and specifi city are 
not greater than the GnRH-stimulated peak LH alone.49

In boys, testosterone is an excellent marker for sexual 
precocity, because prepubertal concentrations of this 
hormone exclude the diagnosis of precocious puberty.31 In 
girls, low oestradiol concentrations do not rule out the 
diagnosis of precocious puberty. In fact, many girls (about 
40%) with central precocious puberty have prepubertal 
concentrations of oestradiol.16,18,31 Nevertheless, high 
concentrations of oestradiol in the presence of suppressed 
or low concentrations of gonadotropins strongly suggest 
a peripheral cause.19 Reference values for testosterone and 
oestradiol vary with the method and assay used for 
assessment.

Some challenges in the hormonal assessment of 
children with sexual precocity at the time of diagnosis 
and during depot GnRH agonist therapy still remain. 
First, the adequate and standardised determination of 
normal hormonal concentrations in healthy children on 
the basis of sex, chronological age, and pubertal stage for 
each laboratory method is diffi  cult. However, novel 
laboratory techniques such as tandem mass spectrometry 
might improve the sensitivity and specifi city of oestradiol 
assays.58

Serum concentrations of MKRN3 were assessed in a 
population-based longitudinal study of healthy Danish 
girls.59 MKRN3 concentrations declined before pubertal 
onset, and circulating MKRN3 concentrations were 
negatively associated with gonadotropin concentrations 
in prepubertal girls.59 Undetectable or low MKRN3 

Number 
of 
patients

Method Basal LH 
concentration 
(IU/L)

Sensitivity for 
basal LH 
concentration 
(%)

Specifi city for 
basal LH 
concentration 
(%)

GnRH 
stimulated 
peak LH 
concentration 
(IU/L)

Sensitivity for 
GnRH stimulated 
peak LH 
concentration 
(%) 

Specifi city for 
GnRH stimulated 
peak LH 
concentration 
(%) 

Neely et al (1995)50 26 ICMA 0·1 94 88 5·0 NA NA

Brito et al (1999)49 58 IFMA 0·6 62·7 (girls) 100 6·9 (girls) 92·2 (girls) 100

71·2 (boys) 9·6 (boys) 100 (boys) 100

Houk et al (2009)51 14 ICMA 0·83 93 100 NA NA NA

20 IFMA 1·05 100

Pasternak et al (2012)53 42 ICMA 0·1 94·7 64·4 4·9 78 79

Lee et al (2013)52 147 ECLIA 0·1 56·4 88·4 5·0 56·4 88·4

Freire et al (2013)54 46 IFMA NA NA NA 7·0 76 100

ECLIA 8·0

GnRH=gonadotropin-releasing hormone. LH=luteinising hormone. ICMA=immunochemiluminometric assay. NA=not available. IFMA=immunofl uorometric assay. 
ECLIA=electrochemiluminometric assay. 

Table: Diagnostic values of basal and GnRH-stimulated LH concentrations in the diagnosis of central precocious puberty, by study
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concentrations were reported in a subgroup of patients 
with early onset of puberty. These fi ndings support 
MKRN3 as a major regulator of hypothalamic GnRH 
secretion during childhood and suggest that the 
assessment of serum MKRN3 concentrations might be 
useful for the assessment of pubertal development.59

Imaging studies
The bone age of patients with precocious puberty is 
generally advanced by 2 years or more, or by more than 
2·5 SDs, in relation to chronological age.18,32 However, the 
absence of advanced bone age is not a reason to 
discontinue follow-up assessment when increased 
growth velocity and other clinical symptoms of 
progressive puberty are present. Bone age is often used 
to predict adult height, although this prediction tends to 
overestimate adult height and is not very reliable.60,61

