
Introduction

Despite the difference in pathophysiology and 
disease mechanisms, patients with chronic lung 
diseases, including chronic obstructive pulmonary 
disease (COPD) and idiopathic pulmonary fibrosis 
(IPF), share the common manifestations of reduced 
exercise capacity and skeletal muscle function, along 
with exertional dyspnea and impaired health-related 
quality of life (HRQoL) (1-4). Multiple studies have 
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shown that pulmonary rehabilitation (PR), includ-
ing aerobic exercise training, improves exercise ca-
pacity, dyspnea, and HRQoL in COPD subjects (4, 
5). The efficacy of PR in COPD patients has been 
repeatedly validated by means of various measure-
ments of exercise capacity, including 6-minute walk-
ing distance (6MWD) and incremental shuttle walk 
distance (ISWD), providing strong evidence for the 
benefit of PR in COPD patients (4, 5). In addition, 
endurance time has been reported to be the most re-
sponsive exercise measurement during the evaluation 
of PR efficacy in both IPF and COPD patients (6, 
7). PR was also shown to improve subjective meas-
urements such as dyspnea and HRQoL in both IPF 
and COPD (4, 5).

Recent studies (1, 8-13) have suggested that PR 
has beneficial effects in IPF patients. One recent sys-
tematic review (10) emphasized the efficacy of PR in 
terms of improving 6MWD. However, robust evi-
dence based on other exercise capacity measurements 
is unavailable to support the benefit of PR in IPF 
patients. It also remains largely unknown whether 
the effect of PR is different or similar in these two 
chronic lung diseases (COPD and IPF), which have 
different underlying pathophysiologies. 

The current study aimed to compare the effects 
of PR in COPD and IPF subjects by assessing a va-
riety of exercise capacities, including endurance time, 
along with dyspnea and HRQoL.

Methods

Study design

The study was a prospective observational study. 
Patients referred to our outpatient clinic between 
April 2008 and March 2012 were recruited into this 
study and classified into the IPF and COPD patient 
groups. IPF and COPD patients who had under-
gone evaluation at diagnosis, as is the general prac-
tice in Tosei General Hospital (Aichi, Japan), were 
assessed for inclusion in the study according to the 
eligibility criteria described below. Enrolled patients 
in both groups were assessed at baseline and imme-
diately following the 10-week PR program. Patients 
in both groups underwent an identical exercise 
training program. Informed consent was obtained 
from all study participants. This study was approved 

by the ethics committee of Tosei General Hospital 
(approval number 213). The registration number 
for the trial registry was R000022887 (http://www.
umin.ac.jp/).

Inclusion and exclusion criteria 

The following inclusion criteria were used for 
IPF patients: (i) age less than 75 years; (ii) diagnosis 
of IPF; (iii) shortness of breath on effort; and (iv) 
stable clinical condition with no infection or exac-
erbation in the previous 3 months. Exclusion crite-
ria were severe comorbid illnesses, collagen vascular 
diseases, and the need for long-term oxygen therapy. 
The diagnosis of IPF was made in accordance with 
the American Thoracic Society and European Res-
piratory Society statement (14).

Inclusion criteria for COPD patients were as 
follows: patient-reported exertional dyspnea and a 
constant medication regimen without any history 
of an acute exacerbation for at least 3 months prior 
to recruitment. The diagnosis of COPD was based 
on the following criteria: (i) a history of smoking 
of more than 20 pack-years, (ii) a forced expiratory 
volume in 1 s (FEV1)/forced vital capacity (FVC) of 
less than 70%, (iii) no obvious abnormal shadows on 
chest X-ray, and (iv) no clinical diagnosis of asthma. 
The exclusion criteria were a history of lung surgery, 
the use of long-term oxygen therapy, or any comor-
bid conditions likely to reduce exercise capacity. At 
the time of the study, none of the subjects were cur-
rent smokers. 

