
Does newborn screening influence the
young cystic fibrosis cohort included in
national registries?

To the Editor:

Cystic fibrosis newborn screening (NBS), has not yet become a reality in all countries. We therefore
compared the demographic and clinical characteristics of young children included in national cystic
fibrosis registries from countries with and without NBS. We hypothesised that registries from countries
with NBS would contain a higher proportion of milder and equivocal cases.

We analysed the 2011 data of five national cystic fibrosis registries (Australia with cystic fibrosis NBS since
2001; France with cystic fibrosis NBS since 2003; Belgium and Sweden without cystic fibrosis NBS; and the
Netherlands with cystic fibrosis NBS since May 2011) and studied the cohort of children born in the years
2004–2011 in all countries i.e. children aged <8 years. We excluded cases missed by NBS in countries with
screening (France, Australia), and cases diagnosed via local pilot screening projects in countries without
NBS (Belgium, the Netherlands, Sweden). In every country, we studied the cohort of children aged <8 years:
number as proportion of the entire national cystic fibrosis cohort; mean and median actual age; age at
diagnosis; pancreatic status in 2011; and diagnostic test results. A sweat chloride value >60 mmol·L−1 or
detection of two cystic fibrosis-causing mutations according to the CFTR2 project were taken as proof of
diagnosis (www.cftr2.org; list July 22, 2013). Only sweat test results after pilocarpine iontophoresis
(available in 2010 (82.1%) out of 2448 patients were considered; in the 8.6% of these samples for which
conductivity rather than chloride concentration was measured, a correction factor was applied [1].

Outcome was studied in 336 children aged 6 and 7 years with a class I to class III mutation on both alleles
(n=368) and lung function data available (n=336 out of these 368). Patients were grouped in classes
according to their cystic fibrosis transmembrane conductance regulator gene (CFTR) mutations [2], since
these differ in effect on protein synthesis and function: class I to III mutations are on average associated
with severe disease, whereas patients with at least one mutation of class IV and V and patients with sweat
chloride below 60 mmol·L−1 are known to have, on average, a better outcome [3] and a lower treatment
burden [4]. We assessed forced expiratory volume in 1 s (FEV1) % predicted (best of the year or at annual
review in Sweden) according to Wang’s equations and z-scores for height, weight and body mass index
(BMI) using Centers for Disease Control and Prevention (CDC) reference values. Results are expressed as
median (interquartile range) and proportions (95% confidence intervals). Differences are considered
significant when 95% confidence intervals do not overlap. To compare parameters between countries with
and without NBS, t-tests, Wilcoxon signed rank tests and Chi-squared tests were used.

In total, 2448 children aged <8 years were included in the analysis (table 1). Excluded from analysis were:
108 cases in France not diagnosed via NBS (40 with meconium ileus and low immunoreactive trypsinogen
and 68 missed by NBS); cases diagnosed via NBS pilot projects (56 in Belgium, 69 in the Netherlands and
one in Sweden).

The proportion of subjects <8 years over the total number in the registry was significantly higher in France
and Australia, compared with Belgium and the Netherlands (table 1). Similarly, the pooled number of
young children as proportion of all subjects in the registries was higher in countries with NBS than
countries without NBS. Median age, median age at diagnosis and prevalence of pancreatic insufficiency
were all significantly lower in the young cohort from countries with NBS than without NBS.
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TABLE 1 Demographic data and diagnostic test results of children aged <8 years in national cystic fibrosis registries from countries with and without newborn
screening

Countries with newborn screening Countries without newborn screening p-value¶

France Australia Pooled Belgium Netherlands Sweden Pooled

Demographic data
Subjects aged <8 years n (%; 95% CI) 1289 (22.0; 20.9–23.0) 754 (24.1; 22.6–25.6) 22.7 (21.8–23.6) 129 (13.4; 11.3–15.7) 175 (13.4; 11.6–15.4) 101 (18.0; 14.9–21.5) 14.3 (13.0–15.7) <0.001
Age years median (interquartile range) 4.4 (2.4–6.2) 4.3 (2.4–6.1) 4.3 (2.4–6.2) 4.8 (2.3–6.6) 5.1 (3.5–6.3) 4.3 (2.8–6.2) 4.9 (2.8–6.4) 0.007
Age at diagnosis months median

(interquartile range)
1.1 (0.7–1.6) 1.0 (0.6–1.7) 1.1 (0.7–1.6) 2.4 (0.4–9.1) 3.0 (1.2–12.0) 5.0 (2.2–15.2) 3.6 (1.2–12.0) <0.001

Pancreatic insufficiency % (95% CI) 81.5 (79.3–83.6) 83.0 (80.1–85.7) 80.9 (79.1–82.5) 93.0 (87.2–96.8) 89.1 (83.6–93.0) 93.7 (86.8–97.8) 91.6 (88.5–94.1) <0.001
Homozygous F508del % (95% CI) 43.3 (40.6–46.0) 48.4 (44.8–52.0) 45.7 (36.9–54.7) 66.9 (59.6–73.4) 52.5 (42.3–62.5)

Diagnostic test results
Two CFTR mutations % (95% CI) 98.9 (98.2–99.4) 84.4 (81.6–86.9) 96.1 (91.2–98.7) 94.9 (90.5–97.6) 99.0 (94.6–100)
Two cystic fibrosis-causing mutations

