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Abstract 

Introduction:   

Precocious puberty (PP) is one of the most common reasons for referral to pediatric 

endocrinologists worldwide. Gonadotropin-releasing hormone analogs (GnRHas) are the gold 

standard for the treatment of central precocious puberty (CPP) and have an impressive track 

record of safety and efficacy. However, ongoing refinements in diagnosis and management 

continue to lead to important advancements in clinical care.  

Areas Covered: The aim of this review is to cover current considerations and controversies 

regarding the diagnosis of CPP, as well as new findings in regards to etiology and treatment 

modalities. 

Expert Commentary: There is emerging evidence of monogenic etiologies of CPP and significant 

progress in the expansion of newer formulations of GnRHas. Despite these exciting developments, 

areas of uncertainty in the diagnosis and treatment of CPP remain. While long-term outcomes of 

patients treated for CPP are encouraging, only short-term follow-up is available with respect to the 

newer extended-release GnRHa preparations, and how they compare with historically used 

formulations is unknown. A particular shortage of information exists pertaining to CPP in boys 

and regarding the psychological implications of early puberty in girls, and more research is needed. 

Continued investigation will yield new insights into the underlying genetics and optimal treatment 

strategies for CPP.  

1. Introduction

____________________________________________________
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Precocious puberty (PP) has been historically defined as the development of secondary sexual 

characteristics before the age of 9 years in boys, 7 ½ years in African American and Hispanic 

girls and 8 years in Caucasian girls [1]. During the last several decades, this classic definition has 

been challenged by accumulating data suggesting a trend of an earlier onset of puberty, 

particularly in girls, and revised guidelines recommending a lower age threshold for PP have 

been advocated. However, due to concerns about missing pathology as well as the observation 

that the average age of menarche has not changed, the general consensus is that the traditional 

age cut-offs for PP remain appropriate in the clinical setting [2]. 

The three major categories of PP are central PP, peripheral PP and benign variants. Central 

precocious puberty (CPP) is caused by early maturation of the hypothalamic-pituitary-gonadal 

(HPG) axis, and will be the sole focus of this review. Although the onset is earlier, the pattern 

and timing of pubertal events are the same as in normally timed puberty. The initial clinical sign 

of CPP in girls is breast development. The growth spurt usually occurs during breast Tanner 

stage 2-3, followed by the first menstrual period which typically occurs at Tanner stage 4. The 

initial clinical sign of CPP in boys is testicular enlargement. The growth spurt happens later as 

compared to girls [3, 4]. Both boys and girls with CPP have accelerated linear growth for age, an 

advanced bone age, and pubertal levels of luteinizing hormone (LH) and follicle-stimulating 

hormone (FSH).  

The initiation of puberty is a complex process with multiple levels of regulation. Although the 

exact mechanism is still unknown, the first biochemical event that initiates HPG axis activation 

is a rise in kisspeptin [3]. This is followed by activation of the GnRH pulse generator resulting in 

an increase in LH pulse amplitude initially at night and subsequently also during the day. This in 

turn is followed by a rise in estrogen and testosterone production from the gonads. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5870137/#R2


CPP can be idiopathic, due to genetic mutations or associated with central nervous system (CNS) 

abnormalities or insults. Regardless of the cause, safe and effective treatment exists in the form 

of gonadotropin-releasing hormone analogs (GnRHas) with the major goal of intervention being 

the prevention of short final adult height. In this review, we will provide an update of the 

etiologies of CPP along with diagnostic and treatment considerations, therapeutic options and 

long-term outcomes.  

2. Etiology:  

CPP is far more common in girls than in boys [5, 6]. It is idiopathic in 80 to 90 percent of cases 

in girls, whereas intracranial lesions are detected in more than half of cases involving boys [1, 7]. 

Risk factors for CPP include congenital or acquired CNS disorders as well as international 

adoption. Several genetic syndromes are also associated with CPP [3]. Secondary CPP can occur 

in patients who initially present with peripheral PP, particularly when the bone age is 

significantly advanced. Familial cases have been reported as well [8, 9]. Table 1 summaries 

etiologies and known risk factors for CPP. 

