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Diagnosis and management of congenital adrenal hyperplasia:
Clinical, molecular and prenatal aspects

ROLl MATHUR, MADHULlKA KABRA, P. S. N. MENON

ABSTRACT
Congenital adrenal hyperplasia (CAH) is the most common
cause of female pseudohermaphroditism in Indian children. It is
caused by enzymatic defects in the steroidogenic pathway of the
adrenal glands and is characterized by impaired cortisol and
aldosterone synthesis and overproduction of androgens. The
disease usually presents with life-threatening problems and
virilization, with long term physical and psychological effects.
The clinical and laboratory diagnoses play an important role in
deciding the course of treatment, which continues lifelong. To
ensure proper growth and development of the patient, optimized
disease management and treatment with steroids is required.
Often the patient also requires surgical correction.

Recent developments in molecular genetics have greatly
helped in understanding the pathogenesis of the disease. The
gene encoding for steroid 21-hydroxylase, CYP21, islocated on
the short arm of chromosome 6 in the HLA region and is
amplified for genetic diagnosis. Rapid characterization of point
mutations is possible using the allele-specificpolymerase chain
reaction technique in affected children. Counselling, prenatal
diagnosis and treatment are recommended in all pregnant
women with a positive family history to reduce or eliminate the
effects in affected foetuses. This spares the female newborn the
consequences of genital ambiguity and problems of gender
identity.
Natl Med J India 200 1; 14:26- 31

INTRODUCTION
Congenital adrenal hyperplasia (CAR) is an autosomal recessive
inherited disorder of biosynthesis of adrenal steroids. It is charac-
terized by deficiency of one ofthe five enzymes in the biosynthetic
pathway I-steroid 2 l-hydroxylase (P450c2l), l lji-hydroxylase
(P450cll), 3~-hydroxysteroid dehydrogenase (3~-HSD), 17a-
hydroxylase (P450cl7), and cholesterol side-chain cleavage
enzyme (P450scc).

All forms of CAR carry a 25% risk of recurrence in every
pregnancy, once an affected child is born in a family.' The
incidence in different populations ranges between 1:10 000 and
1:15000 live-births. 3,4 There are no data available on its incidence
in India but it can be estimated that with the current birth rate of
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approximately 24 million/year and a disease frequency of 1 in
14000, about 1700 infants are born with CAR every year.' The
non-classic form of the disease is reported to occur at a frequency
of 1 in 100 in some populations."

Congenital adrenal hypaplasia is the commonest cause of
female pseudohermaphroditism in Indian children. 7 Deficiency of
steroid 21-hydroxylase is the cause in about 90%-95% of CAR,
followed by 11~-hydroxylase deficiency in approximately 5% of
cases." The other enzyme deficiencies are rare and found in less
than 1% of cases of CAR. Deficiency of steroid 2l-hydroxylase
has a wide spectrum of manifestations and can be broadly classi-
fied into classic and non-classic forms. The presentation of the
classic form of the disease varies from a severe life-threatening,
salt-wasting form (SW) to a simple virilizing form (SV). The mild
late onset form is called the non-classic form (NC). 10.1IAbout 75%
of patients with classic disease are salt losers and only about 25%
are simple virilizers.

DIAGNOSIS
Clinical findings
The classical finding is masculinization of the genitalia, recog-
nized at birth in genetic females. This may be so severe that gender
assignment is difficult, and may be incorrect. Variable labioscrotal
fusion, a single urogenital sinus, genital pigmentation and clitoro-
megaly are the common findings (Fig. l). Boys usually appear
normal at birth but may present with penile enlargement, rapid
growth and advanced skeletal maturation. In patients with the SW
form, both sexes present with severe renal loss of sodium,
hyperkalaemia, dehydration and vomiting within the first few
weeks of birth, accompanied by virilizing symptoms in girls.12.13 In
simple virilizers, only masculinizing symptoms are present in
females with no threat to life. Boys are normal at birth and the
disease appears later in the form of peripheral precocious puberty.
The NC form of the disease is also called the late onset form and
appears at the time of puberty or in adulthood. Affected girls
present with hirsutism, cystic acne, amenorrhoea, polycystic ovary
disease and sometimes, infertility. Symptoms are absent in most
boys but a few may present with peripheral precocious puberty. 14.15

Table I gives the clinical features of the different forms of CAR.

