Physical Activity and Quality of Life Improvements
of Patients With Idiopathic Pulmonary Fibrosis Completing
a Pulmonary Rehabilitation Program

Ignacio A Gaunaurd PT PhD, Orlando W Gbémez-Marin MSc PhD, Carol F Ramos,
Constanza M Sol MSc, Meryl | Cohen PT DPT, Lawrence P Cahalin PT PhD,
Diana D Cardenas MD, and Robert M Jackson MD

INTRODUCTION: Pulmonary rehabilitation is effective for patients with COPD, but its benefit is
less clearly established in idiopathic pulmonary fibrosis (IPF), especially in regard to levels of
physical activity and health-related quality of life. The objectives were to determine whether pul-
monary rehabilitation increased physical activity as assessed by the International Physical Activity
Questionnaire (IPAQ), and improved quality of life and symptoms as assessed by the St George
respiratory questionnaire for |PF (SGRQ-1) and the Borg dyspnea index (BDI). METHODS: Sub-
jects who met current criteria for 1PF were randomized to a 3-month pulmonary rehabilitation
program (n = 11) or to a control group (n = 10). The rehabilitation group participated in twice-
weekly, 90-min exercise sessions (24 total sessions). The control group maintained its preceding,
normal physical activity. All subjects underwent 6-min walk tests to assess the postexertion BDI.
The SGRQ-I and a 5-point self-assessment of health were completed at baseline, after 3 months of
intervention or observation, and after 3-month follow-up. All subjects completed the IPAQ weekly.
RESULTS: Subjects in the rehabilitation group maintained significantly higher levels of physical
activity throughout the 3-month rehabilitation program (rehabilitation: 51,364 * 57,713
[mean = SD] metabolic equivalent of task-minutes; control: 20,832 = 37,155, P = .027 by 2-tailed
Mann-Whitney test). SGRQ-I symptom domain scores improved considerably by —9 + 22 in the
rehabilitation group, whereasin the control group they worsened (16 = 12 rehabilitation compared
with control, P = .013 by 2-tailed Mann-Whitney test). During the 3-month follow-up, self-reported
physical activity levels in the rehabilitation group were 14,428 = 8,884 metabolic equivalent of
task-minutes and in the control group 16,923 + 32,620 (P = .17 by 2-tailed Mann-Whitney test),
demonstrating substantial reversal of activity in the rehabilitation group. BDI scores after 6-min
walk tests did not change significantly. CONCLUSIONS: A 3-month rehabilitation program sig-
nificantly improved symptoms (SGRQ-1) and physical activity levels (IPAQ) in subjects with 1PF
whilethey participated actively in the program. (Clinical Trials.gov registration NCT01118221.) Key
words: idiopathic pulmonary fibrosis;, pulmonary rehabilitation; exercise; quality of life. [Respir Care
2014;59(12):1872-1879. © 2014 Daedalus Enterprises]

Introduction
Physical activity and quality of life improvements in

patients with COPD who have participated in pulmonary
rehabilitation are well documented.r Such clear benefits
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have not been reported in patients with interstitial lung
diseases (ILD) and, in particular, not in patients with id-
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iopathic pulmonary fibrosis (IPF), the most common and
severe fibrotic ILD.2 IPF is usually progressive and poorly
amenable to therapy.2 In a limited number of studies, phys-
ical training in the form of pulmonary rehabilitation ap-
peared not to improve dyspnea in patients with various
ILD, and quality of life improved only marginally after
training.# Additional investigation is needed to determine
benefits of pulmonary rehabilitation, if any, for patients
with ILD, especially for those with IPF in regard to its
effects on physical activity and quality of life.> No previ-
ous studies have examined effects of pulmonary rehabili-
tation on the level of physical activity in carefully selected
subjects with IPF.

We designed a pulmonary rehabilitation program for
patients with IPF. We then investigated both mechanisms
of exercise limitation and possible beneficial effects of
physical training on sustained and peak exercise. The goals
of this pilot study were to determine how a 3-month, twice
weekly pulmonary rehabilitation program influenced phys-
ical activity and quality of life of patients with IPF, and
whether these effects persisted during a subsequent 3-month
observation period. We used the International Physical
Activity Questionnaire (IPAQ) to estimate physical activ-
ity levels and the St George Respiratory Questionnaire for
IPF (SGRQ-I) at baseline, after the 3-month intervention
(rehabilitation) or observation period (control), and 3 sub-
sequent months following the intervention period.67 We
hypothesized that differences in physical activity, quality
of life, and postexertional dyspnea would be found be-
tween the rehabilitation and control groups.