% (95% CI)
80.8 (78.5–82.9) 60.6 (57.0–64.1) 86.8 (79.7–92.1) 89.1 (83.6–93.0) 94.1 (87.5–97.8)

No sweat test result % (95% CI) 2.3 (1.6–3.3) 41.6 (38.1–45.3) 11.6 (6.7–21.1) 37.1 (30.1–44.8) 13.9 (7.8–22.2)
Sweat chloride ⩽ 60 mmol·L−1# % (95% CI) 19.1 (17.0–21.4) 13.0 (10.0–16.5) 3.5 (1.0–8.7) 7.3 (3.2–13.8) 3.5 (0.7–9.7)
Sweat chloride ⩽ 60 mmol·L−1 and more

than two cystic fibrosis-causing
mutations % (95% CI)

9.5 (7.9–11.2) 18.7 (16.0–21.7) 12.9 (11.5–14.4) 5.4 (0.8–7.7) 5.7 (2.8–10.3) 0 3.4 (1.9–5.7) <0.001

Demographic data in national cystic fibrosis registries and diagnostic test results in children up to age 8 years from selected countries. Results per country and pooled for countries with
and without newborn screening. #: % based on the 82% of patients with sweat chloride reported; ¶: p-values compare pooled data.
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The proportion of subjects with two CFTR mutations identified was lowest in Australia but did not differ
between the four other countries. In France as well as Australia the proportion of subjects with two cystic
fibrosis-causing mutations was lower than in the Netherlands and Sweden but not compared with
Belgium. In all countries but France, the proportion of subjects without sweat chloride results reported
was higher than 10%. Countries with NBS included a higher proportion of subjects with a sweat chloride
value below 60 mmol·L−1 as well as with a sweat chloride value below 60 mmol·L−1 plus less than two
cystic fibrosis-causing mutations identified.

Outcomes were compared in 336 children with class I to III mutations on both alleles at a median
(interquartile range) age of 6.7 (6.3–7.1) years. Best FEV1 % predicted (98.3 (88.6–107.5) % predicted) as
well as median BMI z-score (−0.06 (−0.71; 0.54) versus 0.09 (−0.70;0.66); p=0.24) did not differ between
countries with and without NBS. Median height (0.11 (−0.47–0.62) versus −0.23 (−0.91–0.35); p=0.009)
and weight z-scores (0.08 (−0.31–0.63) versus −0.25 (−0.80–0.40); p=0.004) were higher in countries
without NBS and were the highest in the Netherlands.

We thus demonstrate that the young cohort included in cystic fibrosis registries differs between countries
with and without NBS. Cystic fibrosis NBS allows making the diagnosis before 2 months of age, increases
the proportion of young children in national registries and leads to early detection of children with cystic
fibrosis and pancreatic sufficiency as well as children without full proof of a cystic fibrosis diagnosis. At
age 6 and 7 years and limiting the group to patients with two (severe) mutations of class I to III, there was
no difference in FEV1 % predicted or nutritional status between countries with and without NBS.

When comparing outcome between registries, as is increasingly done for benchmarking and quality
improvement [5, 6], one should be informed about the composition of the cohort. Children with an
uncertain diagnosis of cystic fibrosis should not be included in the analysis of national cystic fibrosis
registries, but this is not always adhered to [7]. We compared outcome only in children with an
unequivocal diagnosis of cystic fibrosis and could not demonstrate a benefit of cystic fibrosis NBS. This
does not at all mean that NBS does not lead to benefits. We know that the benefits of cystic fibrosis NBS,
especially on the pulmonary outcome, only appear over a longer time period [8, 9] In addition, comparing
height and weight using the Center for Disease Control reference values rather than country-specific
reference values may mask benefits. Dutch subjects are known to be among the tallest in the world; hence,
using universal CDC criteria rather than country specific reference values may mask benefits [10]. In such
conditions, BMI values may give a better reflection of nutritional status and indeed these did not differ
between registries with and without NBS. In addition, since we only analyse the weight, height and BMI at
age 6 and 7 years, the early benefits of cystic fibrosis NBS on timely introduction of pancreatic enzymes
and nutritional support are not captured.

Like any study, this one had limitations. Regional pilot projects existed in every country without national cystic
fibrosis NBS, therefore, excluding subjects with a diagnosis via NBS in non-screening countries and subjects
missed by NBS in screening countries appeared the only solution. A retrospective registry data analysis may
suffer from differences between countries and even between sites within countries in data collection, use of
diagnostic tests and test reporting. Missing data concerning diagnostic test results, may lead to overestimation
of the number of subjects not meeting diagnostic criteria. We previously already pointed out the relatively high
number of missing diagnostic data in national cystic fibrosis registries [11]. Quality control may differ between
registries: some may exclude subjects in whom the diagnosis was not confirmed (such as Sweden) whereas
others may accept all subjects reported by clinicians as having cystic fibrosis into the registry.

In conclusion, with the advent of cystic fibrosis NBS, the composition of the cystic fibrosis registry cohort
changes: the relative number of young subjects increases, as will the number of young subjects with
pancreatic sufficiency and even subjects with an unclear diagnosis. Guidance as to who should be included
and analysed in a cystic fibrosis registry is needed, especially if data are used to track improvements in
outcome. Careful consideration of the subjects included in cystic fibrosis registries is important when
registry data is used for benchmarking between countries.
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