In girls, pelvic ultrasonography can be useful initially 
in the diff erential diagnosis of premature sexual 
development to assess the presence of ovarian tumours 
or cysts, particularly if oestradiol concentrations are 
high.62 Uterine changes due to oestrogen exposure can 
also be used as an index of progressive puberty in 
patients.18 Sathasivam and colleagues63 compared the use 
of ovarian and uterine volumes measured by 
ultrasonography with the use of baseline and leuprolide-
stimulated LH and oestradiol concentrations for 
diagnostic assessment in 50 girls (aged 3·1–9·5 years) 
with suspected precocious puberty. They reported a 
substantial overlap in ovarian and uterine volumes 
among girls from prepubertal (baseline and stimulated 
LH and oestradiol in prepubertal range) and pubertal 
(baseline or leuprolide-stimulated LH in pubertal range) 
groups, suggesting that pelvic ultrasonography alone 
cannot distinguish between prepubertal girls and those 
in the early stages of puberty.

MRI of the brain should be done to fi nd out if a 
hypothalamic lesion is present in cases of progressive 
central precocious puberty. The prevalence of such 
lesions is higher in boys (40–90%) than in girls (8–33%) 
with precocious puberty and is much lower when puberty 
starts after age 6 years in girls (about 2% in case 
series).16,18,64,65 MRI should be done in all cases for 
diagnosis of brain abnormalities associated with central 
precocious puberty. Notably, young age, rapid 
progression, and high oestradiol concentrations are 
factors that might predict increased risk of brain 
abnormalities.

Mogensen and colleagues64 showed that 13 (6%) of 
208 girls with central precocious puberty had an 
abnormal brain MRI. All of the girls were older than 
6 years and half were aged 8–9 years. Moreover, the brain 
abnormalities were not predicted by clinical or 
biochemical parameters in this study.64 Pedicelli and 
colleagues65 showed the presence of an abnormal MRI in 
13 (14%) of 182 girls with central precocious puberty. 
Girls with hypothalamic hamartomas were younger than 

6 years and had signifi cantly higher mean baseline and 
stimulated LH concentrations, LH-to-FSH ratios, serum 
oestradiol concentration, and uterine lengths. However, 
all the parameters overlapped widely in girls with and 
without brain lesions.

Incidental fi ndings on brain MRI, which were not 
thought to be related to early pubertal development, were 
seen in up to 11% of cases.64,65 These fi ndings usually 
result in parental and medical concern, and can lead to 
repeated and potentially harmful procedures. Among the 
most frequent incidental fi ndings are pituitary 
abnormalities (enlargement of the gland and 
microadenomas) and pineal cysts.64,65

MKRN3 loss-of-function mutations are a frequent 
cause of familial disease. Whole-exome sequencing of 
15 families (40 members) with central precocious puberty 
revealed 15 children (eight girls and seven boys) 
belonging to fi ve families with MKRN3 defects (33% of 
the aff ected families).35 This genetic disorder has been 
associated with normal MRI scans of the hypothalamic-
pituitary region in all aff ected patients from both sexes. 
These genetic fi ndings should aff ect the clinical decision 
about the use of MRI. In fact, routine screening with 
brain MRI does not seem to be useful in patients with a 
clear family history, such as two aff ected siblings, or a 
father and one or more of his children having the 
disorder. In these cases, genetic studies could precede 
the brain MRI, which might be postponed (in non-
mutant cases) or even avoided completely in patients 
who carry MKRN3 mutations. The fi nancial costs of the 
genetic analysis of MKRN3, an intronless gene, are much 
lower than the costs of a brain MRI in children, who 
usually need anaesthesia for the scan. We propose a 
diagnostic procedure that includes clinical, hormonal, 
CNS imaging, and potential genetic investigation of 
patients with suspected central precocious puberty 
(fi gure 2). A reliable family history is a key element for 
driving the medical decision of whether to do a brain 
MRI or a genetic test fi rst.

