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Abstract

Purpose Early identification of classic 21-Hydroxylase Deficiency Congenital Adrenal Hyperplasia (210H-CAH) through
newborn screening (NBS) is vital to prevent morbidity from salt-wasting crises. The aim of the study is to assess the efficacy
of 210H-CAH NBS from 2006 to 2019 in the five Regions of Italy where 210H-CAH NBS is performed.

Methods Methods included dried blood spot (DBS) tests for 170H-progesterone (170HP) within the first 48—72 h, with
variable protocols. Dried blood spots have been screened with a time-resolved fluoroimmunoassay for 170HP determination
(DELFIA) as first tier test in all the Italian Regions. Liquid chromatography-tandem mass spectrometry (LC-MS/MS) was
implemented in the Veneto region starting October 2017 as second-tier test.

Results Among 2,933,074 screened newborns, 161 (86 males, 75 females) had classic 210H-CAH, with a cumulative inci-
dence of 1 in 17,699. Salt-wasting CAH was the most prevalent form (71.9%). Mean age at blood sampling for true positives
was 9=+ 18 days, with 28% suspected before NBS results. In Regions with a second-tier test, the recall rate (RR) was 0.17,
and positive predictive value (PPV) was 4.3. No patients had adrenal crisis and 23% of cases were symptomatic before the
NBS results were reported.

Conclusions The study confirms the efficacy of NBS in early detection of classic 210H-CAH, emphasizing the need for
timely reporting and second-tier testing to improve outcomes.

Keywords Congenital adrenal hyperplasia - 21 hydroxylase deficiency - Newborn screening - 17-hydroxyprogesterone -
Newborns - Salt wasting

Abbreviations Introduction

170HP 17hydroxyprogesterone
210H-CAH 21-Hydroxylase Deficiency Congenital Congenital Adrenal Hyperplasia (CAH) is a group of

Adrenal Hyperplasia genetic disorders that affect the adrenal glands’ steroidogen-
DBS Dried blood spot esis. CAH due to 21-hydroxylase deficiency (210H-CAH)
FN False negatives (OMIM 613815), is the most common and clinically signifi-
FPR False positive rate cant variant of the disease, accounting for more than 95%
LC-MS/MS  Liquid chromatography-tandem mass of cases.

spectrometry 210H-CAH is divided into classic and non-classic forms
NBS Newborn screening based on enzyme deficiency severity. The classic form has
PPV Positive predictive value two subtypes: the more severe salt-wasting (SW) form (less
RR Recall rate than 1% enzyme activity) and the less severe simple viril-
SV Simple virilizing izing (SV) form (1-2% enzyme activity). Both are marked
SW Salt-wasting by cortisol deficiency and excess androgens, with the SW
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form also presenting aldosterone deficiency. The incidence
of classic forms ranges from one in 10,000 to one in 20,000
live births [1]. In 46,XX newborns, the classic forms exhibit
varying degrees of genital virilization at birth, aiding diag-
nosis. Conversely, 46,XY newborns may display no obvious
symptoms, risking delayed diagnosis. Untreated newborns
with the SW form can experience life-threatening adrenal
crises within weeks after birth.

210H-CAH is an autosomal recessive disorder caused
by variations in CYP21A42 (6p21.3). The primary biomarker
for the diagnosis is 170H-hydroxyprogesterone (170HP),
which is the substrate for 21-hydroxylase and the direct
upstream steroid precursor accumulating before the enzy-
matic block: levels above 300 nmol/L or 10,000 ng/dL indi-
cate classic deficiency [2].

Newborn screening (NBS) programs for 210H-CAH
began globally in the late 20th century to facilitate early
detection and treatment, especially for asymptomatic
infants [3]. Italy’s regional NBS programs began in Emilia-
Romagna in 1980, later expanding to other Regions [4].
Studies have shown that CAH NBS significantly decreases
mortality and morbidity in affected infants [1, 5-7].

