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ABSTRACT: This study tested the hypothesis that severity of respiratory disability
may affect the outcome of pulmonary rehabilitation.

In this randomized, controlled study, 126 patients with chronic obstructive pulmo-
nary disease (COPD) were stratified for dyspnoea using the Medical Research Coun-
cil (MRC) dyspnoea score into MRC3/4 (Moderate) (n=66) and MRC 5 (Severe)
dyspnoeic (n=60) groups. The patients were randomly assigned to an eight week pro-
gramme of either exercise plus education (Exercise group) or education (Control
group). Education and exercise programmes for the moderately dyspnoeic patients
were carried out in a hospital outpatient setting. Severely dyspnoeic patients were all
treated at home. Those in the Exercise group received an individualized training pro-
gramme.

There was a significant improvement in shuttle walking distance in the moderate
dyspnoeic group, who received exercise training; baseline (meantsim) 191+22 m,
post-rehabilitation 279+22 m (p<0.001). There was no improvement in exercise per-
formance in the severely dyspnoeic patients receiving exercise. Neither group of con-
trol patients improved. Health status, assessed by the Total Chronic Respiratory
Disease Questionnaire score, increased in the moderately dyspnoeic patients receiving
exercise from 80+18 to 95+17 (p<0.0001) after rehabilitation. Much smaller changes
were seen in the other three groups.

Improvement in exercise performance and health status in patients with chronic
obstructive pulmonary disease after an exercise programme depends on the initial
degree of dyspnoea.
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Chronic obstructive pulmonary disease (COPD) is an
important cause of morbidity and mortality. It is character-
ized by progressive airflow obstruction [1] that leads to per-
manent disability and impaired mood state, especially with
increasing severity of COPD [2]. Pulmonary rehabilitation
programmes incorporating physical training have been ad-
vocated for these patients, with the aim of improving exer-
cise capacity and quality of life [3—7].

A recent meta-analysis of rehabilitation showed that ex-
ercise training improves the patient's sense of control over
their disease and reduces dyspnoea [8]. However, the ben-
efit in terms of improvement in exercise capacity was not
so clear after training, because the confidence interval of
the effect size was wider than the minimum clinically im-
portant difference. The lack of a consistent improvement
in exercise capacity between studies may have been due to
heterogeneity in the level of disability between study pop-
ulations or to the intensity of training programmes used.

Previous randomized controlled trials have included mainly
patients with moderate COPD. No trials have specifically
investigated patients with severe COPD who are house-
bound. These patients have considerable dyspnoea and fre-

quent hospital admissions and may benefit from appropri-
ately designed rehabilitation programmes. There is no
information concerning the size of the treatment effect ac-
hieved in such patients or any comparisons with patients
with less severe disability who are mobile outside the
home.

This randomized controlled study has been designed
specifically to investigate whether there is heterogeneity
in the response to exercise training in severe COPD pat-
ients with different degrees of disability. A unique feature
of this prospective study is that patients have been strati-
fied according to the level of dyspnoea into moderately
dyspnoeic and severely dyspnoeic groups, with compara-
ble controlled interventions and identical outcome meas-
ures.

Methods
Patient selection

One hundred and thirty-eight patients with stable severe
COPD (70 males, 68 females; median age 70 yrs (range
44-81)) were recruited sequentially from the respiratory
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outpatient clinics at the London Chest Hospital. The study
protocol was approved by the East London and City
Health Authority Ethics Committee and all patients gave
written consent. Entry criteria included a history of COPD,
(with forced expiratory volume in one second (FEV1) <70%
predicted), with <15% reversibility to inhaled salbutamol
400 pg and exercise capacity that was limited by dysp-
noea. All patients had to show clinical stability for at least
3 weeks prior to recruitment, with no exacerbation over
this period. Medical treatment was optimized prior to
entry and was not changed during the rehabilitation pro-
grammes. Patients were excluded if they presented with
unstable angina, peripheral vascular disease or joint-lim-
iting mobility conditions, were unable to understand or
complete questionnaires or had completed a previous pul-
monary rehabilitation programme.

Of the 138 patients approached, 10 declined to take part
in the study. The remaining 128 were stratified according
to disability using the Medical Research Council (MRC)
Dyspnoea score. The MRC score is a five-item question-
naire in which patients categorize their own level of disa-
bility. Patients who selected grade 1 or 2, "Short of breath
with strenuous exercise or when hurrying", were excluded
from the programme as being too fit (n=2). Patients who
selected either grade 3 "Walk slower than people of the
same age on the level or stop for breath while walking at
own pace on the level", or grade 4, "Stop for breath after
100 yards or after a few minutes on the level", formed
the moderate dyspnoea group (n=66). Those who selected
grade 5, "Too breathless to leave the house", formed the
severe dyspnoea group (n=60).

