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Abstract

Congenital adrenal hyperplasia (CAH) is well suited for newborn screening, as it is a common and
potentially fatal disease which can be easily diagnosed by a simple hormonal measurement in
blood. Moreover, early recognition and treatment can prevent severe salt wasting, dehydration
and death and shorten the time of male sex assignment in virilised females.
In screening programmes, 17a-hydroxyprogesterone (17OHP) is measured in filter paper blood
spots obtained by a heel puncture preferably between 2 and 4 days after birth. Three assay tech-
niques are utilised for initial screening: radio-immunoassay (USA), enzyme-linked immunosorbent
assay (Japan) and time-resolved fluoro-immunoassay (Europe). Preterm newborns have higher
17OHP concentrations in serum than babies born at term. Therefore, cut-off levels are based
on gestational age (in Japan and Europe) or on birth weight (in the USA). There is a considerable
variation in cut-off levels from one programme to another. This is most likely due to the different
antibodies and reagents used, varying thickness and density of filter paper used for sample collec-
tion and, most significantly, the characteristics of the reference population (in terms of birth
weight and gestational age).
More than 30 million newborns have been screened. The prevalence of CAH in the USA and
Europe is approximately 1:15 000–16 000, and slightly lower in Japan (1:19 000). In general,
severe salt wasting can be prevented, but there is a remarkable variation in the number of
false-positives and false-negatives among the various programmes. Ongoing refinement of cut-off
levels is needed to improve specificity and sensitivity.
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Introduction

Congenital adrenal hyperplasia (CAH) is, in 95% of the
patients, due to a 21-hydroxylation defect in the adre-
nal cortex. Biochemically, this results in low serum con-
centrations of aldosterone and cortisol and elevated
17a-hydroxyprogesterone (17OHP) and androstene-
dione (Fig. 1). Clinically, early-onset classical CAH con-
sists of two variants: the salt wasting (SW) form (75%)
and the non-salt wasting (NSW) form (25%) (1). In
affected individuals, salt wasting predisposes to ‘adrenal
crises’ with dehydration, which become life-threatening
in the first weeks of life (2). In NSW, no electrolyte dis-
turbances are found.

Female newborns with classical CAH are virilised at
birth, ranging from slight clitoromegaly to complete
masculinisation. Male infants have no physical signs at
birth, so they are particularly at risk for dehydration
and death. Persistent weight loss may be the only sign (3).

Newborns with CAH can be detected by screening
and this has now been implemented in many industri-
alised countries (1). In this paper the current status of
neonatal screening for CAH will be reviewed.

History of neonatal screening

The report ‘Principles of Early Disease Detection’ by
Wilson and Jungner (1968) is probably the most cited
source of criteria for screening (4). In 1974, the criteria
were revised by Frankenburg, who stated that screen-
ing carried out without knowledge and consideration
might do more harm than good (5). Summarised, the
criteria are: (I) the disease should be a serious health
problem and early detection should have a positive
impact on morbidity and mortality; (II) the condition
should be relatively common (prevalence .1:15 000);
(III) the screening test must distinguish normal from
affected subjects; (IV) patients must be identified
before diagnosis is clinically suspected; (V) diagnostic
tests and treatment need to be available; and (VI) the
costs of finding affected individuals should be economi-
cally balanced with the benefits.

In 1963 the first neonatal screening programme for
phenylketonuria (PKU) was introduced followed by the
implementation of screening for congenital hypothyr-
oidism (CH) 11 years later (6, 7). The screening for
CAH was first performed in Alaska in 1977 (8, 9).
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A number of screening programmes for CAH have
subsequently been developed worldwide. Health organ-
isations in 13 countries (including the USA) perform
newborn screening. Presently, more than 30 million
newborns have been screened. The prevalence of CAH
observed in the USA was 1:15 981, in Japan 1:19 111
and in Europe 1:14 970 (10). The highest prevalence
of CAH has been found in two geographically isolated
populations, the Yupik Eskimos of Western Alaska
(1:282) and the French island of La Réunion in the
Indian Ocean (1:6071) (1).

