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ABSTRACT
Background Idiopathic pulmonary fibrosis (IPF) is 
characterised by worsening dyspnoea and exercise 
intolerance.
Research question Does a long- term pulmonary 
rehabilitation improve exercise tolerance in patients with 
IPF treated with standard antifibrotic drugs, which are 
expected to reduce disease progression?
Methods This open- label randomised controlled 
trial was performed at 19 institutions. Stable patients 
receiving nintedanib were randomised into pulmonary 
rehabilitation and control groups (1:1). The pulmonary 
rehabilitation group underwent initial rehabilitation 
which included twice- weekly sessions of monitored 
exercise training for 12 weeks, followed by an at- home 
rehabilitation programme for 40 weeks. The control 
group received usual care only, without pulmonary 
rehabilitation. Both groups continued to receive 
nintedanib. The primary and main secondary outcomes 
were change in 6 min walking distance (6MWD) and 
change in endurance time (using cycle ergometry) at 
week 52.
Results Eighty- eight patients were randomised into 
pulmonary rehabilitation (n=45) and control (n=43) 
groups. Changes in 6MWD were −33 m (95% CI −65 to 
−1) and −53 m (95% CI −86 to −21) in the pulmonary 
rehabilitation and control groups, respectively, with no 
statistically significant difference (mean difference, 21 
m (95% CI −25 to 66), p=0.38). Changes in endurance 
time were significantly better in the pulmonary 
rehabilitation (64 s, 95% CI −42.3 to 171)) than in the 
control (−123 s (95% CI −232 to −13)) group (mean 
difference, 187 s (95% CI 34 to 153), p=0.019).
Interpretation Although pulmonary rehabilitation in 
patients taking nintedanib did not improve 6MWD in the 
long term, it led to prolonged improvement in endurance 
time.
Trial registration number UMIN000026376.

INTRODUCTION
Idiopathic pulmonary fibrosis (IPF) is an intrac-
table disease characterised by chronic, irrevers-
ible progression of fibrosis.1 The natural history 
of IPF includes worsening of pulmonary func-
tion, dyspnoea on exertion, exercise intolerance, 
reduced physical activity and quality of life impair-
ment.2–5 Patients with IPF have needs for prolonged 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Maintaining long- term exercise tolerance 
is an unmet medical need for patients with 
idiopathic pulmonary fibrosis (IPF). Most 
studies examining the efficacy of pulmonary 
rehabilitation for IPF have used short- term 
efficacy as the outcome, and no study has 
been performed on pulmonary rehabilitation in 
combination with antifibrotic drugs, which is 
currently the standard of care.

WHAT THIS STUDY ADDS
 ⇒ The FITNESS study was the first randomised 
controlled trial to evaluate the effects of long- 
term pulmonary rehabilitation in patients taking 
antifibrotic drugs. The pulmonary rehabilitation 
group underwent induction rehabilitation for 
12 weeks, followed by at- home maintenance 
rehabilitation programme for 40 weeks, while 
the control group received only usual care only, 
without pulmonary rehabilitation. Both groups 
continued to receive nintedanib. The findings 
suggested no significant difference between 
the two groups in terms of changes in 6 min 
walking distance (6MWD) between baseline 
and week 52 (the primary outcome). Endurance 
time measured using cycle ergometry (main 
secondary outcome), was significantly better in 
the pulmonary rehabilitation group than in the 
control group.
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Interstitial lung disease

improvement in these impairments, but optimal management for 
meeting those needs has not been established.

Pulmonary rehabilitation is expected to be effective in 
improving dyspnoea and exercise tolerance in patients with 
chronic respiratory disorders,6 and several studies have reported 
the benefits of pulmonary rehabilitation in interstitial lung 
disease,7 8 including the effects of pulmonary rehabilitation on 
IPF.7 9 10 A majority of the previous studies showed short- term 
benefits of pulmonary rehabilitation on IPF. A few studies eval-
uated the long- term effects at 6 months or longer; but failed 
to demonstrate any long- term positive effects of pulmonary 
rehabilitation on exercise tolerance.10–12 The findings, there-
fore, suggest that conventional pulmonary rehabilitation alone 
may not lead to prolonged improvement in exercise tolerance,13 
which could be attributed to the relatively rapid progression of 
disease in IPF.

