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Abstract

Rationale: A 10-year gap in the median age of survival for patients
with cystic fibrosis (CF) was reported between patients living
in Canada compared with patients living in the United States.

Objectives: Because both malnutrition and poor lung function
are associated with an increased risk of mortality in CF, we
investigated the temporal and longitudinal trends in lung function
and nutrition between Canada and the United States.

Methods: This cohort study used Canadian CF Registry and
U.S. CF Foundation Patient Registry data from 1990 to 2013.
A unified dataset was created to harmonize the variables collected
within the two registries for the purpose of comparing outcomes
between the two countries.

Measurements and Main Results:We conducted three analyses:
survival differences by birth cohort; population trends for FEV1

and body mass index (BMI) over time; and individual patient FEV1

and BMI trajectories. The study included a total of 37,772 patients
in the United States and 5,149 patients in Canada. Patients with
CF experienced significant improvements in nutritional status
and lung function in both Canada and the United States during
the study. In addition, the survival gap between the two countries
is narrowing within younger birth cohorts. The improvements
for the patients within the United States were most prominent
in the BMI trajectories, where patients born after 1990 in
the United States have higher BMI that has persisted over
time.

Conclusions: The reasons for the observed improvements, and
catch-up in theUnited States, are likelymultifactorial and include the
introduction of high-fat, high-calorie diets; introduction of newborn
screening; and/or improved access to care for CF children in the
United States.
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Based on the cystic fibrosis (CF) national
registry data from 2009 to 2013, a 10-year
gap in the median age of survival for
patients with CF was reported between

Canada and the United States (1). Although
survival is a key outcome for monitoring
the health of individuals living with CF,
several intermediate clinical outcomes may

provide insight into the health of the CF
population to help explain the observed
differences in survival between the two
countries.
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It is well established that both
malnutrition and poor lung function are
associated with an increased risk of
mortality in CF; consequently, treatments
and interventions aim to maintain good
nutrition and preserve lung function (2, 3).
Nutritional status is most commonly
monitored by tracking changes in body
mass index (BMI) in adults, or BMI-for-age
percentile (BMI percentile) in children (4).
Lung function is monitored by
tracking changes in FEV1 measured
by spirometry. In particular, earlier
implementation of aggressive nutritional
support with a high-fat, high-calorie diet
in Canada is thought to explain part of
the observed difference in the survival
rate. A comparative analysis of survival
between CF clinics in Toronto (Canada)
and Boston (United States) between
1972 and 1981 found a 9-year survival
advantage in patients followed in Toronto,
where the nutritional intervention was
implemented in the early 1970s (5). The
high-fat, high-calorie diet was subsequently
implemented around the world and is
now considered the standard of care for
patients with CF.

The national annual CF registry reports
in both Canada and the United States have
demonstrated improvements in survival
in more recent birth cohorts relative to
earlier epochs, as well as cross-sectional
improvements in the median lung function
and nutritional status of patients with CF.
However, the statistics within the reports
cannot be directly compared between
countries because of differences in reporting
and key patient demographics (6).

The objectives of this study were to use
the unified Canadian and U.S. CF dataset to
compare 1) survival differences by birth
cohorts, 2) population-level changes in lung
function and nutritional status from 1990
until 2013, and 3) the rate of decline of lung
function and nutritional status within
patients between the two countries.

Methods

Study Design
This population-based cohort study used
prospectively collected Canadian CF
Registry (CCFR) and U.S. CF Foundation
Patient Registry (USCFFPR) data from 1990

to 2013 inclusive. Analyses of these data for
this study were approved by the Research
Ethics Board at St. Michael’s Hospital,
Toronto, Ontario (Research Ethics Board
#14-148), and at Seattle Children’s Hospital
(Institutional Research Board #15294).

Study Population
A detailed description of both registries
as well as information on how individuals
are accrued and monitored within each
registry have previously been published (1).
Briefly, the CCFR and the USCFFPR
contain detailed demographic and clinical
information on patients who have a
confirmed diagnosis of CF and are
receiving clinical care at accredited CF
centers (see the online supplement).

