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Abstract

Background: Congenital adrenal hyperplasia (CAH) is an autosomal recessive disorder associated with inborn errors
of steroid metabolism. 21-hydroxylase enzyme deficiency occurs in 90 to 95% of all cases of CAH, with accumulation of
17 hydroxyprogesterone (17-OHP). Early diagnosis of CAH based on newborn screening is possible before the
development of symptoms and allows proper treatment, correct sex assignment, and reduced mortality rates.
This study describes the results obtained in the first year of a public CAH screening program in the state of Rio
Grande do Sul, Brazil.

Methods: We reviewed the screening database in search of babies with suspected CAH, that is, altered birth-
weight adjusted 17-OHP values at screening. The following data were analyzed for this population: screening
17-OHP values, retest 17-OHP values, serum 17-OHP values for those with confirmed CAH on retest, maternal and
newborn data, and family history of CAH. For the screening program, 17-OHP levels are determined on dried
blood spots obtained in filter paper with GSP solid phase time-resolved immunofluorescence.

Results: Of 108,409 newborns screened, eight were diagnosed with CAH (four males, four females). The incidence of CAH
in the state was 1:13,551. Six cases were identified as classic salt-wasting CAH and two were cases of virilizing CAH. The
positive predictive value (PPV) of the initial screening (before diagnostic confirmation) was 1.6%. The overall rate of false
positive results was 0.47%. The number of false positive results was higher among newborns with birth weight < 2000 g.

Conclusion: The present results support the need for CAH screening by the public health care system in the state,
and show that the strategy adopted is adequate. PPV and false positive results were similar to those reported for other
states of Brazil with similar ethnic backgrounds.

Keywords: Congenital adrenal hyperplasia, Incidence, Neonatal screening, Mass screening, 21-amino-17-
hydroxyprogesterone

Background
Congenital adrenal hyperplasia (CAH) is an autosomal
recessive disorder associated with inborn errors of
steroid metabolism caused by deficiency of enzymes
involved in the biosynthesis of cortisol from cholesterol
[1]. 21-hydroxylase deficiency occurs in 90 to 95% of all
cases of CAH and is related to mutations in the

CYP21A2 gene [1, 2]. In the presence of 21-hydroxylase
deficiency, 17 hydroxyprogesterone (17-OHP) accumu-
lates and is diverted to androgen synthesis with virilizing
effects [1, 2]. Mineralocorticoid synthesis may or may
not be reduced, depending on the extent to which 21-
hydroxylase activity is impaired [1, 3].
Three clinical forms of CAH have been recognized:

two classic forms, salt-wasting CAH (SW) and simple
virilizing CAH (SV), and non-classic, late onset CAH
(NC). SW is the most prevalent, occurring in around
75% of newborns with a diagnosis of CAH (1). Consider-
ing that the salt loss crisis is critical and starts in the
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second week of life, early diagnosis of classic forms of
CAH based on newborn screening is desirable even be-
fore the beginning of symptoms. This allows proper
treatment, correct sex assignment, and reduced mortal-
ity rates [2, 4, 5]. CAH occurs in about one of every
10,000 to 18,000 live births in the general population,
and is more common in Caucasians [1]. Incidence varies
according to ethnicity and geographical region [1, 6]. In
addition, 17-OHP levels in neonates are affected by fac-
tors such as gestational age at birth, birth weight, and
age at the time of 17-OHP testing [7–11]. Perinatal stress
has been associated with high values of 17-OHP on
screening [8, 12], while maternal use of corticosteroids to-
wards the end of pregnancy and early sample collection
seem to reduce these values [10, 13]. Reference 17-OHP
values for diagnosis of CAH in full term newborns vary
from 15 to 40 ng/mL among different laboratories.
Because of the many factors impacting the outcome of

CAH screening, the stratification of 17-OHP values ac-
cording to birth weight is recommended in order to de-
crease false positive results [8, 10, 14]. A high rate of
false positive results translates into increased health care
cost and distress for families [15–17].
Even though screening for CAH has been available

through the public health care system for many years in
some Brazilian states [10, 16, 18, 19], only in May 2014
was it introduced in the southernmost state of Rio
Grande do Sul. Therefore, the aims of the present study

were to summarize the results of the first year of CAH
newborn screening in this population, to determine the
incidence of CAH in the state, and to estimate the rate
of false positive results in the local screening program.

