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INTRODUCTION

& Puberty refers to the physical changes that occur during adolescence. There is also
significant cognitive and psychosocial maturation during this time. The physical changes
that occur during puberty include growth 1n stature, changes in body composition,

development of secondary sex characteristics, achievement of fertility, and changes in most
organ systemes.

& Pubertal physiology — There are two main physiological events in puberty:
& *Gonadarche 1s the increase in activity of the hypothalamic-pituitary-gonadal axis.

& <Adrenarche is the increase in production of androgens by the adrenal cortex.



Pubertal events

& <Thelarche is the appearance of breast tissue, which 1s primarily due to the action of estradiol
from the ovaries.

& <*Menarche is the first episode of menstrual bleeding. This is usually not associated with
ovulation; it 1s typically caused solely by the effects of estradiol on the endometrial lining.
Menstrual bleeding with regular ovulatory cycles 1s initiated by the interaction of estradiol and
progesterone produced by the ovaries.

& e<Spermarche is the first sperm production, which is due to the combined effects of follicle-
stimulating hormone, which acts directly on the seminiferous tubules, and luteinizing hormone,
which acts indirectly by stimulating high intratesticular concentrations of testosterone.

& e<Pubarche 1s the appearance of pubic hair, which is primarily due to an increase in production
of androgens from the adrenal gland (adrenarche). The term 1s also applied to the first
appearance of axillary hair, apocrine body odor, and acne.



FACTORS INFLUENCING PUBERTAL TIMING

& Genetic factors: account for an estimated 50 to 75 percent of the variation in normal pubertal timing.
Several genetic loci have now been identified that are associated with age of pubertal onset. A large
genome-wide study including more than 370,000 adult females 1dentified common variants or single-
nucleotide polymorphisms at 389 genetic loci that were associated with age at menarche. A comparable
genome-wide association study of timing of male pubertal hallmarks in over 205,000 adult males
identified 76 genetic loci associated with male pubertal timing.

¢ Body weight: For children assigned female at birth, obesity or being overweight 1s associated with
earlier pubertal onset and/or pubertal progression. However, for those assigned male at birth, the
relationship between pubertal onset and obesity 1s not clear.

& race/ethnicity

& Other factors: overall health (with poor health associated with delayed pubertal onset), social
environment (such as family stress or the presence of a nonbiologically related adult male in the
household, which are associated with earlier pubertal onset), and high altitude (associated with later
pubertal onset)



PUBERTAL CHANGES

& Tanner stages: also known as Sexual Maturity Rating (SMR), is a system used to assess
and track the development of secondary sex characteristics during puberty. It was
developed by James Tanner and colleagues through a longitudinal study in England. The
staging system objectively classifies pubic hair and genital development in males, and breast
and pubic hair development in females.

& Linear growth spurt: Approximately 20 percent of adult height 1s accrued during puberty.
The increase 1n height occurs in both axial (trunk) and appendicular (limb) components.
The limbs accelerate before the trunk, with the distal portions of the limbs accelerating
before the proximal portions; thus, the adolescent in early puberty 1s "all hands and feet." In
later puberty, however, the growth spurt 1s primarily truncal. The linear growth spurt
typically lasts for approximately two years.


https://www.google.com/search?cs=1&sca_esv=aed0d697877661b8&sxsrf=AE3TifPJmsDvkQ2vr7NGcvrQ4fxjypqoHQ%3A1755618551660&q=Sexual+Maturity+Rating+%28SMR%29&sa=X&ved=2ahUKEwiv2IXhnJePAxUnhP0HHaZYCAwQxccNegQIAxAB&mstk=AUtExfCwAij7vj47jjeG9ZznQZgS9L5RrNSxSKcxq4bcOFyAh7dkms0O57l-9bXlsGTrQsEdf53SLnSMPjZIghvd-BRtmhQwBII5OIoV3uedodU2lA8WlV7F9pKIaX4hf7fr3PjtRuUdpvddMjYIvTIfwLsbvxmRsEHZAm7g0WQGEW1I59Z31otUF08J2lOUofhK6kP6KQUcwihDorpRAa-JpzHCNjwlJbC9B7q1CZA4LTvl6DBRm-3yP0tZfRuB16i7IW2bgFTn1Pa6RDXn6-coyNtnp8l42_oBF-BmmCSJ4AIdHg&csui=3
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¢ Bone mineralization and growth — Bone growth accelerates during puberty in concert with height
velocity, but bone mineralization initially lags behind. Bone growth occurs first in length, followed
by width, then mineral content, and finally bone density. The disparity in the timing of bone growth
and mineralization may place the growing adolescent at increased risk for fractures. The risk for
osteoporosis during adulthood 1s associated with the timing of puberty. This suggests that there may
be a narrow age window of opportunity for pubertal changes to exert maximal effects on peak bone
mass. Possible effects of certain hormonal contraceptives on peak bone mass are discussed
separately.