Outcomes
Weight, height, and lung function
measurements from the first stable
measurement of each year were used for
analysis. A stable measurement was defined
as one that is taken from a routine
outpatient clinic visit when the patient
was not being treated for a pulmonary
exacerbation. FEV1 was expressed as a

Excl. patients < 6 yrs of age
6,462 patients

636 CAN (10.7%)
5,833 USA (12.8%)

51,389 patients
5,941 CAN
45,448 USA

44,927 patients
5,305 CAN
39,622 USA

44,879 patients
5,297 CAN
39,582 USA

42,967 pts for analysis
5,151 CAN
37,816 USA

42,921 pts for analysis
5,149 CAN
37,772 USA

Excl. patients with FEV1 % predicted <10% or >130%
46 patients

2 CAN (0.03%)
44 USA (0.1%)

Excl. patients completely missing at least one clinical
measurement in every year

1,912 patients
146 CAN (2.5%)

1,766 USA (3.9%)

Patients transplanted prior to 1990
48 patients

8 CAN (0.1%)
40 USA (0.1%)

Figure 1. Description of the study population. CAN =Canada; Excl. = excluded; pts = patients.

At a Glance Commentary

Scientific Knowledge on the
Subject: A survival gap between two
sets of patients with cystic fibrosis (CF)
has recently been identified, with those
patients living in Canada living
10 years longer. Identifying lung
function and nutritional status may
explain this difference and may be key
to closing the gap.

What This Study Adds to the
Field: We have demonstrated that the
survival gap between patients in both
the United States and Canada is closing
within the youngest birth cohorts.
Although patients with CF in both
countries have improved nutritional
status and lung function, nutritional
status and lung function of children
with CF in the United States have
improved faster. This improvement
has led to the finding that patients
born after 1990 in the United States
have a clear bodymass index advantage
compared to Canada; this improvement
has persisted over time.
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percentage of the predicted values using
Global Lung Function Initiative reference
equations (7). BMI percentile was
calculated for children between 6 and
18 years of age by using the Centers for
Disease Control and Prevention growth
charts (8). For individuals 19 years of age
and older, subjects were classified into
BMI categories based on World Health
Organization guidelines (9) (see the online
supplement). To have a continuous
measure of nutritional status, we also
calculated BMI percentiles for adults,
assuming the expected BMI distribution
of a 19-year-old.

Statistical Analyses
To evaluate the differences between
demographic and clinical factors between
the two countries, a standardized
difference (Std. Diff.) greater than
10% was used to determine statistical
significance (10).

Survival Differences by Birth Cohort
Individuals were categorized by year of
birth into three birth cohorts: (1) before
1980, representing a period during which
the high-fat diet was implemented in
Canada but not the United States; (2)
1980–1989, representing a period during
which both countries had the high-fat
diet implemented; and (3) 1990 onward,
representing a contemporary cohort
(see the online supplement).

Population Trends over Time
To examine how FEV1% predicted and
BMI (or BMI percentile) have changed on
a population level over time between the
two countries, the annual median value was
calculated for each country from 1990 to
2013. A simple linear regression model
was fit to determine the trend in median
FEV1 (or BMI) over the time period
(see the online supplement). Analyses
were stratified by three age groups:
6–18 years, 19–40 years, and 41–65 years.
The age categories were chosen to
reflect the pediatric population, the
adult population, and older adults who
represent “survivors.” (11)

Individual Patient-Level Trajectories
Individual trajectories of FEV1% predicted
(and BMI percentile) with age were
modeled using linear mixed-effects models
as previously described (12), which
included an interaction term between

country and age. The best model was
selected based on the Bayesian information
criterion. All analyses were stratified by
birth cohort, as defined previously.

The longitudinal analyses were
adjusted for covariates that might explain
the observed differences between the
countries. For all analyses, a strict P value
was used for statistical significance (P,
0.0001) to avoid misinterpretation due to
the large sample size (13). R version 3.3.0
was used to analyze the data.

