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BACKGROUND: Pulmonary rehabilitation programs improve exercise capacity and quality of life
in patients with COPD. Domiciliary strategies to maintain these benefits have been proposed.
OBJECTIVE: This study aimed to determine whether a rehabilitation manual would facilitate the
maintenance of the benefits acquired during out-patient pulmonary rehabilitation. METHODS:
Fifty subjects with stable COPD were included (26 women and 24 men). All the subjects were
evaluated during screening and after 12 wk of out-patient rehabilitation, and then were randomly
divided into 2 groups, with one group that received the rehabilitation manual for home use (manual
group) and the other group only received verbal recommendations (control group). At this point,
the 2 groups were similar. After 12 wk at home, both groups were evaluated a third time. All
evaluations included a 6-min walk test (6MWT), 6-min step test, COPD Assessment Test, and
measurement of dyspnea by using the modified Medical Research Council dyspnea scale.
RESULTS: When comparing the results of the 6MWT and 6-min step test done at out-patient
discharge and after 12 wk at home, the manual group presented no differences (6MWT, 0 � 25 m;
6-min step test, 1 � 32 steps), whereas the control subjects lost part of the gain obtained during
rehabilitation (6MWT �46 � 36 m; 6-min step test �39 � 33 steps). There was a significant
difference between the groups (P < .05). When comparing the same time points, the change in the
COPD Assessment Test score was �1 � 1 for the manual group and 1 � 2 for the control group
(P � .01). For the modified Medical Research Council dyspnea scale, the change in score was 0 � 1
for the manual group and 1 � 1 for the control group (P � .01). CONCLUSIONS: The use of a
simple, well-illustrated manual facilitated the maintenance of the benefits acquired in out-patient
pulmonary rehabilitation over a period of 3 months after study termination. Key words: COPD;
pulmonary rehabilitation; breathing exercises; home-based rehabilitation; exercise capacity; domiciliary
strategies. [Respir Care 0;0(0):1–•. © 0 Daedalus Enterprises]

Introduction

COPD is a major public health problem that is prevent-
able and treatable.1 COPD is defined as bronchial obstruc-

tion, partially reversible, with the deterioration of lung
function and, in most cases, is accompanied by significant
systemic consequences, such as loss of muscle mass, ex-
ercise intolerance, dyspnea, and depression.2-4 Both phar-
macologic and non-pharmacologic treatments are ex-
tremely important. Pulmonary rehabilitation is considered
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a highly effective treatment of COPD5 and should be of-
fered to all patients with moderate, severe, and very severe
disease, as recommended in international guidelines.1

Pulmonary rehabilitation, integrated into individualized
patient treatment, is designed to reduce symptoms, opti-
mize functional status, increase adherence to treatment,
and reduce health-care costs by stabilizing or reversing
systemic manifestations of the disease.6 Most pulmonary
rehabilitation programs include components for assess-
ment, exercise training, educational sessions, and psycho-
social intervention.7-9

Home pulmonary rehabilitation programs that last sev-
eral weeks have been successful and manage to increase
the exercise capacity and quality of life in patients with
COPD.5 The effects of training, depending on the intensity
and duration of the home rehabilitation program, can be
maintained for 10 months10 or 1 y11 after the cessation of
exercise training. The importance of, and need for, appro-
priate strategies for maintaining gains has been recognized.
As a result, several maintenance programs have been de-
veloped with different therapeutic interventions, structures,
and design.12,13

Home rehabilitation is an excellent strategy to reduce
the symptoms of patients with COPD and improves exer-
cise capacity and quality of life.14 Both physical and func-
tional benefits of pulmonary rehabilitation are maintained
after the out-patient program when patients continue ex-
ercise training with a home program by using monthly
calls as a strategy.11 With a small modification, a study
that used walking, based on the 6MWT values as a guide-
line, showed good results in 6MWT and Chronic Respi-
ratory Disease Questionnaire scores in subjects with mod-
erate COPD when using weekly calls to encourage them.10

The American Thoracic Society/European Respiratory
Society document5 on pulmonary rehabilitation propose
strategies to facilitate the change of behavior of patients
after rehabilitation, such as the use of pedometers and
accelerometers, a cycle ergometer, and free hikes based on
the 6MWT distance. However, some strategies are not
easily accessible because of the high cost, such as tele-
rehabilitation and self-management tools, such as acceler-
ometers and pedometers.5 Thus, it was hypothesized that
an easy-to-understand manual could be a low-cost tool and
would be used by patients at home without the need to
leave the comfort of their environment. This study aimed
to investigate whether a rehabilitation manual prepared by

our team could facilitate the maintenance of the benefits
acquired during out-patient pulmonary rehabilitation.

