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Rationale: Long-term survivors of cystic fibrosis (CF) (age > 40yr) are
a growing population comprising both patients diagnosed with
classic manifestations in childhood, and nonclassic phenotypes
typically diagnosed as adults. Little is known concerning disease
progression and outcomes in these cohorts.

Objectives: Examine effects of age at diagnosis and gender on disease
progression, setting of care, response to treatment, and mortality in
long-term survivors of CF.

Methods: Retrospective analysis of the Colorado CF Database (1992-
2008), CF Foundation Registry (1992-2007), and Multiple Cause of
Death Index (1992-2005).

Measurements and Main Results: Patients with CF diagnosed in child-
hood and who survive to age 40 years have more severe CFTR
genotypes and phenotypes compared with adult-diagnosed pa-
tients. However, past the age of 40 years the rate of FEV; decline
and death from respiratory complications were not different be-
tween these cohorts. Compared with males, childhood-diagnosed
females were less likely to reach age 40 years, experienced faster
FEV; declines, and no survival advantage. Females comprised the
majority of adult-diagnosed patients, and demonstrated equal FEV,
decline and longer survival than males, despite a later age at
diagnosis. Most adult-diagnosed patients were not followed at CF
centers, and with increasing age a smaller percentage of CF deaths
appeared in the Cystic Fibrosis Foundation Registry. However, newly
diagnosed adults demonstrated sustained FEV; improvement in
response to CF center care.

Conclusions: For patients with CF older than 40 years, the adult
diagnosis correlates with delayed but equally severe pulmonary
disease. A gender-associated disadvantage remains for females
diagnosed in childhood, but is not present for adult-diagnosed
females.
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Cystic fibrosis (CF) is the most common lethal autosomal re-
cessive disease in the non-Hispanic white population, affecting 1
in 3,200 births (1). Over the past decades survival has dramat-
ically improved, with a predicted median survival of 37.4 years
for patients entered into the 2007 CF Foundation Registry (2).
However, reaching middle age still remains relatively uncom-
mon, as the current median age is 16.6 years, and nearly 95% of
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AT A GLANCE COMMENTARY

Scientific Knowledge on the Subject

Despite advances in cystic fibrosis (CF) survival and in-
creasing awareness of adult-diagnosed patients, little is
known concerning outcomes for long-term survivors of CF.

What This Study Adds to the Field

We describe here disease progression, setting of care,
response to treatment, and patient survival of long-term
survivors of CF in the context of gender and age at
diagnosis.

all patients with CF entered in the Cystic Fibrosis Foundation
(CFF) Registry are currently under age 40 years (2). Patients
with CF who are older than age 40 years are a little-studied
population, but their long-term outcomes are of importance as
these individuals provide us with our first glimpse at what CF
care will look like in the coming decades (3).

The population of patients with CF who are more than 40
years of age is actually composed of two different cohorts that
can generally be distinguished by the age at diagnosis. Nearly
90% of CF cases are diagnosed before age 10 years (2) with
the classic clinical features of exocrine pancreatic function
insufficiency (PI) and progressive pulmonary disease (4)
combined with laboratory evidence of an abnormality in the
CF transmembrane conductor regulator (CFTR) gene or
protein. A second cohort is composed of patients diagnosed
in adulthood, primarily due to the existence of CFTR
mutations that afford partial function of the gene (5, 6),
resulting in a variable phenotype with a later onset of
clinically significant symptoms (7-10). Patients with an adult
diagnosis (AD) of CF typically have milder lung disease than
age-matched patients with a childhood diagnosis (CD) (11—
13) and are predominantly pancreatic sufficient (PS) (11, 12,
14) or have recurrent pancreatitis (15, 16). In both cohorts
obstructive azoospermia in males is common, and may be the
clinical feature that leads to diagnosis as an adult (17, 18). As
our understanding of CF has increased, diagnostic guidelines
have been refined to better reflect the broad range of clinical
features that may result from CFTR dysfunction (4). On
occasion, laboratory testing may be inconclusive as sweat
chloride testing is neither sensitive nor specific for the non-
classic phenotype (17, 19), and genetic testing may reveal rare
CFTR mutations with variable or unknown consequences (4).
But in most cases, the diagnosis can be made with certainty,
and progressively larger and older cohorts of AD patients
have been reported by CF centers worldwide (3, 11-14,
20-22).
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In addition to age at diagnosis, gender is a second major
influence on the diagnosis and progression of CF. In the setting
of a childhood diagnosis, females are diagnosed later than males
(23-25), possibly because of a gender-based bias by parents and
physicians (25). When CF is diagnosed in adulthood, little
attention has been paid to the effect of gender, although in
several case series, the majority of AD patients were female (11,
12, 21, 26). Gender is implicated in modifying disease pro-
gression for patients with a childhood diagnosis, as females have
been found to have a significantly decreased survival from age 1
to 20 years (27-31). However, this “gender gap” is reportedly
not present after age 20 years (30), and in some younger cohorts
(born after 1990) the historical gender gap is no longer observed
(32, 33). The underlying cause of the CF gender gap likely
represents the summation of genetic modifications imposed by
sex, as well as the socioenvironmental effects of gender (34).
Various biological mechanisms have been identified that can
result in a disadvantage for women (25, 35-44), and from
a psychosocial perspective, young females have been found to
cope less effectively with the disease, and to be less adherent to
therapy (45-53). However, these conclusions have been reached
from analysis of children and adolescents; thus studies of long-
term survivors of CF may help clarify the impact of sex and
gender on disease progression.

We studied outcomes in a cohort of long-term survivors seen
at the Colorado CF center from 1992 to 2008, as well as patients
reported to the CFF Registry from 1992 to 2007, and the
Mortality Multiple Cause-of-Death (MCOD) Public Use Re-
cord maintained by the Centers for Disease Control (54). In
patients with CF older than 40 years, we compared CD and AD
cohorts, and the impact of gender regarding progression of
disease, patient survival, and cause of death. We also examined
the setting in which these patients receive their care, the rate of
clinic attendance, and the response to treatment of newly
diagnosed adult patients with CF followed at accredited Care
centers. These findings may help plan for the future in which
survival past 40 years will be increasingly common for patients
with CF. In addition, a better understanding of the progression
of lung disease in patients who were not diagnosed until middle
age may help shape lifelong treatment strategies for asymptom-
atic infants or young adults with the same CFTR mutations
identified by newborn screening or genetic testing (55). Some of
the results of these studies have previously been reported in
abstract form (56).