Assessment 

The following measurements were conducted at 
baseline and immediately following the 10-week PR 
program. All patients underwent body anthropome-
try, pulmonary function tests, arterial blood-gas ten-
sion measurements, exercise tests, muscle strength 
tests, and dyspnea and HRQoL assessments at base-
line and 10-weeks. The primary outcome measures 
were scores on four exercise tests, including an in-
cremental load ergometry test (ILET), constant load 
ergometry test (CLET), 6MWT, and incremental 
shuttle walk test (ISWT). Secondary outcome meas-
ures were dyspnea (Baseline Dyspnea Index; BDI), 
HRQoL (St. George’s Respiratory Questionnaire: 
SGRQ), and muscle strength.
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Exercise tests

The ILET was performed on an electronically 
braked cycle ergometer in accordance with published 
guidelines (15) to evaluate maximal exercise capac-
ity. Peak values for oxygen uptake (peak VO2) and 
work rate (peak WR) during exercise were recorded. 
The anaerobic threshold was determined using the 
V-slope technique. Endurance time was determined 
by performing the CLET using the same cycle er-
gometer as that used for the ILET (16). The patients 
continued cycling at a constant submaximal work-
load (80% of the peak WR). They were stopped ac-
cording to the same criteria used in the ILET, and 
the endurance time was measured. Measurement of 
6MWT was performed according to the American 
Thoracic Society statement (17). The total distance 
walked was recorded as the 6MWD. The ISWT was 
performed in a 10-m course identified by two cones 
placed 0.5 m from each endpoint (18). The total dis-
tance walked was recorded as the ISWD. All patients 
underwent both the 6MWT and the ISWT at least 
once prior to study entry. Transcutaneous oxygen sat-
uration was monitored by pulse oximetry throughout 
all tests. 

Pulmonary function tests

Spirometry was performed according to pub-
lished recommendations (19). Single-breath diffu-
sion capacity for carbon monoxide (DLCO) was also 
measured. All values are expressed as a percentage of 
the predicted values reported by the Japan Society of 
Respiratory Diseases (20).

Muscle strength tests

Quadriceps force was measured using a dy-
namometer. The peak torque (Newton-meters, Nm) 
was measured in both legs during a maximal isoki-
netic knee extension maneuver, with the hip in 90° 
flexion (21). The highest value from at least four ma-
neuvers for each leg was recorded. Grip strength was 
measured with a hydraulic hand dynamometer. The 
highest value of at least three maneuvers was record-
ed for each hand. All subjects underwent respiratory 
muscle testing to determine the maximal inspiratory 
pressure and maximal expiratory pressure. The high-
est value from at least three maneuvers was recorded.

Pulmonary rehabilitation program

The program comprised twice-weekly super-
vised exercise training for a period of 10 weeks in 
Tosei General Hospital (6). The supervised sessions 
lasted 90 minutes and consisted of respiratory care, 
subject education, and endurance and strength train-
ing. Subjects performed supervised endurance train-
ing on a braked cycle ergometer, with a target of 20 
minutes of continuous cycling. The target intensity 
was 80% of the peak WR obtained from the ILET. 
Peripheral muscle strength training included upper 
and lower limb resistance training with weight ma-
chines, hand weights, or elastic bands. The respira-
tory muscle training was performed using an inspira-
tory threshold device. If desaturation was under 80% 
during the CLET, subjects received oxygen therapy 
during exercise training. Supplemental oxygen was 
administered to maintain oxygen saturation above 
80% during exercise training. 

Statistical analysis

Within-group changes in the outcome meas-
ures following the PR program were compared using 
paired t-tests or Wilcoxon signed rank tests. Differ-
ences between the two groups at baseline and the dif-
ferences in outcome measures were compared using 
unpaired t-tests. Differences between the two groups 
in the change in outcome measures following PR 
were compared using two-way analysis of variance 
(ANOVA). When a significant difference was found, 
post hoc analysis was performed with the Bonferroni 
adjustment method to identify the differences that 
were significant. The effect size represented the mean 
change in the score divided by the standard deviation 
of the baseline scores. Following Cohen, effect sizes 
of ≥0.2 to <0.5 were regarded as small, ≥0.5 to <0.8 as 
moderate, and ≥0.8 as large changes (22). A p value 
of less than 0.05 was considered significant. All data 
are given as mean ± standard deviation (SD). Analy-
ses were performed using SPSS 22.0 for Windows. 