Methods

Patients with stable COPD based on the GOLD (Global
Initiative for Chronic Obstructive Lung Disease) criteria15

were followed up at the pulmonology clinic of the State
University of Rio de Janeiro between December 2013 and
August 2015. They received pharmacologic treatment ac-
cording to the severity of the disease. The local ethics
committee approved this randomized clinical trial, and all
the subjects signed an informed consent form before per-
forming scheduled procedures. The following inclusion
criteria were considered: �40 y old, diagnosis of COPD,
smoking history of �20 pack-years, having stopped smok-
ing for at least 3 months before selection.

The exclusion criteria were the following: patients with
other respiratory diseases, a diagnosis of alpha-1 antitryp-
sin deficiency, history of respiratory atopy, respiratory in-
fections and/or exacerbations in the previous 30 d, mus-
culoskeletal disease that could compromise ambulation,
uncontrolled comorbidity (hypertension with blood pres-
sure �180/110 mm Hg or diabetes mellitus with symp-
toms of hypoglycemia), diagnosis of cognitive impairment
that made it difficult to interpret the questions in the ques-
tionnaires or that compromised the use of a home rehabil-
itation manual, or patients who reported usually perform-
ing regular physical activities or who had already
participated in a physical therapy program for the treat-
ment of COPD. We assumed regular physical activities
when the subject reported performing �90 min of physical
activities per week.

All the subjects were evaluated at 3 time points (Fig. 1)
by the 6MWT, 6-min step test, and COPD Assessment
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QUICK LOOK

Current knowledge

Pulmonary rehabilitation is the main physical interven-
tion in patients with COPD as well as in other chronic
lung diseases. Domiciliary strategies have been devel-
oped to help patients maintain the benefits achieved in
outpatient rehabilitation.

What this paper contributes to our knowledge

An easy-to-use manual was shown to be able to main-
tain the gains in exercise capacity obtained during the
out-patient period after 3 months of home monitoring.
The protocol was simple and inexpensive, and could be
replicated at any rehabilitation center.
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Test.16 Dyspnea was measured by the modified scale of
the mMRC,17 and all the subjects also underwent spirom-
etry testing with a bronchodilator test at each of the 3 stages.
The 6MWT was performed according to the guidelines of
the American Thoracic Society18 and the 6-min step test
by following the standard of the latest study that compared
the behavior of the heart rate between the 6MWT and
6-min step test,19 with both being held in the same morn-
ing. A 40-m-long corridor, every meter marked, was used
to perform the 6MWT. The subjects were instructed to
walk quickly but not run for 6 min.

The 6-min step test was done by using a single step,
16.5 cm high, 65 cm wide, and 30 cm deep. The subjects
were instructed to walk up and down this step at their own
pace, but without stopping. The number of ascents and de-
scents was recorded by using a pedometer (New Balance
VIA Step model New Balance Athletics, Inc. CA/USA).
Before and after the tests, vital signs were assessed as well
as dyspnea, measured by using the Borg scale.20 Oxygen
saturation was measured by using a Nonin Medical pulse
oximeter (Onyx Vantage, model 9590 Nonin Medical, Inc.
Plymouth, Minnesota/USA). Each test was replicated twice

with an interval of 30 min in between; the best value was
chosen for further analysis. Spirometric tests were per-
formed by using a Vitatrace machine (Codax Ltda. Brazil)
by following the standards of the American Thoracic So-
ciety,21 and all the subjects performed a bronchodilator
test with 400 �g of salbutamol. The Knudson reference
equations were used.22 After the first evaluation, the sub-
jects began a low-intensity pulmonary rehabilitation pro-
gram in the out-patient clinic. The rehabilitation lasted for
12 weeks, with 2 supervised 45-min sessions per week,
which comprised a sequence of respiratory exercises, up-
per- and lower-limb exercises, and step training (online
supplement 1 [see the supplementary materials at http://
www.rcjournal.com]).

