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INTRODUCTION

Variation in lung function is associated with
worse clinical outcomes in cystic fibrosis

Joao Paulo Heinzmann-Filho"?, Leonardo Araujo Pinto'?,
Paulo José Cauduro Marostica®, Marcio Vinicius Fagundes Donadio"?*

ABSTRACT

Objective: To determine whether the variation in lung function over one vyear is
associated with worse clinical outcomes, as well as with a decline in lung function in the
following years, in patients with cystic fibrosis (CF). Methods: This was a retrospective
study involving CF patients (4-19 years of age), evaluated over a three-year period. \We
evaluated demographic characteristics, chronic Pseudomonas aeruginosa infection,
antibiotic use, hospitalization, six-minute walk distance (6MWND), and lung function.
The inclusion criterion was having undergone pulmonary function testing at least three
times in the first year and at least once in each of the next two years. Results: We
evaluated 35 CF patients. The variation in FEV, in the first year (AFEV,) was greater
among those who, in the third year, showed reduced FEV,, had a below-average 6MWD,
or were hospitalized than among those with normal FEV,, normal 6MWD, or no hospital
admissions, in that same year (p < 0.05), although no such difference was found for
antibiotic use in the third year. Subjects showing a AFEV, > 10% also showed a greater
decline in FEV, over the two subsequent years (p = 0.04). The AFEV, also showed an
inverse correlation with absolute FEV, in the third year (r = —~0.340, p = 0.04) and with
the rate of FEV, decline (r = —=0.52, p = 0.001). Linear regression identified AFEV, as a
predictor of FEV, decline (coefficient of determination, 0.27). Conclusions: Significant
variation in lung function over one year seems to be associated with a higher subsequent
rate of FEV, decline and worse clinical outcomes in CF patients. Short-term AFEV, might
prove useful as a predictor of CF progression in clinical practice.

Keywords: Cystic fibrosis; Respiratory function tests; Disease progression; Hospitalization;
Forced expiratory volume.

or intensifying the treatment regimens employed in CF
patients.®7”)

Cystic fibrosis (CF) is a genetic disease, with a chronic
evolution, that compromises the normal function of various
organs and systems. It is characterized by changes in
the secretions of the respiratory and gastrointestinal
tract.®™ It is most common (at 1/3,500 live births) in
the White population.(>®) It is a progressive condition in
which lung disease is the major determinant of morbidity
and mortality.®

Due to advances in the treatment and understanding of
CF, there has been a significant increase in life expectancy
of individuals suffering from the disease. In Europe, CF
survival has reached a mean age of approximately 35
years.(°) Estimates showed that subjects born after 2000
will have a life expectancy of over 50 years of age.?®
However, the progressive decline in lung function over
time appears to be an inevitable characteristic of the
disease in nearly all cases. Therefore, impaired lung
function, as quantified by measuring FEV , expressed as
a percentage of the predicted value, is one of the main
markers affecting clinical decision making about changing

In recent decades, the FEV, of subjects with CF has
been studied in order to gain a better understanding of
the progression of the associated lung disease and to
identify risk groups in which more aggressive therapy is
indicated.”*) A decline in FEV, has been reported to be
a marker of greater risk of hospitalization and death in
subjects with chronic obstructive pulmonary diseases, ¢9)
as well as being considered the best single indication
for lung transplantation. Previous findings have shown
that 80% of CF-related deaths are directly or indirectly
associated with reduced lung function.®?

The risk factors most commonly associated with a
progressive decline in FEV, among CF patients include
advanced age, female gender, a AF508 mutation in the
CF transmembrane conductance regulator, the presence
of modifier genes, pancreatic insufficiency, low nutritional
status, diabetes mellitus, and colonization of the respiratory
tract by Pseudomonas aeruginosa or Burkholderia cepacia.
In addition, daily production of sputum, wheezing, and the
number of lung exacerbations treated with intravenous
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antibiotics also seem to be related to a decline in lung
function among CF patients.”*>13 The significance
and magnitude of the effects of these factors seem
to depend on patient age.*® Furthermore, recent
findings suggest that a reduction in the six-minute walk
distance (6MWD) is associated with greater severity of
lung disease."* Although studies have demonstrated
that acute exacerbations in CF patients do not modify
the coefficient of variation for lung function measured
over the course of the same day,*> other studies have
shown that such exacerbations do significantly reduce
spirometric values if measured over the course of a
year.®) However, there is still little information on how
the variation in lung function over one year can influence
the pulmonary and functional decline associated with
the disease in subsequent years.