Within the two groups, the 126 patients were rand-
omized to either the exercise training group (Exercise),
who received both exercise training and education twice
weekly for 8 weeks, or the education group (Control), who
received only education twice weekly for 8 weeks. The
randomization was made in blocks of 8 and codes were
held in sealed envelopes. In the moderately dyspnoeic
(MRC grade 3/4) group, 33 patients were randomized to
the Exercise group and 33 to the Control group and they
received their treatment in a hospital outpatient setting. Of
the house-bound severely dyspnoeic (MRC grade 5)
patients, 30 were randomized to Exercise and 30 to the
Control education sessions and were all treated by physio-
therapists at home.

Assessments

Assessments were performed before and after the eight
week rehabilitation programme.

Lung function

Spirometry measurements before and after administra-
tion of a bronchodilator were taken using a rolling seal
spirometer (PK Morgan, Rainham, UK). Resting blood
gases were measured from earlobe samples with the sub-
ject breathing room air for 20 min (Ciba-Corning 278 Blood
Gas Analyzer; Medfield, MA, USA) [9]. Gas transfer (trans-
fer factor of the lung for carbon monoxide (7L,c0O) and
carbon monoxide transfer coefficient (KC0O)) was meas-
ured using the single-breath method (PK Morgan).

Exercise tolerance and breathlessness

Exercise capacity was assessed using the Shuttle Walk
Test (SWT), which is a maximal externally paced incre-
mental exercise test [10]. Patients were requested to walk
between two cones placed 10 m apart and the speed of the
walk was increased by a small increment after each min-
ute and the instructions were standardized from a tape
recording. The end-point was determined when the patient
was unable to maintain the required speed. All patients
were asked to perform the test twice with a rest of at least
20 min between walks and the second test result was used
for analysis. Oxygen saturation levels were monitored
throughout the walk, using a pulse oximeter (Minolta Pul-
sox 7; AVL Instruments, Schaffhausen, Switzerland) and
supplemental oxygen was provided on the second walk if
an oxygen desaturation <85% was observed.

Health status assessment

Health status measurement was made using the follow-
ing questionnaires.

St George's Respiratory Questionnaire (SGRQ). The SGRQ
is a valid and reliable measure of health status in patients
with COPD [11]. It has been shown to be sensitive to
changes in health status with treatment for COPD [12,
13]. It consists of 50 items with 76 weighted responses
and three component scores: symptoms, activities and im-
pacts (psychosocial dysfunction). A total score is calcu-
lated from all three components, with zero indicating no
health impairment and 100 representing maximum im-
pairment.

Chronic Respiratory Disease Questionnaire (CRQ). The
CRQ also measures health status and was specifically
designed for assessment of change [14]. It comprises four
component scores: dyspnoea, fatigue, emotional function
and mastery, measured on a seven-point Likert scale. The
dyspnoea component of the questionnaire is individual-
ized to five activities which cause dyspnoea and are ass-
essed in order of importance and severity to the patient.

Extended activities of Daily Living assessment (EADL).
The Nottingham (EADL) scale is a short, self-adminis-
tered questionnaire consisting of 22 items divided into
four sections: mobility, kitchen, domestic and leisure [15].
This scale has been shown to be capable of distinguishing
between patients with different levels of disability as des-
cribed by the MRC dyspnoea scale and to correlate well
with severity of disease [16].

Hospital Anxiety and Depression (HAD) Score. The HAD
score was used to assess levels of anxiety and depression.
It consists of 14 items which produce separate scores for
anxiety and depression [17]. A HAD score of S11 indi-
cates clinical cases of anxiety and depression.

