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Puberty



Secular trends in pubertal development

Papadimitriou A, The Evolution of the Age at Menarche from Prehistorical to Modern Times, J Pediatr Adolesc Gynecol 2016 

Paleolithic woman
7-13 years

In the classical
14 years (12-15)

After the industrial 
revolution: 15-16 years

Second half of the 
20th century: 12-
13 years

Modern girls: 
sexual 
development 
5 months to a 
year earlier than 
those of 30 to 
50 years ago



Slyper AH, The pubertal timing controversy in the USA, and a 
review of possible causative factors for the advance in timing 
of onset of puberty. Clin Endocrinol 2006 

Has there been a secular advance in pubertal
timing?



• No general consensos regarding breasts at T2

• Pubarche has advanced at least 6 months

• Less change with respect to menarche

• Slowling in the overall tempo of female pubertal development

Has there been a secular advance in pubertal
timing?



Secular trend toward an increased final height 
at adulthood

Kim JH, Observed Trends for an Earlier Onset of Puberty: When is the Need for Treatment Indicated?, J Korean Med Assoc (2009) 



• Leptin receptors have been identified in the hypothalamus, gonadotrope cells, ovarian 

follicular cells and Leydig cells

• Obese children present increased leptin and androgen levels

• Early maturing girls are more likely to become obese in adolescence and adulthood

• Early maturing caucasian girls are heavier at the onset of puberty (NOT true for 

adrican-americans)

• No proved association in boys

Role of obesity and leptin on pubertal
development

Slyper AH, The pubertal timing controversy in the USA, and a review of possible causative factors for the advance in timing 
of onset of puberty. Clin Endocrinol 2006 
Shalitin S, Putative Effects of Obesity on Linear Growth and Puberty, Hormone Research in Pediatrics 2017



• Association between early pubarche, hyperandrogenaemia and hyperinsulinaemia

• Levels of insulin and HOMA-IR are higher in earlier maturing girls

• Early menarche is associated with metabolic syndrome

• Early menarche is associated to PCOS

• Lifestyle, nutrition…

Hyperinsulinemia and secular shift in onset of
puberty

Frontini MG, Longitudinal changes in risk variables underlying metabolic Syndrome X from childhood to young adulthood in female subjects

with a history of early menarche: the Bogalusa Heart Study. Int J Obes Relat Metab Disord 2003

Lazar L, Early polycystic ovary-like syndrome in girls with central precocious puberty and exaggerated adrenal response. Eur J Endocrinol 1995



Birth weight and puberty

• Low size at birth

• Faster growth rates in early infancy

• Higher mother’s postpartum BMI

earlier menarche



Premature adrenarche



Qual é o papel que a leptina desempenha no 
crescimento e no início da puberdade?
Premature adrenarche

Pubic and axillary hair

Adult type body odor

Oily skin and hair

Acne

Transient growth acceleration

Bone maturation

< 8 yr♀
< 9 yr♂

Ø breast or testicular enlargement

DHEAS concentration ≥ 40 µg/dl 

(Rosenfield RL, Pediatrics 2009)

PREMATURE PUBARCHE

PREMATURE ADRENARCHE



Qual é o papel que a leptina desempenha no 
crescimento e no início da puberdade?
Premature adrenarche

• Prevalence

• Finnish children: 8.6% in girls and 1.8% in boys (Mantyselka A, J Clin Endocrinol Metab 2014)

• Turkish girls: 4.3% (Atay Z, Acta Paediatrica 2012)

• American girls: ≤ 3% (Rosenfield RL, Pediatrics 2009)

• Physiopathology?

• Consequences?



Premature adrenarche



Qual é o papel que a leptina desempenha no 
crescimento e no início da puberdade?
Premature adrenarche

Prenatal growth restriction in girls Premature pubarche Polycystic ovarian syndrome, 
hyperandrogenism, insulin 
resistance and metabolic syndrome



Qual é o papel que a leptina desempenha no 
crescimento e no início da puberdade?
Premature adrenarche

• Hyperinsulinism is present at prepubertal 

diagnosis of PP and increases markedly in late 

puberty

• The regulation of the insulin/IGF system in girls 

with PA seems to be altered (↑ IGF1, ↑ IGFBP3, 

↓ IGFBP1, ↑ IGF1/IGFBP1 ratio) 

