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ABSTRACT: We have developed a rehabilitation programme at home and have
investigated its effects on quality of life (QOL), lung function, and exercise toler-
ance in patients with chronic obstructive pulmonary disease (COPD).

We studied 43 patients with severe airflow obstruction: forced expiratory vol-
ume in one second (FEV1) 1.3±0.4 l (mean±SD), FEV1/inspiratory vital capacity (IVC)
37±7.9%.  After stratification, 28 patients were randomly allocated in a home reha-
bilitation programme for 12 weeks.  Fifteen patients in a control group received
no rehabilitation.  The rehabilitation group received physiotherapy by the local
physiotherapist, and supervision by a nurse and a general practitioner.  Quality of
life was assessed by the four dimensions of the Chronic Respiratory Questionnaire
(CRQ).

We found a highly significant improvement in the rehabilitation group compared
to the control group for the dimensions dyspnoea, emotion, and mastery.  Lung
function showed no changes in the rehabilitation group.  The exercise tolerance
improved significantly in the rehabilitation group compared to the control group.
The improvement in quality of life was not correlated with the improvement in
exercise tolerance.

Rehabilitation of COPD patients at home may improve quality of life;  this improve-
ment is not correlated with an improvement in lung function and exercise tolerance.
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Patients with chronic obstructive pulmonary disease
(COPD) are characterized by an impaired lung function
and a limited exercise tolerance.  Medication and reha-
bilitation programmes are generally directed towards relief
of symptoms and improvement of lung function and exer-
cise tolerance.  Several studies have shown, however, that
COPD may also lead to an impaired quality of life [1–3].
Health care use by COPD patients appears to be related
even more to an impaired quality of life than to the sever-
ity of the lung disease itself [4].  Therefore, improvement
in quality of life should be one of the aims of treatment
of COPD [5].  

Two general health measurements, the Quality of Well-
being Scale [6] and the Sickness Impact Profile (SIP) [7],
have been used in COPD patients [1–3] in this respect.
However, their use may be limited by a lack of sensi-
tivity to detect changes in health [8].  A disease-specific
questionnaire may be more sensitive, as a higher pro-
portion of its content is pertinent to the disease itself [8].
However, the most comprehensive disease-specific mea-
surement available in COPD at the time of the study, the
Chronic Respiratory Questionnaire (CRQ) of GUYATT and
co-workers [9],  showed no improvement of quality of
life after inspiratory muscle training in COPD patients
[10].

The purpose of the present study was to investigate, in
patients with COPD, whether a more extensive home
rehabilitation programme could show improvement in
quality of life, as measured with the CRQ.

Patients and Methods

Patients

We studied 45 COPD patients (all smokers or ex-
smokers) (table 1) with severe airflow limitation.  All
patients were in a clinically stable condition (no recent
exacerbations) with optimal drug management.  Entry
criteria were: 1) forced expiratory volume in one second
(FEV1) <60% predicted; and 2) FEV1/inspiratory vital
capacity (IVC) <50%; both after two inhalations of 40 µg
ipratropium bromide.  Patients with evidence of ischaemic
heart disease, intermittent claudication, musculoskeletal
disorders, or other disabling diseases that could restrict
the rehabilitation programme were excluded.  The study
was approved by the Medical Ethics Committee of the
University Hospital of Groningen, and all patients gave
informed consent.



P.J. WIJKSTRA ET AL.270

Study design

The patients were hospitalized for two days for their
initial evaluation.  They were stratified for their FEV1 %
predicted (less or more than 45% predicted), their limit-
ing factor in exercise capacity (ventilatory limitation or
nonventilatory limitation), and the maximal workload
(less or more than 70 w) of their cycle ergometer test.
After this stratification, the patients were randomly allo-
cated to a 12 week home rehabilitation programme or to
a control group.  Thirty patients entered the rehabilita-
tion group and 15 patients entered the control group.
The following measurements were carried out before, and
12 weeks after, rehabilitation: 1) quality of life;  2) spiro-
metry; and 3) cycle ergometer test.