METHODS
Cohorts Studied

A retrospective chart review was conducted to identify older patients
with CF diagnosed, evaluated, or monitored at the Colorado CF center
or at National Jewish Health (formerly National Jewish Medical and
Research Center; Denver, CO). Clinical records of the Adult CF
Program between 1992 and 2008 (475 patients) and the Infectious
Disease Division (2,822 patients) were reviewed. A cohort of 156
individuals more than age 40 years was analyzed. All AD patients were
referred because of chronic airway infection and/or bronchiectasis,
which are characteristic clinical features of CF lung disease (57). All
patients also had sweat chloride measurements diagnostic for CF or
identification of two CFTR mutations or variants. Diagnostic and
phenotypic features of this population can be found in Table El in
the online supplement. The Colorado database includes many out-of-
state referrals for specialized assessment, and thus does not represent
a well-defined population base. However, this database provides
detailed clinical data and outcomes measurements for a large cohort
of long-term survivors independent of the U.S. Cystic Fibrosis Foun-
dation (CFF) Registry. A parallel analysis was conducted on patients
enrolled in the CFF Registry from 1992 to 2007 whose greatest age was
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more than 40 years (n = 2,964). The CFF Registry includes extensive
demographic, diagnostic, and clinical data for all patients seen at U.S.
CFF-accredited care centers. To more accurately characterize the
classic and nonclassic phenotype utilizing age at diagnosis, CD was
defined as diagnosis at age 10 years or younger, whereas AD was
defined as diagnosis at age 18 years and older. Patients diagnosed
between the ages of 10 and 18 years (n = 6 of the Colorado database
and n = 350 of the CFF Registry) were not included for further
analysis.

Assessment of Care for Older Patients with CF Independent
of Accredited CF Centers

Many of the adult-diagnosed patients in the Colorado database were
referred to National Jewish Health (NJH) from outside the region, or
left the region during the 15-year study period. The CFF Registry was
queried to identify patients in the Colorado database also entered into
the CFF Registry, and the years that they were seen at CF centers.
Entry into the CFF Registry serves as a marker that a patient has
received care at a CF center. For each patient, the six most recent years
of eligibility were analyzed, defined as the six most recent years of life.
Patients who were diagnosed within the past 6 years were only eligible
for entry into the CFF Registry in the year of diagnosis and subsequent
years. For patients not currently enrolled in the CFF Registry,
verification of survival was obtained by querying the Social Security
Death Index. A second assessment of patients with CF receiving CF
center care was conducted by comparing the number of deaths
recorded in the CFF Registry to the number of deaths in which CF
was recorded as the cause of death (or contributing condition) in the
Mortality Multiple Cause-of-Death Public Use Record maintained by
the Centers for Disease Control and Prevention (Atlanta, GA) (1992—
2005) (54).

Response to CF Center Care

Within the Colorado database, 111 AD patients were identified, and 49
subsequently established care at the Colorado CF center. For patients
with available medical records and more than 1 year of follow-up data
(n = 32), the FEV; (percent predicted) obtained at diagnosis was
compared with the best available FEV; for each subsequent year, for
up to 4 years of follow-up. Response to treatment was determined by
the change in percent-predicted FEV,, compared with the value
obtained at the initiation of CF center care. A parallel analysis was
performed with CFF Registry data, by comparing the first available
FEV; with the best available FEV; for subsequent 12-month periods,
with up to 4 years of follow-up.

Statistical Analysis

As age at diagnosis and greatest known age were not normally
distributed (Figure 1 and Figures 4C and 4D), nonparametric Wilcoxon
rank sum tests were used. A two-tailed Fisher’s exact test was used to
determine differences in gender frequency by diagnostic cohort
(Figures 4A and 4B), prevalence of pancreatic insufficiency (Table
1), and high-risk CFTR mutation (Table 1). The significance of
differences in sweat chloride (Table 1) was determined by Student
t test. The average follow-up period between groups was analyzed by
analysis of variance with a Tukey correction for multiple comparisons.
Longitudinal mixed effects models were employed to characterize the
age-related decline in FEV;, allowing for a random slope and intercept
for each subject. Diagnostic and gender groups were included in one
model for comparison, and linear contrasts were used to test differ-
ences between groups. Because of limited data for the CD group past
the age of 60 years, observations were limited to those obtained
between 40 and 60 years of age. Results are presented as estimated
means and standard error. Differences in survival curves were analyzed
by log-rank (Mantel-Cox) tests (Figures 3 and 6). Comparison of the
rate of AD and CD attendance at CF centers over time (Figure 7) and
response to CF center care over time (Figure 9) was performed by two-
way analysis of variance. Comparison between numbers of recorded
deaths in the CFF Registry and the MCOD for each age range, as well
as the frequency of each cause of death between the diagnostic cohorts,
was analyzed by Pearson chi-square test. For all tests, P < 0.05 was
considered significant. Data analysis was conducted with StatView
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TABLE 1. CLINICAL FEATURES AND OUTCOMES OF PATIENTS WITH CYSTIC FIBROSIS OVER AGE 40 YEARS

Subjects Dx* (yr) Female PIt High-risk Sweat Cl— Greatest Age’ Transplant Deceased
Database Cohort (n) (%) (%) Genotype* (%) (mmol/L) (yn (%) (%)
CFF (range) 2,614 7.7 (0-80.7) 46.0 66.1 68.5 96.8 + 25.6 45.9 (40.1-81.3) 2.4 24.2
CD (range) 1,436 1.7 (0-10) 39.3 79.0 923 106.4 + 20.2 44.4 (40.1-70.6) 3.1 26.5
AD (range) 1,178 37.411 (18 -80.7) 54.11 50.4 30.9! 85.1 + 26.8l 49.0 (40.1-81.3) 1.59 21.5**
Colorado (range) 150 43.9 (0.1-85.0) 65.3 32.0 26.7 82.8 + 30.9 52.7 (40.3-86.7) 8.0 253
CD (range) 41 2.0 (0.1-10.0) 46.3 82.9 83.3 105.5 = 19.1 45.5 (40.4-61.2) 24.4 36.6
AD (range) 109 52.01 (18-85.0) 72.5™ 12.8l 5.3l 74.6 = 30.4l 58.3 (40.3-86.7) 1.8% 21.18

Definition of abbreviations: AD = adult diagnosis; CD = childhood diagnosis; CFF = Cystic Fibrosis Foundation.