Methods
Study Participants

The Miami Veterans Affairs Health System Institutional
Review Board approved this study. IPF cases were defined
according to American Thoracic Society-European Respi-
ratory Society clinical diagnostic criteria.® Inclusion and
exclusion criteria were identical to those described else-
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Current knowledge

Pulmonary rehabilitation is a comprehensive interven-
tion including education, training, and behavior modi-
fication aimed at improving quality of life in patients
with chronic respiratory disease. Pulmonary rehabilita-
tion has been effective in improving quality of life in
COPD, but has not been widely studied in IPF.

What this paper contributes to our knowledge

A pulmonary rehabilitation program benefits patients
with IPF by enhancing their level of physical activity
while in the program and by significantly reducing dis-
ease burden. The long-term impact was not evaluated.

where.?10 To screen and define cases, we consistently used
the following diagnostic scheme. Three major criteria were
required, including exclusion of other known causes of
ILD, abnormal pulmonary function tests, and bibasilar,
reticular abnormalities with minimal ground glass opaci-
ties on high-resolution computed tomography. We also
required 3 of the 4 following minor criteria: age over 50 y,
insidious onset of dyspnea, duration of symptoms over 3
months, and bibasilar, inspiratory Velcro-like crackles.®
All enrolled subjects were ambulatory out-patients.
Patients were screened by echocardiography at rest to
estimate right ventricular systolic pressure.1! High-resolu-
tion computed tomographic scans of the chest were re-
quired to show a usual interstitial pneumonia pattern.:2
Eligible subjects were assigned by block randomization to
either the rehabilitation or control group according to a
random number program. The distribution of subjects
screened and randomized is summarized in Figure 1.

Experimental Design

Twenty-one subjects were randomly assigned to undergo
either a 3-month pulmonary rehabilitation program (reha-
bilitation group = 11) or no organized exercise (control
group = 10), after which both groups were followed for an
additional 3 months. At each time period’s end, a 6-min
walk test (6BMWT), cycle ergometry, SGRQ-I with health
self-assessment, and IPAQ were done. All subjects com-
pleted the IPAQ weekly. Control subjects (n = 10) were
evaluated at the same time points, but they did not partic-
ipate in organized exercise.

6-min Walk Test Protocol

The 6MWT was done according to American Thoracic
Society guidelines.®3 If subjects used supplemental oxygen
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Fig. 1. Selection and disposition of subjects. We screened 72 IPF
patients for eligibility and enrolled 25. Fourteen were assigned to
rehabilitation and 11 to the control (observation only) group. Two
rehabilitation subjects and 1 control subject chose to leave the
trial. One rehabilitation subject died of respiratory failure during
the trial. Twenty-one subjects completed the trial, and their data
are presented here.

at the initial evaluation, they used the same level of sup-
plemental oxygen during each subsequent test. Heart rate,
blood pressure, S,o , and Borg dyspnea index (BDI) were
recorded.4

Pulmonary Function Tests

Pulmonary function tests were done in the Pulmonary
Function Laboratory of the Miami Veterans Affairs Health-
care System using clinically certified, computerized spi-
rometry and plethysmography equipment.

Rehabilitation Program

The rehabilitation group participated in a rigorously
structured, 12-week pulmonary rehabilitation program that
included educational lectures and supervised aerobic and
strengthening exercises. Subjects participated in 2 90-min
sessions per week and were required to complete all 24
treatment sessions. Ten educational lectures were provided
throughout the 12-week program, including medication
use, breathing techniques, exercise training, nutrition, pul-
monary physiology, and psychological coping mechanisms
among others. Handouts were provided to the control sub-
jects so they could read the lecture content.

Supervised exercise included 30 min of cardiopulmo-
nary endurance training, 20 min of flexibility exercises,
and 25 min of strength training. Cardiopulmonary endur-
ance training reached targeted goals of 20 min of treadmill
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walking (Life Fitness Club Series treadmill) and 10 min of
recumbent cycling (Lifecycle 9500 exercise bike). The
intensity of the endurance training was set at 70—80% of
the maximum predicted heart rate for each subject. The
total metabolic equivalent of task minutes (MET-min) for
treadmill and cycle exercise were calculated at each ses-
sion.15 Participants progressed as tolerated from interval
conditioning to walking or cycling continuously for the
targeted time. S, , BDI, and vital signs, including heart
rate and blood pressure, were monitored and recorded dur-
ing aerobic conditioning.