Results

A total of 45,448 and 5,941 subjects are
captured in the U.S. and Canadian cohorts,
respectively, of which 37,772 and 5,149 were
included in these analyses (Figure 1). The
demographic characteristics of the patients
with CF included in the study are presented
in Table 1. The countries were similar with
respect to the majority of the demographic
characteristics, except a higher proportion
of subjects were asymptomatic at the time

Table 1. Demographic Characteristics of Patients with CF in Canada and United
States Followed between 1990 and 2013

Variable Canada United States Std. Diff.*

N 5,149 37,772
Sex
Female 2,421 (47.0) 18,108 (47.9) 1.8
Male 2,728 (53.0) 19,664 (52.1)

Age at diagnosis
Median (range) 0.7 (0–73.8) 0.6 (0–81.7) 0.9
,2 yr 3,271 (63.5) 24,151 (63.9) 0.9
>2 yr 1,878 (36.5) 13,621 (36.1)

Race
White 4,836 (93.9) 35,456 (93.9)
Other 199 (3.9) 2,296 (6.1) 9.8
Unknown or N/A 114 (2.2) 20 (0.1)

Genotype
Homozygous for F508del 2,364 (45.9) 14,943 (39.6) 6.2
Heterozygous for F508del 1,870 (36.3) 12,616 (33.4) 0.0
Other 554 (10.8) 4,747 (12.6) 9.3
Missing 361 (7.0) 5,466 (14.5) 24.3

Pancreatic status
Sufficient 760 (14.8) 4,342 (11.5) 9.7
Insufficient 4,389 (85.2) 33,430 (88.5)

Neonatal bowel obstruction
No 4,354 (84.6) 31,013 (82.1) 11.1
Yes 700 (13.6) 6,759 (17.9)
Missing 95 (1.8) 0 (0)

Condition at diagnosis
Asymptomatic 232 (4.5) 3,701 (9.8) 17.4
Symptomatic 4,050 (78.7) 33,102 (87.6)
Missing 867 (16.8) 969 (2.6)

Newborn screening
No 5,089 (98.8) 35,749 (94.6) 30.7
Yes 16 (0.3) 2,023 (5.4)
Missing 44 (0.9) 0 (0)

CF-related diabetes
Never 3,777 (73.4) 26,836 (71.0) 5.2
Ever 1,372 (26.6) 10,936 (29.0)

Birth cohort
,1980 1,981 (38.5) 12,309 (32.6) 12.3
1980–1989 1,297 (25.2) 9,814 (26.0) 1.8
>1990 1,871 (36.3) 15,649 (41.4) 10.5

Definition of abbreviations: CF = cystic fibrosis; N/A = not available; Std. Diff. = standardized
difference.
Data are n (%) unless otherwise indicated.
*P values are heavily influenced by sample size, and thus the large sample sizes herein will render
very small differences statistically significant. As such, the standardized difference was used to
determine statistical significance. The standardized difference is the mean difference as a percentage
of the average SD. A standardized difference greater than 10 is generally used to determine those
variables that remain sufficiently different between the two countries.
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of diagnosis in the United States compared
with Canada (9.8% vs. 4.5%; Std. Diff.,
17.4), which corresponds to a higher
prevalence of newborn-screened subjects in
the United States (5.4% vs. 0.3%; Std. Diff.,
30.7). U.S. patients also had a higher
prevalence of neonatal bowel obstruction
(17.9% vs. 13.6%; Std. Diff., 11.1). More
patients in the United States had a missing
genotype (14% vs. 7%; Std. Diff., 24.3).
Because genotype and pancreatic status are
highly correlated, pancreatic status was
used as a marker for disease severity in the
analyses. There were more patients in the
pre-1980 birth cohort in Canada (38.5% vs.
32.6%; Std. Diff., 12.3), likely reflecting
the greater median age of survival observed
in Canada. In the United States for the
most recent birth cohort (born after 1990),
there was a slightly greater proportion of
patients (41.3% vs. 36.3%; Std. Diff., 10.5).