Results

The flow of patients through the study is shown 
in Figure 1. Of the 52 patients recruited for the 
study, 24 patients were included in the IPF group 
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and commenced the PR program; among them, 22 
finished the program and completed the second 
evaluation. In the COPD group, 28 patients un-
derwent baseline evaluation, and 27 of them com-
pleted the second evaluation. Patients were evalu-
ated by Medical Research Council (MRC) grade at 
baseline. In IPF patients, 3 patients were grade 2, 
18 patients were grade 3, and one patient was grade 
4. In COPD patients, 8 patients were grade 2, 17 
patients were grade 3, and two patients were grade 
4. The average GAP score of the 22 IPF patients 
was 4.0 ± 1.3 points. When classified by GAP stage, 
10 patients were GAP stage 1, 9 patients were GAP 
stage 2, and 3 patients were GAP stage 3. In terms 
of baseline measurement, %VC and %DLCO were 
lower, while FEV1 and FEV1.% were higher in the 
IPF group than in the COPD group. Arterial blood 
gas tension, BDI, SGRQ score, and exercise capacity 
at baseline were not significantly different between 
the two groups (Table 1, Table 2).

In both the IPF and COPD groups, endurance 
time, peak WR, anaerobic threshold, work efficiency, 
6MWD, and ISWD improved significantly after 10 
weeks of PR (p<0.05), whereas peak VO2 did not 

improve. The improvement in each exercise capacity 
outcome after PR showed no significant difference 
between the IPF and COPD groups. Further, we 
compared the magnitude of change in each measure-
ment after the program using effect size. The effect 
size for each measurement was comparable between 
both groups for most measurements. A larger effect 
size for endurance time was observed in the IPF 
group (2.59) than in the COPD group (2.22).

After the 10-week PR program, BDI and 
SGRQ scores improved significantly in both the IPF 
and COPD groups (p<0.05). The improvement in 
BDI and SGRQ scores was not different between 
IPF and COPD groups. Lung function and arterial 
blood-gas tension did not change after 10 weeks of 
PR in either group (Table 1).

In terms of muscle strength, significant im-
provements were seen in grip strength, quadriceps 
force, maximal expiratory pressure, and maximal 
inspiratory pressure after the 10-week PR program 
in both the IPF and COPD groups (Table 2). The 
improvement in the four muscle strength outcomes 
was not significantly different between the IPF and 
COPD groups.

Fig. 1. Participant flow diagram. IPF, idiopathic pulmonary fibrosis; COPD, chronic obstructive pulmonary disease
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Discussion

In the present study, we first evaluated the effects 
of PR in IPF patients by using various exercise meas-
urements, including endurance time, and compared 
their improvements with those in COPD patients. 
We found that the same indicators of exercise capac-
ity, HRQoL, and dyspnea were improved by PR in 
both the IPF and COPD groups. Furthermore, the 
magnitudes of the improvements in major outcomes 
in IPF patients were comparable to those observed 
in COPD patients. Additionally, the PR-induced 

improvements, evaluated using effect size, were com-
parable between IPF and COPD patients. The effect 
size of endurance time following PR was observed to 
be larger than those of other exercise measurements 
in both diseases. 

Among the several different measurements of 
exercise capacity, endurance time showed the largest 
effect size following the PR program in both patient 
groups. This result supports our previous finding (6, 
7) that, among the exercise capacity measurements, 
endurance time was the most responsive to PR in 
IPF and COPD patients. In addition to this, PR was 

Table 1. Lung function data at baseline and immediately following 10 weeks of pulmonary rehabilitation