¢ Weight and body composition — Puberty is associated with significant changes in body weight and
alterations 1in body composition, especially in lean body mass and the proportion of body fat
(adiposity), with different patterns in assigned females compared with assigned males. Growth
curves for body mass index (BMI) reflect the typical increase in body mass that occurs during
puberty but do not reflect the differences between early-maturing and late-maturing children, nor do
they distinguish between changes in lean body mass versus adipose tissue. In early puberty, the
increase in BMI 1s driven primarily by changes in lean body mass. Later in puberty, the increase in
BMI tends to be driven by increases in fat mass, with fat mass contributing more to BMI increases in
assigned females than assigned males.
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Changes in children assigned female at birth

@

the earliest detectable secondary sex characteristic in most assigned females is breast/areolar
development (thelarche) that occurs on average at age 9.3 years. However, 15 to 30 percent develop
pubic hair first (pubarche).

Longitudinal studies from 2000 through 2010 in a large multiethnic cohort of American adolescents
reported that the mean age at thelarche varied by race and ethnicity: 8.8 years in Black children, 9.2
years in Hispanic children, 9.6 years in White non-Hispanic children, and 9.9 in Asian children.

Physiologic leukorrhea, a thin, white, non-foul-smelling vaginal discharge, also typically begins 6 to 12
months before menarche and is caused by estrogen stimulation of the vaginal mucosa.

Menarche occurs, on average, 2.6 years after thelarche. In a longitudinal cohort study, the mean age for
menarche was 12.2 years and varied by race and ethnicity: 11.8 years in Black children, 11.6 years in
Hispanic children, 12.0 years in Asian children, and 12.5 years in White non-Hispanic children.
Variation in BMI accounted for 11 percent of the variance, and race/ethnicity accounted for 6 percent.



Changes in children assigned male at birth

&

The earliest detectable secondary sex characteristic on physical examination in assigned males 1s an increase in
testicular volume, which typically occurs between approximately 9 and 13 years and precedes penile growth
and appearance of pubic hair by approximately six months. Before puberty, testicular volumes are typically 2
mL (or lower, in younger children). While a testicular volume of 3 mL generally indicates that puberty has
started. Testicular volume is typically estimated using the Prader orchidometer, a series of three-dimensional
ellipsoids with volumes from 1 to 25 mL or more.

Penile length increases during Tanner stages 2 and 3; width begins to increase during Tanner stage 3 and
continues through the remainder of puberty.

Penile length is measured using a straight edge on the dorsal surface in the nonerect state from the pubic ramus
to the tip of the glans while compressing the suprapubic fat pad and applying gentle traction to the penis. This
measurement is rarely used to monitor pubertal progress because penile growth is not an early event in puberty
and accurate measurement is difficult and may be awkward for the adolescent.

Although there 1s some temporal variation in the appearance and progression of testicular volume, penile
growth, and pubic hair development, a clear discrepancy between these physical findings may indicate a
pathologic condition. For example, a finding of low testicular volumes in a fully virilized adolescent may be a
sign of Klinefelter syndrome or inappropriate use of exogenous androgens.

Height velocity begins to increase shortly before testicular enlargement and peaks, on average, two to three
years later.



Prader orchidometer




Trends in pubertal timing

¢ Since the mid-1800s, there has been a clear decrease in age at menarche in industrialized
countries; this trend has been attributed to improvements in health and nutrition and was
thought to have plateaued in the mid-1900s. However, demographic studies over the last
several decades have indicated a continued (albeit slower) trend towards earlier pubertal
onset, with larger changes in assigned females than in assigned males. This trend has
captured the attention of the lay press, which often exaggerates the findings and/or
conflates events that occur in early versus late puberty, such as thelarche versus menarche.
While several factors are known to influence pubertal timing, the precise physiologic
determinants of pubertal timing and the reason for these trends remain unclear. Factors
that may contribute to these trends include endocrine-disrupting chemicals, nutrient intake,
and obesity:.



Identifying precocious and delayed puberty

& Precocious puberty — Precocious puberty is usually defined as breast development prior to eight years
of age 1n assigned females and testicular enlargement before the age of nine years in assigned males.