Participants receiving supplemental oxygen therapy be-
fore study enrollment used oxygen during the rehabilita-
tion sessions. Supplemental oxygen was provided from a
compressed source as needed during exercise sessions to
maintain S, above 88%. Short rest intervals were taken
when S level fell below 88%.

Stretches were designed to target musculoskeletal re-
strictions typical of a chronically ill population.1® These
consisted of corner stretches for the pectoral muscles, lower
cervical and upper thoracic stretches for cervical spine and
upper back muscles, thoracolumbar side bends for lateral
trunk flexors and intercostal muscles, knee extension
stretches for hamstring muscles, standing knee flexion for
quadriceps muscles, and standing forward lunges for gas-
trocnemius muscles. Stretches were held for at least 30 s
3 times at each session.

Strength training targeted major muscle groups. Upper
body exercises were done during first and second treat-
ment sessions and lower body exercises during the third
and fourth sessions. The first session included sitting or
standing biceps curls, mid-back rowing, and shoulder flex-
ion. Sitting or standing chest presses and triceps exten-
sions were done during the second session. Lower body
exercises during the third included standing hip abduction
and extension. The fourth included seated knee flexion and
extension. The 4 sessions were then repeated. Subjects
began strength training using a yellow therapeutic band
while doing 2 sets of 10 repetitions for each exercise and
progressing to 3 sets of 15. Strength training was advanced
to 3 sets of 15 repetitions from a red therapeutic band and
to a green band.

A home exercise program and therapeutic bands were
provided to participants in the rehabilitation group. The
physical therapist instructed them to exercise at home twice
a week on days they did not do pulmonary rehabilitation.

Data Collection and Outcome M easur es

The IPAQ short form version was completed weekly by
each subject throughout the 6-month period to record phys-
ical activity over the prior 7 d. The IPAQ records the
number of days per week of vigorous or moderate activity,
walking and sitting, and the time of each per day.6 IPAQ
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results were compiled at baseline, following the 3-month
rehabilitation or observation (controls) and the subsequent
3-month follow-up period.

A 5-point scale for self-assessment of health and the
SGRQ-I were completed at baseline, after pulmonary re-
habilitation or observation (controls), and again after the
subsequent 3-month follow-up, to assess quality of life and
effects of rehabilitation on symptoms, activity, and impact
on health.” The self-assessment of health consisted of a
scale with responses coded from 1 to 5 corresponding to
very poor, poor, fair, good, or very good.

We recorded the BDI before and after the 6MWT at 0,
3, and 6 months to assess the effects of physical training
on breathlessness and whether effects persisted during a
subsequent 3-month observation period after the rehabili-
tation program.14

Statistical Analyses

Data are presented as arithmetic means = SD unless
noted. Paired t tests or Wilcoxon signed rank tests were
used for within group comparisons. Independent sample
t tests or Mann-Whitney tests were used for between group
comparisons when examining 6SMWT, SGRQ-I, IPAQ, and
postexertion BDI scores at baseline, after 3 months of
rehabilitation or observation periods, and after subsequent
3-month follow-up. IPAQ MET-min were calculated using
the IPAQ short form scoring guidelines.® A generalized
linear model was used to analyze trends in IPAQ area
under the curve MET-min.17 Statistical significance was
defined as P < .05. SAS 9.3 (SAS Institute, Cary, North
Carolina) and SigmaPlot 12 (Systat Software, San Jose,
California) were used for data analysis. All statistical tests
were 2-sided and conducted at a nominal 5% level of
significance.

Results

Characteristics and Disposition of the Subjects

All subjects at enrollment met American Thoracic So-
ciety-European Respiratory Society criteria for IPF.8 Co-
morbidities were thus limited to common, non-life-threat-
ening conditions that occur in this age group. Eleven
subjects in the rehabilitation group and 10 in the control
group completed the entire 6-month study and were ana-
lyzed and reported here. The participants’ baseline char-
acteristics are presented in Table 1.