In past years, a debate on the opportunity to start NBS
for CAH has consistently reduced the rate of its realization
in several countries and regions, such as Italy. This has been
mainly related to critical issues such as the high rate of false
positive cases due to the difficulty in interpreting 170HP
levels according to prematurity and immature cortical adre-
nal function, low birth weight [8], physical stress [9-11]
and the theoretical possibility of reaching the diagnosis of
CAH on a clinical basis in large part of newborns, thanks to
the clinical manifestation of hyperandrogenism especially
in female androgenized newborns [12, 13]. Recent tech-
nical advancements, including the dissociation-enhanced
lanthanide fluoroimmunoassay (DELFIA) and liquid chro-
matography-tandem mass spectrometry (LC-MS/MS) have
significantly reduced false positive cases and improved the
positive predictive value of the test [9—-11]. The Endocrine
Society’s 2018 guidelines recommend including screening
for 21-hydroxylase deficiency CAH in all NBS programs to
reduce morbidity and mortality associated with the condi-
tion [2].

The aim of this study is to evaluate the efficacy of 210H-
CAH NBS from 1 st January 2006 to 31 st December 2019
in the five Regions of Italy where NBS for 210H-CAH is
performed. The experience collected through this study may
be helpful in the remaining Italian Regions that will have
to introduce this diagnostic tool. Infact, Italy is approving
the extension of neonatal screening for 210H-CAH at the
national level.
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Materials and methods

This study included all the newborns who underwent NBS
protocols for 21 OH-CAH in the 5 Italian Regions where
210H-CAH NBS is performed. A combined regional neo-
natal screening program and a clinical survey by the dif-
ferent Neonatal Regional Screening Centers identified the
patients born in the study’s observation period. This study
analyzed the data related to NBS for classic CAH. The data
included the number of newborns screened, the incidence,
the sensitivity and positive predictive value (PPV) of the
screening tests, the number of cases suspected even before
NBS results, the number of false negatives (FN), the false
positive rate (FPR) and the recall rate (RR). Other collected
information included the type of 210H-CAH, clinical phe-
notype, electrolyte data before treatment, and the frequen-
cies of CYP21A2 variations. Since the aim of NBS for CAH
was to identify the classic form, non-classic forms found by
NBS were excluded.

All patients underwent a DBS test for 170HP within the
first 48 to 72 h of life, except in the Veneto region from 2006
to 2009, when DBS was taken between 49 and 96 h of life.

Blood samples were collected through a heel prick onto
Guthrie filter cards. Dried blood spots have been screened
with a time-resolved fluoroimmunoassay for 17-OHP
determination (DELFIA) as a first-tier test in all the Ital-
ian Regions. Initially, the PerkinElmer Inc. DELFIA Neo-
natal 17a-OH-progesterone kit was used, followed by the
PerkinElmer Inc. GSP Neonatal kit from 2014. The Veneto
Region started a second-tier test at the end of 2017, based on
the steroid profile obtained by LC-MS/MS, on the same spot
taken at 48-72 h of life, which resulted above the first-tier
17 OHP cut-off level [14].

To reduce false positives in newborn screening for
CAH, different Regions employed various strategies. In
Emilia-Romagna and Lombardy, two cut-off levels dic-
tated the urgency of recalls: the lower cut-off level required
a new dried blood spot for 170HP, while the higher one
led to immediate referral to a pediatric hospital. In Emilia-
Romagna, Veneto, and Piedmont-Valle D’ Aosta, cut-off lev-
els were based on gestational age, whereas Lombardy used
neonatal weight, with newborns under 2000 grams or below
37 weeks gestational age undergoing re-evaluation of the
NBS panel at 2 weeks. Detailed cut-off levels and protocols
subdivided per region are reported in Table 1. The degree of
virilization of external genitalia was assessed using Prader
staging, with circulatory shock and dehydration as indica-
tors of salt-wasting conditions [15]. Electrolyte imbalance
(SW form) was defined as plasma sodium levels below
130 mmol/L and/or potassium above 5.5 mmol/L [16, 17].
For diagnosis confirmation of 210H-CAH, patients under-
went CYP21A42 molecular analysis. Genotyping involved
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Southern blot analysis and PCR amplification of all relevant
gene regions, classifying patients into four groups based on
the severity of enzymatic impairment: ‘Null’ for the most
severe mutations, ‘A’ for severe mutations (I2splice), ‘B’ for
moderately milder mutations, and ‘C’ for milder mutations
(P30L, V281L, or P453S) [16, 17].

