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Topic outline 

• Basic puberty 
– Adrenarche: Prepubertal & Peripubertal 

– Gonadarche: Pubertal  

• Hormonal values by age 

• Pitfalls 
– GH examination 

• Prepubertal dip 

• Diagnosis of GH deficiency 

– Sex steroid examination 
• Ontogeny of Gonadotrophin levels 

• Diagnosis of delayed or precocious puberty 

 



Introduction 

 Onset 

 Female : 8-13 years old 

 Male : 9.5-13.5 years old 

 Basic changes 

 neuroendocrine : gonadotropin, sex steroid, and GH 

 biologic/physical : linear growth, body composition, reproductive 
organs  



Introduction 

Puberty 

 Transition period between 

childhood to adult 

• Maturation of reproductive 

organs and attainment of 

fertility“ 

• Termination  of linear 

growth through estrogen 
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Puberty Development 



Puberty landmark  

Event 
Age 

(years) 

Thelarche 10-11 

Pubarche 10.5-11.5 

Growth Spurt 11-12 

Menarche 11.5-13 

Adult Breast 
Development 

12.5-15 

Adult Sexual Hair 13.5-16 





ADRENARCHE 



Role of adrenarche 

• Adrenarche is the prepubertal onset of increased adrenal 
secretion of DHEA, DHEA-S, and androstenedione and 
occurs in children at about age 6-8 years 

• The hypothesis presented in the present paper proposes that 
adrenarche is a harbinger or promoter of gonadarche, an 
evolutionary safeguard, ensuring that gonadarche occurs 
earlier and perhaps with greater certainty than it would 
otherwise.  

• The hypothesis proposed here is that adrenarche, which 
precedes gonadarche, provides the initial source of 
androgens, leading to the disinhibition of GnRH, and hence 
gonadarche 

Nader. J Pediatr Adolesc Gynecol. 2007;20:353e360 



Clinical signs 

• Development of body odor, pubic and axillary hair 

• occur after 8 years in both boys and girls  

• onset is subject to wide individual variations.  

• Progressive increase in the secretion of weak androgens by the 
adrenal glands, in particular dehydroepiandrosterone (DHEA) and 
its sulfate (DHEAS), occurs until adult values are reached at about 
15 years of age or in the mid- to late pubertal years.  

• Precocious adrenarche will occur before the age of 8 years, usually 
between 5 and 7 years and is a common reason for referral to a 
pediatric endocrinology clinic. It is thought to be a normal variant of 
development as long as the growth velocity is in the pre 
pubertalrange, the bone age is at most only mildly advanced  

 

Granados A,Kasa-Vubu JZ. Pediatrics (Newsletter).2014;23:3-9 



Adrenarche 

• maturation zona reticularis of the adrenal gland, resulting in 
increased production of adrenal androgens associated with 
secondary sexual   characteristics such as the development 
of pubic hair (pubarche), axillary hair, body odor, and acne.  

• Adrenarche typically begins at the age of 8 years, but can 
occur as early as 6 years 

• the onset of adrenarche appears to be a gradual, progressive 
maturational process that begins in early childhood and is 
marked by further increases in the production of adrenal 
androgens (DHEA, DHEA-S, androstenedione) around the 
time of puberty  

• Adrenarche may precede gonadarche by 1 to 2 years in boys 
and girls, but the timing of clinical signs can vary. 

Nathan BM, Palmert MR.Endocrinol Metab  Clin N Am. 2005;34: 617–641 



Serum DHEA and DHEAS levels 

before and after the onset of human 

adrenarche. 

Rege, Rainey. J  Endocrinol. 2012; 214:133–143 



GONADOTROPHIN 



HPG Axis 



Pattern of gonadotropin secretion 

https://obgynkey.com/wp-content/uploads/2016/06/B978141605940000031X_gr2.jpg 



Normal Puberty: 

Endocrine control 

Serum LH levels 
throughout the 
pubertal stages. Note 
nocturnal release 
initially in early 
puberty. 

