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Background: Newborn screening for congenital adrenal hyperplasia (CAH-NBS) is

not yet a worldwide consensus, in part due to inconclusive evidence regarding

cost-effectiveness because the analysis requires an understanding of the short- and

long-term costs of care associated with delayed diagnosis.

Objective: The present study aimed to conduct a cost-effectiveness analysis (CEA) to

compare the costs associated with CAH-NBS and clinical diagnosis.

Methods: A decision model comparing the two strategies was tested by sensitivity

analysis. The cost analysis perspective was the public health system. Unscreened

patients’ data were extracted from medical records of Hospital das Clinicas, Saõ

Paulo, and screened data were extracted from the NBS Referral Center of São Paulo.

The population comprised 195 classical patients with CAH, clinically diagnosed and

confirmed by hormonal/CYP21A2 analysis, and 378,790 newborns screened during

2017. Adverse outcomes related to late diagnosis were measured in both cohorts, and

the incremental cost-effectiveness ratio (ICER) was calculated. We hypothesized that

CAH-NBS would be cost-effective.

Results: Twenty-five screened infants were confirmed with CAH (incidence: 1:15,135).

The mortality rate was estimated to be 11% in unscreened infants, and no deaths

were reported in the screened cohort. Comparing the unscreened and screened

cohorts, mean serum sodium levels were 121.2 mEq/L (118.3–124.1) and 131.8 mEq/L

(129.3–134.5), mean ages at diagnosis were 38.8 and 17 days, and hospitalization

occurred in 76% and 58% of the salt-wasting patients with the in the two cohorts,

respectively. The NBS incremental cost was US$ 771,185.82 per death averted, which

yielded an ICER of US$ 25,535.95 per discounted life-year saved.
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Conclusions: CAH-NBS is important in preventing CAHmortality/morbidity, can reduce

costs associated with adverse outcomes, and appears cost-effective.

Keywords: cost-effectiveness, newborn screening, economic evaluation, 21-hydroxilase deficiency, congenital

adrenal hyperplasia

INTRODUCTION

Congenital adrenal hyperplasia (CAH) due to 21-hydroxylase is
a common autosomal recessive disease that results in impaired
cortisol and/or aldosterone synthesis and excessive adrenal
androgen secretion (1, 2). The worldwide and Brazilian incidence
ranges from 1:10,000 to 1:18,000 (3, 4). The disease presents
in two clinical forms: the classical form with severe enzyme
deficiency and prenatal onset of virilization, and the non-classical
form with mild enzyme deficiency and postnatal onset. The
classical form is divided into the salt-wasting (SW) and simple
virilizing (SV) forms. Female newborns with both clinical forms
present with virilized external genitalia at birth; in the SW form,
infants of both sexes are also at risk of life-threatening adrenal
crisis in the absence of early treatment (1). Benefits of precocious
diagnosis of SW cases through newborn screening (NBS) include
reduced mortality and reduced length of hospitalization, while in
the SV form, benefits include the correction of sex assignment
errors in virilized females and prevention of early advanced bone
maturation (5).

Although false-negative cases have been reported (6, 7), CAH-
NBS has demonstrated good efficacy in detecting patients with
classical CAH, and its implementation is a recommendation by
the Endocrine Society (5). However, the high frequency of false-
positive (FP) results remains a major issue, especially in preterm
newborns. The positive predicted value (PPV) has been described
to be ∼1.6–2.3% in screened Brazilian cohorts (8–11). A recent
pilot study conducted in Saõ Paulo found a PPV of 5.6 and
14.1% upon using the 99.8th percentile in samples collected until
and after 72 h of life, respectively (3). Neonates with positive
screening results should undergo additional tests to confirm the
diagnosis, and this process increases screening costs (12, 13).

CAH-NBS implementation is not yet a worldwide consensus,
which, in part, reflects the inconclusive data regarding the
cost-effectiveness of early CAH diagnosis through NBS (12).
The lack of consensus has been highlighted in the recent
CAH clinical guidelines (5). Long-term experience with CAH-
NBS has been described; however, only a few studies have
compared the screened and unscreened populations (14–16).
Two cost-effectiveness analyses (CEAs) concerning CAH-NBS
have been conducted in the United States, and in assuming
varying mortality rates, they reached differing conclusions: one
concluded that CAH-NBS was cost-effective, while the other did
not (17, 18). A recent CEA performed in Canada reached a
conclusion that favored NBS based on avoided morbidity and
hospital costs, even though no deaths were apparently averted
(19). None of these analyses considered the long-term adverse
outcomes secondary to late diagnosis and all were performed
in high-income countries, in which CAH can be precociously
diagnosed clinically.