Diff erential diagnosis of precocious puberty
It is very important to distinguish between central 
precocious puberty and common variants of precocious 
puberty, such as premature thelarche or premature 
adrenarche.18,19,49 Premature thelarche is defi ned by 
isolated development of breast tissue, without other 
pubertal fi ndings, such as accelerated linear growth, 
rapid progression of breast development, or advanced 
skeletal maturation. It often occurs in toddler girls and 
usually regresses over several months.66 Premature 
adrenarche is characterised by gradually progressive 
pubic or axillary hair growth secondary to mildly increased 
concentrations of adrenal-derived androgens.67 Advanced 
bone age might be present, but breast development is 
absent in this disorder. Therefore, girls with pubic hair or 
axillary hair and no breast development, or boys with 
pubic hair or axillary hair and no testicular enlargement, 
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are likely to have premature adrenarche or a peripheral 
cause of precocious puberty. Additionally, the distinction 
of central precocious puberty from GnRH-independent 
or peripheral precocious puberty is necessary. Central 
precocious puberty in boys is typically associated with 
symmetrically increased testicular volumes, by contrast 
with most forms of peripheral precocious puberty, which 
are characterised by asymmetrical or prepubertal testes.19,31 
Boys with testotoxicosis or adrenal rest tumours—very 
rare GnRH-independent forms of precocious puberty—
have symmetrically enlarged testes.31

Therefore, early breast or testicular development are not 
always manifestations of central precocious puberty, and 

clinical and laboratory investigation can help to resolve the 
diagnosis. Clinical indicators of pubertal progression 
should be given priority over hormonal tests and imaging. 
A period of clinical observation is highly recommended 
before any pharmacological interventions.9,16 In an elegant 
study, 13% of premature thelarche cases were subsequently 
diagnosed as having progressive central precocious 
puberty (independent of the age of initial clinical 
presentation), which suggests the need for long-term 
follow-up.66,68

Additional challenges have arisen from confusion over 
the terminology used to describe precocious puberty. 
Atypical forms of sexual precocity, mainly when 
progressive central precocious puberty occurs without 
evidence of pubertal LH activation, have been described 
as early puberty.8 The same term has been used when 
the onset of puberty begins within the normal age range, 
but at the inferior limits (8–9 years in girls and 9–10 years 
in boys).69 The use of such terminology results in 
confusion and should be avoided, as terms are often 
overlapping. The benefi ts of the GnRH agonists in 
patients with these atypical forms of early or accelerated 
puberty are not defi ned.8 Indeed, it seems that these 
atypical forms might just show the extremes of normal 
pubertal development.

Management
GnRH agonist treatment
Long-acting GnRH agonists have been the gold-standard 
treatment since the mid-1980s. Questions remain about 
their optimum use—an international consensus 
statement published in 2009 summarised the available 
information and the areas of uncertainty.16 GnRH 
agonists continuously stimulate the pituitary gonado-
trophs, leading to desensitisation and decreases in 
release of LH and, to a lesser extent, FSH.70 Several 
GnRH agonists are available in various depot forms, and 
their approval for use and recommended doses in 
precocious puberty vary in diff erent countries. Use of 
GnRH agonist results in the regression or stabilisation of 
pubertal symptoms, lowering of growth velocity to 
normal prepubertal values, and decrease of bone-age 
advancement.16 Progression of breast or testicular 
development usually indicates poor compliance, 
treatment failure, or incorrect diagnosis, demanding 
further assessment. All well controlled cases should have 
prepubertal oestradiol and testosterone concentrations 
monitored during GnRH agonist therapy. Routine 
biochemical monitoring of basal LH concentration has 
been questioned.16,71 Prepubertal or suppressed serum 
GnRH-stimulated LH concentrations are expected in 
patients on GnRH agonist therapy. The classic GnRH 
stimulation test with short-acting GnRH or, alternatively, 
a single LH sample 30–120 min after long-acting GnRH 
agonist administration can be used to monitor therapy.72,73 
Suppression of LH to less than 4·5 IU/L is an adequate 
target in patients on GnRH agonist therapy.74

