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KEY POINTS

� A thorough history and physical examination including Tanner staging and growth assess-
ments can guide differential diagnosis and aid in the evaluation of precocious puberty.

� Basal luteinizing hormone levels measured using a highly sensitive assay can be helpful in
diagnosing central precocious puberty (CPP).

� Brain MRI is indicated with males diagnosed with CPP and females under the age of 6 with
CPP. For girls with CPP between the ages of 6 and 8, shared decision making with the
family should guide the need for brain imaging.

� As more information becomes available regarding the genetic etiologies of CPP, genetic
testingmay preclude the need for imaging studies and other hormonal testing especially in
familial cases.
Gonadotropin-dependent sexual precocity, more commonly referred to as central
precocious puberty (CPP), results from the premature reactivation of the
hypothalamic-pituitary-gonadal (HPG) axis.1 While data suggest that the age of onset
of puberty has decreased over the past half century, clinically, the appearance of
breast development before the age of 8 in girls or testicular enlargement before the
age of 9 in boys is generally considered precocious.2,3

Themechanisms of reactivation of the HPG axis and entry into puberty are complex,
with a myriad of genetic and environmental factors that regulate gonadotropin-
releasing hormone (GnRH) secretion.4 Ultimately, initiation of both normally timed
and precocious puberty involves the pulsatile release of GnRH. This increased
GnRH pulsatility results in the secretion of luteinizing hormone (LH) and follicle-
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stimulating hormone (FSH), leading to the production of gonadal sex steroids and sub-
sequent development of secondary sexual characteristics.5,6

As puberty is neither a linear process nor a single event, both boys and girls may
present with variations of normal pubertal development, which can be mistaken for
true puberty.7,8 Hence, it is incumbent upon the clinician to develop a paradigm in
which to approach these patients from both a clinical and investigative perspective;
this will lead to an accurate diagnosis which can best classify patients as normal var-
iants or true/central or peripheral precocious puberty and develop a treatment plan as
deemed necessary.

TIMING OF PUBERTY

“When twice 7 years the men engender seed and women’s breasts begin to swell.”9

The timing of the onset of puberty has evolved over the past millennium, a fact well
documented by the change in age of menarche over the past 2 centuries.10,11 The
classic teaching has been that the first signs of puberty, breast development, begins
in girls after 8 and in boys, testicular enlargement, after 9, has evolved over the past
50 years.12 The observations of Tanner in the 1950s, which codified pubertal develop-
ment stages, harken back to original observational work from the 1920s.7,8 While the
“normal” ages of the progressive pubertal, or Tanner stages, were based on examina-
tions of pictures of a White British population, the clinical description/changes, if not
necessarily the ages, apply to all children (Fig. 1).
The common observation that children of different genetic backgrounds progress

through puberty at different times has been well accepted over the years.13,14 In an
attempt to better codify these differences, Herman Giddens and colleagues15 set
out to define the age of onset of physical changes of puberty across races in a cross
section of American girls. In an analysis of over 17,000 girls, in an office-based setting,
Fig. 1. Tanner staging in males and females. https://openi.nlm.nih.gov/detailedresult.php?
img5PMC4478390_fnhum-09-00344-g001&req54. (Image credit: Micha1 Komorniczak, 2009,
CC-BY-SA 3.0. Tanner Scale Male: http://goo.gl/7cxTLM. Tanner Scale Female: http://goo.gl/
haB9Cb.)
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15% of African American girls and 5% of White girls were noted to have breast devel-
opment before the age of 8, with a mean age of 8.87 years and 9.96, respectively. In
this cohort, the mean age of menarche was 12.16 years in African American girls and
12.88 in White girls. While there are well-described concerns with the methods
employed by this study, including the lack of hormonal testing, it did speak to the
well-observed trend noted by primary care pediatricians and endocrinologists alike.15