After 12 weeks, subjects were evaluated by using the
same tests performed at the first evaluation and random-
ized by using the random site http://www.sorteador.com.br
(Accessed April 21, 2014), into 2 groups. Only the prin-
cipal investigator (YS) was informed of the group alloca-
tion. The group that received oral information about per-
forming the exercises learned during the program served
as the control group. The subjects in the second group, the
manual group, received the manual and were instructed to
use it daily. The subjects in both groups were told that they
would be re-evaluated after 12 weeks. The manual (see the
supplementary materials at http://www.rcjournal.com) con-
sists of color pages, with each color representing a group
of activities. Moreover, the illustrations are self-explan-
atory, with no need to use the guiding text to understand
the exercises. Nevertheless, the text describes each fig-
ure in a simple exercise and the number of repetitions,
which is always the same at each stage, thereby avoid-
ing confusion and exaggerations in making some move-
ments.

The manual has the same program as the out-patient
rehabilitation, and the 20 repetitions of each exercise were
used to facilitate the comprehension and memorizations of
the exercise program. The subjects were instructed to self-
measure by using the Borg scale after the exercises. When
the subjects experienced strong breathlessness, they were
instructed to use the breath control technique, to use in-
halation medication or, in severe cases, to call their phy-
sician. After the home period, the subjects were again
invited to repeat all assessments and examinations (third
assessment), and we asked the subjects about their impres-
sion of how easy it was to use the manual. The study
received ethical approval from the Hospital Universitário
Pedro Ernesto (approval 255.321).

Statistical Analysis

The data were analyzed by using the GraphPad Prism
6.0 package (GraphPad Software, San Diego, California).
The sample size calculation was performed by providing

Eligible COPD patients
75

Participated in 12 week
out-patient pulmonary
rehabilitation program

50

Evaluation + received
home-based manual

25

Manual group 
re-evaluated

25

Analyzed
25

Analyzed
25

Control group
re-evaluated

25

Evaluation + received
verbal recommendations

25

Exclusion criteria: 11
Refused to participate: 14

12 weeks

12 weeks 12 weeks

12 weeks 12 weeks

Fig. 1. Flow chart. Evaluations included the 6-min walk test, 6-min
step test, COPD Assessment Test, and modified Medical Research
Council scale.
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the comparison of the means of the 2 groups by unpaired
t test with an alpha significance level of 5% and power of
95%, which reached 46 individuals (23 per group). The
results are presented as a mean � SD. The differences
between assessments were compared by mixed 2-way re-
peated measures analysis of variance with post hoc tests at
different time points, corrected for multiple testing with
Bonferroni correction. A P value of � .05 was considered
statistically significant.

Results

We interviewed 75 patients before the evaluation, of
whom 25 were excluded due to musculoskeletal disor-
ders,3 association with respiratory disease,4 cognitive im-
pairment,2 and uncontrolled comorbidities,2 and 14 with-
drew due to factors such as the distance of the residence or
lack of interest in the program. From these patients, 50 sub-
jects with stable COPD were evaluated and followed up
until the end of the study; this was uneventful and without
dropouts. The characteristics of the groups are presented in
Table 1. All the subjects were symptomatic, as indicated
by the COPD Assessment Test and mMRC, and partici-
pated in all assessments. There were no deaths, but there
were 14 cases of mild-to-moderate exacerbation during the

study period, most of them during the domiciliary period
and in the control subjects.

During the interview performed at the follow-up, when
asked about the frequency of the use the manual, all the
subjects reported using the manual at least 4 times per
week (4–6 d/week), but no subject reported using the
manual every day. The subjects also reported that perform-
ing the exercise in a group during the out-patient program
was more enjoyable than exercising alone at home. The
control group tried to keep an active lifestyle, but all men-
tioned that symptoms were the principal limiting factor in
keeping up with activities. After the domiciliary period
(Fig. 2), the control subjects partially lost the exercise
performance recently acquired by the rehabilitation pro-
gram and showed worse symptom scores, whereas the
manual group maintained the benefits achieved during the
out-patient pulmonary rehabilitation.

This finding was confirmed when the differences among
assessments were compared by mixed 2-way repeated mea-
sures analysis of variance with post hoc tests at different
time points, corrected for multiple testing with Bonferroni
correction (Table 2). Also, in the manual group, 2 of 25 sub-
jects had exacerbations, whereas 16 of 25 control subjects
had exacerbations (P � .004). However, none of the par-
ticipants were hospitalized. Dyspnea was also statistically
lower in the manual group at the third assessment when
analyzed by the mMRC scale when compared with the
control group (P � .033). The FEV1 was not statistically
different between the subjects in the control and manual
groups.

