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Abstract
Background—Pulmonary rehabilitation
programmes have been shown to improve
both exercise tolerance and health status
in patients with chronic obstructive pul-
monary disease (COPD). The optimal
duration for a pulmonary rehabilitation
programme is, however, unknown. To
assess whether the current pulmonary
rehabilitation programme could be short-
ened a randomised controlled trial was
conducted in 44 patients with COPD who
were allocated to either a seven week or a
four week course.
Methods—Patients were randomised to
either our standard seven week twice
weekly outpatient based programme or a
comparable but shortened four week
course. They were assessed at baseline
and at completion by the Chronic Respi-
ratory Questionnaire (CRQ), the Breath-
ing Problems Questionnaire (BPQ), the
incremental shuttle walking test (SWT),
and the treadmill endurance test (TET).
Results—Twenty one patients (61% men)
of mean (SD) age 68 (9.2) years and forced
expiratory volume in one second ( FEV1)
1.08 (0.4) l completed a conventional
seven week course and 23 (67% men) of
mean (SD) age 69 (8.8) years and FEV1

1.03 (0.3) l completed a shortened four
week course. Patients who completed the
seven week rehabilitation programme had
greater improvements in all outcome
measures than those undertaking the four
week course. These diVerences reached
clinical and statistical significance for the
total CRQ score, which was the primary
outcome variable (mean diVerence (95%
confidence intervals (CI) of diVerence)
–0.61(–0.15 to –1.08), p<0.05), and the
CRQ domains of dyspnoea (–0.80 (95% CI
–0.13 to –1.48), p<0.05), emotion (–0.89
(95% CI –0.33 to –1.45), p<0.005), and
mastery (–0.84 (95% CI –0.10 to –1.58),
p<0.05). There were also trends towards
greater improvements in exercise assess-
ments in the seven week group but the dif-
ferences did not reach statistical
significance (SWT: mean diVerence –16.9
(95% CI 24.8 to –58.6), p=0.41; TET:
geometric mean diVerence –1.21 (95% CI
–0.60 to –2.47), p=0.56).
Conclusions—A seven week course of pul-
monary rehabilitation provides greater
benefits to patients than a four week
course in terms of improvements in health

status. Larger prospective studies are
required to determine the optimal dura-
tion of a pulmonary rehabilitation pro-
gramme.
(Thorax 2001;56:143–145)
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Pulmonary rehabilitation now has an estab-
lished role in the management of patients with
chronic respiratory disease and controlled
studies have shown lasting improvements in
both health status and exercise capacity.1–5 We
have previously reported the benefits to
patients completing our seven week pro-
gramme.6 The initial estimates of the optimum
length of outpatient rehabilitation programmes
were based on the recommendations of the
American College of Sports Medicine for
training in healthy individuals which suggest
that a six week course is required to achieve an
aerobic training eVect.7 For patients with
chronic obstructive pulmonary disease
(COPD), however, there is little to support
seven weeks of training against any other
reasonable length of programme. We therefore
designed a randomised controlled trial which
aimed to determine whether a shortened four
week programme would provide equal benefits
to patients in terms of improvements in health
status and exercise capacity as our traditional
seven week course.

Methods
Forty four patients with COPD (forced expira-
tory volume in one second (FEV1) <80%, ratio
of FEV1 to forced vital capacity (FVC) <70%,
and consistent symptoms) were randomised
(using concealed envelopes) to either our con-
ventional seven week rehabilitation programme
or a condensed programme of four weeks. At
baseline the patients were assessed by the
standardised health status measurements—the
Chronic Respiratory Questionnaire (CRQ)
and the Breathing Problems Questionnaire
(BPQ). The CRQ was administered as de-
scribed by Guyatt et al.8 Briefly, four domains
are measured: dyspnoea (using self-selected
daily activities), fatigue, emotion, and mastery.
The domains have 4–7 items each, scored on a
scale of 1–7. A change of 0.5 in the mean score
per domain (calculated by dividing the overall
score by the number of items) has been shown
to be associated with a minimally important
diVerence in health status.9 The short form
BPQ was administered as previously de-
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scribed.10 Patients also completed the incre-
mental shuttle walking test (SWT) using our
standard protocol11 and the treadmill endur-
ance test. Here subjects walked on a treadmill
set at a speed of 60% of the predicted maximal
exercise capacity obtained from the SWT
result.12 The conventional course of rehabilita-
tion comprised a twice weekly outpatient
programme of disease education and exercise
training including aerobic walking, general
mobility, and strength training exercises for
seven weeks. The educational component
comprised 14 sessions of discussions and prac-
tical demonstrations from a range of health
care professionals. Patients randomised to the
four week course received an identical but
shortened training programme. The four week
educational package was modified with pa-
tients attending for extended sessions to
compensate for the reduction in overall
number. On completing the rehabilitation pro-
gramme the health status and exercise assess-
ments were repeated, the exercise tests by a
technician blinded to the study.