* Dx = median age at diagnosis in years.

T PI = percentage of subjects with pancreatic insufficiency, based on reported use of pancreatic enzyme replacement therapy.

¥ High-risk genotype defined by identification of two class I-lll CFTR mutations.

¥ Median greatest known age of patients in cohort, either alive or deceased, in years.

I'P < 0.0001 by Fisher’s two-tail exact test compared with CD cohort.
9P =0.01 by Fisher's two-tail exact test compared with CD cohort.

** P = 0.003 by Fisher’s two-tail exact test compared with CD cohort.
P = 0.038 by Fisher’s two-tail exact test compared with CD cohort.
# P < 0.001 by Fisher’s two-tail exact test compared with CD cohort.

5 Not significantly different by Fisher’s two-tail exact test compared with CD cohort.

software and SAS (SAS Institute, Cary, NC). This study was approved
by the NJH Institutional Review Board.

RESULTS

Age at Diagnosis and Greatest Known Age in Long-term
Survivors of CF

Clinical features of all patients with CF age 40 years or greater
were reviewed from the Colorado (n = 156) and CFF Registry
(n = 2,964) databases. The Colorado database was analyzed on
the basis of age at diagnosis: a CD cohort (n = 41) with age at
diagnosis ranging from birth to 10 years (median, 2.0 yr) and an
AD cohort (n = 109; range, 18-84 yr; median, 52.0 yr) (Figure
1A). The greatest known age of the CD cohort (median, 45.5 yr)
was significantly lower than that of the AD cohort (median, 58.3
yr; P < 0.001) (Figure 1B). Within the CFF Registry database,
the median age at diagnosis for the CD cohort (n = 1,436) was
1.7 years, compared with 37.4 years for the AD cohort (n =
1,178), with age at diagnosis ranging from 18 to 80.7 years
(median, 37.4 yr) (Figure 1C). For this cohort, the greatest
known age of the CD cohort (median, 44.4 yr) was also
significantly lower than that of the AD cohort (median, 49.0 yr;
P < 0.001) (Figure 1D).

Adult Diagnosis Correlates with the Nonclassic CF Phenotype

Normal (PS) or absent (PI) exocrine pancreatic function is the
clinical feature often used to distinguish between classic and
nonclassic forms of CF. For long-term survivors in the Colorado
database, only 12.8% of the AD cohort was PI, compared with
82.9% of the CD cohort (P < 0.0001) (Table 1). For the CFF
Registry database, 50.4% of the AD cohort was PI, compared
with 79% of the CD cohort (P < 0.0001) (Table 1). For most
patients, data demonstrating formal testing of pancreatic func-
tion were lacking, and thus use of pancreatic enzyme replace-
ment therapy was used as a marker of PL.

A “high-risk” genotype is defined by the presence of two
mutations from class I to III, and correlates strongly with a more
severe clinical phenotype (58). A “low-risk” genotype is defined
by the presence of one (or more) class IV and V mutations, and
is typically associated with later diagnosis, pancreatic suffi-
ciency, and improved survival (58, 59). For subjects in the
Colorado database with available mutational analysis (87.3%),
only 5.3% of the AD cohort had a high-risk genotype, com-
pared with 83.3% of the CD cohort (P < 0.0001) (Table 1). In
the CFF Registry database, only 45% of subjects had sufficient

data available from genetic analysis to determine CFTR muta-
tion class. In the AD cohort, 30.9% had a high-risk genotype,
compared with 92.3% of the CD cohort (Table 1).

In the patient cohorts studied and described in this article,
the adult diagnosis correlated strongly with PS and with a low-
risk genotype, which are the principal features of nonclassic CF.
Thus, the age at diagnosis currently represents the most feasible
criterion by which to designate classic and nonclassic forms of
the disease for the purpose of reviewing databases of long-term
survivors of CF.

Disease Severity and Decline in Lung Function of Patients
with CF Older than 40 Years

Progression of CF lung disease is most frequently approximated
by the decline in FEV; (percent predicted) over time. FEV;
values from all clinic visits between 1992 and 2007 (n = 35,128)
captured in the CFF Registry for patients more than 40 years of
age and less than 60 years of age were analyzed. The average
length of follow-up in the AD group was longer (62.2 mo + 1.4
[SEM], n = 1,169) than for the CD group (55.9 mo = 1.3 [SEM],
n = 1,180; P < 0.01). Although AD patients have a significantly
higher FEV; at age 40 years (57.9 = 3.0%) compared with CD
patients (50.0 = 3.1%; P < 0.01), the annual age-related FEV,
decline from that age forward was not different between the two
cohorts (CD group, —0.50 = 0.07% vs. AD group, —0.36 =+
0.07%; P = 0.19) (Figure 2).

Survival of Patients with CF Older than 40 Years

Survival curves were calculated for patients with CF who sur-
vived past age 40 years. In both the Colorado and CFF Registry
databases, median AD survival greatly exceeded CD survival
(Figure 3). For patients in the Colorado database who survived
past age 40 years, the median survival for the CD cohort was to
age 51.7 years, versus 76.9 years for the AD cohort (P < 0.0001)
(Figure 3A). For patients in the CFF Registry database, the
median survival for the CD cohort was to age 53.5 years, versus
68.2 years for the AD cohort (P < 0.0001) (Figure 3B). In
comparison, the average life span during the study period for
the white population of the United States that survived to age
40 years was 79.2 years (60).