• Girls with PA display early findings of 

atherosclerosis, subclinical inflammation and 

fibrinolytic abnormalities



Qual é o papel que a leptina desempenha no 
crescimento e no início da puberdade?
Premature adrenarche



Qual é o papel que a leptina desempenha no 
crescimento e no início da puberdade?
Premature adrenarche

Flinna M, Nepomnaschyb P, Muehlenbeinc M, Ponzid D, Evolutionary 
functions of early social modulation of hypothalamic-pituitary-adrenal 
axis development in humans, Neuroscience and Biobehavioral Reviews 
35 (2011) 1611–1629

Ze’ev Hochberg, Evo–devo of child growth II: human life history 
and transition between its phases, European Journal of 
Endocrinology (2009) 160 135–141



Progressive versus non-progressive 
precocious puberty



Precocious puberty

• Sexual precocity

• < 8 yrs in girls and 9 yrs in boys (< 2.5 SD from the mean)

But… 

• 15.4% african-american and 5% white girls present breast budding between 7-8

• 29.3% white, 27.3% mexican-american and 37.8% african-american boys have Tanner 2 genitalia at

8 years of age

Herman-Giddens ME, Slora EJ, Wasserman RC, Bourdony CJ, Bhapkar MV, Koch GG, Hasemeier CM. Secondary sexual 
characteristics and menses in young girls seen in office practice: a study from the Pediatric Research in Office Settings
network. Pediatrics 1997;99(4):505-12



Threshold for evaluation

223 girls aged 7-8 years for whites and 6-8 

yeras for african-americans – 12.3% had a 

pathological cause for their sexual precocity

“Caucasian girls who have breast and/or 

pubic hair development before 7 years of age 

and for African-American girls who have 

these findings before 6 years of age“



Etiology

Precocious puberty (isosexual)

GnRH dependent (Central PP)

Idiopathic (90% girls)

CNS insults (meningites, trauma, tumors)

Late treatment of CAH (trigger)

GnRH independent (Peripheral PP) 

McCune albright
Testotoxicosis
Gonadal tumours
Adrenal tumours
HCG secreting hepatoblastoma
Pineal tumours
CAH (males)
Sex steroids ingestionBenign pubertal variants

• Premature thelarche
• Premature adrenarche
• Pubic hair of infancy
• Benign prepubertal vaginal bleeding



Non-progressive/intermittently progressive/slowly 
progressive/unsustained precocious puberty

• Bone age not as advanced 

• Fewer clinical signs of excessive oestrogen

production

• Normal growth hormone secretion

• Lack of excessive progression of bone age 9 to 12 

months after the onset of puberty are good 

indicators of moderate oestrogen activity

Fontoura M, Brauner R, Prevot C, Rappaport R, Precocious puberty in girls: early 
diagnosis of a slowly progressing variant. Arch Dis Child 1989;64(8):1170-6



Non-progressive/intermittently progressive/slowly 
progressive/unsustained precocious puberty

• Serum LH concentrations are within the pre-

or early-pubertal range

• FSH-predominant response is seen in GnRHa

stimulation testing

• Adult height is not affected

• Monitoring for evidence of pubertal 

progression

• Treatment with a GnRHa is not needed



Non-progressive/intermittently progressive/slowly 
progressive/unsustained precocious puberty



Brain magnetic resonance imaging

• All boys with CPP and girls < 6 yrs

• Girls 7-8 yrs if:

• no clinical evidence of CNS pathology

• family history of earlier pubertal onset

• Increased BMI

• Younger age of onset of pubertal signs and higher basal LH and estradiol concentrations –

predictive features for intracranial pathology

Pedicelli S, Alessio P, ScirèG, Cappa M, Cianfarani S, Routine screening by brain magnetic resonance imaging is not indicated in 
every girl with onset of puberty between the ages of 6 and 8 years. J Clin Endocrinol Metab 2014;99(12):4455-61.



Treatment in central precocious puberty

• Goals of treatment

• Decision to treat



Indications for treatment in central 
precocious puberty

Decision to treat

Age Rate of pubertal progression Height velocity Bone age 
advancement

Onset of CPP < 6 
yrs - 9 to 10 cm

Onset of CPP > 6 
yrs – 4 to 7 cm

Slow if no change in stage of 
breast, pubic hair, or genital 
development during 6 or more 
months of observation

Accelerated if more than 
6 cm per year Estimated adult

height

Jennifer Harrington, Mark R Palmert, Treatment of precocious puberty, Uptodate 2017
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