Clinical suspicion of CAH in the absence of acute crisis
is commonly due to either genital atypia identification in
females or a family history of CAH. Thus, most males can
be clinically diagnosed only during a neonatal SW crisis
in the SW form or due to hyperandrogenic manifestations
during early infancy in the SV form. The delayed SW form
may incur longer hospitalizations, and some patients may die
without correct diagnosis (5, 20–22). In patients with the SV
form, delayed diagnosis leads to precocious pubarche and/or
precocious pseudo-puberty, culminating in a short final height
and hyperandrogenic manifestations in females (23, 24). It is
known that genital atypia at birth can become unnoticed, and
highly virilized females could also be misassigned at birth as
males (22, 25).

The major objective of our study was to assess the cost-
effectiveness of CAH-NBS in terms of prevention of early
childhood death and comorbidities with a set of evidence-based
assumptions. This study aimed to offer a comprehensive cost-
effectiveness evaluation of CAH-NBS implementation by using
a decision-tree framework that allowed variation in the model
parameters, considering the costs related to CAH screening
compared to those related to the treatment of short- and long-
term adverse outcomes of late CAH diagnosis.

METHODS

A CEA was conducted to compare the strategies of CAH-
NBS and clinical recognition using data from two CAH
cohorts diagnosed by NBS and clinically. Frequencies of
adverse outcomes were evaluated in both cohorts and used to
construct the decision model. The study design followed the
recommendations for economic health evaluation (26).

The study was approved by the Ethics in Research Committees
of the entities involved in providing data (online register number
14558). The data were retrospectively extracted from the medical
records of unscreened patients from the main tertiary Hospital of
Saõ Paulo State and from themedical records of screened patients
from the Neonatal Screening Referral Center of Saõ Paulo.

The CEA was conducted from the perspective of the Brazilian
Public Health System (SUS), which includes healthcare costs
but not families’ costs. It used the values of reimbursements
paid by the Brazilian Government for each health procedure,
obtained directly from the Management System of the Brazilian
Public Health System Table (SIGTAP) through the Brazilian
Ministry of Health online platform (27). The monetary unit
was United States dollars (US$), which was converted from the
Brazilian currency (R$) using the 2016 exchange rate of US$ 1.00
= R$ 3.26 (28). The chosen time horizon was from diagnosis to
19 years, a period in which most outcomes occur.
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The unscreened population comprised 195 patients (141 F)
diagnosed by clinical suspicion and confirmed by hormonal
and molecular analyses. Mortality rate, dehydration parameters,
and hospitalization length were measured in SW cases. The
number of deaths due to the absence of diagnosis was calculated
by applying the calculated mortality rate to the proportion
of patients with the SW form who would have not been
clinically recognized.

A fixed amount is paid by the SUS forward hospitalizations,
regardless of the length of stay; however, intensive care unit (ICU)
care is paid on a per-day basis. Therefore, the costs related to
dehydration were related to the number of ward hospitalizations,
as well as the number and duration of ICU hospitalizations. In
SV cases, the analysis evaluated the frequency of patients with
the 46,XX karyotype raised as males and of those undergoing
gonadotropin-releasing hormone analog (GnRha) and growth
hormone (GH) therapies for precocious pseudo-puberty in both
sexes (29). The costs related to therapies for males with the 46,XX
karyotype were due to genital surgery and androgen replacement
from puberty to 19 years, and costs related to GnRha and GH
use were calculated according to the number of patients treated,
mean dose, and treatment duration.

In the screened population, the analysis used data from the
CAH-NBS program of the state of Saõ Paulo in 2017, in which
378,790 newborns were screened. Eighty-two percent of the
samples were collected in hospitals, 11% in public health units
that provided primary care for the population, 6.3% in private
laboratories, and 0.6% in private clinics. Data on birth date,
weight, sex, date of sampling, neonatal 17-hydroxyprogesterone
(17-OHP) levels, and serum confirmatory tests were recorded.
NBS was performed by heel prick capillary blood collection from
newborns between the 2nd and 7th days of life. The blood was
deposited on a S&S 903 filter paper, and dried samples were
transported to the referral laboratory for 17-OHP analysis using
time-resolved, solid-phase fluoroimmunoassay 17-OHP neonatal
kit (B015-112–AutoDELFIA Neonatal 17-α-OH-progesterone
kit; Perkin Elmer Life and Analytical Sciences, Wallac Oy, Turku,
Finland). The intra-assay and inter-assay coefficients were <8%
for the filter paper assay. The cutoffs for 17-OHP levels on
the filter paper were established according to the birth weight
and age at sample collection using the 99.8th percentile (3).
Newborns with increased 17-OHP levels that were less than
twice the reference value (low-risk) were submitted for a new
sample collection on a filter paper; samples that had 17-OHP
levels higher than twice the 99.8th percentile (high risk) were
submitted for serum confirmatory tests, and those patients were
directly referred to a specialist consultation. Serum confirmatory
tests included measurements of 17-OHP, androstenedione, and
cortisol levels by liquid chromatography-mass spectrometry (LC-
MS /MS); of testosterone by eletroquimioluminescence; and of
sodium and potassium by selective ion electrode.