Past studies have demonstrated that the benefits of a few 
months of pulmonary rehabilitation wane in patients with IPF 
after 6 months; therefore, we believe it is necessary to develop an 
effective way to maintain long- term effectiveness. Programmed 
maintenance rehabilitation in addition to a regular rehabilitation 
programme would seem to be a promising approach, but there 
are no studies of outpatient induction rehabilitation, followed by 
maintenance rehabilitation.

Antifibrotic agents are currently a conditional recommended 
treatment for IPF to slow disease progression and suppress the 
decline of exercise capacity, and to prevent acute exacerba-
tion.1 13–17 They are also expected to sustain the effects of pulmo-
nary rehabilitation. Therefore, in the current antifibrotic era, 
pulmonary rehabilitation may be expected to take place concur-
rently with the administration of antifibrotic agents, but in the 
three previous studies that evaluated the effect of long- term 
pulmonary rehabilitation for IPF,10–12 only a small percentage 
(0%–9.4%) of patients received antifibrotic agents.

In this study, we hypothesised that a long- term rehabilitation 
programme (induction rehabilitation followed by maintenance 
rehabilitation) would have a long- term effect on maintaining 
or slowing the decline in exercise capacity in patients with IPF 
receiving a standard drug therapy of nintedanib.

METHODS
Study design and participants
The FITNESS (Long- term effect of pulmonary rehabilita-
tion under nintedanib in idiopathic pulmonary fibrosis) study 
was a multicentre, randomised, prospective, parallel- group, 
unblinded, controlled trial performed at 19 institutions in Japan 
(online supplemental e- Table 1). The pulmonary rehabilitation 
group underwent initial rehabilitation that included twice- 
weekly sessions of monitored exercise training for 12 weeks, 

followed by an at- home rehabilitation programme for 40 weeks. 
The control group received usual care only, without pulmonary 
rehabilitation. Both groups continued to receive nintedanib. The 
purpose, design and methods of the study, which were previ-
ously reported18 and the final protocol, are available in online 
supplemental appendix.

The main inclusion criteria were as follows: (1) age between 
40 and 79 years at the time of consent, (2) diagnosis of IPF based 
on the 2011 guideline criteria,19 (3) previous 6 min walking 
distance (6MWD) of 200 m or more and less than 600 m, (4) 
dyspnoea on exertion (modified Medical Research Council 
(mMRC) grade scale 1–3),20 (5) stable disease without infection 
or acute exacerbation within 3 months prior to enrolment and 
(6) receiving nintedanib (150 mg or 100 mg two times per day) 
for at least for 4 weeks and able to receive the drug for more 
than 12 months after registration.

Randomisation
Eligible patients were randomised into the pulmonary rehabil-
itation and control groups in a 1:1 ratio with a minimisation 
method using a web- based system. The dynamic randomisa-
tion factors were baseline 6MWD during the screening period 
(≥350 m or <350 m), institutions and forced vital capacity 
(FVC) at registration (the cut- off value was calculated as 70% 
of the predictive value). Study group allocation was performed 
via an electronic data capture system using computer- generated 
random numbers. Study physicians and patients were aware of 
the allocated study group.

Pulmonary rehabilitation programme
In this study, physical function assessment and the pulmonary 
rehabilitation programme were performed by a cardiorespiratory 
physiotherapist at each institution. To equalise the evaluation 
methods for exercise tolerance and the pulmonary rehabilita-
tion programmes, a detailed protocol was developed prior to the 
study. In addition, physical therapists in each participating insti-
tution were required to participate in joint practical training.