A subsequent, albeit smaller but perhaps more powerful, observational study about
the timing of puberty came out of the Breast Cancer and the Environment Research
Program.3 In this study, a team of researchers were specifically trained, and cross
tested, to evaluate the presence of breast development by palpation in girls over
time at 3 distinct centers in 4 distinct genetic/ethnic cohorts: African American, His-
panic, white non-Hispanic, and Asian, The median ages of T2 breast development
were 8.8, 9.3, 9.7, and 9.7 years, respectively. More importantly, 18% of African Amer-
ican and 3% ofWhite girls had stage 2 breast development by age 7, and 22% and 5%
by age 8 (Fig. 2). The 14.2% variance in timing was accounted for by weight/body
mass index (BMI), while only 4.4% was accounted for by race. When this cohort
was followed to document age of menarche, the median age of menarche for the
entire group was 12.25 years: African American 12.0, Hispanic 11.83, Asian 12.75,
and White 12.67 years. A correlation existed between BMI and age of menarche,
with an inverse correlation between higher BMI and earlier age of first menstrual cycle.
Interestingly, those girls with the earlier timing of B2 had a slower progression of pu-

berty, with those with B2 earlier than 8.5 years having a median tempo of 42 months to
menarche, while in those with B2 after 10.5 years it was 25 months to first menses.14
CLINICAL EVALUATION

As with the approach to any patient, a thorough history involves focus upon timing and
sequence of initial changes; timing of puberty in parents, grandparents, and siblings;
general health; medications; and exposures. Other aspects including birth history,
length and weight, the presence of small for gestational age16 or prematurity, and cen-
tral nervous system (CNS) insult at birth or later are informative.17 A history of gelastic
seizures may point to the presence of a hypothalamic hamartoma. A careful history to
rule out exposure to hormone-containing creams or medications; exposure to laven-
der or tea tree oil, which can activate the E2 receptor18; or disease states such as
congenital adrenal hyperplasia or other autonomous endocrine function may be perti-
nent. Data points from the growth curve can also provide further clarification of the
0
5

10
15
20
25
30
35
40
45
50

White Black Hispanic Asian

7 year old
8 year old

Pe
rc

en
t G

irl
s 

Fig. 2. Breast development by palpation in girls in different ethnic groups. (Adapted from
Biro F, Greenspan L, Galvez M, Pinney S, Teitelbaum S, Windham G, et al. Onset of Breast
Development in a Longitudinal Cohort. Pediatrics. 2013;132(6): 1019–1027.)
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timing of a growth acceleration, which is generally observed in girls after Tanner 2
breast development and in boys at Tanner 3 to 4. As the first clinical signs of puberty
are related to gonadal sex steroid production, a careful physical examination can help
differentiate true puberty from variations in development (adrenarche and thelarche).
Usually girls present with breast development, while testicular enlargement in a boy is
the first finding,7 with volume being greater than 3 mL or length being 2.5 cm or more.
As originally described,8 Tanner 2 breast development involves the present of a breast
bud with elevation of the papilla and enlargement of the areola. The presence of pubic
hair (Tanner stage 2 or more) does not necessarily indicate gonadal steroid secretion,
that is, gonadarche, since pubarche may be secondary to adrenarche. It is not uncom-
mon for this process to precede true central puberty.
A frequent clinical conundrum is the need to differentiate, on physical examination,

between adipose chest tissue (adipomastia/lipomastia) and true breast budding in
girls. Perhaps the most challenging patients are those girls who are overweight. On ex-
amination, one can attempt to discern if there is tissue directly below the nipple as the
first breast buds are subareolar. In contrast, depression of the nipple on palpation,
with no tissue directly under the nipple but surrounding the finger, forming the so-
called “doughnut sign” may be informative. While frequently used to differentiate gy-
necomastia from lipomastia in overweight boys, it can be employed in peripubertal
girls. Similarly, if one “pinches” the area surround the nipple, a true breast bud will
be discernible between the fingers; this is unlikely in the presence of adipose tissue
alone. The presence of a breast bud within significant adipose tissue in the chest is
not uncommon. Some posit that this can be secondary to the effect of local aromatase
activity present in the adipose tissue.19

For boys, staging of penis and pubic hair development plus testicular volume is
necessary. Accurate measurement of either testicular volume using an orchidometer
(Fig. 3) or testicular length is essential.
Other aspects of the physical examination that require specific focus include the

skin; café au lait spots can point to either McCune-Albright syndrome or neurofibro-
matosis type 1. The melanocytic macules of Peutz-Jeghers syndrome could point
to the presence of a sex cord tumor causing gonadotropin-independent (peripheral)
sexual precocity.