Statistical analysis

Descriptive statistics regarding absolute frequencies and
percentages for qualitative data were reported. Student’s
t-test, Mann-Whitney, and Kruskal Wallis tests were used to
compare quantitative variables between groups. All p values
were double-tailed, and values<0.05 were considered sta-
tistically significant. All the analyses were conducted using
the JASP software.

Results

During the reference period, 2,933,074 newborns underwent
210H-CAH screening in the five Italian Regions where the
program is implemented, covering approximately 40% of
all live births in Italy. One hundred sixty-one infants (86
males, 75 females) with classic 210H-CAH were identified,
resulting in an incidence rate of 1:18,218. The most com-
mon classic form was SW-CAH, with 118 cases (73%).

No significant statistical difference was found between
Regions regarding gestational age and neonatal weight at
diagnosis. Eleven patients (4 males) out of 161 were preterm
(gestational age <37 weeks), with a neonatal weight ranging
from 585 to 3,010 g. In particular, two male patients were
extremely preterm (25 and 27 weeks of gestational age) and
with birth weight<1,000 g (585 and 995 g, respectively). In
three cases out of the eleven preterm, the age at diagnosis
was delayed (at 18, 30, and 47 days of life), and in the other
eight cases, it ranged from 2 to 7 days of age.

Three false negative cases (two males and one female)
with SV-210H-CAH were later diagnosed in infancy due
to early pubarche, marked bone age advancement, and
elevated 170HP serum levels. As a result, the cumulative
incidence rate of classic CAH was 1 in 17,669 newborns
(Table 2), reducing the percentage of SW-CAH to 71.9%.

The cumulative false positive rate was 0.874%, and the
recall rate was 0.8%, as reported in Table 2, along with these
data subdivided by Regions. In the last two years of the
observation period, the second-tier test was made available
in the Veneto region, where the RR dropped to 0.17 with a
PPV of 4.3.

As expected, the screening program also identified cases
of non-classic congenital adrenal hyperplasia (NC-CAH)
based on the detection of mild CYP21A2 alleles. According
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to available data, a total of 15 NC-CAH cases were diag-
nosed, corresponding to a rate of approximately 0.0005% of
the screened newborns.

Following the reclassification of these 15 NC-CAH
cases from false to true positives, slight improvements were
observed in screening performance indicators. The overall
FPR decreased marginally—from 0.874 to 0.873%—and
the PPV increased from 0.62 to 0.68%. These variations,
although small, were consistent across Regions.

Clinical picture at diagnosis

The distribution of patients according to sex, presence of
atypical genitalia and symptoms at diagnosis is reported in
Table 2. In 36/161 patients (23%), symptoms like vomiting,
refusal to eat, dehydration, and failure to thrive before NBS
results were reported without evidence of an overt adrenal
crisis. Among these cases, a prevalence of male sex and null
or A genotypes was found (p<0.001). The age at diagnosis
was not significantly different in symptomatic (7+6 days)
and asymptomatic (9+ 18 days) patients.We also found no
regional prevalence in the number of symptomatic cases.
Overall, hyponatremia and hyperkalemia, variably associ-
ated, were reported in 69 cases. In patients who presented
with at least one symptom at diagnosis, serum sodium lev-
els were lower (p<0.001) and potassium levels were higher
(»<0.05) than in asymptomatic patients (Table 3). Fifty-
eight out of 75 females showed atypical genitalia at birth,
with Prader stage ranging from 1 to 4.