At enrollment, subjects had mild to moderate restriction
of lung volumes (mean FVC 61 = 12% of predicted) and
moderate to severe diffusion impairment (mean diffusing
capacity for carbon monoxide [D, co] 44 = 10% of pre-
dicted).
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Table 1.  Baseline Characteristics of Study Participants by Group
Rehabilitation Control
Variable Group* Group** P
(n=11) (n=10)
Age (y) 71+6 66 =7 .09
Weight (kg) 97 = 20 92 + 21 .58
Height (cm) 175 = 10 166 = 12 .08
FVC (% predicted) 60 + 11 61 + 14 .86
FEV,/FVC (ratio) 0.84 = 0.04 0.86 = 0.05 .69
TLC (% predicted) 58 + 8 60 = 12 66
D\ co (% predicted) 44 + 11 43 =11 .84
MVV (L/min) 69 + 16 75 + 26 53
Spo, (%) 95+ 3 96 + 2 .39
6MWT distance (m) 361 + 55 339 = 109 .58
RVSP (mm Hg) 33+ 17 37 +18 61

Data are means = SD.

* The control group did normal activities for 3 mo.

** The rehabilitation group completed a 12-wk, twice weekly pulmonary rehabilitation
program.

TLC = total lung capacity

MVV = maximum voluntary ventilation

6MWT = 6-min walk test

RVSP = right ventricular systolic pressure

We carefully excluded patients with IPF who had de-
compensated heart failure, severe pulmonary hypertension,
and diseases expected to shorten their predicted survival,
such as lung cancer. A number of common comorbidities
occurred in the study population including (in decreasing
frequency) hypertension (12 of 21), gastroesophageal re-
flux disease (9), hyperlipidemia (9), diabetes mellitus (5),
depression (2), and history of heart disease (1). The co-
morbidities were relatively evenly distributed between the
control and rehabilitation groups.

SGRQ-|

Subjects completed the SGRQ-I initially, after 3-month
rehabilitation or control group participation, and again af-
ter a subsequent 3-month observation. Those who com-
pleted the 12-week rehabilitation program experienced a
clinically important improvement in the symptoms domain
score compared with the controls, who experienced sig-
nificant worsening (P = .01). These data are summarized
and presented in Table 2. Otherwise, activity, impact, and
total scores did not change significantly after the 3-month
rehabilitation program.

As shown in Table 3, at baseline, 3-month, and 6-month
visits significant negative Spearman rank correlations
ranging from —0.26 to —0.53 were observed between
self-reported heath scores, SGRQ-I domain scores and the
total scores, when all enrolled subjects were considered
together.
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Table 2. Effects of Pulmonary Rehabilitation on Changes in SGRQ-

I Symptom Scores

Rehabilitation Control

(n=11) (n = 10) P

3 mo compared to 0 mo

Mean = SD —-9.1+222 155 +12.3 .01

95% ClI —24.0t05.9 6.6 t0 24.3

p** .262 .014
6 mo compared to 3 mo

Mean = SD 7.2 *+16.3 —13.4 £ 28.0 .06

95% ClI —3.8t018.1 —3351t06.5

p** .205 .036

* Mann-Whitney test 2-tailed P value: rehabilitation compared to control.

** Normal approximation to Wilcoxon signed rank test 2-tailed P value for within group
changes.

SGRQ-I St George respiratory questionnaire for idiopathic pulmonary fibrosis

Table 3. Self-Assessment of Health (0-5) Correlates With SGRQ-I
Scores
R* (P)**
SGRQ-I Module
Baseline 3 mo 6 mo

Activity —0.40 (.077) —0.62 (.003) —0.37 (.126)
Impact —0.69 (.001) —0.66 (.002) —0.40 (.098)
Symptoms —0.43 (.050) —0.58 (.007) —0.46 (.053)
Total —0.59 (.006) —0.67 (.001) —0.52 (.027)

Data include all enrolled subjects (N = 21).

* Spearman rank correlation coefficients for health self-assessment score and SGRQ-I scores.
** Corresponding P values are shown in parentheses.

SGRQ-I = St George respiratory questionnaire for idiopathic pulmonary fibrosis

IPAQ

We used self-reported physical activity during each week
of the study to calculate cumulative weekly MET-min ex-
erted by each participant.1® We calculated areas under the
curves from 0 to 3 months and from 3 to 6 months to
compare effects of the rehabilitation program on activity
and determine whether it persisted after rehabilitation.