Laboratory investigations
Patients with complete enzyme deficiency are unable to convert
progesterone to deoxycorticosterone. This results in aldosterone
deficiency and the kidney cannot retain sodium. Thus sodium
levels fall and the kidney retains potassium resulting in
hyponatraemia, hyperkalaemia, acidosis, hypotension, shock and
even death.
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FIG1. Photograph of a girl child showing ambiguity of genitalia

Inability to convert 17-hydroxy progesterone (17-0HP) to 11-
deoxycortisol results in glucocorticoid deficiency. A low concen-
tration of cortisol results in increased secretion of adrenocorti-
cotrophic hormone (ACTH), leading to accumulation of 17-OHP
which in turn gets converted to testosterone. Thus, along with 17-
OHP, raised ACTH and androgen levels are useful adjunctive
tests along with 17-0HP. Cortisol levels are usually low in
patients with the SW type, but are often normal in the SV type.
However, as the cortisol levels may not always be extremely low,
it is not very useful as a diagnostic test. Measurement of 17-0HP
in the serum is the most useful test for the diagnosis of steroid 21-
hydroxylase deficiency." Plasma 17-0HP is markedly elevated
but measurement ofother steroids such as 17-hydroxypregnenolone,
dihydroepiandrosterone (DHEA) and androstenedione is also
important, as certain tumours can also produce abundant 17-
OHP.16 The levels are also high in premature infants and in
unaffected full-term infants under severe stress during the first
2-3 days after birth but usually fall to normal levels later.

In patients with SW disease, a sodium deficit can be detected
and the potassium level is high towards the end of the first week
of life; monitoring of electrolyte balance is therefore important.
Plasma renin activity (PRA) is elevated and serum aldosterone is
inappropriately low for the renin levels.

In patients with the SV form of the disease, aldosterone and
cortisol levels are within the normal range but androgen levels are
increased. Occasionally, PRA levels may be elevated.

In the NC form, androgen levels are slightly raised and the
genitalia are normal. The circulating 17-OHP levels are not as
high in the NC form as in the classic form. The diagnosis of the NC
form of CAR is hence made by estimation of 17-OHP at 0 minutes
and 60 minutes after stimulation with ACTH and comparing the
levels obtained with nomograms." Levels of urinary 17-keto-
steroids and pregnanetriol are elevated. However, it is difficult to
do a 24-hour urine collection in young girls.

Karyotyping is done to assign the correct sex to the neonate
with virilization. A retrograde genitourethrogram (RGU), ultra-
sound (USG) and magnetic resonance imaging (MRI) are helpful

TABLEI. Clinical classification of congenital adrenal hyperplasia

Type Female Male

Salt-wasting Hyperpigmentation, severe dehydration, vomiting, diarrhoea,
hyponatraemia, hyperkalaemia, salt-losing adrenal crisis

Prenatal virilization
Clitoromegaly
Single urogenital sinus
Fusion of labia
Scrotalization oflabia

majora
Precocious puberty

Pigmented scrotum
Undescended testes
Penile enlargement
Hypospadias
Advanced skeletal maturation
Precocious puberty

Simple
virilizing

Prenatal virilization
Clitoromegaly
Single urogenital sinus
Fusion oflabia
Scrotalization oflabia

majora
Precocious puberty

Pigmented scrotum
Undescended testes
Penile enlargement
Hypospadias
Advanced skeletal maturation
Precocious puberty

Non-classic Clitoromegaly
Early/increased pubic hair
Irregular periods
Hirsutism
Acne
Polycystic ovary
Infertility

Early/increased pubic hair
Acne
Mostly asymptomatic

in outlining the internal female genital anatomy and enlarged
lobulated adrenals. Bone age is advanced as compared to the
chronological age.

Molecular diagnosis
Recent developments in molecular genetics have helped in under-
standing the pathogenesis of the disease. The clinical diversity
results from different mutations that combine to form genotypes
with different degrees of enzyme activity. 18Molecular techniques
have localized two genes encoding steroid 21-hydroxylase on the
short arm of chromosome 6 in the HLA region. 19,20There is One
active gene (CYP21) and another inactive pseudogene (CYP21P)
on this locus. The CYP21 gene is 3.3 Kb with 10 exons and codes
for 494 amino acids. CYP21 and CYP21P have a 98% homology
in the nucleotide sequences making the study of the locus com-
plex. There are some deleterious sequences in the pseudogene
CYP21P which render it inactive.i':" Figure 2 shows the CYP21
gene locus on chromosome 6. Mutations in the CYP21 gene
causing steroid 21-hydroxylase deficiency occur due to two mecha-
nisms: gene deletion and gene conversion. The presence of highly
homologous, tandernly arranged genes provides an opportunity
for meiotic mispairing and unequal crossing over between sister
chromatids leading to gene duplication and/or gene deletion.
Homozygous gene deletion leads to complete loss of21-hydroxy-
lase enzyme activity causing severe SW disease. Gene conversion
events account for a variety of point mutations which cause altered
enzyme activity of the CYP21 product. At least 36 mutations have
been reported so far from different parts of the world."

