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KEY POINTS

e Central precocious puberty (CPP) is defined by onset of centrally activated puberty in
boys prior to the age of 9 year old.

All male patients who have biochemical CPP are recommended to have a brain MRI to
evaluate the hypothalamic-pituitary region for lesions. In boys with CPP, 36% to 74%
will have a detectable central nervous system lesion.

Without treatment to halt pubertal progression, some boys with CPP will have premature
closure of growth plates and reduced adult height compared to genetic potential.

e Gonadotropin-releasing hormone (GnRH) agonist treatment can halt CPP. These medica-
tions can be delivered in intramuscular, subdermal, subcutaneous, or intranasal formula-
tions or implants. Treatment slows growth velocity and pubertal progression and
increases predicted adult height during therapy, though long-term data describing boys
treated for CPP are lacking.

INTRODUCTION

The typical timing of male puberty begins between 9 and 14 years old, at an average
age of 11.6 & 0.9 years." Luteinizing hormone (LH), measured via an ultrasensitive
assay, acts as a surrogate marker for gonadotropin-releasing hormone (GnRH) in
serum laboratory studies. Central precocious puberty (CPP) is caused by a release
of inhibition on pulsatile GnRH secretion.? Onset of puberty in boys is documented
by a random LH level > 0.3 IU/L or a peak LH > 5 |U/L after GnRH agonist (GnRHa)
stimulation testing (subcutaneous leuprolide, 10 ug/kg)® with an increase in testicular
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volume >3 mL. Pulsatile LH stimulates Leydig cells to produce testosterone. These
findings prior to the age of 9 year old are consistent with CPP .2

INCIDENCE AND SECULAR TRENDS

The estimated incidence of CPP ranges from 0.01 to 2/10,000 children in boys, which
is less frequent than in girls (CPP rates of 0.1-26.3/10,000).* Unlike female puberty,
which has trended to become earlier over the past 3 decades, studies in boys in
different regions have had conflicting findings. While Korean and Turkish studies sug-
gest increasing rates of CPP in boys,* a US study from 2001 to 2010 did not show a
change in frequency of CPP in males.® Possible causes for the discordance between
timing of onset may be definitions, visual inspection versus physical examination, lab-
oratory verification of LH levels, and type of study performed.® This is an area that re-
quires further exploration.

UNDERLYING CAUSES

Genetics, adiposity, nutritional status, environmental and chemical exposures, and
chronic illnesses can impact pubertal timing in girls. However, there is limited evidence
to link these to the development of CPP in males.” A Danish study (846 boys) exam-
ined the relationship between timing of puberty in parents and sons and found early
pubertal timing of parents was associated with earlier pubertal onset in sons
compared to boys with average or late maturing parents.® A 2022 multi-center cohort
study examined the transition into puberty in adolescents born between 2003 to 2011
(68,571 boys), using age at transition from Tanner stage 1 to Tanner stage 2+ as a pri-
mary outcome.® Boys with overweight or obese body mass index (BMI) had earlier
gonadarche compared with boys with BMI in the normal range. Underweight boys
had a decreased likelihood of earlier gonadarche.® These findings contrast with the
outcomes of prior studies, which have shown an inverse relationship between
elevated BMI z-scores and age of onset of pubertal development.® A 2016 study found
an association between earlier puberty in overweight boys and later pubertal onset in
obese White non-Hispanic adolescent boys.'®

Environmental pollutants can act as endocrine disrupting chemicals. Compounds
investigated for a role in impacting pubertal timing include phthalates, bisphenol A,
polychlorinated biphenyls (PCBs), perfluorooctanesulfonic acid (PFOS), and organo-
chlorine pesticides."" Evidence that links exposure to alterations in timing in male pu-
berty is limited. Some studies have shown delayed male puberty in PCB-exposed and
PFOS-exposed boys,!! and further research is needed in this area.

Primary underlying causes of CPP in males are predominantly due to central nervous
system (CNS) lesions and genetic conditions, while idiopathic causes account for 10% of
cases.'? CPPis more often due to an underlying cause in males, whereas idiopathic CPP
is the most common finding in girls.* CNS lesions associated with CPP include hypotha-
lamic hamartomas, germ cell tumors, glial cell tumors, craniopharyngioma, and pinealo-
mas, though any CNS lesion can be associated with CPP. Congenital brain defects
such as midline anomalies, cranial irradiation, history of infection, or trauma can also
be associated with CPP. Underlying genetic conditions, including neurofibromatosis-1
and tuberous sclerosis, can be risk factors for developing CPP.>* (Table 1).

