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BACKGROUND: Although pulmonary rehabilitation (PR) has been reported to improve exercise
capacity in patients with idiopathic pulmonary fibrosis, it is unknown which exercise measurement
is the most responsive for evaluation of PR efficacy. The purpose of this study was to compare the
responsiveness of 5 exercise measurements by evaluating the efficacy of PR in subjects with idio-
pathic pulmonary fibrosis. METHODS: We conducted a prospective observational study in which
53 subjects with idiopathic pulmonary fibrosis were enrolled. The PR group underwent a 10-week
out-patient PR program. The control group was observed without any additional intervention,
including PR. Five exercise measurements (endurance time [ET], peak work rate, peak oxygen
consumption [V̇O2

], 6-min walk distance, and incremental shuttle walk distance) were evaluated at
baseline and after 10 weeks. The effect size was used for the assessment of responsiveness. RESULTS:
In each group, 24 subjects completed the 5 measurements at baseline and after 10 weeks. The
changes in ET (PR: 181.6%; control: �8.2%), peak V̇O2

(PR: 7.6%; control: �5.4%), peak work
rate (PR: 15.1%; control: �5.1%), 6-min walk distance (PR: 6.0%; control: �3.8%), and incre-
mental shuttle walk distance (PR: 9.1%; control: �5.1%) were significantly different between the
groups after 10 weeks (P < .05). In the PR group, ET showed the most striking improvement among
the 5 measurements (P < .05), and its effect size was as large as 2.96, whereas those of the others
were all < 0.5. CONCLUSIONS: ET is the most responsive exercise measurement for evaluating
PR efficacy in patients with idiopathic pulmonary fibrosis. Key words: endurance time; idiopathic
pulmonary fibrosis; pulmonary rehabilitation; exercise capacity; responsiveness. [Respir Care
2014;59(7):1108–1115. © 2014 Daedalus Enterprises]

Introduction

Idiopathic pulmonary fibrosis is a chronic progressive
disorder with significant morbidity and mortality.1 Several

retrospective longitudinal studies suggest a median sur-
vival time of 2–3 y from the time of diagnosis.1 Patients
with idiopathic pulmonary fibrosis have significantly re-
duced exercise capacity as manifested by a reduced 6-min
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walk distance (6MWD) and reduced maximum oxygen
uptake (V̇O2

).2,3

Exercise capacity is considered to be one of the most
important outcome measurements in chronic lung diseases.
In patients with idiopathic pulmonary fibrosis, poor exer-
cise capacity indicates a poor prognosis,4 and a recent
study demonstrated that exercise capacity contributes to
physiologic function and health-related quality of life.5

Exercise capacity measurements have been utilized as a
primary end point in several clinical trials for patients with
idiopathic pulmonary fibrosis, although most of them failed
to show positive results.6,7 Only pulmonary rehabilitation
(PR) has successfully demonstrated improvement of exer-
cise capacity.8,9

Exercise capacity in general has been evaluated in sev-
eral ways, including field walk tests, such as the 6-min
walk test (6MWT) and incremental shuttle walk test
(ISWT), and cardiopulmonary exercise tests. In patients
with COPD, several studies have reported that endurance
time (ET) measured using a cycle ergometer test is repro-
ducible and more responsive to interventions, including
drug therapy, than measurements obtained with a maximal
test.10,11 Moreover, a recent study evaluating the synergis-
tic effect of drugs and PR successfully demonstrated an
improvement of exercise capacity with ET as outcome.12

However, in patients with idiopathic pulmonary fibrosis,
the responsiveness of ET as an exercise measurement has
not been fully investigated. We hypothesized that ET would
also be a more responsive exercise measurement in pa-
tients with idiopathic pulmonary fibrosis.

The purpose of the study was to compare the respon-
siveness of 5 exercise measurements by evaluating the
efficacy of PR in subjects with idiopathic pulmonary fi-
brosis.

Methods

Subjects

Subjects were patients referred to the out-patient clinic
of the Tosei General Hospital (Aichi, Japan) between June
2005 and May 2011. Inclusion criteria were (1) � 75 y
old, (2) diagnosis of idiopathic pulmonary fibrosis, (3)
shortness of breath on effort, and (4) stable clinical con-
dition with no infection or exacerbation in the previous
3 months. Exclusion criteria were severe comorbid ill-

nesses, collagen vascular diseases, and need for long-term
oxygen therapy.