	 IPF group	 COPD group
	 Baseline	 10-weeks	 Baseline	 10-weeks

Male/Female (n) 	 14 / 8		  26 / 1	
Age (years)	 70.5 ± 5.9		  69.3 ± 6.7	
FVC (L)	 2.09 ± 0.77 *	 2.10 ± 0.74	 2.95 ± 0.68	 3.00 ± 0.65
FVC (% predicted)	 72.2 ± 18.1 *	 72.9 ± 16.5	 91.3 ± 18.8	 94.2 ± 19.2
FEV1 (L)	 1.69 ± 0.56 *	 1.71 ± 0.55	 0.98 ± 0.34	 1.01 ± 0.32
FEV1 (% predicted)	 85.1 ± 18.9 *	 86.4 ± 18.2	 43.0 ± 15.6	 47.1 ± 16.1
FEV1/FVC (%)	 84.2 ± 8.8 *	 83.0 ± 9.2	 37.2 ± 9.4	 37.2 ± 8.4
DLCO (ml/min/mmHg)	 7.76 ± 2.96	 7.96 ± 3.08	 9.05 ± 3.87	 9.30 ± 4.48
DLCO (% predicted)	 49.8 ± 16.6 *	 50.6 ± 18.8	 61.5 ± 22.0	 60.3 ± 25.3
PaCO2 (torr)	 41.4 ± 4.1	 41.2 ± 4.4	 41.2 ± 3.5	 40.9 ± 8.1
PaO2 (torr)	 79.5 ± 10.1	 81.5 ± 14.0	 75.9 ± 8.2	 75.3 ± 12.3 

Data are presented as mean ± standard deviation. *: p<0.05, compared with COPD group at baseline.
FVC, forced vital capacity; FEV1, forced expiratory volume in 1 s; DLCO, single-breath carbon monoxide diffusing capacity, PaCO2, partial 
pressure of carbon dioxide; PaO2, partial pressure of oxygen.

Table 2. Muscle strength, exercise test data, dyspnea and health status at baseline and immediately following pulmonary rehabilitation

	 IPF group (n=22)	 COPD group (n=27)
	 Baseline	 10-weeks	 Change	 Effect	 Baseline	 10-weeks	 Change	 Effect
				    size				    size

6MWD (m)	 476.5 ± 93.6	 503.5 ±100.3†	 26.9 ± 28.0	 0.29	 499.4 ± 105.3	 526.9 ± 96.9†	 27.4 ± 30.3	 0.26
ISWD (m)	 359.1 ± 120.7	 388.6 ±141.5†	 29.5 ± 15.5	 0.24	 390.7 ± 113.6	 437.6 ± 128.7†	 46.9 ± 47.7	 0.41
peak VO2 (ml/kg/min)	 11.0 ± 3.2	 11.6 ± 3.3	 0.6 ± 1.8	 0.19	 13.1 ± 2.7	 13.4 ± 2.9	 0.3 ± 1.5	 0.11
peak WR (w)	 61.8 ± 25.3	 67.2 ± 26.8†	 5.4 ± 9.1	 0.21	 60.2 ± 17.8	 65.4 ± 19.5†	 5.2 ± 7.3	 0.29
AT (ml/kg/min)	 8.1 ± 2.0 *	 9.9 ± 2.5†	 1.7 ± 1.2	 0.85	 9.7 ± 1.7	 11.4 ± 2.2†	 1.9 ± 1.8	 1.12
Endurance time (s)	 342.9 ± 195.0	 847.9 ± 637.6†	 505.0 ± 579.3	 2.59	 424.6 ± 267.7	 1020.5 ± 545.0†	 595.0 ± 482.0	2.22
Grip power (kg)	 26.8 ± 9.4	 29.1 ± 10.2†	 2.2 ± 3.4	 0.23	 32.9 ± 7.3	 34.2 ± 7.6†	 1.2 ± 2.3	 0.16
Quadriceps force (Nm)	 82.4 ± 31.5	 90.3 ± 34.1†	 7.9 ± 9.2	 0.25	 91.0 ± 24.8	 98.9 ± 22.5†	 7.9 ± 10.9	 0.32
MEP (cmH2O)	 138.0 ± 53.9 *	 152.0 ± 55.6†	 14.1 ± 21.9	 0.26	 191.1 ± 48.7	 192.1 ± 46.1†	 13.5 ± 26.1	 0.28
MIP (cmH2O)	 106.6 ± 33.9	 122.0 ± 40.7†	 15.4 ± 22.4	 0.45	 100.7 ± 33.0	 120.6 ± 31.3†	 19.9 ± 24.6	 0.60
BDI total (score)	 6.8 ± 2.0	 7.3 ± 2.0†	 0.5 ± 0.9	 0.25	 6.9 ± 1.8	 7.6 ± 1.8†	 0.7 ± 0.9	 0.39
SGRQ total (score)	 49.0 ± 17.0	 45.2 ± 17.7†	 - 3.8 ± 7.4	 - 0.22	 43.3 ± 12.6	 39.3 ± 10.9†	 -4.0 ± 7.8	 -0.32 