LABORATORY EVALUATION

While a differential diagnosis is based on a thorough history and physical examination,
laboratory evaluation is necessary to diagnose precocious puberty and the possible
etiology.
Fig. 3. Orchidometer showing representative testicular volumes ranging from prepubertal
(1 ml–3 ml) and pubertal testes (4 ml to 25 ml).
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Circulating gonadotropin and sex steroid concentrations assess the status of the
HPG axis.20,21 Historically, the established gold standard was the LH and FSH
response to a standard bolus of native GnRH. However native GnRH is no longer avail-
able in the United States, and most stimulation tests are now performed with the
GnRH analogue (GnRHa) leuprolide acetate, a synthetic nonapeptide with much
greater potency. Due to the pharmacodynamic differences between these 2 medica-
tions, the timing and peak values of FSH and LH levels are different. Following native
GnRH administration, LH levels peak after 20 to 40 minutes, followed by a decline in
values compared with leuprolide acetate, which can similarly stimulate LH to peak as
early as 30 minutes to 4 hours followed by sustained LH elevation.22–24

The development of highly sensitive and pediatric-specific gonadotropin assays has
added to our diagnostic armamentarium. With the development of more sensitive as-
says, many practitioners have come to rely on the utility of random LH levels, with a
cutoff of 0.3 to 0.5 IU/L.25 While this cutoff value has high sensitivity greater than
90%, it has a relatively low specificity, as a percentage of girls with true central puberty
will have a random LH lower than the aforementioned cutoff values.21,26 The lower limit
of detection for most ultrasensitive immunochemiluminescent assays (ICMA) is � 0.1
mIU/mL.26–28 Elevated basal LH levels show high sensitivity and specificity for boys
when a high-quality ICMA is used.29 Different cut-points need to be used to interpret
LH concentrations in girls under 2 years of age because LH concentrations may nor-
mally be higher (minipuberty of infancy); CPP may frequently be misdiagnosed during
this phase of development.30

As the short-acting GnRHas have greater affinity for the GnRH receptor than native
GnRH, they lead to both an immediate release of LH and FSH from pituitary stores as
well as transcription, translation, and production of LH and FSH, with subsequent
spikes in sex hormones.31 Hence, evaluating a 1-hour to 2-hour post-stimulation LH
and FSH, as well as an 18-hour to 24-hour sex steroid level, has led to development
of a modified stimulation test.32 Not infrequently, there can be a less than pubertal
peak LH, with a markedly pubertal sex hormone level the next day; this stimulation
test does provide significant utility in confirming the presence of central puberty.31

Both short-acting, aqueous leuprolide acetate and triptorelin have been used for
this purpose33

As highly sensitive and specific assays have been developed, random sex hormone
levels can define the presence of biochemical puberty. These levels will not differen-
tiate gonadotropin-dependent (central) versus gonadotropin-independent (peripheral)
puberty, thus the presence of a pubertal LH is necessary to confirm the diagnosis.
Given the minor structural differences between steroid molecules, immunoassays
measuring sex steroids are prone to cross-reactivity. Most commercial immunoas-
says for estradiol are designed to measure estradiol within the “normal adult female”
reference range and therefore have low sensitivity and specificity to quantify the low
concentrations (<30 pg/mL) typically found in prepubertal children. More recently,
methods utilizing liquid chromatographic separation followed by tandem mass spec-
trometry (LC-MS/MS) have been developed. Serum testosterone is also best
measured using LC-MS/MS technology to limit cross-reactivity.
In children with precocious pubarche, the measurement of adrenal steroids may be

necessary to help distinguish between peripheral precocity and benign premature
adrenarche. Children with premature adrenarche can have mild elevation in adrenal
hormones.34 An early-morning 17-hydroxyprogesterone value greater than 200 ng/
dL (6 nmol/L) has a high sensitivity and specificity for nonclassic congenital adrenal
hyperplasia secondary to 21-hydroxylase deficiency. An adrenocorticotropic hormone
stimulation test may still be needed to confirm the diagnosis.35,36
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A thyroid-stimulating hormone concentration should be measured if chronic primary
hypothyroidism is suspected as the underlying cause for the sexual precocity.37,38

IMAGING STUDIES
Bone Age

The assessment of skeletal maturation is based on an X ray of the left hand and wrist,
most commonly using the Greulich and Pyle method in which the patient’s bone age
radiograph is compared with an atlas of radiographs from children of known ages.39