There has been exciting emerging evidence from several ongoing investigations of genetic 

causes of CPP during the past decade. These include rare genetic mutations in the gene encoding 

for kisspeptin (KISS1) and its receptor (KISS1R) which were found in patients with CPP resulting 

in an increased amplitude of GnRH pulsatility and/or prolonged intracellular signaling [10-12]. 

However, the most common mutation found in both sporadic and familial CPP thus far is in the 

imprinted gene MKRN3 which encodes for makorin ring finger 3 [13-15]. Animal studies have 

demonstrated that a decline in mkrn3 expression is correlated with a rise in kiss1 expression, 

leading to the supposition that down-regulation of MKRN3 is permissive for GnRH pulses during 

puberty [15]. Therefore, deficiency of MKRN3 would be expected to result in a loss of inhibition 



of HPG axis activation. A second imprinted gene, DLK1, has also been implicated in kindreds 

with CPP in which expression is limited to individuals inheriting the paternal allele [16]. Single 

nucleotide polymorphisms (SNPs) in the FSHB gene and the LHB gene [17] and mutations in the 

Y1 subtype receptor for neuropeptide Y could also theoretically cause PP but have not been 

proven to yet. Interestingly, several genes involved in hypothalamic hamartomas have been 

found to have increased expression in patients with CPP [18], and great strides in elucidation of 

the genetic underpinnings of the condition will undoubtedly continue. Table 2 describes the 

genetic mutations that have been discovered to form the basis of CPP along with their putative 

physiologic effect on the regulation of the HPG axis. 

3. Diagnosis 

3.1. Clinical Signs 

Girls with CPP usually present with breast development with or without pubic hair. When 

present, clinical evidence of both estrogen and androgens is important in differentiating CPP 

from benign premature thelarche. Boys will present with bilateral testicular enlargement as 

opposed to boys with peripheral PP in whom the testes are prepubertal or only slightly enlarged. 

CPP is also characterized by ongoing pubertal progression as well as growth acceleration and 

advanced skeletal maturation. 

3.2. Laboratory evaluation: 

A GnRH stimulation test is the gold standard for the diagnosis of CPP. However, synthetic 

GnRH is no longer available in the United States. Therefore, GnRHas have been used instead. A 

multitude of different protocols have been suggested, ranging from single sample LH levels to 

abbreviated or prolonged algorithms involving serial LH testing (19, 20). Regardless of which of 
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these tests is used, a peak stimulated LH level of ~ 4-6 mIU/L [21] or an LH/ FSH ratio >0.66 is 

considered pubertal by many endocrinologists [22, 23]. With the increasing sensitivity of LH 

assays, a random ultrasensitive LH level is now used in lieu of stimulation testing by many 

centers. An LH level > 0.2–0.3 (depending on the assay) is considered consistent with CPP [24, 

25]. However, one should keep in mind that basal ultrasensitive LH is often prepubertal in early 

CPP and may be falsely reassuring [1]. Measurement of sex steroids (basal or stimulated) is not 

diagnostic alone but can be helpful as supportive data in ambiguous cases, particularly serum 

testosterone levels. In contrast, random estradiol levels are often unmeasurable even in girls in 

whom puberty is significantly advanced.  

3.3. Imaging:  

Pelvic ultrasonography has been used in the evaluation of precocious puberty. It is specifically 

useful in equivocal cases since uterine and ovarian dimensions have a stronger correlation with 

bone age than with chronological age and are correlated with CPP up to the age of 8 years [26].  

As would be expected, girls with CPP have larger uterine and ovarian volumes as compared to 

girls who are prepubertal and girls with premature thelarche. However, diagnostic thresholds for 

uterine and ovarian volumes are variable and there is significant overlap between patients with 

CPP and other benign variants. [26, 27, 28]. Also, the finding of small ovarian follicles on a 

pelvic ultrasound is normal even in prepubertal girls [29]. Needless to say, ultrasound is 

technician dependent and difficult to standardize, and its routine use in the evaluation of early 

puberty in girls varies significantly between different centers. 