It would be useful to identify additional factors that
might help predict lung function decline in the early
stages of CF, given that, in many cases, FEV, becomes
abnormal only in the advanced stages of the disease.
Therefore, the objective of the present study was to
determine whether variation in lung function over the
course of one year is associated with worse clinical
outcomes and lung function decline in subsequent years.

METHODS

This was a retrospective cohort study, conducted by
reviewing a secondary database. We included subjects
with a diagnosis of CF, as confirmed by sweat chloride
or genetic testing, who were 4-19 years of age and had
been treated at the Cystic Fibrosis Outpatient Center
of the Sdo Lucas Hospital of the Pontificia Universidade
Catdlica do Rio Grande do Sul (PUCRS, Pontifical Catholic
University of [the state of] Rio Grande do Sul), located
in the city of Porto Alegre, Brazil. During the period
under study, approximately 80 CF patients were being
followed at the Cystic Fibrosis Outpatient Center. Once
every three months, each patient underwent clinical
evaluation and pulmonary function testing, at which
time samples (oropharyngeal swab or sputum samples)
were collected for culture. The principal criterion for
inclusion was having undergone pulmonary function
testing (spirometry) at least three times in the first
year (each set of tests having been performed at
least three months apart) and at least once in each
of the two following years. In addition, we included
only individuals for whom the spirometric values were
acceptable and reproducible according to international
guidelines, including those established for preschool-age
children.®” The variation in FEV, (AFEV,) in the first
year was calculated by the following formula:

AFEV, = (hiFEV, — IoFEV,) | hiFEV,

where hiFEV1 is the highest FEV, (% of predicted)
and /oFEV1 is the lowest FEV, (% of predicted). If a
subject underwent pulmonary function testing more
than once in the second or third year, we selected the
best spirometric result obtained, meaning the highest
FEV, (in percentage of the predicted value), in each
year evaluated. We excluded subjects for whom the
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database contained incomplete data. The study was
approved by the PUCRS Research Ethics Committee
(Protocol no. 08/04102).

For each subject, we collected demographic data
(age, gender, and race) and anthropometric data, as
well as information related to chronic infection with
P. aeruginosa, number of days using antibiotics (oral.
intravenous, or both), and hospitalization. Chronic
P. aeruginosa infection was defined as persistent
P. aeruginosa infection for at least six consecutive
months (three consecutive tests), as determined by
culture of oropharyngeal swab or sputum samples
(depending on age or clinical status). To facilitate
further analysis, antibiotic use and hospitalization
were evaluated as dichotomous variables (antibiotic
use, yes/no; hospitalization, yes/no). In addition, we
collected data on pulmonary function test (spirometry)
results and 6MWD. Furthermore, we determined the
rate of FEV, decline by subtracting the best third-year
FEV, from the best first-year FEV,. The final results
are expressed as percentages of the predicted values.
The data were entered into a database, stratified by
year (first, second, and third year).

Pulmonary function tests were performed with a Koko
spirometer (PDS Instrumentation, Inc., Louisville, CO,
USA). The spirometric parameters evaluated included
FVC, FEV,, and FEF,, .., . All procedures were performed
in accordance with the criteria established by the
American Thoracic Society.(*”) Spirometric data are
presented as percentages of the predicted values.(*®
A normal FEV, was defined as a value > 80% of that
predicted.