Benefits of screening on CAH

CAH is a life threatening disorder, so it is expected that
screening should improve survival rate. In fact, there is
only indirect evidence for this: before screening an
unequal sex ratio (female . male) was observed in
case surveys, while after the introduction of screening,
equal numbers of males and females were found as
expected for an autosomal recessive disorder. This indi-
cates that before the introduction of screening some
male babies must have died before the diagnosis was
made. However, unfortunately death in the case of
CAH still occurs (11).

The second goal of screening is the prevention of
severe hyponatraemia and hyperkalaemia. Serum
sodium dropped below 125 mmol/l 13 days after birth
in most salt wasting patients and severe hyperkalaemia
(.6.5 mmol/l) was present in all patients from 11 days
after birth (2). Besides the life-threatening short-term
consequences, salt wasting may also have long-term
effects, such as learning disabilities and behavioural
problems (12, 13).

Shortening the period of incorrect sex assignment is
the third benefit. Female newborns with classical CAH
are virilised at birth, ranging from slight clitoromegaly
to complete masculinisation. Strongly virilised females
(Prader stage 4 and 5) may be falsely assigned to the
male sex (14).

Procedure and methods of screening

The process of neonatal screening involves sampling,
postal services, laboratory analysis, referral and diag-
nostic confirmation. The screening procedure must be
rapid and efficient. The average age at which screening
results are available in the various screening pro-
grammes is 7.6 days, with a range of 3 –18 days (15).

At start, heel puncture blood samples are collected in
term and preterm babies in the first week after birth. An
increased 17OHP concentration in heel puncture blood
is used to indicate patients at risk of having CAH
(Fig. 1). Sampling before 36 hours after birth will
result in a high false-positive rate. However, sampling
after days 5–7 reduces the screening benefit. The
exact day of sampling and the following procedures
depends on the local health care system. In the process
of screening, postal services or transport of the dried
blood spots is the most time consuming, taking on aver-
age 2.2 days (16).

For laboratory analysis, three assay techniques are
utilised: radio-immunoassay (USA), enzyme-linked
immunosorbent assay (Japan) and time-resolved fluoro-
immunoassay (Europe). The 17OHP levels measured by
direct fluoro-immunoassay are significantly higher
than those measured by radioimmunoassay after

Figure 1 Scheme of adrenal steroidogenesis and the enzymes involved. 17b-HSD, 17b-hydroxysteroid dehydrogenase.
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extraction. The fluoro-immunoassay may overestimate
17OHP levels in low birth weight infants weighing
,1500 g (17).

Although theoretically 17OHP concentrations in
newborns should be comparable regardless of the
assay method, there is considerable variation in cut-
off levels from one programme to another. Cut-off
levels that differentiate positive from negative screening
test results have been established at greater than the
99th percentile of the mean level in healthy newborns.
As preterms have higher 17OHP levels, cut-off levels
are based on birth weight or on gestational age. In
the USA, Canada and New Zealand, cut-off levels for
CAH screening are based on birth weight, while in
European countries and Japan gestational age is used
to establish cut-off levels (11, 18–24).

After biochemical analysis, abnormal results are
reported by the laboratories involved to a coordinator
or institution responsible for the screening. The sus-
pected newborn is traced and it is decided whether
the child should have a second heel puncture or has
to be referred to a paediatric endocrinologist immedi-
ately. This decision can be made on the basis of the
information from the parents about the condition of
the child (weight, alertness and ambiguity) and/or on
the degree of elevation of the 17OHP concentration
(Fig. 2). If the child is considered as having a high
risk of CAH, it should be referred to a paediatric endo-
crinologist to confirm the diagnosis. Screening 17OHP
assays are generally non-specific and cannot be com-
pared with diagnostic serum levels.

Results

The European results of screening in CAH are shown in
Table 1 (22 –28). The reliability of each screening
programme is based on the evaluation of both false-
positive (1-specificity) and false-negative (1-sensitivity)
rates. In Sweden and Switzerland, the high specificity
as determined by the choice of the cut-off levels

increases the risk of a lower sensitivity (22, 23).
Improvement of the positive predictive value without
loss of sensitivity can be achieved by a second heel
puncture in the case of borderline results (22). With
age, serum 17OHP levels decline in unaffected neo-
nates but rise in classic CAH patients. Improvement of
the specificity without loss of sensitivity can also be
attained by additional procedures like organic extrac-
tion, chromatography or measuring the 17OHP–corti-
sol ratio. DNA analysis in heel puncture blood is not
routinely in use as it is very expensive (15, 29).