Once CPP is confirmed with laboratory testing, a brain MRI is considered to rule out the 

presence of CNS abnormalities. Given the high prevalence of CNS abnormalities in males, it is 

recommended that all boys with CPP undergo brain imaging [7, 30]. However, the prevalence of 
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CNS abnormalities in girls is much lower, varying between 0% and 27% among different studies 

and decreases with increasing age [31-33]. Because some of these rates include incidental 

lesions, the actual prevalence of brain tumors and other pathology requiring intervention is even 

smaller [34]. A meta-analysis based on 15 studies comprising a total of 1853 patients found an 

overall rate of abnormal MRIs of 9% which decreased to 7% when only girls with CPP older 

than 6 years were included (35). Based on these data and in light of discussions regarding the 

decreasing age of normal puberty, it is hard to justify routine brain MRI scanning in all girls 

presenting with puberty before the age of 8. It has been suggested that girls with CPP should 

have a brain MRI performed routinely only if they are younger than 6 years of age [2] or have 

neurological symptoms. However, cranial MRI continues to be performed routinely in many 

centers in all the girls presenting with breast development before the age of 8 due to the risk of 

finding an occult intracranial lesion.  

4. Treatment 

4.1 Goals of Treatment 

The main goal of CPP treatment is to preserve final adult height. However, some patients have a 

nonprogressive or slowly progressive form of CPP and achieve their genetic potential for height 

without intervention. Depending on the child’s age and the degree of sexual maturation, 6-12 

months of observation might be necessary to monitor pubertal progression. If there is minimal 

change in Tanner staging and if growth velocity remains less than 5-6 cm/yr, it is considered to 

be slowly progressing. However, even in patients with clear progression of CPP, the degree of 

height gain is quite variable after treatment. Therefore, the main dilemma for the endocrinologist 

is to decide if a patient with CPP needs treatment or not. Multiple parameters need to be 

considered in order to make this decision including chronological age, the rate of sexual 



maturation, growth velocity and estimated final height together with the degree of bone age 

advancement. 

Age: Many studies have indicated that girls less than 6 years old who have rapid pubertal 

progression attain the most benefit from the treatment in terms of increasing adult height [2]. 

While girls between the age of 6-8 years have a variable outcome, girls older than 8 years and 

those with slowly progressive CPP do not derive any benefit and may even lose height potential 

as a result of treatment [3, 36]. Ironically, the vast majority of girls referred for PP are older than 

age 6 and studies have indicated that many girls being treated with GnRHas for CPP were older 

than 8 years when therapy was started [37]. There are scarce data for boys because there are far 

fewer boys than girls with CPP. Regardless, existing data suggest a significant improvement in 

final height after treatment of CPP in boys [38]. An expert panel concluded that it is reasonable 

to consider GnRHa treatment in boys with progressive CPP if they present before nine years of 

age. As in girls, GnRHa therapy results in less height gain for boys with a more advanced bone 

age at the initiation of therapy. 

Tempo of sexual maturation: The tempo of sexual maturation is also an important factor in 

determining the necessity of treatment. If it is slow, early puberty is less likely to compromise 

final adult height and treatment is not necessary [39]. In a study of 16 such girls who were 

followed for 12 years without treatment, all reached a normal adult height [40]. Despite the early 

onset of breast development in this group, menarche occurred at a normal age. Also, in a study 

group of 35 boys with slowly progressive puberty who were not treated, adult height was found 

within the range of their target height [41].  

Predicted adult height: There are many different methods that can be used to predict final adult 

height. One should keep in mind that height prediction methods usually over-predict the adult 



height in children with PP. The most commonly used method was developed by Bayley and 

Pinneau and provides a table to predict final adult height based upon the child's bone age and 

absolute height. If the estimated adult height is above 150 cm in girls and above 160 cm in boys, 

treatment is probably not needed to achieve normal adult height. [42].  

The other frequently stated goal of treatment in CPP is to relieve potential psychosocial stress 

caused by early pubertal changes. Parents are usually concerned about early menses, which can 

be stressful for a young girl as well as her mother. Literature to date has linked precocious 

puberty to higher rates of depression, suicidal thoughts and behavioral problems than in girls 

with later-than-average development [43-47]. This prompted some to consider psychological 

distress as an indication to treat CPP in children. However, in contrast, other studies have failed 

to find any differences in self-image, self-esteem, or behavioral issues in children with 

precocious puberty when compared to population norms [48, 49]. Evidence regarding 

psychological benefit from treatment was deemed inconclusive by the GnRHa Consensus 

Conference, and more investigation in this area is badly needed [2]. 

