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Why is management of patients with classical congenital
adrenal hyperplasia more difficult at puberty?
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Congenital adrenal hyperplasia (CAH) due to
21-hydroxylase deficiency is an autosomal recessive
condition in which deletions or mutations of the
cytochrome P450 21-hydroxylase gene cause
glucocorticoid and often mineralocorticoid deficiency.
Despite optimal substitution therapy, control of classical
CAH is often inadequate at puberty, and the problems
encountered relate to hypocortisolism and/or
hyperandrogenism. A number of physiological
alterations in the endocrine milieu at puberty, which
include alterations in the growth hormone/insulin-like
growth factor axis, insulin sensitivity, as well as the
activity of enzymes participating in cortisol metabolism
and adrenal steroidogenesis, may account for the
documented hypocortisolism and elevated androgen
production, and may explain the difficulty in
maintaining adequate adrenocortical suppression in
pubertal patients with classical 21-hydroxylase
deficiency.
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ongenital adrenal hyperplasia (CAH)
caused by 21-hydroxylase deficiency is an
autosomal recessive condition, in which
deletions or mutations of the cytochrome P450
21-hydroxylase gene result in glucocorticoid and
often mineralocorticoid deficiency. This leads to
increased secretion of adrenocorticotropic hormone (ACTH) by the anterior pituitary, adrenal
hyperplasia, and increased production of androgens and steroid precursors for which 21hydroxylation is not necessary (fig 1).1 2 Glucocorticoid substitution is given to suppress the
excessive secretion of corticotrophin releasing
hormone (CRH) and ACTH by the hypothalamus
and anterior pituitary respectively, and to reduce
the circulating concentrations of adrenal androgens. Treatment efficacy reflects the adequacy of
adrenocortical suppression and is assessed by
monitoring annualised growth velocity, the rate
of skeletal maturation, and serum concentrations
of androgen precursors.1 2
Despite adequate substitution therapy, however, control of classical 21-hydroxylase deficiency
is often difficult and patients are at risk for developing in tandem iatrogenic hypercortisolism
and/or hyperandrogenism, both of which are
responsible for the main problems encountered in
their management, such as compromised final
height, obesity, hyperinsulinism, hirsutism, poly-

cystic ovarian syndrome, poor fertility, and
psychosexual identification problems.1
Limitations of current medical therapy include:
(1) inability to control hyperandrogenism without employing supraphysiological doses of glucocorticoid and therefore inducing hypercortisolism; (2) hyperresponsiveness of the hypertrophied adrenal glands to ACTH following a
small ACTH challenge in the event of escape from
pituitary suppression; and (3) difficulty in suppressing the anterior pituitary with glucocorticoids, given that glucocorticoid feedback is only
one of the mechanisms governing ACTH
secretion.3
In addition to the above, a number of clinical
observations suggest that puberty imposes
greater difficulty in achieving and maintaining
adrenal suppression despite optimal doses of substitution therapy. This difficulty in maintaining
optimal control in pubertal patients with classical
CAH has been attributed traditionally to nonadherence to medical therapy as a result of
psychosocial factors relating to adolescence. At
puberty, children often rebel against authority in
an attempt to gain more control and independence over their world,4 parental supervision over
their medical therapy decreases with the expectation that adolescents will assume responsibility
for the treatment tasks,5 and conformity to peers
increases, so that adolescents are inclined not to
adhere to a treatment regimen in an attempt to
become “normal” and to minimise the risk of
rejection by their peers.6 7 Regardless of age and
developmental stage, adherence to medical
therapy may also depend on the frequency of
drug administration, the intensity of therapy, the
side effects of certain medications,8 9 the child’s
level of optimism, and the support provided by
other members of the family.9 10
Non-adherence to medical therapy, however,
only explains in part the problems encountered in
the management of pubertal patients with classical CAH. There is increasing evidence to suggest
that alterations in the endocrine milieu at puberty
may influence cortisol pharmacokinetics and,
consequently, the handling of hydrocortisone
used as replacement therapy. Recent studies have
.................................................
Abbreviations: ACTH, adrenocorticotrophic hormone;
BMI, body mass index; CAH, congenital adrenal
hyperplasia; CRH, corticotrophin releasing hormone; GFR,
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insulin-like growth factor binding protein

Arch Dis Child: first published as 10.1136/adc.86.4.266 on 1 April 2002. Downloaded from http://adc.bmj.com/ on September 30, 2020 by guest. Protected by copyright.