Survival Differences by Birth Cohort
There have been temporal improvements in
survival in consecutive birth cohorts

(Figure 2), with the gap in the proportion
of patients surviving to age 20 between
Canada and the United States decreasing
from 5.5% in those born before 1980
(88.4% [95% confidence interval (CI),
85.9–90.9%] in Canada vs. 82.9% [95%
CI, 81.2–84.7%] in the United States),
to 4.3% in the 1980–1990 cohort (88.7%
[95% CI, 86.8–90.6%] in Canada vs.
84.4% [95% CI, 83.5–85.2%] in the
United States), and 2.0% in the youngest
cohort born after 1990 (91.7% [95% CI,
89.7–93.7%] in Canada vs. 89.7% [95% CI,
89–90.4%) in the United States). An
interaction between birth cohort and
country from 1990 to 2013 was statistically
significant (P = 0.00024), indicating that
the difference in survival between the two
countries varies depending on the birth
cohort.

Population Trends over Time
At the population level, Canadian patients
had higher median FEV1% predicted in
1990 in all three age groups, with the gap

narrowing between the countries in
younger groups (Figure 3A; see Table E1A
in the online supplement). In addition,
there have been temporal improvements in
median lung function in both countries for
all three age groups during the 23-year
study period. However, in all three age
groups, the rate of improvement was
greater in the United States compared with
Canada. In the pediatric group, the median
FEV1% predicted in the United States
surpassed that in Canada by 2002, and
in the young adult group (19–40 yr), the
U.S. patients surpassed those in Canada
by 2006. In those more than 40 years of
age, the U.S. median FEV1% predicted
remained below Canada for the entire study
period although the rate of change in the
United States was faster compared with
Canada.

We repeated the analysis excluding
individuals who died within the study
period to evaluate the impact of
survivorship bias (Figure E1); the rate
of improvement was consistent with our
primary analyses in that there was a
faster rate of improvement in the United
States for both the 6–18 year group and
the 19–40 year group. However, the rate
of improvement was attenuated in the older
cohort (age 401) with no difference in
the rate of improvement between the two
countries. Because more patients in the
United States died, surviving patients
who inherently would have higher lung
function cause the median to be higher,
suggesting an impact of survivorship bias.

We also examined the proportion
of patients with severe lung disease
(FEV1% predicted , 40%). Canada had a
lower proportion of patients with severe
lung disease in 1990 for all three age groups
(Figure 4A). However, in children (6–18 yr)
and young adults (19–40 yr), the percentage
of patients with severe lung disease
decreased at a faster rate in the United
States compared with Canada. In the older
age group, Canada had fewer patients with
low lung function over the entire study,
whereas the rate of change was similar
between the two countries.

Similar results were seen for BMI
percentile and BMI (Figure 3B; Table E1B).
Canadian patients had better nutritional
status in 1990 for all three age groups,
whereas the rate of improvement in BMI
was faster in the United States compared
with Canada for all three age groups. In
the pediatric age group, median BMI
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Figure 2. Probability of survival by birth cohort and country. The probability of surviving to age 20
narrows between Canada and the United States from a difference of 5.5% in the oldest cohort (born
before 1980) (A) to 4.3% in the middle cohort (born 1980–1989) (B) and 2.0% in the youngest cohort
(born after 1990) (C). CI = confidence interval; OS = overall survival.
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percentile surpassed Canada by 1997,
whereas the young adult group caught up
by 2013. The oldest group surpassed
Canada in terms of BMI in 2009. Of note,
the proportion of overweight individuals in
2013 was greater in the United States
compared with Canada (19.0% vs. 16.8%;
Std. Diff., 5.8). The sensitivity analysis
restricted to patients who were alive for the
entire study period showed similar results
to those observed for lung function. The
United States continued to show a faster
rate of improvement in nutritional status
in the children and young adults, but that
rate of improvement was similar to Canada
for the oldest cohort, suggesting part of
the improvement seen in the United States
was due to survivorship bias (Figure E1).
Another sensitivity analysis restricted to
those patients who are homozygous for
F508del had very similar trends over time
for lung function and BMI (Figure E2).
We also examined the proportion of
patients who were malnourished based on
BMI/BMI percentile (Figure 4B). Canada
had a lower proportion of patients who
are underweight in 1990 for all three age
groups; however, the proportion of patients
who are underweight decreased at a faster
rate in the United States compared with

Canada in children (6–18 yr), in young
adults (19–40%), and in older adults (more
than 40 yr).