Needless to say, when CPP is caused by a CNS lesion, the underlying pathology should also be 

treated.  

4.2. Treatment Options 

GnRHas are standard of care for the treatment of CPP. These agents stimulate the pituitary 

gonadotrophs in a continuous fashion as opposed to the physiologic pulsatile secretion of 

hypothalamic GnRH. This continuous stimulation leads to suppression of gonadotropins, 

resulting in decreased sex steroid production.  



GnRHas are derived from native GnRH but contain modifications that result in increased 

potency and a longer half-life. They were initially approved for the treatment of prostate cancer. 

After a study showing that treatment with a GnRHa slowed growth velocity and bone age 

advancement and increased predicted final height in children with CPP [50], the monthly version 

Lupron Depot was approved by the FDA in 1993. This long-acting GnRHa in the form of 

monthly intramuscular leuprolide acetate was prescribed almost exclusively for the treatment of 

CPP in the U.S. for many years. Three-monthly depot preparations, also administered via 

intramuscular injection, have also been used to treat CPP, particularly in Europe [51]. Several 

studies as well as a meta-analysis have suggested that the degree of biochemical suppression 

achieved with 3-monthly dosing is consistently less than that seen with monthly GnRHa 

administration [51-54]. However, the clinical response to treatment appears 

to be similar based on limited data. Several other GnRHas have been developed through the 

years and used for the treatment of CPP including a subcutaneous implant containing histrelin 

and a six-monthly formulation of triptorelin (Triptodur) that was approved by the FDA for the 

treatment of CPP in 2017. Similar to other long-acting intramuscular GnRHa preparations, 

Triptodur has been shown to be effective and safe in children with CPP [55]. Additional 6-

monthly forms of GnRHas are being investigated with promising initial results.  

The initial histrelin implant (Vantus) was first developed for the treatment of metastatic prostate 

cancer. A similar device (Supprelin) was approved by the FDA in 2007 after it was shown that it 

suppressed LH and sex steroid concentrations for at least 1 year. The subcutaneous implant 

allows for sustained release of the potent GnRHa histrelin, and requires a minor outpatient 

surgical procedure for implantation and removal, which are usually performed under local 

anesthesia [56]. The device is usually placed in the inner aspect of the upper arm. An initial pilot 



study in 11 girls previously treated with depot triptorelin revealed satisfactory maintenance of 

LH and FSH suppression following placement of a histrelin implant. Clinical evidence was also 

promising and included regression of breast development, decreased growth velocity, and 

attenuation in the rate of skeletal maturation during 15 months of treatment. Less discomfort and 

lifestyle interference as compared to monthly injections was another plus from this study [57]. 

This was followed by a phase III study in 36 patients with CPP (20 naïve) that demonstrated 

profound suppression of the HPG axis within 1 month of placement of the histrelin implant [58]. 

The extension phase of this study revealed a significant improvement in predicted adult height 

after up to 6 years of sequential annual histrelin implants [59]. However, an important 

advancement has been the establishment that a single histrelin implant lasts at least 2 years. This 

was demonstrated in a study involving 33 children with CPP in whom a single implant was left 

in place for 2 years [60]. Peak stimulated LH levels at 12 and 24 months were equivalent, and 

clinical parameters of CPP improved progressively. Use of a single implant for 2 years decreases 

the cost and numbers of surgical procedures in children treated with this modality. 

Other formulations include a daily subcutaneous injection and an intranasal spray with a multiple 

daily dosing schedule. The biggest concern with these formulations is compliance and 

subsequent failure of HPG axis suppression. Thus, they are rarely used in the clinical arena. 

Table 3 illustrates the most commonly used GnRHas along with their respective routes of 

administration, doses and durations of action.  

Several adjunctive treatments above and beyond GnRHas have been proposed for the treatment 

of CPP including aromatase inhibitors and growth hormone. However, there is no clear evidence 

at present to support these in routine CPP treatment. 

