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In this review explain Precocious puberty (PP) mean3 the appearance of secondary
sexual characters before the age of eight years in girl3 and nine year3 in boy3. Puberty
i3 indicated in girls by the enlargement of the breast (thelarche) in girl3 and in boy3
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by the enlargement of the testes in either volume or length (testicular volume = 4 mL,
testicular length = 25 mm, or both). Two types of PP are recognized - namely central
PP (CPP) and peripheral PP (PPP). This paper aims3 to describe the clinical finding3
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and laboratory workup of PP and to illustrate the new trend3 in the management of
precociou3z 3exual maturation. Gonadotropin-releasing hormone (GnRH)
independent type (PPP) refers to the development of early pubertal maturation not
related to the central activation of the hypothalamic-pituitary-gonadal (HPG) axi3.In
thiz review explain3 Precociou3 puberty, a3 defined by the onzet of pubertal
development before the age of 8 years in girl3 or 9 years in boys, can be claszified into
central and peripheral etiologies. Central precocious puberty (CPP) re3ult3 from early
activation of the hypothalamic-pituitary-gonadal axi3 and ha3 3imilar physical and
hormonal characteristic3 to normal puberty. Extra pituitary gonadotrophin 3ecretion
or independent 3ex 3teroid 3ecretion re3ult3 in peripheral precocious puberty (PPP).
Precocious puberty i3 characterized by rapid growth and advancement of skeletal age.
The 3keletal advancement i3 greater than the growth increase, 30 that final adult
height is compromized. Long-acting gonadotrophin releasing hormone (GnRH)
agonist3 are the current therapy of choice for central precocious puberty, having
demonstrated effectiveness in halting the precocious development a33ociated with
thiz condition with minimal 3ide effect3. GnRH agonist3 are not effective a3 therapy
for peripheral precocious puberty, but a number of other agent3 have been used with
30me Success.
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INTRODUCTION

Puberty is a primary period when sexual maturity and reproductive function are obtained and central
3omatic, p3ychological, and behavioral change3s occur, indicating an adult phenotype [It3 neuroendocrine 3tate,
defined by complete 3timulation of the hypothalamic-pituitary-gonadal (HPG) axi3, comprizes the following:

(1) gonadotropin- releasing hormone (GnRH) from the hypothalamus;

(2) gonadotropin3 from the pituitary [luteinizing hormone (LH) and follicle- stimulating hormone (FSH)]; and (3)
gonadal steroid and peptide3, which are induced by pituitary gonadotropin3 All of these 3tep3 are controlled by
feedback mechanizms, either positive or negative.

The onset of pubertal changes occurs at two to 2.5 standard deviation3 (SD) below the mean age of on3et
of puberty (the age of eight to 13 years in girl3 and nine to 14 year3 in boy3), depending on multifactorial element3
3uch as genetic, environmental, metabolic, ethnic, geographic, nutritional, and economic factors, which are
controlled by complex regulatory pathways.Using Tanner 3taging, the definition of puberty i3 indicated in girl3 by
the enlargement of the breasts (thelarche) and in boy3 by the enlargement of the testes, either in volume or in length
(testicular volume = 4 mL, testicular length =25 mm, or both); however, thi3 definition continues to be 3ubjective and
arbitrary . These changes are fundamental for the clinical diagnosis of pubertal pathology; thus, if they occur before
the age of eight year3 in girl3 or nine years in boys, a33ociated with linear growth and the acceleration of bone age
, then thi3 i3 considered precocious puberty (PP). Therefore, the characteristic definition of precocious 3exual
maturation i3 the appearance of 3econdary 3exual characteristic3 before the age of eight years in girl3 and nine years

in boy3s . By contrast, delayed puberty i3 de3scribed a3 the abzence of 3omatic 3ign3 and changes.
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Fig 1: Mechanizm of precociou3 puberty

Epidemiology of Precious Puberty

Scientifically 3ound epidemiological data of precocious puberty are not available in the literature. It i3
estimated that precocious puberty occurz in 1 : 5000 to 1: 10000 children (gonzaled,1982) In patient3 with CNS
dizorder3 or CNS lesion3 the incidence much higher. For in3tance, in neurofibromatosis type 1, 2.4-5% of patient3
develop precociou3 puberty. In neonatal encephalopathy the frequency i3 4.3% of girls. In patient3 with
hydrocephalus the incidence i3 a3 high as 10-11%. Patient with meningomyelocoele have a predisposition for
precocious puberty that occurs in 5-18% of affected children. Recently, 3ome congenital dysmorphic 3yndromes
were 3hown to be az3ociated with an increased frequency of precocious pubertal development