The six-minute walk test (6MWT) was performed
in accordance with the American Thoracic Society
guidelines.*® The parameters evaluated in the test
included heart rate; SpO,, measured with a pulse
oximeter (PalmSAT 2500; Nonin Medical, Plymouth,
MN, USA); blood pressure, measured with a sphygmo-
manometer (Tycos CE0050; Welch Allyn, Skaneateles
Falls, NY, USA); respiratory rate, counted as chest wall
excursions per minute; and the modified Borg scale
score, to quantify the perceived intensity of dyspnea.
Subjects were instructed to walk as quickly as possible
for six minutes in a 30-m corridor. The 6MWD was
calculated by counting the total number of turns
made during the test and is expressed in meters. We
normalized the 6MWD using a reference equation.®
Like FEV,, the 6MWD was considered normal if > 80%
of the predicted value.

Sample size was estimated based on the behavior
of the main variables of interest (FEV, and 6MWD).
Adopting a level of significance of p = 0.05, a power of
80% and a minimum correlation of 0.40, we estimated
the minimum sample size to be approximately 32
subjects.

Data normality was tested with the Kolmogor-
ov-Smirnov test. Data with normal distribution are
expressed as means and standard deviations. The
AFEV, in the first year was calculated as described



above. Because AFEV, in the first year had a skewed
distribution, we applied square root transformation
of the data. Categorical variables are presented as
absolute and relative frequencies. In order to analyze
differences in the AFEV, in the first year in relation
to the main clinical outcomes assessed in the two
subsequent years (rate of FEV, decline, hospitalization,
6MWD, absolute FEV,, and antibiotic use), we used the
Student’s t-test for independent samples. Correlations
between variables were assessed using the Pearson
correlation test. We also used a stepwise multiple
linear regression model to assess the influence that
potential predictor variables (age, gender, body mass
index, chronic infection with P. aeruginosa, absolute
FEV, at baseline, and AFEV, in the first year) had
on the rate of FEV, decline. Data were processed
and analyzed with the IBM SPSS Statistics software
package, version 18.0 (IBM Corporation, Armonk, NY,
USA). In all tests, values of p < 0.05 were considered
statistically significant.

RESULTS

A total of 38 CF patients were selected for inclusion.
For three patients, the data in the database were
incomplete, and those patients were therefore excluded.
Consequently, the final study sample comprised 35
subjects, of whom 19 (54.2%) were male. The mean
age was 11.3 + 3.8 years. The majority of patients
presented anthropometric values within the normal
ranges. In general, the sample presented with mild
impairment of lung function. The demographic,
anthropometric, and clinical characteristics of the
sample are shown in Table 1.

In the sample as a whole, the mean AFEV/ in the first
year was 0.39 + 0.13%. As can be seen in Figure 1A,
that variation was significantly greater among patients
who required hospitalization in the third year than among
those who did not (p = 0.03). Figure 1B shows that
the mean AFEV, in the first year was also significantly
greater among patients in whom the 6MWD in the third
year was below normal than among those in whom it
was normal (p = 0.02). In addition, the mean AFEV,
in the first year was significantly greater among the
patients who showed lower FEV, values in the third
year (p = 0.03; Figure 1C). However, regarding the
use of antibiotic therapy (Figure 1D), the mean AFEV,
in the first year did not differ significantly between the
patients who were treated with antibiotics in the third
year and those who were not (p = 0.44).

Among the patients who showed a > 10% AFEV, in
the first year, the rate of FEV, decline over the two
following years was significantly greater than among
those who did not (p = 0.04; Figure 2). In addition,
we identified a significant negative correlation between
AFEV, in the first year and absolute FEV, (% of predicted)
in the third year (r = —0.340, p = 0.04), demonstrating
that greater variation in lung function in the first year
translated to lower FEV, in the third year (Figure 3A).
Likewise, there was a significant negative correlation
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between the AFEV, in the first year and the rate of
FEV, decline over the two following years (r = —0.52,
p = 0.001; Figure 3B).

The stepwise multiple linear regression model,
which included age, gender, body mass index, chronic
infection with P. aeruginosa, FEV, (% of predicted) at
baseline, and AFEV, in the first year (Table 2), revealed
that AFEV, in the first year was the only significant
predictor of the rate of FEV, decline over the two
following years (p = 0.001). The model showed that
AFEV, in the first year explained 27% of the subsequent
rate of FEV, decline.