The detailed rehabilitation programme is described in a 
previous report18 and will be briefly introduced. During the 
first 12 weeks after the start of the pulmonary rehabilitation 
programme, induction pulmonary rehabilitation was performed 
during two outpatient visits per week (24 sessions) under the 
supervision of a cardiorespiratory physiotherapist. In addition 
to the outpatient visits, participants were instructed to perform 
self- rehabilitation at home at least twice a week in the induction 
pulmonary rehabilitation phase (online supplemental appendix, 
page 25). The initial pulmonary rehabilitation included 30 min 
of endurance training using a cycle ergometer and walking, 
and resistance training. Endurance training intensity in cycling 
targeted 80% of the peak work rate, and the initial intensity for 
cycling was 80% of the walking speed achieved on the baseline 
6 min walk test. Depending on the improvement in maximum 
exercise tolerance, resistance training of the upper and lower 
limbs was performed using free weights or the patient’s own 
body weight, with gradually increasing load. A home exercise 
programme was also prescribed during the pulmonary reha-
bilitation programme; squatting and standing calf raises were 
used for resistance training. The initial pulmonary rehabilita-
tion programme was followed by the 40- week maintenance 
programme, consisting of self- training at home and outpatient 
pulmonary rehabilitation supervised by a cardiorespiratory 
physiotherapist (more than once every 4 weeks). The patients 

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE 
OR POLICY

 ⇒ The combination of nintedanib and pulmonary rehabilitation 
in patients with IPF resulted no difference in 6MWD 
compared with usual care with nintedanib, but a greater 
improvement in endurance time. Thus, pulmonary 
rehabilitation with nintedanib may be effective in improving 
long- term exercise capacity, although further studies with 
strategies such as the inclusion of a sophisticated long- 
term maintenance programme are needed before it can be 
recognised as a robust care protocol for patients with IPF.
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Interstitial lung disease

were required to record the status of self- training and the daily 
number of steps in a diary.

Study outcomes
Primary outcome
The primary outcome was the results of a comparison between 
the two groups in terms of changes in 6MWD between baseline 
and week 52.

Secondary outcomes
The main secondary outcome was the result of comparison of 
changes in endurance time between baseline and week 52 in the 
two groups, as measured using cycle ergometry21 (see online 
supplemental appendix).

Other outcomes were the results of a comparison of changes 
in parameters between baseline and week 52 in the two groups. 
These parameters included the total score on the St. George’s 
Respiratory Questionnaire (SGRQ),22 the rate of changes (%) 
from baseline evaluation of 6MWD, number of daily steps, 
each SGRQ component score, Chronic Obstructive Pulmonary 
Disease (COPD) Assessment Test (CAT),23–25 dyspnoea (Transi-
tion Dyspnoea Index (TDI),26 Dyspnoea- 12),27 Hospital Anxiety 
and Depression Scale (HADS),28 changes from baseline in FVC, 
diffusing capacity for carbon monoxide (DLCO), saturation of 
percutaneous oxygen (at rest and immediately after the 6 min 
walk test), results of a comparison of mortality before final eval-
uation, and the incidence of adverse events observed during the 
study period. In addition, this study compared changes between 
the baseline and week 26 in primary and secondary outcomes 
between the two groups. For the pulmonary rehabilitation 
group, compliance until the time of evaluation (week 52) (the 
percentage of the number of pulmonary rehabilitation sessions 
performed divided by the number of scheduled pulmonary reha-
bilitation sessions), percentage of patients with high pulmonary 
rehabilitation compliance (≥70%) and compliance with the 
long- term pulmonary rehabilitation programme until the time 
of evaluation (week 52) were compared. Changes in 6MWD 
between baseline and week 52 were also compared between the 
high and low pulmonary rehabilitation compliance (≥70% and 
<70%, respectively) subgroups. One review reported rates of 
adherence to home exercise programmes, with mean percentage 
rate of adherence across studies of 67%.29 We preliminarily 
defined the ‘good compliance group’ as those who performed 
the pulmonary rehabilitation at least five times a week (approx-
imately 70%).