Gender and the Adult Diagnosis of CF

Previously, our group and others had noted a greater number of
women in populations of late-diagnosed patients with CF (11,
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12, 21, 26). In the Colorado database, 46.4% of CD patients
more than 40 years of age were women (Figure 4A), likely due
to decreased survival of young women present in CF birth
cohorts before 1990 (27-31). In contrast, 72.5% of AD patients
more than 40 years were women (P = 0.0038). In the CFF
Registry database, 39.4% of CD patients more than 40 years of
age were women (Figure 4B), whereas 54.1% of AD patients
more than 40 years of age were women (P < 0.0001). For CD
patients in the NJH and CFF cohorts, there was no difference
between age at diagnosis between men and women (Figures 4C
and 4D). However, for AD patients, the diagnosis was made
later in women. For the Colorado database, the median age at
diagnosis for males was 48.2 years compared with 54.0 years for
women (P = 0.27) (Figure 4C). For the CFF Registry database,
the median age at diagnosis for males was 35.7 years compared
with 39.2 for women (P = 0.0014) (Figure 4D).

Effect of Gender on Lung Function Decline in Patients with CF
Older than 40 Years

The average length of follow-up in CD females (51.2 mo = 1.9
[SEM]) was shorter than for CD males (58.9 mo * 1.7; P <
0.03), AD females (62.2 mo * 1.9; P < 0.001), and AD males
(58.9 = 1.7, P < 0.001). No other differences in follow-up time
were found. Women in the CD cohort had a small but signi-
ficantly higher FEV; at age 40 years (51.9 * 5.0 vs. 48.8 + 4.0),
but a greater annual age-related decline than CD men (—0.58 =
0.13 vs. —0.24 = 0.10%; P = 0.034) (Figure 5A). There were no

Diagnostic Group

differences in FEV; between women and men in the AD cohort
(59.1 = 4.4 vs. 56.6 = 4.4; P = 0.64), and the annual age-related
decline between the genders was not different (—0.43 = 0.10 vs.
—0.57 £ 0.10%; P = 0.34) (Figure 5B).

Effect of Gender on Long-term Survival in CF

When the effect of gender on survival was analyzed, no dif-
ference was appreciated in survival between CD men and
women. In the Colorado database, male median survival was
undefined (due to low numbers) and female survival was 51.7
years (P = 0.89) (Figure 6A). In the CFF Registry, median
survival for males was 53.1 years versus 55.5 years for females
(P = 0.58) (Figure 6B). In contrast, a significant survival ad-
vantage was observed for AD women. In the Colorado data-
base, median survival of AD women was 86.7 years compared
with 73.2 years for their male counterparts (P = 0.038) (Figure
6C). For the CFF Registry database, female median survival
was 72.0 years compared with 62.8 years for men (P < 0.0001)
(Figure 6D). For reference, the average life span for white
women in the U.S. population who survived past age 40 years
was 81.3 years during the period of this study, compared with
77.0 years for men (60).

Together, Figures 5 and 6 support the conclusion that the
effect of gender on long-term survivors of CF differs with the
age at diagnosis. In the CD cohort, lung function declines more
rapidly for females past age 40 years and the expected survival
advantage for females who reach age 40 years is not present.
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Figure 2. Decline in lung function of childhood-diagnosed (CD) and
adult-diagnosed (AD) patients older than 40 years was not different.
FEV; values from all clinic visits captured in the Cystic Fibrosis Founda-
tion (CFF) Registry database for patients over 40 years of age were
analyzed. Although AD patients (dotted line) have a significantly higher
FEV, at age 40 years compared with CD patients (solid line), the rate of
FEV, decline from age 40 to 60 years was not different between the two
cohorts.

However, in the AD cohort, the rate of FEV,; decline for
women is equal to that of men, and women demonstrate a
significantly longer life span than their male counterparts.

Phenotypic Consequence of 5T Splicing Variants in
Long-term Survivors of CF

In populations of children and young adults, the presence of
a 5T allele in trans with a known CF-causing mutation has been
associated with a wide range of disease severity, but in the vast
majority of cases appears to be clinically inconsequential (16,
18, 61-63). In the Colorado database, 20 individuals were
identified with a 5T allele (Table E2). From the CFF Registry
database, only 12 additional patients were identified, and were
less completely characterized (data not shown). The most
common accompanying mutation was AF508 (10 of 20). Each
patient had phenotypic evidence of airway disease, predomi-
nantly bronchiectasis (17 of 20) or sinusitis (11 of 20), and all
underwent extensive testing to eliminate a range of other
immunodeficiency disorders. In addition, all had at least one
respiratory tract pathogen, including characteristic CF infec-
tions such as mucoid or nonmucoid Pseudomonas aeruginosa (9
of 20) and Staphylococcus aureus (9 of 20), as well as non-
tuberculous mycobacteria (14 of 20). All of these patients were
diagnosed as adults (median age, 54.5 yr). Of the 20 patients
with CF with a 5T allele, more than 40 years of age, and in the
Colorado database, 80% (16 of 20) were women, consistent with
the overwhelming predominance of females in the AD popula-
tion as a whole (Figure 4).

Colorado
t-. —CD

-

CFF Registry

Percent survival
Percent survival

Setting of Care for Long-term Survivors of CF

Whereas patients diagnosed in childhood with classic CF have
frequently received care at CF centers for their entire life,
patients diagnosed as adults may not be willing or able to be
monitored at a CF care center. The CFF Registry was queried
to determine which patients in the Colorado database had ever
been entered into the CFF Registry, and for which years CFF
Registry data were available for each subject. Whereas 97.7%
(43 of 44) of CD patients more than 40 years of age were found
to be in the CFF Registry, only 63.6% (70 of 110) of AD
patients had ever been entered in the CFF Registry (P < 0.001).
Analysis of the six most recent years for which each subject was
eligible for entry into the CFF Registry demonstrated that on
average, 60% of CD patients were seen at a CF care center
during any given year, compared with 41.7% of AD patients
(P < 0.001) (Figure 7). There was no difference between the
percentage of males and females attending CF centers in either
the CD or AD cohorts (data not shown).