Prevalence rate

The prevalence of precocious puberty ha3s increased in recent decades. In Denmark, a 3tudy ba3sed on a
national registration 3y3tem 3howed that from 1998-2017 the incidence of precocious puberty in girl3 increazed
from 2.6/10000 to 14.6/10000, while the incidence in boy3 increazed from 0.1/10000 to 2.1/10000 . A 3urvey in
South Korea found that the incidence of central precocious puberty (CPP) in girl3 increazed from 0.33/10000 to
5.04/10000, while that in boy3 increazed from 0.03/10000 to 0.12/10000, from 2004-2010 , the overall incidence
and prevalence of central precocious puberty from 2008 to 2014 wasz 12.28/10000 per3on3 (girl3, 26.28; boys3, 0.7)
and 19.32/10000 per3on3 (girl3, 41.06; boys, 1.09), re3pectively . An epidemiological 3urvey of precocious puberty
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in Taiwan 3howed that the crude prevalence of boy3 and girl3 increazed from 0.99/10000 to 7.01/10000 and
13.56/10000 to 110.95/10000, re3pectively, from 2000— 2013 . A nationwide 3tudy in France determined that the
incidence rate of idiopathic central precocious puberty from 2011-2013 wasz 2.68/10000 in girl3 <9 year3 old and
0.24/10000 in boy3 < 10 year3 old . Finally, a 3chool- based population 3tudy 3howed that the prevalence of
precocious puberty wa3z 11.47% for girls and 3.26% for boys in Zhongzhan City, Guangdong Province, China, in
2021 .

Studies have shown that many factors can affect the occurrence of precocious puberty, including both
genetic and environmental factors. Height, mother’3 age at menarche , and diet all have an impact on the occurrence
of precocious puberty. Environmental endocrine disruptors can lead to earlier menarche and earlier breast and pubic
hair development in adole3cent girl3 . Precocious puberty is more likely to occur in obese girls. Overweight, obesity,
and 3evere obesity al3o advance puberty , but the effects of overweight, obesity, and 3evere obesity on puberty in
boys and girl3 are not consistent. In girl3, a higher pre-adolescent body mas3 index (BMI) i3 positively correlated
with precocious puberty , while, in boys, thi3 effect i3 not obzerved.Studies have 3hown that puberty on3et in obese
boys3 occurs earlier than that in normal-weight boy3 . Another 3tudy 3howed that there wa3 no 3ignificant relationzhip

between BMI and the average age of genital development

Risk Factors

Precocious puberty i3 more common in girl3 than in boy3 and occur3 more often in African-American3 than in children
of other races.

Other rizk factors of precocious puberty (early puberty) in children may include

Certain medical condition3 (e.g., McCune-Albright syndrome, congenital adrenal hyperplazia)

Exposure to e3trogen or testosterone hormones (e.g., pill3, ointment3)

Obezity

revious radiation to the brain or 3pinal cord

The changes to your child’3 body brought on by precocious puberty may cau3se your child to feel 3elf-con3cious, and

. : . , 3]
may alzo lead to teasing by peers. Counseling may help your child to work through these i33ue3

Genetic Factor3

PP includes central PP (CPP, with a GnRH-dependent mechanizm of development) and peripheral PP (PPP,
with a GnRH-independent mechanizm of development). CPP i3 defined a3 premature activation of GnRH release,
wherea3 PPP i3 defined a3 the development of 3econdary 3exual characteristic3 independent of GnRH pul3atile
3ecretion. PPP, which i3 related to exogenou3 3ex 3teroid3, autonomous ovarian cy3st3, or human chorionic
gonadotropin, i3 le33 frequent than CPP . Approximately 80% of PP ca3ze3 are estimated to be CPP [, and CPP
occur3 more frequently in girl3 than in boy3 [. Organic brain dizease3 3uch a3 hypothalamic hamartoma, 3uprazellar
arachnoid cy3t3, and hydrocephalu3 may lead to CPP, and approximately one-third of all CPP caze3 are con3idered
related to organic brain le3ion3 he cause of CPP in mos3t girl3 i3 not identifiable and called idiopathic CPP (ICPP) .

Environmental Factor3

Participant3 reported their registered residence (rural, 3uburban, urban), household 3tructure (only child,
more than one child, adopted child (yes3, no), family economic 3tatus (above average, medium, below average), and
diet habit3 (prefer meat, prefer vegetables, balanced diet). The proportion of time that the mother and/or father was
living athome (parent3’ company) during the three periods of childhood (before 3 year3, between age3 4 and 6 years,
and after 6 year3) was investigated. Re3ponse alternative3 were a3 follows: le33 than half, half and above, and no
company. Information on maternal health including physical dizeasze3 and p3ychopathological 3ymptom3 during
pregnancy was collected (ye3, 1; no, 2). If participant3 had 3ome maternal physical dizease and/ or p3ychological
trauma (for example, the illnes3 or death of a family member, working pre3sure, fortune 1033, and poor family tie3),
they detail was clarified.