During the first 3-month period, subjects participating
in the rehabilitation program had significantly greater self-
reported physical activity (51,364 = 57,713 MET-min)
than did controls (20,892 + 37,155, P = .03 by 2-tailed
Mann-Whitney test). During the subsequent 3-month ob-
servation period (ie, after completion of rehabilitation),
subjects in both groups reverted to similar physical activ-
ity levels (rehabilitation 14,428 =+ 8,884; controls
16,793 + 32,620, P = .17 by 2-tailed Mann-Whitney test).
These data are shown in Figure 2. Similar changes were
found when moderate physical activity was considered
alone. No significant differences were found when walk-
ing or vigorous physical activities were compared sepa-
rately.
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Fig. 2. Self-reported total physical activity during pulmonary reha-
bilitation and subsequent 3-month observation period. We as-
sessed levels of total physical activity subjectively by having sub-
jects complete the IPAQ short form weekly during the initial 3-month
pulmonary rehabilitation period, and subsequently during a
3-month observation period. Both control and rehabilitation sub-
jects completed the questionnaire by telephone or during rehabil-
itation sessions, respectively. Physical activity levels were quan-
tified and expressed as areas under the curve generated by plotting
the total metabolic equivalent of task-minutes (MET-min) reported
and then integrating with respect to time over each 3-month ep-
och. Subjects participating in pulmonary rehabilitation had signif-
icantly higher self-reported levels of physical activity compared
with controls (2.5-fold) during the initial 3 months. However, this
increase was not sustained during the subsequent 3-month ob-
servation period, when both groups reported nearly identical lev-
els of activity. * P = .02 compared with controls during months
0-3. ™ P = .01 compared with the 3—6-month rehabilitation level.

Post-Rehabilitation Physiology

Total lung capacity, FVC, and D, oo did not change
significantly in either group over the 6-month study pe-
riod. However, the D, oo tended to decrease over that pe-
riod only in the control group (exploratory analysis by
one-tailed, paired t test showed that P = .04 for the base-
line D, co compared with the 6-month D, o).

Discussion

Symptoms limit activity and impair the quality of life of
patients with IPF. No effective pharmacotherapy for IPF
exists, so improvement in quality of life is needed and
avidly sought by patients. Dyspnea is the cardinal symp-
tom of IPF, and it may be disabling at low activity levels.
Weakness, presumably due to skeletal muscle dysfunction,
might also limit the ability of IPF patients to do physical
tasks.18 Relief of such symptoms would improve quality of
life and enhance physical activity.

We specifically tested whether a 3-month pulmonary
rehabilitation program increased physical activity levels,
as shown by the IPAQ short form, and improved IPF
patients’ quality of life, as measured by the SGRQ-1. We
studied 21 well-characterized subjects, all of whom met
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contemporary American Thoracic Society-European Re-
spiratory Society criteria for IPF. The study population is
not directly comparable to other studies, which often in-
clude subjects with other interstitial lung diseases.*

IPF presents a unique therapeutic challenge in that it is
usually progressive and occurs commonly in older indi-
viduals. Physical training of patients with IPF will likely
require specifically targeted approaches that take into ac-
count the rapid development of hypoxemia during exer-
cise, limiting dyspnea, and skeletal muscle dysfunction
that result from tissue hypoxia and systemic oxidant
stress.10.16

Improvement of quality of life is clearly important for
patients with IPF, since both physical health and level of
independence are negatively impacted by the disease. These
might be worsened by the presence of depression,’® as
dyspnea appears related both to the quality of life and
degree of depression. Because we did not use a specific
measure of depression, we do not comment on the effect,
if any, of depression on our results.

When assessed by the Short Form-36 (SF-36) for mea-
suring health-related quality of life, worsening correlates
with lower vital capacity and 6-min walk distance.2° Males
tend to be more severely impacted by dyspnea than fe-
males in regard to quality of life.2t Although pulmonary
function and oxygenation were each correlated with the
SGRQ score in 41 patients with IPF, dyspnea was the most
prominent variable (based on regression analysis) contrib-
uting to impaired quality of life.5

We used aversion of the SGRQ specific for IPF (SGRQ-1)
to assess subjects’ subjective wellbeing and response to
exercise training. This version eliminates a number of items
not relevant to IPF, and it encompasses a new scoring
scheme. It correlates well with the original SGRQ, while
focusing on items more relevant to IPF.7 Over the 3-month
study period, symptoms decreased in the rehabilitation sub-
jects, whereas they increased in the control subjects. These
changes were both clinically important and statistically
significant based on the accepted minimum important dif-
ference for SGRQ scores. We found that a simplified 5-point
scale provided similar information regarding perceived
health. Participation in the rehabilitation program had a
beneficial effect in regard to decreasing symptoms.