Rehabilitation programme

The patients were supervised by a multidisciplinary
team: pulmonologist, physiotherapist, nurse,  and gener-
al practitioner.  The study was organized and set up by
one pulmonologist (P.J.W.), who visited all physiothera-
pists, nurses, and general practitioners before the start of
the study to instruct them about the rehabilitation pro-
gramme.  The patients visited the physiotherapist twice
a week for 12 weeks.

The physiotherapy programme consisted of conven-
tional physiotherapy (relaxation exercises [11], and breath-
ing retraining [12]), upper limb training [13], target-flow
inspiratory muscle training (IMT) [14], and exercise train-
ing on a home-trainer according to ALLISON et al. [15].
The patients started exercise training for 4 min at 60%
of their maximal workload (Wmax) of the cycle ergo-

meter test.  The time span was gradually extended to 12
min and the workload to a maximum of 75% of the
Wmax.  All exercises were taught by the physiotherapist.
The patients had to practise twice a day for half an hour
at home, according to an individualized protocol.  During
this training period of one hour a day, all exercises were
practised.  Patients started one day with relaxation exer-
cises and the other day with breathing retraining, and so
on.  Every day they practised IMT, upper limb training,
and exercise training on a home-trainer.

In addition to this physical training, the patients were
supervised once a month by a nurse and a general prac-
titioner.  The nurse visited the patients at home, and her
task was to give the patients and also family members a
better insight into the possible disabilities and handicaps
due to impairment of the lungs.  Information was given
about pulmonary disease, about various strategies for
treatment,  how to use the medication, how the patient
could cope with the disease, and the role of a rehabilita-
tion programme in this coping strategy.

The patients also visited the general practitioner once
a month, and his task was to supervise the clinical sta-
tus and maintenance treatment.  The control group did
not follow the above mentioned protocol.

Outcome measures

Baseline lung function characteristics.  Static lung vol-
umes, FEV1, IVC, diffusion capacity, volume-pressure
relationship, and static compliance were measured dur-
ing the initial evaluation.  Static lung volumes were deter-
mined in a constant volume whole body plethysmograph
(Masterlab, Jaeger, Würzburg, FRG).  FEV1 and IVC
were measured by means of a pneumotachograph (Jaeger,
Würzburg, FRG).  Diffusion transfer factor for carbon
monoxide divided by alveolar volume (TLCO/VA) was
measured by using the single-breath method.   Volume/pres-
sure (V/P) diagrams of the lungs were recorded using an
oesophageal balloon (Jaeger, Würzburg, FRG).  Static
compliance was calculated from the V/P diagram.   Predicted
values were derived from the European Community for
Coal and Steel (ECCS) [16].

Quality of life.  Quality of life was assessed by the Chronic
Respiratory Questionnaire (CRQ) of GUYATT and co-
workers [9], which was translated into Dutch.  The CRQ
is divided into four dimensions:  Dyspnoea, Fatigue,
Emotion, and Mastery.   The dimensions Fatigue, Emotion
and Mastery had a good reliability, whilst the dimension
Dyspnoea showed a lower reliability (submitted for pub-
lication).  This questionnaire was also shown to be valid
given the good correlation with the dimensions of the
Symptom Checklist [17] (SCL-90) (submitted for publi-
cation).  The CRQ measures both physical and emotional
function.  Physical function was investigated by five
items relating to the dimension dyspnoea and by four
items relating to the dimension Fatigue.  Assessment of
emotional function, corresponding with the dimensions
Emotion and Mastery, included questions about frustra-
tion, depression, anxiety, panic, and fear of dyspnoea.

