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Newborn screening procedures for congenital adrenal hyper-
plasia (CAH) are still suboptimal because of low specificity,
particularly in premature infants. This study evaluated a mul-
titiered strategy for reporting abnormal 17-hydroxyprogest-
erone screening values that simultaneously takes into ac-
count not only birth weight but also age at sampling. A
cautious three-tiered cut-off scheme was used during the ini-
tial 24 months of CAH screening in Bavaria. Data were then
reanalyzed using five birth weight classes to reflect more pre-
cisely the markedly higher values in low-birth-weight new-
borns. Because 17-hydroxyprogesterone values apparently
decline with increasing age, these classes were then further

subdivided into a total of 21 groups according to the age at
sampling. Based on this reanalysis, we defined new multi-
tiered cut-off levels and used them for the next 18 months. A
total of 538,466 newborns were screened from January 1999 to
June 2002; 51 CAH cases were detected. Application of the new
threshold values resulted in a 35% reduction of the total recall
rate (from 1.13% to 0.74%) and an increase in the positive
predictive value from 0.84% to 1.29% without reducing diag-
nostic sensitivity. This improvement of CAH screening can be
achieved by simply using request forms that ask for both age
and birth weight at the time of sampling. (J Clin Endocrinol
Metab 88: 5790-5794, 2003)

ONGENITAL ADRENAL HYPERPLASIA (CAH) is a
group of disorders characterized by deficient cortisol
biosynthesis; in most cases steroid-21-hydroxylase defi-
ciency is the underlying cause of CAH (1-4). The estimated
worldwide incidence of classic CAH is around 1:14,000 (5).
The spectrum of clinical presentations ranges from forms
with neonatal symptoms, i.e. salt wasting (SW) and simple
virilizing (SV) forms, to nonclassical forms that might not
manifest until adulthood (6, 7).

To detect boys at risk of salt-losing crisis and prevent
incorrect gender assignment in females, many neonatal
screening programs for CAH have been implemented world-
wide. Such screening is more likely to detect CAH in neo-
nates than diagnosis by clinical signs alone (7-11).

CAH screening, however, is afflicted with significant
problems. Diagnostic sensitivity for SV-CAH is not optimal
when screening, because of cost constraints, is restricted to
a single sample taken shortly after birth. Although taking a
second sample would solve this problem, it would also lead
to increased detection of nonclassical-CAH, which is not the
primary goal of CAH screening (12).

Other problems arise from low specificity of 17a-
hydroxyprogesterone (17-OHP) screening methods, which
are all based on immunological methods. Cross-reactivity,
especially with steroid sulfates (13) and stress caused by
illness contribute to a high recall rate, especially in premature

Abbreviations: BW, Birth weight; CAH, congenital adrenal hyper-
plasia; 17-OHP, 17a-hydroxyprogesterone; ppv, positive predictive val-
ue; SV, simple virilizing; SW, salt wasting.

infants (8, 9, 14, 15). The possibility of mildly elevated new-
born 17-OHP concentrations because of heterozygosity for
CYP21 mutations might potentially add to this problem.

It has been shown that adjusting the cut-off levels to either
gestational age (15) or birth weight (BW) (14) can lower the
recall rate significantly. However, neither of these schemes
takes into account that physiological 17-OHP values also
depend heavily on age at sampling (16).

This variability is especially important when 17-OHP
screening values from early sampling ages (d 3 or even
earlier) need to be interpreted. Such unfavorable sampling
times are becoming increasingly common because of early
discharge policies and the widespread introduction of ex-
panded newborn screening for metabolic disorders by tan-
dem mass spectrometry (17). To improve efficiency of CAH
screening, we evaluated a multitiered strategy for defining
abnormal screening values that accounts for both BW and
age at sampling.

Subjects and Methods
Subjects

Beginning in January 1999, 17-OHP was routinely measured in all
newborns as part of a comprehensive new screening program in Bavaria
that uses tandem mass spectrometry to screen for metabolic disorders.
The recommended age for sampling was set to the third day of life to
ensure timely therapeutic intervention. Over 42 months, 538,466 samples
were analyzed and the documented participation rate was 98.8% (18, 19).

Methods

Whole blood was drawn by heel prick or venous puncture and dried
on filter paper (S&S 2992, Schleicher & Schiill, Dussel, Germany) and
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TABLE 1. 17-OHP threshold values (nmol/liter) before and after adjustment for both age and BW*

17-OHP values in nmol/liter

BW (g) Age (d) X
Normal Elevated CAH possible  Markedly elevated CAH probable

Initial 3 cut-off values <2000 <90 90-125 >125
=2000 0-3 <40 40-90 >90
=4 <30 30-90 >90
Redefined cut-off values, adjusted for age and BW <1000 0-19 <200 200-300 >300
20-29 <100 100-200 >200
30-59 <60 60-150 >150
=60 <30 30-90 >90
1000-1500 0-3 <150 150-200 >200
4-13 <120 120-200 >200
14-19 <80 80-200 >200
20-29 <60 60-200 >200
30-59 <40 40-125 >125
=60 <30 30-90 >90
1500-2000 0-3 <80 80-150 >150
4-13 <60 60-150 >150
14-29 <40 40-150 >150
=30 <30 30-90 >90

2000-2500 0-1 <60 =60 b
2-3 <50 50-125 >125
4-13 <40 40-125 >125
=14 <30 30-90 >90

>2500 0-1 <60 =60 b
2-3 <40 40-90 >90
=4 <30 30-90 >90

“ Conversion factor, 1 nmol/liter = 0.33 ug/liter.
® For the first day of life, 17-OHP concentrations are so variable that a subdivision between possible and probable CAH is not possible.

