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A simple and easy home-based
pulmonary rehabilitation programme 

for patients with Chronic Lung Diseases
Joo Ock Na1, Dong Soon Kim1, Seong Ho Yoon1, Yang Jin Jegal1, 

Woo Sung Kim1, Eung Suk Kim1, Myung Wha Kim2

Introduction

It is well known that pulmonary rehabilita-
tion improves dyspnoea on exertion, exercise ca-
pacity and quality of life. There is evidence to
show that it also reduces the use of health ser-
vices like hospital admission frequency and du-
ration, exacerbation rate and general practitioner
home visits by patients with chronic lung dis-
eases, especially Chronic Obstructive Pulmonary
Disease (COPD) [1-4]. Therefore COPD guide-
lines include rehabilitation as an important treat-
ment and a new revision of GOLD guideline rec-
ommends it for all COPD patients with FEV1
less than 80% predicted [5]. The rehabilitation
programmes can be carried out on both inpatient
and outpatient bases. The inpatient programme is
the most intensive and comfortable for the pa-
tients, but also the most expensive. For the out-

patient programmes to be effective, the patient
must go to the hospital frequently, which is a
great burden on the patients and their families.
Furthermore many studies have reported that the
benefits achieved declined progressively after
the rehabilitation programme had been complet-
ed [6-10]. Therefore, there is a need for a more
cost-effective and long-lasting method and
home-based programmes have a definite advan-
tage. However, there are only a few reports on
home-based programmes, and some are very
complicated with close supervision of local
physiotherapists or nurses [11-16].

The aims of this study were to develop a sim-
ple home-based rehabilitation programme that
could be adopted easily by patients without the
need for special equipment, and to investigate its
short- and long-term (one year) effectiveness in
terms of exercise capacity and quality of life.
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ABSTRACT: A simple and easy home-based pulmonary
rehabilitation programme for patients with Chronic Lung
Diseases. Joo Ock Na, Dong Soon Kim, Seong Ho Yoon,
Yang Jin Jegal, Woo Sung Kim, Eung Suk Kim, Myung
Wha Kim.

Background and Aim. To develop a simple and easy
home-based pulmonary rehabilitation programme and in-
vestigate its effectiveness.

Methods. Patients with stable chronic lung disease
were divided into a rehabilitation group (n = 25) and a
control group (n = 18). Rehabilitation consisted of educa-
tion and 12 weeks of enforced aerobic and muscle-
strengthening exercises. Aerobic exercise training was
performed mostly by walking based on the functional ca-
pacity of the patients assessed by the maximal incremental
exercise test. Patients visited hospital every two weeks for
evaluation and a new exercise regimen.

Results. Five patients dropped out of the rehabilita-
tion group but three were due to development of unrelat-
ed diseases, five controls did not co-operate in the second
evaluation. After 12 weeks of rehabilitation, exercise ca-
pacity (maximum work load and VO2max), exercise en-
durance, 6-minute walking distance, and quality of life
measured by the St. George Respiratory Questionnaire
had significantly improved in the rehabilitation group but
not in the controls. At a follow-up evaluation one year af-
ter the rehabilitation, some exercise parameters were still
significantly higher than baseline in the rehabilitation
group.

Conclusions. We developed a simple home-based pul-
monary rehabilitation programme, which seems to be
clinically feasible and effective.
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Methods

1. Patients and Study Design

The study subjects were 43 patients (rehabili-
tation group: 25 and control: 18). All patients were
male. Their FEV1 was less than 65% predicted
without reversibility. All patients had dyspnoea on
exertion, which limited their ordinary activity, but
they were in a stable condition with medical treat-
ment (home oxygen therapy for two patients) at
the time of inclusion. Patients with evidence of
heart disease, intermittent claudication, muscular-
skeletal disorders, or other disabling disease that
could limit the rehabilitation programme were ex-
cluded. It was performed as a prospective con-
trolled design but not strictly randomised because
the effect of pulmonary rehabilitation is so obvious
that it may be unethical to have a control group.
However, many of our COPD patients live far
away from the hospital, they cannot visit the hos-
pital even once in every 2 weeks for 12 weeks.
Therefore we enrolled them as a control group.
The control group was followed regularly every 2
months or 3 months for medical care.

