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Abstract

Background: Studies have described illness associated with cystic fibrosis (CF) early in life, but there is no comprehensive accounting of the
prevalence and ages of disease manifestation and progression described in individual studies.
Methods: We searched for peer-reviewed English-language studies of the health of children ≤6 years old with CF (published 1990–2014).
Structural abnormalities and dysfunction of the digestive and respiratory systems were summarized across relevant studies by system and age
group.
Results: Primary studies (125 total) from 22 countries described abnormalities, dysfunction, and disease progression in infancy and early
childhood. Improved health was consistently observed in association with diagnosis via newborn screening compared with cohorts diagnosed later
by symptomatic presentation.
Conclusions: The peer-reviewed literature is remarkably consistent: CF-associated growth impairment and airway abnormalities are reported at
birth, and disease progression is reported in infancy and throughout childhood. Earlier access to routine CF management is associated with
improved subsequent health status.
© 2015 The Authors. Published by Elsevier B.V. on behalf of European Cystic Fibrosis Society. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Cystic fibrosis (CF) is a life-shortening, multisystem genetic
disease. Since the 1930s, the development and use of an arsenal
of symptomatic treatments and extensive prophylactic daily
treatment regimens have extended the CF median predicted
survival from just a few months following diagnosis to 38 years
of age for the cohort in the US CF Foundation Patient Registry
in the years 2008 to 2012 [1], and 34 to 44 years of age for the
cohort in the United Kingdom (UK) CF Registry in the years
2009 to 2013 [2]. Despite this dramatic improvement, CF
continues to be characterized by digestive and respiratory
dysfunction contributing to growth deficits, chronic respiratory
infection, progressive lung tissue damage, and premature death
[1]. The median age of death among individuals with CF
followed in the US and UK patient registries was 27 to 28 years
in 2012 [1,2].

The discovery of the mutated CF gene (cystic fibrosis
transmembrane conductance regulator; CFTR) in 1989 [3,4]
and the function of wild-type CFTR protein in 1992 [5]
established the underlying pathophysiology present in CF
epithelial tissues, including that of the sweat gland, the
pancreas, the airway, and the intestine. It is now recognized
that interventions targeting the underlying CFTR defect across
body systems have the potential to improve outcomes
throughout life for persons with CF. Because CF is a
progressive, multiorgan disease, initiation of symptomatic and
prophylactic treatments early in life with the help of newborn
screening has been shown to improve outcomes compared with
later initiation of treatment secondary to later diagnosis [6].
Similarly, it is likely that the initiation of interventions that
target the underlying CFTR defect before significant disease
progression has great potential to avoid accumulation of tissue
damage, allowing for better health maintenance and more
normal function for persons with CF. The optimal time for
initiation of treatments is dependent on when complications and
cumulative damage begin to occur in persons with CF.

It has long been appreciated that newborns with CF can have
serious pancreatic insufficiency and gastrointestinal complica-
tions related to their disease, as discussed in two recent reviews
[7,8]. In contrast, only fairly recently reviews [9–11] and
critical analyses [12,13] have begun to suggest that abnormal-
ities of the respiratory system consistent with early disease
progression can be observed early in life in children with CF.
To date, a comprehensive review of the ages of earliest disease
manifestation and progression across organ systems is lacking,
which represents a knowledge gap. Although it is understood
that disease progression will be unique to each individual, it is
important to establish the ages at which CF signs and symptoms
manifest and disease progression have been observed on a large
scale. Thus, we undertook a comprehensive review of published
primary studies of health, disease, and disease progression in the
respiratory and digestive systems reported for young children
with CF worldwide. We focused on the respiratory and digestive
systems because the major symptoms and causes of death are
associated with these two body systems [1].

The three research questions were: (1) At what ages have
CF-related dysfunction and structural differences been demon-
strated in young children with CF (≤6 years of age)? (2) At
what ages has disease progression been reported in young
children with CF? (3) At what ages are there improved
outcomes with early versus late treatment initiation in young
children with CF?
2. Methods

2.1. Search details and dates

Three large literature databases (MEDLINE, CENTRAL,
and EMBASE) were searched between June and August 2014
for peer-reviewed, English-language, primary studies of the
health of young children (≤6 years of age) with CF. The search
strategy (Supplementary Material 1) was designed to capture a
broad range of study types to provide a comprehensive
summary of available results. Studies of treated and/or
untreated children with CF (all genotypes) published between
January 1, 1990 and August 6, 2014 were included. Studies
including a wider age range were included only if outcomes for
children aged 6 years or younger were analyzed separately
from outcomes for older groups. Reviews, systematic reviews,
meta-analyses, animal studies, studies of older persons only,
non–peer-reviewed publications, case studies, and treatment or
diagnosis guidelines were excluded.

Duplicate citations and articles of inappropriate types,
publication dates, and language were removed in a primary
sort. A secondary sorting of titles and abstracts eliminated
inappropriate study populations (non-CF, adults, older children,
parents) and in vitro studies. A single researcher conducted the
first two sorting phases. A final sorting of titles and abstracts
restricted the articles included to relevant studies of the
digestive and/or respiratory systems in young children (study
sample ages ≤6 years were determined from the title or
abstract of each study). Two researchers performed the final
sort independently and agreed on inclusion of each study, with
discrepancies resolved upon reading the full text. Two
researchers extracted data from each study independently
from each other.
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In included studies, outcomes for children with CF were
compared with outcomes for control populations without CF,
population norms (e.g., standard growth charts), baseline values for
study participants or between treatment groups (i.e., earlier versus
later treatment initiation). The purpose of this review was to
include a broad range of studies and study outcomes were
synthesized here in a non-statistical manner, due to the
heterogeneity of the study designs, outcome measures, and study
populations. Outcomes were summarized as worse or improved if
statistically significant differences were reported; outcomes that did
not reach statistical significance were summarized as not different.

3. Results

3.1. Search results

In all, 271 studies describing the health or illness of young
children with CF were drawn from an initial pool of 14,071
citations (including 3,310 duplicates). Of these, 125 were
identified as relevant studies of the CF digestive and/or
respiratory systems (Supplementary Fig. 1). A wide variety of
study designs, study sample sizes, and countries of origin were
represented in the included studies (Supplementary Table 1).
Study populations were from 22 countries in 8 major world
regions (North America; South America; Oceania; Western Asia;
and Western, Eastern, Northern, and Southern Europe) [14].

3.2. Summary of results

Literature exists for outcomes in children ≤6 years of age
relating to all three of the research questions for both the CF
digestive and respiratory systems. For Research Question 1 (At
what ages have CF-related dysfunction and structural differ-
ences been demonstrated in young children with CF [≤6 years
of age]?), there was a substantial evidence base for tissue
abnormalities and organ dysfunction in children prenatally,
from birth, and throughout early childhood to 6 years of age.
Abnormalities were observed at the molecular, cellular, tissue,
and organ levels, and manifested as large-scale physical signs
and symptoms. With respect to Research Question 2 (At what
ages has disease progression been reported in young children
with CF?), progression of disease in both the respiratory and
digestive systems was demonstrated in infants as young as
6 months of age, with significant respiratory structural and
functional decline occurring with each year of age in children
aged ≤6 years. Moreover, development of complications and
accumulation of damage were observed in young children,
including an increased risk of P. aeruginosa airway infection in
infancy (defined as up to 1 year of age in this review) and
potentially irreversible lung damage by 2 years of age. Finally,
for Research Question 3 (At what ages are there improved
outcomes with early versus late treatment initiation in young
children with CF?), a large evidence base demonstrated better
outcomes with earlier initiation of standard-of-care treatment as
a result of earlier diagnosis compared with later treatment
initiation due to later diagnosis. A difference in CF diagnosis
and associated treatment initiation of 4 to 13 months during
infancy had a significant impact on outcomes throughout
childhood. Initiation of treatment and medical management
within 2 months from birth was associated with improved
outcomes in both the respiratory and digestive systems in
children ≤6 years of age.

3.3. CFTR expression and morbidity observed throughout early
childhood

In all, 5 articles studiedCFTR expression and function early in
life. Substantial prenatal CFTR mRNA expression was observed
in the pancreas, liver, gall bladder, and intestine, with somewhat
lower levels of expression in the trachea [15] and airways [16].
CFTR protein expression was also observed in prenatal
epithelium and glands of the intestine, as well as in the ciliated
cells, collecting ducts, and glands of airways. Immediately before
birth, CFTR protein expression was observed in the periphery of
acini of the airways [17], and CFTR mRNA was observed in
airway mucus-producing glands in infants and 2-year-olds [16].
Direct evidence of reduced CFTR function in young children
with CF included dysfunction of the cellular lining in the distal
bowel of 3-year-olds [18] and airways of 2-year-olds [19].