NBS results

The mean age at confirmed diagnosis in true positive cases
was 9+ 18 days of life.

The diagnosis of 210H-CAH was suspected in 47/161
(29%) patients before the results of NBS: in 36/58 females
with atypical genitalia at birth, and in 11 cases (4 females
and 7 males) due to prenatal diagnosis performed for the
presence of an affected sibling.

The overall male-to-female ratio was 1:1. Females were
diagnosed earlier than males. However, a statistically sig-
nificant difference was not found. Overall, the sensitivity of
NBS for SW CAH was 100%.

Table 4 reports the frequency of the most frequent
CYP21A2 classic variations found in our patients. Among
the analyzed cases, 21 patients with classic CAH carried
complex alleles harboring more than one CYP2/A2 varia-
tion, involving different combinations of classic variations
(7 alleles) in 11 cases or classic and non-classic variations
in 10 cases (13 alleles).

Significant inter-regional differences were observed in
screening performance for classic-CAH. The Veneto region,
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Table 2 Results of newborn CAH screening (classic-CAH only)divided by region

FPR  RR RRw/2nd PPV PPV w/2nd

Incidence Sensitivity

Symp-

Females

Females

TP FN M/F Males

Newborns Recalled FP

screened

tier

%

%

tier
%

%

%

of NBS for
SW CAH

tomatic n
%

affected affected w/atypical

n

newborns n

newborns

genitalia

0.60 NA
0.58 NA
1.06 NA

0874 0.8 NA

1.133

100

1:18,434
1:16,453
1:25,270

9 (31%)

26 21

0.8

1

0
0

29
83
24

4,865 4,835

553,041

Emilia Romagna
Lombardy

NA

1.1

100
100

19 (25%)
4 (20%)

42 36

41

14,351
2,238

14,434

2,262

1,266,957

0.443 04 NA

10

14

1.2

Piedmont and Valle 505,412

d’Aosta

0.59 43

0.695 0.8 0.07
0.874 0.8 NA

100
100

1:22,506
1:17,699

4 (16%)
36(23%)

15 11

75

10
86

0.8

25

607,664 4,250 4,223

Veneto (VR)

Total

0.62 NA

62

3 1.1

161

25,647

2,933,074 25,811

F, females; FN, false negatives; FP, false positives; FPR, false positive rate; M, males; NA, not applicable; PPV positive predictive value; TP, true positives; RR, recall rate

Table 3 Electrolytes serum concentrations in symptomatic and asymp-
tomatic cases

Serum Na (mEq/L) Serum K (mEq/L)
Symptomatic ~ Asymptomatic ~ Symptomatic ~ Asymp-
tomatic
Mean 130.5 134.3* 6.4 5.7°
Std.  5.06 5.24 1.05 1.11
Devi-
ation

#p<0.001; °p<0.05

Table 4 Frequency of CYP21A2 classic variations
Total Emilia

Lombardy Piedmont Veneto

Romagna and Valle
d’Aosta

N alleles 247 39 145 35 28
Variations Variations frequency (%)
Del/cnv 19.0 103 24.1 5.7 21.4
In2 299 333 33.7 17.1 21.4
I172N 109 132 11.0 8.3 16.7
Q318X 6.8 7.6 6.9 0 14.3
R356W 3.2 5.7 4.0 6.7 0
Complex 8.5 10.3 7.6 14.3 3.6
alleles
Other 121 29 11.2 33.3 14.8

Table 5 Screening data by Region—Percent of National totals

Region % of Total % of %of %of %of
Screened  Total Total Total Total
Recalled FP TP FN
Emilia-Romagna 18.9 18.8 18.8 204 30
Lombardy 432 559 560 47.1 0
Piedmont and Valle 17.2 8.8 8.7 16.0 0
D’Aosta
Veneto (VR) 20.7 16.5 165 165 70
Total 100 100 100 100 100

FN, false negatives; FP, false positives; TP, true positives

which adopted a second-tier test in the last two years of the
observation period, achieved the highest positive predic-
tive value (PPV) of 4.3% and the lowest false positive rate
(FPR) of 0.07%. In contrast, Regions without second-tier
testing reported PPVs below 1% and FPRs ranging from
0.443 to 1.133%.