This study was performed from June 2001 to
January 2003, and all patients gave informed con-
sent.

2. Method

1) Rehabilitation Programme

The pulmonary rehabilitation programme last-
ed for 12 weeks, and consisted of education, exer-
cise training, respiratory muscle training, and psy-
chosocial and nutritional support. Psychosocial
and nutritional support consisted of two lecture
sessions by the psychiatrist and nutritionist. The
control group received only psychosocial and nu-
tritional support sessions with encouragement of
regular exercise. Twelve weeks after the comple-
tion of the programme, patients in the rehabilita-
tion group encouraged to continue the rehabilita-
tion programme.

Exercise Training

The daily exercise training sessions comprised
a warming-up (5-10 minutes), muscle strengthen-
ing using elastic bands (Therabands; Hygenic Inc.,
USA) (10 minutes), aerobic exercise (25 to 35
minutes), cooling down (5-10 minutes), and respi-
ratory muscle training for 15 minutes. Patients
were instructed to practice at least five days a
week at home and to maintain a daily exercise di-
ary. Patients visited the hospital every two weeks
for readjustment of the exercise protocol, accord-
ing to the results of repeated endurance tests and
their health status.

a) Aerobic exercise training by walking:

A sport medicine specialist prescribed exercise
training programmes according to the individual

exercise capacity measured by the baseline incre-
mental exercise test. Walking speed was calculated
from the patient’s VO2max using the following
equation proposed by the American College of
Sports Medicine [17].

VO2max (ml/mim) = X (m/minute) 
× 0.1 (ml / kg / meter) + 3.5 (ml/kg per minute).

* 3.5 ml/kg per minute: oxygen consumption for
the basal state;

* During walking, approximately 0.1 ml O2 con-
sumption rate is needed for transporting each
kg of body mass per meter (m) of horizontal
distance moved, i.e., 0.1 ml/kg per meter.

After calculation of the maximal speed (X
m/min), one can estimate the number of steps the
patient should walk in one minute by:

the number of steps in one minute = X (m/minute)
/stride: individual stride length was measured
at the hospital.

This is the maximal speed, and the exercise
training was started from 60% of this speed for 25
minutes each day. However it is still very difficult
for them to walk for 25 minutes without rest, at the
beginning the patient had a rest at every 3 minutes.
From the second week, the interval is progressive-
ly increased with the aim of walking 25 minutes
without resting at the sixth week. For the follow-
ing 7th to 12th week, the exercise duration is pro-
gressively increased to 35 minutes without rest.
The patients could do exercise at any place, indoor
or outdoor depending on the weather or their pref-
erence.

b) Respiratory muscle training was performed
using a Threshold Inspiratory Muscle Trainer
(HealthScan Products Inc; NJ, USA). The patients
were instructed to start from a 30% intensity of
MIP for 15 minutes twice a day, then gradually in-
crease to achieve 60- 70% of this value.

2) Outcome Measure

a) Lung function and exercise capacity.

FVC, FEV1, and maximal inspiratory pres-
sure (MIP) was tested. (SensorMedics; Vmax 22,
USA). Diffusing capacity of carbon monoxide
was measured by using the single-breath method
(SensorMedics; Vmax 22, USA). Static lung vol-
umes was measured by whole body plethysmog-
raphy (SensorMedics; V6200). The symptom-
limited maximal incremental exercise test was
performed using a bicycle ergo meter (Sen-
sorMedics; 2900). In this protocol, the patients
exercise on a cycle ergo meter while measure-
ments of gas exchange are made at rest, during 3
minutes of very low level exercise, and then
workload was increased with 10 Watts/min. Pa-
tients were instructed to stop when they could not
continue the test any longer due to dyspnoea,
general fatigue, or both. All patients scored the
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intensity of dyspnoea and leg effort on Borg cat-
egory scale after finishing test. Sub-maximal en-
durance test of low extremity was performed us-
ing a cycle ergo meter (Monark; Ergomedic 818,
Sweden) and started from 70% of the maximal
work rate which was checked by maximal incre-
mental exercise test. Also, upper extremity en-
durance tests using an arm ergo meter (Monark;
Rehab trainer, 881E) was composed of 1 minute
warming up and work rate was increased pro-
gressively for 5 watts every 2 minutes until pa-
tients was unable to continue.