Figure 2: Flow diagram for investigation of precocious puberty in girls and boys
Measured values of pubertal basal and GnRH-stimulated LH concentrations are dependent on the laboratory 
method used for assessment. For ultrasensitive assays (immunochemiluminometric and 
electrochemiluminometric assays), basal LH concentration greater than 0·2 IU/L and GnRH-stimulated LH 
concentrations greater than 8 IU/L are usually deemed pubertal concentrations in both sexes.49–54 Basal oestradiol 
concentrations have low sensitivity for diagnosis of central precocious puberty.49 The left side of diagram with 
dashed lines indicates a potential strategy for identifi cation of the most frequent genetic cause of central 
precocious puberty. LH=luteinising hormone. FSH=follicle-stimulating hormone. MKRN3=makorin ring fi nger 
protein 3 gene. *The limits of chronological age for pubertal development can vary for diff erent ethnic groups (eg, 
earlier in black girls).4 †Patients with no genetic mutations should undergo CNS imaging.
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The optimum time to discontinue treatment has not 
been formally established. Factors that could aff ect the 
decision of when to stop GnRH agonists include 
synchronising puberty with peers, or in some cases, 
facilitating care of the developmentally delayed child. 
Treatments are usually interrupted at age 10–11 years, 
with the goal of having menarche occur near the 
population norms.16 The optimum time for interruption 
of treatment should be based on the combination of 
chronological age and bone maturation. The best 
outcomes for fi nal height were obtained with 
GnRH-agonist treatment withdrawal between 12·0 and 
12·5 years of bone age in girls and between 13·0 and 
13·5 years of bone age in boys.75 Pubertal manifestations 
generally reappear within months of GnRH agonist 
treatment being stopped, with a mean time to menarche 
of 16 months for depot GnRH agonists, and seemingly 
less for histrelin implants.76,77

The addition of growth hormone78 or oxandrolone79 
when growth velocity decreases (<4 cm/year) or if height 
is impaired has been proposed, but data are scarce 
regarding the effi  cacy and safety of these drugs in 
children with precocious puberty, and thus they cannot 
be recommended.

Outcomes after GnRH agonist treatment
No randomised controlled trials have assessed long-term 
outcomes after GnRH agonist treatment. Height 
outcomes have been assessed mainly by comparisons 
between achieved adult height and predicted height 
before treatment. In a meta-analysis of about 400 girls 
treated until a mean age of 11 years, the mean adult 
height was about 160 cm and mean gains over predicted 
height varied from 3 to 10 cm.61 Factors aff ecting height 
outcome included initial patient characteristics (lower 
achieved adult height if bone age is substantially 
advanced and if predicted height was lower at initiation 
of treatment) and, in some case series, duration of 
treatment (greater height gains in patients starting 
treatment at a younger age and with longer duration of 
treatment). The eff ect of age at discontinuation of 
treatment on achieved height has been considered and 
the use of variables such as chronological age, duration 
of therapy, bone age, height, target height, and growth 
velocity have been proposed, alone or in combination, to 
help decide when to stop treatment. However, these 
closely interrelated variables cannot be considered 
independently. Findings from retrospective analyses 
suggest that continuing treatment beyond age 11 years in 
girls is associated with no further gain in height.75

The newest form of therapy includes a subcutaneous 
implant of the GnRH agonist histrelin, which leads to 
gonadotropin suppression for 12–24 months.80,81 Results 
from a long-term, phase 3, prospective, open-label 
study80 of 36 children with central precocious puberty 
who had once-yearly histrelin subcutaneous implant 
therapy were reported in 2015. Over the 72-month 