17-OHP was then measured from punched 3.2-mm circles by time-
resolved immunofluorescence with the AutoDelfia Neonatal 17-OHP ]
test kit and the model 1235 automatic immunoassay system (Wallac, 2 255
Turku, Finland). 3

Intraassay variation, established at two different concentrations [6.93 ]
ug/liter (21 nmol/liter) and 19.47 ug/liter (59 nmol/liter)] was 8.5 and 2009
5.3%, respectively; interassay variation was 13.3 and 10.5%, respectively .
(n = 20). 1758

Initial cut-off values, established in an earlier pilot study, were set at 3
29.7 ng/liter (90 nmol/liter) for preterm babies (BW < 2000 g) and 13.2
pg/liter (40 nmol/liter) for term babies (BW > 2000 g when sampled
during the first through fourth day of life). For term babies sampled on
or after the fifth day of life, 9.9 ug/liter (30 nmol/liter) was used as the
cut-off.

Abnormal 17-OHP values were internally classified as “elevated” or ]
“markedly elevated” (Table 1). If a newborn had an elevated 17-OHP 754
value, we made a low-urgency request for a second sample. If the E
17-OHP value was markedly elevated, we issued a high-urgency request 50
for a second sample and also immediately referred the child with the
abnormal value to a pediatric endocrinologist.

By definition every result in a screening procedure that is above the
applicable cut-off value is considered a recall. Therefore, in this study
the recall rate represents the percentage of newborns in which a second o o o
test card was required.

Other programs have used less stringent definitions for a recall, b ) Y Z 70 ©
specifically for the purpose of CAH screening (20). Our reported recall K Q‘),
rates and positive predictive values can thus not be directly compared ‘36‘% ‘D% %

BW (9)

with such studies (21, 22).

F1c. 1. 17-OHP values for babies aged 2-3 d classified in five birth
weight groups. The boxes represent the interquartile range (25th-75th
centiles); the horizontal black bars represent the median; the error
bars represent the 95% confidence intervals of the mean (conversion
factor: 1 nmol/liter = 0.33 ug/liter).

17-OHP (nmoll)

]
L=T 4]

1

Results

A cautious three-tiered cut-off scheme was used during
the initial 24 months of CAH screening. Data from this period
were then reanalyzed to subdivide 17-OHP concentrations
according to both sampling age and BW. These reanalyzed
data provided new multitiered cut-off levels that were used

for the next 18 months. Initial and adjusted cut-off values are
summarized in Table 1.
After 42 months, the entire data set was reanalyzed to

compare the two strategies. As expected median 17-OHP
values were inversely related to BW (Fig. 1).
For the numerous babies with birth weight greater than
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2000 g, the new cut-offs reflect the distribution of the 17-OHP
values rather precisely. In low BW (<2000 g) babies, which
represent 2.83% of our newborn population, 17-OHP values
were markedly higher and also showed a high variance,
presumably because of the high incidence of stressful illness.

In all BW classes, values declined with increasing sam-
pling age, with the time course being faster in mature babies
than premature ones (Fig. 2). Particularly in premature ba-
bies less than 1000 g, the onset of the decline was much later.

Using previously published criteria (23), we classified
CAH into SW- and SV-CAH based on the referring phy-
sicians” written reports of the confirmatory procedures.
We found 39 cases of SW-CAH among a total of 51 CAH
subjects of 538,466 newborns. Nine of the 51 subjects were
designated SV-CAH and one subjects was a putative
nonclassical-CAH.

Olgemsoller et al. ® Screening for CAH

Thus, screening detected classic CAH with an incidence of
1:11,218 (95% confidence interval 1:8461 to 1:15,215). The
SW-CAH incidence was 1:13,806 (95% confidence interval
1:10,100 to 1:19,416) with a sex ratio of 1.17 (21 males/18
females).

One baby showed elevated 17-OHP levels on three con-
secutive samples [84.15, 197.67, and 189.42 pg/liter (255, 599
and 574 nmol/liter, respectively)]. This baby was later de-
termined to be 3-B-hydroxysteroid dehydrogenase deficient
on the basis of urinary metabolite analysis, which showed
very high concentrations of 3-B-hydroxy-5-ene steroids (24).
The high 17-OHP levels we observed most likely were due
to the conversion of steroid precursors by extraadrenal en-
zyme activity (25).

In six subjects we did not receive sufficient information on
confirmatory tests, but SW-CAH could probably be excluded
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on the basis of initial and follow-up values of 17-OHP, initial
information on the clinical state of the patient, or molecular
testing.