Genetic Mutations

Genetic mutations have been identified as causes of familial CPP. The most common
genetic cause of CPP is loss of function mutations of the Makorin ring finger protein-3
gene (MKRNS3). Due to the maternal imprinting inheritance pattern, CPP only occurs if
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Table 1

Category

Underlying causes of male central precocious puberty>*

Condition

Comments

Central nervous system
Lesions

Hypothalamic hamartoma
Glial cell tumors

Germ cell tumors
Craniopharyngioma
Pinealoma

Congenital Brain Defects

Subarachnoid cyst
Arachnoidocele
Rathke cleft cyst

Congenital Midline
Anomalies

Hydrocephalus
Meningomyelocele
Optic nerve hypoplasia

Non-Organic Causes

Cranial irradiation

Previous
meningoencephalitis

Head trauma

Perinatal insult

Underlying condition

Neurofibromatosis, type 1

Tuberous sclerosis

Untreated peripheral
precocious puberty (CAH,
exogenous testosterone
exposure)

Van Wyk-Grumbach
syndrome

Sturge-Weber syndrome
Williams-Beuren syndrome
Temple syndrome
RASopathies

Activation of CP due to sex
steroid exposure, known
as secondary CPP

Longstanding untreated
hypothyroidism, possibly
caused by elevated TRH
stimulating follicle
stimulating
hormone(FSH)/
Luteinizing hormone
(LH) secretion

Genetic Mutations

KISS1
KISSTR

LIN28B

DLK1

MKRN3

Chromosomal
microdeletion (1p36, 9p)

Gain of function mutation
Gain of function mutation
in the KISS1 receptor

gene
Mechanism unknown
Gain of function mutation
Gain of function mutation

Idiopathic/Other

Associated with being
adopted from abroad
Ectopic neurohypophysis

Abbreviations: CAH, congenital adrenal hyperplasia; CP, central puberty; TRH, thyrotropin-

releasing hormone.
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the mutated allele is inherited from the father. In mouse models, the function of
MKRN3 is primarily to inhibit pubertal initiation. One meta-analysis described
MKRN3 defects in 13 boys.'® The boys experiencing CPP associated with a
MKRN3 defect had later onset of puberty compared to boys experiencing CPP without
a MKRN3 defect (8.2 vs 7 years, respectively).’* The gene delta-like non-canonical
notch ligand-1 (DLKT) is a paternally expressed transmembrane protein present in a
variety of embryonic tissues. Defects in this gene are associated with higher risk of
obesity, diabetes mellitus, and CPP."® In 2022, the first male patient with CPP due
to a DLK1 gene mutation was identified. His sister and father were also affected.® Mu-
tations in genes associated with kisspeptin (KISS7) or its receptor (KISS7R) also cause
CPP. Kisspeptin neurons are involved in pulsatile GnRH release, leading to onset of
central puberty.’”” A heterozygous mutation (p.P74S) in KISS71 was identified in a
boy with sporadic CPP at age 12 months.'®

Among the less common gene mutations associated with CPP, only a mutation in
NOTCHT1 has been associated with a case of male CPP, and the rest have only
been described in females.®

CLINICAL EVALUATION AND DIAGNOSIS

Boys with CPP typically have symmetric, pubertal sized (>3 cc) testes on examination.
The presence of pubertal symptoms with pre-pubertal testes (volume < 3 cc) indicates
that androgens are being produced elsewhere, as is seen with premature adrenarche
(a benign variant) or are from an adrenal or exogenous source (examples include
congenital adrenal hyperplasia [CAH], adrenal tumors, and exogenous testosterone
exposure). Asymmetric testicular volumes are not consistent with stimulation by circu-
lating gonadotropins in CPP, and may indicate a peripheral source of androgens such
as a testicular tumor.” Asymmetry may also result from earlier testicular damage or
correction of cryptorchidism after infancy.

After determining that a male patient less than 9 year old has symmetrically enlarged
(>3 cc) testes, the next step in evaluation is measurement of serum gonadotropins (fol-
licle stimulating hormone[FSH]/Iuteinizing hormone [LH]) and total testosterone levels,
which are typically elevated. Serum gonadotropin levels monitored by ultrasensitive
assays are preferred and ideally obtained in the morning due to the pulsatile release
and higher amplitude of gonadotropin action in the early morning during the initial
stages of puberty.'? Human chorionic gonadotropin (hCG) is also measured to rule
out pathologic elevation which can occur in the setting of certain tumors.