REVIEW

Classical congenital adrenal hyperplasia at puberty

267

StAR protein
scc
17 α-hydroxylase
Pregnenolone

17-OH pregnenolone

3 β -HSD

DHEA

3 β -HSD

17 α-hydroxylase
Progesterone

17 β -HSD

17,20-lyase

3 β -HSD

17-OH progesterone

A

21-hydroxylase

3 β -HSD

17 β -HSD

17,20-lyase

21-hydroxylase

Androstenediol

Testosterone

Aromatase

Aromatase

17 β -HSD
Deoxycorticosterone

11-deoxycortisol

11 β -hydroxylase

Corticosterone

Oestrone

Oestradiol

11 β -hydroxylase

Cortisol

Present in adrenal
and gonadal tissue

18-hydroxylase

18-OH corticosterone

18-OH dehydrogenase

Aldosterone
Figure 1 Schematic representation of adrenal steroidogenesis. Solid line: major pathway. Dotted line: major pathway in ovaries and minor in
adrenals. *Deficient enzymatic activity results in CAH. StAR, steroidogenic regulatory protein; scc, cholesterol side chain cleavage enzyme;
3β-HSD, 3β-hydroxysteroid dehydrogenase; 17β-HSD, 17β-hydroxysteroid dehydrogenase; DHEA, dehydroepiandrosterone; A,
androstenedione.

shown a significant increase in cortisol clearance at puberty
(fig 2A), and a shorter half life of free cortisol in pubertal
females compared to their male counterparts (fig 2B).11
Puberty results from increased gonadotrophin secretion
from the anterior pituitary in response to gonadotrophin
releasing hormone (GnRH) secretion from the hypothalamus.
The rise in sex steroid concentration is associated with
increased growth hormone (GH) secretion from the anterior
pituitary, which leads to increased insulin-like growth factor
(IGF)-I concentrations and the pubertal growth spurt.12–14
Associated with this there is a decrease in insulin sensitivity
and a parallel elevation in insulin concentrations.15 At the tissue level, insulin reduces IGF binding protein 1 (IGFBP-1)
concentrations, altering tissue exposure to IGF-I.16
The increase in cortisol clearance at puberty is primarily the
result of inhibition of the activity of 11β-hydroxysteroid dehydrogenase type I (11β-HSD1) secondary to the alterations in
the endocrine milieu.11 11β-HSD1 is one of the main hepatic
enzymes participating in cortisol metabolism, which acts predominantly as an oxo-reductase, converting inactive cortisone
to active cortisol.17–19 The increase in GH, IGF-I, and oestradiol
concentrations at puberty can have an independent or a combined effect in causing a decrease in the activity of 11βHSD1.20–22 The effect of IGF-I on 11β-HSD1 activity is further
enhanced by the decrease in IGFBP-1 concentrations secondary to the raised insulin concentrations.16 Inhibition of