The diagnosis of idiopathic pulmonary fibrosis was made
in accordance with the American Thoracic Society/Euro-
pean Respiratory Society statement13 using the following
major criteria: (1) exclusion of other known causes of
interstitial lung disease, (2) abnormal pulmonary function
with restriction and impaired gas exchange, (3) bibasilar
reticular abnormalities with minimum ground-glass opac-
ities on high-resolution computed tomography, and (4)
transbronchial lung biopsy or bronchoalveolar lavage show-
ing no features to support an alternative diagnosis. Minor
criteria included (1) � 50 y old, (2) insidious onset of
otherwise unexplained dyspnea on exercise, (3) duration
of illness � 3 months, and (4) bibasilar inspiratory crack-
les. All of the major and at least 3 of the 4 minor criteria
had to be satisfied. For those with a surgical lung biopsy
specimen showing usual interstitial pneumonia, only the
major criteria were considered relevant.

At the time of the study, none of the subjects were current
smokers. Informed consent was obtained from all who par-
ticipated. This study was approved by the ethics committee of
the Tosei General Hospital (approval No. 213).

Study Design

This was a prospective observational study in which
subjects consented to evaluation with predetermined mea-
surement schedules for 10 weeks. Fifty-three subjects with
idiopathic pulmonary fibrosis who had undergone evalu-
ation at diagnosis were included in this study. During their
observational periods, 26 subjects who also consented to
participate in a PR program were included in the PR group.
The other 27 subjects, who were observed without any
intervention, including PR or addition of new medicine,
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Current knowledge

Pulmonary rehabilitation (PR) has been shown to im-
prove exercise tolerance in patients with COPD and
chronic restrictive pulmonary disease. Measurement of
increased exercise capacity is commonly performed us-
ing the 6-min walk test.

What this paper contributes to our knowledge

Following a 10-week out-patient PR program with sub-
jects with idiopathic pulmonary fibrosis, endurance time
(ET) using cycle ergometry was the most responsive
exercise measurement. ET may be used to evaluate the
success of PR.
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were included in the control group. Measurements were
made at baseline, immediately following the 10-week PR
program in the PR group, and 10 weeks after baseline in
the control group.

Assessment

Subjects performed 4 exercise tests, including an incre-
mental load ergometry test (ILET), a constant load ergom-
etry test (CLET), a 6MWT, and an ISWT. With these 4
exercise tests, 5 exercise measurements were obtained as
described below. Measurements of body anthropometry,
pulmonary function tests, arterial blood gas tensions, grip
strength, quadriceps force, and respiratory muscle force
were also obtained.

Pulmonary Function Tests

Spirometry (Chestac-55V, CHEST MI, Tokyo, Japan)
was performed according to published recommendations.14

The single-breath diffusing capacity for carbon monoxide
was also measured. All values are expressed as a percent-
age of the predicted values reported by the Japan Society
of Respiratory Diseases.15

Muscle Strength Tests

Quadriceps force was measured using a dynamometer
(Cybex II, Lumex, Bayshore, New York). The peak torque
(newton-meters) was measured in both legs during a max-
imum isokinetic knee extension maneuver with the hip in
90° flexion.16 The highest value from at least 4 maneuvers
for each leg was recorded. Grip strength was measured
with a hydraulic hand dynamometer (Smedley Dynamom-
eter, TTM, Tokyo, Japan). Peak grip strength (newtons)
was assessed with each hand, with the shoulder and wrist
in neutral position. The highest value of at least 3 maneu-
vers was recorded for each hand. All subjects underwent
respiratory muscle testing to determine the maximum in-
spiratory pressure and maximum expiratory pressure. The
former was measured at residual volume, and the latter
was measured at near total lung capacity (Vitalopower
KH101, CHEST MI) according to the method proposed by
Black and Hyatt.17 The highest value from at least 3 ma-
neuvers was recorded.

