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Abstract

Background: The impact of newborn screening (NBS) for cystic fibrosis (CF) on early indicators of long-term health was evaluated in the context
of government-sponsored healthcare and access to current therapies.

Methods: Using data from the Canadian CF Registry between 2008 and 2013, we compared the rates of respiratory infections and markers of
nutritional status in those diagnosed through NBS to those who were diagnosed clinically within the same time period using Mann—Whitney and
Fischer’s exact test as appropriate.

Results: The study included 303 subjects, 201 in the NBS group and 102 in the non-NBS group. NBS patients were diagnosed earlier and had their
first clinic visit at a younger age. Pancreatic insufficiency was less common in NBS patients. The incidence of Pseudomonas aeruginosa and
Staphylococcus aureus were lower in NBS patients. After adjusting for age at clinic visit, gender, pancreatic status, and Pseudomonas aeruginosa

infection status, mean z-scores for weight-for-age and height-for-age were higher in NBS patients, with no differences in BMI-for-age.
Conclusions: NBS programs for CF lead to improved long-term health outcomes for the CF population.
© 2016 Published by Elsevier B.V. on behalf of European Cystic Fibrosis Society.
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1. Introduction

There is overwhelming evidence that supports the establish-
ment of newborn screening (NBS) programs for cystic fibrosis
(CF) to improve the overall survival, long-term growth and
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health outcomes of people living with CF [1-3]. NBS pro-
grams for CF have been widely adopted in several European
countries, Australia, New Zealand and the majority of North
America — with the exception of Quebec (QC) and Mexico
[4-7]. NBS most often consists of a two-step screening test
using immunoreactive trypsinogen (IRT) from a blood spot
procured during the first few days of life that is followed by
a search for common mutations in the cystic fibrosis trans-
membrane conductance regulator (CFTR) gene, although other
approaches exist. A positive CF screen results in a referral to
a CF clinic to confirm the diagnosis through additional blood
and sweat testing. Babies with a high risk of having CF are
identified and once the diagnosis is confirmed, education and
treatment is initiated, typically in the first 4 to 6 weeks of life.
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The benefits of NBS for CF have been studied in other
parts of the world and reported in 2005 [3.8]. In the US,
between 1988 and 2013, there have been major improvements
in both nutritional status and lung function in young children
[9]. This may be due to a combination of early diagnosis
through NBS and intervention, including mucolytic therapy,
aggressive treatment of infection with Pseudomonas aeruginosa
(P. aeruginosa), and aggressive nutritional supplementation to
prevent malnutrition. Recognition of the need for early inter-
vention in regards to treatments such as nutritional support, early
eradication of P. aeruginosa, and airway clearance has resulted
in improvements in clinical factors in young CF patients, such as
lung function and nutritional status [10]. It is currently unknown
if these interventions could mitigate the consequences of later
diagnosis and diminish the benefits of newbom screening.

In Canada, NBS for CF was first introduced in the province
of Alberta (AB) in April 2007, followed by Ontario (ON) a year
later in April 2008. The screening algorithms differ slightly
between AB and ON [11]. In AB, the IRT cutoff is >60 pug/L
or 98th percentile and in ON, it is the 96th percentile. In both
cases, this is followed by genetic testing using the TM
Biosciences Tag-It 39+3 mutation kit. The diagnosis of CF is
typically confirmed when two disease causing mutations are
identified along with a sweat chloride value >60 mmol/L. QC
is the last province in Canada that has not committed to adding
CF testing to their NBS program. The objective of this study
is to compare health outcomes in the first 6 years of life in
children diagnosed through NBS in AB and ON, with children
born in QC who did not have access to NBS. This comparison
will allow us to evaluate the potential effects of NBS on early
clinical outcomes specifically within the Canadian context where
non-screened children would have the benefit of government-
sponsored access to healthcare and medications. To our knowl-
edge, this is the first study conducted to evaluate the impact of
NBS programs for CF in Canada.

2. Materials and methods
2.1. Data source

There are 42 accredited Canadian CF clinics found in all
provinces with the exception of Prince Edward Island and the
three territories. All CF clinics receive annual incentive grants
from Cystic Fibrosis Canada (CFC) to support and enhance
their clinical services that are contingent on submitting patient
data to the Canadian CF Registry (CCFR). The CCFR is a
patient registry and has been in existence since the early 1970s
and currently contains over 110,000 annual records on more
than 7100 unique individuals with CF who have attended a
CF clinic in Canada. It is estimated that the majority of the
Canadian CF population is represented within the CCFR, giving
a comprehensive picture of the CF population in Canada.