Nutritional Factor3

Considering childhood nutrition (between 2 and 12 year3), a healthy diet 3hould en3ure a balanced energy
intake and an adequate 3upply of macro/ micronutrient3. The energy intake 3hould be determined individually
according to individual needs, energy expenditure, and growth. A commentary by the ESPGHAN Committee on
Nutrition recommends eating at least four meals a day, with a 3trong emphasiz on breakfast. The food portion3
should be appropriate for the age and nutritional 3tatus. Snacks 3hould be healthy, and the con3umption of energy-
dense foods 3hould be avoided. The intake of fastabsorbing carbohydrate3 and 3imple 3ugars 3hould be limited in
favor of 3low- ab3orbing carbohydrates. Sugar-3weetened drinks 3hould be avoided, and daily water intake should be
en3ured. The fat intake 3hould meet, but not exceed, the nutritional requirement3, and polyun3aturated fatty acid3
(PUFA3) 3hould be preferred. The high conzumption of plant-bazed food3s szhould be ensured with adequate
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monitoring of the nutrient intake.

Endocrine Dizruptor3

Endocrine disrupting chemical3 (EDC3) are considered re3ponsible of changes in pubertal time . Several
element3 have been recognized a3 po33ible EDC3, 3uch a3 polybrominated biphenyls, bisphenol A (BPA), atrazine
(herbicide3) EDC3 can interfere with reproductive function3 by mimic or block endogenous hormone function, or
by competing with endogenou3s hormones to bind to carrier protein3 (93). Furthermore, they act through G protein-
coupled receptor3 (GPR3) by altering gene expres3sion a3 well a3 intracellular 3ignal tranzduction . A relation between
early exposure to EDC3 and alteration in pubertal timing or concentration3 of circulating reproductive hormones
has been obzerved . They can act in various time window3 of development. During fetal life, EDC3 can cro33 the
placenta via passive or active tran3p. The exposure of zebrafish embryos to 17a-ethinylestradiol (EE2) or
nonylphenol (NP) di3turb3 the ontogenesiz of GnRH neurons3 in the forebrain via e3trogenreceptor pathway . In
rodent3, GnRH neuron3 u3e a prostaglandin D2 receptor 3ignaling mechanism during infancy to recruit newborn
astrocyte3 which guide them into adulthood. It ha3z been demonstrated that the expo3sure to bisphenol A damages
postnatal hypothalamic gliogenesiz and disrupt3 the GnRH neurons, impairing minipuberty and delaying the
acquisition of reproductive capacity. Moreover, epigenetic alteration3 in testi3 and other 3y3temic conzequence3

beenobserved in pregnant rodent3 after EDC expo3ure

Clinical Pre3entation
The 3taging 3y3tem used to describe the physical changes of puberty was first described by Marshall and Tanner in
1969-70. Tanner 3tage3 de3cribe 3econdary 3exual characteristic3 like breast development in girl3, pubic hair growth

in both 3exe3 and genital development in boy3

Causes of early puberty
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Fig 3: Possible factor3 contributing/cau3sing precocious puberty and rapidly progres3sive puberty.

Puberty begin3 when one part of the brain (the hypothalamus3) tell3 another part of the brain (the pituitary gland) to
release hormone3s These hormones tell the body to make 3ex hormones- testosterone in male3 and e3trogen in females.
For mo3t children, early puberty 3tart3 for no known reason. It can run in familie3. Sometimes there i3 a problem in
the brain, 3uch a3 an injury, a tumor or an infection. Early puberty can al3o be cauzed by a problem in the 3ex glands
(testes or ovaries), the thyroid gland or the adrenal glands.

Sign3 of Early Puberty

Children with early puberty can 3how one or more of these 3igns3:
® rapid height growth - a growth 3purt

® pubic or underarm hair

® adultbody odor

® acne

Age consideration

The age of on3et i3 a critical factor in a33e33ing precocious puberty. Early onset before age 6 in girl3 and age
8 in boys i3 particularly concerning, a3 it may indicate underlying endocrine di3orders or other health i33ue3. The
timing of these changes can have profound implication3, affecting not only physical health but al3o p3ychological
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well- being and 3ocial interactions.
In 3ummary, the clinical presentation of precocious puberty encompa3ses a range of physical and behavioral changes
that can 3ignificantly impact affected children. Early recognition and understanding of these 3ign3 are e33ential for
effective management and 3upport.