11β-HSD1 activity effectively increases the metabolic clearance rate of cortisol.20 An additional mechanism that results in
increased cortisol clearance is the increase in renal clearance
of cortisol secondary to an increase in glomerular filtration
rate (GFR) in response to the raised GH and IGF-I concentrations. IGF-I increases GFR via a direct effect on the glomerular vasculature and a decrease in renal glomerular afferent and
efferent arteriolar resistance, while the action of GH is likely to
be mediated by IGF-I.23–26
The above changes in cortisol pharmacokinetics, if the
administration schedule of oral hydrocortisone remains
unchanged, will result in hypocortisolism, loss of control of
the hypothalamic–pituitary–adrenal (HPA) axis, inadequate
suppression of the adrenal cortex, and excessive production of
androgens and steroid precursors. The increased secretion of
adrenal androgens will be further amplified by the increased
17, 20 lyase activity and/or decreased 3β-hydroxysteroid dehydrogenase (3β-HSD) activity secondary to the rise in GH,
IGF-I, IGF-II, and insulin concentrations at puberty.27–31 Moreover, the increased insulin concentrations will suppress the
synthesis of sex hormone binding globulin by the liver, further
enhancing hyperandrogenism.32 33 As androgens and androgen
precursors are known to compete with exogenously administered glucocorticoids for the same receptors,34 both hypocortisolism and hyperandrogenism will operate as independent
factors to amplify the loss of control. Increased ACTH
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Figure 2 Box plot schematic representation of (A) total cortisol
clearance in prepubertal, pubertal, and postpubertal patients with
classical 21-hydroxylase deficiency; and (B) half life of free cortisol
in pubertal male and female patients with classical CAH. The line is
drawn across the box at the median. The lower line of the box is at
the first quartile (Q1) and the upper line is at the third quartile (Q3).
The whiskers are the lines that extend from the top or the bottom of
the box to the adjacent values within ± 1.5 × (Q3 − Q1). The
asterisks indicate significant differences between groups (From
Charmandari E, Hindmarsh PC, Johnston A, Brook CGD. Congenital
adrenal hyperplasia due to 21-hydroxylase deficiency: alterations in
cortisol pharmacokinetics at puberty. J Clin Endocrinol Metab
2001;86(6):2701–8).

secretion, in turn, may further potentiate hypocortisolism by
increasing the metabolic clearance rate of cortisol.35
Besides the above alterations in cortisol pharmacokinetics
at puberty, obesity is an important factor that contributes significantly to the problems encountered in the management of
these patients. Children with classical 21-hydroxylase deficiency have significantly higher values of body mass index
(BMI) and fat mass throughout childhood compared to their
normal counterparts.36 This most likely reflects the supraphysiological doses of glucocorticoid often employed in an
attempt to suppress the adrenal cortex effectively, and/or the
impaired adrenomedullary function and decreased catecholamine secretion documented in these patients.37 Compared to
normal subjects matched for age and BMI, children with classical CAH also have significantly higher serum insulin
concentrations and insulin resistance index, as determined by
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the homoeostasis model assessment method.38 This is probably the result of long standing adrenomedullary hypofunction in association with intermittent hypercortisolism and/or
adrenal hyperandrogenism. Hyperinsulinism and insulin
resistance, in turn, may further stimulate adrenal and ovarian
steroidogenesis, and may play an important role in the development of polycystic ovary syndrome,39 metabolic syndrome
related atherosclerotic cardiovascular disease in adult life,39 40
and adrenal incidentalomas.41–43
It is worth noting that the above alterations are expected to
affect pubertal female patients more than males because of
the sexually dimorphic patterns in GH secretion, the activity
of 11β-HSD1, and the concentrations of corticosteroid binding
globulin.44–48 Recent studies have shown that the half life of
free cortisol is significantly shorter in pubertal females with
classical CAH compared to their male counterparts.11 These
observations may explain why management of female
patients at puberty is often problematic, and indicate more
frequent administration of oral hydrocortisone in these
patients.
We conclude that in children with classical 21-hydroxylase
deficiency, alterations in the endocrine milieu at puberty may
result in inadequate suppression of the HPA axis despite optimal substitution therapy and adherence to treatment. The
increase in GH secretion and the rise in IGF-I and oestradiol
concentrations result in decreased conversion of cortisone to
cortisol, and hypocortisolism. In addition, these alterations in
association with the raised insulin concentrations at puberty
lead to increased adrenal and ovarian androgen production.
Both hypocortisolism and hyperandrogenism result in increased ACTH secretion, which, in turn, may further potentiate hypocortisolism by increasing the metabolic clearance rate
of cortisol, thus establishing a vicious cycle. Administration of
oral hydrocortisone should be more frequent than twice daily
in pubertal patients with classical CAH, particularly in
females.