Table 1.  –  Baseline characteristics of the study popu-
lation

Rehabilitation Control
group group

n 28 15
Gender M/F 23/5 14/1
Age yrs 64±5 62±5
FEV1b  l 1.2±0.3 1.2±0.3
FEV1a  l 1.3±0.4 1.4±0.3
FEV1 % pred 44±11 45±9
FEV1/IVC  % 39±8 36±7
IVC  % pred 84±16 94±15*
TLC  %pred 118±14 114±11
RV/TLC  % pred 151±24 133±18*
Cst  l·kPa-1 4.3±3.1 5.3±3.0
TLCO/VA % pred 65±23 65±25

All value are expressed as mean±SD.  *: p<0.05 unpaired t-
test.  FEV1b: forced expiratory volume in one second before
bronchodilation with two inhalations of 40 µg ipratropium bro-
mide;  FEV1a: FEV1 after bronchodilation; % pred: expressed
as a percentage of the predicted value; FEV1/IVC %: FEV1

expressed as a percentage of the slow inspiratory vital capac-
ity; TLC: total lung capacity; RV: residual volume; Cst: static
lung compliance; TLCO/VA: transfer factor for carbon monoxide
divided by alveolar volume. 



Spirometry:  FEV1 and IVC in the control group were
significantly (p<0.05 and p=0.001, respectively) lower
after 12 weeks compared to baseline (table 3).  The change
in IVC was significantly (p<0.05) different between both
groups.
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Patients were asked to rate their physical and emotional
function on a seven point scale.  Higher scores repre-
sented better function.  During the second administra-
tion of the test (after 12 weeks), the patients were told
their previous answers (from the start of the programme),
as advocated by GUYATT and co-workers [18].

Spirometry.  After 12 weeks, FEV1 and IVC were mea-
sured by means of a pneumotachograph.

Cycle ergometer test. Patients respired through a mouth-
piece and wore a noseclip during the incremental symptom-
limited cycle ergometer test (Jaeger, Würzburg, FRG).
Minute ventilation (VE), oxygen uptake (VO2) and car-
bon dioxide output (VCO2) were measured every 30 s from
analysis of the expirate by a computerized system (EOS
Sprint; Jaeger, Würzburg, FRG).  Heart rate was moni-
tored simultaneously (Marquette Electronics inc., Milwaukee,
USA), and arterial oxygen saturation (SaO2) was record-
ed continuously by an ear oximeter (Biox IIA, Biox
Technology inc., Colorado, USA).  After 1 min  of un-
loaded pedalling, work rate increased 10 w every minute.
Patients were instructed to stop when they could not con-
tinue the test any longer due to dyspnoea or general
fatigue.  The maximum workload (Wmax) was defined
as the highest work level reached and maintained for a
full minute.

Statistical analysis

After checking for a normal distribution, baseline out-
come measures between the two groups were analysed
with unpaired Student's t-test, while the results after 12
weeks were compared with baseline within each group
using a paired t-test.  The changes in each variable in the
rehabilitation group compared to the control group were
investigated by the unpaired Student's t-test.   Significance
level was set at p<0.05.

Results

Two patients dropped out of the rehabilitation group:
one patient due to a cerebral tumour and one due to arth-
ritis.  The rehabilitation group, therefore, consisted of 28
patients and the control group of 15.

Outcome measures

Baseline lung function characteristics. These showed no
significant differences between the rehabilitation and the
control group, except for IVC and (RV)/(TLC) % pre-
dicted (table 1).  The measurements in both groups con-
cerning quality of life and exercise tolerance were comparable
at baseline.

Quality of life. The dimensions Dyspnoea, Fatigue, Emotion,
and Mastery showed a highly significant (p<0.001) im-
provement after 12 weeks of rehabilitation as compared

to baseline, whilst there was no change in the control
group (table 2).  The change in the dimensions Dyspnoea,
Emotion and Mastery was also significantly (p<0.01) dif-
ferent between both groups.

Table 2.  –  Effects of rehabilitation on quality of life

Rehabilitation group Control group
Baseline 12 week Baseline 12 week

Dyspnoea 19.6±4.6 23.9±5.1*** 19.3±5.8 19.1±6.6##

Fatigue 16.2±5.3 19.7±5.2*** 15.9±4.7 16.9±4.3
Emotion 34.8±7.4 38.7±6.9*** 32.9±6.7 33.1±6.5##

Mastery 20.1±4.8 22.5±4.5*** 20.3±4.0 20.3±4.1##

All values are expressed as mean±SD, ***: p<0.001 paired t-
test between baseline and 12 week test;  ##: p<0.01 unpaired t-
test between the changes in both groups.  Dyspnoea, Fatigue,
Emotion and Mastery: dimensions of the Chronic Respiratory
Questionnaire.