DISCUSSION

The results of the present study suggest that, in
children and adolescents with CF, a greater AFEV, over
a one-year period is associated with a more pronounced
decline in lung function and worse clinical outcomes
over the subsequent years. In addition, although the
subjects evaluated here showed only mild impairment of
lung function and preserved nutritional status, the AFEV,
was found to be a predictor of progressive pulmonary
decline, indicating that, even in the early stages of
CF progression, quantification of this parameter can
facilitate clinical detection of the disorder.

Reduced lung function, as identified by the meas-
urement of FEV,, seems to be associated with higher
mortality in CF.(221) However, in many cases, lung
function decreases only in the advanced stages of the

Table 1. Characteristics of the study sample at baseline.?

Characteristic (N = 35)

Age (years) 11.3 + 3.8 (4.74-19.7)
Male, n (%) 19 (54.2)
White, n (%) 31 (88.5)
Weight (kg) 39.3 +13.4 (19.4-63.7)
Height (cm) 142.2 £19.3 (104.0-178.5)
BMI (kg/m?)

Absolute 18.9 + 2.6 (15.0-24.6)

Percentile 57.5 + 31.5 (9.0-99.0)
Lung function

FEV, (L) 1.9+0.8 (0.72-4.28)

FEV, (% of predicted) 84.7 +22.1 (40.6-121.0)

FVC (L) 2.4+1.0 (0.99-4.47)

FVC (% of predicted)

FEF25-75% (L)

FEF,, -, (% of predicted)
Chronic bacterial infection

93.4 £ 17.7 (55.0-125.6)
1.8 £ 1.0 (0.33-5.80)
70.7 £ 35.2 (14.8-150.2)

Pseudomonas aeruginosa, n (%) 12 (34.2)
Burkholderia cepacia, n (%) 2 (5.7)
Staphylococcus aureus, n (%) 17 (48.5)
Genotype with at least one 13 (81.2)°
AF508 allele, n (%)
Pancreatic insufficiency, n (%) 30 (85.7)

BMI: body mass index. ®Results presented as mean +
standard deviation (range), except where otherwise
indicated. "Genotype data available for only 16
subjects.
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Figure 1. Variation in FEV, (AFEV,) in the first year, in relation to the following variables in the third year: hospital
admission (A); six-minute walk distance (B); FEV,, as a percentage of the predicted value (C); and antibiotic use
(D). 6BMWD: six-minute walk distance; and ATB: antibiotic. *p < 0.05.
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Figure 2. Comparison of the rate of FEV, decline between
subjects with low and high variation in FEV, (AFEV,) in the
first year. *p = 0.04.

disease. The findings of the present study demonstrate
that subjects who showed greater variation in FEV,

over a one-year period had a greater decline in lung

J Bras Pneumol. 2015;41(6):509-515

function over the next two years of monitoring.
However, the correlation was not strong, which might
be explained by the fact that the study sample was
composed of young subjects with preserved nutritional
status and mild pulmonary impairment. In addition, our
findings show that there was a moderate correlation
between the AFEV, in the first year and the rate of
FEV, decline over the two following years, indicating
that greater variation in lung function over a one-year
period translates to a higher rate of decline in lung
function in subsequent years. In a previous study,®
FEV, variations = 13% were found to be predictive
of more rapid clinical progression of lung impairment
in CF, and lesser changes were attributed to normal
fluctuations in the test. However, other studies have
suggested that better lung function is associated with
greater variability on the test.(??

Subjects for whom the AFEV, in the first year was
greater showed a reduction in lung function over the
next two years of monitoring. That finding demonstrates
that, although the determination of FEV/ is considered a
useful tool for monitoring the progression of pulmonary
impairment in patients with CF, calculating the AFEV,
could be a complementary monitoring tool, given that



it could be used earlier than can the measurement of
FEV, at a single time point, because, in many cases,
the latter is associated with increased mortality only
in the advanced stages of the disease.*??!Y) In the
present study, the subjects who showed a > 10%
AFEV, in the first year presented a more pronounced
decline in FEV, over the two following years.

