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Objective: In newborn screening programs for congenital adrenal
hyperplasia, 17-�-hydroxyprogesterone (17OHP) cutoff levels are
based on birth weight (BW) or on gestational age (GA). We investi-
gated which approach would result in the greatest specificity and
sensitivity.

Study design: For the determination of 17OHP, a neonatal 17OHP
assay was used in filter paper blood of 9492 newborns. The relation-
ships between 17OHP and BW and between 17OHP and GA were
studied by regression analysis. Reference curves with a specificity of
99.95% were constructed with the method that summarizes the dis-
tribution by three smoothed curves representing the skewness (L
curve), the median (M curve), and the coefficient of variation (S curve).

Median cutoff levels for BW and for GA according to the 99.95%
reference curves were calculated.

Results: Regression analysis showed that GA is a better predictor of
17OHP than BW (R2 was 50.6 vs. 35.8%, respectively). At a specificity
of 99.95%, the calculated median 17OHP cutoff level was lower for GA
[12.6 �g/liter (38 nmol/liter)] than for BW [17.6 �g/liter (54 nmol/
liter)], thus leading to a greater sensitivity.

Conclusion: This study demonstrates that GA is a better predictor
of 17OHP in newborns and will result in greater specificity than BW
despite the fact that the determination of GA might be less reliable
than BW. (J Clin Endocrinol Metab 90: 3904–3907, 2005)

CONGENITAL ADRENAL hyperplasia (CAH) is char-
acterized by an impaired biosynthesis of cortisol and

aldosterone and an increased secretion of 17-�-hydroxypro-
gesterone (17OHP) and androgens. Clinical features, such as
hypoglycemia, salt loss, and dehydration, are life-threaten-
ing in the first weeks of life. Therefore, newborn screening for
CAH has been implemented in several countries to prevent
these symptoms (1).

An increased 17OHP concentration in heel-prick blood is
used to indicate patients at risk of having CAH. It is known
that preterm newborns have higher 17OHP concentrations in
serum (2). Therefore, cutoff levels are based on birth weight
(BW) or on gestational age (GA). In the United States, Can-
ada, and New Zealand, cutoff levels for CAH screening are
based on BW, whereas in other countries, cutoff levels are
based on GA (3–8). To our knowledge, no studies have been
performed to compare the diagnostic performance of these
two approaches. The goal of our study was, therefore, to
investigate which approach would result in the greatest spec-
ificity and sensitivity in CAH screening.

Patients and Methods

In 1998, a 2-yr regional pilot screening for CAH was added to the
routinely performed newborn screening program for phenylketonuria
and congenital hypothyroidism in The Netherlands. Heel punctures
were performed on d 5–7 after birth (day of birth counted as d 0). BW
was always reported on the filter paper forms, whereas reporting GA on
filter paper forms was only obligatory when BW was 2500 g or less. BW
was measured by the midwife or gynecologist involved. GA was as-
sessed as the time from the 1st d of the last menstrual period until birth.
It was calculated using anamnestic information and cross-checked by the
midwife or gynecologist, who estimated GA through physical investi-
gation or by ultrasound.

For this study, the relationship between BW and 17OHP and between
GA and 17OHP was analyzed in a sample of 9492 newborns selected
from all 27,954 neonates born in the area of screening in the middle and
southwest of The Netherlands in the first 4 months of 1998. The selection
of the 9492 newborns was based on BW. All newborns with a BW less
than 3000 g were selected and included in the study (n � 4746). Allen
et al. (4) found that the variance in 17OHP concentrations is widest in
low-BW infants. Therefore, a stratified sample was taken to include more
prematures then the 6% as is normal in a newborn population (9). In
addition, every newborn with a BW more than or equal to 3000 g after
a newborn in the database with a BW less than 3000 g was selected (n �
4746). None of these newborns was diagnosed with CAH.