Six minute walking distance was checked with
measurement of oxygen saturation and heat rate
during walking. All the tests were performed be-
fore the programme, at the conclusion of the pro-
gramme (12 weeks). Six minute walking test and
symptom-limited maximal incremental exercise
test were performed one year after the completion
of the programme.

b) Quality of Life:

Quality of life was measured by St George’s
Respiratory Questionnaire(SGRQ) before and af-
ter 12 weeks of the rehabilitation programme in
both control and rehabilitation group. SGRQ is
designed to quantify the impact of the disease of
chronic airflow limitation on health and well-be-
ing and contains 76 items and is composed of
three sections such as symptom, activity, and im-
pact. The first symptom section, contains items
concerned with the level of symptoms, including
frequency of cough, sputum production, wheezes,
breathlessness, and the duration and the frequency
of attacks of wheezes or breathlessness. Activity
section is concerned with physical activities that
either cause or are limited by breathlessness. The
final section of the questionnaire is the impact to
social life by chronic airflow limitation. Each of
the three sections of the questionnaire is scored
separately in the range 0 to 100, zero score indi-
cating no impairment of life quality. A summary
score utilising responses to all items is the total
SGRQ score. This score also ranges from 0 to 100
[18]. The Korean translation of SGRQ was avail-
able and was kindly provided by Dr. SK Kim at
Yeonsei University. It was validated in
Korea as well as in other countries to
quantify the impact of disease of
chronic airflow limitation on health
and well-being and to be sufficiently
sensitive to respond to changes in dis-
ease severity [19].

3) Statistical Analysis

All analyses were performed with
SPSS version 10.0 (SPSS Inc., Chica-
go, IL, USA). The baseline outcome
measures between the two groups were
compared using unpaired Student’s t-
tests, and the results before and after 12
weeks of rehabilitation or the follow-up
data in the same group were compared

using paired t-tests. All the data is presented as
means ± standard deviations and the significance
level was set at P < 0.05.

Results

1. Demographic features of the subjects

There were no significant differences between
the rehabilitation (25 patients) and control groups
(18 patients) in age, baseline pulmonary function
parameters, arterial blood gas or MIP (table 1). No
significant changes were found in pulmonary func-
tion parameters after 12 weeks in either group.

2. Compliance

Five patients dropped out of the rehabilitation
group during the programme: three developed an-
other disease not related to the original problem
(gout, advanced gastric cancer and abdominal her-
nia); one patient had acute exacerbation of COPD
during the initial study period, and one was non-
compliant. Five patients dropped out of the control
group, because of poor co-operation with the fol-
low up evaluations. Twenty patients from the reha-
bilitation group and 13 from the control group
completed the programme.

3. The Efficacy of Home Rehabilitation

a) Changes in Exercise Capacity

In the rehabilitation patients, maximal oxygen
uptake and maximal work load were significantly
improved after the rehabilitation programme, in
contrast to the control group, which showed no
significant change in any parameter (table 2). Dys-
pnoea and leg discomfort measured by a modified
Borg scale showed no significant changes in either
group. Sub-maximal endurance times and work of
both the upper and lower extremities were signifi-
cantly improved only in the rehabilitation group
(Table 3). The six-minute walking distance and
MIP were also significantly increased in the reha-

Table 1. - Baseline Characteristics of the Study Population

Rehabilitation group Control group

Age (yrs) 63.8 ± 10.3 64.4 ± 5.4
FVC % pred 73.9 ± 24.7 79.1 ± 16.0
FEV1 % pred 41.3 ± 11.4 39.7 ± 12.8
FEV1 L 1.1 ± 0.3 1.0 ± 0.3
FEV1/FVC 43.4 ± 18.6 35.2 ± 7.9
DLCO %pred 66.7 ± 19.6 77.6 ± 28.7
TLC % pred 109.8 ± 31.7 118.3 ± 22.1
RV % pred 147.2 ± 49.8 159.6 ± 44.8
MIP (cmH2O) 80.0 ± 29.5 89.8 ± 29.8
PaO2 mmHg 80.8 ± 14.2 82.5 ± 8.1
PaCO2 mmHg 36.4 ± 5.7 38.9 ± 4.5

TLC = total lung capacity; RV = residual volume; MIP = maximal inspi-
ratory pressure
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bilitation but not the control group except small
improvement of MIP (table 3).

b) Changes in Quality of Life

In the rehabilitation group, quality-of-life
scores improved significantly after the pro-
gramme. All dimensions except the symptom
score were improved in the rehabilitation group.
There was some improvement in impact and total
score in the control group, although it was much
less than in the rehabilitation group (table 4).