 



LH, FSH and E2 - PUBERTAL STAGE 

Hormonal changes 
Secondary sexual characteristic 
changes (tanner stage) 

1                 2                 3                4                  5 



LH, FSH and Testosterone and 

PUBERTAL STAGE 



 

Brämswig & Dübbers. Dtsch Arztebl Int. 2009;106:295–304. 



GROWTH IN ADOLESCENT 
Normal variants of growth were found in 82% of children whose height decreased at the third 

percentile (-2 SD) but in only 50% of those whose height decreased at the first percentile (-3 SD) 

of the mean for age. (Lacy et al. Arch Dis Child 1974;49:417–24) 



Interactions of the major growth-

promoting hormones during puberty. 

Styne, Grumbach. Williams Textbook of Endocrinology. 2016. p1074-1218 



GH in puberty 

• GH secretion ↑ in 
accordance with LH/FSH ↑ 
at onset 

• Girl higher basal levels 
during puberty – maximal 
approximately at menarche 
and subsequently decline 

• GH secretion highly 
pulsatile – most occur 
during sleep 

• Sex steroid increases 
amplitude more than 
frequency 



Growth hormone secretion and pulse 

Muller et al. Physiological Reviews.1999;79:511-607 



A, The 24-hour and standard error (+SE) levels of 

growth hormone (GH) for groups of normal boys at 

varied stages of pubertal maturation 

 B, The mean (+SE) area under the GH concentration-

versus-time curve for individual GH pulses, as 

identified by the cluster pulse detection algorithm. 

C, The number of GH pulses (+SE), as detected by the 

cluster algorithm, in the 24-hour GH concentration 

profiles for boys in each of the pubertal study groups. 

ALTERATIONS IN THE PULSATILE PROPERTIES OF CIRCULATING 

GROWTH HORMONE CONCENTRATIONS DURING PUBERTY IN BOYS 

Cooke DW, Divall SA, Radovick S. In: Williams Textbook of 

Endocrinology. 2016. p  964-1073 





Constitutional Delay of Growth and Puberty  

vs Hypogonadotrophic Hypogonadism 

Soliman & de Sanctis.Indian J Endocrinol Metab. 2012;16:698-705  



LAB REFERENCE VALUE 





Sex Steroid – Tanner Staging 

HPLC/MS-MS 
Testosterone 

Estradiol 



Gonadotrophin – Tanner Staging 

ECL 

Luteinizing Hormone 

Follicle Stimulating Hormone 



Reference Lab 

Age Group 
Testosterone* LH (IU/L)** FSH (IU/L)** Estradiol* 

Boys Girls Boys Girls Boys Girls Boys Girls 

Newborn 75-400 20-64             

                  

Prepubertal             <1.5 <1.5 

Tanner stage 1 <16 <16  0.3-2   2   3.7  0.4-6.7 0.5-1.1 0.5-2 

Tanner stage 2 <167 <40 0.3-5.1   6.5   12.2  0.5-8.7 0.5-1.6 1-2.4 

Tanner stage 3 7-762  <60  0.3-6.9 0.3-17.2    17.4  1.2-11.4 0.5-2.5 0.7-6 

Tanner stage 4 25-912 <62  0.5-5.3  0.5-26.3  0.3-8.2 0.7-12.8  1-3.6 2.1-8.5 

Tanner stage 5 110-975 <68  0.8-11.8   0.6-13.7  1.1-12.9  1/0-11/6 1-3.6 3.4-17 

Note: *esoterix from Williams textbook of endocrinology 

        ** Mayo Clinic 



Styne, Grumbach. Williams Textbook of  Endocrinology. 2016. p1074-1218 



24-hour secretion pattern of serum estradiol 

in healthy prepubertal and pubertal girls 



Conclusion 

• Significant hormonal changes during puberty 

• Hormonal levels interpretation accordant with 

pubertal stage 

• Hormone characteristic important to correct 

interpretation 

• Normal hormonal levels during puberty 

identical to optimal health status of adolescent 

 