Many different methods have been used for an effective genetic
diagnosis of CAH. The genetic linkage between the CYP21 gene
locus and the HLA-B and DR loci has made detection possible by
means of HLA typing. Detection of restriction fragment length
polymorphisms in the highly polymorphic and closely linked HLA
loci permits the affected chromosomes to be identified if the
proband is available.P-" Southern blotting using allele-specific
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FIG2. HLA locus showing the position of the CYP21 gene and the CYP21P pseudogene
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oligonucleotide hybridization, ligation detection reaction or
direct sequencing of the gene are some of the other methods
available for diagnosing the exact defect.27•28

Molecular diagnosis and characterization of point mutations
can be done by a rapid method based on allele-specific PCR. 29,30 In
this method, the CYP21 gene is selectively amplified in two
fragments against the pseudo gene. Allele-specific primers are
used in the second round of nested PCR. These primers are
designed in such a manner that they differ at their 3' end in
having a wild type or mutant allele. The PCR reaction for each
sample is carried out in two tubes using a different allele-specific
primer. Thus, in the presence of mutation, the primer with the
mutant allele at the 3' end gives the band and in the absence of
the mutation, the primer with the wild type allele gives the band.
Following this method, rapid direct detection of common point
mutations is possible. Figure 3 shows the strategy followed for
characterization of mutations.

Clinicalfeaturesandlaboratoryinvestigations
(ambiguousgenitalia,dehydration,hyperpigmentation,serumNa', K+,

17-hydroxyprogesterone,karyotyping)

1
Confirmdiagnosisandclassifytypeofdisease
(salt-wasting,simplevirilizing,non-classic)

~
Therapyandsurgery 5-7 mlbloodinEDTA

~ExtractionofgenomicDNA
~

CheckforhomozygousdeletionofCYP21
~

CYP21deletion CYP21present
~

AmplificationofCYP21againstCYP21P
~

Fragment1 Fragment2
~ ~

Allele-specifictypingofpointmutations

FIG3. Strategy for molecular diagnosis

DISEASE MANAGEMENT
Treatment of an adrenal crisis is critical for the survival of
neonates suffering from salt loss. Electrolytes and fluid therapy
must be instituted as early as possible. Injections of hydrocorti-
sone are life saving. In the first hour, a solution of 5% dextrose and
0,9% sodium chloride at 20 ml/kg body weight is administered
followed by 100 ml/kg for 24 hours. During an acute crisis,
hydrocortisone is administered as a bolus in a dose of 50 mg/m",
followed by 100 mg/mvday in 3-4 divided doses in the first 24
hours.

Long term maintenance therapy is initiated after the adrenal
crisis is controlled. The endogenous production rate of cortico-
steroid is 9.5-15.5 mg/mvday. Thus, hydrocortisone in adose of
15-20 mg/rnvday in 2 or 3 divided doses is used during follow
up, For infants and growing children hydrocortisone is a better
choice as growth inhibition is less. Prednisolone is three times
more potent and dexamethasone thirty times more potent than
hydrocortisone and can be given to adolescents and adult women.
At times of stress such as trauma, surgery and severe illness, the
dose must be increased to three times the maintenance dose, In
addition, fludrocortisone is given in a dose of 0.05--0.3 rug/day.
The requirement of mineralocorticoids is usually high in the first
12-24 months of life (0.2-0.3 mg/day) but decreases from
childhood to adulthood to 0,1 mg/day. Simple virilizers usually
require only glucocorticoid replacement. Patients with non-SW
disease may also have elevated PRA levels and may require a
mineralocorticoid. About 50-100 mg/kg/day of salt must be
given to infants and ad lib to older children. Follow up must be
done every 3 months with laboratory estimation of serum 17-OHP,
testosterone, Na/K and PRA, along with growth assessment.