Rehabilitation programmes

Exercise programme. The exercise programme consisted
of unloaded upper and lower limb training. The same
physiotherapist supervised home and hospital programmes,
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ensuring a similar exercise component for both MRC
grade 3/4 and MRC grade 5 patients throughout the study.
Exercises were based on the principle of body condition-
ing, with low-intensity repetitions of isolated muscle groups
designed to minimize dyspnoea whilst improving periph-
eral muscle tone. The aerobic component of the exercise
programme involved fast walking over a 10 m distance
(with the instructions to walk "as though you are late for
an appointment") and unloaded cycling on a cycle ergom-
eter. Patients receiving the home exercise programme per-
formed a similar set of exercises including fast walking at
home, with the only exception being cycle work. All pat-
ients in the exercise training group, whether at hospital or
in the home, performed the exercises for 1 h, including
rest periods as needed. Patients were encouraged to exer-
cise unsupervised for 1 h daily, in between the sessions
with the physiotherapist. Intensity was determined on an
individual basis and self-limited by dyspnoea. Each pat-
ient continued exercising until breathlessness was perceiv-
ed as moderate to relatively severe on the Borg scale.

The MRC grade 5 group included 10 patients who were
on long-term oxygen therapy. They exercised using sup-
plemental oxygen at a flow rate sufficient to maintain sat-
urations >85%. In the MRC 3/4 group, four patients who
showed exercise oxygen desaturation were assessed for oxy-
gen requirements during initial exercise sessions.

Education programme. The education programme was
standardized for both the Exercise and the Control groups,
and for patients seen at home or at hospital. Education
sessions lasted for approximately 45 min and included
topics on the anatomy and physiology of COPD, bron-
chodilator therapy and inhaler devices, nebulizer therapy,
long-term oxygen therapy, smoking cessation, relaxation,
chest clearance, breathing techniques, nutritional aspects
and psychological problems associated with respiratory
disability, travel with COPD, and when to call the doctor.

Statistical analysis

The study was designed to test the impact of initial dys-
pnoea levels on the effect of physical exercise training.
For this reason, analysis was confined to those patients
who completed 50% of the training sessions (i.e. eight).
This rule was set a priori, before the study commenced.
The primary outcome measure was shuttle walking dis-
tance. The secondary outcome measures were quality-of-
life assessments. All data was normally distributed except
for EADL scores. Two-way analysis of covariance (ANCOVA)
was used to analyse data [18]. The two factors were: 1)
level of disability (moderate or severe), and 2) randomized
rehabilitation group (Exercise or Control). The covariate
for each variable analysed was the baseline measure. Stu-
dent's t-tests were performed to assess any differences at
baseline and were also used as post hoc tests to determine
in which groups changes had occurred. Relationships bet-
ween measured variables were examined using the Pear-
son's product moment correlation. Treatment effects for
measures of exercise performance and quality-of-life scores
were calculated. The effect sizes were calculated by sub-
tracting the Control group measurement after rehabilitation
from the Exercise group measurement after rehabilitation.
This difference was then divided by the pooled sp value of

the post-intervention measure. Effect sizes for moderate
and severe groups were calculated separately. Significance
for all analyses was accepted at p<0.05.

Results

After the eight week rehabilitation programme 109 pat-
ients completed a full assessment (fig. 1). Of the remain-
ing 17 patients not assessed at 8 weeks, four patients
attended fewer than eight out of 16 sessions and nine pat-
ients stopped attending after two or fewer rehabilitation
sessions. One patient was injured and unable to exercise.
Two patients died before the end of the eight week pro-
gramme and one patient was unable to complete a walking
test, but completed questionnaires. In the MRC grade 3/4
group, who had rehabilitation as hospital outpatients, the
mean number of sessions attended was 14 out of a maxi-
mum of 16 sessions. For the home rehabilitation group,
the mean number of sessions was 15 out of a maximum of
16.

Comparison of disability groups
The baseline characteristics for the two groups of pat-

ients are shown in table 1. Patients in the severely dysp-
noeic housebound group had very low baseline exercise
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Fig. 1. — Trial profile.
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Table 1. — Baseline physiological parameters, exercise tolerance, health status and daily activity scores for moderate and

severe groups

Moderate (MRC 3 and 4)

Severe (MRC 5)