Among the five Italian Regions contributing to CAH
newborn screening data, including NC-CAH cases, Lom-
bardy region screened the largest proportion of infants
(43.2%) and accounted for the highest number of recalls
(55.9%) and false positives (56.0%). It also identified the
highest proportion of true positive cases (47.1%). Emilia-
Romagna, Piedment-Valle d’Aosta, and Veneto region
contributed to 20.4%, 16%, and 16.5% of true positive diag-
noses, respectively (Table 5). Overall, false negative rates
were negligible, with none reported in Lombardy and the
Piedmont-Valle d’ Aosta region.

@ Springer
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Discussion

Our results are reassuring on the efficacy of 210H-CAH
NBS in detecting all patients with salt-wasting forms of
210H-CAH (sensitivity 100%) before the adrenal crisis in
Italy, confirming the results of several NBS international
programs. The Swedish screening program for CAH showed
high sensitivity (99.3%) for severe forms, with no salt-wast-
ing cases missed, and 79.7% sensitivity for the simple vir-
ilizing form. The PPV was 25.1% in full-term infants but
remained low (1.4%) in preterm infants, despite adjusted
cut-off levels [13]. Israel’s screening program showed a
sensitivity of 95.4% for classic CAH and a PPV of 16.5%,
with collection occurring between 36 and 72 h and cut-offs
adjusted by gestational age and birth weight [18]. In Brazil,
adjusting 170HP cut-offs based on birth weight and collec-
tion timing (48—72 h and >72 h) yielded PPVs of 5.6% and
14.1%, respectively, with no missed SW-CAH cases [19].
The Dutch program reported a high PPV of 24.7% with
sample collection between 3 and 7 days, though some new-
borns experienced salt-wasting crises before results were
available [20]. Among these countries, the second-tier test
with LC-MS/MS is not performed. Across all these pro-
grams, delays in specimen collection beyond 48 h improved
screening accuracy by accounting for regular physiological
changes in 170HP levels after birth. However, all studies
warn that delays in collection could lead to late diagnoses
and potential adverse outcomes, especially in infants at risk
of early salt-wasting crises.

Our data showed a PPV of 0.62%, much lower than other
published data. The high number of false positives, and con-
sequently the low PPV, can be attributed to the inclusion
in our research of all newborns recalled based on the first
recall cut-off level. This threshold is intentionally set with
high sensitivity to minimize the risk of missing true positive
cases (i.e., affected individuals), but at the cost of reduced
specificity. As a result, a substantial proportion of recalled
infants do not ultimately receive a confirmed diagnosis,
thereby inflating the number of false positives and decreas-
ing the PPV. This trade-off reflects the design of many first-
tier newborn screening strategies, which prioritize early
detection over diagnostic precision in the initial phase. Fur-
thermore, we argued that these results may also depend on
the different laboratory 170HP recall cut-off levels and the
preterm-to-term newborn ratio, which was not possible to
assess in the present study due to its retrospective design.