Structural abnormalities and dysfunction in the digestive and
respiratory systems were observed prenatally, in infants, and
throughout childhood among children with CF, including
bowel, pancreatic, and liver abnormalities, nutritional deficien-
cies, growth deficits, airway anomalies, inflammation, pulmo-
nary dysfunction, infection, and pulmonary exacerbations. A
total of 99 studies reported various abnormalities and
morbidities in children ≤6 years of age. These studies were
organized by similarities in reported outcomes and study
population ages, and the citations are listed in Table 1. A total
of 3 studies reported outcomes that were not different from
those in non-CF controls. The results of these studies are
described in the footnotes to Table 1.

Although the 99 studies listed in Table 1 identified significant
morbidity in the CF study populations, only a subset of these (41
total) also reported the proportion of the CF study population in
whom abnormalities and illness was observed. These proportions
of the study samples suffering morbidity are shown as individual
pie charts for these 41 studies in Fig. 1, organized by outcome and
age. Morbidity was observed in 50% or more of the study sample
for a majority of respiratory system outcomes (24/44 total). There
are more total outcomes than the number of articles because more
than one outcome was presented in some articles. Likewise,
morbidity was observed in 50% or more of the study sample for a
majority of digestive system outcomes (14/20 total). Many types of
abnormalities were observed in high proportions of children with
CF from infancy throughout early childhood. Specific measures of
morbidity varied among studies.

3.4. Progression of disease

The studies that document disease progression at the
youngest ages are summarized here and in Figs. 2 and 3.
Evidence of disease progression in both digestive and
respiratory systems of children with CF was observed by



Table 1
Types of abnormalities and morbidity observed in the respiratory and digestive systems of children ≤6 years of age with CF.

Prenatal
(no. of studies)

Infants a (no. of studies) Toddlers b (no. of studies) Preschoolers c (no. of studies)

Respiratory system
Airway lining and walls/mucus
coating abnormalities

2 [16,20] 6 [16,19–23] 5 [16,19,22–24] 2 [19,23]

Inflammation/immune response 1 [25] 7 [26–32] 5 [27,29,32–34] d 3 [29,32,33]
Poor chest-imaging scores e — 3 [30,35,36] 3 [35,37,38] 3 [35,37,38]
Bronchiectasis — 5 [30,39–42] 5 [37,38,40–42] 4 [37,38,40,41]
Airway wall thickening/smaller
luminal area

— 5 [22,30,40,43,44] 5 [22,38,40,43,44] 3 [38,40,43]

High airway resistance/mucus
plugging/obstruction

— 3 [40,45,46] 7 [37,38,40,45,47–49] 6 [37,38,40,47–49]

Air-trapping/hyperinflation — 8 [30,39,41,44,45,50–52] 7 [37,41,44,45,51–53] 2 [37,41]
Lung dysfunction f — 12 [44,50,52,54–62] 15 [44,47,52,54–56,58–60,62–67] 10 [47,55,56,62–65,67–69]
Perfusion deficits — 1 [40] 3 [38,40,70] 3 [38,40,70]
Infection g/colonization — 8 [30,56,71–76] 12 [34,36,47,56,70,72–78] 6 [47,56,70,72,74,75]
Abnormalities secondary to infectionh — 3 [40,74,79] i 4 [40,74,78,79] i 4 [40,74,79,80]
Pulmonary exacerbations — 3 [81–83] 3 [81–83] 3 [81–83]

Digestive system
Intestinal lining and walls/mucus
coating abnormalities

4 [20,84–86] 2 [20,86] 2 [18,87] 2 [18,87]

Inflammation — — 1 [87] 1 [87]
Pancreatic dysfunction — 9 [72,88–95] 7 [72,88,91–95] 1 [72]
Liver dysfunction — 2 [96,97] — —
Nutritional deficiencies j — 9 [88,90,96,98–103] 1 [98] —
Weight deficit k — 14 [50,51,58,59,61,88–90,95,104–108] 15 [51,58,59,63,64,70,95],

[104,106,108–113]
9 [63,64,70,104,106,108],

[110,112,113]
Height deficit — 12 [50,54,59,61,90,95],

[104–106,108,114,115] l
15 [54,59,63,64,95,104],

[106,108–115] l
9 [63,64,95,104,106,110],

[112–114]

a Infants: age range from 0 to b1 year old.
b Toddlers: age range from 1 to 3 years old.
c Preschoolers: age range from N3 to 6 years old.
d One study reported that exhaled nitric oxide (one type of immune response indicator) was not lower in 1-year-olds with CF than non-CF controls [116].
e Chest imaging methods include: X-ray, computed tomography, and magnetic resonance imaging.
f Lung function measures include: forced expiratory volume, forced expiratory flow, forced vital capacity, lung clearance index, maximal flow at functional

residual capacity, respiratory rate, and respiratory symptoms (cough and crackles).
g Includes both CF-related opportunistic bacterial infection and increased incidence of seasonal viral infection.
h Airway structural changes proposed by the individual study authors to be secondary to infection include: nasal polyps, bronchial surfactant composition alteration

and lung collapse, and reduced pulmonary tissue elasticity.
i The elastic properties of lung tissue (respiratory compliance) were reported to be normal at 41 to 97 weeks of age [117].
j Nutritional deficiencies included: Vitamins A, D, and E; essential fatty acids, protein, sodium, potassium, and zinc.
k Weight deficits included low body mass index.
l One study reported that height z-scores measured in children with CF between 0.12 and 2.5 years old were not different from those in non-CF controls [58].
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6 months of age. Worsening of lung function as measured by
spirometry was observed in infants 6 months to 1 year of age
[58] (Fig. 2). While 59% to 71% of infants with CF were
determined to be pancreatic insufficient at birth, pancreatic
function declined in a subset of those determined to be pancreatic
sufficient at birth, such that an additional 16% to 20% were
insufficient by 6 months of age (Fig. 3) [88,90,95]. In addition,
airway viral and bacterial infection/colonization was observed in
children as young as 2 to 6 months of age [30,71] (Table 1),
including P. aeruginosa, a complication of CF.

Progression of disease continued throughout childhood,
including worsening of airway resistance [45], airway inflamma-
tion [78], air trapping [45,124], lung structure [35,40,43,123–126],
lung function (Fig. 2) [58,61,63,66,112,123], and nutrient
deficiencies [127,128]. Accumulation of lung damage was evident
by 1 year of age [36,123,124], and lung structure and function
worsened significantly each year of life in young children aged 0
to 6 years [35,43,58,123,124]. One study, however, reported that
although 4 spirometric measures of lung function all worsened
between ages 0 to 5 years and 6 to 16 years, they worsened by a
significant amount from measures recorded in younger age groups
only at ages older than 16 years [40]. Another study reported a
worsening in lung clearance index in 33% of children between ages
3 to 5 years and 6 to 10 years, and improvement in 15% of
children over this same period [110], although there is a question as
to whether improvement in lung clearance index with age may be
an artifact of the changing ratio of lung volume to equipment dead
space volume with the growth of the lungs as the children aged
[129]. Respiratory structural abnormalities proposed by the
individual study authors to be secondary to infection including
nasal polyps [80], lung collapse [40,79], and reduced pulmonary
tissue elasticity [74] were evident within a few years of life
(Table 1), and “potentially irreversible” lung damage was evident
by 2 years of age [35]. One study reported that the pulmonary
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151D.R. VanDevanter et al. / Journal of Cystic Fibrosis 15 (2016) 147–157
exacerbation rate increased by an average of 9% per year of age in
young children (with 0 to 1 year old as the reference age);
hospitalizations for pulmonary exacerbations increased from 64
total admissions among 168 infants aged 0 to 1 years to 86 hospital
admissions among 158 children aged 4 to 5 years [130]. In another
study, early respiratory symptoms (coughing, wheezing, rapid
0 1 2 3 4 5 6 7

Aurora 2011
Ren 2014

Harrison 2009
Keller 2003
Walsh 2010
Kerby 2012

VanDevanter 2010
Konstan 2003

Kozlowska 2008
Linnane 2008

Pillarisetti 2011
Ranganathan 2004

Age (years)

Earliest documented decline

Dysfunction at study start

Fig. 2. Worsening of lung function in young children with CF. Twelve studies
documented within-patient longitudinal measures of lung function and all 12
reported decline [58,61,63,66,110,112,118–123]. Bars represent the age (mean,
median, or mid-range) at which lung function was first measured (study start) to
oldest age of follow-up (presented results truncated at 7 years). White triangles
represent the youngest documentation of within-patient worsening. Note: For each
study, lung function decline was observed at the youngest age of follow-up. Black
×s represent lung dysfunction (signs and symptoms, obstruction, or low spirometry
measures) compared with non-CF controls at study start.
breathing) at 5 months of age were associated with greater
numbers of hospitalizations for respiratory illness by 17 months
of age [131].