Diagnosiz
Precocious puberty requires differentiation from the benign forms of puberty. These include

e Premature Thelarche: It i3 the premature unilateral or bilateral development of the breast tizsue in girl3
between the age of 12 to 24 months. There are no other a33ociated pubertal change3. Bone age, growth
velocity, and biochemical testing are normal. It i3 usually a diagno3is of excluzion. Frequent clinical follow up
to monitor growth, and pubertal progression i3 required.

e Premature Adrenarche: The early production of adrenal androgen3 characterize3 thi3 benign condition. It
prezent3 with pubic or axillary hair, body odor, or acne before the age of 8 years. There i3 no breast
development in female3 and no testicular enlargement in male3. Bone age i3 usually not advanced. It i3 e33ential
to rule out expo3sure to androgen 3ources 3uch a3 creams or gel3, adrenal tumors, and late- onzet CAH.

Premature Menarche: [3olated premature menarche i3 the on3et of vaginal bleeding in girl3 le33 than 7 year3
of age. They may present with either a 3ingle epizode or few cycles (le33 than 3) of bleeding and have normal
progression to puberty. Recent 3tudie3 have 3uggested no effect on adult height. Sexual abuse, vaginal foreign
body, and infection3 of the vulva and vagina need to be ruled out4.

Hormone Level A33e33sment

The first 3tep in the laboratory work for PP i3 the e3timation of 3erum gonadotropin3 and 3ex 3teroids. Lowered
3ecretion of FSH in a33ociation with high level3 of 3ex 3teroids 3uggests a diagno3i3 of PPP .LH 3hould be 3ampled
in the early morning using a detection kit of 0.1 IU/L . Several report3 have a33e33ed the basal LH to exclude CPP,
with cutoff point3 varying from 0.1 to 1 IU/L . The ba3sal LH 3ensitivity for the mere diagnosiz of CPP varie3
between 50% and 100%, with arange of 3pecificity of 64-100% In 30me in3tances, caution 3hould be employed when
interpreting gonadotropin concentrations, e3pecially in children below the age of two years. This i3 because elevated
level3 of both LH and FSH may be con3idered phy3siological owing to the prezence of mini puberty at thiz age .To
distinguizh CPP from thelarche, clinical monitoring of pubertal progreszion and growth 3hould be conducted . When
CPP i3 doubted in the a33ociation of nonconfirmatory ambiguous bazal LH, a GnRH 3timulation test i3 required.
This involves injecting a 3hort-acting GnRH a3 gonadorelin at a doze of 100 pug, and LH 3hould becollected in one
blood 3ample 30-40 min following GnRH injection. Alternatively, a long-acting GnRH agonist (GnRHa), 3uch a3
leuprorelin in a do3e of 3.75 mg, can be uzed, with the e3timation of LH in one blood 3ample conducted at 30-180
min.To diagnose active puberty following either GnRH or GnRHa 3timulation tests, the cutoff point of LH 3hould
be more than 5 IU/L ; however, further cutoff points, varying from 4 to 8 IU/L, have al3o been propozed .

Imaging Technique3

Bone age (BA) i3 obtained with an X-ray of the nondominant wrist and hand and e3timated by different methods, of
which Greulich and Pyle’3 i3 the mo3t commonly uszed In patient3 with precocious puberty, BA i3 often advanced,
and when the advancement exceeds either one year or two 3tandard deviation3 (SD), it i3 considered 3ignificant.i3
used to predictadult height by the Bayley-Pinneau method , although thiz method has low accuracy. Bayley-Pinneau
tables for average BA 3hould be preferred over those that use accelerated BA, 3ince the latter overestimate adult height
. Pelvic ultrazonography i3 not used in the diagnosi3s of precocious puberty, but in girl3, it help3 determine the uterine
and ovarian volume, and i3 a 3en3itive method to detect cy3t3 and neoplastic lesion3. An ovarian volume > 1.8 mL
and uterine length > 3.4 c¢cm indicate hormonal 3timulation and may be an additional laboratory parameter to
evaluate girl3 with precocious puberty.

The onset of precocious puberty can have profound p3ychological and 3ocial impact3 on affected children,
complicating their developmental trajectory and altering their experiences in critical formative years. A3 children
undergo physical changes that typically occur during adole3cence, they may find thems3elves grappling with feelings
of confusion, anxiety, and i3olation. The3e emotional challenge3s often 3tem from the 3tark contrast between their
physical maturity and the cognitive and emotional development of their peers.