Discussion

This study evaluated a simple strategy to encourage
patients with COPD, after discharge from out-patient pul-
monary rehabilitation, through an easy-to-understand in-
strument. This manual provides features such as simple
figures, different colors for different exercise modalities,
and the same number of repetitions of each exercise. In the
subjects’ perceptions, the manual helped them to remem-
ber the order of the exercises, and the illustrations were
easily understood. However, we used only one free-an-
swer question to understand whether the manual was an
easy-to-use instrument.

The results of this study showed that home-care strate-
gies produced good results in the subjects with moderate-
to-severe COPD. When aiming to maintain the benefits of
a short-term exercise training, Behnke et al11 applied home-
based walking training during 6 months in those with very-
severe COPD after exacerbation and hospitalization. These
investigators recruited 46 subjects hospitalized with COPD
exacerbation, of whom, 30 finished all the procedures.
Subjects randomized to the training group performed a
10-d training plan in the hospital and at discharge received

Table 1. General Characteristics of Subjects at First Assessment

Manual
(n � 25)

No Manual
(n � 25)

P

Sex, M/F 10/15 14/11 .25
Age, y 67 � 10 69 � 11 .56
Height, m 1.61 � 0.10 1.62 � 0.09 .83
Weight, kg 66 � 12 69 � 15 .46
BMI, kg/m2 25 � 4 26 � 5 .55
GOLD

A 0 0
B 4 5
C 14 14
D 7 6

FEV1, %pred 40 � 14 39 � 13 .77
FVC, % pred 67 � 13 68 � 14 .73
FEV1/FVC, post-BD 59 � 16 57 � 15 .68
6-min step test, no. steps 246 � 99 256 � 94 .70
6MWD, m 358 � 83 347 � 70 .59
SpO2

initial, % 93 � 2 93 � 3 .35
SpO2

final, % 89 � 2 88 � 3 .31
COPD Assessment Test 23 � 5 23 � 5 .97
mMRC 4 � 1 4 � 1 .16

BMI � body mass index
GOLD � Global Initiative for Chronic Obstructive Lung Disease
BD � Bronchodilator
6MWD � 6-min walk distance
mMRC � modified Medical Research Council dyspnea scale.
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a tailored instruction to practice walking at home. These
subjects were visited every 2 weeks by investigators to
check their activities during the first 3 months, and, after-
ward, the contacts were done by telephone. The gain ob-
tained by this group during hospitalization was maintained
after 6 months. The control group showed no significant
changes in exercise performance.

Different from the work by Behnke et al11, in the pres-
ent study, all the subjects performed rehabilitation for
3 months and, afterward, were randomized into 2 groups
(with and without the manual). None of our subjects re-
ceived any contact at home during the 3 months. Despite
the differences, both studies were able to report the ben-
efits of home-based training by using simple tools.

The manual succeeded in maintaining the gains in the
exercise capacity obtained during the out-patient period

after 3 months of home monitoring. The control group had
a functional decline and presented 6MWT and 6-min step
test scores similar to baseline at 3 months after discharge.
When comparing the second and third assessments, the
control subjects had a decrease in the 6-min walk distance
of 46 m on average. This significant loss of exercise ca-
pacity in a few months could be explained, at least in part,
because the subjects in the control group practiced less
physical activity that resulted in the loss of exercise per-
formance, whereas the manual group continued an exer-
cise routine.

Furthermore, in this study, 6-min walk distance decreased
more in the subjects who presented with exacerbations
during the domiciliary period, most of them in the control
group. It is known that exacerbations of COPD have short-
and long-term clinical implications, and that one of these
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Fig. 2. Difference between the data acquired at the end of the out-patient rehabilitation program and the follow-up performed 3 months later.
(A) 6-min walk distance; (B) COPD Assessment Test; (C) FEV1; (D) 6-min step test; and (D) modified Medical Research Council scale.