Screening costs included 17-OHP measurements on the filter
paper, in addition to confirmatory tests and medical follow-
ups for all screened positive cases. It was calculated as the
cost of measuring the 17-OHP level from the same filter paper
collected for the other screening tests performed by the national
NBS program. Costs by the category of screened newborns are

TABLE 1 | Costs for different categories after CAH screening until the age of 1

year old.

Categories Risk at

screening

Costs

description

Cost per

child (US$)

Non-affected by CAH A 2.45

Non-affected by CAH retested 2A 4.9

False positive High A + B 24.91

Low 2A + B 27.36

CAH affected High A + B 24.91

Low 2A + B 27.36

A—17OHP on filter paper = $2.45.

B—Confirmatory laboratory (serum 17OHP $3.13, cortisol $3.02, androstenedione $3.54,

testosterone $3.20, sodium $0.57, and potassium $0.57) + medical consultation ($8.43)

= $22.46.

shown in Table 1. In newborns with confirmed CAH diagnosis
costs, our decision model included the frequency and length of
hospitalization due to dehydration. It was assumed that under the
screening strategy, adverse long-term outcomes would not occur
as all patients would be diagnosed early. Additionally, no deaths
due to SW crises were reported in the NBS cohort.

Figure 1 shows the decision tree. It calculated the incremental
cost-effectiveness ratio (ICER) as the ratio of the incremental cost
of CAH-NBS to the discounted life-years saved (LY). Following a
model also used by Yoo and Grosse (17), our analyses assumed
that each newborn’s death avoided would save 30.2 LYs, applying
a 3% discount rate to 76 years of life expectancy at birth, as per the
2017 Brazilian life table (30). The equation used was as follows:
ICER (US$/LY) = (costs of NBS arm—costs of non-screened
arm) / (number of deaths averted × 30.2 LYs). The analyses
were conducted using the decision analysis software program
TreeAge Pro Health Care, and the results were confirmed by
Excel analysis.

Table 2 lists all parameters used in the CEA, including point
estimates for the base case. The CAH incidence of 1:12,250 is
an average of the incidence estimates we found in this study
(1:15,135) and different ones described previously by other
Brazilian centers (4, 11). We assumed a 75% proportion of SW
cases, as it has been widely reported in the literature and also in a
Brazilian NBS study (5, 8). Clinical recognition within the NBS
cohort was the probability of a case being detected before the
presentation of symptoms due to genital atypia at birth or family
history before the reporting of NBS results. This probability was
based on the proportion of patients with the SW form diagnosed
before dehydration and those with the SV form diagnosed in the
first 30 days of life in our unscreened cohort (20); the average
between these proportions and the one previously published
by Yoo and Grosse was used in the base case analysis (17).
The mortality rate considered in the base case analysis was
also an average of the one calculated in our unscreened cohort
and another published previously (17). The decision model was
applied to a hypothetical cohort using the total number of live
births in Brazil in 2017, surveyed from the Brazilian Ministry of
Health database (31) (see Table 3).
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FIGURE 1 | The design of the decision tree analysis.

Considering the inherent uncertainty in the values of various
assumptions, the robustness of the model was tested by
applying a one-way sensitivity analysis to examine how the
ICER was influenced by the range of each parameter. The
sensitivity analysis involved four variables, which are listed in
Table 4. In addition, analyses of the “best-case” and “worst-
case” scenarios selected the most and least favorable values for
each parameter, respectively. The ranges were extracted from the
published literature.

Statistical Analysis
Data are expressed as mean and 95% confidence intervals (CIs).
The Student’s t-test, chi-square test, and Fisher exact test were

used. Statistical significance was set at P< 0.05. Openepi software
was used, which is available at https://www.openepi.com/.

RESULTS

Unscreened CAH Cohort
The cohort consisted of 195 patients (90 SV and 105 SW cases),
and SW cases comprised 54% of the patients. Considering that
CAH clinical awareness could vary over time, the results were
stratified according to the year of birth: Group 1 until 1989,
Group 2 from 1990 to 1999, and Group 3 after 1999. The SW
frequency was 43% in Group 1 (94 patients), 62% in Group 2 (68
patients), and 70% in Group 3 (33 patients). The mortality rate
was assumed to be 11%, obtained by subtracting the mean SW
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TABLE 2 | Parameters and its point estimate assumption in modeling the base, best- and worst-case scenarios in decision analysis for CAH-NBS.