Authors’ affiliations
E Charmandari, C G D Brook, P C Hindmarsh, London Centre for
Paediatric Endocrinology, University College London, London, UK

REFERENCES
1 New MI, Wilson RC. Steroid disorders in children: congenital adrenal
hyperplasia and apparent mineralocorticoid excess. Proc Natl Acad Sci
1999;96):12790–7.
2 White PC, Speiser PW. Congenital adrenal hyperplasia due to
21-hydroxylase deficiency. Endocr Rev 2000;21:245–91.
3 Van Wyk JJ, Gunther DF, Ritzen EM, et al. The use of adrenalectomy as
a treatment for congenital adrenal hyperplasia. J Clin Endocrinol Metab
1996;81:3180–90.
4 Koocher GP, McGrath ML, Gudas LJ. Typologies of nonadherence in
cystic fibrosis. J Dev Behav Pediatr 1990;11:353–8.
5 Anderson BJ, Brackett J, Ho J, Laffel LM. An office-based intervention to
maintain parent-adolescent teamwork in diabetes management. Impact
on parent involvement, family conflict, and subsequent glycemic control.
Diabetes Care 1999;22:713–21.
6 Brown BB, Eicher SA, Petrie S. The importance of peer group (“crowd”)
affiliation in adolescence. J Adolesc 1986;9:73–96.
7 Ungar MT. The myth of peer pressure. Adolescence 2000;35:167–80.
8 Czajkowski DR, Koocher GP. Medical compliance and coping with
cystic fibrosis. J Child Psychol Psychiatry 1987;28:311–19.
9 Gudas LJ, Koocher GP, Wypij D. Perceptions of medical compliance in
children and adolescents with cystic fibrosis. J Dev Behav Pediatr
1991;12:236–42.
10 Hauser ST, Jacobson AM, Lavori P, et al. Adherence among children
and adolescents with insulin-dependent diabetes mellitus over a four-year
longitudinal follow-up: II. Immediate and long-term linkages with the
family milieu. J Pediatr Psychol 1990;15:527–42.
11 Charmandari E, Hindmarsh PC, Johnston A, Brook CGD. Congenital
adrenal hyperplasia due to 21-hydroxylase deficiency: alterations in
cortisol pharmacokinetics at puberty. J Clin Endocrinol Metab
2001;86:2701–8.
12 Miller JD, Tannenbaum GS, Colle E, Guyda HJ. Daytime pulsatile
growth hormone secretion during childhood and adolescence. J Clin
Endocrinol Metab 1982;55:989–94.

Arch Dis Child: first published as 10.1136/adc.86.4.266 on 1 April 2002. Downloaded from http://adc.bmj.com/ on September 30, 2020 by guest. Protected by copyright.