In young patients it has been reported that females are less
adherent to treatment (45-47, 49, 64-66). In long-term survivors
of CF who have been emancipated from their parents for
decades, decreased adherence to recommended therapies would
likely be reflected in less frequent attendance at CF centers.
Current CFF care guidelines recommend four CF center visits
each year, and the mean for all patients with CF in the CFF
Registry is 5.0 per year (2). We queried the CFF Registry to
determine the annual rate of clinic visits for males and females
more than age 40 years from 1992 to 2007 (n = 66,371 visits).
Female patients with the childhood diagnosis averaged 2.72 *=
1.1 (mean *= SD) annual visits compared with 2.54 + 1.0 for
male patients (P = 0.002). Female patients with an adult diag-
nosis averaged 2.82 = 1.4 visits per year compared with 2.67 =
1.3 for male patients (P = 0.03). When the number of annual
visits for CD females was compared with AD females there was
no difference (P = 0.86), and there was also no difference
between CD males and AD males (P = 0.67).

The majority of patients with CF ultimately die of respira-
tory complications as a result of progressive lung disease. As
their condition worsens, patients monitored at a CF care center
would typically be seen with greater frequency, and their death
recorded in the CFF Registry database. The number of deaths
captured in the CFF Registry from 1992 to 2005 (n = 5,589) was
compared with the number of deaths in which CF was listed as
the cause of death, or contributing condition, in the MCOD for
the corresponding years (n = 6,866). CF deaths for age classi-
fications ranging from less than 1 year to greater than 74 years
were compared between the two databases. The number of
deaths for patients aged 1-4 and 4-14 years recorded in the CFF
Registry was nearly identical to the MCOD database; however,
deaths of infants (age, <1 yr) and patients more than 14 years
of age was significantly different (Figure 8A) between the two

Figure 3. Survival analysis of patients with cystic fibrosis
(CF) more than 40 years of age. (A) For patients included
in the Colorado database, adult-diagnosed (AD) patients
(dashed line) demonstrated a median survival 25.2 years
greater than that of childhood-diagnosed (CD) patients
(solid line). (B) For patients included in the Cystic Fibrosis
Foundation (CFF) Registry, AD patients (dashed line) dem-
onstrated a median survival 14.7 years greater than that of

Age (years)

Age (years)

J CD patients (solid line).
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Figure 4. The adult diagnosis of cystic fibrosis (CF) occurs
with greater frequency and at an older age in women.
(A) In the Colorado database, the majority (53.6%) of
childhood-diagnosed (CD) patients over 40 years of age
were men (solid column), whereas the majority (72.5%) of
adult-diagnosed (AD) patients over 40 years of age were
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databases. For patients older than 45 years, which would en-
compass most of the AD cohort, only 45.9% of the deaths over
the 14-year span were captured in the CFF Registry (Figure 8B).
No gender-dependent difference was present in the percentage
of deaths captured in the CFF Registry over all ages studied, or
in the group of long-term survivors more than 45 years of age
(Figure 8C).

Together, results presented in Figures 7 and 8 support the
conclusion that long-term survivors of CF are often not moni-
tored at CF centers, and that patients with an adult diagnosis
of CF are less likely to receive care at an accredited CF center,
or to be represented in the CFF Registry, when compared with
the CD cohort. Although females and males appear equally
likely to establish care at a CF center, the females more than
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40 years of age come closer to achieving the recommended
number of annual visits, suggesting that poor adherence to treat-
ment reported in young female cohorts is not present in long-
term survivors.

Response to CF Center Care by Newly Diagnosed
Adult Patients

With a different spectrum of infections, organ involvement, and
CFTR mutations, the response of adult-diagnosed patients with
CF to treatment strategies validated in classic childhood-di-
agnosed patients with CF is unknown. The current standard for
response to treatment in CF is improvement in FEV;. Change
in FEV; of AD patients who established care at the Colorado
CF center with a minimum of 1 year of follow-up (n = 32) was

Figure 5. Gender-dependent decline in
lung function of patients with cystic

Women in the childhood diagnosis
(CD) cohort (dashed line) had a higher
FEV, at age 40 years than did CD men
(solid line) but demonstrated a greater
rate of decline than men (*P < 0.034).
(B) Women in the adult diagnosis (AD)
cohort (dashed line) did not have a signif-

Years

T T T T 4 icantly greater FEV; and demonstrated

40 50 60 70 80 3 rate of decline in FEV; not different

Years from that of AD men (solid line).
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Figure 6. Effect of gender on survival of
patients with cystic fibrosis (CF) who are
more than 40 years of age. (A) For
childhood-diagnosed long-term  survi-
vors in the Colorado database no dif-
ference was appreciated between male
(solid line) and female (dashed line) sur-
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vival. (B) For childhood-diagnosed long-
term survivors in the Cystic Fibrosis
Foundation (CFF) Registry database,
male (solid line) survival exceeded female
(dashed line) survival by 2.4 years (not
significant). (C) For adult-diagnosed long-
term survivors in the Colorado database,
female (dashed line) survival exceeded
male (solid line) by 13.5 years. (D) For
adult-diagnosed long-term survivors in
the CFF Registry database, female (dashed
line) survival exceeded male (solid line)
survival by 9.2 years.
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analyzed. The change in FEV; (percent predicted) was de-
termined by comparing the FEV; measured at the initiation of
standard CF center care (first CF clinic after a new diagnosis)
with the subject’s best FEV; for each subsequent 12-month
interval. After diagnosis, FEV; improved 7.8 * 2.2% within
12 months and 11.4 * 2.3% within 24 months. Over a 4-year
period, CF center care resulted in a sustained improvement in
FEV, over baseline (P = 0.0013) (Figure 9A). The identical
analysis was performed on data from patients older than 40
years in the CFF Registry database and who were newly diag-
nosed between 1992 and 2007 (n = 308). As with the Colorado
database, lung function improved significantly in newly diag-
nosed adults who received care at CF centers nationwide
(Figure 9A). After diagnosis, FEV increased 9.7 = 1.9% within
12 months and 10.1 * 2.9% within 24 months, and was sustained
for the 4-year period (P < 0.0001). This response can be com-
pared with the adult CF population as a whole, which we found
to have a lung function decline rate of 0.58% per year (Figure 2),
or a historical rate of 0.77% annual decline previously reported
in adult-diagnosed patients (12). The extent of FEV; response
from the CFF Registry database was not significantly different
between men and women (Figure 9B).