Parameters Point of estimate References

Base case Best case Worst case

2017 Brazilians life expectation and LY saved after 3% discount 76–30.2 76–30.2 76–30.2 (30)

CAH incidence 1:12,250 1:10,000 1:15,000 (11), Actual study

% SW 75% 75% 75% (5, 8)

Screening false positive rate 0.2% 0.1% 0.5% (17), Actual study

High risk false positive 25% 25% 25% Actual study

False positive confirmatory 8% 8% 8% Actual study

Low risk false positive 75% 75% 75% Actual study

Retest false positive 0.5% 0.5% 0.5% Actual study

SW form

% clinical recognition 36% 16% 55% (17)

SW mortality without screening 8% 11% 4.2% (17, 20)

% hospitalization even with screening 58% 58% 58% Actual study

% ICU hospitalization even with screening (among hospitalized patients) 30% 30% 30% Actual study

Screened length of ICU (days) 9 9 9 Actual study

% hospitalization unscreened 91% 91% 91% (20)

% ICU of unscreened, among hospitalized patients 36% 36% 36%

Unscreened length of ICU (days) 23 23 23

SV form

% clinical recognition 28% 11% 45% (17, 20)

% use of GH 14% 14% 14% (20)

Length of GH treatment (years) 3.2 3.2 3.2

Mean GH dose (ui) 5.9 5.9 5.9

% Females submitted to Masculinization process 15% 15% 15%

% use of GnRha 28% 28% 28%

Length of GnRha treatment (years) 3.8 3.8 3.8

Monetary reimbursements values US$

Nursery hospitalization 70.8 (23)

ICU diary 155.9

Neonatal 17OHP screening test (A) 2.45

Confirmatory laboratory + medial consultation (B) 22.46

GH ampole 12 ui 33.97

GnRH ampole 11.75mg 273.75

Masculinization process 1,906.19

Laboratory diagnosis (17OHP, andro, testo, Na, K, renin) 15.05

frequency of the most recent cohorts of Groups 2 and 3 (64%)
from that found in a Brazilian screened cohort (75%) (8).

In the sensitivity analysis, data from Group 3 were used to
analyze whether the improvement in CAH awareness impacted
CEA. Group 3 comprised 33 patients (22 F) born between 2000
and 2014; 23 had the SW (14 F) form and 10 (9 F) had the SV
form. One patient with the 46, XX karyotype who had the SV
formwas raised as male (11%). Dehydration occurred in 20 of the
23 patients with the SW form (87%), hospitalization occurred in
18 (90%), and 61% were admitted to the ICU for a mean duration
of 20 days (95% CI, 6.2–33.8). GH treatment was used in 40% of
the patients for a mean duration of 3.9 years (95% CI, 2.7–5.99)
and a mean dose of 5.09 UI/day (95% CI, 3.9–15.9). Treatment
with GnRHa (11.25mg/3months) was used in 30% of the patients
for a mean duration of 5.1 years (95% CI, 3.0–7.2).

SW crises occurred in 84% of the patients (100% of men
and 77% of women). Therefore, the probability of clinical
recognition before the presentation of symptoms in the SW form
was calculated to be 16%. The mean serum sodium (Na) level
was 121.2 mEq/L (95% CI, 118.3–124.1), and the mean age at
diagnosis was 38.8 days (95% CI, 31.1–46.4). Hospitalization
occurred in 91% of the dehydrated patients (76% of all patients
with the SW form) for a mean duration of 38 days (95% CI,
30.3–47.4); 36% were in the ICU for a mean duration of 23 days
(95% CI, 13.2–32.1). Table 5 shows the main clinical differences
between the screened and unscreened patients with the SW form.

Among the 90 patients with the SV form, 67 (73.6%) were
women. Atypical genitalia was identified at birth in 28 patients
(44%). Only 11% of all patients with the SV form were diagnosed
with CAH during the neonatal period, which was the assumed
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TABLE 3 | CEA for CAH-NBS in Brazil during the year of 2017.