Methods
Design and population
A population-based study was conducted with newborns
included in the first year of a public CAH screening pro-
gram in the state of Rio Grande do Sul, Brazil (May 2014 to
April 2015). For the screening program, dried blood sam-
ples (heel prick test) are collected 2 to 40 days after birth.
Babies with positive screening are retested. Participation is
open to public and private primary care facilities, health
care units, hospitals, and maternity hospitals. The study
population corresponded to about three-fourths of the live
newborns in the state during this period. The other 25% of
newborn babies are screened in private outpatient services,
and data from this population are not freely available.
In the present study, we reviewed the screening data-

base in search of babies with suspected CAH, that is, al-
tered 17-OHP values at screening. The following data
were analyzed for this population: screening 17-OHP
values, retest 17-OHP values, serum 17-OHP values (for
those with suspected CAH on screening and retest), ma-
ternal and newborn data, and family history of CAH.
Figure 1 describes the screening strategy.

Fig. 1 Flow diagram of newborn screening for congenital adrenal hyperplasia
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The study protocol was approved by the Research Eth-
ics Committee at Hospital Materno Infantil Presidente
Vargas, and meets the guidelines and norms regulating
research involving human beings.

Blood collection and 17-OHP measurements
Dried blood spots were obtained using filter paper (S &
S 903). 17-OHP was measured with the GSP solid phase
[time-resolved] immunofluorescence assay (Neonatal 17-
OHP kit–PerkinElmer, Turku, Finland). The linearity
range for serum 17-OHP concentration was 0.9 to
229 ng/mL.
The reference 17-OHP values used in the present

study are those recommended by the Brazilian National
CAH Screening Program [20], which were based on a
pilot study with the population of the state of São Paulo
[10]. Four birth weight tiers were established: tier 1,
birth weight ≤ 1500 g; tier 2, birth weight 1501 to
2000 g; tier 3, birth weight 2001 to 2500 g; and tier 4,
birth weight > 2500 g. For each tier, the 99th percentile
(P99) 17-OHP cut-off levels to diagnose CAH were
110.4, 43.0, 28.2 and 15.1 ng/mL respectively. In the
pilot study, newborns from mothers with informed cor-
ticosteroid use late in pregnancy were called for a sec-
ond collection after 15 days of life. This record was
added to the filter paper in order to minimize the risk of
false negative results [13]. For the present study, early
(<48 h) samples collected for 17-OHP determinations
were excluded. In the Rio Grande do Sul screening pro-
gram, CAH screening is based on samples collected be-
tween the 2nd and 40th post-natal days. Samples from 0
to 1 days and/or without weight information were ex-
cluded from this analysis, but these babies were called
for immediate new collection in the valid period and
with correct weight information.
Classic CAH (SW and SV) was diagnosed by increased

17-OHP on screening, confirmed by dried blood spot
retest and further clinical evaluation showing virilized
external genitalia in girls and salt-wasting signs in both
sexes and serum/dried blood spot 17-OHP measurement.

Statistical analysis
Descriptive data were expressed as mean ± standard de-
viation (SD) or median and 25–75 interquartile range.
Categorical variables are reported as frequencies (%).
Log10 transformation was used to normalize the distri-
bution of non-Gaussian variables and Student’s t test
was used for comparisons between two groups. Categor-
ical variables were compared using Fisher’s exact test.
Generalized estimating equations (GEE) were used to es-
timate the interaction between birth weight tier and the
difference (delta) between 17-OHP levels at screening
and retest, followed by Bonferroni test. All analyses were
performed using the Statistical Package for the Social

Sciences 22.0 (SPSS, Armonk, NY, USA). Data were con-
sidered to be significant at p < 0.05.