Exercise Tests

ILETs were performed on an electronically braked cy-
cle ergometer (232CXL, Combi, Tokyo, Japan) in accor-
dance with published guidelines18 to evaluate maximum
exercise capacity and to determine the nature of the exer-
cise limitation. Gas exchange and ventilatory variables
were collected on a breath-by-breath basis using 8-breath

averaging (Centaura-2, CHEST MI). The protocol required
a 3-min unloaded phase followed by a 10-watt/min stage
at a pedaling rate of 60 rpm until the subject could no
longer continue because of severe dyspnea or leg fatigue.
Maximum heart rate was determined using the R-R inter-
val from a 12-lead electrocardiogram (CardioStar, Fukuda
Denshi, Tokyo, Japan). Peak values were defined as the
values averaged during the last 30 s of the highest work
load achieved. Peak values for V̇O2

and work rate during
exercise were recorded. The anaerobic threshold was deter-
mined by the V-slope technique. Work efficiency (oxygen
consumption during exercise) was determined as the ratio of
V̇O2

to work rate, which is the increase in V̇O2
divided by the

sum of the work loads (in watts) during exercise.
CLETs were performed to determine ET using the same

cycle ergometer used for the incremental test. The protocol
required 2 min of unloaded cycling followed by cycling at
60 rpm with a work rate equivalent to 80% of the peak
work rate obtained in the incremental test.10 The subjects
continued cycling at the constant submaximal work load.
They were stopped according to the same criteria as used
in the ILET, and ET was measured. The same work rate
was used to measure ET at the end of the PR program.

6MWTs were performed according to the American Tho-
racic Society statement.19 Subjects were instructed to walk
as far as possible in a 50-m-long corridor in 6 min. All
subjects had performed at least one test prior to study entry
for the purpose of excluding training effects. The total
distance walked was recorded as the 6MWD. After
10 weeks, the number of subjects whose distance changed
by the minimum important difference (34 m) of the
6MWD20 was counted.

ISWTs were performed in a 10-m course identified by 2
cones placed 0.5 m from each end point.21 All subjects had
performed at least one test prior to study entry for the purpose
of excluding training effects. The total distance walked was
recorded as the incremental shuttle walk distance (ISWD).

Subjects were asked to rate their dyspnea and leg fa-
tigue at the end of all tests using the modified Borg scale.
Transcutaneous SpO2

was monitored throughout all tests by
pulse oximetry (Pulsox-3Li, Minolta, Tokyo, Japan).

Pulmonary Rehabilitation Program

The program comprised twice weekly, supervised exer-
cise training for a period of 10 weeks in the Department of
Rehabilitation at Tosei General Hospital.8 The supervised
90-min sessions consisted of respiratory care, subject ed-
ucation, and endurance and strength training. Physical ther-
apists supervised the subjects to confirm that they per-
formed the endurance and strength training. Subjects
performed supervised training on a braked cycle ergome-
ter with target of 20 min of continuous cycling. The target
intensity was 80% of peak work rate obtained from the
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ILET. Subjects were monitored by pulse oximetry during
endurance training. Peripheral muscle strength training in-
cluded upper and lower limb resistance training with weight
machines, hand weights, or elastic bands. Respiratory mus-
cle training was performed using an inspiratory threshold
device (Threshold IMT, Philips Respironics, Murrysville,
Pennsylvania). The subjects trained with breathing at a
resistance that required 30% of maximum inspiratory pres-
sure for 15 min. Subjects recorded the number of periph-
eral and respiratory muscle strength training sessions in a
diary, and the diary was checked at each supervised ses-
sion. If desaturation was � 80% during the CLET, sub-
jects received oxygen therapy during exercise training.
Supplemental oxygen was given to maintain SpO2

above
80% during exercise training.

Statistical Analysis

The baseline characteristics between the 2 groups were
compared using unpaired t tests. Differences in the values
for each group before and after treatment were evaluated
using the paired t test. Change in outcome measurements
was expressed as the percent change before versus after
the program. Correlations between the change in the ex-
ercise measurements and muscle strength were assessed
by Pearson analysis. The effect size evaluated responsive-
ness22 and represented the mean change in the score di-
vided by the SD of the baseline scores. Cohen23 suggested
that effect sizes of � 0.2 to � 0.5 indicate small changes,
effect sizes of � 0.5 to � 0.8 indicate moderate changes,

and effect sizes of � 0.8 indicate large changes. The sig-
nificance of the differences in the change observed in the
5 exercise measurements was determined with a repeated
measures analysis of variance. When a significant differ-
ence was found, a post hoc analysis was performed with
the Bonferroni adjustment method to identify which dif-
ferences were significant. Changes in the outcome mea-
surements between the 2 groups were compared using un-
paired t tests. P � .05 was considered significant. All data
are given as mean � SD. Analyses were performed using
SPSS 17.0 (SPSS, Chicago, Illinois).