Statistical analysis
Sample size
There are limited data from previous studies estimating the 
magnitude of increase in 6MWD after rehabilitation in combi-
nation with nintedanib treatment. For patients treated with 
nintedanib, the decreasing gradient in 6MWD was considered 
low, although the actual value was unknown. As the mainte-
nance pulmonary rehabilitation programme could facilitate 
long- term maintenance of the previously reported effects of 
short- term pulmonary rehabilitation programmes, we hypothe-
sised that the effects of the combination of programmed long- 
term pulmonary rehabilitation and nintedanib may be equivalent 
to those of short- term pulmonary rehabilitation. Based on the 
four previous short- term pulmonary rehabilitation studies for 
IPF described in the review reported,13 the SD of the 6MWD 
predifference and postdifference was calculated to be 55 m. In 
this study, the expected value of the difference in the pre/post 

6MWD between the nintedanib with and without long- term 
rehabilitation group was set at 36 m. Based on the above, we 
calculated that the sample size required to show a significant 
difference at the primary endpoint with 80% power in a two- 
tailed test (5% level of significance) was 37 patients in each 
group, for a total of 74 patients. In anticipation of drop- outs, we 
set a target of 42 patients per group for a total of 84 patients. As 
for the main secondary endpoint, based on previous studies,13 
the difference between prerehabilitation and postrehabilitation 
endurance time, as measured using a cycle ergometer, was esti-
mated to be 10 min. For the achieved target sample size of 84 
patients, a statistical power of ≥90% (at p<0.05) was calculated 
to be sufficient for detecting a statistically significant difference 
between the treatment groups.18 The sample size for this study 
was similar to that of the previous HOPE IPF study.30

Outcome analysis
Efficacy analysis was performed on intention- to- treat basis, using 
a full analysis set consisting of all randomised patients having 
undergone baseline evaluation and at least one postbaseline eval-
uation. Data handling was defined for each outcome, and safety 
analysis was performed in patients who received nintedanib at 
least once after registration. Comparisons of changes in 6MWD 
from baseline were performed between the treatment groups 
considering p<0.05 (two tailed) as significant, using a mixed- 
effect model for repeated measures. Least squares mean and 
95% CIs were calculated using a linear mixed- effect model for 
repeated measures with each treatment group, 6MWD at base-
line (randomisation), time of evaluation and the interaction 
term for each treatment group and time of evaluation as fixed 
effects. Changes in endurance time from baseline, as measured 
with a cycle ergometer, were also compared between the two 
groups using a mixed- effect model for repeated measures. Other 
secondary outcomes (the number of steps, health status (SGRQ 
and CAT scores), dyspnoea (TDI and Dyspnoea- 12 scores), 
FVC, DLCO, modified MRC grade and the minimum satura-
tion of percutaneous oxygen after the 6 min walk test) were also 
evaluated using the same method. For severe cardiac complica-
tions, the number of patients with ischaemic heart disease or 
arrhythmia requiring treatment was calculated and compared 
between the treatment groups using Fisher’s exact test. Other 
adverse events were also calculated and compared between the 
two groups using Fisher’s exact test. In all analyses, a p<0.05 
was considered statistically significant. This study was registered 
with UMIN- CTR (number: UMIN000026376).

RESULTS
Ninety- four patients underwent evaluation for eligibility between 
30 October 2017 and 23 January 2020. During the screening 
period, six patients were excluded as they were ineligible, and 
the remaining 88 patients were allocated into the pulmonary 
rehabilitation (n=45) and control (n=43) groups (figure 1). The 
mean age was 70.7 years (SD 3.0). The duration of IPF was 27.7 
months (SD 13.1), and the mean duration of nintedanib treat-
ment was 293 days (SD 177); the mean FVC was 2435 mL (SD 
400), which was 73.9% of the predictive value (SD 7.9%). There 
was no significant difference in patient characteristics at rando-
misation between the two groups (table 1).

During the study, there were seven drop- outs in each group; 
38 (84%) and 36 (84%) patients in the pulmonary rehabilita-
tion and control groups, respectively, completed the evaluation 
at week 52.
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Interstitial lung disease

In the pulmonary rehabilitation group, the 6MWD decreased 
from 447 m at baseline (95% CI 423 to 472) to 415 m at week 
52 (95% CI 376 to 455). In the control group, the 6MWD 
decreased from 459 m at baseline (95% CI 435 to 484) to 406 m 
at week 52 (95% CI 365 to 446). Changes between baseline and 
week 52 6MWD (primary outcome) were −33 m (95% CI −65 
to −1) in the pulmonary rehabilitation group and −53 m (95% 
CI −86 to −21) in the control group; there was no statistically 
significant difference between the two groups (mean difference, 
21 m (95% CI −25 to 66), p=0.38). Changes between base-
line and week 12 6MWD were 18 m (95% CI 4 to 32) in the 
pulmonary rehabilitation group and −5 m (95% CI −19 to 9) in 
the control group (p=0.029). Likewise, changes between base-
line and week 26 6MWD in the pulmonary rehabilitation and 
control groups were 15 m (95% CI −2 to 33) and −16 m (95% 
CI −34 to −1), respectively (p=0.013) (figure 2).