The trend toward earlier onset of puberty in assigned females has important implications for the diagnosis
of precocious puberty. In the United States, it has been suggested that a threshold of seven years for
thelarche 1n White children and six years in Black children be used for initiating an evaluation for
precocious puberty. However, concerns have been raised that following these suggestions may lead to
underdiagnosis of pathological disorders.

& Delayed puberty — Delayed puberty is usually defined as lack of breast development by 12 to 13 years
of age 1n assigned females and lack of testicular enlargement by 13 to 14 years of age in assigned males.



Precocious puberty

¢ Initial evaluation — The first step is a focused history and physical examination with pubertal staging.
If this evaluation confirms advanced or progressive development of secondary sexual characteristics,
additional evaluation is warranted.

Etiology and mechanisms of precocious puberty

Precocious development of
secondary sexual characteristics

Peripheral precocity
(eg, adrenal, ovarian, testicular tumors,
Central precocious puberty autonomous gonadal activation
(eg, CNS tumors or [such as McCune Albright syndrome,
malformations, idiopathic) familial male-limited precocious puberty],
congenital adrenal hyperplasia,
exposure to exogenous sex steroids)

Etiology
Benign or nonprogressive

pubertal variants
(eg, nonprogressive or intermittently
progressive precocious puberty,
premature thelarche, premature adrenarche,
isolated premature menarche)

Mechanism Activation of
hypothalamic-pituitary-gonadal
axis with GnRH secretion
leading to increased LH and
FSH secretion

Excess sex steroid production
(+ estradiol or testosterone) with
suppression of hypothalamic-pituitary axis
(y LH and FSH)

Unknown but not
associated with full activation of the
hypothalamic-pituitary-gonadal axis

CNS: central nervous system; GnRH: gonadotropin-releasing hormone; LH: luteinizing hormone; FSH: follicle-stimulating hormone.




Clinical and laboratory characteristics of different forms of early pubertal development

Physical examination: Advancement
through pubertal stages (Tanner stage)

Nonprogressive precocious puberty

Central precocious puberty

No progression in Tanner staging during 3to 6 | Progression to next pubertal stage in 3to 6

months of observation

months

Peripheral precocity

Progression

Growth velocity

Normal for bone age

Accelerated (>6 cm per year)*

Accelerated*

Bone age

Normal to mildly advanced

Advanced for height age

Advanced for height age

Serum estradiol concentration (females)®

Prepubertal®

Prepubertal to pubertal

Increased in ovarian causes of peripheral
precocity or with exogenous estrogen
exposure

Serum testosterone concentration (males,
or females with virilization)®

Prepubertal®

Prepubertal to pubertal

Pubertal and increasing

Basal (unstimulated) serum LH
concentration’

Prepubertal® ¢

Pubertal®

Suppressed or prepubertal®

GnRH (or GnRH agonist) stimulation test"

LH peak in the prepubertal range?®

Lower stimulated LH:FSH ratio¥

LH peak elevated (in the pubertal range)®

Higher stimulated LH:FSH ratio*

CPP: central precocious puberty; LH: luteinizing hormone; GnRH: gonadotropin-releasing hormone; FSH: follicle-stimulating hormone.

* Unless the patient has concomitant growth hormone deficiency (as in the case of a neurogenic form of CPP) or has already passed their peak height

velocity at the time of evaluation, in which case, growth velocity may be normal or decreased for chronologic age.

No change from baseline or LH peak in the
prepubertal range




Imaging in Precocious puberty

Recommendations for imaging depend on the type of precocious puberty:

& *CPP — All males with CPP should have brain MRI because of the high prevalence of central
nervous system (CNYS) lesions in this group. Brain MRI should also be performed in all females
with onset of CPP before six years of age; there is ongoing controversy about the need for
routine imaging of females with CPP onset between six and eight years of age.

& <Peripheral precocious puberty — Males with peripheral precocious puberty may warrant an
ultrasound examination of the testes to evaluate for the possibility of a Leydig cell tumor.
Females with peripheral precocious puberty may warrant a pelvic ultrasound performed to help
identify the presence of an ovarian cyst or tumor.

& In females and males, peripheral precocious puberty and progressive virilization and/or
markedly elevated serum adrenal androgens (eg, DHEAS) occasionally is caused by an adrenal
tumor. If other diagnoses such as congenital adrenal hyperplasia and exogenous androgen or
testosterone exposure have been excluded, such patients should have an ultrasound or computed
tomography (CT) of the adrenal glands.