4. Follow up Evaluation of Exercise Capacity

Twelve months after the completion of the pro-
gramme, 6 minute walking test and symptom-lim-
ited maximal incremental exercise test were per-
formed. Four patients from rehabilitation group
dropped out: one patient had acute exacerbation of
COPD, two patients were lost during the follow-up
and one patient transferred other hospital. Six pa-
tients from control group failed to attend the fol-
low up evaluations. Sixteen patients from the reha-
bilitation group and seven from the control group

Table 2. - Changes in the Parameters of Incremental Exercise Test after the Rehabilitation

Variables Rehabilitation Group Control Group

Baseline 12 weeks p value Baseline 12 weeks p value

WR max (watts) 59.0 ± 25.8 65.0 ± 26.4 0.041 61.0 ± 23.9 60.8± 22.0 NS
VO2max (L/min) 0.85 ± 0.31 0.90 ± 0.31 0.027 0.89 ± 0.32 0.89 ± 0.29 NS
AT (L/min) 0.74 ± 0.22 0.73.± 0.24 NS 0.80 ± 0.18 0.77 ± 0.20 NS
O2pulse (ml/beat) 7.64 ± 3.26 7.72 ± 3.17 NS 8.02 ± 4.47 7.13 ± 2.06 NS
HR max (beats/min) 129.9 ± 19.5 131.6 ± 17.3 NS 138.6 ± 27.7 135.0 ± 20.6 NS
VE max (L/min) 36.6 ± 12.1 38.1 ± 11.1 NS 33.8 ± 11.7 33.0 ± 9.30 NS
Dyspnoea
(Borg scale) 8.78 ± 0.54 8.78 ± 0.78 NS 8.15 ± 1.28 7.77 ± 1.53 NS

WR max = maximal work rate; VO2max = maximum oxygen consumption; AT = anaerobic threshold; HR max = maximum
heart rate; VE max = maximum minute ventilation.

Table 3. - Changes in the Exercise Endurance, 6 Minute Walking Distance and MIP after the Rehabilitation

Variables Rehabilitation Group Control Group

Baseline 12 weeks p value Baseline 12 weeks p value

Lower extremity
Duration (min) 8.2 ± 3.5 14.0 ± 4.5 0.001 9.5 ± 2.6 10.4 ± 2.9 NS

Work (Watts) 41.5 ± 17.5 46.5 ± 19.0 0.005 42.3 ± 16.7 43.4 ± 15.8 NS

Upper extremity
Duration (min) 5.9 ± 3.2 6.8 ± 3.4 0.001 6.8 ± 4.13 5.9 ± 3.7 NS

Work (Watts) 16.2 ± 8.0 19.7 ± 8.5 0.001 18.8 ± 10.8 17.3 ± 9.2 NS
6 min walk(m) 470.7 ± 63.2 508.4 ± 61.1 0.001 494.0 ± 63.4 516.5 ± 52.5 NS
Mean SaO2* 89.9 ± 5.50 88.5 ± 5.94 NS 90.0 ± 6.38 88.6 ± 5.69 NS
Min SaO2** 86.1 ± 7.12 83.8 ± 7.66 NS 85.8 ± 8.68 83.3 ± 8.38 NS
MIP (cm H2O) 80.0 ± 29.5 103.5 ± 35.2 0.001 89.8 ± 29.8 99.6 ± 31.0 0.033

* Mean SaO2 during 6 minute walk test; ** Minimal SaO2 during 6 minute walk test.