One of the mo3t 3ignificant 30cial con3equences of precocious puberty i3 the rizk of bullying and 30cial o3tracization.
Children who mature earlier than their peers may attract unwanted attention, leading to teasing or excluzion from
3ocial group3. Thi3 bullying can manifest in various forms, including verbal abu3e, 3ocial i30lation, and even
physical confrontation. The inten3ity of 3uch experiences can deeply affect a child's 3elf- esteem, leading to feeling3
of inadequacy and further withdrawal from 3ocial interactions.

Additionally, the p3ychological 3tre33 a33ociated with navigating early maturation can contribute to long-term
mental health i33ue3, including anxiety and depression. Children may 3truggle with understanding their changing
bodie3 and the expectations that come with them, which can lead to heightened 3tre33 and feeling3 of being out of
control.
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Coupled with the potential for body image concerns, these factors can 3everely impact a child’3 overall well-being.
Furthermore, the early onzet of puberty can interfere with a child's ability to form age- appropriate relationship3. A3
they may find themselves physically aligned with older peers, their emotional and cognitive immaturity can create
a dizconnect, making it difficult to relate to both younger and older children. Thi3 disconnect can exacerbate feeling3
of loneline33 and alienation, leading to a cycle of emotional di3tress.

In 3ummary, the implication3 of precocious puberty extend far beyond physical development. The p3ychological and
3ocial challenges faced by affected children can create a complex web of emotional turmoil, necessitating 3upport
from parents, educators, and mental health professional3 to navigate these turbulent years.

Etiology

The mo3t common cause of central PP i3 idiopathic. Central nervous 3y3tem (CNS) can al3o lead to abnormalitie3
(tumors, ab3cesses, encephalitis etc.). In addition, 3ex 3teroid- 3ecreting tumor3 may develop in the 3econd-line central
PP due to early maturation of the CNS, 3uch a3 congenital adrenal hyperplazia and luteinizing hormone receptor
activation mutation. In the etiology of peripheral PP there are gonadal cauze3 (McCune Albright 3yndrome (MAS),
familial testo toxicosis, ovarian tumors, ley dig cell tumors etc.)adrenal tumor3 (congenital adrenal hyperplasia,
functioning adenomas/ carcinoma3s etc.) human chorionic gonadotropin (hCG-3ecreting tumor3 (di3 germinomas,
teratomas, hepatomas etc.), primer hypothyroidizm and iatrogenic cauze3. Whereas PP in females i3

90-95% idiopathic, it i3 more depending on pathological rea3on3 in males. E3pecially in girl3 and thoze older than
3ix years, there are more case3 of central PP without an organic cause. However, there i3 a high probability of finding
an underlying pathology in male caze3 of PP that begin under four years of age.

Pathology in the CNS ha3 been determined of more than 90% of boys. Hypothalamic haematoma, arachnoid cy3t3,
gliomas, a3trocytomas and neurofibromatosis are among the most common cause of central pathologie3. Thi3 tumor
i3 a 3mall, non-mas33ive tumor that generally does not tend to grow. There i3 a GnRH pulse generator in the tumor,

10
which prematurely release GnRH, activating HPG axis and initiating the effect3 of sex steroid.

Long-Term Consequence

Puberty re3ult3 from the reactivation of the hypothalamic— pituitary—gonadal (HPG) axi3 following the quiescent
period occurring during childhood. It i3 characterized by an increase in the amplitude and frequency of the
hypothalamic gonadotropin-releaszing hormone (GnRH) pule, which in turn promote follicle- 3timulating hormone
and luteinizing hormone 3ecretion by the pituitary, leading to the activation of gonadal function. Precocious puberty
i3 clinically defined by the appearance of 3econdary 3exual characteristics, i.e., Tanner 3tage II of breast development
before the age of 8 in girl3 and the increase in testicular volume R4 ml before 9 year3 in boy3. Central precocious
puberty (CPP) due to early activation of pulzatile GnRH 3ecretion i3 the mo3t common form. It occur3 in w1:5000—
10 000 children, with a female-to-male ratio ranging from 3:1 to 23:1. Females typically present with idiopathic forms,
whereas in boy3 CPP i3 mostly due to organic lesion3 3uch a3 hypothalamic—pituitary congenital malformations,
tumors, infections, infiltrative/inflammatory dizorders, and iatrogenic or traumatic injurie3.

Genetic factors (mutation3 of KISS1, KISS1R, and MKRN3 genes, 3ecular trend, ethnicity, nutritional 3tatus, and
environmental changes have all been involved in the pathogenesis of CPP , although their exact mechanizms3 of action

remain to be elucidated.