Early signs of digestive system morbidity were associated with
subsequent poor respiratory outcomes and vice versa. Meconium
ileus at birth was a risk factor for bronchiectasis by 3 months of age
[42]. Low or high weight for age and height for age in 3-year-olds
predicted low or high spirometric lung function outcomes,
respectively, at 6 years of age [119,122]. In one study, pancreatic
insufficiency was associated with an increased hazard ratio for P.
aeruginosa airway infection starting at 2 months of age, with 62%
of children reported to have airway infection by 8 years of age
[72]. Pancreatic insufficiency was also associated with worse chest
X-ray scores and meconium ileus was associated with worse
spirometric lung function outcomes by 11 years of age [35].
Conversely, any occurrence of more serious hospital-managed
pulmonary exacerbation versus less serious home-managed
pulmonary exacerbation between ages 0 and 5 years was
associated with significantly lower weight at 5 years of age
[130]. A P. aeruginosa–positive culture at 4 years of age predicted
lower weight population norm percentile at 12 years of age [132].
One study, however, reported that better growth was observed by
age 18 months, specifically in infants with hyperinflation at
diagnosis, not those without hyperinflation or with pulmonary
obstruction [45].

3.5. Effects of early diagnosis and onset of treatment

In all, 12 studies compared health outcomes among children
diagnosed with CF with the help of newborn screening with
outcomes among those diagnosed as a result of symptom
presentation. The latter populations ranged from 4 to 24 months
of age before diagnosis, and were likely not systematically treated
with routine CF care until after diagnosis. In this context, routine
CF care included a variety of treatments and interventions
recommended for children with CF at the time and place of care,
including prophylactic and symptomatic nutritional and vitamin
supplements, high-calorie diets, pancreatic enzyme supplements,
chest physiotherapy, mucus thinners, anti-inflammatories, and
antibiotics. Most studies compared health outcomes associated
with initiation of routine CF care 12 to14 months earlier among
cohorts diagnosed by screening at about 1 month of age with
outcomes in cohorts diagnosed by symptom presentation at about
14 months of age.

In general, children with access to earlier routine CF care
secondary to earlier diagnosis had better outcomes compared
with those children whose access was later as a result of later
diagnosis. Benefits of earlier diagnosis included reduced airway
inflammation [133], improved lung structure [134], improved
lung function [95,133,135], delayed chronic airway infection
[134], lower incidence of mucoid P. aeruginosa colonization
[104], improved growth (Fig. 4) [95,104,106,111,133–138],
reduced hospitalizations [104,138], and improved survival
[133,136,139,140]. Of importance, these differences could not
be accounted for simply by greater inclusion of children with
less severe forms of CF in newborn screening cohorts, as they
were observed among children with identical CFTR genotypes,
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percentage pancreatic insufficiency, and history of meconium
ileus (Supplementary Table 2, study and study sample character-
istics for Fig. 4).

Two studies compared cohorts of patients with mean ages of
diagnosis that were earlier by only 4 months (2 versus 6 months
of age). Chest X-ray scores at 5 years of age were not found to
differ between the groups [95], but lung function was improved
for the early diagnosis group between 5 and 10 years of age
[95,135] and weight and height were greater until age 5 years
[95]. In a third study, a 5 to 8 months earlier diagnosis (1 versus 6
to 9 months of age) was associated with a higher survival rate
(98% versus 88%) up to 16 years of age [136].

4. Discussion

During the first decades after CF was initially characterized,
infant mortality was dramatically reduced with the introduction
of pancreatic enzyme supplementation and greater attention to
early nutrition, as well as the coincident expansion of the
0 2 4 6 8
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Collins 2008
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Fig. 4. Improved weight with earlier versus later diagnosis and treatment initiation. Childr
did children diagnosed and treated later (squares). Arrows indicate the ages in each study
diagnosed later. Circles denote the age at which weights between the two groups were no
children. For 3 studies, weight was still significantly different between the two groups at the
with CF, and while these data represent improved weight, weight was not alway
[95,104,106,111,133,136,138]. The details of each study and study sample characteristics
availability of antimicrobials to treat acute airway infection. Over
recent decades, the development and use of chronic and acute
therapies targeted at downstream CF symptoms and pathologies
have provided valuable reduction of symptoms for individuals
with demonstrable disease. Clinical trial outcomes characterizing
the clinical efficacy of pulmonary therapies, such as sustained
increases in pulmonary function or reduced risk of treatment with
intravenous antibiotics, have not translated well to very young
children with CF, however, primarily because spirometry
measures were not developed for and are not sensitive in early
CF disease [141]. As the use of these therapies has become more
common at younger ages, along with the introduction of several
prophylactic pulmonary treatments, a natural interest in earlier,
preventive intervention has led to the questions: (1) How early
does disease manifest and begin to progress for newborns with
CF, and (2) would earlier management of CF pathology translate
to improved health outcomes for persons with CF?

With regard to the question of the prevalence of CFTR
dysfunction in infants and children with CF, the peer-reviewed
10 12 14 16 18 20 22

Age (years)

Earlier diagnosis group
Later diagnosis group
Greater weight with early diagnosis
No difference in weight between groups 
Study end (weight still greater)

en diagnosed and treated earlier (triangles) gained more weight over 5–20 years than
at which the children diagnosed earlier weighed significantly more than the children
longer significantly different, due to “catch-up growth” of the late-diagnosis group of
end of the study (black ×). Note: these comparisons were between groups of children
s improved to population norms with early diagnosis and treatment initiation
are provided in Supplementary Table 2.
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literature is unequivocal: CFTR protein dysfunction contributes
to growth deficits and airway pathologies from birth, is associated
with CF pathologies detectable in infancy, and results in
significant progression of respiratory disease with each year of
life in young children with CF. This conclusion should hardly be
surprising, as the pathologic ramifications of CFTR dysfunction
in the digestive system of infants with CF have been recognized
for more than half a century; the disease was named for pancreatic
autopsy findings in this population [142]. That pathologies
related to CFTR dysfunction are present at birth is irrefutable:
elevated concentrations of circulating immunoreactive trypsino-
gen secondary to CFTR dysfunction in the neonatal exocrine
pancreas are exploited for CF newborn screening, elevated sweat
chloride concentrations secondary to CFTR dysfunction in the
newborn sweat gland are diagnostic, and N10% of newborns
diagnosed with CF today present with meconium ileus and bowel
obstruction [1]. Further, the literature is remarkably consistent
with regard to observations of CF-associated growth impairment
and cumulative anatomical and functional airway abnormalities
beginning in infancy and progressing through childhood.

The implementation of CF newborn screening has provided a
means of examining whether or not earlier and more comprehen-
sive intervention in infants and young children with CF improves
health outcomes. Multiple studies have demonstrated growth
advantages in cohorts of children with CF identified with the help
of newborn screening when compared with cohorts diagnosed
from months to years later by symptom presentation. With the
exception of randomized controlled study designs, these compar-
isons are hampered by an obvious problem: children diagnosed on
the basis of symptom presentation are by definition symptomatic,
while a majority of infants diagnosed with the help of newborn
screening are not; thus, these groups are not necessarily
comparable with respect to the severity of underlying CFTR
dysfunction. Comparisons of contemporary cohorts of children
with identical CFTR genotypes, however, have demonstrated a
clear advantage with respect to height-for-age z-scores and
pulmonary function z-scores for children identified with the help
of newborn screening [143]. Given that earlier diagnosis translates
to earlier access to routine care provided by multidisciplinary CF
care teams, it follows that earlier intervention in infants is most
likely responsible for better health outcomes at an older age. Earlier
access to today’s rigorous multidisciplinary CF care, however, is
not sufficient to prevent cumulative anatomical and functional
changes observed in the airways of infants and young children with
CF and shortened lifespan. Our review confirms that underlying
CFTR dysfunction in infants and young children remains
associated with increased risk of mucus plugging, inhomogeneous
ventilation, reduced airflow, opportunistic bacterial infection, gas
trapping, bronchial wall thickening, pancreas and liver dysfunc-
tion, nutritional deficiencies, growth deficits, and increases in
concentration of cytokines and other inflammatory markers.

4.1. Limitations and possible biases

The purpose of this review was to include a wide range
of study types from researchers worldwide. The inclusion of
studies with many different study designs, sample populations,
genotypes, diagnostic methods, outcome measures, and regions
of origin is a possible limitation, however. In consideration of
this limitation, the conclusions were maintained at a conserva-
tive level, and results were not subjected to meta-analysis.

An additional limitation is the possibility of Type II
statistical errors in studies of small sample size, due to the
relatively small number of children with CF. The large number
of studies reporting statistically significant differences despite
small sample sizes suggests that this limitation was negligible.
The large magnitude of the differences measured in children
with CF may account for the statistical significance reached
despite small study sample sizes.