Baseline Exercise Control Diff. 95% CI Exercise Control Diff. 95% CI
n=29 n=27 n=26 n=28
Age yrs 68.6%8.9 68.6+6.6 -0.02 -4.1-4.1 73.0+5.9 72.0%6.1 1.0 -2.4-4.4
FEV1 L 0.95+0.32  1.01x0.45 -0.06 -0.28-0.14 0.87£0.41  0.77+0.28 0.1 -0.09-0.3
FEV1 % pred 37«11 38+12 1.0 -8.3-5.1 38+17 36+12 2.0 -6.3-11.2
FVC L 2.60+0.77  2.55+0.71 0.05 -0.4-0.5 1.80+0.61 1.85+0.72 -0.05 -0.4-0.3
Pa,0, kPa 8.94x1.06  8.68+0.77 0.26 -0.2-0.8 8.26x1.64  8.56x1.10 -0.3 -1.1-0.5
Pa,cO, kPa 5.80+0.54  5.84+0.73 -0.04 -0.4-0.3 6.17£0.92  6.02+0.76 0.15 -0.3-0.6
TL.CO 3.71x1.19  3.75x1.62 -0.04 -0.8-0.7 2.88+1.36  2.67x1.42 0.21 -1.88-2.29
mmol-min--kPa-!

Shuttle m 19122 21722 -26 -84-39 108x15 75«11 33 -4.7-71.7
SGRQ Total 50.6x13.7 52.0x14.4 2.4 -9.9-5.1 63.7+x13.9  64.9x+12.6 -1.2 -8.5-6.1
CRQ Total 80.3x18.1  81.9+21.5 -1.6 -12-9 70.0£17.1  71.4+24.1 -1.4 13.2-10.3
HAD Depression 4.4+1.8 5.2+3.9 -0.8 -2.4-0.8 6.5+£3.5 7.1+£2.5 -0.6 -2.3-1.03
EADL* 18 (7-22) 18 (11-21) - - 13 (5-19) 13 (5-18) - -

Values are mean+sp. *: non-normal distribution scores, displayed as median (range). SGRQ: St George's Respiratory Questionnaire;
CRQ: Chronic Respiratory Questionnaire; HAD: Hospital Anxiety and Depression Score; EADL: Extended Activities of Daily Living
Score; MRC: Medical Research Council. FEV1: forced expiratory volume in one second; FVC: forced vital capacity; Pa,0,: arterial
oxygen tension; Pa,CO,: arterial carbon dioxide tension; 7L,CO: lung carbon monoxide transfer factor; Diff.: difference; CI: confidence

interval.

capacity, 90+10 m (mean+semM) compared with the moder-
ate patients, 209+15 m (p<0.0001). The severe group
were also older (p<0.0009) and had worse health status
scores (SGRQ Total scores p<0.0001; CRQ Total scores
p<0.006). They were also more impaired in terms of activi-
ties of daily living than the moderate group (EADL scores
p<0.0001). However, the degree of airflow obstruction
assessed by FEV1 was not significantly different between
the two disability groups.

Changes between treatment groups at baseline

The baseline characteristics for the Exercise and Con-
trol groups for the two groups are shown in table 1. There
were no significant differences in baseline physiological
characteristics between the Exercise and Control groups
in either moderate (MRC 3/4) or severe (MRC 5) groups.

Changes in exercise tolerance and pulmonary function

Changes in shuttle walking distance before and after re-
habilitation are shown in table 2. There were significant
differences in post rehabilitation exercise performance bet-

ween the Exercise and Control groups after controlling for
baseline exercise performance (ANCOVA main effects;
F,,4=14.74, p<0.0005). In addition, there was a signifi-
cant interaction between the treatment group and the dis-
ability group in terms of their effect on the change in
exercise performance (F,,=14.39, p<0.0005). This indi-
cates that the response to exercise training was affected by
the initial MRC grade. To examine this further, post hoc
analyses were performed to identify which group im-
proved. These tests showed that only the moderately dysp-
noeic patients in the Exercise group achieved a significant
increase in exercise tolerance (p<0.001). There was no im-
provement in exercise performance in the severe patients
who received exercise training. Neither group of control
patients improved. There were no changes in spirometry
or blood gases after the rehabilitation programmes in any
of the four treatment groups.

Health status

There were no significant differences between the Exer-
cise and Control groups for the SGRQ postrehabilitation
total score controlling for baseline (main effect F,,,=2.31,

Table 2. — Exercise performance assessed by shuttle distance and health status measurement assessed by St George's
Respiratory Questionnaire (SGRQ) and Chronic Respiratory Questionnaire (CRQ) at baseline and postrehabilitation for

moderate and severe disability groups

Assessment Disability Group Baseline Post- Change 95% CI
rehabilitation

Shuttle walking distance m* Moderate Exercise 19122 279+22 88 54-120
Severe Exercise 108+15 118+15 10 -6-27
Moderate Control 21722 20121 -16 -46-14
Severe Control 75«11 9014 15 -8-37