In the pulmonary rehabilitation group, the endurance time 
measured using a cycle ergometer increased from 372 s at base-
line (95% CI 298 to 445) to 441 s at week 52 (95% CI 325 to 
557). In the control group, the endurance time measured using a 
cycle ergometer decreased from 396 s at baseline (95% CI 320 to 
472) to 275 s at week 52 (95% CI 155 to 395). Changes between 
the baseline and week 52 endurance times (main secondary 
outcome) were significantly better in the pulmonary rehabilita-
tion group (64 s (95% CI −42.3–171)) than in the control group 
(−123 s (95% CI −232 to −13)) (mean difference, 187 s (95% 
CI 34 to 153), p=0.019). Likewise, changes between baseline 
and week 12 and week 26 endurance times were significantly 
better in the pulmonary rehabilitation group than in the control 
group (p<0.0001 and p=0.0007, respectively) (figure 3). For 
the other secondary outcomes, the p values for the difference 
between the two groups in terms of change from baseline to each 
evaluation point are shown in table 2.

A mixed- effect model for repeated measures was used to 
compare the pulmonary rehabilitation and control groups for 
changes between baseline and each evaluation point.

As with comparisons of absolute values, comparisons of the 
percentage of change in 6MWD from baseline showed a signifi-
cant difference at weeks 12 and 26, but not at week 52. The TDI 
at all evaluation points was significantly higher in the pulmonary 
rehabilitation than in the control group (online supplemental 
e- Figure 1). In the pulmonary rehabilitation group, the FVC 
changed from 72.8% at baseline (95% CI 68.7% to 76.8%) to 
68·1% at week 52 (95% CI 63.4% to 72.8%). In the control 
group, the FVC changed from 75.0% at baseline (95% CI 70.9% 
to 79.1%) to 72.0% at week 52 (95% CI 67.1% to 76.9%). 

There was no significant difference between the two groups 
(p=0.37). There was no significant difference between the two 
groups in terms of SGRQ, CAT, Dyspnoea- 12 and HADS scores, 
number of steps measured by a pedometer, oxygen saturation 
and FVC at any evaluation point.

Figure 1 Flow chart of patient selection. PR, pulmonary rehabilitation.

Table 1 Baseline patient characteristics

Pulmonary 
rehabilitation group 
(n=45)

Control group 
(n=43)

Age, year 71.2 (4.9) 70.4 (5.5)

Sex

  Male 36 (80%) 33 (77%)

  Female 9 (20%) 10 (23%)

Smoking status

  Current smoker 4 (9%) 1 (2%)

  Former smoker 33 (73%) 33 (77%)

  Never smoker 8 (18%) 9 (21%)

Body mass index, kg/m2 23.4 (3.5) 23.7 (2.8)

Honeycombing on HRCT 30 (67%) 32 (74%)

Diagnosis of IPF, months 28.0 (26.3) 27.4 (33.8)

Modified MRC grade

  0 1 (2%) 0 (0%)

  1 23 (51%) 25 (58%)

  2 19 (42%) 16 (37%)

  3 2 (4%) 2 (5%)

Lung function

  FVC, % predicted value 72.8 (14.5) 75.0 (12.9)

  DLCO, % predicted value 49.4 (12.5) 46.3 (11.1)

PaO2, mmHg 83.5 (14.0) 80.7 (9.9)

6 min walk test

  Distance, m 447 (89) 459 (74)

  SpO2 before starting, % 96.0 (1.6) 96.2 (1.6)

  Lowest SpO2, % 86.0 (6.5) 83.2 (8.9)

Baseline Dyspnoea Index 7.6 (2.3) 6.8 (2.8)

Dyspnoea- 12 2.9 (4.4) 3.1 (3.7)