treatment phase, sequential histrelin implant therapy 
provided sustained gonadotropin suppression in these 
children. 6 months after removal of the fi nal implant, 
peak LH and FSH concentrations had risen to pubertal 
concentrations in all patients assessed, suggesting 
recovery of the hypothalamic-pituitary-gonadal axis 
after long-term gonadotropin suppression.80 Oestradiol 
and testosterone concentrations were consistently in 
the prepubertal range over the course of long-term 
histrelin implant therapy and rose above suppression 
thresholds in the follow-up period. In girls, predicted 
adult height increased from 151·9 cm at baseline to 
166·5 cm at month 60, with a 10·7 cm height gain. 
These data were not available for boys. No adverse 
eff ect on growth or recovery of the hypothalamic-
pituitary-gonadal axis was reported with hormonal 
suppression. These fi ndings suggest that long-term 
histrelin implant therapy provided sustained 
gonadotropin suppression safely and eff ectively, and 
improved predicted adult height in children with 
central precocious puberty.80

Other outcomes to consider include bone mineral 
density, risk of obesity, and psychosocial outcomes. Bone 
mineral density can decrease during GnRH agonist 
therapy, but subsequent bone mass accrual is preserved, 
and peak bone mass does not seem to be negatively 
aff ected by treatment.16 There have been concerns that 
use of GnRH agonists might aff ect BMI, but the available 
data suggest that long-term GnRH agonist treatment 
does not seem to cause or aggravate obesity, as assessed 
by BMI.16 Nonetheless, the risk of obesity is a concern in 
girls with precocious puberty, and BMI should be closely 
monitored. Psychosocial assessment data are scarce in 
patients with premature sexual maturation, and there is 
little evidence to show whether treatment with GnRH 
agonists is associated with improved psychological 
outcome.16

Tolerance to GnRH agonist treatment
Tolerance to GnRH agonists is generally judged to be 
good. Treatment can be associated with headaches, 
rash, gastrointestinal complaints, or menopausal 
symptoms such as hot fl ushes. These adverse eff ects 
are generally transient and resolve spontaneously or 
with symptomatic treatment. Local complications 
(seen in 3–13% of cases in several case series) such as 
sterile abscesses can result in a loss of effi  cacy, and 
anaphylaxis has been described in rare cases.82,83 
Vaginal bleeding after the fi rst injection of a GnRH 
agonist can occur in girls with advanced pubertal 
development (Tanner stage IV) and has been attributed 
to a transient increase in oestradiol secretion. 
However, persistent vaginal bleeding during treatment 
suggests poor suppression of gonadotropin. Long-
term fertility has not been fully assessed, but 
preliminary data showed normal reproduction 
function in both sexes.76,84
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Management of causal lesions
When precocious puberty is caused by a hypothalamic 
lesion (such as mass or malformation), management of 
the causal lesion generally has no eff ect on the course of 
pubertal development.18 Hypothalamic hamartomas 
should not be treated by surgery for the management of 
precocious puberty. Surgical treatment is only indicated 
for large hamartomas with neurological symptoms, such 
as refractory epilepsy and intracranial hypertension.85 An 
alternative diagnosis caused by a diff erent type of 
hypothalamic lesion should be considered when 
unexpected enlargement occurs. Precocious puberty 
associated with the presence of a hypothalamic lesion 
might progress to gonadotropin defi ciency with 
hypogonadism.

Conclusions
Despite great advances in knowledge regarding the 
assessment and management of central precocious 
puberty, several challenges remain. Among these 
challenges are to distinguish normal pubertal development 
(benign variants or non-progressive forms of sexual 
precocity) from pathological disorders and to recognise 
the underlying mechanisms involved. During the 
investigation, it is important to establish the appropriate 
time to do additional assessments in a cost-eff ective way.

Recent progress in the identifi cation of new causes of 
the disorder has opened many avenues of research for 
understanding the mechanisms of pubertal timing in 
human beings. However, laboratory diagnosis remains a 
challenge in view of the absence of uniform laboratory 
criteria for diagnosis and standardised methods for 
gonadotropin and sex steroid measurement. Finally, 
more research needs to be done to investigate long-term 
outcomes after GnRH agonist treatment, which could be 
used as the basis for standard guidelines to support 
clinicians in the diagnosis and treatment of central 
precocious puberty.
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