Decision model on a hypothetic population Base case Best case Worst case

Yearly live-births (N) 2,923,535 2,923,535 2,923,535

Yearly CAH affected newborns (N) 239 292 195

SW newborns (N) 179 219 146

SV newborns (N) 60 73 49

SCREENING STRATEGY

SW form

Clinical recognition (N) 64 35 80

Costs (A + B) (US$) 1,594.24 871.85 1,992.80

Deaths (N) 0 0 0

Hospitalizations (N) 0 0 0

Total costs (US$) 1,594.24 871.85 1,992.80

No clinical recognition (N) 115 184 66

Costs (A + B) (US$) 2,864.65 4,583.44 1,644.06

Deaths (N) 0 0 0

Hospitalizations (N) 67 107 38

ICU (N) 20 32 11

ICU length (days) 9 9 9

Hospitalizations costs (US$) 32,805.60 52,474.80 18,124.50

Total costs (US$) 35,670.25 57,058.24 19,768.56

SV form

Costs (2A + B) (US$) 1,641.60 1,997.28 1,340.64

Deaths 0 0 0

Late adverse outcomes (N) 0 0 0

Total costs (US$) 1,641.60 1,997.28 1,340.64

Non-affected (N) 2,923,296 2,923,243 2,923,340

True negatives (N) 2,917,449 2,920,320 2,908,723

Costs (A) (US$) 7,147,750.05 7,154,784.00 7,126,371.35

False positives (N) 5,847 2,923 14,617

High risk (N) 1,462 731 3,654

Confirmatory true negative (N) 1,345 673 3,362

Costs (A + B) (US$) 33,503.95 16,764.43 83,747.42

Confirmatory false positive (N) 117 58 292

Costs (A + 2B) (US$) 5,542.29 2,747.46 13,832.04

Low risk (N) 4,385 2,192 10,963

Retest true negative (N) 4,363 2,181 10,908

Costs (2A) (US$) 21,378.70 10,686.90 53,449.20

Retest false positive (N) 22 11 55

Costs (2A + B) (US$) 601.92 300.96 1,504.80

Total cost of screening strategy (US$) 7,247,683.00 7,245,211.12 7,302,006.81

Deaths (N) 0 0 0

NON-SCREENING STRATEGY

SW form

Clinical recognition (N) 64 35 80

Deaths (N) 0 0 0

Hospitalizations (N) 0 0 0

Diagnostic lab (US$) 963.20 526.75 1,204.00

Total costs (US$) 963.20 526.75 1,204.00

No clinical recognition (N) 115 184 66

Deaths (N) 9 20 3

Hospitalizations (N) 96 149 57

ICU (N) 35 54 21

(Continued)
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TABLE 3 | Continued

Decision model on a hypothetic population Base case Best case Worst case

ICU length (days) 23 23 23

Hospitalization costs (US$) 132,296.30 204,177.00 79,335.30

Dehydration without hospitalization (cost of lab

exams) (US$)

150.05 225.75 90.30

Total costs (US$) 132,446.80 204,402.75 79,425.60

SV form

Clinical recognition (N) 17 8 22

Costs with lab diagnostic (US$) 255.85 120.40 331.10

No clinical recognition (N) 43 65 27

Number of 46XX reared as males (N) 3 5 2

Masculinization process (US$) 5,718.57 9,530.95 3,812.38

Number of patients with GH treatment (N) 6 9 4

Use of GH cost (US$) 117,047.03 175,570.55 78,031.35

Number of patients with GnRh treatment (N) 12 18 8

Use of GnRha cost 49,932.00 74,898.00 33,288.00

Costs with lab diagnostic (US$) 647.15 978.25 406.35

Total costs (US$) 174,160.23 260,977.75 115,538.08

Total cost of non-screening strategy (US$) 307,010.60 466,027.65 196,498.78

Deaths (N) 9 20 3

Incremental cost of screening (US$) 6,940,672.40 6,779,183.47 7,105,508.03

Deaths averted (N) 9 20 3

Incremental cost per death averted (US$) 771,185.82 338,959.17 2,368,502.68

Incremental cost per life years saved (US$) 25,535.95 11,223.81 78,427.24

SW, salt-wasting form; SV, simple virilizing form; LY, years of life saved; N, number; US$, American dollar.

TABLE 4 | CEA sensitivity analysis.

One-way sensitivity analysis of base-case analysis Range ICER (US$/LY)

CAH incidence 1:10,000 20,972.42

1:15,000 33,337.73

Clinical recognition SW/SV 16/11% 19,189.90

55/45% 38,959.02

SW mortality without NBS 11% 17,870.08

4.2% 46,387.70

False positive rate 0.1% 25,423.64

0.5% 25,872.61

Cohort of date birth from 2000 36,630.47

CEA, cost-effectiveness analysis; SW, salt-wasting; SV, simple virilizing; LY, years of life

saved; NBS, newborn screening.

probability of clinical recognition. Ten out of 67 females (15%)
were assigned at birth as males and were raised as males
and submitted to the masculinization process after extensive
psychological evaluation. The mean difference between bone age
and chronological age at diagnosis was 5.2 years in both sexes
(95% CI, 4.4–5.9). Twenty-five patients (28%) were treated with
GnRHa (11.25 mg/3 months) for a mean period of 3.8 years (95%
CI, 3.08–4.5). GH therapy was used in 13 patients (14%) for a

TABLE 5 | Clinical differences between unscreened and screened patients.