If, despite low or pre-pubertal gonadotropin levels, there remains a high level of clinical
suspicion for CPP, a GnRH stimulation test is the next step in evaluation, as described in
(see Kanthi Bangalore Krishna and Lawrence A. Silverman’s article, “Diagnosis of Central
Precocious Puberty,” in this issue). Measurement of pubertal levels of LH after GnRH
stimulation indicates that endogenous GnRH exposure has “primed” the pituitary gona-
dotrophs.2° The laboratory findings most typical in CPP include pubertal unstimulated
gonadotropin levels or elevated gonadotropins after GnRH stimulation testing, undetect-
able serum hCG, and elevated serum testosterone levels.

Once CPP is identified, the next step is to evaluate if there is an underlying cause
(see Table 1) and to assess the tempo of pubertal progression. A bone age (BA) signif-
icantly advanced for chronologic age indicates greater exposure to sex steroids. If the
BA is consistent with chronologic age, then it is less likely that the patient has had sig-
nificant exposure to high concentrations of sex steroids.?

All male patients who have biochemical CPP require a brain MRI with contrast to
evaluate the hypothalamic-pituitary region for lesions. In contrast to girls, who are
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likely to have idiopathic CPP, boys are more likely (36%—-74% in various studies) to
have a CNS lesion associated with CPP.*°

TREATMENT

Decisions surrounding treatment initiation should consider underlying etiology, family
history, height prediction, and tempo of pubertal progression. In patients with a strong
family history of onset within the early range, but not central precocious puberty, with
rapid advancement of physical development, this variation of normal may require treat-
ment. In the absence of rapid pubertal progression or psychosocial distress, a 3-to-6-
month period of observation can be considered prior to initiation of treatment.?® Goals
of treatment in males are (1) halt further development of secondary sexual characteris-
tics, (2) prevent psychological disturbance, and (3) preserve final adult height (FAH).2%2"
However, criteria to identify patients who require treatment have not been established.
Overall, the strongest indications for treatment are among younger patients, in those
with BA advancement of more than 2 years beyond chronologic age, and in those
with predicted adult height less than 165 cm or greater than 5 cm below mid-parental
height.20-22

GnRHa are used to halt pubertal progression in boys with CPP through tonic GnRH
action at the receptor, overriding the endogenous pulsatile release pattern that stim-
ulates gonadotropins. The consistent presence of GnRH transiently leads to stimula-
tion of GnRH receptors, followed by a downregulation of GnRH receptors on the
pituitary. This downregulation causes decreased sensitivity to GnRH and reduction
in release of gonadotropins, which halts stimulation of the testes to produce testos-
terone. Available GnRHa formulations are described in Table 2. Specific guidelines
about discontinuation of GnRHa in boys do not currently exist, but typically therapy
is continued until approximately age 12 years.?%"

Clinical evaluation is used to assess response to pubertal suppression with GnRHa
and should be completed every 3 to 6 months with measurement of growth velocity
(GV) and Tanner staging. BA can be monitored periodically, with an expectation that
the rate of BA advancement slows by a year after beginning GnRHa therapy.?° To
assess biochemical efficacy, serum LH levels can be measured prior to a GnRHa
dose, with a goal of LH in the pre-pubertal range. In patients with a histrelin implant,
LH levels may not be suppressed in approximately 60% of cases, so clinical assess-
ment is the most effective way to assess efficacy of treatment.?%2%

When GnRHa therapy is discontinued, the hypothalamic—pituitary—gonadal (HPG)
axis typically shows signs of reactivation well before 12 months. The most common
short-term side effect associated with leuprolide is sterile abscess at injection sites.?%2"

Various formulations of GnRHa treatment for CPP have been evaluated. Study co-
horts mainly include girls due to their higher frequency of CPP. As a result, there is

Table 2
Currently available formulations of gonadotropin-releasing hormone analogs?’-%®

Route of
Drug Name Administration Frequency of Administration
Leuprolide acetate depot IM, SQ injection 1-mo, 3-mo, or 6-mo formulations
Histrelin Subdermal implant 1-2y
Triptorelin IM injection 1-mo, 3-mo, or 6-mo formulations
Nafarelin acetate (rarely used) Intranasal Every 12 h

Leuprolide acetate (rarely used) Subcutaneous injection Daily
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limited information about these medications in male patients, and specific outcomes in
the male patients were not reported in the studies. A study on the 3-month formulation
of triptorelin (11.25 mg) demonstrated adequate LH suppression at 3, 6, and 12 months
after treatment initiation in 4 out of 5 boys.?* Two studies of the 3-month formulations
of leuprolide acetate (11.25 mg, 30 mg) included 7 and 8 boys, respectively, and a
study utilizing the 6-month (45 mg) formulation included 2 boys.?>~?” Both 3-month
formulations (11.25 and 30 mg) and the 6-month (45 mg) formulation preparations
were effective at suppressing pubertal progression after 6 months of use.?°27 A study
of the 6-month formulation of triptorelin, which included 9 boys, reported effective
suppression of gonadotropins and improved predicted adult height (PAH) during the
treatment course.?®