Individual Patient-Level Trajectories
of Lung Function and Nutritional
Status
In the youngest cohort (born in or after
1990), there were clear and substantial
improvements in the rate of lung function
decline compared with older cohorts in both
countries (Figure 5A); nonetheless there
were significant differences between the
two countries in both lung function at
the first measurement, with Canada
having higher lung function, and the rate
of lung function decline, with a more
pronounced adolescent decline observed
in the United States (Figure 5A; Table E2).
In the middle cohort (born between 1980
and 1990), Canadian patients had higher
initial lung function measurements, with
the rate of decline differing between the
countries, particularly in childhood where
Canadians had a faster rate of decline.
Finally, the most striking differences
between the two countries can be observed
in the oldest cohort (born before 1980),
where lung function in Canadian patients
was on average 8% higher than in the

United States at approximately 10 years
of age, and the difference in the rate of
decline is most pronounced in adolescents.
The observed differences in the pattern
of lung function decline within each of
the cohorts were not attenuated after
adjusting for known confounders (Table E2),
namely newborn screening (for only
the youngest cohort), pancreatic status,
age at diagnosis, cystic fibrosis–related
diabetes, B. cepacia, P. aeruginosa, MRSA,
and being underweight (BMI). In an
analysis restricted to those patients who
are homozygous for F508del, the lung
function in older ages for the United
States passed that in Canada, but this
could be an artifact of the lack of
genotyping available for this cohort
(Figure E3).

The adjusted differences between the
two countries are summarized in Table E3
for two hypothetical patients with CF from
the 1980–1989 birth cohort. Case 1
represents a male patient with mild disease,
whereas Case 2 represents a female
patient with more severe disease. Similar
to the unadjusted model, the differences
observed between the countries for the
middle cohort (born 1980–1989) for these
two hypothetical patients are greatest in
childhood, when a patient in Canada has
better lung function, and later in adulthood,
when a U.S. patient has better lung
function. The crossover in lung function is
observed around the age of 20 years.

The improvements in the United States
were most prominent in the BMI percentile
trajectories. Canadian patients born before
1980 start with a clear BMI advantage that
persisted across the life span, whereas the
rate of change over time in BMI was similar
between the two countries. The middle
cohort (1980–1989), when both countries
were exposed to aggressive nutritional
interventions, experienced similar
outcomes in terms of BMI. Finally, in the
youngest cohort (born in or after 1990),
children in the United States started with a
clear BMI advantage, which persisted over
time, with equivalent rates of decline
through to early adulthood between the
countries. In the adjusted multivariable
model (Table E4), the overall interpretation
of the differences and rate of decline was
similar, although attenuated, suggesting
that BMI is more sensitive to other patient
characteristics such as the presence of
infection, cystic fibrosis–related diabetes,
and so on.
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Figure 3. Median (A) FEV1 and (B) BMI percentile/BMI (kg/m2) from 1990 to 2013 by country,
stratified by age group. Canada (solid line) had significantly higher FEV1 and BMI for all three age
groups at the start of the study (1990), whereas the rate of improvement with time was greater in
the United States (dashed line) compared with Canada (Table E1). BMI = body mass index.
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Discussion

This study confirms that patients with CF
in both Canada and the United States have
experienced significant improvements in
nutritional status and lung function.
Notably, patients in the United States have
experienced faster rates of improvement
during this time for both outcomes.
Although the youngest American patients
(born after 1990) have surpassed Canadian
patients in both lung function and
nutritional status, this has yet to lead to
better survival at age 20. Our data have
demonstrated that the survival gap between
the patients from both countries appears to
be decreasing in younger birth cohorts.
However, the survival gap persists in the
oldest patients, which is likely a significant
driver of the recently noted 10-year
survival advantage for Canadians living
with CF (1).

