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The physiology of puberty

« Definition
« Puberty - a hormonally induced process of physical maturation and

growth spurt, which is completed by achieving sexual maturity and
reproductive capacity (ovulation in girls, spermatogenesis in boys)

« Adolescence - psychosocial maturation, a period of transition
between childhood and adulthood

« Puberty - characterized by the development of secondary sexual
characteristics, maturation of the gonads and achieving reproductive
capacity

- onset of puberty
« girls - 8 - 13 years (average 10.6 years) breast development
* boys -9 - 14 years (average 11.5 years), ftesticular volume (4-6 ml)




The physiology of puberty

 Hormonal axis

1. Hypothalamus - pituitary gland — gonads

2. Hypothalamus — growth hormone

3. Zona reticularis of the adrenal glands (adrenal
androgens)




The physiology of puberty

 Hypothalamic GnRH pulse generator — complex system
 Gonadostat part of the GnRH pulse generator,

« functionally connected by a network of GnRH neurons.

« Gonadostat settings change during childhood

« Fetal and perinatal period — gonadostat is insensitive to negative
feedback from sex hormones.

« Infancy - 1 sensitivity of the gonadostat to negative feedback,

« Childhood (middle) — gonadostat highly sensitive, activity of the GnRH
pulse generator is minimal

« Late prepuberty - |inhibition of the gonadostat —onset of puberty
* 1 pulsatile secretion of GnRH. i

« 1 sensitivity of pituitary gonadotropes to GnRH,

« 1 secretion of LH, FSH, initially at night
« 1 sensitivity of gonads to gonadotropins
« 7elevels of sex

Wagner IV et al. Nature Reviews Endocrinology, 2012




The physiology of puberty

Gonadotropin level dynamics
Fetal period

Increase in GnRH secretion LH, FSH max. 23rd—24th week
Neonatal period

AXxis reactivation — 1 pulsatile GnRH secretion in the
hypothalamus

LH, FSH max. 6th—8th week (minipuberty)
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period

Koeppen & Stanton: Berne and Levy Physiology, 6th Edition.
right © 2 imprint of Elsevier, Inc. All rights reserved



Adrenarche

Adrenal cortex maturation — age 58 years

Precedes gonadarche
Development of the adrenal zona reticularis

1 secretion of adrenal androgen precursors (DHEA, DHEAS)

Clinical manifestations — change in body odor, oily hair,
acne, pubic and axillary hair growth



Gonadarche

Gonadarche — activation of the

gonads

Interaction between the
hypothalamus, pituitary gland, and

gonads

| GnRH-inhibiting factors
T GnRH-stimulating factors
T Neurotransmitters

KISS gene — key role in triggering

puberty
Other genes...




The physiology of puberty

« Clinical manifestations of the onset of puberty
* Girls

« Mammary glands — estrogens

« Pubic hair - androgens (adrenal/ovarian)

* Boys

« Testes - FSH/LH

« Spermatogenesis FSH/LH

* Masculinization — androgens

« Growth spurt - androgens




Assessment of puberty

(Tanner, Marshall, 1970)




The course of puberty
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Average age of menarche among Czech girls — 13 years (10.5-15.5 years)



Bone age assessment

 Tanner — Whitehouse 3 (from 2001 — Belgian population -1969-80,

Spanish population -1980s, and Americans of European descent -1985-
95, approx. 5,300 children)

* Greulich-Pyle (from 1959, USA, X-rays from the 1930s, selected
small group of children — 2,500 children)

« Boneexpert...
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Delayed puberty - definition

Delayed puberty — pubertas tarda

Absence of the first signs of puberty at a
chronological age greater than 2-2.5 SDS from the
average age of puberty onset

Prolonged adolescence — the period from the first
signs of puberty to full sexual maturity — longer than
S years

Girls
Absence of breast development after age 13
Boys

Persistent prepubertal testicular volume (less than 4
ml) after age 14




Delayed puberty - causes

Constitutional delay in growth and puberty
Physiological variant of normal development

Short stature relative to chronological age

Delayed bone age

Height corresponds to the expected range when corrected for
bone age

Positive family history of delayed onset of puberty

Delayed activation of the hypothalamic-pituitary-gonadal axis

Hypogonadotropic hypogonadism

Hypergonadotropic hypogonadism




Delayed puberty- dif. dg.