OUTCOMES OF TREATED AND UNTREATED CENTRAL PRECOCIOUS PUBERTY IN
MALES

Due to the rare incidence of idiopathic CPP in boys, limited data regarding treatment
outcomes in males are available. Table 3 summarizes previous unreported outcome
data for 3 men now in their 40s. For the 2 men who did not have a pre-existing con-
dition, their outcome was excellent, including social interactions, work, family relation-
ships, and fertility, while treatment was begun so late that they had compromised adult
heights. Published outcome information is included in the following paragraphs ac-
cording to topics.

Growth Velocity and Final Adult Height

Without treatment to halt pubertal progression, some boys with CPP will have reduced
adult height, up to 3 standard deviations below normal values for matched peers.?? An
analysis of adult height in 9 boys (age 6.0 + 1.8 years at therapy initiation) with CPP
treated with GnRHa therapy (duration 5.6 + 2.4 years) found final adult height (FAH)
to be significantly higher than the initial predicted adult height (PAH) at time of evalu-
ation, and within range for mid parental height. The outcomes did not differ based
upon type or duration of GnRH analog used or underlying cause of CPP.?° A study
of 23 boys treated for CPP with GnRHa therapy showed improved PAH after
12 months of therapy compared to baseline predictions. They also found that after
12 months of therapy, GV decreased from baseline, suggesting a decline in growth ac-
celeration, with the expectation that growth plate maturation would also slow and
allow more time for linear growth.®° FAH was not reported in this study. Multiple other
studies have showed slowed GV during GnRHa treatment and increased PAH during
therapy.®'=33 A retrospective study of 18 boys with CPP who were evaluated prior to
GnRHa treatment, 1 year into GnRH treatment, and once FAH was reached showed
that FAH was consistent with and slightly greater than mid-parental height
(172.0 £ 4.8 cm vs 171.4 4+ 4.0 cm respectively). These results support improved
growth potential with GnRHa treatment.>>** Studies have shown that growth after
cessation of GnRHa therapy is correlated with BA at time of discontinuation of treat-
ment, and that discontinuation of treatment at a BA close to peak height velocity may
be most beneficial to improve FAH.??

Augmentation of Growth in Addition to Gonadotropin-Releasing Hormone
Agonist Therapy

Aromatase inhibitors (Al) have been explored as part of growth-promoting treatment
for boys with short stature (idiopathic short stature, familial male-limited precocious
puberty), but publications about Al use in boys with CPP are limited to case
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Table 3
Previously unpublished long-term follow-up of 3 patients
Patient 1 Patient 2 Patient 3
Age (years) Current 47 47 1
At diagnosis 9.4 10.2 9.8
At therapy onset 9.5 10.7 10.8
At end of therapy 12.4 13.3 14.5
Gonadotropin- Daily Aqueous/1  Aqueous Aqueous Depot
releasing mo. Depot
hormone Duration 3.0 2.8 3.7
agonist
(GnRHa)
Height (cm) At diagnosis 145.6 148.9 156.0
At onset of 147.2 153.9 160.3
therapy
At end of therapy 163.6 168.3 178.3
Target height 1.57-1.83 Adopted 1.63-1.80
range
Predicted adult  167.5 179.9 175.0
height (AH)
onset of
therapy
PAH end of 170.4 176.4 180.1
therapy
Growth post-Rx 8.5 2.8 1.3
Adult height 172.1 171.1 179.6
Skeletal age At onset of 13.25 14.25 13.0
therapy
At end of therapy 13.5 14.5 17.0
Academic BA with honors, Poor attention College
achievement MA-full deficit
scholarship hyperactivity
disorder,
Intellectual
disability
Physical fitness Excellent Poor Good
Employment Corporate VP Restaurant (25y) IT (25y)
Partner X3, 1-3 mo NA Yes, first month
pregnancy attempting attempting
Children Sex and Age Male 17y NA Female 9y
Female 13y
Male 9y
Medical Healthy, normal NA None
conditions puberty
Significant None Obesity post- None
medical treatment
conditions

Perception of

Hoped to be even “Probably

Hoped to be even

GnRHa therapy taller helped” taller
benefit

Perception of Assumed that he Still unaware of Bullied after
impact of would be taller  the fact that his  being placed
central because of puberty was with older
precocious height during early teens
puberty (CPP) childhood