Growth Patterns

The proces3 of bone growth relie3 upon chondrocyte3 produced at the epiphyseal growth plate, which are
progressively 3ynthesized and replaced by bone with accompanying longitudinal (endochondral) bone growth. The
growth plate (epiphy3eal plate) i3 a layer of hyaline cartilage in growing bone located in the metaphy3i3 between
the epiphysi3 and diaphys3is. It i3 leftover cartilage from the endochondral o33ification. The epiphy3eal plate con3ist3
of four zones. The zone of resting cartilage i3 near the epiphyses and consist3 of 3mall, 3cattered chondrocytes.
These cell3 do not function in bone growth; therefore, they are termed “resting.” Resting zone chondrocyte3
replicate at a 3low rate and act a3 3tem cell3 that replenizh the pool of proliferative chondrocyte3. The zone of
proliferating cartilage consists of 3lightly larger chondrocytes arranged like 3tacks of coin3. Chondrocytes divide to
replace those that die at the diaphy3seal 3urface of the epiphy3eal plate. Proliferative zone chondrocytes replicate at

a high rate, and the cell3 line up along the long axi3 of the bone.

Reproductive Health

Precocious puberty can al3o have lasting implications for reproductive health. Early 3exual development may lead to
increased ri3k3 of reproductive health i33ue3 later in life, 3uch a3 irregular menstrual cycle3 or conditions like
polycystic ovary 3yndrome (PCOS) in girl3. For boy3, there can be concerns related to fertility and hormonal
imbalances. Additionally, early on3et of 3exual maturity can lead to earlier initiation of 3exual activity, which may
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increase the risk of unintended pregnancie3 and 3exually tranzmitted infection3 (STI3). Comprehensive 3exual
education and acce33 to appropriate healthcare 3ervices are e33ential to mitigate the3se rizks.

Risk of Chronic Conditions

Research 3uggests that individual3 with a history of precocious puberty may face an elevated rizk of developing
chronic health condition3 later in life. Studies have indicated potential link3 between early maturation and conditions
3uch a3 obesity, type 2 diabetes, cardiovascular dizease, and certain types of cancer. The relationship between early
puberty and obesity, in particular, i3 concerning, a3 the hormonal change3 a33ociated with precocious puberty can
contribute to weight gain and metabolic disturbances. Furthermore, the p3ycho3ocial 3tre33or3 experienced during
childhood can lead to long- term mental health i33ue3, including anxiety and depression, which are az3ociated with
variou3 chronic health condition3.In 3ummary, the long-term con3equences of early on3set puberty encompas3 a
range of health i33ue3 that can impact growth, reproductive health, and the rizk of chronic conditions. Addres3ing
these potential outcomes through early intervention and ongoing 3upport i3 e33ential for promoting the overall well-
being of affected individual3.underlying i33ue.

Gonadotropin-releasing hormone (GnRH) agonists, 3uch a3 leuprolide acetate, are frequently used to 3uppres3 the
premature release of 3ex hormones. These medication3 work by downregulating the pituitary gland'3 production of
luteinizing hormone (LH) and follicle-3timulating hormone (FSH), effectively pausing the progres3sion of puberty.
Treatment with GnRH agonists i3 generally well-tolerated, and the effect3 can be reversible upon discontinuation of
therapy.

In caze3 of peripheral precocious puberty, which may be cauzed by condition3 3uch a3 tumor3s or hormone-3ecreting
lesion3, treatment will focus on addressing the underlying causze. Thiz may involve 3urgical intervention or
medication3 to block the effects of exce33 hormones, depending on the 3pecific diagnosis.

Diagno3iz

Diagnosing precocious puberty involves:

® Reviewing the child's and the family's medical histories.

® Doing a physical exam.

® Running blood te3ts to measure hormone levels.

X-rays of children's hand3 and wri33 al3o are helpful in diagnosing precocious puberty. These X-ray3 can 3how if the
bones are growing too quickly.

development of 3econdary 3ex characteristic3 and early clo3ure of epiphysi3. Defining the etiologic cause i3
important for the management of the underlying dizea3se. History 3hould be 3ought for information about the onzet
of the 3ign3, progression rate, and growth tempo in the last 6-12 months, presence of 3econdary 3ex characteristic3
(acne, oily 3kin, erection, night ejaculation and vaginal bleeding) in addition to the preszence of pubertal 3ign3.
History of PP in family 3upport3 the diagnosiz of familial forms. Pubertal 3taging 3hould be performed according
to Tanner-Marzhall method on physical examination, and anthropometric evaluation3 3hould be defined by
measurement of weight, height and body proportion3. All old and new data 3hould be marked on growth chart.
Growth velocity per year must be calculated. If there i3 not any data for the past, patient 3hould be followed

pro3pectively for at least 6 months. Growth velocity is more than 75‘[h percentile in mo3t patient3 with CPP. Bone age
should be determined by left hand and wrist X-ray. If bone age i3 advanced more than 2SD for chronological age it i3
unlikely the child ha3 a normal variant of pubertal development If it i3 po33ible, A bone age/ A chronological age
mus3t be calculated. If this ratio i3 greater than , it i3 in favor of progressive CPP.