Elevated 170HP levels in preterm and sick newborns
complicate the accurate interpretation of screening results.
While some NBS programs have improved their predic-
tive value by adopting gestational age criteria, the PPV for
first-tier immunoassays remains low, often below 10% [21].
To ensure adequate sensitivity, cut-off levels are typically
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set so that approximately 1% of tests yield positive results.
As an effect, CAH screening has one of the lowest PPVs
among newborn screenings when relying solely on 170HP
concentration. All Italian centres have established recall
cut-offs based on gestational age and neonatal weight,
reducing unnecessary hospital admissions in some Regions.
However, this hasn’t significantly decreased the number of
recalls, as a second dried blood test is mandatory for diag-
nosis confirmation. Currently, only the Veneto region per-
forms second-tier testing, which has resulted in a tenfold
reduction in FPR and a sevenfold increase in PPV.The mean
age at diagnosis is crucial for the effectiveness of screen-
ing programs, as early diagnosis enables timely treatment to
prevent CAH complications. Despite early detection, 23%
of newborns identified by our 210H-CAH NBS program
showed symptoms such as vomiting and failure to thrive.
This is likely linked to phenotype severity since all affected
cases had null or A genotypes. Although we initially thought
these cases were recalled later, no significant difference
was found. Notably, the majority of our symptomatic cases
involved males. In contrast, females with atypical genitalia
were often hospitalized for further evaluation while await-
ing NBS results. This situation differed from that of males
with 21 OH-CAH, who were typically discharged sooner,
as their macrogenitosomia or hyperpigmentation of the
external genitalia frequently went unnoticed. These data
strengthen the need for 210H-CAH NBS to detect patients
with potential risk of salt-wasting crises early, particularly
males [22].

A consistently high sensitivity across all Regions indi-
cates that the screening programs effectively identify all
positive cases of SW 21 OH-CAH. However, our study
confirms that even with different cut-off levels for preterm
newborn, either based on gestational age or, in one case, on
birth weight, a real improvement in the reduction of false
positives could be reached only with a second-tier test, as
reported by Speiser et al. in the last guidelines for CAH [2].
In Italy, at the moment of our study completion, only the
Veneto region performed the second-tier test for the last
two years with a clear improvement in PPV, as reported
in the paper by Cavarzere et al. [14]. These observations
underscore the importance of a national re-evaluation of
17-OHP cut-off levels, ideally guided by gestational age
and birth weight, and potentially supported by biochemical
or molecular second-tier protocols. A harmonized review
process could reduce unnecessary recalls and enhance the
clinical efficiency of CAH newborn screening programs.
Three false-negative cases, all later diagnosed as simple
virilizing CAH, were identified despite normal 17-OHP lev-
els at screening. This may reflect the known variability in
17-OHP expression during the early neonatal period, par-
ticularly in milder classic forms. These findings highlight an
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inherent limitation of first-tier screening in detecting some
SV-CAH cases. Fifteen cases of NC-CAH were retrospec-
tively identified during clinical follow-up, despite being
detected biochemically at birth. Although these cases were
not initially classified as true positives, their later confirma-
tion justifies their reclassification. This adjustment led to a
slight improvement in the overall performance metrics of
the newborn screening program. These findings suggest that
lower recall thresholds may increase the risk of false posi-
tives but also enable the early identification of milder forms
such as NC-CAH, which might otherwise go undiagnosed.

Conclusions

This study highlights the importance of timely reporting and
second-tier testing for 210H-CAH. Harmonizing screening
protocols across Regions can reduce variability in recall
rates and positive predictive value. Utilizing advanced
methods like liquid chromatography-tandem mass spec-
trometry as a second-tier test can improve the specificity of
CAH screening, reducing false positives and unnecessary
recalls and eventually diagnosing other adrenal enzymatic
deficiencies (CYP11B2-Deficiency, HSD3B2-Deficiency).
Our analysis of various regional CAH screening programs
shows both successes and areas for improvement. While
high sensitivity ensures the detection of all SW cases, dif-
ferences in recall rates, PPV, and mean age at diagnosis
indicate the need for enhancement. This study collected
insights from Italian regional CAH neonatal screening cen-
ters, which will aid other Regions in implementing 210OH-
CAH newborn screening as the Italian healthcare ministry
pursues a national rollout.
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