(continued on next page)
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Table 3
(continued)
Patient 1 Patient 2 Patient 3
Comments Remarkably well- Therapy stopped Wonders if
adjusted adult.  because of slow erectile
Accepts adult growth. dysfunction
height. Prostate massage  started earlier
Commendable swab showed due to CPP
family, work, living sperm
and social life.

reports.®>°¢ A male with CPP with prior attempted surgery for a hamartoma not
treated with GnRHa was treated with anastrozole 1 mg daily for 3 years and the patient
had a gain of 6 cm compared to the initial PAH.3”

Few studies have examined the use of growth hormone (GH) in conjunction with
GnRHa therapy in children with CPP.%® One study of 14 children (10 gitls, 4 boys)
who had a decline in GV to less than the 25th percentile during treatment for CPP
and had no improvement in PAH were treated with GH (0.3 mg/kg/week) for 2 to
3 years. Outcomes in boys showed no significant change in GV throughout treatment
but did show improvement in PAH in the first year after combined treatment. However,
the change in PAH was not statistically significant, and FAH had not been achieved at
the time of publication.3"-38

Body Mass Index and Cardiovascular Effects

A retrospective study of children previously treated with GnRHa for CPP showed no
significant difference in BMI from the start to end of therapy or at a time measured later
when they were near FAH.*® There was no difference in glucose or lipid values be-
tween treated patients and controls, implying GnRHa therapy had minimal effects.>°
A Portuguese study (8 boys with CPP) showed that boys were heavier than girls prior
to treatment and did not have an increase in BMI z-score during treatment. Both sexes
had a decreased BMI z-score from baseline to a year after ending GnRHa therapy.*° A
study of the histrelin implant found a decrease in BMI percentiles in all patients (29
girls, 2 boys) at 24 months of treatment compared to baseline, though outcomes
over a longer duration were not reported.?®

Fertility Outcomes

A limited number of studies examined long-term gonadal function in males with CPP
after GnRHa treatment and reported normal gonadal function and no alteration in
serum testosterone levels or semen analyses compared to males with normal pubertal
timing.2°*! One study of 14 patients (7 males) with CPP due to hypothalamic hamar-
toma found that at adulthood all subjects had normal gonadal function; 3 males had
fathered children.*?

Bone Mineral Density

Bone mineral mass increases throughout childhood and during puberty. Compared to
pre-pubertal girls, pre-pubertal boys have slightly higher total body bone mineral con-
tent.*® One longitudinal study of children treated with GnRHa therapy for CPP (2 boys)
showed that when corrected for BA, children had normal bone mineral density (BMD)
before, during, and after treatment.** One Italian study of 9 males treated with GnRHa
therapy found that after therapy (mean age 16.7 + 1.5 years), BMD values were within
normal range and comparable to men with average onset of pubertal timing.2°
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Psychosocial Outcomes

There are limited studies assessing the psychosocial functioning of males with treated
or untreated CPP. One study of caregivers of 3491 children (50.8% boys) reported that
in boys with signs of puberty by age 8 to 9, there was worse psychosocial adjustment
from early childhood through adolescence and increased behavioral difficulties.*® A
cross-sectional study of caregivers of patients with CPP (21 boys, 121 girls) found
that children with CPP have poorer psychosocial health and emotional functioning
compared to peers without CPP. Outcomes did not differ among children with CPP
who had or had not undergone treatment. Results were not reported by gender.®

SUMMARY

CPP in males is rare, and long-term outcome studies on males with CPP are lacking.
Males with CPP are more likely to have an underlying CNS cause, and therefore all
boys with CPP require evaluation with brain MRI. While treatment of male CPP with
GnRHa therapy leads to slowed growth velocity and increased predicted adult height,
further studies need to be conducted to examine the impact of GnRHa treatment with
respect to FAH, BMI, future fertility, and psychosocial outcomes.

CLINICS CARE POINTS

The first sign of puberty in males is testicular growth; volume greater than 3 mL or
longitudinal axis greater than 2.5 cm is indicative of growth.

Central precocious puberty [early resurgence of the hypothalamic-pituitary-testicular (HPT)
axis] is less common among males than females, although it is more likely to have an
underlying pathologic cause. Hence, imaging studies of the CNS are done more frequently.

e GnRH analogs are the treatment of choice to halt pubertal development in males, and
monitoring of therapy is simpler than among females, since suppressed testosterone levels
are indicative of axis suppression.

e Limited outcome data indicate that therapy
o preserves or reclaims growth potential depending upon degree of advancement of bone
age at onset of therapy.
o The HPT axis is active within months of stopping therapy.

Available long-term outcome data indicate that quality of life (social, sexual, work, fertility)
is normal among males after CPP and GnRHa therapy.