Delayed Puberty

¢ Definition — Delayed puberty is defined clinically by the absence or incomplete development of
secondary sex characteristics by 12 to 13 years of age in females and 13 to 14 years of age in males.

& eCauses — Delayed puberty 1s caused by inadequate production of gonadal hormones
(estradiol or testosterone). This may be due to abnormalities of the gonad (primary hypogonadism)
or inadequate production of luteinizing hormone (LH) and follicle-stimulating hormone (FSH;
secondary hypogonadism)

Causes of delayed puberty

Primary hypogonadism - High FSH and LH
Congenital
Chromosomal abnormalities (Turner syndrome - 45,X0O; Klinefelter syndrome - 47,XXY)
Anorchia (vanishing testis)
Acquired
Autoimmune or postinfectious
Following trauma or surgery

Chemotherapy, radiation therapy



https://www-uptodate-com.libook.xyz/contents/estradiol-drug-information?topicRef=5814&source=see_link
https://www-uptodate-com.libook.xyz/contents/testosterone-drug-information?topicRef=5814&source=see_link

Secondary hypogonadism - Low to normal FSH and LH

Acquired

Tumors
Benign tumors and cysts
Craniopharyngiomas
Germinomas, meningiomas, gliomas, astrocytomas
"Functional” gonadotropin deficiency
Constitutional delay of growth and puberty
Chronic systemic disease
Acute illness
Malnutrition

Hypothyroidism, hyperprolactinemia, diabetes mellitus, Cushing's disease

Anorexia nervosa, bulimia
Infiltrative diseases
Hemochromatosis
Granulomatous diseases
Histiocytosis
Head trauma
Pituitary apoplexy

Drugs - Marijuana

Congenital

Isolated GnRH deficiency (also known as idiopathic hypogonadotropic hypogonadism)
Without anosmia
With anosmia (Kallmann syndrome)
Associated with adrenal hypoplasia congenita
GnRH deficiency associated with intellectual disability/obesity
Laurence-Moon-Biedl syndrome
Prader-Willi syndrome
Idiopathic forms of multiple anterior pituitary hormone deficiencies

Congenital brain malformations causing GnRH or gonadotropin deficiencies (often associated with craniofacial
anomalies)




Initial evaluation of delayed or stalled puberty

Patient with delayed or stalled puberty

Perform a detailed history and physical
examination with review of growth charts
(refer to inset)

Is there evidence of puberty on
physical examination? (Refer to inset)

v

Neo need for additional evaluation
if puberty cantinues to progress

I
Stalled puberty

“ v

Does the patient have symptoms or signs

of an underlying condition? (Refer to inset)

v

Perform clinical evaluation to diagnose
underlying condition, treat as appropriate

Reevaluate pubertal progression
after treating underlying condition®

|
No progression

v

Measure LH, FSH, gonadal steroids
(estradiol or testosterone)

Interpret the results based on
normative ranges for pubertal stage

Important aspects of the history and examination

for patients with delayed or stalled puberty
History

Assess for:
= Symptoms of an underlying condition
causing pubertal delay such as:
« Abnormal stools, increased thirst/urination,
fatigue (suggestive of chronic disease)
+ Headache, visual changes, galactorrhea
(suggestive of CNS lesion)
+ Calorie restriction, decreased appetite,
weight loss, excessive exercise
= History of late, delayed, or stalled
puberty in biological relatives

Physical examination

Assess for pubertal development:

= The earliest sign of puberty in assigned females
is breast development, which occurs
concurrently with linear growth acceleration
The earliest sign of puberty in assigned males
is testicular enlargement, which occurs
before linear growth acceleration
In the absence of breast development or
testicular enlargement, pubic hair, axillary hair,
and axillary odor are usually signs of adrenarche
(adrenal androgen production) rather than puberty

Assess for signs of an underlying condition:
= Examination findings suggestive of a
chronic disease (eg, joint swelling, goiter)
or genetic syndrome (eg, Turner syndrome,
Kallmann syndrome)
= Growth and weight trends demonstrating
welght loss or height/growth rate below expected

Measure LH, FSH, gonadal steroids
(estradiol or testosterone)

Interpret the results based on
normative ranges for pubertal stage

weight loss or height/growth rate below expected

Allin
reference range

}

‘ Continue to monitor

I
LH, FSH above
normative range
for pubertal stage

v

These findings are suggestive of primary
{(hypergonadotropic) hypagonadism

Diagnostic possibilities include:

= Turner syndrome (45X karyotype)
and its variants

= Klinefelter syndrome (47,XXY karyotype)
and its variants (rarely presents with
delayed puberty)