SGRQ total 35.6 (16.4) 36.5 (15.0)

COPD assessment test 14.3 (7.4) 14.0 (7.2)

HADS

  Depression 5.1 (3.9) 5.1 (3.6)

  Anxiety 3.5 (3.7) 3.4 (3.1)

Pedometer, steps 4528 (2,893) 4568 (2,364)

Nintedanib dosing period, days 306 (276) 280 (406)

Nintedanib dose

  150 mg × 2/day 27 (60%) 26 (61%)

  100 mg × 2/day 18 (40%) 17 (40%)

Systematic corticosteroid therapy 1 (2%) 3 (7%)

Oxygen therapy 1 (2%) 2 (5%)

Data are presented as mean with SD and n (%).
DLCO, diffusion capacity for carbon monoxide; FVC, forced vital capacity; HADS, 
Hospital Anxiety and Depression Scale; HRCT, high- resolution CT; IPF, idiopathic 
pulmonary fibrosis; MRC, Medical Research Council; PaO2, partial pressure of 
arterial oxygen; SGRQ, St. George’s Respiratory Questionnaire; SpO2, saturation of 
percutaneous oxygen.
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After excluding two patients (who did not keep a diary) from 
the 45 patients in the pulmonary rehabilitation group, there 
were 21 and 22 patients in the high and low compliance groups, 
respectively. In these groups, compliance with the pulmonary 
rehabilitation programme was found to be 93.5% (95% CI 
90.2% to 96.8%) and 46.9% (95% CI 42.1% to 51.7%), respec-
tively. Changes between baseline and week 52 6MWD were 
significantly smaller in the high compliance group (−8 m (95% 
CI −47 to 31)) than in the low compliance group (−106 m (95% 
CI −172 to −40)) (p=0.017) (online supplemental e- Figure 2).

The incidence of adverse events was equivalent between the 
two groups (table 3). The incidence of diarrhoea was 74% and 
79% in the pulmonary rehabilitation and control groups, respec-
tively; the incidence of diarrhoea of grade 3 or above was 7% in 
both groups. Acute exacerbation of IPF during the study period 
was observed in 5 (11%) and 4 (9%) patients, respectively. There 
were two deaths in each group; the cause of death in all cases 
was acute exacerbation of IPF.

Nintedanib compliance in the pulmonary rehabilitation and 
control groups was found to be 94% (95% CI 89.1% to 98.8%) 
and 96% (95% CI 92.9% to 99.1%), respectively.

DISCUSSION
Currently, antifibrotic drugs are the standard therapy for IPF. 
The FITNESS study was the first randomised controlled trial 
to evaluate the effects of long- term pulmonary rehabilitation 
combining induction rehabilitation with subsequent mainte-
nance rehabilitation in patients taking antifibrotic drugs. This 
is also the largest study to evaluate the effects of pulmonary 

rehabilitation in 88 patients with IPF alone. The findings showed 
no significant difference between the two groups in terms of 
changes in 6MWD between baseline and week 52 (the primary 
outcome). However, the change in endurance time using cycle 
ergometry (main secondary outcome), was significantly better in 
the pulmonary rehabilitation group than in the control group. 
The mean reduction in FVC at week 52 was 116 mL; this was 
similar to that of previous studies on the effects of nintedanib.15

Although the intervention in this study did not lead to a signif-
icant difference in 6MWD between the two groups, significantly 
positive effects were observed in terms of endurance time. This 
could be due to the difference in responsiveness to evaluation. 
As numerous studies have used 6MWD as the primary outcome 
measure to evaluate the effects of pulmonary rehabilitation 
on interstitial lung diseases,7–9 11 12 this study used changes in 
6MWD as the primary outcome measure to evaluate the impact 
of combined therapy in patients with IPF. Endurance time was 
used as the main secondary outcome measure, because one of 
our previous studies demonstrated that endurance time was 
the most sensitive measure of the positive effects of rehabilita-
tion in IPF.21 Recent reports indicate that constant load tests of 
submaximal exercise performance, similar to those of daily activ-
ities, reflect the severity of shortness of breath better than tests 
of peak exercise performance (such as the 6 min walk test).30 
Indeed, some studies have recently used changes in endurance 
time during cycling exercise tests at a constant work rate as the 
primary outcome measure.31