Results

Fifty-three patients were recruited to the study (Fig. 1).
Twenty-six subjects were included in the PR group and
began the PR program, and the 24 who completed the
program underwent a second evaluation. In the control
group, 27 subjects underwent baseline evaluation, and 24
of them underwent a second evaluation 10 weeks after
baseline. In total, 48 subjects with idiopathic pulmonary
fibrosis completed the study protocol and were enrolled in
the subsequent analysis. Lung function data, arterial blood
gas tensions, and exercise capacity at baseline were not
different between the 2 groups (Table 1). In the PR
group, 6 subjects received drug treatment during the
study period: either prednisolone alone (n � 3) or pred-
nisolone combined with cyclosporine (n � 3). In the
control group, 3 subjects received drug treatment during
the study period. Two subjects were treated with pred-

Fig. 1. Participant flow diagram. In the PR group, other indicates one patient received long term oxygen therapy due to severe hypoxia at
rest. In the control group, other indicates one patient received long term oxygen therapy (LTOT) and one patient participated in another
clinical trial study.
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nisolone alone, and one subject was treated with silde-
nafil alone.

Effects of the Rehabilitation Program

In the PR group, 24 subjects completed 20 training ses-
sions in the PR program. All subjects showed good adher-
ence. The baseline characteristics of the 2 groups, together
with their lung function data measured at baseline and
after 10 weeks, are summarized in Table 1. Lung function
and arterial blood gas tensions did change after 10 weeks
in either group. Table 2 shows the muscle strength and
exercise test data at baseline and after 10 weeks. In the PR
group, the grip strength, quadriceps force, maximum ex-
piratory pressure, and maximum inspiratory pressure im-
proved significantly after 10 weeks. In the control group,
measurements of muscle strength remained unchanged af-
ter 10 weeks. In the PR group, ET, peak work rate, anaer-
obic threshold, work efficiency, 6MWD, and ISWD im-
proved significantly after 10 weeks (P � .05), whereas
peak V̇O2

did not improve (P � .19). In the control group,
anaerobic threshold and work efficiency decreased signif-
icantly after 10 weeks (P � 0.009, P � 0.04). In the PR
group, the improvement of 10 subjects was greater than
the minimum important difference for the 6MWD. In the
control group, 8 subjects’ results were less than the min-
imum clinically important difference for the 6MWD.

We further analyzed effect sizes of each measurement
to assess responsiveness. In the PR group, a large effect
size (2.96) was observed for ET, whereas small effect
sizes (� 0.5) were observed for peak work rate, 6MWD,

and ISWD. In the control group, all 5 measurements re-
mained unchanged after 10 weeks.

The changes in peak V̇O2
(PR: 7.6 � 22.7%; control:

�5.4 � 16.5%, P � 0.03), peak work rate (PR:
15.1 � 35.4%; control: �5.1 � 16.7%, P � 0.02), ET
(PR: 181.6 � 195.1%; control: �8.2 � 49.7%, P � 0.001),
6MWD (PR: 6.0 � 7.3%; control: �3.8 � 12.9%,
P � 0.002), and ISWD (PR: 9.1 � 15.7%; control:
�5.1 � 21.6%, P � 0.01) were significantly different
between the PR and control groups after 10 weeks (Fig. 2).
In the PR group, ET showed the most striking improve-
ment of the 5 exercise measurements, increasing by 181.6%
(P � .01).

For all 48 subjects, the changes in ET significantly cor-
related with changes in anaerobic threshold (r � 0.50,
P � 0.01) and marginally significantly correlated with
changes in work efficiency (r � 0.28, P � .06). The changes
in ET did not correlate with changes in muscle strength,
including quadriceps force.