Cycle ergometer test. The rehabilitation group showed
a significantly (p<0.05) higher Wmax in the cycle ergo-
meter test after 12 weeks than at baseline (table 3).  The
rehabilitation group showed an improvement in Wmax
of 10% (70 to 78 W), whilst the exercise tolerance of
the control group decreased by 9%, the difference being
significant (p<0.01). The VO2-symptom limited (VO2-SL)
was also significantly (p<0.05) higher in the rehabilita-
tion group after 12 weeks compared to baseline, whilst
the control group showed a decrease.  The change in both
groups was significantly (p<0.05) different.

Relationship between outcome measures. We found no
significant correlation between the baseline score of the
dimensions Dyspnoea, Fatigue, Emotion, and Mastery
and the baseline exercise tolerance for both groups.  The
change of the dimensions Dyspnoea, Fatigue, Emotion,
and Mastery did not correlate with the change in exer-
cise tolerance, either for the whole study population, or
for the rehabilitation group alone.

Table 3.  –  Effects of rehabilitation on lung function and
exercise capacity

Rehabilitation group Control group
Baseline 12 week Baseline 12 week

IVC l 3.4±0.9 3.3±0.8 3.9±0.9 3.5±0.9***#

FEV1 l 1.3±0.4 1.3±0.3 1.4±0.3 1.2±0.3*
Wmax  W 70±30 78±31* 79±27 71±28##

All values are expressed as mean±SD, *: p<0.05;  ***: p=0.001,
paired t-test between baseline and 12 week test; #: p<0.05; ##:
p<0.01 unpaired t-test between the changes in both groups.
Wmax: maximal workload of the cycle ergometer test.  for fur-
ther abbreviation see legend to table 1.

· ·
·
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Discussion

Our study shows an improvement in quality of life in
patients with COPD after 12 weeks of rehabilitation at
home.  The dimensions Dyspnoea, Fatigue, Emotion,
and Mastery of the Chronic Respiratory Questionnaire
(CRQ) showed a highly significant improvement in the
rehabilitation group, whilst no significant changes were
observed in the control group.  The improvement in the
dimensions Dyspnoea, Emotion, and Mastery in the
rehabilitation group was also significantly different com-
pared to the change in the control group.  As expected,
spirometry did not improve.  Although exercise perfor-
mance improved, this did not correlate with improvement
in quality of life.

In a controlled study, GUYATT and co-workers [10] also
used the CRQ, but found no change in quality of life
after inspiratory muscle training (IMT) at home.  This
finding might have been expected because DEKHUIJZEN

et al. [14] had already shown that IMT alone did not
influence psychological parameters, although they did not
use the CRQ.  On the other hand, they showed that a
combination of IMT and conventional rehabilitation
decreased anxiety and depression.  Several other studies
[19–21] have also shown that a comprehensive approach,
i.e. physiotherapy, education, and vocational counselling,
may lead to an improvement in psychological status.
Some studies [19, 20, 22, 23] also showed improvement
in the quality of life, but they did not assess it system-
atically by means of a valid questionnaire.  Studies that
showed an improved quality of life by using valid ques-
tionnaires, like the CRQ, were mostly carried out in a
clinical setting without a control group [5, 9, 24].  On
the other hand, studies [19, 21, 25, 26] that investigated
the effects of a comprehensive rehabilitation programme
at home did not assess the change in quality of life.  Our
study is the first to show that a comprehensive pro-
gramme of rehabilitation carried out in a home care set-
ting improves both exercise tolerance and quality of life,
as compared to a control group.

An important question remaining is whether this improved
quality of life, as assessed by the CRQ, is of clinical rel-
evance.  GUYATT and co-workers [5] defined improve-
ment in quality of life as an increase of at least four points
in the raw score for physical function (Dyspnoea and
Fatigue) or emotional function (Emotion and Mastery),
with a total improvement of at least four points.  It was
their impression, after extensive clinical experience with
the CRQ [5], that patients with an increase of at least
four points find their quality of life improved, whilst
patients with a score below four points find their quality
of life unchanged.  Although the definition of GUYATT

and co-workers [5] of an improved quality of life is some-
what arbitrary, we think that the total improvement of 14
points for the dimensions Dyspnoea, Fatigue, Emotion
and Mastery in our study is clinically relevant.