The faster rate of improvement in both
lung function and nutritional status in
the United States may reflect the effects
of nutritional interventions that were
implemented approximately 10 years later
in the United States compared with Canada.
This is most evident in the individual

trajectory results: nutritional status is similar
in the middle cohort when both countries
were exposed to high-calorie, high-fat diets,
whereas in the oldest cohort, Canadians
born in the 1970s would have received
aggressive nutritional supplementation
from birth, resulting in persistently
improved outcomes later in life. Another
possible contributing factor to a faster rate
of improvement in the United States
compared with Canada, particularly in
the youngest patients, involves earlier
implementation of newborn screening in
the United States as these patients would
have had opportunities for treatment at
an earlier age. Newborn screening was
not fully implemented in all U.S. states until
2010 (14), although some states (notably
Colorado and Wisconsin) had employed
state-level newborn screening for decades.
Newborn screening in Canada was initiated
in 2007 in specific provinces but was not
implemented in all provinces within the
study period. This makes it unlikely that
differences seen in this analysis can be
explained by the use of newborn screening.
The study period also has encompassed a
major quality improvement initiative by
the U.S. CF Foundation within the clinical

care setting in CF. This effort, including
benchmarking of high-performing clinical
sites (15) together with the integration
of metrics in the CFF registry (16), has
focused on nutrition and lung function
outcomes and may be a driving factor in
the rapid rate of improvement seen in
the United States (17). Additional factors,
such as differential use of medications
between the countries, may impact lung
function; however, medication usage was
not captured within the registry for the
entire study period.

Lung function is one of the best
predictors of survival, and our findings
highlight improved health outcomes in
U.S. patients with CF: therefore we might
expect that the gap in survival between
Canada and the United States to decrease.
The differences in median lung function
between the countries are greatest in the
subjects who are 40 years of age and older,
and this is the only group that showed a
persistent difference for the entire study
period. These findings suggest that the
overall 10-year survival gap that was
observed between the countries (1) is
primarily driven by survival differences
in older individuals, and possibly by the
treatment options, such as transplantation.
Furthermore, our data showed that there
are fewer patients with severe lung disease
in Canada, particularly in older patients,
suggesting the survival advantage seen
in Canada is driven, at least in part, by
having fewer patients with severe lung
disease.

The fact that the United States has now
surpassed Canada in lung function and
nutritional status in patients younger than
40 years cannot be fully explained by
changes in the 1990s for either nutritional
support of children or newborn screening.
One potential explanation is that the
Medicaid Children’s Health Insurance
Program (CHIP) was signed into law in
the United States in 1997. This law provides
federal matching funds to U.S. states to
provide health coverage to children in
families where household income is too
high to qualify for Medicaid, but who
cannot afford private coverage. The
introduction of this program improved
access and quality of health care for
children and adolescents in the United
States (18, 19). No similar program exists
for young adults in the United States.
Further work regarding the impact of
insurance status on clinical outcomes in
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Figure 4. Proportion of patients (A) with severe lung disease (FEV1, 40% predicted) and (B) who
are underweight (BMI percentile ,12.5% in children; BMI ,18.5 in adults) from 1990 to 2013
by country, stratified by age group. Canada (solid line) had a significantly lower proportion of patients
with severe lung disease or who are underweight for all three age groups at the start of the study
(1990), whereas the rate of improvement with time was greater in the United States (dashed line)
than in Canada. BMI = body mass index.
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CF is warranted to devise nationwide
approaches to care for the growing
population of adults living with CF in
the United States, particularly if they
suffer from severe lung disease (20).