Discussion

The present study is the first to compare the responsive-
ness of 5 different exercise measurements in evaluating
the effects of PR in subjects with idiopathic pulmonary
fibrosis. We demonstrated that ET is the most responsive
exercise measurement in subjects with idiopathic pulmo-
nary fibrosis, as well as in subjects with COPD. The effect
size of ET following PR was large compared with those of
other exercise measurements. ET indicates submaximal
exercise capacity.10 Peak V̇O2

is the accepted standard for

Table 1. Lung Function and Arterial Blood Gas Tension Data at Baseline and After 10 Weeks

PR Group Control Group

Baseline 10 wk Baseline 10 wk

Male/Female (n) 16/8 16/8
Age, (y) 69.4 � 7.4 69.4 � 6.6
VC, (L) 2.08 � 0.75 2.01 � 0.71 2.22 � 0.68 2.17 � 0.72
VC, (% predicted) 70.8 � 18.1 71.5 � 16.4 75.7 � 16.0 74.2 � 17.1
FEV1, (L) 1.70 � 0.55 1.72 � 0.53 1.75 � 0.43 1.73 � 0.48
FEV1, (% predicted) 82.9 � 19.5 82.4 � 18.8 85.5 � 18.2 82.1 � 18.4
FEV1/FVC 0.84 � 0.08 0.82 � 0.10 0.82 � 0.10 0.82 � 0.09
DLCO, (mL/min/mm Hg) 7.92 � 2.88 7.98 � 2.93 7.69 � 2.82 7.67 � 2.77
DLCO, (% predicted) 49.7 � 15.9 49.8 � 18.4 47.7 � 17.4 47.4 � 16.5
PaCO2

41.3 � 4.0 41.0 � 4.4 40.7 � 4.5 41.7 � 5.6
PaO2

79.6 � 9.9 81.7 � 13.4 78.6 � 15.1 78.5 � 11.2

Data are presented as mean � SD.
PR � pulmonary rehabilitation
VC � vital capacity
DLCO � diffusing capacity of the lung for carbon monoxide
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exercise capacity.18 Peak work rate and ISWD indicate
performance measurements of maximum exercise capac-
ity.21 The 6MWD is a standard exercise measurement.19

The superiority of ET as a measurement of treatment ef-
ficacy has been studied in COPD. O’Donnell et al11 re-
ported that ET is both reproducible and responsive in eval-
uation of the efficacy of pharmacologic therapy in COPD.
Oga et al10 found that ET was the most responsive test in
detecting the effects of inhaled anticholinergic agents on
exercise performance in subjects with stable COPD. We
also recently reported that ET is the most responsive test
for detecting the effects of PR in COPD patients.24 Con-
sidering the superiority of ET as shown in COPD, evalu-
ation of ET in idiopathic pulmonary fibrosis in future trials
may show the favorable effects of intervention more ef-
fectively.

In the present study, PR showed the largest increase in
ET and moderately significant increases in peak work rate,
6MWD, and ISWD, but no significant change in peak V̇O2

.
Two recent randomized controlled trials in subjects with
idiopathic pulmonary fibrosis8 and interstitial lung dis-
ease9 provide support for the benefits of PR. The effect of

PR was measured by the 6MWT, and modest benefits
were observed. Kozu et al25 reported that PR produced
smaller 6MWD improvements in subjects with idiopathic
pulmonary fibrosis compared with patients with COPD.
The 6MWD may reflect the maximum exercise capacity,
as do peak work rate and ISWT.26,27 On the other hand, ET
measures the ability to sustain submaximal exercise ca-
pacity.10 ET can improve even if there is no significant
increase in maximum exercise capacity.10,28

In this study, ET and anaerobic threshold were improved
significantly after PR in subjects with idiopathic pulmo-
nary fibrosis. The changes in ET were significantly cor-
related with changes in anaerobic threshold. It is possible
that, in subjects with idiopathic pulmonary fibrosis, PR
also reduced exercise-induced lactic acidosis and increased
oxidative enzymes in the peripheral muscles, which would
have contributed to the improvement in ET. Work effi-
ciency was improved significantly after PR in subjects
with idiopathic pulmonary fibrosis. There was a weak as-
sociation between the change in work efficiency and the
change in ET. Low work efficiency often indicates inad-
equate oxygen transport during exercise and contributes to