For the determination of 17OHP in dried filter paper, the Auto-
DELFIA Neonatal 17OHP assay (PerkinElmer Life and Analytical Sci-
ences, Wallac Oy, Turku, Finland) was used in the two laboratories
involved. This is a solid phase time-resolved fluoroimmunoassay based
on the competition between europium-labeled 17OHP and sample
17OHP for a limited number of binding sites on 17OHP-specific poly-
clonal antibodies (derived from rabbit). A second antibody, directed
against rabbit IgG, was coated to the solid phase, giving convenient
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separation of the antibody-bound and free antigen. The interassay vari-
ance was 3.2–5.9%, and the intraassay variance was 9–10,4%. Results are
expressed as micrograms per liter (nanomoles per liter) serum [0.33
�g/liter (1 nmol/liter) blood � 0.66 �g/liter (2.0 nmol/liter) serum].
Heel puncture samples were assayed in duplicate.

The measured 17OHP concentrations were not normally distributed.
For this reason, transformation to their natural logarithm was per-
formed. Goodness of fit (R2) of various linear regression models was

calculated to assess which factor, GA, or BW was the best predictor of
17OHP. In these models, ln-(17OHP) was the dependent variable.

To illustrate that the factor with the highest R2 will lead to the highest
specificity and sensitivity, we used the following approach. Reference
curves (99.95th percentile) for BW and 17OHP and for GA and 17OHP
were constructed with the method that summarizes the distribution by
three smoothed curves representing the skewness (L curve), the median
(M curve), and the coefficient of variation (S curve) (10). A cutoff level

FIG. 1. The scatter gram and regression line of measured 17OHP concentrations in relation to BW and GA of the first group of newborns. Log
17OHP is the natural log of 17OHP (nanomoles per liter of serum). BW and GA are expressed in grams and weeks, respectively.

TABLE 1. Median and range of 17OHP concentration in relation to BW in 9492 newborns

BW interval (g) Newborns (n) Median 17OHP
[�g/liter (nmol/liter) serum]

Range 17OHP
[�g/liter (nmol/liter) serum]

�1000 149 28 (86) 3.0–199 (9–603)
1000–1499 288 19 (57) 2.3–189 (7–573)
1500–1999 407 12 (37) 1.0–196 (3–594)
2000–2499 1024 8.6 (26) 0.7–82 (2–247)
2500–2999 2878 6.3 (19) 0.3–74 (1–225)
3000–3499 2049 6.0 (18) 0.7–59 (2–179)
3500–3999 1857 5.6 (17) 0.3–33 (1–99)
�4000 840 5.6 (17) 0.3–15 (1–45)

The differences in the median of the 17OHP concentrations per subgroup were statistically significant (Kruskall-Wallis test, P � 0.001).

TABLE 2. Median and range of 17OHP concentration in relation to GA in 4002 newborns

GA (wk) Newborns (n) Median 17OHP
[�g/liter (nmol/liter) serum]

Range 17OHP
[�g/liter (nmol/liter) serum]

�28 144 33 (99) 3.0–199 (9–603)
29–30 143 22 (66) 2.3–196 (7–594)
31–32 234 16 (47) 1.0–172 (3–520)
33–34 442 13 (39) 1.3–135 (4–407)
35–36 546 9.6 (29) 1.7–74 (5–225)
37–38 902 6.9 (21) 0.7–43 (2–129)
39–40 1,192 6.0 (18) 0.3–16 (1–47)
�41 399 5.3 (16) 0.7–11 (2–32)

The differences in the median of the 17OHP concentrations per subgroup were statistically significant (Kruskall-Wallis test, P � 0.001).
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of 99.95% was chosen because it will lead to an acceptable false-positive
rate in relation to the prevalence of the disease. By definition, a 99.95th
percentile reference curve is equal to a specificity of 99.95%, implying
that 0.05% of the healthy population has false-positive results. We then
used the data of 10,000 neonates born in the first 6 wk of 1999 in the area
of screening with known BW and GA (reference population). For every
BW of the 10,000 newborns, the corresponding 17OHP concentration
was read off in the 99.95% reference curve we made as described earlier.
The same was done for GA. From these 10,000 individual 17OHP con-
centrations, the median 99.95% cutoff level for BW and for GA was
calculated. The lower the cutoff level with a fixed specificity of 99.95%,
the smaller the risk of missing a CAH patient, resulting in a greater
sensitivity.