Table 4. - Changes in the Quality of Life (St. Georges Respiratory Questionnaire)

Score Rehabilitation Group Control Group

Baseline 12 weeks p value Baseline 12weeks p value

Symptom 45.6 ± 19.6 47.7 ± 21.0 NS 52.6 ± 18.1 48.4 ± 20.7 NS
Activity 64.3 ± 16.2 54.3 ± 15.3 0.001 62.3± 12.7 59.2 ± 20.4 NS
Impact 35.1 ± 17.7 20.8 ± 13.8 0.001 38.7 ± 14.2 30.6 ± 12.3 0.014
Total 45.7 ± 14.6 35.4 ± 11.2 0.001 48.2± 11.6 42.2 ± 13.6 0.017
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agreed to a re-evaluation. As shown in table 5,
maximal oxygen consumption, maximal minute
ventilation, anaerobic threshold and lower extrem-
ity endurance time were still significantly higher
than the baseline values in the rehabilitation group.
However, the six-minute walking distance and
lower extremity workload returned to baseline val-
ues. In the controls, no parameters were signifi-
cantly different from baseline.

Discussion

We have developed a simple, easy and cheap
home-based exercise rehabilitation programme,
which was well accepted by the patients. It im-
proved the maximal exercise capacity, sub-maxi-
mal exercise endurance, six-minute walking dis-
tance, and health related quality of life of the pa-
tients with chronic lung diseases, despite no
changes in pulmonary function. These results were
similar to that of the intensive outpatient pro-
gramme described in our previous report [20] and
also in the literature [2-4, 21-23]. Because of many
drop-outs in the follow up tests, long-term effects
were not adequately evaluated, however the data
suggested that the improvements in exercise en-
durance and maximum minute ventilation at the
incremental exercise test lasted for 12 months after
the completion of rehabilitation without a mainte-
nance programme.

The outpatient hospital-based pulmonary reha-
bilitation programme is most commonly used and
most of the efficacy of rehabilitation was proved in
this mode. We also started the outpatient pro-
gramme and found its effectiveness in exercise ca-
pacity and endurance, but it was not popularised in
practice. For the outpatients programme to be ef-
fective, patients should visit hospital at least three
times a week for 6-8 weeks, which is a great bur-
den on the patients and their families, because se-
verely disabled patients cannot attend the sessions
by themselves. In our experience, it is impractical
for most patients living not only in rural areas but
also in cities with heavy traffic. Because the out-

patient rehabilitation programme demands much
space, expensive equipments and many personnel
in the hospital and it is not reimbursed by medical
insurance in Korea, it caused a financial burden to
the hospital. Furthermore many of the benefits
achieved by the rehabilitation decline progressive-
ly after the cessation of exercise training [6-10].

Therefore, there is a need for a home-based
programme, which has a definite advantage for the
patients and also the hospital. However there are
only a few reports about home-based rehabilitation
programmes. McGavin [11] reported that progres-
sive stair-climbing exercises for three months re-
sulted in improvement of 12-minute walking dis-
tance and a degree of work tolerated in a progres-
sive workload test on a bicycle ergo meter. Wijk-
stra et al [12-14] found that home rehabilitation
for 12 weeks in patients with COPD could im-
prove their exercise tolerance and health-related
quality of life as measured by a chronic respirato-
ry questionnaire, even though the six-minute walk-
ing distance was not improved. Strijbos et al [15]
compared the effect of a home-based programme
with an outpatient programme. Although the two
programmes produced equal improvements in ex-
ercise capacity and Borg dyspnoea scores three to
six months after the start of the rehabilitation, in
the outpatient programme, long-term values tend-
ed to decrease and return to baseline. By contrast,
the home programme led to an ongoing significant
improvement in exercise capacity and four-minute
walking distance. The quality of life was not mea-
sured in this study. These results suggested that im-
provements were significantly better maintained
after a home rehabilitation programme. However,
both of their programmes were very complex, in-
tense and very well supervised, and therefore not
entirely home-based. The exercise training was su-
pervised by a local physiotherapist twice a week
during the whole period of 12 weeks, and the pa-
tients were visited three times by a home-care
nurse and also seen three times by a general prac-
titioner. Later Hernandez et al [16] developed a
simple home-based rehabilitation programme us-

Table 5 - Follow Up Data of the Exercise Capacity 15 Months after Start of the Home Rehabilitation