Results
Of the 108,409 total samples obtained at the initial
screening, 104,737 were collected between the 3rd and
40th post-natal days, and included in the present ana-
lysis, corresponding to 98.4% of the total. Of these,
83,424 (77%) were collected at age 3–7 days. Most retest
samples were collected around the second or third week
of life [median 17 (14.0–21.0) days]. Eight newborns
were diagnosed with CAH (four males, four females).
None of the four females had a clinical diagnosis of
CAH prior to the screening: the first female presented
genital ambiguity of unknown etiology; the second was
initially considered as a male; and in the other two fe-
males, clitoromegaly was not recognized. Two deaths oc-
curred, one due to complications associated with several
malformations and the other due to hyponatremia and
metabolic acidosis. In this child, screening was not per-
formed until 38 days of life.
The incidence of CAH in the state was 1:13,551. Six

cases were identified as classic salt-wasting CAH and two
were cases of virilizing CAH. Figure 2 shows the incidence
of CAH in the state and in the other Brazilian states.
During this first year, 514 infants (0.47% of the total

screened population) had 17-OHP levels that were
higher than the reference cut-off levels (>P99 or two
times P99 for each birth weight tier) on the screening
test. Of these 514 infants, 21 died before retest from
various causes, of which extreme prematurity was the
most frequent (mean weight 1.413,4 ± 970,4) and 376
(73%) had normal 17-OHP levels on retest. The
remaining 117 infants with suspected CAH at retest
were examined by a pediatrician and underwent serum
or dried blood measurement of 17-OHP. CAH diagnosis
was confirmed in eight infants. One of them initiated
treatment before the second sample collection. Clinical
and laboratory assessment of the other 109 patients
(0.1% of the total population) was negative, and the pa-
tients were considered to be FP.
The estimated positive predictive value (PPV) of the

initial screening test was 1.6%. Table 1 shows the rates
of altered 17-OHP values at the initial screening accord-
ing to birth weight tier in the general population
screened until 40 days of age.
Median age was similar for CAH cases and false posi-

tive at the initial screening (n = 493) [8 (4.25–15.75) and
5 (4.0–6.0) days P = 0.199] and at retest (n = 492) [20.0
(17–20.0) and 17 (14–21) days, P = 0.205]. Median 17-
OHP values at initial screening were significantly
different between CAH cases and false positive
[446.50 ng/mL (72.60–501.25) and 25.80 (17.4–41.8) ng/mL;
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p= 0.001]. The same was true for the retest, with a 17-OHP
median of 435 ng/mL (209–521) and 8.30 (5.86–12.60)
ng/mL (p < 0.001) respectively.
Table 2 shows 17-OHP values at the initial screening

and retest according to birth weight tier. At the initial
screening test as wells as at the retest, 17-OHP values
were progressively lower with increasing weight. Delta 17-
OHP levels (retest minus screening value) were also
significantly different in each tier compared to the others.
Regarding the 117 infants who underwent further clin-

ical and laboratory evaluation of CAH, 61.5% (n = 72)
were in birth weight tier 4 (>2500 g), vs. 7.7% (n = 9) in
tier 1, 13.6% (n = 16) in tier 2, and 17% (n = 20) in tier 3.

No CAH case was diagnosed in tier 1 or 2, with birth
weight < 2000 g. The prevalence of maternal complica-
tions, such as gestational diabetes, maternal hypertension,
or maternal infection was similar in the case and false
positive groups. The frequency of neonatal complications
(hypoglycemia, jaundice, sepsis, ventilation, oxygen ther-
apy, diarrhea, vomiting) was also similar between these
two groups. Comparison of the clinical and laboratory
data obtained for cases and babies with false positive re-
sults are presented in Table 3. Significant differences were
observed between the groups, with higher prematurity
rate, lower gestational age, and lower weight in false
positive patients. In turn, consanguinity and dehydration
were more frequent in CAH cases. Also, lower levels of
sodium, higher levels of potassium and higher serum
levels of 17-OHP were detected in CAH patients, as was
to be expected.

Discussion
Early diagnosis of CAH is crucial to prevent infant death
due to adrenal insufficiency. In the present study, the
first year of a CAH screening program provided by the
public health care system in the state of Rio Grande do
Sul, Brazil was assessed. The program successfully
screened a high proportion of newborns (98.4%) between
the 2nd and 40th post-natal days, and 80% of the valid

Table 1 Rate of altered 17-OHP results on initial CAH screeninga

stratified by birth weight tier in the general population tested
until 40 days of age in the state of Rio Grande do Sul, Brazil

Birth weight tier Number 17 OHP (>P99 or two times P99)

n (%)

≤1500 g 1071 35 (3.3%)

1501–2000 g 1773 71 (4.0%)

2001–2500 g 6462 106 (1.6%)

≥2501 g 95,431 302 (0.3%)