Pulmonary rehabilitation of patients with IPF minimizes
specific IPF-related symptoms, but it does not produce a
global improvement in health related quality of life.22.23.24
Meta-analysis revealed a small beneficial effect of pulmo-
nary rehabilitation on quality of life immediately after train-
ing; it appeared to not persist over the long term, making
our results consistent with the literature.# After 6 months,
no differences in symptom scores were present.

Next, we assessed whether pulmonary rehabilitation in-
creased physical activity levels of subjects. Rehabilitation
subjects clearly had significantly increased physical activ-
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ity levels during the initial 3-month period (see Fig. 2).
Self-reported activity during the time included activities at
home and during rehabilitation sessions. An increase in
physical activity occurred despite no measurable change in
dyspnea. Controls reported activity that occurred at home
and elsewhere, but they did not participate in organized
exercise. During the subsequent 3-month observation, those
who had completed the rehabilitation protocol did no more
physical activity than those in the control group. Despite
recommendations to maintain exercise at home, it is clearly
apparent from our data that rehabilitation subjects had not
done this, indicating that participation in a formal program
increased compliance.

This pulmonary rehabilitation program aimed primarily
at increasing endurance and strength improved daily phys-
ical activity and quality of life of patients with IPF. We
assessed both using standardized and previously validated
guestionnaires, which captured the subjects’ daily levels of
physical activity (IPAQ) and their perceived health and
symptoms (SGRQ-I).7:25 Physical activity is limited in IPF
patients by dyspnea and fatigue, which may be worsened
by muscular weakness. Physical activity in IPF is also
limited by severe oxygen desaturation, which requires high
levels of supplemental oxygen. Although the ultimate level
of physical activity may in part be culturally or behavior-
ally determined, it is an important determinant of survival
in patients with COPD. It is thus reasonable and consistent
with our results that patients with IPF would likewise ben-
efit from increased levels of daily physical activity.2¢

Subjective quality of life is dependent on many factors,
including functional status and symptoms. Both the SF-36
and the SGRQ are useful in assessing quality of life in
patients with IPF. Dyspnea significantly influences a num-
ber of the SF-36 components.28 Other factors, including
mobility, social relationships, leisure activities, and energy
levels, are reflected in questionnaire scores and represent
important components of the quality of life.28

Changes in the SGRQ domain scores reflect important
changes in the clinical status of individuals with IPF, and
minimum important differences are represented by changes
of 5-8 points in the SGRQ score.”26 We used a version of
the SGRQ that is specific for patients with IPF (SGRQ-I),
which retains the most reliable items for assessing health
status.” Pulmonary rehabilitation significantly improved
symptoms as assessed by the SGRQ-I and clearly aug-
mented self-reported physical activity as reflected by the
IPAQ, indicating that pulmonary rehabilitation can im-
prove quality of life.2®

This investigation is limited by a number of issues re-
lated to the clinical problem and the use of subjective
instruments to accrue data. First, because IPF is a rare
disease (< 200,000 cases in the United States) and be-
cause of our use of a strict case definition, the final sample
size was small. Sufficient power was demonstrably
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achieved in this pilot study to assess changes in the SGRQ-I
for the symptoms domain and physical activity levels as
assessed in the IPAQ. Questionnaires are innately subjec-
tive and prone to errors in recall and responses. The IPAQ
does not correlate well with objective measures of physi-
cal activity.6 Our design applied the IPAQ identically to
the control and rehabilitation groups, and we do not be-
lieve the validity of responses would differ systematically
between groups. We also used the IPAQ as a repeated
measure, as recommended.® Subjects in this study were
often limited during exercise training by severe hypox-
emia (not fully corrected by high-flow supplemental
oxygen) and dyspnea, so that the intensity of training
may have been insufficient to produce maximum improve-
ment.

We calculated the area under the cumulative MET-min
(as reported weekly for 3 months) curve to generate the
total MET-min exerted over the 3-month interval. This
depends on self-reported recollection of physical activity
levels, and is subject to recall variability and highly sub-
jective assessments of the physical activity levels. None-
theless, these data confirm a significant increase in phys-
ical activity during rehabilitation, and also show that this
does not persist after pulmonary rehabilitation has been
completed. A rehabilitation program that continues indef-
initely might be of more value in maintaining increased
physical activity.

Conclusions

In summary, we found that pulmonary rehabilitation
benefits patients with IPF by enhancing their level of phys-
ical activity while in the program and by significantly
reducing the disease’s symptom burden. Such results should
spur further multicenter investigations toward specific ex-
ercise therapy for patients with IPF and other interstitial
lung diseases.
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