As previously mentioned, the multiple linear
regression model showed that 27% of the rate of
FEV, decline over the next two years of monitoring
could be explained by the AFEV, during the first year.
This result highlights the importance of assessing the
variation in lung function over a relatively short period
of time, given the observed decrease in lung function
thereafter. Therefore, we believe that such assessment
can represent an additional, useful tool for monitoring
disease progression in CF, because an isolated reduction
in FEV, is often seen only in the advanced stages of
the disease. Nevertheless, when analyzing the data on
variability, we found that approximately 46% of our
subjects had a low baseline FEV,, with a consequent
increase in FEV, over the first year, showing that this
parameter indicates the variability in lung function
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in general, rather than specifically indicating the
progressive decline expected in CF.

On the basis of a recent review of the literature, we
believe that this is the first study to show that short-
term variation in lung function is associated with worse
clinical outcomes over time in CF patients. Our findings
demonstrate that subjects who showed greater AFEV, in
the first year were more likely to require hospitalization
in the third year. These findings corroborate those of
previous studies showing that pulmonary exacerbations
cause a decline in lung function over time and that
a decline in FEV, is associated with the severity of
pulmonary exacerbations, requiring hospitalization
and intravenous administration of antibiotics.”:>3:?9 In
addition, a decrease in FEV, seems to be a predictor
of hospitalization and mortality in CF,¢'3 and we
found that AFEV, over a one-year period had a similar
relationship with CF outcomes in the present study.

Previous studies have found an association between
the use of antibiotics and a decline in lung function in
patients with CF.?%) In the present study, we found
no statistically significant correlation between AFEV,
in the first year and antibiotic use. That might be
attributable to the small size of our sample and the
short study period. Other authors have shown that
the use of intravenous antibiotics to treat pulmonary
exacerbations is a risk factor for the decline in lung
function over time in CF patients.?*2 In addition, it
has been suggested that consecutive exacerbations
over a short period of time contribute to the progression
of lung disease. Furthermore, one previous study
demonstrated that the occurrence of three pulmonary
exacerbations per year increases the risk of a decline
in FEV, by approximately 5%.¢®

The 6MWT is featured as an important tool for the
functional assessment of individual responses to
exercise, providing a comprehensive analysis of the
cardiovascular and pulmonary function, in the general
population as well as in individuals with CF.(**27 Impaired
lung function, malnutrition, and muscle weakness have
been described as playing major roles in determining
the physical performance of CF patients. In addition,
a higher respiratory rate, with reduced tidal volume
ventilation and hypoxemia, also seems to limit physical
activity.(?”.?8) Recent studies have shown that there is
a significant correlation between the 6MWD and other
important clinical outcomes, such as FEV,, FVC, and
disease severity, in CF patients.*4239 In our study,
subjects who showed a greater AFEV| in the first year
also presented a below-normal 6MWD in the third

Table 2. Multiple linear regression of the rate of FEV, decline over the course of two years (the second and third years

of the study period).

Parameter B

Standard error of B

Constant
Variation in FEV, in the first year (%) -53.494

12.014 6.415
15.323

95% ClI P R?
Minimum  Maximum
-1.036 25.065
-84.668 -22.319 0.001 0.27

B: unstandardized coefficient; and R?: coefficient of determination.

J Bras Pneumol. 2015;41(6):509-515

513



* Variation in lung function is associated with worse clinical outcomes in cystic fibrosis

514

year, indicating that the calculation of AFEV, can be an
important tool for predicting functional worsening in CF
patients. Although two equations have been devised
for standardizing 6MWD values in Brazil,(3'3?) we chose
to use international reference values,® because the
latter include the entire age range represented in our
sample and were generated from White individuals,
which is relevant given that the majority of the patients
in our sample were White.

Our study has certain limitations, primarily those that
are inherent to the use of a retrospective design and data
collection based on searches of secondary databases.

In addition, our sample was quite homogeneous in
terms of lung function and nutritional status.

In summary, our findings suggest that variation in
lung function over a one-year period is associated
with a higher rate of FEV, decline and worse clinical
outcomes in subsequent years. Assessing the AFEV, over
a relatively short period of time could, in conjunction with
routine monitoring of FEV,, contribute to the prediction
of disease progression. Therefore, the calculation of
this parameter might become an additional tool for
more careful monitoring of the clinical progression of
lung disease in patients with CF.
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