Total 104,737 514 (0.5%)
a17-OHP diagnostic cut-off levels: birth weight ≤ 1500 g: 110.4 ng/mL; birth
weight 1501 to 2000 g: 43.0 ng/mL; birth weight 2001 to 2500 g: 28.2 ng/mL;
and birth weight weight > 2500 g: 15.1 ng/mL

Fig. 2 Reported incidence of CAH at neonatal screening in different states of Brazil
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samples were screened at the ideal moment, that is, be-
tween the 3rd and 7th post-natal days [2, 4, 10].
The incidence of CAH in the state of Rio Grande do

Sul detected by the screening program, 1:13,551, was
similar to that reported for other populations [1]. It was
also very close to the incidence of 1:14,972 reported for
the only adjacent Brazilian state, in which a similar, pre-
dominantly Caucasian population is found [19]. In con-
trast, other Brazilian states had a lower incidence of
CAH [16, 17]. Ethnicity and geographic factors are
known to affect the incidence of CAH [1, 6]. Thus, in a
country such as Brazil, covering a large territory, with a
racially mixed population, different ratios are to be ex-
pected. According to the latest Brazilian census, of 2010,
78% of the population in the South is white, in contrast
to 42% in the Midwest and 55% in the Southeast [21].
Regarding confirmed CAH cases, the inability to diag-
nose the disease even in the presence of genital atypia
has been reported in other Brazilian studies [10], and

reinforces the need for universal newborn screening for
CAH in Brazil. In this sense, improving time to test,
transport time to the laboratory, and time to result is
still a challenge that must be overcome. In turn, the
15 day-interval to retest seems to be adequate in most
cases, since these are premature newborns, hospitalized
in intensive care units, born from mothers who may
have received corticoids during the final pregnancy days
for improving fetal lung maturation.
Since 1977, when Pang et al. [22] described a microfil-

ter paper assay for determination of 17-OHP levels in
newborns, neonatal screening has been available for
CAH due to 21-hydroxylase deficiency. Later, an immu-
nofluorimetric assay was introduced, which is currently
the most widely used technique worldwide [2, 23, 24].
More recent studies suggest a higher specificity and bet-
ter sensitivity for mass spectrometry, especially when
used as a second tier test [25–27]. In contrast, immuno-
fluorimetric methods are less expensive, require a

Table 2 Median 17-OHP levels in infants with suspected congenital adrenal hyperplasia on newborn screening and retest according
to birth weight tier

Sample# Birth weight tier p

≤1500 g
n = 23

1501–2000 g
n = 67

2001–2500 g
n = 105

≥2501 g
n = 298 §

Screening (median ng/mL [P25-75]) 154 (120 to 208)a 53.6 (47.0 to 64.7)b 33.6 (29.9 to 41.9)c 18.8 (16.0 to 23.4)d <0.001

Retest (median ng/mL [P25-75]) 48.1 (21.9 to 96.5)a 12.7 (10.1 to 20.5)b 8.1 (6.4 to 12.3)c 7.3 (5.1 to 10.6)d <0.001

Δ Samples −98.6 (−172.5 to −67.0)a −38.9 (−47.2 to −33.2)b −24.9 (−31.5 to −21.2)c −11.8 (−15.6 to −7.95)d <0.001
#17-OHP diagnostic cut-off levels: birth weight ≤ 1500 g: 110.4 ng/mL; birth weight 1501 to 2000 g: 43 ng/mL; birth weight 2001 to 2500 g: 28.2 ng/mL; and birth
weight weight > 2500 g: 15.1 ng/mL; §n = 297 on retest
Δ Samples: difference between 17-OHP at retest and screening
Values are expressed as median and interquartile range; different superscript letters indicate statistical difference by GEE test

Table 3 Family history, maternal, perinatal, newborn and laboratory data of newborns diagnosed with congenital adrenal
hyperplasia vs. false positive newborns

Variables CAH cases
(n = 8)