Variables Unscreened Screened p value

Age at SW diagnosis 38.8 days 17.3 days <0.0001

Mean Na level at diagnosis 121.2 mEq/L 131.8 mEq/L <0.0001

% hospitalization (of all SW patients) 76% 58% 0.058

% ICU 29% 36% 0.041

Length of ICU 22.9 days 9 days 0.042

SW, salt-wasting form; SV, simple virilizing form; Na, sodium; ICU, intensive care unit.

mean period of 3.2 years (95% CI, 2.4–4.0), and the mean dose
was 5.9 UI/day (95% CI, 4.9–6.8).

Newborn Screening for CAH
In 2017, there were 611,803 live births in the state of Saõ Paulo,
and ∼63% of the newborns were screened by the Jo Clemente
Institute, which performs NBS in the city of Saõ Paulo and
some other neighboring cities, not the entire state. The total
coverage rate for NBS in Saõ Paulo State is ∼88%. A total of
378,379 newborns were screened in 2017. Among them, 25 were
affected by the classical forms of CAH, with an incidence of
1:15,135 live births. Recall was performed in 4,677 newborns
(1.23%), wherein 3,810 newborns had very low birth weight
(<1,500 g) and 435 newborns had neonatal transfusion. The
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CEA considered only the recall of altered neonatal 17-OHP
results. The mean duration of neonatal sample collection was
5.25 days of life (95% CI, 4.87–5.82) and of that between sample
collection and the NBS result was 5.16 days (95% CI, 4.93–
5.40). A total of 843 unaffected newborns presented with altered
17-OHP levels and a 0.22% false-positive rate on the first-tier
screen. Death due to prematurity and neonatal complications
occurred in 321 newborns, of which 22 had altered 17-OHP
levels; however, information from their hospitalizations and
laboratory examinations ruled out a diagnosis of CAH. Among
the false-positive cases, 75% were considered low risk and a
retest on filter paper was performed; 99.5% were dismissed after
a negative retest result and the other 0.5% were dismissed after
serum confirmatory tests and medical consultation. Among the
25% who were considered high risk, 92% were dismissed after a
negative serum confirmatory test, and 8% remained inconclusive
and needed a second confirmatory test.

Of the 25 CAH cases, 10 were male and 15 were female.
Despite NBS, 12 patients presented with dehydration, 11 were
hospitalized, and 30% were in the ICU with a mean length of
stay of 9 days (95% CI, 1.8–16.2). The mean sodium level of
the patients who were dehydrated was 131.8 mEq/L (95% CI,
129.3–134.5). The mean sodium level at diagnosis of all the
patients was 133.7 mEq/L (95% CI, 131.5–135.8). The mean
duration between the filter paper sample collection and first
medical consultation was 12 days (95% CI, 7.8–16.1) and mean
age at first medical consultation was 17.2 days (95% CI, 11.3–
23.3). Among the females, 8 out of 15 were hospitalized due to
dehydration. As the patients were not followed up at the same
center and molecular diagnosis was not performed, we could not
precisely estimate the proportion of patients with the SW form.
If we consider this expected proportion to be 75% (8), 19 patients
would be salt-wasters; hence, the hospitalization rate would be
58% (11/19).

Cost-Effectiveness Analysis
In a hypothetical cohort of 2,923,535 live births per year, using
the Brazilian live-birth rate of 2017 (31), with a CAH incidence
of 1:12,250, we would have had 239 newborns with CAH and
179 (75%) cases with the SW form. Under the NBS strategy, the
total cost would be US$ 7,247,683.00 (US$ 30,368.75 per patient
diagnosed with CAH). The total cost in this unscreened scenario
would be US$ 307,010.60, with 9 neonatal deaths. Therefore,
the incremental cost of screening was US$6,940,672.40, and the
effectiveness was 9 deaths averted, i.e., US$ 771,185.82 per death
averted. After dividing that number by 30.2, discounted LY yields
an ICER of US$ 25,535.95/LY saved in the base case analysis. The
CEA analysis results are presented in Table 3.