Finding the type of precocious puberty

A test called a gonadotropin-releazing hormone (GnRH) 3timulation te3t help3 identify the type of precocious
puberty.The test involves taking a blood 3ample, then giving the child a 3hot containing the GnRH hormone. More
blood 3ample3 taken over a period of time 3how how hormone3 in the child's body react.In children with central
precocious puberty, the GnRH hormone cau3se3 other hormone levels to rize. In children with peripheral precocious
puberty,other hormone level3 3tay the 3ame. Other te3t3 for central precocious puberty

e MRI of the brain. Thi3 imaging exam can 3how if children who have central precocious puberty have
brain i33ue3 that are causing the early 3tart of puberty.

Thyroid testing. Thi3 te3t can 3how if the thyroid gland i3n't making enough thyroid hormone—a condition
called hypothyroidizm. The te3t might be uzed with children who have 3ymptoms of hypothyroidizm, 3uch

a3 being tired, reacting to cold, 3tarting to do poorly in 3chool or having pale, dry 3kin.
Other test3 for peripheral precociou3 puberty Children with peripheral precocious puberty need more testing to find the
cause of their condition. Thiz might include more blood te3t3 to check hormone level3 or, in girl3, an ultrazound to
check for an ovarian cyst or tumor.
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More information

Treatment

The primary goal of treatment i3 for children to grow to adult height. Treatment for precocious puberty depends on the
cause. However, when no cause can be found, treatment may not be needed, depending on the child'3 age and how
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fast puberty i3 moving. Watching the child for 3everal month3 might be an option.

Treating central precocious puberty

Thiz uzually involve3 medicine called GnRH analogue therapy, which delay3 further development. It may be a
monthly 3hot with medicine 3uch a3 leuprolide acetate (Lupron Depot), or triptorelin (Trelstar, Trip to dur Kit). Or
3ome newer formulations can be given at longer interval3. Children keep getting thiz medicine until they reach the
usual age of puberty. After the treatment 3top3, puberty 3tart3 again. Another treatment option for central precocious
puberty i3 a histerlin implant, which la3t3 up to a year. Thi3 treatment doe3n't involve monthly 3hot3. But it doe3
involve minor 3urgery to put the implant under the 3kin of the upper arm. After a year, the implant i3 removed. If
needed, a new implant.

Need for Brain MRI

Once a diagnosi3 of CPP ha3 been made, clinician3 are faced with the decizion of whether to order a brain MRI.
This decizion only pertain3 to girl3, because the much higherrate of intracranial pathology mandates central nervous
system (CNS) imaging in all boy3 with CPP. It ha3 been 3uggested that brain MRI 3canning may not be neces3ary
in girl3 older than age 6 years who have no neurologic 3ymptoms . However, other3 have advocated for routine
brain MRI3 regardless of age, because of the finding of CNS abnormalitie3 in girl3 with CPP who are older than
age 6 years . Potential con3zequences of unneceszsary MRI3 include cost, parental anxiety, and need for repeated
imaging when incidental finding3 are uncovered. A meta-analy3i3 of MRI finding3 in children with CPP revealed a
total prevalence of CNS lesion3 of 9%, which decreased to 7% when only those possibility related to early puberty
were included . Notably, however, only 1.6% of these required intervention, because the vast majority were
hypothalamic hamartomas which respond to medical therapy. Given that a Small risk of important CNS abnormalities
does exist, it i3 unlikely that the controversy 3urrounding thi3 aspect of management will be resolved any time 300n. For
now, the recommendation i3 to di3cu33 the pro3 and cons of MRI 3canning with parent3 and allow them to participate
in the decizion of whether or not to pursue this test.In children with a family history of CPP, genetic testing for an
MKRN3 mutation, the mo3t common monogenetic cause of precocious puberty, will likely 3upersede CNS imaging,
rendering thi3 i33ue moot in many ca3ze3 . A 3econd genetic etiology underlying familial CPP i3 deletions in DLK1,
which encodes for Delta-Like 1 Homolog .