Variables Rehabiltation group (n=16) Control group (n=7)

baseline 15 months p value baseline 15 months p value

WR max (watts) 63.1±24.8 61.6±21.1 NS 59.4±26.6 52.9±20.4 NS
VO2max (L/min) 0.87±0.32 1.05±0.41 0.005 0.85±0.31 0.91±0.29 NS
AT (L/min) 0.74±0.22 0.84±0.24 0.038 0.86±0.24 0.87±0.26 NS
O2 pulse (ml/beat) 7.94±3.49 8.76±3.12 NS 9.16±5.71 7.53±3.73 NS
HR max (beat/min) 132.3±17.8 127.6±19.1 NS 122.7±15.7 119.1±22.1 NS
VE max (L/min) 37.0±12.2 44.1±11.4 0.008 33.7±13.2 34.0±9.9 NS
LE time (min) * 7.7±3.6 13.2±3.8 0.001 9.7±2.3 12.2±3.1 NS
LE work (Watts) 44.1±17.1 43.8±15.7 NS 40.7±17.9 37.9±15.5 NS
6MWD (m) 481.6±62.9 498.8±65.0 NS 496.7±67.0 508.6±46.0 NS

WR max = maximal work rate; VO2max = maximum oxygen consumption; AT = anaerobic threshold; HR max = maximum
heart rate; Vemax = maximum minute ventilation; LE = lower extremity; 6MWD = 6 minute walking distance; * low extrem-
ity endurance time.
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ing a shuttle-walking test. They found a twofold
increase in the sub-maximal intensity resistance
test with less dyspnoea despite no significant im-
provement in maximal effort parameters such as
oxygen consumption. They concluded that this
home-based programme achieved a significant im-
provement in exercise tolerance, post-effort dysp-
noea, basal dyspnoea, and quality of life in their
patients. The shuttle-walking test is a maximal, in-
cremental, and externally paced exercise test. In
this programme patients were requested to walk
between two cones placed 20 metres apart with the
walking speed progressively increasing each
minute according to tape recorded pacing. This
programme needs space and a tape recorder and is
therefore not so easy for the patient. Indeed, the
main reason for dropping out among the rehabili-
tation patients in that study was the difficulty of
finding a suitable training site. Although the site
was checked in advance, sometimes the patients
were uncomfortable and decided not to continue.
By contrast, our programme is simple and requires
no equipment or special location. All the patients
need to do is to count the number of steps in one
minute, and rest after walking for a certain amount
of time. The second time, the patient can use the
landmark instead of counting the steps. They can
do at any place and at any time. The advantage of
our programme was reflected in the low dropout
rate. Even though five of the patients (20%)
dropped out of the rehabilitation group, this was
mainly due to the development of other diseases
during the rehabilitation period, and only one pa-
tient dropped out owing to poor compliance. And
our result showed that this simple programme of
walking at home adjusted for individual exercise
capacity could achieve results comparable with in-
tensive outpatient rehabilitation including quality
of life. There are several different tests for mea-
suring health-related quality of life in patients with
COPD, of which the Chronic Respiratory Ques-
tionnaire and the St George’s Respiratory Ques-
tionnaire have been demonstrated to be repro-
ducible, valid, and responsive [24]. Each compo-
nent of the questionnaires gives a weighted score
between 0 and 100 including the total, with normal
values in healthy individuals of less than seven
points for each component. A change of four
points in the total score represents the minimum
clinically significant change [18]. Thus, our 10.3
point reduction in total scores after rehabilitation
shows the clinically significant benefits of our pro-
gramme. All the component sections except for the
symptom score (activity, impact and total score)
showed highly significant improvements in the re-
habilitation group, in concordance with the report
of Foglio [6]. The lack of change in the symptom
score might be due to stable state of the patients in
this study under optimal medical therapy. The total
and impact scores improved slightly but signifi-
cantly, even in our control group, which might be
related to the effect of education, and other support
session. However, the degree of improvement was
much larger in the rehabilitation group than in the
control group. The major limitation of our study is

the small number of subjects, especially at the time
of follow-up examination, some patients dropped
out. Therefore we cannot adequately evaluate the
long-term effect at this time. But, significant im-
provement in the lower extremity endurance was
well maintained up to one year after the comple-
tion of the training without a further maintenance
programme.

In conclusion, we developed a simple and easy
home based rehabilitation programme and we
found that our programme was both well accepted
by the patients and effective. Further research is
required to demonstrate the long-term effect of this
home-based pulmonary rehabilitation programme.
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