The CCFR data undergo routine validation checks to ensure
that they are free of errors. Discrepancies are resolved by
directly contacting the reporting CF clinic so that the raw data
can be reviewed and unusual data can be confirmed or revised.
All individuals within the CCFR have provided informed

consent for having their data collected and used for research
purposes. This study was approved by the Research Ethics
Board of Montreal Children’s Hospital and the CCFR oversight
committee.

Patient data from the CCFR collected between January 1,
2008 and December 31, 2013 were used in this study. During
this time period, the CCFR only captured data on patients with
a confirmed diagnosis of CF based on current guidelines [12].
Longitudinal clinical measurements such as height and weight,
were recorded from the first stable visit of the year while other
variables such as microbiology, pancreatic status, genotype,
number of hospitalizations, length of hospital stay, and other
CF-complications reflect events that occurred within the cal-
endar year. Lung function is typically measured reliably at
6 years of age and older; therefore, lung function measurements
were not included as an outcome for this study.

2.2. Study cohort

The study included two groups of patients followed from
2008 to 2013: (1) infants diagnosed through NBS in AB and
ON identified as the NBS group; and (2) the non-NBS group
comprised of children diagnosed with CF in QC. Subjects were
followed for a maximum of 6 years to reflect the starting date
of the NBS program for CF in both AB and ON. In the CCFR,
the upper limit of 6 years for diagnosis covers more than 80%
of Canadian CF patients, and those diagnosed after 6 years of
age are more likely to have milder forms and thus may not
benefit from NBS. Children in QC diagnosed prenatally, due to
an affected sibling, or presenting with meconium ileus were
excluded, as these circumstances would increase the likelihood
of an early diagnosis and they would be unlikely to benefit from
an NBS program. With respect to microbiology, once a subject
was found to have a positive respiratory sample for a bacteria,
they were categorized as positive for all subsequent years in the
analysis. Subjects who never had a specimen culture taken were
removed to avoid misrepresenting their infection status. We
categorized patients into three genotype classifications: homo-
zygous for F508del, heterozygous for F508del and other.

We examined multiple health outcomes of early clinical
factors that have been well-established as key indicators of
long-term health outcomes in CF [13]. The primary outcomes
of this study were markers of nutritional status, specifically
weight-for-age, height-for-age and BMI-for-age measurements.
World Health Organization (WHO) growth charts were used
for all calculations [14,15]. Secondary outcomes included the
incidence rate of infection with P. aeruginosa and S. aureus;,
the number of hospitalizations; and length of hospital stay.

2.3. Statistical analysis

Demographic and baseline characteristics between the NBS
and non-NBS groups were compared using the Mann—Whitney
test for continuous variables and the Fisher’s exact test for
categorical variables. We used generalized estimating equations
(GEE) model and generalized linear mixed models (GLMM) to
evaluate differences in health outcomes over time between the
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two study groups, as these models account for the correlated
longitudinal nature of the data. In order to account for over-
dispersion of hospitalization data, we used a negative binomial
distribution to model this outcome. Additional covariates in-
cluded in the models were: age at the time of the clinic visit;
gender; pancreatic status; P. aeruginosa and S. aureus infec-
tion status; CF clinic location; and genotype.

In order to rationalize our decision to combine the popu-
lations from AB and ON, a sensitivity analysis was conducted
to investigate potential effects between the three provinces. The
same regression models comparing outcomes used in the main
analysis were done across three subgroups (AB vs. ON, AB vs.
QC and ON vs. QC) instead of by NBS status.

For all analyses, p < 0.05 (two-tailed) was used as the
criterion for statistical significance. Statistical analysis was
performed using R software (version 3.1.2) with the following
packages: geepack (version 1.2.0) and glmmADMB (version
0.8.0). Asymptotic 95% confidence intervals were calculated
and added to the figures where appropriate.

3. Results

The study included 303 subjects: 201 in the NBS group
(66 from AB and 135 from ON) and 102 in the non-NBS group
(QC). There were no deaths reported in our study cohort and
none have had a transplant.

There was no evidence of a statistical difference between
NBS and non-NBS patients in terms of age (p = 0.10) and
gender (p = 0.12). Children in the NBS group were diagnosed
earlier with CF (p <0.001) and had their first clinic visit
recorded at a younger age (p < 0.001). Three children in the
NBS group were diagnosed after the age of 1 year as their
initial screens were positive but classified as categories B and
C (high IRT levels detected but only one or no CF mutations
found) [16.17]. Positive sweat tests appeared in subsequent
follow-up testing resulting in a delayed diagnosis date. Non-
NBS patients were also more likely to be pancreatic insufficient
(p < 0.001) and attended fewer clinics (p < 0.001) (Table 1).

When first diagnosed, those in the NBS group were taller
and more likely to have a healthy weight as measured by their
first z-scores for height-for-age and BMI-for-age (p < 0.001).
The NBS group showed significantly better overall growth in
height and weight as seen with their most recent z-scores for
weight-for-age and height-for-age (p < 0.001) (Table 2).