As with any review based on published articles, there may
be publication bias in the studies available for review. For
instance, investigators may have a greater interest in publishing
(as well as an ability to publish) data demonstrating morbidity
in CF as opposed to data showing no difference between
affected and unaffected children, which could introduce bias. In
the same way, studies of interventions demonstrating resolution
of symptoms may be published at a greater rate than those
showing no effect, introducing bias.

Accepting these possible limitations, this literature survey
has identified a strikingly large number of studies describing
consistent structural and functional effects of reduced CFTR
expression in newborns, with progressive and cumulative
CF-related morbidity observed as children with CF age. Access
to today’s routine care from multidisciplinary teams, even
shortly after birth, appears insufficient to prevent inexorable
disease progression, suggesting that there is an opportunity
for improved health outcomes. Consistent observations of
CFTR dysfunction and CF disease progression in infancy and
early childhood suggest that careful evaluation of the potential
benefits of pharmacotherapies is warranted in these young
patients.

In conclusion, the peer-reviewed literature is remarkably
consistent regarding all three of our research questions. (1) At
what ages have CF-related dysfunction and structural differences
been demonstrated in young children with CF (≤6 years of age)?
CF-associated growth impairment and airway abnormalities are
reported at birth and the underlying pathology of CF directly
related to reduced CFTR protein function was demonstrated in
young children with CF. Abnormalities and dysfunction of the
digestive and respiratory systems were reported throughout early
childhood in CF. (2) At what ages has disease progression been
reported in young children with CF? Disease progression is
reported in infancy and throughout childhood. The youngest age
at which disease progression was reported was by the age of
6 months in both digestive (pancreatic sufficiency decline) and
respiratory systems (lung function decline). Accumulation of
lung damage was reported by 1 year of age, and lung structure
and function worsened significantly each year of life in young
children, with potentially irreversible lung damage reported by
the age of 2 years. (3) At what ages are there improved outcomes
with early versus late treatment initiation in young children with
CF? Earlier access to routine CF management improved
subsequent health status. Earlier diagnosis (by 4–14 months)
and standard-of-care treatment initiation in infancy compared
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with later diagnosis and subsequent treatment initiation improved
long-term outcomes, including survival.

Supplementary data to this article can be found online at
http://dx.doi.org/10.1016/j.jcf.2015.09.008.

Conflicts of interest

This project was supported by Vertex Pharmaceuticals
Incorporated. DV has served as a remunerated consultant for
AbbVie, Agile Sciences, Aptalis, Aradigm, Baxter Healthcare,
Coleman Research, CURx, Cystic Fibrosis Foundation, Forest
Labs, Genentech, Gilead Sciences, Glycomimetics, ICON
Clinical Sciences, KaloBios, MedImmune, OrbiMed, Raptor,
Savara, Tripex LLC, and Vertex Pharmaceuticals Incorporated
(for this and previous work). JK owns BPS International, which
has received consultancy fees from Vertex Pharmaceuticals
Incorporated for this and previous work. AOS, SS, and PH are
employees of Vertex Pharmaceuticals Incorporated and may
own stock/stock options in this company.

Author roles

DV participated in the design of the project, study inclusion,
interpretation of the data, writing and critical revision of the
manuscript, and approved the final version for submission. JK
participated in the design of the project, literature search and
sort, study inclusion, data extraction and compilation, interpre-
tation of the data, and writing and critical revision of the
manuscript, and approved the final version for submission.
AOS, SS, and PH participated in the design of the project,
critical review and revision of the manuscript, and interpreta-
tion of the data, and approved the final version for submission.

Disclosures and acknowledgments

The authors thank Dr. Elizabeth Walcott (BPS Intl.) for help
with the literature search and Amy White (BPS Intl.), Keira Kim
(BPS Intl.), and Drs. Julie Deardorff and Gabriele Foos (BPS
Intl.) for assistance with data extraction. This workwas funded by
Vertex Pharmaceuticals Incorporated, Boston, Massachusetts.
Although Vertex Pharmaceuticals Incorporated was involved in
the topic concept and fact-checking of information, the content of
this article, the ultimate interpretation, and the decision to submit
were made by the authors independently.

Previous presentation: A portion of this work was presented
as a poster at the 38th European Cystic Fibrosis Foundation
Conference, June 2015, Brussels, Belgium.

References

[1] CFF Patient Registry. 2012 Annual Data Report to the Center Directors.
Bethesda, Maryland: Cystic Fibrosis Foundation; 2013.

[2] UK Cystic Fibrosis Registry. Annual Data Report 2013. Cystic Fibrosis
Trust; 2014.

[3] Rommens JM, Iannuzzi MC, Kerem B, DrummML, Melmer G, Dean M,
et al. Identification of the cystic fibrosis gene: chromosome walking and
jumping. Science 1989;245(4922):1059–65.
[4] Riordan JR, Rommens JM, Kerem B, Alon N, Rozmahel R, Grzelczak Z,
et al. Identification of the cystic fibrosis gene: cloning and characteri-
zation of complementary DNA. Science 1989;245(4922):1066–73.

[5] Bear CE, Li CH, Kartner N, Bridges RJ, Jensen TJ, Ramjeesingh M,
et al. Purification and functional reconstitution of the cystic fibrosis
transmembrane conductance regulator (CFTR). Cell 1992;68(4):809–18.

[6] Dijk FN, Fitzgerald DA. The impact of newborn screening and earlier
intervention on the clinical course of cystic fibrosis. Paediatr Respir Rev
2012;13(4):220–5.

[7] Carlyle BE, Borowitz DS, Glick PL. A review of pathophysiology and
management of fetuses and neonates with meconium ileus for the
pediatric surgeon. J Pediatr Surg 2012;47(4):772–81.

[8] Scaparrotta A, Di Pillo S, Attanasi M, Consilvio NP, Cingolani A,
Rapino D, et al. Growth failure in children with cystic fibrosis. J Pediatr
Endocrinol Metab 2012;25(5-6):393–405.

[9] Grasemann H, Ratjen F. Early lung disease in cystic fibrosis. Lancet
Respir Med 2013;1(2):148–57.

[10] Milla CE. Cystic fibrosis in the era of genomic medicine. Curr Opin
Pediatr 2013;25(3):323–8.

[11] Stick S, Tiddens H, Aurora P, Gustafsson P, Ranganathan S, Robinson P,
et al. Early intervention studies in infants and preschool children with
cystic fibrosis: are we ready? Eur Respir J 2013;42(2):527–38.

[12] Pittman JE, Cutting G, Davis SD, Ferkol T, Boucher R. Cystic fibrosis:
NHLBI workshop on the primary prevention of chronic lung diseases.
Ann Am Thorac Soc 2014;11 Suppl. 3:S161–8.

[13] Zemanick ET, Hoffman L, Rosenfeld M. Narrowing in on early cystic
fibrosis lung disease. Am J Respir Crit Care Med 2014;190(10):1082–4.

[14] United Nations. Composition of macro geographical (continental)
regions, geographical sub-regions, and selected economic and other
groupings. http://unstats.un.org/unsd/methods/m49/m49regin.htm; 2013.
(Accessed Jan 28, 2015).

[15] Tizzano EF, Chitayat D, Buchwald M. Cell-specific localization of
CFTR mRNA shows developmentally regulated expression in human
fetal tissues. Hum Mol Genet 1993;2(3):219–24.

[16] Tizzano EF, O'Brodovich H, Chitayat D, Benichou JC, Buchwald M.
Regional expression of CFTR in developing human respiratory tissues.
Am J Respir Cell Mol Biol 1994;10(4):355–62.

[17] Gaillard D, Ruocco S, Lallemand A, Dalemans W, Hinnrasky J, Puchelle
E. Immunohistochemical localization of cystic fibrosis transmembrane
conductance regulator in human fetal airway and digestive mucosa.
Pediatr Res 1994;36(2):137–43.

[18] Cohen-Cymberknoh M, Yaakov Y, Shoseyov D, Shteyer E, Schachar E,
Rivlin J, et al. Evaluation of the intestinal current measurement method
as a diagnostic test for cystic fibrosis. Pediatr Pulmonol 2013;48(3):
229–35.

[19] Sermet-Gaudelus I, Girodon E, Roussel D, Deneuville E, Bui S, Huet F,
et al. Measurement of nasal potential difference in young children with
an equivocal sweat test following newborn screening for cystic fibrosis.
Thorax 2010;65(6):539–44.

[20] Damjanovich L, Szeifert GT, Szabo M, Papp Z. Pathological confirma-
tion of foetal cystic fibrosis following prenatal diagnosis. Acta Morphol
Hung 1990;38(2):141–8.

[21] Abou Alaiwa MH, Beer AM, Pezzulo AA, Launspach JL, Horan RA,
Stoltz DA, et al. Neonates with cystic fibrosis have a reduced nasal liquid
pH; a small pilot study. J Cyst Fibros 2014;13:373–7.

