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Abstract
Congenital adrenal hyperplasia (CAH) is an autosomal recessive disor-
der of adrenal corticosteroid biosynthesis affecting 1/10,000e15,000

live births. The most common form is 21-hydroxylase deficiency
caused by mutations in the CYP21A2 gene. CAH classically presents
at birth with ambiguous genitalia in an affected girl. Salt loss, which
can be life-threatening, is the only sign in an affected newborn boy.
An adolescent girl with CAH has a syndrome of hirsutism, acne and
irregular periods. Treatment aims to replace adequate amounts of
glucocorticoid and mineralocorticoid hormones, but avoid adverse ef-
fects such as growth suppression in childhood, and obesity and
adverse metabolic profile in adult life. Serum 17OH-progesterone
and adrenal androgens are increased in CAH because of 21-
hydroxylase deficiency and can be useful markers to monitor treat-

ment. Surgery for ambiguous genitalia is usually performed around
12e18 months of age if a reduction in size of the clitoris is needed.
However, this can damage nerves and affect later sexual function.
Vaginoplasty can be deferred until puberty. The option of prenatal
treatment with dexamethasone to prevent virilization of an affected fe-
male fetus has lacked diagnostic specificity. Fetal DNA analysis of
early maternal serum samples now avoids unnecessary fetal exposure
to potent glucocorticoids.
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Introduction

Congenital adrenal hyperplasia (CAH) is a life-long autosomal

recessive disorder of adrenal corticosteroid biosynthesis. Clinical

presentation varies according to severity of corticosteroid

enzyme deficiency and patient age. It classically presents at birth

with ambiguity of the external genitalia in an affected girl.

Pathophysiology

The adrenal cortex produces glucocorticoids, mineralocorticoids

and sex hormones. Cortisol production is dependent on adreno-

corticotrophic hormone (ACTH) and controlled via a classic

negative-feedback mechanism. Aldosterone production is under

the control of the renineangiotensin system. Cholesterol is the

starting point in all corticosteroid-producing endocrine glands,

with several enzymatic steps required for cortisol and aldoste-

rone production. Defects in the early steps of corticosteroid

biosynthesis, such as deficiencies in steroid acute regulatory

protein, 3b-hydroxysteroid dehydrogenase and 17,20-lyase, also

affect gonadal corticosteroid production; these rare forms of CAH

are not discussed here.

Deficiency of 11b -hydroxylase, the final enzymatic step in

cortisol production, accounts for about 5% of cases. This also

causes virilization of an affected girl at birth; however, salt

retention from the effects of increased 11-deoxycorticosterone,

rather than salt wasting, characterizes this form of CAH. Hy-

pertension is usually identified in late childhood or adolescence

and can be severe.

Figure 1 shows the pathophysiological consequences of 21-

hydroxylase deficiency, the most common enzyme deficiency

causing CAH.1 The accumulation of 17OH-progesterone under

the continued ACTH drive, because of underproduction of

cortisol, leads to excessive production of adrenal androgens that

are converted in the liver to testosterone. A female fetus, exposed

to androgens from as early as 8 weeks of gestation, has an

enlarged clitoris and fusion of the labioscrotal folds. The degree

of virilization can give the appearance of normal male genitalia.

However, the absence of palpable testes should prompt further
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ically targeted to the affected female fetus but should only be

used in clinical trials committed to assess the long-term effects

postnatally
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investigation. Affected male infants are not ‘supervirilized’ at

birth, although the scrotal skin can appear hyperpigmented. The

21-hydroxylase enzyme is also required to synthesize aldoste-

rone, so salt loss occurs in most newborns with CAH. This is

typically the only clue to the diagnosis in affected male

newborns.

The 21-hydroxylase form of CAH is present in >90% of in-

dividuals and is caused by mutations in the CYP21A2 gene, on

the short arm of chromosome 6. About 10 different mutations

account for the vast majority of cases of 21-hydroxylase defi-

ciency. These include large gene deletions and chimaeric genes

resulting from misalignment and unequal crossover during

meiosis, which together account for 25e30% of cases of defi-

ciency. About 65e75% of patients are compound heterozygotes

for CYP21A2 mutations.

Epidemiology

CAH has an incidence of 1/10,000e15,000 live births, based on

figures from newborn screening programmes in several devel-

oped countries. A precise figure is not available in the UK as CAH

is not a component of the newborn screening programme. The

incidence is about 1/12,000 births on clinical case ascertainment

with no sex imbalance, as expected for an autosomal recessive

disorder. This is the raison d’etre for screening to prevent death

from CAH in male infants. Furthermore, the blood spots for

newborn screening tests in the UK are not collected until 5e7

days after birth whereby a male infant may have presented with

salt wasting before the 17OH-progesterone result becomes

available. The mild or late-onset form of CAH has an incidence as

high as 1/1000, and occurs in about 6% of women who are

hirsute. This form of CAH is not detected by newborn screening

of blood spot 17OH-progesterone concentrations.

Clinical features

CAH is subdivided into classical forms (virilization presenting

early, with or without salt loss) and non-classical forms (late-

onset forms presenting in late childhood or adolescence). Table 1

summarizes the different modes of presentation according to age,

key modes being:

� ambiguous genitalia in an affected female newborn

� a salt-losing crisis in a male newborn

� a syndrome of hirsutism, acne and irregular periods in an

adolescent/adult female patient.

The diagnosis is confirmed by elevated concentrations of

serum 17OH-progesterone (often �300 nmol/litre (normal <10

nmol/litre)) and testosterone, which can be in the adult male

range (10e30 nmol/litre). Hyponatraemia and hyperkalaemia

indicate a salt-losing crisis, and there can also be hypoglycaemia.

In the late-onset form of CAH, the diagnosis is confirmed by

demonstrating an exaggerated 17OH-progesterone response to

short-acting ACTH stimulation. Genetic analysis is performed to

identify the specific CYP21A2 mutations, to confirm the diag-

nosis. There is a reasonable concordance between genotype and

phenotype during infancy and childhood, but less so in adult-

hood, mainly as a result of an acquired impairment in health

status. Once a genetic diagnosis is known, cascade screening can

be performed in the family and in partners to determine the risk

for future children.

Management

Infancy
When the external genitalia are ambiguous in appearance, the

underlying cause must be ascertained as soon as practicable to

reach a decision with the family about sex assignment. Demon-

strating that the sex chromosomes are XX by fluorescence in situ

hybridization and karyotype analysis, together with an elevated
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Figure 1

Clinical presentation of CAH

Age Sex Presentation

Infancy F Ambiguous genitalia

M/F Salt loss

Early childhood M Virilization, rapid growth

Late childhood F Early pubic hair, rapid growth

Adolescence/young

adult

F Delayed menarche, irregular menses,

acne, hirsutism, infertility

M Testicular masses, infertility

F, female; M, male.

Table 1
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