A

Classical congenital adrenal hyperplasia at puberty

32

33

34

35
36
37
38

39
40

41

42
43
44
45

46
47
48

and, more potently, IGF-II preferentially enhance androgen biosynthesis
through interaction with the IGF-I receptor and IGF-binding proteins. J
Endocrinol 1998;158:409–17.
Plymate SR, Matej LA, Jones RE, Friedl KE. Inhibition of sex
hormone-binding globulin production in the human hepatoma (Hep G2)
cell line by insulin and prolactin. J Clin Endocrinol Metab
1988;67:460–4.
Singh A, Hamilton-Fairley D, Koistinen R, et al. Effect of insulin-like
growth factor-type I (IGF-I) and insulin on the secretion of sex hormone
binding globulin and IGF-I binding protein (IBP-I) by human hepatoma
cells. J Endocrinol 1990;124:R1–3.
Janowski A. Naturally occurring adrenal steroids with salt losing
properties: relationship to congenital adrenal hyperplasia. In: Lee P,
Plotnick L, Kowarski AA, Migeon C, eds. Congenital adrenal
heperplasia. Baltimore: University Park Press, 1977:99–112.
Zisper RD, Speckart PF, Zia PK, et al. The effect of ACTH and cortisol on
aldosterone and cortisol clearance and distribution in plasma and whole
blood. J Clin Endocrinol Metab 1976;43:1101–9.
Cornean RE, Hindmarsh PC, Brook CG. Obesity in 21-hydroxylase
deficient patients. Arch Dis Child 1998;78:261–3.
Merke DP, Chrousos GP, Eisenhofer G, et al. Adrenomedullary
dysplasia and hypofunction in patients with classic 21-hydroxylase
deficiency. N Engl J Med 2000;343:1362–8.
Charmandari E, Weise M, Bornstein SR, et al. Children with classic
congenital adrenal hyperplasia have elevated serum leptin concentrations
and insulin resistance: potential clinical implications. Poster presentation
at the National Institutes of Health Research Meeting, Bethesda, MD,
2001.
Dunaif A. Insulin resistance and the polycystic ovary syndrome:
mechanism and implications for pathogenesis. Endocr Rev
1997;18:774–800.
Arslanian SA, Lewy VD, Danadian K. Glucose intolerance in obese
adolescents with polycystic ovary syndrome: roles of insulin resistance
and beta-cell dysfunction and risk of cardiovascular disease. J Clin
Endocrinol Metab 2001;86:66–71.
Seppel T, Schlaghecke R. Augmented 17 alpha-hydroxyprogesterone
response to ACTH stimulation as evidence of decreased 21-hydroxylase
activity in patients with incidentally discovered adrenal tumours
(‘incidentalomas’). Clin Endocrinol (Oxf) 1994;41:445–51.
Reincke M, Fassnacht M, Vath S, et al. Adrenal incidentalomas: a
manifestation of the metabolic syndrome? Endocr Res 1996;22:757–61.
Barzon L, Scaroni C, Sonino N, et al. Incidentally discovered adrenal
tumors: endocrine and scintigraphic correlates. J Clin Endocrinol Metab
1998;83:55–62.
Cotterill AM, Cowell CT, Baxter RC, et al. Regulation of the growth
hormone-independent growth factor-binding protein in children. J Clin
Endocrinol Metab 1988;67:882–7.
Low SC, Assaad SN, Rajan V, et al. Regulation of 11β-hydroxysteroid
dehydrogenase by sex steroids in vivo: further evidence for the existence
of a second dehydrogenase in rat kidney. J Endocrinol
1993;139:27–35.
Nwe KH, Hamid A, Morat PB, Khalid BA. Differential regulation of the
oxidative 11β-hydroxysteroid dehydrogenase activity in testis and liver.
Steroids 2000;65:40–5.
Jansson JO, Oscarsson J, Mode A, Ritzen EM. Plasma growth hormone
pattern and androgens influence the levels of corticosteroid-binding
globulin in rat serum. J Endocrinol 1989;122:725–32.
Mataradze GD, Kurabekova RM, Rozen VB. The role of sex steroids in
the formation of sex-differentiated concentrations of corticosteroid-binding
globulin in rats. J Endocrinol 1992;132:235–40.

www.archdischild.com

Arch Dis Child: first published as 10.1136/adc.86.4.266 on 1 April 2002. Downloaded from http://adc.bmj.com/ on September 30, 2020 by guest. Protected by copyright.