False positives
(n = 109)

p

Maternal data

Caesarean delivery (n [%]) 4/8 (50.0) 42/70 (60.0) 0.496

Newborn data

ICU care (n [%]) 4/8 (50.0) 71/98 (72.4) 0.281

Preterm (n [%]) 2/8 (25.0) 59/109 (54.1) 0.004

Birth weight (n [%]) 2940 ± 570.34 (n = 8) 2496 ± 761.63 (n = 109) 0.110

Gestational age (week) 38.0 ± 1.9 (n = 8) 34.8 ± 3.2 (n = 72) 0.007

Dehydration (n [%]) 5/8 (62.5) 3/76 (3.9) <0.001

Na (nmol/L)a 122.25 ± 10.15 (n = 8) 136.56 ± 2.28 (n = 54) 0.005

K (nmol/L)a 6.17 ± 1.21 (n = 8) 5.31 ± 0.67 (n = 54) 0.004

Serum 17-OHP (ng/mL) (Md [P25-P75]) 25.6 (12.8–285) (n = 3) 12.5 (7.4–17.8) (n = 45) 0.006

Family data

Family history (n [%]) 3/8 (37.5) 9/67 (13.4) 0.196

Consanguinity (n [%]) 2/8 (25.0) 0/109 (0%) <0.001

CAH Congenital adrenal hyperplasia, ICU Intensive care unit. Data are presented as percentage (Fisher’s exact test) or amean ± SD (Student’s t test)
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smaller blood spot, and are still widely available and rec-
ommended [2, 10, 24]. Also, mass spectrometry does not
completely eliminate false positive results, especially in
preterm infants [14, 27] .
In our sample, PPV (1.6%) and false positive rate were

similar to those of previous reports [10, 24, 28]. False
positive results are a long-standing concern of CAH
neonatal screening programs [7, 9–11, 23, 27, 29]. In the
past two decades, a decrease in false positive rates has
been noted [10, 11, 23, 29, 30], possibly as a result of
both improved 17-OHP detection methods and adjust-
ment of diagnostic cut-off points to birth weight [7, 10].
Adjustment of diagnostic levels of 17-OHP according to
birth weight tiers [7, 9, 10, 19] has been proposed as a
useful strategy to minimize false positive. However, it is
also important to recognize other possible factors associ-
ated with an increased 17-OHP level in newborns.
Indeed, studies have shown that low birth weight,
premature or critically ill infants may have elevated 17-
OHP levels per se, without a link to 21-hydroxylase defi-
ciency [8, 12, 31]. Possible explanations for the transient
elevation in 17-OHP levels in these patients are imma-
ture hepatic function, leading to a decrease in the meta-
bolic clearance of 17-OHP; increase in stress-induced
production of 17-OHP, especially if the sample is col-
lected in the first 24 h of life; or immaturity of the
adrenal glands [31, 32]. Low birth weight, premature,
and critically ill infants should be monitored in relation
to 17-OHP concentrations, with a second sample col-
lected on a later occasion to prevent false diagnoses and
waste of resources.
We found an association between low birth weight

and false positive results. The highest rate of false posi-
tive (4.0%) was found in the group with birth weight of
1500–2000 g (tier 2), in which no cases of CAH were fi-
nally detected (Table 1). We speculate that survival is
more likely in tier 2 newborns as compared to those in
tier 1 (<1500 g). We also recorded a higher rate of false
positive results in preterm versus term infants (Table 3).
Moreover, the gestational age of false positive babies was
significantly lower than that of CAH cases. While a high
correlation exists between birth weight and gestational
age, one study suggests that gestational age-related 17-
OHP cutoff levels improve CAH screening [9]. Never-
theless, birth weight data is more easily assessed than
gestational age. Coulm et al. reported a PPV of 0.4% for
CAH screening in pre-term infants, a value that is lower
than that observed for term infants. Another study [33]
suggests a correction factor for prematurity and weight,
but does not use stratified cut-offs, which complicates
the analysis of PPV. Interestingly, we observed that even
if above the diagnostic cut-off point for the birth weight
tier, 17-OHP values of false positive infants were signifi-
cantly lower than those of CAH cases in both the initial

screening and retest. Other studies have reported similar
findings [10, 19], which might be explained by a more
severe clinical status, since many of these false positive
infants required intensive care [12].
Consanguinity was an important factor in this popula-

tion, present in 25% of CAH cases but absent in false
positive cases. Thus, adding information about consan-
guinity to the initial screening might support CAH diag-
nosis in the presence of high 17-OHP levels. Limitations
of this study are its retrospective nature, which pre-
vented the analysis of factors related to false positive
results, and the lack of proper information on initial
screening regarding prenatal use of glucocorticoid,
which might affect 17-OHP levels. Prospective studies
with adequate design are required for these analyses.