DISCLOSURE

The authors have no conflicts of interest to disclose.

REFERENCES

1. Marshall WA, Tanner JM. Variations in the pattern of pubertal changes in boys.
Arch Dis Child 1970;45(239):13-23.

2. Carel JC, Leger J. Clinical practice. Precocious puberty. N Engl J Med 2008;
358(22):2366-77.

3. Neely EK, Wilson DM, Lee PA, et al. Spontaneous serum gonadotropin concen-
trations in the evaluation of precocious puberty. J Pediatr 1995;127:47-52.

4. Mucaria C, Tyutyusheva N, Baroncelli Gl, et al. Central Precocious Puberty in
Boys and Girls: Similarities and Differences. Sexes 2021;2(1):119-31.

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social
Security de ClinicalKey.es por Elsevier en junio 14, 2024. Para uso personal exclusivamente. No se
permiten otros usos sin autorizacion. Copyright ©2024. Elsevier Inc. Todos los derechos reservados.

247


http://refhub.elsevier.com/S0889-8529(24)00007-0/sref1
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref1
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref2
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref2
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref3
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref3
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref4
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref4

248

Robilliard et al

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

. Topor LS, Bowerman K, Machan JT, et al. Central precocious puberty in Boston

boys: A 10-year single center experience. PLoS One 2018;13(6):e0199019.

. Fugua JS. Treatment and Outcomes of Precocious Puberty: An Update. J Clin En-

docrinol Metab 2013;98(6):2198-207.

. Chen M, Eugster EA. Central Precocious Puberty: Update on Diagnosis and

Treatment. Paediatr Drugs 2015;17(4):273-81.

. Aghaee S, Deardorff J, Quesenberry CP, et al. Associations Between Childhood

Obesity and Pubertal Timing Stratified by Sex and Race/Ethnicity. Am J Epide-
miol 2022;191(12):2026-36.

. Busch AS, Hollis B, Day FR, et al. Voice break in boys-temporal relations with

other pubertal milestones and likely causal effects of BMI. Hum Reprod 2019;
34(8):1514-22.

Lee JM, Wasserman R, Kaciroti N, et al. Timing of Puberty in Overweight Versus
Obese Boys. Pediatrics 2016;137(2):e20150164.

Vested A, Giwercman A, Bonde JP, et al. Persistent organic pollutants and male
reproductive health. Asian J Androl 2014;16(1):71-80.

Chan YM, Fenoglio-Simeone KA, Paraschos S, et al. Central precocious puberty
due to hypothalamic hamartomas correlates with anatomic features but not with
expression of GnRH, TGFalpha, or KISS1. Horm Res Paediatr 2010;73(5):312-9.
Valadares LP, Meireles CG, De Toledo IP, et al. MKRN3 Mutations in Central Pre-
cocious Puberty: A Systematic Review and Meta-Analysis. J Endocr Soc 2019;
3(5):979-95.

Bessa DS, Macedo DB, Brito VN, et al. High Frequency of MKRN3 Mutations in
Male Central Precocious Puberty Previously Classified as Idiopathic. Neuroendo-
crinology 2017;105(1):17-25.

Pittaway JFH, Lipsos C, Katia Marinie. The role of delta-like non-canonical Notch
ligand 1 (DLK1) in cancer. Endocr Relat Cancer 2021;28(12):R271-87.
Palumbo S, Cirillo G, Sanchez G, et al. A new DLK1 defect in a family with idio-
pathic central precocious puberty: elucidation of the male phenotype.
J Endocrinol Invest 2023;46(6):1233-40.

Tng EL. Kisspeptin signalling and its roles in humans. Singapore Med J 2015;
56(12):649-56.

Silveira LG, Noel SD, Silveira-Neto AP, et al. Mutations of the KISS1 Gene in Dis-
orders of Puberty. J Clin Endocrinol Metab 2010;95(5):2276-80.
Moise-Silverman J, Silverman LA. A review of the genetics and epigenetics of
central precocious puberty. Front Endocrinol 2022;13:1029137.

Carel JC, Eugster EA, Rogol A, Ghizzoni L, et al. Consensus statement on the use
of gonadotropin-releasing hormone analogs in children. Pediatrics 2009;123(4):
e752-62.

Kaplowitz PB. Treatment of central precocious puberty. Curr Opin Endocrinol Dia-
betes Obes 2009;16(1):31-6.

Bertelloni S, Mul D. Treatment of central precocious puberty by GnRH analogs:
long-term outcome in men. Asian J Androl 2008;10(4):525-34.