13 Rose SR, Municchi G, Barnes KM, et al. Spontaneous growth hormone
secretion increases during puberty in normal girls and boys. J Clin
Endocrinol Metab 1991;73:428–35.
14 Blum WF, Albertsson-Wikland K, Rosberg S, Ranke MB. Serum levels of
insulin-like growth factor I (IGF-I) and IGF binding protein 3 reflect
spontaneous growth hormone secretion. J Clin Endocrinol Metab
1993;76:1610–16.
15 Amiel SA, Sherwin RS, Simonson DC, et al. Impaired insulin action in
puberty: a contributing factor to poor glycaemic control in adolescents
with diabetes. N Engl J Med 1986;315:215–19.
16 Travers SH, Labarta JI, Gargosky SE, et al. Insulin-like growth factor
binding protein-I levels are strongly associated with insulin sensitivity and
obesity in early pubertal children. J Clin Endocrinol Metab
1998;83:1935–9.
17 Gower DB. Steroid catabolism and urinary excretion. In: Makin HLJ, ed.
Biochemistry of steroid hormones. Oxford: Blackwell Science Ltd, 1984.
18 Stewart PM. 11β-Hydroxysteroid dehydrogenase: implications for
clinical medicine. Clin Endocrinol (Oxf) 1996;44:493–9.
19 White PC, Mune T, Agarwal AK. 11β-hydroxysteroid dehydrogenase
and the syndrome of apparent mineralocorticoid excess. Endocr Rev
1997;18:135–6.
20 Moore JS, Monson JP, Kaltsas G, et al. Modulation of
11β-hydroxysteroid dehydrogenase isozymes by growth hormone and
insulin-like growth factor: in vivo and in vitro studies. J Clin Endocrinol
Metab 1999;84:4172–7.
21 Toogood AA, Taylor NF, Shalet SM, Monson JP. Modulation of cortisol
metabolism by low-dose growth hormone replacement in elderly
hypopituitary patients. J Clin Endocrinol Metab 2000;85:1727–30.
22 Jamieson P, Chapman KE, Edwards CRW, Seckl JR. 11β-hydroxysteroid
dehydrogenase is an exclusive 11β-reductase in primary cultures of rat
hepatocytes: effect of physicochemical and hormonal manipulations.
Endocrinology 1995;136:4754–61.
23 Birkett DJ. Clearance of drugs by the kidneys. In: Pharmacokinetics.
Roseville, Australia: McGraw-Hill Australia Ltd, 1998:55–65.
24 Riedl M, Hass M, Oberbauer R, et al. The effects of prolonged
substitution of recombinant human growth hormone on renal functional
reserve in growth hormone-deficient adults. J Am Soc Nephrol
1995;6:1434–8.
25 Krieg RL, Santos F, Chan JCM. Growth hormone, insulin-like growth
factor and the kidney. Kidney Int 1995;48:321–36.
26 Hammerman MR. The growth hormone–insulin-like growth factor axis in
kidney re-visited. Nephrol Dial Transplant 1999;14:1853–60.
27 Merola B, Rossi E, Colao A, et al. Effect of a short-term treatment with
recombinant growth hormone (GH) on adrenal responsiveness to
corticotrophin stimulation in children affected by isolated GH deficiency.
J Clin Endocrinol Metab 1992;74:1210–14.
28 Balducci R, Toscano V, Larizza D, et al. Effects of long-term growth
hormone therapy on adrenal steroidogenesis in Turner syndrome. Horm
Res 1998;49:210–15.
29 L’Allemand D, Penhoat A, Lebrethon MC, et al. Insulin-like growth
factors enhance steroidogenic enzyme and corticotropin receptor
messenger ribonucleic acid levels and corticotropin steroidogenic
responsiveness in cultured human adrenocortical cells. J Clin Endocrinol
Metab 1996;81:3892–7.
30 Mesiano S, Katz SL, Lee JY, Jaffe RB. Insulin-like growth factors augment
steroid production and expression of steroidogenic enzymes in human
fetal adrenal cortical cells: implications for adrenal androgen regulation.
J Clin Endocrinol Metab 1997;82:1390–6.
31 Fottner C, Engelhardt D, Weber MM. Regulation of steroidogenesis by
insulin-like growth factors (IGFs) in adult human adrenocortical cells: IGF-I

269