The NBS group had fewer and shorter hospitalizations
(p < 0.001) due to pulmonary exacerbations (Fig. 1). Patients
in the non-NBS group had a higher rate of P. aeruginosa
than the NBS group (p < 0.001) and less than 30% of the NBS
group had evidence of P. aeruginosa infection compared to
more than 60% of the non-NBS group (p < 0.001) (Fig. 2).
However, the prevalence of S. aureus is slightly higher in the
non-NBS group compared to the NBS group (77.5% vs. 63.2%
respectively, p = 0.013).

Across the 6-year time period, we found higher growth rates
in weight and height in the NBS group and a trend towards
fewer hospitalizations and lower infection rates of P. aeruginosa
(Table 3, Figs. 3 and 4). We also found that clinic location,

Table 1

Baseline statistics of the NBS and non-NBS groups. All comparisons were
calculated using the Fisher’s exact test, except f which used the Mann—Whitney
test.

NBS group Non-NBS group p
N = 201 children N = 102 children
Number (%) Number (%)
Current age as of December 31, 2013 (months)
Median 374 459
0.10%
Range [1.1,70.3] [1.8,70.3]
Age at diagnosis (months)
All 179 (89.1%) 101 (99.0%)
Median 0.7 49 <0.0011
Range [0.03, 60.5] [0.03, 52.4]
Age at first clinic visit (months)
Median 0.9 6.5
Range [0.1, 61.9] (0.7, 54.4] =8.0011
Gender %
Female 112 (55.7%) 47 (46.1%) 0.12
Male 89 (44.3%) 55 (53.9%) ’
Pancreatic insufficiency %
All 147 (73.1%) 89 (87.3%) 0.005
F508del/F508del 84 (92.3%) 48 (98.0%) 0.26
F508del/Other 50 (54.9%) 30 (81.1%) 0.008
Other/Other 10 (62.5%) 8 (61.5%) 1
Genotype breakdown %
All 198 (98.5%) 99 (97.1%)
F508del/F508del 91 (45.3%) 49 (48.0%) 022
F508del/Other 91 (45.3%) 37 (36.3%) .
Other/Other 16 (8.0%) 13 (12.8%)
Number of hospital days
Median 0.0 55
Raoge (0.0, 117.0] (0.0, 109.0] SAS0L]
Number of hospitalizations
Median 0.0 1.0
Range [0.0, 4.0] (0.0, 5.0] = Aoy
Prevalence of P. aeruginosa 57 (28.4%) 63 (61.8%) < 0.001
Prevalence of S. aureus 127 (63.2%) 79 (77.5%) < 0.001

genotype and the infection status of S. aureus had no effect on
the health outcomes tested. Similar results can be found using
only the homozygous F508del cohort (data not shown).

Table 2

The median and range of the z-scores for the health outcomes for the first and
most recent visit (Nth) per subject. All comparisons were calculated using the
Mann—-Whitney test.

Health outcome Visit NBS group Non-NBS group p
(z-scores)
Weight-for-age
Median Ist —-0.86 -1.07 0.04
Range Ist [-4.01, 3.24) [-5.17, 1.49]
Median Nth 0.04 -0.28 0.002
Range Nth [-2.55, 3.18] [-3.12,2.57]
Height-for-age
Median Ist —-0.64 -1.58 <0.001
Range Ist [—8.89, 7.44] [-5.28, 1.43]
Median Nth —-0.50 -0.97 <0.001
Range Nth [—5.84, 2.86] [—4.69, 1.72]
BMI-for-age
Median Ist -0.92 -0.36 0.005
Range Ist [-3.64, 4.81] [-3.37, 1.95]
Median Nth 0.38 0.39 0.53
Range Nth [~2.54,3.47] [-2.52,2.92]
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Fig. 1. Mean number of hospital days (top) and hospitalizations (bottom) by
reporting year for the NBS and non-NBS groups with 95% confidence interval
bars.

Table 3

Results comparing the health outcome over time between the NBS and
non-NBS groups using the statistical model specified. All visits per subject were
included in the calculations. The estimate describes the average difference
between the groups. CI: confidence interval. All comparisons were calculated
using the GEE model, except + which used GLMM.

Health outcome Estimate 95% CI P
Weight-for-age 0.45 [0.24, 0.65] <0.001
Height-for-age 0.75 [0.50, 1.00] <0.001
BMI-for-age -0.05 [-0.24, 0.15] 0.64
Prevalence of P. aeruginosa -1.21 [-1.74, - 0.68] <0.001
Prevalence of S. aureus -0.53 [-1.08, 0.03] 0.06
Hospitalizations -1.13 [-1.48,-0.77] <0.001F
Length of hospital stay -2.31 [-3.06, —1.56] <0.001F

We found no significant differences in our sensitivity
analysis comparing health outcomes between AB vs. ON
which validates our use of combining the two datasets (data not
shown).