4.3. Monitoring 



After GnRHa therapy has begun, close monitoring should be performed to ensure that the goals 

of treatment are being achieved including adequate suppression of the HPG axis, slowing of 

development of secondary sexual characteristics and diminution in the pace of bone age 

advancement. Routine monitoring should include evaluation of pubertal development and linear 

growth velocity along with periodic bone age xrays which are customarily performed annually. 

Whether routine monitorization of serum LH and sex steroid concentrations during GnRHa 

therapy is necessary is controversial. There are insufficient data to demonstrate that using these 

measurements to adjust therapy improves adult height outcomes. However, if there is evidence 

of ongoing pubertal progression once therapy has begun, these measurements may be used to 

assess whether complete suppression of the HPG axis has been achieved. If this testing suggests 

incomplete suppression, the GnRHa dose should be increased or the interval between doses 

should be decreased. It is essential to note, however, that random ultrasensitive LH 

concentrations often fail to revert to prepubertal values even when the HPG axis is fully 

suppressed [61]. Thus, a GnRHa stimulation test should be used to confirm lack of suppression 

when the clinical index of suspicion is high. Baring non-compliance, however, true treatment 

failure in a child with CPP who is receiving standard doses of a GnRHa is almost unheard of and 

should prompt an investigation for alternate sources of sex steroid exposure.  

Patients and families should be warned that signs of adrenarche such as pubic and axillary hair 

development will continue to progress and do not reflect treatment inadequacy. In a similar 

manner, vaginal bleeding might occur within the first weeks following the initial dose of a 

GnRHa due to estrogen withdrawal. However, if this happens later during the treatment course, 

inadequate treatment or other possible etiologies must be considered. 

5. Adverse events and long-term concerns 



Overall GnRHas have been shown to be remarkably safe to date. Headaches and hot flushes have 

been the two most common reported nonspecific side effects. Local skin reactions at the site of 

depot injections is another one which resolves without intervention. Rarely, sterile abscesses 

have been reported and a change in treatment modality is necessary. Additionally, the histrelin 

implant has a potential to become brittle and break upon removal and sometimes ultrasound 

guided extraction of the fragments is necessary. 

There have been several potential long-term concerns raised to date regarding GnRHa therapy. 

Some authors have claimed that BMI increases during treatment. Despite these anecdotal 

observations, no negative effect of GnRHa treatment on BMI in girls with CPP has been found in 

the vast majority of studies [62-64]. Another major concern is reduction in bone mineral density 

(BMD), which in fact has been shown to be decreased during treatment in girls due to ovarian 

suppression. However, after treatment is discontinued, BMD is regained, and so women are not 

significantly different from their peers without a history of CPP [62]. There has been some 

discussion regarding the incidence of polycystic ovary syndrome (PCOS) in patients treated with 

GnRHas. Studies have reported variable results with some finding markedly increased rates of 

PCOS and others finding little or no difference. Thus, there is no consensus at this point on 

whether CPP or treatment with GnRHas results in an increased risk of PCOS [63]. A final area of 

concern with GnRHa treatment pertains to reproductive function. Limited long-term follow-up 

information thus far has indicated normal fertility in treated women with CPP compared with 

controls. In contrast, untreated women with a history of CPP were found to have higher rates of 

assisted reproduction and signs of hyperandrogenism suggesting a protective effect of GnRHas 

in this regard [65]. 



6. Conclusion:  CPP is more common in girls and is usually idiopathic. Other rare etiologies 

include a wide variety of conditions such as CNS lesions, familial cases, and genetic causes 

which have been recently emerging. Clinical and laboratory evaluation is necessary for 

diagnosis, as well as imaging studies for selected cases. The decision to treat is complicated and 

cases should be evaluated carefully from all aspects. GnRHa therapy needs to be considered for a 

girl presenting with CPP before the age of six with breast and pubic hair development, advanced 

bone age, and accelerated height velocity. In a girl with somewhat later onset of CPP and/or 

historically slow progression of pubertal development without a significant increase in height 

velocity, observation for six to twelve months to understand the pace of the pubertal progression 

before making a treatment decision is recommended. For boys, all those presenting with CPP 

before the age of nine years should be treated unless there is evidence of slow pubertal 

progression. Primary treatment is a GnRHa using one of a variety of available formulations 

depending on the individual case and local health insurance approval criteria. Bone age, clinical, 

and if indicated, biochemical indices should be followed during treatment to ensure adequate 

pubertal suppression. The available evidence regarding both short and long-term outcomes 

reveals that GnRHas are safe and effective.  

