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ABSTRACT
More than 90% of cases of congenital adrenal hyperplasia (CAH,

the inherited inability to synthesize cortisol) are caused by 21-
hydroxylase deficiency. Females with severe, classic 21-hydroxy-
lase deficiency are exposed to excess androgens prenatally and are
born with virilized external genitalia. Most patients cannot syn-
thesize sufficient aldosterone to maintain sodium balance and may
develop potentially fatal “salt wasting” crises if not treated. The
disease is caused by mutations in the CYP21 gene encoding the
steroid 21-hydroxylase enzyme. More than 90% of these mutations
result from intergenic recombinations between CYP21 and the
closely linked CYP21P pseudogene. Approximately 20% are gene
deletions due to unequal crossing over during meiosis, whereas the

remainder are gene conversions—transfers to CYP21 of deleterious
mutations normally present in CYP21P. The degree to which each
mutation compromises enzymatic activity is strongly correlated
with the clinical severity of the disease in patients carrying it.
Prenatal diagnosis by direct mutation detection permits prenatal
treatment of affected females to minimize genital virilization. Neo-
natal screening by hormonal methods identifies affected children
before salt wasting crises develop, reducing mortality from this
condition. Glucocorticoid and mineralocorticoid replacement are
the mainstays of treatment, but more rational dosing and addi-
tional therapies are being developed. (Endocrine Reviews 21:
245–291, 2000)
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I. Introduction

VIRILIZING congenital adrenal hyperplasia (CAH) is the
most common cause of genital ambiguity, and 90–95%

of CAH cases are caused by 21-hydroxylase deficiency. Fe-
males affected with severe, classic 21-hydroxylase deficiency
are exposed to excess androgens prenatally and are born
with virilized external genitalia. First described in the mid-
19th century, a more thorough understanding of this disease
was not forthcoming until the mid-20th century, when the
recessive nature of the genetic trait and identification of
hormonal abnormalities were recognized (1).

The fundamental defect among patients with CAH due
to 21-hydroxylase deficiency is that they cannot adequately
synthesize cortisol. Inefficient cortisol synthesis signals the
hypothalamus and pituitary to increase CRH and ACTH, re-
spectively. Consequently, the adrenal glands become hyper-
plastic. But rather than cortisol, the adrenals produce excess sex
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