4. Discussion

Our data demonstrate that NBS resulted in better nutritional
parameters, lower prevalence of infection with P. aeruginosa
and S. aureus, and fewer hospitalizations in Canadian CF
patients. Our results show that children diagnosed through the
presence of symptoms are at an important disadvantage, com-
pared to those diagnosed through NBS. The higher incidences
of smaller stature and increased hospitalizations are likely to have
long-term consequences in terms of need for more therapies and
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Fig. 2. Percentage of the first occurrence of colonization of P. aeruginosa and S. aureus with 95% confidence interval bars between the NBS and non-NBS groups for

increasing age ranges.
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Fig. 3. Cumulative percentage with 95% confidence interval bars of the first occurrence of colonization of P. aeruginosa and S. aureus between the NBS and

non-NBS groups for increasing age ranges.

earlier recourse to lung transplantation [18,19]. Lung infections
[20-22] are aggressively treated as they can cause irreversible
lung damage and our results indicate that those in the non-NBS
group have higher incidences of P. aeruginosa suggesting that
timely diagnosis and treatment may play a pivotal role in the
long-term health outlook of people living with CF. While
S. aureus is common in CF [21], in Canada it is not routinely
treated, unless symptomatic, so prevalence may be high, even in
the screened population.

Recent therapeutic approaches have resulted in improved life
expectancy for CF patients [23]. Much of the improvements in
lung function and nutritional status, two critical clinical factors

associated with survival [24], have come during early childhood
[10]. These early improvements translate into better long-term
health outcomes [19,25], and thus patients who are diagnosed
later, end up missing out on the possibility of early intervention
to prevent lung damage and improve prognosis [13]. This is
important, as novel therapies aimed at correcting the fundamental
genetic defect in CF, while demonstrating remarkable improve-
ments in health outcomes, may not reverse pre-existing lung
damage [26]. Thus, symptomatically diagnosed patients may not
gain optimal benefit from such treatments.

While there have been several prospective and retrospective
studies evaluating the potential benefits of newborn screening
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Fig. 4. Regression curves (LOESS) for weight-for-age, height-for-age and BMI-for-age z-scores between the NBS and non-NBS groups. The NBS and non-NBS
numbers at the bottom of the graph represent the sample sizes for each group for the age range indicated between the age markers along the x-axis.
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[1,27,28], these were mostly done prior to the widespread
availability of therapies for young children, including mucolytics
(human recombinant DNase, hypertonic saline), aggressive
approaches to the eradication and treatment of P. aeruginosa
(inhaled aminoglycosides and other antimicrobials), and a better
appreciation of the importance of aggressive nutritional support.
It could be argued that such interventions could mitigate the
effects of making symptom-based diagnosis, and thus diminish
the benefits of newbomn screening. In the present study, where
there is access to mucolytic therapy and a focus on P. aeruginosa
eradications, NBS had significant positive impact by reducing
hospitalizations, prevalence of pathogenic bacteria, and improv-
ing nutritional status. In other words, current management strat-
egies do not correct for the lack of NBS.

It should be emphasized that the NBS program was intro-
duced 6 years ago in certain provinces within Canada and as a
result, the data reflect many children of differing ages and that
there are few children in the data who are over 5 years of age.
This attrition of our dataset limits the ability to investigate the
long-term impact of the NBS program and future studies are
needed. Previous literature has demonstrated that non-screened
patients had weight catch-up but not height catch-up in the first
6 years of life [29]. It is likely that those who were not screened
profited from catch-up growth following diagnosis and treat-
ment, but that such growth was more successful in adding
weight compared to height, leaving the non-screened patients
stunted, resulting in a relatively normal BMI. Another possible
limitation is that pancreatic insufficiency is determined clini-
cally by the treating physician and entered as a yes/no in the
CCFR. We recognize that this may lead to an overestimation of
pancreatic insufficiency status due to misclassification [30].

The strengths of our study include the longitudinal nature of
our dataset and the fact that CCFR data captures essentially the
entire Canadian CF population with similar access to care in the
current context of recommended practice. Such use of registry
data is currently viewed as highly valuable for healthcare
planning [31]. Although we included important clinical out-
comes in our study, we did not have access to information on
illnesses and patterns of healthcare use prior to the diagnosis of
CF which is a limitation of the dataset.

In conclusion, patients diagnosed through NBS in Canada
demonstrate better nutritional status, fewer hospitalizations,
and less carriage of P. aeruginosa in the 5 years following
diagnosis, compared to those patients diagnosed clinically.
This is despite all children having access to current recognized
management strategies to optimize these outcomes. These
therapies cannot make up for the absence of NBS.
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