Hypogonadotropic hypogonadism

Genetic causes Kallmann syndrome (anosmia or hypoosmia)

Prader-Willi syndrome
Lawrence-Moon-Biedl syndrome

Organic causes of CNS Tumors (kraniofaryngeoma, germinoma, glioma)

After radiation exposure

Trauma CNS

Congenital malformations of CNS
Isolated gonadotropin deficiency
Panhypopituitarism

Functional gonadotropin Chronic systemic diseases

deficiency

Malnutrition

Diabetes mellitus -uncompensated
Anorexia nervosa

Cystic fibrosis




Hypogonadotropic hypogonadism
genetics




Delayed puberty- dif. dg.

Hypergonadotropic hypogonadism

Boys

Girls

Genetic causes

Klinefelter syndrome

(karyotype 47, XXY and its

variants

Turner syndrome

(karyotype 45, XO,
mozaics...)

Noonan syndrome

Noonan syndrome

Gonadal dysgenesis

Gonadal dysgenesis

Others

Anorchism/cryptorchidism

Ovarectomy

Radiation exposure

Radiation exposure

Adnexitis




Delayed puberty - examination

« Symptoms of chronic diseases

e Child growth and development
(growth retardation)

* Nutritional status
Turner syndrome, 46X0O/46XX

« Craniofacial dysmorphia

« Congenital developmental
defects

« Sense of smell! (Kallmann
syndrome)

Noonan syndrome




Delayed puberty - examination

Laboratory screening

BC, CRP, FW, biochemistry, antitransglutaminase antibodies,
urine

Hormones — estradiol x testosterone
Gonadotropins (LH, FSH) basal concentrations

dif. Dg. hypo x hypergonadotropic hypogonadism
(hypergonadotropic hypogonadism 1 FSH, LH, significant
increase FSH)

Karyotype — hypergonadotropic hypogonadism (Turner
syndrome)

Hormonal vaginal cytology in girls (vaginal smear)
LH-RH test - hypothalamus-pituitary-gonadal axis assessment




Delayed puberty - examination

* Bone age (X-ray of the left wrist) — biological
age, growth prognosis

 Ultrasound of internal reproductive organs

« MRI CNS - indicated cases (laboratory-
confirmed pituitary hormone deficiency,
headaches, visual field disorders)




Precocious puberty

Development of secondary sexual characteristics more than
2.5 SD from the mean value of the population norm

Girls - development of mammary glands before the age of 8
Boys - enlargement of the testes before the age of 9

Early puberty — (constitutional acceleration) 2-2.5 SD
from the age population norm

(girls between 8 and 9 years, boys between 9 and 10 years)

Familial occurrence




Precocious puberty- classification

« Complete precocious puberty

« Accelerated growth rate

» Accelerated bone maturation

« Behavioral and psychological changes

« Short final height!!!!

 Psychosocial problems

« Classification of complete PP

« central (true) — gonadotropin dependent

* Always isosexual, 1:5,000-10,000 children, girls:boys 23:1
« Peripheral (pseudopubertas praecox) — gonadotropin independent
* Isosexual and heterosexual (contrary to biological sex)

* |Incomplete premature puberty

* Only some of the signs of puberty, without acceleration of bone
maturation and growth




Central precocious puberty

Constitutional precocious puberty

Idiopathic precocious puberty (up to 70% of cases in girls, only 28% in boys)

Tumors - CNS

Hamartoma
Astrocytoma
Glioma

Acquired CNS diseases

Meningitis(encephalitis)
CNS abscess

CNS trauma

CNS surgery

After radiation exposure
Granuloma

Congenital anomalies of the CNS

Genetics

Hydrocephalus
Arachnoid cysts
KISS1, KISS1R, MKRN3,




Peripheral precocious pseudopuberty

« Congenital adrenal hyperplasie

 HCG-secreting tumors (boys)

Adrenal, ovarian, and testicular tumor

(1 estrogens or testosterone)