[22] Meyerholz DK, Stoltz DA, Namati E, Ramachandran S, Pezzulo AA,
Smith AR, et al. Loss of cystic fibrosis transmembrane conductance
regulator function produces abnormalities in tracheal development in
neonatal pigs and young children. Am J Respir Crit Care Med 2010;
182(10):1251–61.

[23] Moeller A, Horak Jr F, Lane C, Knight D, Kicic A, Brennan S, et al.
Inducible NO synthase expression is low in airway epithelium from
young children with cystic fibrosis. Thorax 2006;61(6):514–20.

[24] Muhlebach MS, Reed W, Noah TL. Quantitative cytokine gene
expression in CF airway. Pediatr Pulmonol 2004;37(5):393–9.

[25] Hubeau C, Puchelle E, Gaillard D. Distinct pattern of immune cell
population in the lung of human fetuses with cystic fibrosis. J Allergy
Clin Immunol 2001;108(4):524–9.

http://dx.doi.org/10.1016/j.jcf.2015.09.008
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0690
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0690
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0695
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0695
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0005
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0005
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0005
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0010
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0010
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0010
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0015
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0015
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0015
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0020
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0020
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0020
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0025
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0025
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0025
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0030
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0030
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0030
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0035
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0035
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0040
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0040
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0045
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0045
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0045
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0700
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0700
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0700
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0050
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0050
http://unstats.un.org/unsd/methods/m49/m49regin.htm
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0055
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0055
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0055
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0060
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0060
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0060
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0065
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0065
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0065
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0065
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0070
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0070
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0070
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0070
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0710
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0710
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0710
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0710
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0080
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0080
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0080
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0085
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0085
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0085
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0090
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0090
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0090
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0090
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0090
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0095
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0095
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0095
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0100
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0100
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0105
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0105
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0105


155D.R. VanDevanter et al. / Journal of Cystic Fibrosis 15 (2016) 147–157
[26] Elphick HE, Demoncheaux EA, Ritson S, Higenbottam TW, Everard
ML. Exhaled nitric oxide is reduced in infants with cystic fibrosis.
Thorax 2001;56(2):151–2.

[27] Gabriele C, Nieuwhof EM, Van Der Wiel EC, Hofhuis W, Moll HA,
Merkus PJ, et al. Exhaled nitric oxide differentiates airway diseases in the
first two years of life. Pediatr Res 2006;60(4):461–5.

[28] Khan TZ, Wagener JS, Bost T, Martinez J, Accurso FJ, Riches DW.
Early pulmonary inflammation in infants with cystic fibrosis. Am J
Respir Crit Care Med 1995;151(4):1075–82.

[29] Muhlebach MS, Stewart PW, Leigh MW, Noah TL. Quantitation of
inflammatory responses to bacteria in young cystic fibrosis and control
patients. Am J Respir Crit Care Med 1999;160(1):186–91.

[30] Sly PD, Brennan S, Gangell C, de Klerk N, Murray C, Mott L, et al.
Lung disease at diagnosis in infants with cystic fibrosis detected by
newborn screening. Am J Respir Crit Care Med 2009;180(2):146–52.

[31] Stafler P, Davies JC, Balfour-Lynn IM, Rosenthal M, Bush A.
Bronchoscopy in cystic fibrosis infants diagnosed by newborn screening.
Pediatr Pulmonol 2011;46(7):696–700.

[32] McMorran BJ, Patat SA, Carlin JB, Grimwood K, Jones A, Armstrong
DS, et al. Novel neutrophil-derived proteins in bronchoalveolar lavage
fluid indicate an exaggerated inflammatory response in pediatric cystic
fibrosis patients. Clin Chem 2007;53(10):1782–91.

[33] Brennan S, Sly PD, Gangell CL, Sturges N, Winfield K, Wikstrom M,
et al. Alveolar macrophages and CC chemokines are increased in
children with cystic fibrosis. Eur Respir J 2009;34(3):655–61.

[34] Rosenfeld M, Gibson RL, McNamara S, Emerson J, Burns JL, Castile R,
et al. Early pulmonary infection, inflammation, and clinical outcomes in
infants with cystic fibrosis. Pediatr Pulmonol 2001;32(5):356–66.

[35] Farrell PM, Li Z, Kosorok MR, Laxova A, Green CG, Collins J, et al.
Longitudinal evaluation of bronchopulmonary disease in children with
cystic fibrosis. Pediatr Pulmonol 2003;36(3):230–40.

[36] West SE, Zeng L, Lee BL, Kosorok MR, Laxova A, Rock MJ, et al.
Respiratory infections with Pseudomonas aeruginosa in children with
cystic fibrosis: early detection by serology and assessment of risk factors.
JAMA 2002;287(22):2958–67.

[37] Mott LS, Park J, Gangell CL, de Klerk NH, Sly PD, Murray CP, et al.
Distribution of early structural lung changes due to cystic fibrosis
detected with chest computed tomography. J Pediatr 2013;163(1):243–8
(e241-243).

[38] Wielputz MO, Puderbach M, Kopp-Schneider A, Stahl M, Fritzsching E,
Sommerburg O, et al. Magnetic resonance imaging detects changes in
structure and perfusion, and response to therapy in early cystic fibrosis
lung disease. Am J Respir Crit Care Med 2014;189(8):956–65.

[39] Hall GL, Logie KM, Parsons F, Schulzke SM, Nolan G, Murray C, et al.
Air trapping on chest CT is associated with worse ventilation distribution
in infants with cystic fibrosis diagnosed following newborn screening.
PLoS ONE 2011;6(8), e23932.

[40] Helbich TH, Heinz-Peer G, Eichler I, Wunderbaldinger P, Gotz M,
Wojnarowski C, et al. Cystic fibrosis: CT assessment of lung
involvement in children and adults. Radiology 1999;213(2):537–44.

[41] Long FR, Williams RS, Adler BH, Castile RG. Comparison of quiet
breathing and controlled ventilation in the high-resolution CT assessment
of airway disease in infants with cystic fibrosis. Pediatr Radiol 2005;
35(11):1075–80.

[42] Sly PD, Gangell CL, Chen L, Ware RS, Ranganathan S, Mott LS, et al.
Risk factors for bronchiectasis in children with cystic fibrosis. N Engl J
Med 2013;368(21):1963–70.

[43] Long FR, Williams RS, Castile RG. Structural airway abnormalities in
infants and young children with cystic fibrosis. J Pediatr 2004;144(2):
154–61.

[44] Martinez TM, Llapur CJ, Williams TH, Coates C, Gunderman R, Cohen
MD, et al. High-resolution computed tomography imaging of airway
disease in infants with cystic fibrosis. Am J Respir Crit Care Med 2005;
172(9):1133–8.

[45] Kraemer R, Aebi C, Casaulta Aebischer C, Gallati S. Early detection of
lung disease and its association with the nutritional status, genetic
background and life events in patients with cystic fibrosis. Respiration
2000;67(5):477–90.
[46] Mohon RT, Wagener JS, Abman SH, Seltzer WK, Accurso FJ.
Relationship of genotype to early pulmonary function in infants with
cystic fibrosis identified through neonatal screening. J Pediatr 1993;
122(4):550–5.

[47] Aurora P, Bush A, Gustafsson P, Oliver C, Wallis C, Price J, et al.
Multiple-breath washout as a marker of lung disease in preschool
children with cystic fibrosis. Am J Respir Crit Care Med 2005;171(3):
249–56.

[48] Nielsen KG, Pressler T, Klug B, Koch C, Bisgaard H. Serial lung
function and responsiveness in cystic fibrosis during early childhood.
Am J Respir Crit Care Med 2004;169(11):1209–16.

[49] Vitaliti G, Leonardi S, La Rosa M. Opening interrupter technique in pre-
school children with chronic respiratory diseases: a perspective case-
control study in the diagnosis of airway hyperesponsiveness. J Asthma
2013;50(10):1045–8.

[50] Hoo AF, Thia LP, Nguyen TT, Bush A, Chudleigh J, Lum S, et al. Lung
function is abnormal in 3-month-old infants with cystic fibrosis
diagnosed by newborn screening. Thorax 2012;67(10):874–81.

[51] Kraemer R, Birrer P, Liechti-Gallati S. Genotype-phenotype association
in infants with cystic fibrosis at the time of diagnosis. Pediatr Res 1998;
44(6):920–6.

[52] Nguyen TT-D, Thia LP, Hoo A-F, Bush A, Aurora P, Wade A, et al.
Evolution of lung function during the first year of life in newborn
screened cystic fibrosis infants. Thorax 2014;69(10):910–7.

[53] Thia LP, Calder A, Stocks J, Bush A, Owens CM, Wallis C, et al. Is chest
CT useful in newborn screened infants with cystic fibrosis at 1 year of
age? Thorax 2014;69(4):320–7.