False negative CAH screening was documented in two
subjects who had initial normal 17-OHP values; in those
cases, either a second sample (taken accidentally) or appear-
ance of clinical signs eventually led to a diagnosis of SV-
CAH. In three other instances we encountered communica-
tion errors in which treatment with dexamethasone resulted
in a normal screening value.

Table 2 shows the practical impact of using multitiered
threshold values that are adjusted for not only BW but also
age at sampling. If these new cut-off values were used, a total
of 3961 samples would require follow-up; these included
3560 elevated and 401 markedly elevated 17-OHP values. If
the initial three tiers of cut-off values were used, a much
higher total of 6071 samples (4868 elevated and 1203 mark-
edly elevated) would require follow-up. The recall and false
positive rate for the three-tiered cut-off scheme would be
particularly high (0.68%) for babies screened on or before 3 d
of age.

Application of the new multitiered cut-off values dropped
the total recall rate from 1.12% to 0.73%. Total recall for babies
more than 2000 g was 0.316% when samples were taken at
the age of 2 or 3 d. Overall specificity increased from 98.9%
to 99.3% and the total positive predictive value (ppv) from
0.84% to 1.29%. The benefit was most evident in the group
of high-urgency recalls (markedly elevated 17-OHP values)
as shown by an increase in ppv from 3.74% to 9.23%.

Discussion

The economic and psychosocial costs associated with false
positive CAH screening results are high. The pure laboratory
costs of a false positive screening result (duplicates of inter-
nal repeats and of follow-up samples, separate sample pro-
cessing) are about 10 times the cost of a normal screening
sample. If the costs for (unnecessary) clinical follow-up are
added, the figure becomes significantly higher.

Therefore, schemes that account for the marked physio-
logical variance in newborn 17-OHP values have been in-

TABLE 2. Influence of different cut-off schemes on detection rates
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troduced and include adjusting 17-OHP cut-off values for
either BW (14) or gestational age (15).

However, no study had so far systematically evaluated
whether adjusting 17-OHP cut-off values for sampling age
might further reduce recall rates, even though there were
indications that it might. For instance, 17-OHP cut-off values
have almost all been based on a fixed, recommended sample
collection time; in practice, however, samples are often col-
lected before the recommended time. In addition, age-
adjusted 17-OHP reference ranges for premature babies, which
frequently show elevated values, have not been available.

We have shown here that concurrent adjustment of cut-off
values for both BW and sampling age leads to a major im-
provement of CAH screening specificity without any loss of
sensitivity.

With the cut-off values we initially used, our false positive
rate was 1.12%, which agrees well with Torresani et al. (15),
who reported a 1.6% false positive rate when low-urgency
controls in premature babies are included in the calculation.
With the new, more stringent cut-offs, we were able to sig-
nificantly reduce the false positive rate to 0.73% and increase
the ppv for babies with BW below or above 2000 g.

The overall statistics from our screening program, when
evaluated after 42 months, clearly demonstrated that all con-
firmed cases of CAH detected under the initial, less stringent
guidelines would have also been identified with the new,
much more stringent guidelines.

The total incidence of classic CAH (SW and SV) detected
through newborn screening in Bavaria is 1:11,218. This figure
is in agreement with old data from Bavaria derived from
clinically detected cases (26). We suspect, however, that the
share of SV-CAH not recognized by our early screening
should be somewhat higher than the few cases that came to
our attention (as false negative results).

In summary, this study clearly shows that efficiency of
CAH screening can be substantially improved by using sim-
ply obtainable information on sampling age to adjust 17-
OHP cut-off values. This approach allows CAH screening to
proceed with reasonable follow-up effort, even when early
blood sampling is necessary.

, false positive (fp) rates, and ppv

fp (n) tp (n) fp rate (%) ppv (%)
m.el. el. m.el Rel. to the Rel. to the el. m.el. Total
BW (2) Age (d) n total resp. BW
population and age
group
Initial 3 cut-off values <2,000 642 750 0 3 15,238 0.26 9.14 0.40 0.22
=2,000 0-3 3,324 353 3 34 414,453 0.68 0.89 0.09 8.79 1.00
=4 896 55 3 8 108,775 0.18 0.87 0.33 12.70 1.14
Total 4,862 1,158 6 45 538,466 1.12 0.12 3.714 0.84
Redefined cut-off values, <1,000 156 69 0 0 2,813 0.04 8.00
adjusted for age and 1,000-1,500 243 73 0 1 4,582 0.06 6.90} 1.5 0.29¢
BW 1,500-2,000 442 55 0 2 7,843 0.09 6.34
2,000-2,500 817 35 0 1 21,374 0.16 3.99 2.78 0.47
>2,500 0-1 494 7 5,767 0.09 8.57 1.40 1.40
2-3 1,004 108 3 24 392,635 0.21 0.28 0.30 18.18 2.37
=4 390 24 3 7 103,452 0.08 0.40 0.76 22.58 2.36
Total 3,546 364 14 37 538,466 0.73 0.39 9.23 1.29

tp, True positive; el., elevated; m.el., markedly elevated; rel., relative.
“ Due to the low numbers of premature babies, the ppv was summarized for the BW groups <2000 g.
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