Cause of Death in Long-term Survivors of CF

Little has been reported concerning the cause of death in long-
term survivors of CF. In both the CD and AD cohorts, the vast
majority of patients were still living, with a trend toward a lower
percent mortality in the AD cohort in the Colorado database,
and a significantly lower percent mortality in the AD CFF
cohort (Table 1). In both databases, AD patients were less
likely to have received a lung transplant compared with long-
term CD survivors.

Historically, nearly all patients with CF died of respiratory
failure, or of complications after transplantation (2). However,
AD patients generally have more limited pancreatic involve-
ment and less severe lung disease than CD patients of com-

Age (years)

parable ages (Figure 3). Cause of death data from the CFF
Registry database (seven most common causes) were compared
between deceased patients from the CD (n = 380) and AD (n =
252) cohorts. CD patients more than 40 years of age died
predominantly of respiratory failure (75%) and transplantation-
related complications (12%). Despite a significantly longer life
span, AD patients also died predominantly of respiratory failure
(76%) and transplantation-related complications (9%), at an
almost identical frequency (Figure 10). The frequency of death
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Figure 7. Adult-diagnosed (AD) patients are less likely to receive care
at a cystic fibrosis (CF) care center. The percentage of patients in the
Colorado database found to be entered in the Cystic Fibrosis Founda-
tion (CFF) Registry was plotted against the six most recent years each
subject was eligible for entry into the CFF Registry. During this time
span, on average 60% of CD patients (open circles) were seen at a CF
care center during a given year, compared with 41.7% of AD patients
(closed circles) (P < 0.001 by two-way analysis of variance).
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from respiratory or transplant related complications was not
different by gender for either the CD or AD cohorts (data not
shown). These same trends were present in the Colorado data-
base, although the number of deaths with known causes was
insufficient to allow meaningful comparisons (data not shown).

DISCUSSION

This report is the first to analyze disease progression, delivery of
care, and cause of death for long-term survivors of CF in the
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Figure 8. Long-term survivors are less likely to receive care at a cystic
fibrosis (CF) center at the time of death. (A) Deaths recorded in the
Cystic Fibrosis Foundation (CFF) Registry (open columns) were com-
pared with the number of CF-related deaths in the CDC Mortality
Multiple Cause-of-Death (MCOD) Public Use Record (CDC, solid
columns). From 1 to 14 years of age, there was no significant difference
between the databases. However, significantly fewer infants (age, <1
yr) and patients older than 14 years were entered into the CFF Registry
(columns represent means * SEM; *P < 0.05). (B) Percentage of CF-
related deaths not captured in the CFF Registry. The inverse ratio of
deaths recorded in the CFF Registry to CF-related deaths in the MCOD
is plotted for each age interval (columns represent means = SEM; P <
0.05). (C) Effect of gender on the percentage of CF-related deaths not
captured in the CFF Registry. No significant difference was present
between males and females over all ages, or in the subcohort greater
than 45 years of age.

context of gender and age at diagnosis. As previously reported
in smaller patient populations, we found that patients with CF
diagnosed in childhood (birth to age 10 yr) nearly always have
PI and a high-risk CFTR genotype, whereas the adult diagnosis
was strongly associated with PS and a low-risk CFTR genotype
(Table 1). On average, AD patients have better lung function
(FEV;) than age-matched CD patients at age 40 years. Un-
expectedly, for patients older than age 40 years, the rate of
FEV, decline was not different between the AD and CD
cohorts (Figure 2). More importantly, despite a significantly
longer life span for AD patients, the frequency of death from
respiratory failure or transplantation-related complications was
nearly identical between the two cohorts (Figure 10). Thus,
when the clinical consequence of CF diagnosed in adulthood is
viewed in the context of the lifetime of the patient, instead of
simply considering the features at the time of diagnosis, it is
apparent that the pulmonary manifestations are not a mild form
of the disease, but rather a delayed but equally serious form of
the childhood presentation.

The effect of sex and gender on diagnosis, disease pro-
gression, and survival remains one of the most intensely studied
aspects of CF pathophysiology and epidemiology. Differences
in CF disease manifestations between males and females may
result both from biological modifiers relating to sex, and from
the cultural attribute of gender that determines norms for a
variety of attitudes and behaviors that may affect outcome (34).
The integrated effects of sex and gender are likely magnified in
long-term survivors of CF. The earliest known impact of gender
is the age at diagnosis in children. Reports from Ireland, the
United Kingdom, and the United States have found that the CF
diagnosis in female infants (in the absence of newborn screen-
ing) occurs later than in males (23-25). Despite equal disease
severity, diagnosis of females in the United States lagged males
by 4 months (25). As early diagnosis has been proven beneficial
(67, 68), delayed diagnosis likely represents a disadvantage for
female patients. In this report, we found that for patients who
succeed in reaching 40 years, the age of childhood diagnosis was
not different between genders, and females actually trended
toward an earlier age at diagnosis (Figures 4C and 4D). This
finding suggests that females diagnosed later in childhood were
less likely to reach age 40 years, supporting the conclusion that
delayed diagnosis is a disadvantage for survival. Accordingly,
we found that women represent a significant minority of sur-
vivors who reach age 40 years in the CD cohorts, as only 35.7%
of the CFF Registry and 44.5% of the Colorado database were
female (Figures 4A and 4B). This finding is consistent with the
well-described “gender gap” in survival, in which females were



622 AMERICAN JOURNAL OF RESPIRATORY AND CRITICAL CARE MEDICINE VOL 182 2010

A B

=O- Colorado

-= CFF

—— Male

== CFF mean
18+

16
14
124
104

Percent change FEV,
Percent change FEV,

Figure 9. Response to cystic fibrosis (CF)
center care by newly diagnosed adults.
(A) Response to treatment was assessed
in adult-diagnosed patients with CF who
established CF center care in the Colo-
rado database (open circles) or in the
Cystic Fibrosis Foundation (CFF) Registry
(solid squares) with a minimum of 1 year
of follow-up visits. The best FEV, for each
subsequent 12-month period was com-
pared with the FEV; measured at the
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initiation of standard CF center care.
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The mean change in percent predicted
FEV; (+SEM) is depicted. For both co-
horts, maximal improvement was ob-
served between 1 and 2 years, but lung

function remained improved over baseline for the entire 4-year period. The effect of the initial introduction of CF center care can be appreciated in
comparison with the observed annual rate of decline for the adult-diagnosed CF population (more than 40 yr of age) as a whole in the CFF Registry
(dotted line). (B) Responses of males (solid triangles) and females (open triangles) from the CFF Registry cohort were both significantly improved over

baseline, but the difference between the genders was not significant.

found to have a median life span 3 to 5 years shorter than that of
males in cohorts of CD patients born before 1990 (27-31).