Variations in the ICERs according to each variable are shown
in Table 4. With a set of assumptions favoring CAH screening,
the best-case analysis yielded an ICER of US$ 11,223.81/LY.
The worst-case analysis showed an ICER of US$ 78,427.24/LY.
The SW-form mortality and clinical recognition variables had
the greatest influence on ICER. The 4.2% to 11% mortality rate
variation led to an ICER of US$ 46,387.70 to US$ 17,870.08,
respectively, whereas the assumption of 55% clinical recognition
of the SW form and 45% of the SV form led to an ICER

of US$ 38,959.02/LY, while the assumptions of 16% and 11%,
respectively, led to an ICER of US$ 19,189.90/LY. Additionally,
the ICER calculated using the data of only the most recent cohort
birth from 2000 to 2014 was US$ 36,630.47/LY.

DISCUSSION

Recommendations for NBS are primarily based on evidence of
the importance and certainty of net benefits (32). While NBS
saves lives and improves the quality of lives of affected children
and their families, an analysis of its economic impact is important
to avoid overloading the public health system (33).

In accordance with published data on CAH-NBS, this analysis
of CAH-NBS showed that although half of the screened patients
still had to be hospitalized due to dehydration, the severity and
length of hospitalization were significantly lower than those of
the unscreened cohort (15, 19, 34, 35). A possible reason for
this might have been the delay in obtaining the NBS results. The
mean age at diagnosis in the screened cohort was 17.2 days, a
period in which the SW crisis may have already occurred. Other
NBS programs also face similar problems (19, 34, 36). Clearly,
this issue presents implications for the cost-effectiveness of NBS,
and its improvement must be targeted by NBS programs (37).
Respecting the recommended age at sample collection of 3–5
days and improving the subsequent flow in obtaining the NBS
results would allow patients to be earlier diagnosed and therefore
decrease the hospitalization rate and costs.

Studies on CAH-NBS have focused on the benefits of
preventing SW-related crises and have not considered adverse
outcomes related to the late diagnosis of the SV form, which
also has economic impacts (20, 38). In the absence of NBS,
newborns with the SV form are generally unrecognized at birth
and can develop, in early infancy, precocious pseudo-puberty
with increased growth velocity and rapid bone age maturation
(39). This explains the frequent use of expensive therapies, such
as GnRha and GH, in our cohort, which could have been avoided
with an earlier diagnosis. The mean age at diagnosis of 5.7 years
was sufficient to warrant advanced bone maturation in almost
50% of the patients (20). Although GnRha and GH are not part
of the standard treatment regimen for CAH, they are considered
in the CAH Guidelines of the Endocrine Society as alternative
treatments for very low predicted final height and precocious
puberty (5). In our experience of following these patients that
were diagnosed late and not screened, we observed that these
outcomes had a great impact on the patients’ and families’ quality
of lives and also increased the costs of treatment; therefore,
we included these outcomes in our CEA. To the best of our
knowledge, this was the first CEA for CAH-NBS to consider
these outcomes.

Traditionally, interventions in the United States are assumed
to be cost-effective if the ICER is up to US$ 50,000/LY (40). The
World Health Organization considers a strategy cost-effective
if the ICER costs <3 times the gross domestic product (41),
which in Brazil would be US$ 29,294.63 in 2017 (42). Thus, our
study showed that CAH-NBS is likely to be cost-effective in the
Brazilian context. The worst-case analysis suggested that in a
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set of assumptions not favorable to NBS, such as low mortality,
high standards of clinical awareness, and lower CAH incidence,
CAH-NBS would not be considered cost-effective. However, we
consider this scenario less likely to occur, especially in a low-to-
middle-income country context.

We observed that the two variables that most affected the
ICERweremortality rate and the ability to clinically recognize the
disease during the pre-symptomatic phase. Interestingly, these
two variables differ most between high- and low-to-middle-
income countries, demonstrating the importance of carrying
out economic studies using the population characteristics of
each region. CAH-NBS is reportedly not performed in the
United Kingdom because of a lack of evidence for increased
mortality in the absence of NBS (43). In contrast, other developed
countries that performed CAH-NBS assumed that it was effective
in reducing morbidity and mortality (19, 44, 45). The assumed
risk of death for patients with the SW form in the absence of
NBS ranges widely across Europe and North America, from
0 to 9% (12, 19, 46). However, even though these evaluations
were performed among populations with high standards of CAH
clinical awareness, it might be possible that there was some
underestimation in relation to undiagnosed cases (5, 22).