[54] Ackerman V, Montogomery G, Eigen H, Tepper RS. Assessment of
airway responsiveness in infants with cystic fibrosis. Am Rev Respir Dis
1991;144(2):344–6.

[55] Bakker EM, van der Meijden JC, Nieuwhof EM, Hop WC, Tiddens HA.
Determining presence of lung disease in young children with cystic
fibrosis: lung clearance index, oxygen saturation and cough frequency. J
Cyst Fibros 2012;11(3):223–30.

[56] Belessis Y, Dixon B, Hawkins G, Pereira J, Peat J, MacDonald R, et al.
Early cystic fibrosis lung disease detected by bronchoalveolar lavage and
lung clearance index. Am J Respir Crit Care Med 2012;185(8):862–73.

[57] Kieninger E, Singer F, Fuchs O, Abbas C, Frey U, Regamey N, et al.
Long-term course of lung clearance index between infancy and school-
age in cystic fibrosis subjects. J Cyst Fibros 2011;10(6):487–90.

[58] Linnane BM, Hall GL, Nolan G, Brennan S, Stick SM, Sly PD, et al.
Lung function in infants with cystic fibrosis diagnosed by newborn
screening. Am J Respir Crit Care Med 2008;178(12):1238–44.

[59] Lum S, Gustafsson P, Ljungberg H, Hulskamp G, Bush A, Carr SB, et al.
Early detection of cystic fibrosis lung disease: multiple-breath washout
versus raised volume tests. Thorax 2007;62(4):341–7.

[60] Ranganathan SC, Bush A, Dezateux C, Carr SB, Hoo AF, Lum S, et al.
Relative ability of full and partial forced expiratory maneuvers to identify
diminished airway function in infants with cystic fibrosis. Am J Respir
Crit Care Med 2002;166(10):1350–7.

[61] Ranganathan SC, Stocks J, Dezateux C, Bush A, Wade A, Carr S, et al.
The evolution of airway function in early childhood following clinical
diagnosis of cystic fibrosis. Am J Respir Crit Care Med 2004;169(8):
928–33.

[62] Stahl M, Joachim C, Blessing K, Hammerling S, Sommerburg O, Latzin
P, et al. Multiple breath washout is feasible in the clinical setting and
detects abnormal lung function in infants and young children with cystic
fibrosis. Respiration 2014;87(5):357–63.

[63] Kerby GS, Rosenfeld M, Ren CL, Mayer OH, Brumback L, Castile R,
et al. Lung function distinguishes preschool children with CF from
healthy controls in a multi-center setting. Pediatr Pulmonol 2012;47(6):
597–605.

[64] Marostica PJ, Weist AD, Eigen H, Angelicchio C, Christoph K, Savage
J, et al. Spirometry in 3- to 6-year-old children with cystic fibrosis. Am J
Respir Crit Care Med 2002;166(1):67–71.

[65] McColley SA, Ren CL, Schechter MS, Regelmann WE, Pasta DJ,
Konstan MW. Risk factors for onset of persistent respiratory symptoms
in children with cystic fibrosis. Pediatr Pulmonol 2012;47(10):966–72.

http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0110
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0110
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0110
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0115
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0115
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0115
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0120
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0120
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0120
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0125
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0125
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0125
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0130
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0130
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0130
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0135
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0135
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0135
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0140
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0140
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0140
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0140
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0145
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0145
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0145
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0150
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0150
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0150
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0155
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0155
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0155
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0160
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0160
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0160
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0160
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0715
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0715
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0715
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0715
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0165
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0165
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0165
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0165
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0170
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0170
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0170
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0170
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0175
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0175
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0175
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0180
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0180
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0180
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0180
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0185
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0185
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0185
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0190
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0190
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0190
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0195
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0195
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0195
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0195
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0200
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0200
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0200
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0200
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0205
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0205
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0205
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0205
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0210
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0210
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0210
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0210
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0215
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0215
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0215
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0220
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0220
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0220
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0220
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0225
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0225
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0225
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0230
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0230
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0230
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0720
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0720
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0720
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0240
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0240
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0240
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0245
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0245
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0245
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0250
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0250
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0250
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0250
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0255
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0255
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0255
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0260
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0260
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0260
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0265
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0265
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0265
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0270
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0270
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0270
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0275
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0275
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0275
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0275
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0280
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0280
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0280
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0280
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0285
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0285
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0285
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0285
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0290
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0290
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0290
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0290
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0295
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0295
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0295
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0300
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0300
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0300


156 D.R. VanDevanter et al. / Journal of Cystic Fibrosis 15 (2016) 147–157
[66] Pillarisetti N, Williamson E, Linnane B, Skoric B, Robertson CF, Robinson
P, et al. Infection, inflammation, and lung function decline in infants with
cystic fibrosis. Am J Respir Crit Care Med 2011;184(1):75–81.

[67] Vilozni D, Bentur L, Efrati O, Minuskin T, Barak A, Szeinberg A, et al.
Spirometry in early childhood in cystic fibrosis patients. Chest 2007;
131(2):356–61.

[68] VanDevanter DR, Pasta DJ. Evidence of diminished FEV1 and FVC in
6-year-olds followed in the European cystic fibrosis patient registry,
2007–2009. J Cyst Fibros 2013;12(6):786–9.

[69] Mayer OH, Jawad AF, McDonough J, Allen J. Lung function in 3-5-
year-old children with cystic fibrosis. Pediatr Pulmonol 2008;43(12):
1214–23.

[70] Steinkamp G, Wiedemann B. Relationship between nutritional status and
lung function in cystic fibrosis: cross sectional and longitudinal analyses
from the German CF quality assurance (CFQA) project. Thorax 2002;
57(7):596–601.

[71] Armstrong D, Grimwood K, Carlin JB, Carzino R, Hull J, Olinsky A,
et al. Severe viral respiratory infections in infants with cystic fibrosis.
Pediatr Pulmonol 1998;26(6):371–9.

[72] Baussano I, Tardivo I, Bellezza-Fontana R, Forneris MP, Lezo A,
Anfossi L, et al. Neonatal screening for cystic fibrosis does not affect
time to first infection with Pseudomonas aeruginosa. Pediatrics 2006;
118(3):888–95.

[73] Burns JL, Gibson RL, McNamara S, Yim D, Emerson J, Rosenfeld M,
et al. Longitudinal assessment of Pseudomonas aeruginosa in young
children with cystic fibrosis. J Infect Dis 2001;183(3):444–52.

[74] Dakin CJ, Numa AH, Wang H, Morton JR, Vertzyas CC, Henry RL.
Inflammation, infection, and pulmonary function in infants and young
children with cystic fibrosis. Am J Respir Crit Care Med 2002;165(7):
904–10.

[75] Douglas TA, Brennan S, Gard S, Berry L, Gangell C, Stick SM, et al.
Acquisition and eradication of P. aeruginosa in young children with
cystic fibrosis. Eur Respir J 2009;33(2):305–11.

[76] Hiatt PW, Grace SC, Kozinetz CA, Raboudi SH, Treece DG, Taber LH,
et al. Effects of viral lower respiratory tract infection on lung function in
infants with cystic fibrosis. Pediatrics 1999;103(3):619–26.

[77] Abman SH, Ogle JW, Harbeck RJ, Butler-Simon N, Hammond KB,
Accurso FJ. Early bacteriologic, immunologic, and clinical courses of
young infants with cystic fibrosis identified by neonatal screening. J
Pediatr 1991;119(2):211–7.

[78] Brennan S, Hall GL, Horak F, Moeller A, Pitrez PM, Franzmann A, et al.
Correlation of forced oscillation technique in preschool children with
cystic fibrosis with pulmonary inflammation. Thorax 2005;60(2):
159–63.

[79] Hull J, South M, Phelan P, Grimwood K. Surfactant composition in
infants and young children with cystic fibrosis. Am J Respir Crit Care
Med 1997;156(1):161–5.

[80] Schraven SP, Wehrmann M, Wagner W, Blumenstock G, Koitschev A.
Prevalence and histopathology of chronic polypoid sinusitis in pediatric
patients with cystic fibrosis. J Cyst Fibros 2011;10(3):181–6.

[81] Brumback LC, Baines A, Ratjen F, Davis SD, Daniel SL, Quittner AL,
et al. Pulmonary exacerbations and parent-reported outcomes in children
b6 years with cystic fibrosis. Pediatr Pulmonol 2014. http://dx.doi.org/
10.1002/ppul.23056.

[82] Schechter MS, McColley SA, Regelmann W, Millar SJ, Pasta DJ,
Wagener JS, et al. Socioeconomic status and the likelihood of antibiotic
treatment for signs and symptoms of pulmonary exacerbation in children
with cystic fibrosis. J Pediatr 2011;159(5):819–24 e811.