Unexpectedly, delayed diagnosis of females was present in
the AD cohort, in which the median age at diagnosis for females
was 3.5 years later than men in the CFF Registry, and 5.8 years
later in the Colorado database (Figures 4C and 4D). In children,
it has been suggested that the delay is due to reduced re-
cognition of respiratory symptoms in female infants, or an
unconscious gender-based bias by physicians against pursuing
the CF diagnosis (25) in females. The greatest lag in diagnosis
between genders has been reported to occur in the setting of
patients presenting with predominantly respiratory symptoms
(23-25). Within the Colorado database, virtually all women
were referred because of unexplained bronchiectasis or chronic
airway infection. Thus, it is possible that the same factors that
contribute to delayed diagnosis in female infants with the classic
phenotype are also responsible for delayed CF diagnosis of
females in adulthood.

Despite a later age at diagnosis, we found that the preva-
lence of the adult CF diagnosis is significantly greater in
females. In the CFF Registry, 54.1% of the AD cohort was
female, and in the Colorado database there was nearly a three-
to-one distribution of women to men (Figures 4A and 4B). A
trend toward female predominance has also been observed in
other AD cohorts (11, 12, 21, 26). A number of gender-related
factors could contribute to an increased frequency of adult
diagnosis in females, including greater persistence in seeking
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the diagnosis and overall greater use of the health care system.
In addition, a bias may exist against referral of males presenting
with congenital bilateral absence of the vas deferens (CBAVD)
to CF centers, resulting in an underrepresentation of males in
databases of adult-diagnosed patients with CF. If such a bias
exists, it may be magnified within the Colorado database, in
which virtually all referrals were based on respiratory com-
plaints. However, it is also plausible that female predominance
is based on molecular mechanisms and differences in pheno-
type. Clues to a biological mechanism may come from patients
possessing a ST-splicing variant as their most mild CFTR
abnormality.

The effect of gender on 5T penetrance has been questioned
from analysis of large populations undergoing CFTR screening,
in which penetrance of the 5T allele in young females has been
reported to be both higher (69) and lower (70, 71) than in males.
A potential source of confusion is that the preponderance of
genetic screening for CF mutations and phenotype analysis is
performed in young adults of childbearing age or infants (69,
71). In the Colorado database of long-term survivors, 80% of
patients with adult-diagnosed CF and a 5T allele were women
(Table E2). This finding suggests that the 5T allele can have
a clinically significant effect in an older cohort (median age, 58.0
yr), even when the second CFTR defect was another 5T allele
(n = 1) or a low-risk class IV or V mutation (Table E2). It is
possible that in certain individuals, pulmonary manifestations of
the 5T allele are not clinically apparent until late middle age. In

Unknown

5%

Figure 10. Cause of death analysis of
patients in the Cystic Fibrosis Foundation
(CFF) Registry whose greatest age ex-
ceeded 40 years. Deceased patients with
CF in the childhood diagnosis (CD, left)
and adult diagnosis (AD, right) cohorts
were found to have frequencies for major
causes of death that were not different.
Specifically, 87% of CD patients died
of respiratory or transplantation-related
complications, compared with 85% of
AD patients.

Adult Diagnosis
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men, the 5T allele can result in CBAVD, but there is growing
evidence that these men often have some degree of pulmonary
or sinus disease (72-74). In a small cohort of men with CBAVD
and no pulmonary symptoms (mean age, 39 yr), bronchoalveo-
lar lavage demonstrated increased cytokines and subclinical
infection (75). This finding supports the conclusion that CFTR
mutations resulting in CBAVD can also induce pulmonary
disease, but respiratory symptoms may not be apparent at the
time of genetic testing. Likely, the true penetrance of the 5T
allele in both males and females is underestimated in popula-
tion screening of young adults. As newborn screening for CF is
widely implemented, and most programs test for CFTR muta-
tions, many infants are being identified with low-risk genotypes
and are being designated as having CFTR-related metabolic
syndrome (CRMS) (55). We believe that some infants diag-
nosed with CRMS today may in time have similar disease pro-
gression as AD patients described in this article.

In this study of long-term survivors of CF, we were especially
interested in looking for evidence of the “gender gap” of
decreased survival in females diagnosed in childhood (27-31).
Mechanisms that contribute to worse outcomes in females
include relatively poorer nutritional status, delayed age at
diagnosis, differences in lung development, adverse effects of
estrogen, increased frequency of pulmonary exacerbation, ear-
lier onset of CF-related diabetes, and earlier first acquisition of
P. aeruginosa (25, 35-44). Equally worrisome are reports of
gender-related psychological and behavioral attributes of young
female patients with CF that could place them at a disadvantage
compared with their male peers. These include increased
difficulty in coping with the disease, increased illness-related
strains and worries, greater depression, decreased quality of life
scores, greater treatment discouragement, and greater accep-
tance of being underweight (45-52), which may contribute to
decreased treatment adherence and worse outcomes (45-47, 49,
64-66). The phenomenon of decreased survival in females
appears to be confined to patients of age 1-20 years (30, 33,
76). In the current therapeutic environment, some have re-
ported that the gender gap is no longer present in children (32,
33). However, in this study, the gender gap in the CD cohorts is
still apparent. Despite successfully surviving to age 40 years,
and having a small but significantly greater FEV; than their
male counterparts, the rate of FEV; decline of CD women past
age 40 years is greater (Figure 5A), and median survival is not
significantly greater than that of men (Figures 6A and 6B). In
the non-Hispanic white U.S. population, women who reach age
40 years are expected to have a 4.3-year survival advantage (60),
and thus in these long-term female survivors, a relative gender
gap is still present.