Table 2. Comparison of Manual Group (MG) and the Control Group (CG) in 3 Assessments

Parameters

Manual Control P, Group by
Time Interaction

Effect

P, Manual vs Control

First
(n � 25)

Second
(n � 25)

Third
(n � 25)

First
(n � 25)

Second
(n � 25)

Third
(n � 25)

First Second Third

FEV1, % predicted 40 � 14 42 � 14 43 � 14 39 � 13 42 � 15 41 � 14 .38 �.99 �.99 �.99
FVC, % predicted 67 � 13 67 � 17 70 � 17 68 � 14 72 � 13 72 � 13 .43 �.99 .75 �.99
6-min step test, no. steps 246 � 99 302 � 128 304 � 124 256 � 94 315 � 120 276 � 117 .001 �.99 �.99 �.99
6MWD, m 358 � 83 420 � 93 420 � 98 347 � 70 403 � 78 357 � 85 �.001 �.99 �.99 .041
COPD Assessment Test 23 � 5 18 � 5 17 � 5 23 � 5 18 � 3 19 � 2 .01 �.99 �.99 .33
mMRC 4 � 1 2 � 1 2 � 1 4 � 1 2 � 1 3 � 1 �.001 .51 �.99 .033

6MWD � 6-min walk distance
mMRC � modified Medical Research Council dyspnea scale. P value of post hoc between group comparisons of mixed 2-way analysis of variance repeated measures analysis at different time points
with Bonferroni corrections.

HOME-BASED MANUAL POST–PULMONARY REHAB

RESPIRATORY CARE • ● ● VOL ● NO ● 5

RESPIRATORY CARE Paper in Press. Published on August 07,  2018 as DOI: 10.4187/respcare.05656 

Copyright (C) 2018 Daedalus Enterprises ePub ahead of print papers have been peer-reviewed, accepted for publication, copy edited 
and proofread. However, this version may differ from the final published version in the online and print editions of RESPIRATORY CARE



is a decrease of exercise capacity.23,24 Although lung func-
tion was not affected in the control group, symptom scores
and exercise performance declined after the domiciliary
period compared with the end of the rehabilitation pro-
gram. This loss in exercise capacity acquired by the reha-
bilitation program had already been reported by du
Moulin et al.10 These investigators performed a 3-week
out-patient pulmonary rehabilitation and followed moder-
ate COPD subjects for 6 months by using a maintenance
program in their intervention group.10 The intervention
was to instruct subjects to walk a distance equivalent to
125% of their last 6-min walk distance 3 times per day and
to report this in a diary; the subjects were also contacted
monthly by telephone.10

This study has some similarities with our study because
they also included subjects of equivalent age and severity
of disease and reported that training exercise at home is
feasible and can maintain the effects of the pulmonary
rehabilitation.10 We agree that out-patient rehabilitation is
important to increase exercise capacity and that strategies
to maintain the benefits acquired in this program are es-
sential for long-term success. Our study also evaluated the
lung function of the participants by using spirometry. The
spirometric data varied slightly in both groups, although
these values were not statistically significant. However, a
tendency toward an increase was identified, as was also
demonstrated by du Moulin et al.10 In our study, the sub-
jects were instructed to return after 3 months to test the
capacity of the manual as a single strategy, and they did
not receive any call during this period.

Holland et al compared an 8-week home-based training
plan with pulmonary rehabilitation performed in an out-
patient center.25 The investigators suggest that the home-
based model could be equivalent to the center-based pro-
gram. Our study aimed to investigate the maintenance of
the effects achieved in a center-based rehabilitation pro-
gram rather than to compare both modalities.25 Holland et al
reported that approximately 10% of their subjects did not
complete the 1-y follow-up, whereas, in our study, all the
subjects completed the home-based period. This better ad-
herence in our study might be related to the difficulty of
access to the public health system in our country. When
subjects are invited to participate in clinical trials and re-
ceive treatment, they do not easily give up their participa-
tion, especially when they perceive that there is a benefit
to their quality of life. Moreover, the period of follow-up
in our study was 3 months, whereas in the study by Hol-
land et al, this was 1 y.25

Our protocol was simple and inexpensive, and could be
replicated in any rehabilitation center. The proposed man-
ual can assist the maintenance of pulmonary rehabilitation
exercises. However, behavioral changes and the imple-
mentation of a healthier lifestyle based on physical activity
should be pursued through other resources. We believe

that this tool can assist in this change, but it should not be
seen as the solution to the maintenance of pulmonary re-
habilitation gains. In our trial, we did not use telephone
calls or other means to contact the subjects to test the
manual, but we trust that this method can be powerful to
reinforce the necessity of keeping up with the exercises.

Conclusions

In this study, we showed that a home-based rehabilita-
tion manual, which included respiratory exercises, upper-
and lower-limb exercises, step training, and strategies to
control dyspnea, was effective in maintaining the benefits
acquired during an out-patient rehabilitation program. This
manual brings together features that facilitate its use among
patients with COPD.
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