[83] VanDevanter DR, Elkin EP, Pasta DJ, Morgan WJ, Konstan MW.
Changing thresholds and incidence of antibiotic treatment of cystic fibrosis
pulmonary exacerbations, 1995–2005. J Cyst Fibros 2013;12(4):332–7.

[84] de Becdelievre A, Costa C, LeFloch A, Legendre M, Jouannic JM,
Vigneron J, et al. Notable contribution of large CFTR gene rearrange-
ments to the diagnosis of cystic fibrosis in fetuses with bowel anomalies.
Eur J Hum Genet 2010;18(10):1166–9.

[85] Dicke JM, Crane JP. Sonographically detected hyperechoic fetal bowel:
significance and implications for pregnancy management. Obstet Gynecol
1992;80(5):778–82.
[86] Thiru S, Devereux G, King A. Abnormal fucosylation of ileal mucus in
cystic fibrosis: I. A histochemical study using peroxidase labelled lectins.
J Clin Pathol 1990;43(12):1014–8.

[87] Bruzzese E, Callegari ML, Raia V, Viscovo S, Scotto R, Ferrari S, et al.
Disrupted intestinal microbiota and intestinal inflammation in children
with cystic fibrosis and its restoration with Lactobacillus GG: a
randomised clinical trial. PLoS ONE 2014;9(2), e87796.

[88] Bronstein MN, Sokol RJ, Abman SH, Chatfield BA, Hammond KB,
Hambidge KM, et al. Pancreatic insufficiency, growth, and nutrition in
infants identified by newborn screening as having cystic fibrosis. J
Pediatr 1992;120(4 Pt 1):533–40.

[89] Giglio L, Candusso M, D'Orazio C, Mastella G, Faraguna D. Failure to
thrive: the earliest feature of cystic fibrosis in infants diagnosed by
neonatal screening. Acta Paediatr 1997;86(11):1162–5.

[90] Greer R, Shepherd R, Cleghorn G, Bowling FG, Holt T. Evaluation of
growth and changes in body composition following neonatal diagnosis of
cystic fibrosis. J Pediatr Gastroenterol Nutr 1991;13(1):52–8.

[91] McClean P, Harding M, Coward WA, Green MR, Weaver LT.
Measurement of fat digestion in early life using a stable isotope breath
test. Arch Dis Child 1993;69(3):366–70.

[92] O'Sullivan BP, Baker D, Leung KG, Reed G, Baker SS, Borowitz D.
Evolution of pancreatic function during the first year in infants with
cystic fibrosis. J Pediatr 2013;162(4):808–12 (e801).

[93] Walkowiak J, Sands D, Nowakowska A, Piotrowski R, Zybert K, Herzig
KH, et al. Early decline of pancreatic function in cystic fibrosis patients
with class 1 or 2 CFTR mutations. J Pediatr Gastroenterol Nutr 2005;
40(2):199–201.

[94] Waters DL, Dorney SF, Gaskin KJ, Gruca MA, O'Halloran M, Wilcken
B. Pancreatic function in infants identified as having cystic fibrosis in a
neonatal screening program. N Engl J Med 1990;322(5):303–8.

[95] Waters DL, Wilcken B, Irwing L, Van Asperen P, Mellis C, Simpson
JM, et al. Clinical outcomes of newborn screening for cystic fibrosis.
Arch Dis Child Fetal Neonatal Ed 1999;80(1):F1–7.

[96] Fustik S, Jacovska T, Spirevska L, Koceva S. Protein-energy malnutri-
tion as the first manifestation of cystic fibrosis in infancy. Pediatr Int
2009;51(5):678–83.

[97] Shapira R, Hadzic N, Francavilla R, Koukulis G, Price JF, Mieli-Vergani
G. Retrospective review of cystic fibrosis presenting as infantile liver
disease. Arch Dis Child 1999;81(2):125–8.

[98] Coates AJ, Crofton PM, Marshall T. Evaluation of salt supplementation
in CF infants. J Cyst Fibros 2009;8(6):382–5.

[99] Guimarães EV, Schettino GC, Camargos PA, Penna FJ. Prevalence of
hyponatremia at diagnosis and factors associated with the longitudinal
variation in serum sodium levels in infants with cystic fibrosis. J Pediatr
2012;161(2):285–9.

[100] Krebs NF, Westcott JE, Arnold TD, Kluger BM, Accurso FJ, Miller LV,
et al. Abnormalities in zinc homeostasis in young infants with cystic
fibrosis. Pediatr Res 2000;48(2):256–61.

[101] Marcus MS, Sondel SA, Farrell PM, Laxova A, Carey PM, Langhough
R, et al. Nutritional status of infants with cystic fibrosis associated with
early diagnosis and intervention. Am J Clin Nutr 1991;54(3):578–85.

[102] Neville LA, Ranganathan SC. Vitamin D in infants with cystic fibrosis
diagnosed by newborn screening. J Paediatr Child Health 2009;45(1-2):
36–41.

[103] van Egmond AW, Kosorok MR, Koscik R, Laxova A, Farrell PM. Effect
of linoleic acid intake on growth of infants with cystic fibrosis. Am J Clin
Nutr 1996;63(5):746–52.

[104] Accurso FJ, Sontag MK, Wagener JS. Complications associated with
symptomatic diagnosis in infants with cystic fibrosis. J Pediatr 2005;
147(3 Suppl):S37–41.

[105] Bines JE, Truby HD, Armstrong DS, Phelan PD, Grimwood K. Energy
metabolism in infants with cystic fibrosis. J Pediatr 2002;140(5):527–33.

[106] Farrell PM, Kosorok MR, Laxova A, Shen G, Koscik RE, Bruns WT,
et al. Nutritional benefits of neonatal screening for cystic fibrosis. N Engl
J Med 1997;337(14):963–9.

[107] Festini F, Taccetti G, Repetto T, Reali MF, Campana S, Mergni G, et al.
Gestational and neonatal characteristics of children with cystic fibrosis: a
cohort study. J Pediatr 2005;147(3):316–20.

http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0305
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0305
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0305
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0310
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0310
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0310
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0315
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0315
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0315
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0320
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0320
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0320
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0325
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0325
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0325
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0325
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0330
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0330
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0330
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0335
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0335
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0335
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0335
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0340
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0340
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0340
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0345
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0345
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0345
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0345
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0350
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0350
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0350
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0355
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0355
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0355
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0360
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0360
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0360
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0360
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0365
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0365
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0365
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0365
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0370
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0370
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0370
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0375
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0375
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0375
http://dx.doi.org/10.1002/ppul.23056
http://dx.doi.org/10.1002/ppul.23056
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0385
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0385
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0385
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0385
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0390
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0390
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0390
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0395
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0395
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0395
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0395
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0400
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0400
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0400
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0405
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0405
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0405
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0410
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0410
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0410
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0410
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0415
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0415
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0415
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0415
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0420
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0420
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0420
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0425
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0425
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0425
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0430
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0430
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0430
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0435
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0435
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0435
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0440
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0440
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0440
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0440
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0445
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0445
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0445
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0450
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0450
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0450
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0455
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0455
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0455
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0460
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0460
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0460
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0465
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0465
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0470
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0470
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0470
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0470
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0475
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0475
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0475
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0480
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0480
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0480
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0485
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0485
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0485
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0490
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0490
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0490
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0495
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0495
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0495
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0500
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0500
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0505
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0505
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0505
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0510
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0510
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0510


157D.R. VanDevanter et al. / Journal of Cystic Fibrosis 15 (2016) 147–157
[108] Ghosal S, Taylor CJ, Pickering M, McGaw J, Beckles-Wilson N, Wales
JKH. Disproportionate head growth retardation in cystic fibrosis. Arch
Dis Child 1995;72(2):150–2.

[109] Alvarez AE, Ribeiro AnF, Hesselm G, Bertuzzo CS, Ribeiro JD. Cystic
fibrosis at a Brazilian center of excellence: clinical and laboratory
characteristics of 104 patients and their association with genotype and
disease severity. J Pediatr (Rio J) 2004;80(5):371–9.

[110] Aurora P, Stanojevic S, Wade A, Oliver C, Kozlowska W, Lum S, et al.
Lung clearance index at 4 years predicts subsequent lung function in
children with cystic fibrosis. Am J Respir Crit Care Med 2011;183(6):
752–8.

[111] Collins MS, Abbott MA, Wakefield DB, Lapin CD, Drapeau G, Hopfer
SM, et al. Improved pulmonary and growth outcomes in cystic fibrosis
by newborn screening. Pediatr Pulmonol 2008;43(7):648–55.

[112] Keller BM, Aebischer CC, Kraemer R, Schoni MH. Growth in
prepubertal children with cystic fibrosis, homozygous for the Delta
F508 mutation. J Cyst Fibros 2003;2(2):76–83.

[113] Woestenenk JW, Stellato RK, Terheggen-Lagro SW, van der Ent CK,
Houwen RH. The relationship between body growth and pulmonary
function in children with cystic fibrosis. Acta Paediatr 2014;103(2):
162–7.