The observations of higher CAH incidence after CAH-NBS
implementation and of unbalanced female/male and SW/SV
ratios in some unscreened populations supported our findings of
higher CAH mortality due to unrecognized SW-related crises (5,
22, 47, 48). Although we previously estimated that the mortality
rate may reach 26%, we decided to be more conservative and
used the lowest mortality rate calculated previously (11%), and
also considered the mortality rate used in another CEA carried
out in the United States, a high-income country (4.2%) (17,
20). It’s worth noting that mortality among unscreened CAH
infants is almost tenfold higher than the one estimated for the
general Brazilian infant population in 2017 (49). Additionally,
this analysis did not include indirect costs related to parents’
work absenteeism and the direct and indirect costs of mental
impairment due to severe neonatal hyponatremia (20), although
its prevention is recognized as a potential benefit of early
diagnosis (5, 50, 51) because doing so could overestimate the
ICER for NBS.

Clinical recognition of CAH was estimated based on the
frequency of case detection before the presentation of symptoms
due to genital atypia at birth or family history. In an ideal
situation, all female newborns would be diagnosed at birth due
to genitalia atypia; however, we showed that only 21% of females
with the SW form were prevented from dehydration due to early
recognition. These data explained why our clinical recognition
probabilities were lower than those assumed in previous studies
(17). Other studies examining screened CAH populations in
developed countries have also reported that up to 38% of females
were diagnosed only by NBS, highlighting the importance of
screening for CAH in both sexes (15, 19, 36, 52).

Our study had several limitations. Data regarding the
parameters of our decision model were derived from a study
performed in a specific state of Brazil. In addition, we used
the Brazilian public health system’s economic data to calculate
costs, and large variations in costs may occur among different

countries. These reimbursement amounts might have been
underestimated, especially in the unscreened cohort, which
could have underestimated the ICER. This, in addition to some
methodological variations, might explain why our ICER results
were not comparable to those of previous studies (17–19). To deal
with the uncertainty in the variables, we conducted sensitivity
analyses and used data published in other studies on CAH.

Another limitation was that, it was not possible to ensure that
no cases were missed in our 1-year analysis of CAH-NBS. False-
negative results have been reported in other screened populations
(6), which could be related to early sample collection. In our
cohort, heel prick collection was performed after 48 h of life, and
the cut-off values were in accordance with birth weight, which
guarantees good sensitivity and specificity for screening results
(3, 11, 53). The incidence observed in our screened cohort of São
Paulo in 2017 was slightly lower than that previously reported
(4, 11). Although no missed case was reported, the female-to-
male ratio suggests otherwise. It might have been possible that
some males with the SV form were missed, possibly due to the
antenatal use of glucocorticoids, which is a frequent practice in
obstetrician centers in São Paulo. NBS could be less sensitive in
detecting the SV form, which motivated the introduction of a
second tier in the Texas NBS program (54). It might have been
possible that the female–male imbalance was due to a sampling
error and the fact that it was only a 1-year analysis; if we increase
the sample size, then this would be corrected. Even if a few cases
of the SV form were lost by screening, the reality of patients with
the SV form without NBS would be much worse (20).

Our large unscreened cohort comprised patients who were
born between 1968 and 2014, all followed in a unique tertiary
hospital in Saõ Paulo; therefore, this cohort might be susceptible
to bias (12). In Brazil, there is no national database of CAH
cases diagnosed in the country, which makes a population-wide
study difficult. All patients with CAH in Brazil are referred to
tertiary centers, and we know that unscreened cohorts from other
CAH centers in São Paulo share similar characteristics with ours,’
such as unbalanced female-to-male and SW-to-SV ratios (55–
59). The burden in some poorer regions of the country is even
worse (60). This is why our cohort seems representative of the
entire country. We also stratified the cohort by time and used
the most recent data in the sensitivity analyses, which showed
partial improvement in the CAH diagnosis; however, the ICER
still suggested that NBS is cost-effective.

The main strength of our study was that we were able to
assess other benefits of NBS for CAH cases beyond decreasing
mortality and use them in CEA analysis, which had never been
performed before. Thus far, the main rationale for the economic
evaluation of CAH-NBS has been the prevention of deaths due
to neonatal SW crisis, and it has been argued that the cost-
effectiveness of CAH-NBS should be based on other benefits
of early recognition (5). Although some economic evaluations
considered hospitalization outcomes in the SW form, long-term
outcomes for SV cases have been neglected.

In conclusion, this study emphasizes the importance of NBS
in reducing CAH mortality and morbidity, showing that even
from an economic point of view, performing CAH-NBS can
be beneficial. We believe that our study provides a useful
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economic assessment to inform decisions on the adoption of
CAH screening in NBS programs. However, we encourage
researchers in other countries to conduct CEAs on CAH-NBS so
that the nation-wide adoption of CAH-NBS can be tailored to the
economic situation of the country.
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