Children and adolescents should be managed in collabora-
tion with an endocrinologist. The target of therapy is to achieve
normal growth velocity without rapid advancement of bone
maturity. Thus, it is important to adjust the glucocorticoid dose
in relation to the body size and to individual requirements. There
is a temporal variation in requirement; in infancy the dose
required is much higher than in childhood and there is an
increase at puberty. Measurement of 17-0HP and testosterone,
preferably at about 8-9 a.m., from time to time is also of
importance in establishing the required dose.
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Outcome of treatment
Regular treatment does not always give optimal results due to
problems of compliance and other factors. The long term outcome
of patients undergoing treatment reveals that the adult height is
below normal in both male and female subjects." Some of the
other associated problems with all forms of CAH are cushingoid
features, psychosocial abnormalities and excessive weight gain.
Many females had an inadequate introitus and the fertility rate was
also low. Heterosexual activity has been reported.F:"

Surgical correction
It is important to correct the ambiguous genitalia of females early
in life. Usually, the correction is done in two steps. In the first,
surgical reduction in phallic size and correction of the labioscrotal
folds are done, while in the second, exteriorization of the vaginal
opening is performed. The first surgery is generally carried out
after 12 weeks of life. However, in SW patients, the infant must
recover fully from the acute adrenal crisis and reach normal body
weight before surgery. The size of the phallus is reduced by
removing its posterior part (corpora) but keeping the glans,
which is recessed. In mild posterior fusion of the labia majora,
it is usually easy to exteriorize the vaginal opening. When the
fusion is extensive and the vaginal canal opens into the posterior
part of the urethra, exteriorization of the vagina is more difficult.
There is no fixed time for the second surgery. It involves
correction of the vaginal opening and is usually done when the
patient is ready to start her sexual life as early correction often
results in the formation of a scar which interferes with sexual
intercourse.

Many schools of thought recommend single-step feminizing
genitoplasty which can be performed when the patient is between
6 and 18 months of age. The sex must be determined as early as
possible. A plastic operation of the vagina, reduction in size of the
clitoris and correction of its displacement can be carried out in a
single operation. 33.34

COUNSELLING AND PSYCHOLOGICAL SUPPORT
A disorder of intersex is a social stigma, hence it is important to
explain, first to the parents and later to the patient, about the
pathogenesis of the disorder. Parents should be involved in a
discussion in which the results of the investigations, diagnosis
and surgical treatment options are explained. Importance should
be given to the nature of the therapy which comprises replacement
of deficient glucocorticoids and mineralocorticoids. It is impor-
tant to explain the cause for ambiguity of the genitalia in girls. The
patient must be told about the condition once she has developed
the emotional maturity and intellectual skills to understand the
explanations offered. Comparison studies between normal control
females and those with CAH have shown that a few personality
characteristics that are generally associated with males are found
in females with CAH.31•35 Therefore, counselling can greatly help
in reducing the anxiety of parents with regard to the child's
educational, occupational, marital and social adjustments. It is
also important to counsel the parents of an affected child about the
risk of recurrence of the disease in subsequent pregnancies. The
possibility of molecular diagnosis, and prenatal diagnosis and
treatment in the next pregnancy should be explained.

PRENATAL DIAGNOSIS
Prenatal diagnosis is an important tool for couples with a positive
family history who desire another child. There is a 25% risk of
recurrence of the disease once a child affected with CAH is born.

Hence, in all subsequent pregnancies prenatal diagnosis is recom-
mended.

Prenatal diagnosis of steroid 21-hydroxylase deficiency was first
reported in 1965, based on the observation of elevated levels of 17-
ketosteroids in the amniotic fluid." Since then, raised 17-0HP and
androstenedione levels have been found in many studies.P-" Pre-
natal diagnosis based on mutation detection in the foetal sample is
now being followed in several centres allover the world.39•4°HLA
linkage analysis on chorionic villus (CV) tissue or amniocytes has
been used for prenatal prediction by comparing the foetal HLA-B
and DR haplotypes on both the alleles with those of the proband.

Chorionic villus biopsy is now widely used for prenatal diag-
nosis at 10 to 12 weeks of gestation. Alternatively, amniotic fluid
sampling can be done at 15 to 18weeks of gestation. The approach
is to characterize the mutations in the affected child and parents
before the next conception. If the mutation is identified, prenatal
diagnosis based on molecular studies can be offered. If it is not
characterized, prenatal diagnosis based on the estimation of 17-
OHP in amniotic fluid can be offered to the family. The other
option is to carry out linkage studies if the DNA of the affected
child and both the parents are available. The strategy followed in
carrying out prenatal diagnosis is shown in Fig. 4.