7. Expert Commentary 

Despite great strides in the understanding and management of CPP, important questions remain. 

Which GnRHa stimulation testing protocol is optimal for diagnosis has not been defined, and 

whether girls older than age 6 require universal brain MRI scanning remains an active area of 

controversy. Data regarding the psychological implications of either treated or untreated CPP in 

girls are decidedly mixed, and further research in this arena should be considered a priority. Recent 

years have witnessed an exhilarating expansion in identification of monogenic etiologies of CPP 



in both familial and sporadic cases. To date, mutations in four different genes have been shown to 

form the basis for CPP, two of which are maternally imprinted. As the list of genetic causes of 

early puberty grows, the percentage of “idiopathic” cases can be anticipated to steadily decrease. 

The discovery of genetic mutations as the basis for early activation of the HPG axis also affords 

the promise of exciting novel insights into normal reproductive physiology, further illuminating 

what has historically been referred to as the “black box” of puberty! An additional area of 

tremendous progress has been in the development of newer extended release formulations of 

GnRHas above and beyond traditional depot monthly intramuscular injections. Following the 

advent of a subcutaneous implant that lasts for at least two years, 3-monthly and 6-monthly 

intramuscular injectable preparations have entered the clinical setting, resulting in an impressive 

array of therapeutic options for patients and providers. However, little head-to-head comparative 

information regarding these disparate long-acting GnRHas is available. Regardless of the 

preparation being used, whether and what specific strategy for biochemical monitoring during 

treatment with a GnRHa is needed is another topic of uncertainty. Long-term follow up of patients 

treated with a GnRHa for CPP has been uniformly reassuring in terms of BMI, bone mineral 

density and reproductive function in women. However, several spheres of investigation deserve 

attention. It is intriguing to speculate whether the identification of genetic causes of CPP will in 

turn lead to the development of new targeted therapies and/or innovative strategies for assessing 

the degree of HPG axis suppression during treatment. Whether concerns about psychological 

distress arising from CPP should be used as a rationale for treatment has not been established and 

demands further study. Although short-term clinical efficacy and safety of the available GnRHa 

formulations appears to be comparable, whether this will ultimately be confirmed by long-term 

follow up is unknown. Lastly, a substantial scarcity of knowledge pertaining to boys with CPP 



exists due to the much smaller number of affected individuals. This deficit is present in all facets 

of clinical care in boys and has implications for making treatment decisions and providing 

prognosis in terms of expected height gained. Likewise, long-term follow up of boys will be 

essential in order to interrogate important parameters such as bone health and fertility.  It is 

predicted that future research efforts will be aimed at addressing each of these issues with the 

ultimate goal of advancing knowledge and improving care of children with CPP.  

8. Key issues:  

• The majority of girls have idiopathic CPP whereas boys are more likely to have a 

pathological cause. 

• The diagnosis of CPP requires a combination of clinical and biochemical factors, as well 

as imaging studies in selected cases. 

• A brain MRI should be obtained in all boys with CPP; MRI in girls is more controversial, 

with earlier age more clearly necessitating brain MRI. 

• Identification of genetic causes of CPP is exciting but is at the beginning of its journey. 

• Girls <6 years old benefit most from the treatment. Less data exists for boys but treatment 

should be considered in boys <9 years old. 

• The gold-standard treatment for CPP is GnRHas which provide sustained high levels of 

GnRH, resulting in suppression of the HPG axis.  

• Multiple formulations of GnRHas are available and they are equally effective in terms of 

the clinical aspects of CPP. There are some minor differences observed in gonadotropin 

levels.  

• Long-term concerns of children treated with GnRHas for CPP include an increase in 

BMI, PCOS and decrease in BMD. However, results to date are reassuring. 
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