Results

The median 17OHP concentrations for BW and the median
17OHP concentrations for GA of the first group of newborns
are presented in Tables 1 and 2, respectively. The median
17OHP concentrations were significantly higher in low birth-
weight infants and prematures (P � 0.001). The regression
lines between ln-(17OHP) and BW and ln-(17OHP) and GA
are presented in Fig. 1. The correlation coefficient r of 17OHP
vs. BW was 0.561 (95% confidence interval 0.504–0.618) and
of 17OHP vs. GA was 0.708 (95% confidence interval 0.553–
0.863). In other words, a regression model with only BW
explained 31% (R2) of the variance of ln-(17OHP), whereas a
model with only GA explained 50% (R2). Adding BW above
GA in the regression model gave a minor contribution to the
explained variation (Table 3).

In the reference population, mean (sd) BW was 3414 (588)
g and mean (sd) GA was 39.5 (1.9) wk. The median 17OHP
cutoff level calculated from the reference population was 17.6
�g/liter (54 nmol/liter) serum for BW and 12.6 �g/liter (38
nmol/liter) serum for GA (Fig. 2). The difference between the
medians was significant (P � 0.001).

Discussion

In screening programs, three assay techniques are used for
initial screening: RIA, ELISA, and time-resolved fluoroim-
munoassay (DELFIA) as was used in our study. Preterm
newborns have higher 17OHP concentrations in serum than
babies born at term. Therefore, cutoff levels are based on GA
or on BW. Our study demonstrates that despite the fact that
determination of GA may be less reliable than BW, GA is a
stronger predictor of 17OHP concentration than BW. An
explanation for this finding may be the fact that GA is more
closely related to the development of the adrenal glands in
the fetus than BW (2, 11, 12). This is comparable with the
finding that mortality risk is also more dependent on GA
than on BW (13). So, cutoff levels that are based on GA will

lead to a higher sensitivity than cutoff levels that are based
on BW at the same specificity.

For the estimation of the sensitivity, we assumed that BW
and GA in CAH patients are equal to the healthy newborn
population. In fact, it was reported that length of gestation
in CAH patients was within normal limits (14). Reports about
BW in CAH patients have not been conclusive (15–17). BW
has been reported as equal, higher in females, or higher in all
CAH patients. However, even if BW were to be 10% higher
in CAH patients, cutoff levels on the basis of GA would still
result in a higher sensitivity (data not shown).

An increase in specificity can also be achieved by the
elevation of cutoff levels, but this will result in loss of sen-
sitivity. Improvement of the specificity without loss of sen-
sitivity can be biochemically attained by additional proce-
dures as organic extraction, chromatography, tandem mass
spectrometry, or measuring the 17OHP to cortisol ratio (8, 18,
19). However, these extra procedures are complex and time
consuming. Additional DNA analysis in heel puncture blood
is not routinely in use because it is very expensive (20–22).

In conclusion, this study demonstrates that GA is a better
predictor of 17OHP concentration in newborns than BW
despite the fact that the determination of GA may be less
reliable than BW. Cutoff levels based on GA result in the
greatest specificity and sensitivity.
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TABLE 3. Goodness of fit (R2) of various regression models with
ln-(17OHP) as dependent variable

Model R2 (%)

BW 31.4
BW � BW2 35.8
GA 50.1
GA � GA2 50.6
BW � GA 50.2
BW � GA � BW2 50.2
BW � GA � GA2 50.7
BW � GA � GA2 � BW2 50.8

FIG. 2. The boxes represent the 25–75% range; the median is shown
as a line. Presented are the 17OHP concentrations according to BW
and GA of a Dutch newborn reference population. These calculated
17OHP concentrations were read off in the 99.95% reference curves
made by the method that summarizes the distribution by three
smoothed curves representing the skewness (L curve), the median (M
curve), and the coefficient of variation (S curve). The outer lines
indicate the most extreme observations that are within a distance of
1.5 times the interquartile range.
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