Conclusion
The screening of CAH remains a challenge, and the im-
plementation of an adequate screening flow makes
population programs more assertive. In addition to the
17-OHP dosing method, diagnostic 17-OHP cut-offs
stratified by birth weight, collection of samples at spe-
cific time points, and performance of retests even in the
absence of clinical suspicion of CAH or confounding
factors, such as prematurity and critical illness, greatly
contribute to decrease false positive rates.
The present results support the need for CAH screen-

ing by the public health care system, and show that the
strategy adopted is adequate, despite the initial screening
of some infants after the 7th post-natal day. Future pro-
spective studies may be useful to establish specific strat-
egies for preterm groups, lower weight newborns, and
ICU patients, and to improve effectiveness and PPV in
all weight tiers.

Abbreviations
17-OHP: 17 hydroxyprogesterone; CAH: Congenital adrenal hyperplasia; NC
CAH: Non-classic congenital adrenal hyperplasia; PPV: Positive predictive
value; SV CAH: Simple virilizing congenital adrenal hyperplasia; SW CAH: Salt-
wasting congenital adrenal hyperplasia

Acknowledgements
Not applicable.

Funding
This work was supported by grants from Brazilian National Institute of
Hormones and Women’s Health, Conselho Nacional de Desenvolvimento
Científico e Tecnológico [CNPq INCT 573747/2008-3], Brazilian National
Public Health System (PPSUS) and FAPERGS, Porto Alegre, Brazil.

Availability of data and materials
All data analyzed during this study are included in this published article.

Authors’ contributions
CK, MJP and LAB have made substantial contributions acquisition, analysis
and interpretation of data. CK, SMC and PMS conceived the design of the
study. CK, SMS, CMDS and PMS have been involved in drafting the manuscript
or revising it critically for important intellectual content. SMS and PMS have
given final approval of the version to be published. All authors read and
approved the final manuscript.

Kopacek et al. BMC Pediatrics  (2017) 17:22 Page 6 of 7



Competing interests
The authors declare that they have no competing interests.

Consent for publication
Not applicable.

Ethics approval and consent to participate
The study protocol was approved by the Research Ethics Committee at Hospital
Materno Infantil Presidente Vargas, and meets the guidelines and norms
regulating research involving human beings. Approval of consent was waived.

Author details
1Neonatal Screening Labor, Neonatal Screening Unit, Hospital Materno
Infantil Presidente Vargas, Porto Alegre, RS, Brazil. 2Departamento de Análises,
School of Pharmacy, Universidade Federal do Rio Grande do Sul, Porto
Alegre, RS, Brazil. 3Fundação Estadual de Projetos de Pesquisa em Saúde
(FEPPS), Porto Alegre, RS, Brazil. 4Gynecological Endocrinology Unit, Division
of Endocrinology, Hospital de Clinicas de Porto Alegre, Universidade Federal
do Rio Grande do Sul, Porto Alegre, RS, Brazil. 5Faculdade de Farmácia–
UFRGS, Av. Ipiranga, 2752, Porto Alegre, RS 90610-000, Brazil.

Received: 15 March 2016 Accepted: 30 December 2016

References
1. White PC, Speiser PW. Congenital adrenal hyperplasia due to 21-hydroxylase

deficiency. Endocr Rev. 2000;21(3):245–91.
2. Speiser PW, Azziz R, Baskin LS, Ghizzoni L, Hensle TW, Merke DP, et al.

Congenital adrenal hyperplasia due to steroid 21-hydroxylase deficiency:
an Endocrine Society clinical practice guideline. J Clin Endocrinol Metab.
2010;95(9):4133–60.

3. Bachega TA, Billerbeck AE, Parente EB, Lemos-Marini SH, Baptista MT, Mello MP,
Guerra Jr G, Kuperman H, Setian N, Damiani D, Torres N, Castro M, Mendonça BB.
Multicentric study of Brazilian patients with 21-hydroxylase deficiency:
a genotypephenotype correlation. Arq Bras Endocrinol Metabol. 2004;
48(5):697–704.

4. Joint LWPES/ESPE CAH Working Group. Consensus statement on 21-
hydroxylase deficiency from the Lawson Wilkins Pediatric Endocrine Society
and the European Society for Paediatric Endocrinology. J Clin Endocrinol
Metab. 2002;87(9):4048–53.