Another method which is used less frequently is the Tanner-Whitehouse 2 method,
in which 20 different hand and wrist bones are individually scored. Additional factors
such as other hormones, obesity, genetics, nutritional status, various disease states,
and certain medications can influence the rate of epiphyseal maturation40 .41 Using the
tables of Bayley and Pinneau, a median predicted adult height (PAH) may be calcu-
lated and compared to the patient’s target height based on the mid parental height.
Although the PAH using the bone age may help guide treatment decisions,42 there is

a tendency to overestimate adult height.43 As the use of automated measurement sys-
tems with artificial intelligence has increased, previous limitations were apparently in
part due to intraobserver and interobserver variability.44,45

Pelvic Ultrasound

During puberty, increased gonadotropin secretion promotes ovarian growth and
increased estradiol secretion. Concomitantly, pelvic ultrasound shows increased uter-
ine size and ovarian volume. In general, uterine lengths greater than 3.5 to 4 cm and
ovarian volumes greater than 2 mL are consistent with puberty.46 However, overlap
of these measurements between prepubertal and early pubertal size may confound
interpretation.47,48 The use of Doppler ultrasound to assess utero-ovarian blood
flow may provide helpful information.49–52

Brain MRI

Brain MRI defines brain and pituitary anatomy. Due to the higher probability of finding
a CNS anomaly, most studies recommend a contrast-enhanced, pituitary-focused,
brain MRI for all males with CPP53 and for females with onset of secondary sexual
characteristics before 6 years of age because of higher rates of CNS abnormalities
in these groups of patients.25 Females with CPP onset between 6 and 8 years of
age may not need the MRI if there is no clinical evidence of CNS pathology and if there
is a family history of earlier pubertal onset, or if the child has an increased BMI.54 The
low prevalence of CNS lesions in females with the onset of puberty after age 6 years
does challenge the need for all females in this age group to have imaging,55,56 and
hence MRI should be limited to high-risk individuals.57 In a 2018 meta-analysis,58

the prevalence of intracranial lesions was 3% among females presenting with CPP af-
ter 6 years of age, compared with 25% among those presenting before 6 years. Cur-
rent guidelines recommend that in otherwise asymptomatic girls with CPP, a
discussion must occur with the parents regarding the pros and cons of brain imaging
to assist in informed decision-making.25,59,60 While brain MRIs are recommended for
all boys presenting with CPP, 1 study found that these rates may be overestimated
and none of the identified lesions necessitated treatment, suggesting the need to
globally reevaluate the prevalence of pathologic brain lesions among boys with CPP.61

Genetic Testing

CPP can be sporadic or familial.62 The past 15 years have seen a marked increase in
the discovery and characterization of both normally functioning genes and pathologic
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variants associated with CPP. Genome-wide association studies and other technolo-
gies have further increased the discovery of genetic loci associated with pubertal
timing.63 Among children with familial CPP, those with defects in MKRN3 and
DLK1(both paternally expressed imprinted genes) do not have structural lesions in
brain MRI.64 It is likely that with the expanded use of genetic tools in the clinic, under-
standing of what truly controls the onset of puberty will further expand and point not
only to what controls the timing but also the tempo of pubertal progression. Perhaps in
the not-too-distant future, true genotype/phenotype correlations will help drive thera-
peutic considerations.63

SUMMARY

While the mechanisms underlying the control of the onset of puberty are yet to be fully
comprehended, there has been an evolution in both the diagnostic and therapeutic
approach to such patients. The astute clinician will recognize the need for evaluation
based on signs and symptoms encountered and only then should employ the most
appropriate focused approach to define if true puberty is present. While the approach
can be algorithm driven, there is not a “one-size-fits-all” paradigm, and one should
choose the most informative and specific tests for the clinical situation at hand.

CLINICS CARE POINTS
� Re-emergence of GnRH pulsatility results in the anterior pituitary secretion of LH and FSH,
leading to the production of gonadal sex steroids and subsequent development of
secondary sexual characteristics.

� Although GnRH stimulation testing has been considered the gold standard for the diagnosis
of CPP, a basal ultrasensitive LH level of greater than 0.2 IU/L may be used for the diagnosis of
CPP.

� Pelvic ultrasound has been found to be a useful adjunct to support the diagnosis of CPP over
other forms of puberty in girls, especially when laboratory studies are equivocal.

� Guidelines regarding the need for brain imaging have been debated. Brain imaging is
recommended in the evaluation of all boys with CPP and in girls under the age of 6 years.
For girls older than age 6, shared decision-making after assessing the risk for neurologic
manifestations, reviewing the family history, assessing the tempo of puberty as well as the
risk for the procedure itself, is recommended.
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