In IPF, no study evaluating differences between baseline and 
week 26 6MWD has ever found a significant difference between 
the pulmonary rehabilitation and usual care groups.13 The 
FITNESS study is the first to demonstrate a significant improve-
ment in week 26 6MWD among patients with IPF. The findings 
suggest that the combination of initial 12- week rehabilitation 
with nintedanib and subsequent maintenance of pulmonary 
rehabilitation facilitates maintenance of the beneficial effects 
until week 26. Some reports suggest that maintenance rehabili-
tation programmes can improve exercise capacity in COPD over 
the long term32; however, a systematic review concluded that the 
effects remained uncertain as of that time.33 The results of this 
study clearly indicate that the effect of pulmonary rehabilitation 
is lost after 26 weeks; one possible reason for this is the presence 
of patients with low compliance to rehabilitation. In fact, the low 
compliance group showed a significant worsening of 6MWD, 
while the high compliance group maintained an improvement in 
6MWD (online supplemental e- Figure 2). Improving compliance 
with rehabilitation is likely to be an important issue in main-
taining the effectiveness of long- term rehabilitation. Another 
possible reason is that the effect of rehabilitation may have been 
negated by a decrease in exercise capacity due to disease progres-
sion. In terms of the safety of pulmonary rehabilitation, there was 
no significant difference in suspected pulmonary rehabilitation- 
related cardiovascular or orthopaedic adverse events between 
the two groups. Our present findings on nintedanib- related and 
IPF- related adverse events are consistent with those of previous 
studies.15

This study has some limitations. First, the pulmonary rehabil-
itation group was not blinded to the treatment, nor were they 
blinded to the assessors. This could have affected the results. To 
minimise the impact of unblinding in this study, fixed procedures 
were prepared to objectively assess outcomes and assessors were 
pretrained to be equal across sites. Second, the subjects were 
required to record the status of self- training at home in a diary, 
as a means to maintain the exercise load intensity of the mainte-
nance pulmonary rehabilitation programme following induction 

Figure 2 Mean change in 6 min walking distance between baseline 
and week 52. Error bars indicate the SE.

Figure 3 Mean change in endurance time, as measured by a cycle 
ergometer between baseline and week 52. Error bars indicate the SE.
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pulmonary rehabilitation. However, it was difficult to quantify 
the load actually being applied. To monitor the exercise inten-
sity of the maintenance pulmonary rehabilitation programme, 
a remote monitoring system may be employed in the future. 
Third, the pulmonary rehabilitation programme used was origi-
nally developed for patients with COPD; a programme needs to 
be developed specifically for IPF. Future studies are needed to 

determine whether patients with IPF, a restrictive disorder and 
COPD, an obstructive disorder, may be rehabilitated using the 
same programme and load configuration. Fourth, it is unclear 
whether the same results would be obtained for patients who 
do not meet the eligibility criteria (6MWD, mMRC grade and 
pulmonary function, among others) adopted in this study, for 
example, those with FVC less than 50%, mMRC grade 4, etc. 

Table 2 Comparison of changes between baseline and each evaluation point in the two groups

12 weeks 26 weeks 52 weeks

Difference† (SE) P value Difference† (SE) P value Difference† (SE) P value

6 min walking distance 22.5 (10.1) 0.029 31.7 (12.5) 0.013 20.7 (23.4) 0.38

Endurance time 344.1 (62.9) <0.0001 271.0 (77.2) 0.0007 186.8 (77.9) 0.019

6 min walking distance, percentage of change 0.07 (0.02) 0.0068 0.08 (0.03) 0.0055 0.06 (0.05) 0.28