5. Speiser PW. Prenatal and neonatal diagnosis and treatment of congenital
adrenal hyperplasia. Horm Res. 2007;68(5):90–2.

6. Pang SY, Wallace MA, Hofman L, Thuline HC, Dorche C, Lyon IC, Dobbins RH,
Kling S, Fujieda K, Suwa S. Worldwide experience in newborn screening for
classical congenital adrenal hyperplasia due to 21-hydroxylase deficiency.
Pediatrics. 1988;81(6):866–74.

7. Allen DB, Hoffman GL, Fitzpatrick P, Laessig R, Maby S, Slyper A. Improved
precision of newborn screening for congenital adrenal hyperplasia using
weight-adjusted criteria for 17-hydroxyprogesterone levels. J Pediatr.
1997;130(1):128–33.

8. Nordenström A, Wedell A, Hagenfeldt L, Marcus C, Larsson A. Neonatal
screening for congenital adrenal hyperplasia: 17-hydroxyprogesterone levels
and CYP21 genotypes in preterm infants. Pediatrics. 2001;108(4):E68.

9. Olgemöller B, Roscher AA, Liebl B, Fingerhut R. Screening for congenital
adrenal hyperplasia: adjustment of 17-hydroxyprogesterone cut-off values
to both age and birth weight markedly improves the predictive value. J Clin
Endocrinol Metab. 2003;88(12):5790–4.

10. Hayashi G, Faure C, Brondi MF, Vallejos C, Soares D, Oliveira E, Brito VN,
Mendonca BB, Bachega TA. Weight-adjusted neonatal 17OH-progesterone
cutoff levels improve the efficiency of newborn screening for congenital
adrenal hyperplasia. Arq Bras Endocrinol Metabol. 2011;55(8):632–7.

11. Tsuji A, Konishi K, Hasegawa S, Anazawa A, Onishi T, Ono M, Morio T,
Kitagawa T, Kashimada K. Newborn screening for congenital adrenal
hyperplasia in Tokyo, Japan from 1989 to 2013: a retrospective population-
based study. BMC Pediatr. 2015;15(1):209.

12. Pauwels G, Allegaert NK, Régal L, Meulemans A. Risk factors for elevated
levels of 17-hydroxyprogesterone during neonatal intensive care unit
admission. Acta Clin Belg. 2012;67(2):88–93.

13. Gatelais F, Berthelot J, Beringue F, Descamps P, Bonneau D, Limal JM,
Coutant R. Effect of single and multiple courses of prenatal corticosteroids

on 17 hydroxyprogesterone levels: implication for neonatal screening of
congenital adrenal hyperplasia. Pediatr Res. 2004;56(5):701–5.

14. Sarafoglou K, Banks K, Gaviglio A, Hietala A, McCann M, Thomas W.
Comparison of one-tier and two-tier newborn screening metrics for
congenital adrenal hyperplasia. Pediatrics. 2012;130(5):e1261–8.
doi:10.1542/peds.2012-1219. Epub 2012 Oct 15.

15. Yoo BK, Grosse SD. The cost effectiveness of screening newborns for
congenital adrenal hyperplasia. Public Health Genomics. 2009;12(2):67–72.
doi:10.1159/000156115. Epub 2008 Sep.

16. Barra CB, Silva IN, Pezzuti IL, Januário JN. Neonatal screening for congenital
adrenal hyperplasia. Rev Assoc Med Bras. 2012;58(4):459–64.

17. Pezzuti IL, Barra CB, Mantovani RM, Januário JN, Silva IN. A three-year follow-
up of congenital adrenal hyperplasia newborn screening. J Pediatr.
2014;90(3):300–407.

18. Silveira EL, dos Santos EP, Bachega TA, van der Linden Nader I, Gross JL,
Elnecave RH. The actual incidence of congenital adrenal hyperplasia in Brazil
may not be as high as inferred—an estimate based on a public neonatal
screening program in the state of Goiás. J Pediatr Endocrinol Metab.
2008;21(5):455–60.

19. Nascimento ML, Cristiano AN, Campos T, Ohira M, Cechinel E, Simoni G,
Lee J, Linhares RM, Silva PC. Ten-year evaluation of a Neonatal Screening
Program for congenital adrenal hyperplasia. Arq Bras Endocrinol Metabol.
2014;58(7):765–71.