Data are presented as mean ± standard deviation. *: p<0.05, compared with the COPD group at baseline.†: p<0.05, compared with baseline 
values.
6MWD, 6-minute walking distance; ISWD, incremental shuttle walking distance; peak WR, peak work rate; peak VO2, peak oxygen uptake; 
AT, anaerobic threshold; MEP, maximal expiratory pressure; MIP, maximal inspiratory pressure; BDI, baseline dyspnea index, SGRQ, St. 
George’s respiratory questionnaire.
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associated with a moderately significant increase in 
peak WR, anaerobic threshold, 6MWD, and ISWD 
in IPF and COPD patients. Anaerobic threshold, 
6MWD, and ISWD reflect submaximal exercise ca-
pacity. We assumed that the effectiveness of PR on 
submaximal exercise capacity was similar in both IPF 
and COPD. 

In this study, we assessed the magnitude of im-
provement in exercise capacity outcomes between 
IPF and COPD groups by effect size, and found that 
the observed changes in exercise capacity in IPF were 
similar to those in COPD. The present study and a 
previous study by Vainshelboim et al. (23) in IPF 
patients with relatively preserved exercise capacity 
showed large improvements in exercise capacity after 
PR. Conversely, Kozu et al. (11) and Jackson et al. 
(13) reported that PR was associated with poor im-
provement in exercise capacity in IPF patients with 
poor baseline exercise capacity. The subjects in the 
present study had average GAP scores of 4 points, 
with most patients in GAP stage 1 or 2. Because 
many IPF patients in this study had mild and early-
stage disease, it might have been easier for them to 
adhere to the PR program, including high-intensity 
training. This indicates that PR should be considered 
in earlier disease stages before patients experience se-
vere impairment in exercise capacity.

PR in IPF patients resulted in significant im-
provements in grip strength, quadriceps force, maxi-
mal expiratory pressure, and maximal inspiratory 
pressure, as it did in COPD patients. Exercise train-
ing in IPF may result in physiological improvements 
similar to those observed in COPD because periph-
eral muscle weakness in both IPF and COPD is af-
fected significantly by deconditioning (2, 3). Skeletal 
muscle weakness caused by deconditioning can be 
improved by muscle strength and endurance train-
ing (24).

In the present study, we observed that PR pro-
duced similar improvements in dyspnea, as assessed 
by the BDI, in IPF and COPD patients. Dyspnea is 
an independent prognostic factor in IPF, and meas-
urement of dyspnea is used as a major outcome in 
clinical trials (25). Therefore, dyspnea improvement 
following PR was crucial. We assumed that the ben-
efits following PR in the present study were greater 
than those in a previous study (26) because most 
of our subjects had milder dyspnea, with an MRC 
dyspnea grade of 2 or 3. The BDI is strongly corre-

lated with HRQoL in both IPF and COPD patients. 
(27, 28). Therefore, improvement in BDI following 
PR was an important finding in this study.

We observed similar improvement in HRQoL, 
assessed by the SGRQ, in patients with both IPF 
and COPD. The SGRQ is used as a disease-specif-
ic HRQoL measurement in patients with chronic 
pulmonary disease including COPD and IPF. The 
SGRQ score has been validated and used as a major 
outcome for clinical trials in both IPF and COPD 
(29, 30). Our group (8) and the others (23) have 
previously reported that a PR program significantly 
improved SGRQ scores in IPF patients. These dis-
ease-specific HRQoL indicators may represent re-
sponsive measurements for evaluating PR efficacy in 
IPF patients. A key finding of this study was that PR 
was beneficial for IPF patients because it improved 
dyspnea and HRQoL. 

The present study has several limitations. First, 
this was a single-center study with a small sample 
size. Second, we did not evaluate the long-term ef-
fects of PR in IPF patients. Further studies are re-
quired to examine the long-term effect of PR in ear-
lier stages of IPF. 

In conclusion, a PR program can provide com-
parable improvements in exercise capacity, including 
endurance time, HRQoL, and dyspnea, in both IPF 
and COPD patients after 10 weeks of exercise train-
ing. A PR program is an important tool for reversing 
physical deconditioning and improving patient-ori-
ented outcomes in IPF as well as COPD.
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