For long-term survivors of CF diagnosed as adults, gender
appears to have a different effect on survival. Unlike the
females in the CD cohorts, the AD females had an identical
rate of FEV; decline as males (Figure 5B), and enjoyed a dis-
tinct survival advantage of 13.5 years in the Colorado database
and 9.2 years in the CFF Registry database (Figures 6C and
6D), far exceeding the expected survival advantage (60). Thus,
a “reverse gender gap” is present within these databases, de-
fined by increased survival for AD females. To our knowledge,
this is the first report of any clinical parameter in which CF
females have an advantage over males. However, further in-
vestigation is required to determine whether the preponderance
of adult-diagnosed females (Figures 4A and 4B), and the
survival advantage for females (Figures 6C and 6D), are due
to underrepresentation of adult-diagnosed males with mild CF
lung disease in the CFF Registry.

In this analysis, both age at diagnosis and age of the patient
were major factors in determining setting of care for long-term

623

survivors of CF. As most patients in the Colorado database live
outside the region, we cross-referenced the CFF Registry to
determine whether patients were being seen at accredited CF
centers in their home states. Patients in the AD cohort were less
likely than CD patients to ever appear in the CFF Registry or to
have been seen at a CF care center over the six most recent
years (Figure 7). Nearly one-third of CD patients greater than
age 40 years were also not seen in a CF center over the same
period, although virtually all had at one point been entered into
the CFF Registry. A comparison of mortality data from the CFF
Registry with the MCOD Index provided a second assessment
of CF center attendance by long-term survivors. For the CF
population as a whole, 81.4% of the deaths recorded in the
MCOD Index were captured in the CFF Registry. However, for
patients with CF greater than age 45 years, on average only
45.9% of deaths reported in the MCOD Index were included in
the CFF Registry, and the percentage fell dramatically with
advancing age (Figure 8B). Analysis of the 1990 CFF Registry,
when the median age in the database was 12.5 years, demon-
strated that 92% of CF deaths reported in the U.S. Vital
Statistics were captured within the CFF Registry (77). Together,
these findings support the conclusion that long-term survivors of
CF as a whole are frequently not seen at CF centers, and this
effect is greatest in the older AD cohort.

The lack of specific information concerning prognosis, and
the absence of an evidence-based treatment approach, may
contribute to poor attendance of AD patients at traditional CF
care centers. It is not known whether current care recommen-
dations will achieve demonstrable success in the AD cohort.
Clinical trials of available CF therapeutics were conducted on
patients with the classic phenotype, and AD patients typically
have different CFTR mutations, different absorption of nutri-
tion and medications, and different patterns of airway infection.
However, in this study, we found that newly diagnosed adult
patients with CF receiving CF center care achieved a significant
and sustained improvement in FEV; from baseline (time of
diagnosis) over a period of 4 years (Figure 10A). This is
particularly meaningful in comparison with the 0.58% annual
rate of FEV; (percent predicted) decline observed in the AD
population as a whole (Figure 2), or a historical rate of 0.74%
annual decline in FEV; (percent predicted) reported in the mid-
1990s for late-diagnosed patients with CF (12). Typically, CF
center care represents a more aggressive approach to airway
clearance, and pathogen-specific antibiotic treatment of airway
infection, as compared with community standards. CF center
care has previously been associated with improved outcomes for
children and adolescents with a CD diagnosis (78, 79). This
finding supports the idea that the CF center approach is of
benefit to the AD cohort, even in the absence of specific,
evidence-based therapies for this population.

There was no difference in CF center attendance between
males and females, either in the Colorado database (Figure 7)
or when the MCOD database was compared with the CFF
Registry (Figure 8C). Current CFF Clinical Practice Guidelines
recommend four center visits per year. Women more than 40
years of age from both the CD and AD cohorts had a small but
significantly greater frequency of annual CF care center visits,
compared with their male peers. In middle-aged or elderly
patients, given the expense and effort required to seek care at
a CF center, the number of annual visits likely serves as
a marker of adherence to other treatment recommendations.
No gender-specific difference was detected in the extent or
duration of response to CF center care (Figure 9B). Thus,
a gender-related difference in disease perception and adherence
that may have contributed to a relative disadvantage for
younger females was not evident in the CD cohort that survived
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to age 40 years, or in females diagnosed as adults. Further
studies will be needed to determine to what degree better
coping skills and greater adherence to therapy as adolescents
and young adults predict long-term survival in patients with the
childhood diagnosis.

Long-term survivors represent an important and growing
segment of the CF population that deserves increased study.
Although previously regarded as medical curiosities, these
patients represent the vanguard of a rapidly aging CF popula-
tion. However, meaningful conclusions can be reached only if
gender and the classic and nonclassic phenotypes are considered
independently. Particular focus needs to be placed on better
characterizing the clinical course of patients with the nonclassic
phenotype who have historically been diagnosed as adults.
Although we have found that these patients generally benefit
from CF center care, future studies of specific therapies are
needed. Studies of adult-diagnosed patients are also critical, as
only late in life can the true penetrance and complete pheno-
type associated with a vast number of rare CFTR mutations be
conclusively defined. With tremendous acceleration in newborn
screening and prereproductive genetic testing, infants and
young adults are increasingly being identified with the genetic
potential for CF in the absence of clinically significant disease.
Identification of middle-aged or elderly patients with the
identical CFTR genotype may assist physicians attempting to
guide patients and families as to the implications of these
genetic findings, as many of the adult-diagnosed patients were
themselves asymptomatic as children and young adults. Anal-
ysis of a cohort of patients with the 5T allele further supports
the conclusion that even the mildest CFTR mutations have the
potential to induce severe CF lung disease in old age. Our data
indicate that patients with the nonclassic form of the disease
who are diagnosed early and treated aggressively may be
expected to live a full life span. However, when diagnosis and
treatment are delayed, the morbidity of nonclassic CF is severe.
These findings support the conclusion that asymptomatic in-
dividuals identified with the genetic potential for CF should be
monitored at CF centers, and monitored regularly for disease
progression.
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