Both MKRN3 and DLK1 are maternally imprinted genes that are expressed only from the paternal allele. Thus, a
family hiztory of CPP on the father’33ide 3hould increa3e the index of 3uzpicion for a mutation in one of these genes.
Other genetic causes of CPP include activating mutations in kiz3peptin and it3 receptor, KISS1R . However, each

oftheze haz been described a3 cauzing CPP in only a 3ingle patient thus3 far.

Monitoring of Treatment

There i3 no 3y3tematic 3trategy for monitoring whether adequate 3uppression of the HPG axi3 ha3 been achieved in
children being treated for CPP . Although there i3 unanimity regarding the value of auxologic indice3 3uch a3 growth
velocity, Tanner 3taging, and 3keletal maturation, no agreement exi3t3 on the need for biochemical mea3ure3 of
treatment efficacy . In fact, unexpected pitfall3 are 3ometimes encountered when a3zumption3 are made about
hormonal 3tudie3 in CPP. A ca3se in point i3 the uze of random ultrazensitive LH concentrations, which are helpful
in the diagno3i3 of CPP and were postulated to adequately reflect HPG-axi3 3uppression during treatment.
Unexpectedly, random ultrazensitive LH values frequently remain in the pubertal range in children receiving GnRHa
therapy that otherwize provide3 adequate HPG- axi3 3uppression, and therefore thesze values can be misleading .
Given the lack of evidence for any a33ociation between biochemical monitoring and adult height, it i3 reazonable
to forgo any routine blood testing in children being treated for CPP. If treatment failure i3 3uspected on clinical
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grounds, a GnRHa 3timulation te3t i3 recommended.

Dizcontinuation of Therapy

A final area of uncertainty in the management of CPP relates to the optimal age of dizcontinuation of treatment.
There are e33entially no 3tudie3 in which age at treatment ce33ation ha3 been 3tandardized. However, cumulative
evidence 3uggests that optimal height gain3 are realized when treatment i3 3topped at a bone age of12 years in girl3
and 13 year3inboys. Regardless, the decizion of when to halt therapy i3 individualized and incorporate3 numerous
patient- 3pecific characteristic3 including ab3zolute and predicted height, chronological age, p3ycho3social factors,
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pubertal 3tage, and family preferences.

Gonadal Function After GnRHa Therapy

Information regarding long-term outcomes of patient3 treated with GnRHa3 with respect to gonadal function are
reassuring. Un3urprizingly, the vast majority of existing data pertain only to women. Menstrual cycles are reported
to be normal with re3pect to duration and timing, and mean ovarian volumes 3imilar to those in the general population.
There have been no perceived health con3equences to off3pring of mothers who were treated with GnRHa3 and no
increaszed need for as3isted reproductive technology. Limited follow-up in adole3cent boy3 previously treated with
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a GnRHa.

CONCLUSION

Precocious puberty i3 a condition characterized by the early onset of 3econdary 3exual characteristics,
typically before the age of 8 in girl3 and 9 in boys. It i3 categorized into two main types: central precocious puberty
(CPP), which i3 mediated by the early activation of the hypothalamic-pituitary-gonadal (HPG) axi3, and peripheral
precocious puberty (PPP), which occurs independently of the HPG axi3 due to exce3s3 3ecretion of 3ex hormones from
other 3ource3 3uch a3 adrenal glands, gonads, or exogenou3 influences.

The condition ha3z multifaceted implications, including biological, p3ychological, and 3ocial challenges.
Biologically, it may re3ult in accelerated growth, premature bone maturation, and reduced adult height due to the
early closure of growth plates.

P3ychologically, children may 3truggle with emotional and behavioral i33ue3 3temming from early
physical changes and the mizalignment of their phy3ical development with their cognitive and emotional maturity.
Socially, early puberty can lead to 3tigmatization or inappropriate expectation3 from peers and adults.

Precocious puberty can have diverse etiologie3, ranging from benign idiopathic cause3 to 3erious
underlying conditions 3uch a3 central nervous 3y3tem abnormalitie3, congenital adrenal hyperpla3ia, or hormone-
3ecreting tumor 3. A comprehen3sive diagnostic approach, including a thorough clinical evaluation, hormonal
testing, and imaging 3tudies, i3 e33ential to identify the underlying cauze. Treatment i3 tailored bazed on the etiology
and the impact of the condition on the child. GnRH analog therapy i3 the 3tandard treatment for CPP, effectively
delaying further pubertal progression and preserving growth potential. For PPP, management focuses on addres3ing
the underlying cause, 3uch a3 hormone-3ecreting tumor 3 or adrenal dizorders. In idiopathic cazes, careful monitoring
may 3uffice. The long-term prognosis of precocious puberty depends on early identification, accurate diagnosis, and
effective intervention.
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