SGRQ Total* Moderate Exercise 51£13 49+13 -2 -6-3
Severe Exercise 63x14 66x14 3 -2-7
Moderate Control 53+15 5716 4 1-7
Severe Control 65+13 67x11 2 -1-5

CRQ Total+ Moderate Exercise 80+18 94+16 14 8-20
Severe Exercise 70+18 74+21 4 1-8
Moderate Control 82+22 88+22 6 1-10
Severe Control 71£24 T5+22 4 1-8

*: mean=seM; +: mean=sp. CI: confidence intervals.
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Table 3. — Treatment effects of exercise and control interventions for moderate and severe groups
for measure of exercise performance and health status

Disability Outcome Effect size 95% CI Treatment effect 95% CI
measures overall natural units

Moderate Shuttle 1.07 0.62—1.53 %% 104 m 60148
Severe -0.09 -0.63-0.45 -4 m -31-22
Moderate SGRQ Total -0.52 -1.03-0.002 54 -10.7-0.02
Severe 0.10 -0.44-0.66 0.93 -3.9-5.8
Moderate CRQ Total 0.71 0.15-1.17%** 8.9 2.1-15.8%***
Severe 0.02 -0.52-0.59 0.23 -4.9-5.5

CI: confidence intervals; SGRQ: St George's Respiratory Questionnaire; CRQ: Chronic Respiratory Question-
naire. SGRQ scored in opposite direction to shuttle distance and CRQ. ***: p<0.001.

p=0.132) and a weak interaction was found between treat-
ment group and disability level (F,;,=3.69, p=0.057)
(table 2). There were differences in the CRQ post rehabili-
tation total score between the Exercise and Control groups
(F}106=3.89, p=0.051). There was a weak interaction bet-
ween the exercise programme and degree of disability (F,y
=4.18, p=0.043). Post hoc tests showed that the moderate
group (MRC 3/4) that had received exercise showed the
largest change in CRQ total score (p<0.0001). The moder-
ately disabled control group and both treatment arms of
the severely disabled group all showed smaller, but statis-
tically significant improvements (p<0.05). There was no
change in the EADL scores after rehabilitation in any group.

Treatment effect size

Effect sizes were calculated for measures of exercise
performance and quality of life for the moderate and sev-
ere groups independently (table 3). In the moderate group,
effect sizes for exercise performance and quality of life
were moderate to large. In contrast, the effect sizes for the
three other groups of patients were small.

Correlations between exercise performance and quality of
life

At baseline, exercise performance was related to both
health status measures. The correlation between exercise
performance and SGRQ total score was 0.53 (p<0.0001)
and between exercise performance and CRQ total score was
0.41 (p<0.0001). However, there were no relationships bet-
ween changes in exercise tolerance and changes in either
health status measure after the rehabilitation programme.

Discussion

Numerous studies have been performed on the effect of
rehabilitation on exercise performance and quality of life
in COPD [8]. The unique feature of the present study was
stratification of the patients for severity of disability using
the MRC Dyspnoea grade. Using this approach, it was shown
that the effect of exercise training in COPD patients may
depend on the initial level of dyspnoea. Patients with mo-
derate dyspnoea (MRC grade 3/4), who were regularly
mobile outside the home, showed quite large improve-
ments in exercise capacity after physical training. In con-
trast, patients with severe disability (MRC grade 5), who
were largely housebound owing to dyspnoea, showed no
improvement in exercise performance following individu-

alized physical training. The improvements in exercise
capacity seen in the moderate patient group were similar
to those achieved in other studies of outpatient pulmonary
rehabilitation [6, 8, 19].

The patients with moderate dyspnoea showed a greater
improvement in health status after physical training than
the other study groups. The size of these changes was sim-
ilar to that reported from a meta-analysis of a number of
trials in pulmonary rehabilitation [8]. The mean change in
quality-of-life scores in the moderate group after exercise
training was greater than the minimum clinically impor-
tant difference for both the SGRQ and CRQ. There was no
improvement in either exercise capacity or quality-of-life
scores in patients with severe disability after an eight week
training programme; however, there are few data in the lit-
erature against which to compare the results in this group
of patients. Few randomized controlled trials of rehabilita-
tion have included patients with equivalent levels of disa-
bility because such patients have considerable difficulty
attending regular outpatient programmes. Two noncon-
trolled rehabilitation studies have suggested that patients
with more impaired baseline exercise performance were
likely to achieve greater percentage improvements in exer-
cise performance after rehabilitation [20, 21]. However,
the two studies described in the meta-analysis by Lacasst et
al. [8], which showed the smallest change in exercise per-
formance compared to controls after rehabilitation, rec-
ruited patients of equal severity to the present patient group,
when assessed in terms of absolute FEV1 levels [22, 23].