Rahhal S, Clarke WL, Kletter GB, et al. Results of a Second Year of Therapy with
the 12-Month Histrelin Implant for the Treatment of Central Precocious Puberty. Int
J Pediatr Endocrinol 2009. https://doi.org/10.1155/2009/812517. https://www.
ncbi.nim.nih.gov/pmc/articles/PMC2777002/.

Carel JC, Blumberg J, Seymour C, et al. Triptorelin 3-month CPP Study Group.
Three-month sustained-release triptorelin (11.25 mg) in the treatment of central
precocious puberty. Eur J Endocrinol 2006;154(1):119-24.

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social
Security de ClinicalKey.es por Elsevier en junio 14, 2024. Para uso personal exclusivamente. No se
permiten otros usos sin autorizacion. Copyright ©2024. Elsevier Inc. Todos los derechos reservados.


http://refhub.elsevier.com/S0889-8529(24)00007-0/sref5
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref5
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref6
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref6
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref7
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref7
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref8
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref8
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref8
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref9
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref9
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref9
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref10
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref10
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref11
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref11
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref12
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref12
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref12
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref13
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref13
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref13
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref14
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref14
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref14
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref15
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref15
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref16
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref16
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref16
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref17
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref17
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref18
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref18
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref19
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref19
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref20
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref20
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref20
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref21
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref21
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref22
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref22
https://doi.org/10.1155/2009/812517
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2777002/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2777002/
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref24
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref24
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref24

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Males with Central Precocious Puberty

Klein KO, Freire A, Gryngarten MG, et al. Phase 3 Trial of a Small-volume Subcu-
taneous 6-Month Duration Leuprolide Acetate Treatment for Central Precocious
Puberty. J Clin Endocrinol Metab 2020;105(10):e3660-71. Erratum in: J Clin En-
docrinol Metab. 2021 Jun 16;106(7):e2842.

Lee PA, Klein K, Mauras N, et al. 36-month treatment experience of two doses of
leuprolide acetate 3-month depot for children with central precocious puberty.
J Clin Endocrinol Metab 2014;99(9):3153-9.

Lee PA, Klein K, Mauras N, et al. Efficacy and safety of leuprolide acetate 3-
month depot 11.25 milligrams or 30 milligrams for the treatment of central preco-
cious puberty. J Clin Endocrinol Metab 2012;97(5):1572-80.

Popovic J, Geffner ME, Rogol AD, et al. Gonadotropin-releasing hormone analog
therapies for children with central precocious puberty in the United States. Front
Pediatr 2022;10:968485.

Bertelloni S, Baroncelli G, Ferdeghini M, et al. Final height, gonadal function and
bone mineral density of adolescent males with central precocious puberty after
therapy with gonadotropin-releasing hormone analogues. Eur J Pediatr 2000;
159(5):369-74.

Ni MM, Yang ST, Wu WW, et al. Benefits from the first year of GnRHa therapy in
boys with idiopathic central precocious puberty when initiating treatment after
age 9 years: findings from a real-world retrospective study. BMC Endocr Disord
2022;22(1):299.

Pasquino AM, Municchi G, Pucarelli |, et al. Combined treatment with
gonadotropin-releasing hormone analog and growth hormone in central preco-
cious puberty. J Clin Endocrinol Metab 1996;81(3):948-51.

Oostdijk W, Himmelink R, Odink RJ, et al. Treatment of children with central pre-
cocious puberty by a slow-release gonadotropin-releasing hormone agonist. Eur
J Pediatr 1990;149(5):308-183.

Shim YS, Lim Kl, Lee HS, et al. Long-term outcomes after gonadotropin-releasing
hormone agonist treatment in boys with central precocious puberty. PLoS One
2020;15(12):e0243212.

Cho AY, Ko SY, Lee JH, et al. Effects of gonadotropin-releasing hormone agonist
treatment on final adult height in boys with idiopathic central precocious puberty.
Ann Pediatr Endocrinol Metab 2021;26(4):259-65.

Mauras N, Ross J, Mericq V. Management of Growth Disorders in Puberty: GH,
GnRHa, and Aromatase Inhibitors: A clinical review. Endocr Rev 2023;44:1-13.
Wit J. Should Skeletal Maturation Be Manipulated for Extra Height Gain? Front En-
docrinol 2021;(12). https://doi.org/10.3389/fendo.2021.812196.

Faglia G, Arosio M, Porretti S. Delayed closure of epiphyseal cartilages induced
by the aromatase inhibitor anastrozole. Would it help short children grow up?
J Endocrinol Invest 2000;23(11):721-3.