SGRQ total −1.03 (2.34) 0.66 1.25 (2.74) 0.65 −0.20 (3.72) 0.96

SGRQ symptoms −1.12 (3.43) 0.75 −0.71 (3.74) 0.85 −5.48 (4.34) 0.21

SGRQ activity −1.86 (2.96) 0.53 0 (3.19) 1.00 0.52 (4.17) 0.90

SGRQ impact −0.89 (2.8) 0.75 1.96 (3.33) 0.56 0.66 (4.31) 0.88

COPD assessment test −1.36 (1.24) 0.28 −0.15 (1.54) 0.92 −0.97 (1.64) 0.55

Pedometer, step 274 (401) 0.50 546 (394) 0.17 540 (480) 0.26

Transitional Dyspnoea Index 2.32 (0.66) 0.0005 1.97 (0.66) 0.0035‡ 1.46 (0.67) 0.032

Dyspnoea- 12 −0.48 (1.01) 0.63 0.58 (1.16) 0.62 1.35 (1.51) 0.37

Hospital Anxiety and Depression Scale, Depression 0.03 (0.61) 0.96 −0.16 (0.60) 0.79 0.31 (0.65) 0.64

Hospital Anxiety and Depression Scale, Anxiety 0.41 (0.60) 0.50 −0.2 (0.67) 0.76 0.56 (0.74) 0.45

Saturation of percutaneous oxygen (SpO2), stable 0.44 (0.30) 0.15 0.42 (0.34) 0.22 0.55 (0.47) 0.24

SpO2, lowest −0.64 (1.12) 0.57 −0.44 (1.07) 0.69 0.07 (1.20) 0.95

FVC 0.69 (1.64) 0.68 1.08 (1.65) 0.51 −1.61 (1.80) 0.37

DLCO NA NA −1.09 (3.79) 0.77

Positive value indicates that the pulmonary rehabilitation group is better.
DLCO, diffuse capacity for carbon monoxide; FVC, forced vital capacity; NA, not applicable; SGRQ, St. George's Respiratory Questionnaire.

Table 3 Adverse events observed during the study period

Pulmonary rehabilitation group (n=45) Control group (n=43)

P valueGrades 1–2 Grades 3–5 Grades 1–2 Grades 3–5

Diarrhoea 30 (67%) 3 (7%) 31 (72%) 3 (7%) 0.62

Nausea 9 (20%) 0 4 (9%) 1 (2%) 0.38

Abdominal pain 5 (11%) 0 1 (2%) 2 (5%) 0.71

Liver enzyme elevation 12 (27%) 0 9 (21%) 0 0.62

Vomiting 2 (4%) 0 0 0 0.49

Anorexia 11 (24%) 0 7 (16%) 1 (2%) 0.61

Weight loss 1 (2%) 0 1 (2%) 1 (2%) 0.61

Bleeding 0 2 (4%) 2 (5%) 0 1.00

Acute coronary syndrome 0 0 0 0 1.00

Stroke 0 0 0 0 1.00

Arrhythmia 0 0 0 0 1.00

Heart failure 0 0 1 (2%) 0 0.49

Deep vein thrombosis 0 1 (2%) 0 0 1.00

Pulmonary infection 2 (4%) 3 (7%) 1 (2%) 2 (5%) 0.71

Progression of IPF 2 (4%) 1 (2%) 0 3 (7%) 1.00

Acute exacerbation of IPF 0 5 (11%) 0 4 (9%) 1.00

Death 2 (4%) 2 (5%) 1.00

Data indicate n (%) of the patients. P values were calculated for the difference between the pulmonary rehabilitation and control groups for the number of events of all grades.
IPF, idiopathic pulmonary fibrosis.
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Future studies are needed to identify patients who may benefit 
from this treatment strategy. Fifth, considering the decline in 
exercise capacity shown at week 52 in the pulmonary rehabilita-
tion group, a larger sample size will be needed to detect the long- 
term effect. Finally, because of the mandatory use of nintedanib 
in this study, the results may not be applicable to patients for 
whom nintedanib is not used or in countries with restrictions on 
the use of nintedanib. However, in a long- term study of IPF, it 
would be difficult not to administer antifibrotic agents, which is 
the recommended treatment.

In conclusion, the combination of nintedanib and pulmonary 
rehabilitation in patients with IPF resulted in no difference in 
6MWD compared with usual care with nintedanib, but a better 
outcome for endurance time. Further studies with strategies 
such as sophisticated long- term maintenance programmes are 
needed before pulmonary rehabilitation with nintedanib can be 
recognised as a robust care protocol for patients with IPF.
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