The lack of improvement in exercise capacity or global
increase in health status in the severely disabled house-
bound patients after exercise training may have been due
to two factors. One may have been their very poor physi-
cal fitness and muscle deconditioning after many years of
restricted activity. A study investigating training effects in
patients with various levels of FEV1 showed that it was
possible to achieve training effects in patients with marked
impairment, although levels of disability were not assess-
ed [24]. The second is that the exercise programme carried
out at home was not sufficient to produce an improvement
in physical performance. However, compliance with the home
sessions was satisfactory in both exercise and control
groups. It is possible that a longer and more intense exer-
cise programme performed in a hospital setting with more
intensive supervision would produce greater benefit, al-
though most pulmonary rehabilitation studies have includ-
ed training programmes of up to 8 weeks in duration, as in
this study [5, 6]. Patients with severe COPD develop sig-
nificant anxiety and depression, especially with increasing
hypoxaemia [2]. It is possible that these factors offset any
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benefit that could be achieved with physical training. Dif-
ferent rehabilitation strategies require evaluation in these
severely disabled housebound patients, such as psycho-
logical and behaviour therapies which may improve func-
tional exercise capacity.

Although exercise performance and health status improv-
ed in the moderate patient group, the mechanisms of these
improvements are not clear. Training effects are unlikely
to be the cause of the improvement in exercise perform-
ance, as the duration and intensity of the exercise pro-
grammes used in this study were similar to others that
have been too low to achieve a true physical training effect
[25, 26]. Desensitization to dyspnoea has been suggested
as an alternative mechanism to explain improvement in ex-
ercise performance after an exercise programme [26]. The
impact of the exercise programme on health status in these
patients appears to be nonspecific, with all modalities of
the CRQ improving including emotions and mastery.

Patients with severe COPD become less mobile and re-
duce their activities of daily living. In a survey of patients
with severe COPD on domiciliary long-term oxygen ther-
apy, 50% of the patients did not leave the house and thus
fell into the MRC dyspnoea group grade 5 and 78% were
breathless walking around at home and performing daily
activities [27]. Home rehabilitation programmes were per-
formed in these patients because they were unable to cope
with the exercise programme designed for more mobile
patients and it enabled the physical training to be tailored
to the individual needs and targets of each patient. This is
the first randomized, controlled trial of physical training
programmes that have been entirely performed in the pat-
ients' homes with physiotherapists visiting and supervis-
ing the patients at home. Although Wikstra e al. [19, 28]
referred to "home rehabilitation" in their study, the pat-
ients performed their exercise unsupervised at home and
visited the physiotherapist twice weekly for training, with
similar protocols to outpatient rehabilitation programmes.

The present findings emphasize the importance of en-
couraging exercise training at an earlier stage in the natu-
ral history of COPD, before the patient becomes severely
disabled and housebound. Earlier onset of training may
maintain the patient's mobility outside the home for a
longer time, despite worsening lung function, although
this specific point has not been formally studied. GoLpsteN
et al. [5] studied a group of COPD patients with an FEV1
<40% predicted and found improvements in exercise
capacity and quality of life, though the rehabilitation pro-
gramme was performed while patients were admitted as
hospital in-patients. Such fully supervised programmes
are expensive and facilities are not available in most coun-
tries for the prolonged admission required. However, it is
possible that the degree of supervision during training
plays a part during rehabilitation in severe patients and
may have accounted for some of the differences between
the results of the present study and those of other studies
in patients with severe COPD.

This is the first study to examine the effects of exercise
training as part of a comprehensive pulmonary rehabilita-
tion programme in patients with severe chronic obstruc-
tive pulmonary disease, with a similar degree of airflow
obstruction, but with different degrees of dyspnoea. The
results of the study may explain the variable effects on
exercise capacity with training that were reported in the
meta-analysis by Lacasst et al. [8] and provide a basis for

patient selection for rehabilitation. Patients who are candi-
dates for rehabilitation programmes need to be selected on
the level of their disability. There is a need for further
study of the most effective forms of rehabilitation in chro-
nic obstructive pulmonary disease patients with severe
disability, who are frequent users of hospital and social
service resources.
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