= Exposure to gonadotoxic agents (most
common iatrogenic cause in all patients)

Additional evaluation will be based on
clinical presentation (eg, karyotype if
features of Turner syndrome)

|
LH, FSH below
reference range
for pubertal stage

v

These findings are suggestive of secondary
(hypogonadatropic) hypogonadism

Diagnostic possibilities include:
s FHHA
= CDGP®
= Anatomic lesions of the hypothalamus
and/or pituitary (congenital or acquired®)
= Inherited forms of hypogonadotropic
hypogaonadism including IHH®

Additional evaluation will be based on clinical
findings at presentation and during ongoing
menitoring (eg, additional laboratory evaluation
if symptoms of underlying illness develop later)




Management of delayed puberty

¢ The approach to management is based on the suspected cause of delayed puberty.

¢ +Most forms of secondary hypogonadism (transient) — The most common forms of secondary hypogonadism are
transient. In these cases, endogenous puberty will occur after appropriate management.

-FHH — When delayed puberty is thought to be a result of underlying illness or undernutrition, the diagnosis 1s FHH.
Treatment 1s directed at addressing the underlying condition.

-Suspected CDGP - For adolescents with suspected CDGP, the two primary management options are supportive
monitoring ("watchful waiting") or short-term therapy with sex steroids (testosterone [in males] or estradiol [in females]).
Decisions about management should be made only after a discussion addressing patients' and caregivers' goals and the
likelihood that each intervention will achieve the desired outcomes.

-Supportive management (watchful waiting) over time is a reasonable option for most younger adolescents (eg, <14 years for
males and <13 years for females) and older adolescents who are not experiencing distress.

-For adolescent males >14 years and females >13 years with suspected CDGP who have had no pubertal progression after 6
to 12 months of supportive monitoring (or stalled puberty) and ongoing psychosocial distress that cannot be alleviated with
behavioral health interventions, we suggest short-term therapy with testosterone (in males) or estradiol (in females) (Grade
2C). Treatment should be conducted under the supervision of a pediatric endocrinologist.

These medications will lead to the development of some secondary sex characteristics. Referral to a pediatric
endocrinologist 1s also warranted if endogenous puberty has not begun by age 16 in males or 15 in females.

¢ <Primary hypogonadism and permanent forms of secondary hypogonadism — Permanent forms of hypogonadism
require testosterone or estradiol therapy to induce puberty and then maintain adult levels of testosterone or estradiol.
Ongoing treatment is needed to minimize sequelae of hypogonadism (eg, osteoporosis). Females also will require
cyclic progesterone.



https://www-uptodate-com.libook.xyz/contents/testosterone-drug-information?topicRef=5814&source=see_link
https://www-uptodate-com.libook.xyz/contents/estradiol-drug-information?topicRef=5814&source=see_link
https://www-uptodate-com.libook.xyz/contents/testosterone-drug-information?topicRef=5814&source=see_link
https://www-uptodate-com.libook.xyz/contents/estradiol-drug-information?topicRef=5814&source=see_link
https://www-uptodate-com.libook.xyz/contents/grade/6?title=Grade%202C&topicKey=PEDS/5814
https://www-uptodate-com.libook.xyz/contents/grade/6?title=Grade%202C&topicKey=PEDS/5814
https://www-uptodate-com.libook.xyz/contents/grade/6?title=Grade%202C&topicKey=PEDS/5814
https://www-uptodate-com.libook.xyz/contents/testosterone-drug-information?topicRef=5814&source=see_link
https://www-uptodate-com.libook.xyz/contents/estradiol-drug-information?topicRef=5814&source=see_link
https://www-uptodate-com.libook.xyz/contents/progesterone-drug-information?topicRef=5814&source=see_link
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2. Primary Prevention

2385 g0 DAl jlan S (Jsa b agmy sha dalse o
(L;uua el Br od.\j A J\ ng.gui.u) alia Cpos 2HPV uﬁu\.\,}uﬂ\j &
Dpgeal SRS ) (g By el sl (alS) ¢ gl cand G juai 3 5e 0 Uil s 40 )l @

(S
L s g b 3 oSla o) ) OSa S 5 apdaie g by () sl Cu jre 5 5 AL 2 6
(sl

Ol ) sdhale culan 390 o Cpall g4 s slie @

(b3 sl ) ) s oS a5 i Culhg )0 3 Ol i (i)l @



3. Secondary Prevention
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4. Tertiary Prevention
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