Table 2. Muscle Strength and Exercise Test Data at Baseline and Immediately Following Pulmonary Rehabilitation

PR Group Control Group

Baseline 10 wk ES Baseline 10 wk ES

Muscle strength
Grip strength (newtons) 270.7 � 94.2 293.0 � 100.6* 0.24 277.3 � 88.2 263.7 � 83.8 �0.15
Quadriceps force (newton-meters) 83.1 � 30.3 92.0 � 33.2* 0.29 82.6 � 25.3 85.9 � 28.5 0.13
PEmax

(cm H2O) 141.1 � 53.3 156.4 � 55.2* 0.29 139.0 � 42.8 144.6 � 45.5 0.13
PImax

(cm H2O) 111.5 � 36.8 129.1 � 45.7* 0.48 92.1 � 41.1 101.5 � 29.7 0.23
ILET

Peak V̇O2
(mL/min) 651.7 � 294.2 694.5 � 284.0 0.12 743.1 � 255.0 703.7 � 237.3 �0.20

Peak work rate (watts) 60.8 � 24.4 66.7 � 26.2* 0.24 65.9 � 17.1 62.4 � 19.3 �0.21
Anaerobic threshold (mL/min) 479.7 � 207.0 585.4 � 277.5* 0.51 613.3 � 165.8 520.0 � 149.0* �0.52
Work efficiency 5.8 � 2.1 6.4 � 2.7† 0.29 6.9 � 2.0 5.8 � 2.6† �0.55

CLET
ET (min) 5.7 � 3.1 15.0 � 10.7* 2.96 6.5 � 5.5 5.4 � 4.9 �0.16

6MWT
6MWD (m) 477.7 � 91.0 504.4 � 96.8* 0.29 499.4 � 66.6 478.8 � 78.7 �0.31

ISWT
ISWD (m) 365.6 � 119.7 393.3 � 139.6* 0.26 393.5 � 116.3 363.8 � 116.3 �0.20

Data are presented as mean � SD.
* P � .01 compared with baseline.
† P � .05 compared with baseline.
PR � pulmonary rehabilitation
ES � effect size
PEmax � maximum expiratory pressure
PImax � maximum inspiratory pressure
ILET � incremental load ergometry test
V̇O2 � oxygen uptake
CLET � constant load ergometry test
ET � endurance time
6MWT � 6-min walk test
6MWD � 6-min walk distance
ISWT � incremental shuttle walk test
ISWD � incremental shuttle walk distance
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exercise intolerance in pulmonary diseases.18,29 PR may
improve inadequate oxygen transport in patients with id-
iopathic pulmonary fibrosis. Improvement in oxygen trans-
port may be related to improvement in ET in patients with
idiopathic pulmonary fibrosis, as well as patients with
COPD.24 The improvement in ET was not influenced by
the improvement in muscle strength, such as quadriceps
force. In patients with idiopathic pulmonary fibrosis, the
mechanism of the improvement in ET and muscle strength
may be different from that in patients with COPD.

There are several limitations to the present study. First,
it remains uncertain whether the difference in responsive-
ness observed in this study is also true for other interven-
tions, such as medication. We believe that several mea-
surements should be assessed simultaneously in future trials
that aim to improve exercise capacity. Second, this study
was not randomized to assign subjects with idiopathic pul-
monary fibrosis to the PR and control groups. Selection
bias may be present between treatment groups. However,
the main result that ET was the most responsive measure-
ment was not seriously influenced by this issue. Third,
ventilatory gas analysis, such as V̇O2

during CLET, was
not performed. Fourth, the number of subjects was small
for a comparison of the responsiveness of 5 exercise mea-
surements. Finally, we did not evaluate the long-term ef-
fects of PR in subjects with idiopathic pulmonary fibrosis.

In conclusion, our study showed that the 5 measure-
ments obtained by 4 different exercise tests examined had

different capabilities in detecting changes produced by PR
in exercise performance in subjects with idiopathic pul-
monary fibrosis. ET assessed by CLET showed the largest
increase after PR, and it was considered to be the most
responsive exercise measurement for evaluating PR effi-
cacy in subjects with idiopathic pulmonary fibrosis.
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