[114] Byard PJ. Early childhood growth in patients with cystic fibrosis. Ann
Hum Biol 1990;17(6):483–99.

[115] Ghosal S, Taylor CJ, Pickering M, McGaw J. Head growth in cystic
fibrosis following early diagnosis by neonatal screening. Arch Dis Child
1996;75(3):191–3.

[116] Franklin PJ, Hall GL, Moeller A, Horak Jr F, Brennan S, Stick SM.
Exhaled nitric oxide is not reduced in infants with cystic fibrosis. Eur
Respir J 2006;27(2):350–3.

[117] Tepper RS, Weist A, Williams-Nkomo T, Kisling J. Elastic properties of
the respiratory system in infants with cystic fibrosis. Am J Respir Crit
Care Med 2004;170(5):505–7.

[118] Harrison AN, Regelmann WE, Zirbes JM, Milla CE. Longitudinal
assessment of lung function from infancy to childhood in patients with
cystic fibrosis. Pediatr Pulmonol 2009;44(4):330–9.

[119] Konstan MW, Butler SM, Wohl ME, Stoddard M, Matousek R, Wagener
JS, et al. Growth and nutritional indexes in early life predict pulmonary
function in cystic fibrosis. J Pediatr 2003;142(6):624–30.

[120] Kozlowska WJ, Bush A, Wade A, Aurora P, Carr SB, Castle RA, et al.
Lung function from infancy to the preschool years after clinical diagnosis
of cystic fibrosis. Am J Respir Crit Care Med 2008;178(1):42–9.

[121] Ren CL, Konstan MW, Rosenfeld M, Pasta DJ, Millar SJ, Morgan WJ.
Early childhood wheezing is associated with lower lung function in
cystic fibrosis. Pediatr Pulmonol 2014;49:745–50.

[122] VanDevanter DR, Wagener JS, Pasta DJ, Elkin E, Jacobs JR, Morgan
WJ, et al. Pulmonary outcome prediction (POP) tools for cystic fibrosis
patients. Pediatr Pulmonol 2010;45(12):1156–66.

[123] Walsh AC, Rault G, Li Z, Scotet V, Dugueperoux I, Ferec C, et al.
Pulmonary outcome differences in U.S. and French cystic fibrosis
cohorts diagnosed through newborn screening. J Cyst Fibros 2010;9(1):
44–50.

[124] Mott LS, Park J, Murray CP, Gangell CL, de Klerk NH, Robinson PJ,
et al. Progression of early structural lung disease in young children with
cystic fibrosis assessed using CT. Thorax 2012;67(6):509–16.

[125] Rosenfeld M, Farrell PM, Kloster M, Swanson JO, Vu T, Brumback L,
et al. Association of lung function, chest radiographs and clinical features
in infants with cystic fibrosis. Eur Respir J 2013;42(6):1545–52.

[126] Terheggen-Lagro SW, Arets HG, van der Laag J, van der Ent CK.
Radiological and functional changes over 3 years in young children with
cystic fibrosis. Eur Respir J 2007;30(2):279–85.
[127] Feranchak AP, Sontag MK, Wagener JS, Hammond KB, Accurso FJ,
Sokol RJ. Prospective, long-term study of fat-soluble vitamin status in
children with cystic fibrosis identified by newborn screen. J Pediatr
1999;135(5):601–10.

[128] Krebs NF, Sontag M, Accurso FJ, Hambidge KM. Low plasma zinc
concentrations in young infants with cystic fibrosis. J Pediatr 1998;
133(6):761–4.

[129] Benseler A, Stanojevic S, Jensen R, Gustafsson P, Ratjen F. Effect of
equipment dead space on multiple breath washout measures. Respirology
2015:1–8.

[130] Byrnes CA, Vidmar S, Cheney JL, Carlin JB, Armstrong DS, Cooper PJ,
et al. Prospective evaluation of respiratory exacerbations in children with
cystic fibrosis from newborn screening to 5 years of age. Thorax 2013;
68(7):643–51.

[131] Tepper RS, Montgomery GL, Ackerman V, Eigen H. Longitudinal
evaluation of pulmonary function in infants and very young children with
cystic fibrosis. Pediatr Pulmonol 1993;16(2):96–100.

[132] Emerson J, Rosenfeld M, McNamara S, Ramsey B, Gibson RL.
Pseudomonas aeruginosa and other predictors of mortality and
morbidity in young children with cystic fibrosis. Pediatr Pulmonol
2002;34(2):91–100.

[133] Dankert-Roelse JE, te Meerman GJ. Long term prognosis of patients with
cystic fibrosis in relation to early detection by neonatal screening and
treatment in a cystic fibrosis centre. Thorax 1995;50(7):712–8.

[134] Sims EJ, McCormick J, Mehta G, Mehta A. Neonatal screening for cystic
fibrosis is beneficial even in the context of modern treatment. J Pediatr
2005;147(3 Suppl):S42–6.

[135] Martin B, Schechter MS, Jaffe A, Cooper P, Bell SC, Ranganathan S.
Comparison of the US and Australian cystic fibrosis registries: the
impact of newborn screening. Pediatrics 2012;129(2):e348–55.

[136] Mastella G, Zanolla L, Castellani C, Altieri S, Furnari M, Giglio L, et al.
Neonatal screening for cystic fibrosis: long-term clinical balance.
Pancreatology 2001;1(5):531–7.

[137] Farrell PM, Kosorok MR, Rock MJ, Laxova A, Zeng L, Lai HC, et al.
Early diagnosis of cystic fibrosis through neonatal screening prevents
severe malnutrition and improves long-term growth. Pediatrics 2001;
107(1):1–13.

[138] Siret D, Bretaudeau G, Branger B, Dabadie A, Dagorne M, David V,
et al. Comparing the clinical evolution of cystic fibrosis screened
neonatally to that of cystic fibrosis diagnosed from clinical symptoms: a
10-year retrospective study in a French region (Brittany). Pediatr
Pulmonol 2003;35(5):342–9.

[139] Lai HJ, Cheng Y, Farrell PM. The survival advantage of patients with
cystic fibrosis diagnosed through neonatal screening: evidence from the
United States Cystic Fibrosis Foundation registry data. J Pediatr 2005;
147(3 Suppl):S57–63.

[140] Yen EH, Quinton H, Borowitz D. Better nutritional status in early
childhood is associated with improved clinical outcomes and survival in
patients with cystic fibrosis. J Pediatr 2013;162(3):530–5 e531.

[141] VanDevanter D, Konstan M. Outcome measures for clinical trials
assessing treatment of cystic fibrosis lung disease. Clin Invest 2012;2(2):
163–75.

[142] Andersen DH. Cystic fibrosis of the pancreas and its relation to celiac
disease: a clinical and pathologic study. Am J Dis Child 1938;56(2):
344–99.

[143] VanDevanter DR, Pasta DJ, Konstan MW. Improvements in lung
function and height among cohorts of 6-year-olds with cystic fibrosis
from 1994 to 2012. J Pediatr 2014;165(6):1091–7 (e1092).

http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0515
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0515
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0515
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0725
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0725
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0725
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0725
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0520
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0520
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0520
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0520
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0525
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0525
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0525
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0530
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0530
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0530
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0535
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0535
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0535
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0535
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0540
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0540
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0545
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0545
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0545
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0550
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0550
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0550
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0555
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0555
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0555
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0560
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0560
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0560
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0565
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0565
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0565
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0570
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0570
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0570
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0730
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0730
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0730
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0580
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0580
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0580
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0585
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0585
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0585
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0585
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0590
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0590
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0590
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0595
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0595
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0595
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0600
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0600
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0600
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0605
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0605
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0605
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0605
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0610
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0610
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0610
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0735
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0735
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0735
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0620
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0620
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0620
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0620
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0625
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0625
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0625
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0630
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0630
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0630
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0630
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0635
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0635
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0635
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0640
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0640
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0640
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0645
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0645
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0645
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0650
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0650
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0650
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0655
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0655
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0655
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0655
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0660
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0660
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0660
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0660
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0660
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0665
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0665
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0665
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0665
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0670
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0670
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0670
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0675
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0675
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0675
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0680
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0680
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0680
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0685
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0685
http://refhub.elsevier.com/S1569-1993(15)00216-7/rf0685

	Cystic fibrosis in young children: A review of disease manifestation, progression, and response to early treatment
	1. Introduction
	2. Methods
	2.1. Search details and dates

	3. Results
	3.1. Search results
	3.2. Summary of results
	3.3. CFTR expression and morbidity observed throughout early childhood
	3.4. Progression of disease
	3.5. Effects of early diagnosis and onset of treatment

	4. Discussion
	4.1. Limitations and possible biases

	Conflicts of interest
	Author roles
	Disclosures and acknowledgments
	References