Walvoor EC, Pescovitz OH. Combined Use of Growth Hormone and
Gonadotropin-releasing Hormone Analogues in Precocious Puberty: Theoretic
and Practical Considerations. Pediatrics 1999;104:1010-4.

Chiocca E, Dati E, Baroncelli G, et al. Body Mass Index and Body Composition in
Adolescents Treated with Gonadotropin-Releasing Hormone Analogue Triptorelin
Depot for Central Precocious Puberty: Data at Near Final Height. Neuroendocri-
nology 2009;89(4):441-7.

Leite AL, Galo E, Antunes A, et al. Do GnRH Agonists Really Increase Body
Weight Gain? Evaluation of a Multicentric Portuguese Cohort of Patients With
Central Precocious Puberty. Front Pediatr 2022 Mar 4;10:816635.

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social
Security de ClinicalKey.es por Elsevier en junio 14, 2024. Para uso personal exclusivamente. No se
permiten otros usos sin autorizacion. Copyright ©2024. Elsevier Inc. Todos los derechos reservados.

249


http://refhub.elsevier.com/S0889-8529(24)00007-0/sref25
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref25
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref25
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref25
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref26
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref26
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref26
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref27
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref27
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref27
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref28
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref28
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref28
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref29
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref29
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref29
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref29
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref30
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref30
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref30
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref30
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref31
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref31
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref31
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref32
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref32
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref32
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref33
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref33
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref33
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref34
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref34
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref34
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref35
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref35
https://doi.org/10.3389/fendo.2021.812196
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref37
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref37
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref37
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref38
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref38
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref38
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref39
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref39
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref39
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref39
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref40
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref40
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref40

250

Robilliard et al

41.

42.

43.

44,

45.

46.

Tanaka T, Niimi H, Matsuo N, et al. Results of long-term follow-up after treatment
of central precocious puberty with leuprorelin acetate: evaluation of effectiveness
of treatment and recovery of gonadal function. The TAP-144-SR Japanese Study
Group on Central Precocious Puberty. J Clin Endocrinol Metab 2005;90(3):
1371-6.

Ramos CO, Latronico AC, Cukier P, et al. Long-Term Outcomes of Patients with
Central Precocious Puberty due to Hypothalamic Hamartoma after GnRHa Treat-
ment: Anthropometric, Metabolic, and Reproductive Aspects. Neuroendocri-
nology 2018;106(3):203-10.

Gonc EN, Kandemir N. Body composition in sexual precocity. Curr Opin Endocri-
nol Diabetes Obes 2022;29(1):78-83.

Van Der Sluis IM, Boot AM, Krenning EP, et al. Longitudinal Follow-Up of Bone
Density and Body Composition in Children with Precocious or Early Puberty
before, during and after Cessation of GnRH Agonist Therapy. J Clin Endocrinol
Metab 2002;87(2):506-512507.

Mensah FK, Bayer JK, Wake M, et al. Early Puberty and Childhood Social and
Behavioral Adjustment. J Adoles Health 2013;53(1):118-24. ISSN 1054-139X.
Klein KO, Soliman AM, Grubb E, et al. A survey of care pathway and health-
related quality of life impact for children with central precocious puberty. Curr
Med Res Opin 2020;36(3):411-8.

Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of Health and Social
Security de ClinicalKey.es por Elsevier en junio 14, 2024. Para uso personal exclusivamente. No se
permiten otros usos sin autorizacion. Copyright ©2024. Elsevier Inc. Todos los derechos reservados.


http://refhub.elsevier.com/S0889-8529(24)00007-0/sref41
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref41
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref41
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref41
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref41
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref42
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref42
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref42
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref42
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref43
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref43
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref44
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref44
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref44
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref44
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref45
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref45
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref46
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref46
http://refhub.elsevier.com/S0889-8529(24)00007-0/sref46

	Diagnosis, Treatment, and Outcomes of Males with Central Precocious Puberty
	Key points
	Introduction
	Incidence and secular trends
	Underlying causes
	Genetic Mutations

	Clinical evaluation and diagnosis
	Treatment
	Outcomes of treated and untreated central precocious puberty in males
	Growth Velocity and Final Adult Height
	Augmentation of Growth in Addition to Gonadotropin-Releasing Hormone Agonist Therapy
	Body Mass Index and Cardiovascular Effects
	Fertility Outcomes
	Bone Mineral Density
	Psychosocial Outcomes

	Summary
	Clinics care points
	References