20. Triagem neonatal: hiperplasia adrenal congênita/Ministério da Saúde,
Secretaria de Atenção à Saúde, Departamento de Atenção Especializada e
Temática.–Brasília: Ministério da Saúde, 2015. 44 p. : il. Editora MS–OS 2015/
0241 ISBN 978-85-334-2262-9. Printed in Brazil.

21. IBGE. Censo Demográfico 2010. Available at: http://www.censo2010.ibge.
gov.br. Accessed 11 Mar 2016.

22. Pang S, Hotchkiss J, Drash AL, Levine LS, New MI. Microfilter paper method
for 17 alpha-hydroxyprogesterone radioimmunoassay: its application for
rapid screening for congenital adrenal hyperplasia. J Clin Endocrinol Metab.
1977;45:1003–100.

23. Cartigny-Maciejewski M, Guilley N, Vanderbecken S, Gondé S, Stuckens C,
Ponté C, Weill J, Farriaux JP, Paux E. Neonatal screening of congenital
adrenal hyperplasia due to 21-hydroxylase deficiency: Lille experience
1980–1996. Arch Pediatr. 1999;6(2):151–8.

24. White PC. Neonatal screening for congenital adrenal hyperplasia. Nat Rev
Endocrinol. 2009;5(9):490–8. doi:10.1038/nrendo.2009.148.

25. Lacey JM, Minutti CZ, Magera MJ, Tauscher AL, Casetta B, McCann M, Lymp J,
Hahn SH, Rinaldo P, Matern D. Improved specificity of newborn screening for
congenital adrenal hyperplasia by second-tier steroid profiling using tandem
mass spectrometry. Clin Chem. 2004;50(3):621–5.

26. Schwarz E, Liu A, Randall H, Haslip C, Keune F, Murray M, et al. Use of
steroid profiling by UPLC-MS/MS as a second tier test in newborn
screening for congenital adrenal hyperplasia: the Utah experience.
Pediatr Res. 2009;66:230–5.

27. Tajima T, Fukushi M. Neonatal mass screening for 21-hydroxylase deficiency.
Clin Pediatr Endocrinol. 2016;25(1):1–8. doi:10.1297/cpe.25.1. Epub 2016 Jan 30.

28. Coulm B, Coste J, Tardy V, Ecosse E, Roussey M, Morel Y, et al. DHCSF Study
Group Efficiency of neonatal screening for congenital adrenal hyperplasia
due to 21-hydroxylase deficiency in children born in mainland France
between 1996 and 2003. Arch Pediatr Adolesc Med. 2012;166:113–20.

29. Kwon C, Farrell PM. The Magnitude and Challenge of False-Positive
Newborn Screening Test Results. Arch Pediatr Adolesc Med. 2000;154(7):
714–8. doi:10.1001/archpedi.154.7.714.

30. Gidlof S, Wedell A, Guthenberg C, von Dobeln U, Nordenstrom A.
Nationwide Neonatal Screening for Congenital Adrenal Hyperplasia in
Sweden: A 26-Year Longitudinal Prospective Population-Based Study.
JAMA Pediatr. 2014;168(6):567–74.

31. Alves CA, Junior VB, Toralles MB. Neonatal screening for congenital adrenal
hyperplasia: considerations regarding the transient rise of the 17-
hydroxyprogesterone. Braz J Promot (RBPS). 2006;19(4):203–8.

32. Nomura S. Immature adrenal steroidogenesis in preterm infants. Early Hum
Dev. 1997;49:225–33.

33. Lee JE, Moon Y, Lee MH, Jun YH, Oh KI, Choi JW. Corrected 17-alpha
hydroxyprogesterone values adjusted by a scoring system for screening
congenital adrenal hyperplasia in premature infants. Ann Clin Lab Sci.
2008;38(3):235–40.

Kopacek et al. BMC Pediatrics  (2017) 17:22 Page 7 of 7

http://dx.doi.org/10.1542/peds.2012-1219
http://dx.doi.org/10.1159/000156115
http://www.censo2010.ibge.gov.br
http://www.censo2010.ibge.gov.br
http://dx.doi.org/10.1038/nrendo.2009.148
http://dx.doi.org/10.1297/cpe.25.1
http://dx.doi.org/10.1001/archpedi.154.7.714

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Design and population
	Blood collection and 17-OHP measurements
	Statistical analysis

	Results
	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Author details
	References