Follicular cysts in girls

McCune-Albright syndrome

« Excess of exogenous androgens or estrogens




Incomplete forms of PP

Physiological development variant (norms)

Isolated development of one of the sexual characteristics
No accelerated growth rate

No accelerated bone age

Telarche praecox

Pubarche praecox

Menarche praecox



Incomplete forms of PP

Telarche praecox

Breast enlargement without other signs of puberty
Usually in girls up to 2-3 years of age

Halban's reaction - newborn age (maternal estrogens)

Thelarche before 2-3 years of age — mini-puberty — 1
estrogens

Thelarche between 6 and 8 years of age

External sources of estrogens — breastfeeding mother,
phytoestrogens, mother's cosmetics...

No accelerated bone age, growth rate
Treatment not necessary, clinical monitoring and 4-6 months

When to examine? — progression of findings,
acceleration of growth rate...

Telarche praecox after 2 years of age — reason for
examination !!




Incomplete forms of PP

Pubarche praecox

Premature development of pubic and/or axillary hair
without other signs of puberty

T activity of sebaceous and sweat glands (changes in body
odor, oily hair)

Usually between the ages of 6 and 7

Etiology — prematurely increased secretion of weak
androgens of adrenal origin (DHEAS)

Caution! Signs of severe androgen excess (clitoral
enlargement, growth acceleration, severe forms of
acne) must be a reason to rule out rare virilizing tumors
and certain forms of congenital adrenal hyperplasia!




Incomplete forms of PP

Menarche praecox

Single or cyclic vaginal bleeding
Time-limited, rare
Etiology unclear, activation of the reproductive axis?

Increase in FSH and estrogen secretion — endometrial

sensitivity to? estrogen
but estrogen levels are insufficient for breast enlargement

No effect on onset of puberty, final height, or fertility




Precocious puberty - diagnosis

1. History
« Age of onset of pubertal signs

« Rate of progression (transient, fluctuating, slowly progressive, rapidly
progressive)

* Onset of puberty in parents and siblings

 Headaches, vision, hearing, behavioral changes,
performance, seizures, CNS disorders, fluid balance, etc.

 Influence of external steroids (phytoestrogens in diet,
medication, cosmetics)

* Phytoestrogens - more than 300 plants, most fruits, vegetables
(small amounts), soy, flaxseed, sesame, chia seeds... hops...




Precocious puberty - diagnosis

 Physical examination
1. Pubertal stage according to Tanner
« 2. Growth rate (growth curve)

« 3. Skin manifestations — pigmentation disorders
hyperpigmentation — McCune-Albright syndrome,

e cafe au lait — neurofibromatosis

« X-ray of the left wrist — bone age (acceleration > 2SD, i.e.
1.5-2 years)

« Cave: acceleration of growth rate + acceleration of bone
age — examination necessary!!!




Precocious puberty - diagnosis

 Laboratory tests

« Sex hormones — basal serum concentration
» Boys — testosterone levels correspond to the stage of puberty

 Girls — estradiol levels are not sufficiently indicative! (specificity and sensitivity of
commercial kits, fluctuations in estradiol levels)

* High concentration with low gonadotropin levels — peripheral pseudopuberty
« Gonadotropins

 LH - basal concentration

« LH < 0.2 mlU/l - prepubertal, peripheral pseudopuberty,

« cave: only partial diagnostic value! Girls with a pubertal response to GnRH may also have
this value

« LH>0.2-0.3 mlU/l — progressive CPP

* FSH - limited diagnostic signifikance

« (in Lebl J et kol. Détska endokrinologie a diabetologie, 2016)

- 17 -a0OH progesterone (screening CAH) — in indicated cases
« Other adrenal steroids

« HCG - inindicated cases

« Hormonal vaginal cytoloin qirlsk




Imaging methods and PP

MRI CNS -CPP

Ultrasound of internal reproductive organs

Ultrasound or CT of adrenal glands

(if a tumor is suspected)




Goals of diagnosis and treatment

« Etiology of the disorder
« Susceptibility to treatment
« Severity of etiology (expansion, etc.)

- Early initiation of treatment
« Ensuring final height
* Ensuring psychosocial development
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