JONES et al. [8] and GUYATT [27] advocated the use of
disease-specific questionnaires to assess quality of life.
Therefore, in our study we used the Chronic Respiratory
Questionnaire (CRQ), which proved to be precise, valid,
and sensitive [9].  Although we found that the dimension

Dyspnoea had a lower reliability compared to the other
dimensions, it was shown to be sensitive to change in
this study.  Therefore, we agree with GUYATT and co-
workers that the CRQ is a reliable and valid tool to mea-
sure quality of life.  The CRQ determines both physical
and emotional function, which encompasses the term qual-
ity of life [28].  The use of the CRQ was investigated by
MORGAN [29], who concluded that the questionnaire has
the capacity to identify changes after intervention, in
patients with COPD.

We also measure physiological functions.  In accor-
dance with most studies we found no improvement in
lung function in the rehabilitation group.  On the other
hand, the control group showed a significant decrease in
both FEV1 and IVC after merely 12 weeks.  This unex-
pected finding is in contrast with a study by MCGAVIN et
al. [25], who found no changes in their control group.
Although the patients in the rehabilitation group, in con-
trast with the control group, visited their general practi-
tioner once a month, this was only to supervise their
clinical status according to a checklist.  The maintenance
treatment in both groups did not change during these 12
weeks, and patients in both groups received oral corti-
costeroids and antibiotics for an exacerbation in a stan-
dardized way.  There was no difference in the number
of exacerbations during 12 weeks between both groups.
It is known that lung function deteriorates in COPD, but
the decline in FEV1 averages about 50 ml·yr-1 [30].  At
this moment, we have no explanation for the large decrease
in lung function in our control group.  Follow-up of the
patients has to show whether this finding is due to change
or a real observation.

Our study showed a minor, but significant improve-
ment in exercise capacity on the cycle ergometer test,
although lung function did not improve.  This finding is
compatible with rehabilitation studies in a clinical setting
[14, 31], and with a home rehabilitation programmes [25,
26].  Because the patients in the rehabilitation group
trained at home on a home-trainer, this increase in exer-
cise capacity might be due to familiarization with the
bicycle, in contrast to the control group.  However, not
only the Wmax but also VO2-SL improved in the reha-
bilitation group.  The combination of an increased Wmax
and VO2-SL must be considered to be influenced by moti-
vation and effort [32], and not only an increased effi-
ciency due to familiarization.  At the same time, there is
a decrease in maximal workload in the control group
which might be explained by their fall in lung function.
However, we did not find a correlation between the fall
in lung function and the decrease in exercise capacity in
the control group.  As far as we know, no other study
has found this correlation either.

The increase in exercise tolerance was not associated
with an improved quality of life, suggesting that a sub-
jective parameter, such as quality of life, is not influ-
enced by exercise tolerance.  On the other hand, GUYATT

and co-workers [9] did find a correlation between the
improvement in the dimension Dyspnoea and the im-
proved exercise tolerance after a rehabilitation pro-
gramme.  However, GUYATT and co-workers [9] assessed
exercise capacity by a 6 min walk test, whilst we used
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cycle ergometer test.  At the same time, GUYATT and co-
workers [33] had already shown in a previous study that
Dyspnoea correlated with the walking distance and not
with cycle ergometer tests.

In summary, our study showed that rehabilitation at
home leads to an improved quality of life in COPD
patients, which is not associated with an improvement in
lung function or exercise tolerance.  The improvement of
quality of life is probably due to the comprehensive care
of the rehabilitation programme and not only to a part of
it.  However, our study investigated only quality of life
immediately after rehabilitation at home.  An important
question remains, namely how long this improvement of
quality of life will last.  Therefore, further long-term reha-
bilitation studies, including assessment of quality of life,
need to be carried out.
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