International comparisons provide
opportunities to assess how healthcare
systems function. Such comparisons
can lead to new hypotheses regarding
differences in health outcomes that could
influence healthcare policy. Goss and
colleagues compared lung function and BMI
using U.S. CF registry and U.K. cross-
sectional data from 2010 and showed that
U.S. children and young adults had higher
lung function compared with those in
the United Kingdom. There was no
difference seen in older adults (21).
Differences between the use of CF-specific
therapies in young children with CF
could potentially explain these differences
(markedly higher rates of use of
hypertonic saline and rhDNase, both
with demonstrated efficacy in CF [22, 23]).
Similarly, Martin and colleagues compared
data on lung function and nutritional
status in children, captured in the 2003

U.S. and Australian CF registries, and they
found that Australian children had better
nutritional outcomes, whereas there were
no differences observed in lung function.
The better outcomes in Australia were
attributed to the earlier implementation of
newborn screening. Our Canadian–U.S.
comparison complements these findings,
providing insight into the trends over time
at both the population and individual
levels. Further work is necessary to
understand why differences in survival
persist despite improved clinical outcomes
in later birth cohorts.

The strengths of the study include the
longitudinal nature of the data over 23 years,
which allowed investigation of trends at
both the population and individual patient
levels. The unified dataset for the two
countries was created in a systematic way
with clear definitions for all variables to
ensure that similar outcomes are compared (1).
Both registries have a high participation
rate and capture the majority of the
patients with CF nationally. Nonetheless
this analysis has a number of key
limitations. First, given differences in

the use of newborn screening between the
countries, differences could be attributed
to having milder genotype and phenotypes
of CF in the United States compared with
Canada (24). To address this concern, all
analyses were adjusted for both newborn
screening and age of diagnosis. These
adjusted analyses reaffirmed the unadjusted
comparisons. Another important limitation
is that we have already demonstrated
improved survival in Canada compared
with the United States; this could lead
to comparisons of the healthier U.S.
survivors when comparing them to
Canada. However, survivor bias does not
completely explain the improvements that
were seen in the United States compared
with Canada, except in the oldest cohort.
Because the proportion of patients with
CF over age 40 who had severe pulmonary
impairment and were malnourished was
lower in Canada compared with the United
States, healthier U.S. survivors may at
least partially explain the observed results.
We performed several sensitivity analyses
to account for this potential bias. Although
the consistency of these findings suggests
the observations are robust, each of the
sensitivity analyses has its own strengths
and limitations. For instance, the restricted
analysis of patients alive during the study
period showed similar results to the main
analysis, suggesting that survivor bias
is not the reason for the differential
improvements between the two countries.
However, future work using join modeling
techniques that model both longitudinal
outcomes and time to death is necessary
to investigate this issue more rigorously (25).
Similarly, the analyses restricted
to patients who are homozygous for the
F508del mutation may be biased in the
oldest group, because many patients in this
cohort were not genotyped and the sample
size is limited. We limited the study
population to patients older than 6 years
of age such that the study population
would be the same for both lung function
and nutrition outcomes. The observed
catch-up in nutrition in the youngest
cohort may be better studied in children
less than 6 years of age. Finally, prior
published comparisons of medication use
in the two countries suggest that patients
in the United States are treated more than
in Canada (1); however, we were unable
to investigate whether the observed
differences are associated with patterns
of medication use, because treatment
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Figure 5. Rate of decline of (A) FEV1% predicted and (B) BMI percentiles by age and country,
stratified by birth cohort. Canadian patients consistently started with higher lung function at earlier
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ORIGINAL ARTICLE

774 American Journal of Respiratory and Critical Care Medicine Volume 197 Number 6 | March 15 2018



details were only available in the Canadian
registry since 2011.

In conclusion, we have demonstrated
both a narrowing of the survival gap
between Canadian and U.S. patients in
more recent birth cohorts, and rapid
improvement, or catch-up, in both
nutritional status and lung function for
patients in the United States. The reasons

for these improvements are likely
multifactorial and include the delayed
introduction of high-fat, high-calorie
diets in the United States; earlier
introduction of newborn screening in
the United States; sustained quality
improvement initiatives within the United
States; and/or improved access to care
for CF children in the United States with

the advent of the Medicaid CHIP program
in 1997. Further work is needed to
determine whether the observed
improvements can be explained by access
to CF therapeutics and treatment options
such as lung transplantation. n

Author disclosures are available with the text
of this article at www.atsjournals.org.
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