Only two studies have been reported where an area
with screening was compared with an area without
screening. In an American retrospective cohort study,
the results of screening in Texas were compared with
the unscreened population of Arkansas and Oklahoma
(30). The incidence of CAH was similar (1:15 974
versus 1:17 396). Diagnosis in males was made 2
weeks earlier in the screening area, but no data were
reported about the severity of salt wasting in both
groups. In The Netherlands a prospective study was
performed, comparing the results of a screened and
unscreened area (3). In the screened part of the
country, therapy was started at the median age of 7
days and the mean (S.D.) serum sodium concentration
was 134.5 (3.4) mmol/l. In the area without screening,
therapy started at the median age of 14 days and the
serum sodium was 124.5 (10.8) mmol/l.

Additional effects of the introduction of the neonatal
screening are increased awareness and knowledge of
CAH by health workers, the achievement of a consen-
sus for treatment and the formation of a patients’
association. Early detection of CAH patients by screen-
ing resulted in a reduction in hospitalisation (3).

Pitfalls

First, neonatal screening programmes cannot be passed
from one country to the other without adaptations. For
example, there is a considerable variation in cut-off

Figure 2 Adapted guidelines according to the European Society of Paediatric Endocrinology in the case of abnormal screening results
(35). *Risk establishment is based on the 17OHP concentration in the blood spot and on the clinical condition of the child.
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levels from one programme to another. This is most
likely due to different assays, antibodies and reagents
used, varying thickness and density of the filter paper
used for sample collection, day of sampling and the
characteristics of the reference population (particularly
with regard to birth weight and gestational age).

Secondly, screening of 17OHP levels leads to a cer-
tain number of false-positives. Not only is there cross-
reaction by steroid sulphates and glucuronides in
immunoassays that may alert the system, but also
severe illness and dehydration can raise 17OHP above
the cut-off limit. Aside from unnecessary anxiety by
the parents, a low predictive value bears the risk of triv-
ialisation of screening results by health workers. This
was also reported in screening for phenylketonuria
and congenital hypothyroidism. However, one should
remain aware of the fact that unrecognised CAH is, in
contrast with PKU and CH, a lethal disease.

Finally, corticosteroids during pregnancy and in the
neonatal period may result in false-negatives by sup-
pression of the neonatal adrenal function. Recently, a
child with CAH was missed by 17OHP screening
because of neonatal dexamethasone treatment. This
underlines the need for a careful medical history if
CAH is suspected, even if 17OHP was normal on
screening (31).

Costs

In CAH screening, no data are available about a finan-
cial analysis of costs versus benefits. Only costs were
determined and were approximately 45 000 Euros per
CAH patient detected in Europe and approximately
$66 000 in Texas (3, 32, 33). These costs did not
include expenses for additional tests to confirm diagno-
sis. From these figures, and the regional prevalence, the
costs per CAH patient detected can be calculated.

Cost-effectiveness in terms of morbidity is also diffi-
cult to calculate. One benefit of screening could be
that the frequency of minor handicaps (learning dis-
abilities and behavioural problems), reported in two ret-
rospective studies in patients, might be decreased (12,
13). Another possible benefit is that the frequency of
skin problems could be decreased by screening, accord-
ing to a prospective study showing more skin problems

at the age of two years in patients with severe salt wast-
ing postnatally (34). Long-term follow up is necessary
to investigate whether prevention of salt wasting will
improve the outcome of patients with CAH.

Conclusions

Newborn screening is dependent on close cooperation
between health workers involved in sample collection,
laboratory analysis, follow-up, diagnosis, treatment
and evaluation. The prevalence above 1:15 000 and
the high specificity and sensitivity have allowed
addition of CAH screening to the routinely performed
newborn screening programme in many countries.
Additional effects of implementation, like development
of consensus for treatment and formation of a patients’
association are also important. Early detection of CAH
patients by screening resulted in a reduction in hospi-
talisation. In terms of costs effectiveness, there is no
doubt that screening advances the age at diagnosis
and thereby mitigates the clinical picture of the affected
babies and reduces mortality. It is uncertain whether
prevention of salt wasting will improve the outcome
of patients with CAH in terms of reduction of morbidity
in later childhood, adolescence and adulthood.
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