The advantage of a CV biopsy is that the disease status of the
foetus can be determined in the first trimester of pregnancy using
molecular mechanisms, whereas by amniocentesis it can only be
done by 17-18 weeks of gestation using hormonal estimation.

PRENATAL TREATMENT AND MANAGEMENT
There is an urgent need for prenatal treatment and management of
the disease. CAH is a treatable condition, if managed properly.
Hormone therapy is used to prevent or reduce genital abnormali-
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FIG4. Flow diagram showing the strategy used in carrying out
prenatal diagnosis and treatment
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ties in the case of an affected female foetus. Severe virilization
of a female foetus can be avoided by administering dexametha-
sone to the pregnant woman at a dose of 0.5 mg two or three
times daily as soon as the pregnancy is confirmed.":"

A prenatal test is planned-CV biopsy at 10-12 weeks or
amniocentesis at 15-18 weeks. Once these have been carried out,
foetal sex is determined using molecular methods or karyo-
typing." If the foetus is a male or an unaffected female, treatment
is discontinued, whereas if it is an affected female, treatment is
continued. If amniocentesis is to be done, dexamethasone is
stopped 10 days before the procedure and resumed after amnio-
centesis. If mutation is present or 17-OHP levels are raised, an
affected foetus is predicted and counselling is done.

Successful management of CAH in pregnancy requires a
sound knowledge of the normal adrenal anatomy and the endo-
crine changes that occur during pregnancy .46 Current diagnostic,
therapeutic and management procedures for prenatal testing
need to be improved and a protocol established so that more
families at risk can be offered help.

Outcome of prenatal treatment
No significant side-effects of dexamethasone therapy have been
reported in either the mothers or the foetuses till date, indicating
that it is safe." Some of the minor side-effects include excessive
weight gain, oedema, hypertension, acne and emotional changes.
These regress after discontinuation of treatment." If started early
enough and at the required dose, the results of treatment of affected
female foetuses show that in about one-third of girls the genitalia
will be normal, in another one-third slight virilization may be
present while in the rest virilization may persist and warrant
surgery. So far, very few studies have been carried out and more
are required to understand the potential long term effects on the
foetus of prenatal treatment.

OUR EXPERIENCE
Among patients coming to the All India Institute of Medical
Sciences, the majority were suffering from the SW form of the
disease and manifested with symptoms of adrenal crisis and salt
loss in the neonatal period (60%). These were followed by patients
with the SV form of the disease, mostly diagnosed by genital
ambiguity in females and precocious puberty in males (36.7%).
The NC form with late onset of symptoms of mild androgen excess
(3.3%) was relatively rare. Molecular studies were carried out in
patients and their family members by using the allele-specific
PCR method and mutations were detected. It was found that
Ilel73Asn, Intron2 splice and Gln319stop were the most common
mutations in our population. Direct sequencing of the CYP21
gene was also done to detect unknown rare mutations. Some of the
mutation frequencies in our population are different from those in
other populations of the world. Larger studies are in progress.
Prenatal diagnosis was offered to some couples and it was ob-
served that most did not want any prenatal treatment and preferred
termination of pregnancy when the foetus was found to be affected.

CONCLUSION
CAH is one of the few endocrine disorders which has been studied
both at the biochemical and molecular levels. Molecular genetic
studies have helped in understanding the pathogenesis and the
phenotypic variability. Early diagnosis and treatment are the
mainstay of a good outcome. Prenatal diagnosis is possible with
the help of molecular techniques or estimation of 17-0HP in
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amniotic fluid. If initiated in time, prenatal treatment may prevent
virilization offemale foetuses.
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Obituaries
Many doctors in India practise medicine in difficult areas under trying
circumstances and resist the attraction of better prospects in western coun-
tries and in the Middle East. They die without their contributions to our
country being acknowledged.

The National Medical Journal of India wishes to recognize the efforts of
these doctors. We invite short accounts of the life and work of a recently
deceased colleague by a friend, student or relative. The account in about 500
to 1000 words should describe his or her education and training and
highlight the achievements as well as disappointments. A photograph should
accompany the obituary.

-Editor