The study was approved by the Glenfield
Hospital ethics committee and all patients gave
written informed consent.

ANALYSIS OF DATA

Baseline results were expressed as mean values
with 95% confidence intervals (CI). The
results for the treadmill endurance test were
not normally distributed and were therefore
expressed as median and interquartile range.
To account for the clinically important diVer-
ences between the two groups observed at
baseline, comparisons between the two treat-
ment groups were performed using an analysis
of variance model including the baseline values
as covariates. For each of the outcome
measures the standard residuals had an ap-
proximately normal distribution, including
those of the treadmill endurance test (TET)
following log transformation. The between
treatment group diVerences were therefore
expressed as the geometric mean diVerence for
the TET and the mean diVerence for all other
variables, with 95% CI throughout. A p value
of <0.05 was considered significant.

Results
Twenty one patients of mean (SD) age 68 (9.2)
years and FEV1 1.08 (0.4) l were allocated to
the seven week course and 23 patients of mean
(SD) age 69 (8.8) years and FEV1 1.03 (0.3) l
received the modified four week programme.
At baseline there were no significant diVer-
ences in age, pack years smoked, or FEV1.
There were, however, clinically relevant diVer-
ences in the baseline shuttle walking test
distance and in the CRQ domains of fatigue,
emotion and mastery (table 1). Following the
rehabilitation programme patients who com-
pleted the seven week course were found to
have greater improvements in each outcome
variable than those undertaking the four week
course. The diVerences between the two
groups were statistically and clinically signifi-
cant for the total CRQ score, which was the

primary outcome variable, and also for the
CRQ domains of dyspnoea, emotion, and mas-
tery (table 2).

Discussion
Since the current evidence shows that pulmo-
nary rehabilitation provides significant benefits
to patients, we felt that it would not be ethical
to undertake a study that included a placebo
arm since a group of patients would thus be
denied treatment that we know to be beneficial.
Our control group therefore represented our
current standard treatment against which the
modified programme was compared. Patients
undertaking the seven week programme had
clinically important improvements in exercise
performance and health status consistent with
those seen in previous studies.4 When com-
pared with the four week course of rehabilita-
tion, the seven week course appears to provide
greater benefits to patients with statistically
significant and clinically important diVerences
in the primary outcome variable, the total CRQ
score, and in three of its individual domains.
There was also a trend towards greater
improvements in those on the seven week pro-
gramme for each of the remaining health status
and exercise assessments. Failure to show a
statistically significant diVerence in terms of
exercise capacity may arise from the relatively
small sample size since the study was not pow-
ered to demonstrate significant diVerences in
these secondary outcomes.

Table 1 Mean (SE) baseline demographic data, exercise
assessments, and health status

Four week group
(n=23)

Seven week group
(n=21)

No of men 14 14
Age* 69 (49–84 ) 68 (48–84)
Pack years* 38 (5–100) 47 (15–140)
FEV1 (l) 1.03 (0.07) 1.08 (0.10)
SWT (m) 140.00 (13.90) 187.62 (26.23)
TET (min)** 3.44 (4.55) 4.58 (7.36)
BPQ 16.05 (0.90) 14.53 (0.96)
CRQ: dyspnoea 2.65 (0.20) 2.63 (0.05)
CRQ: fatigue 2.86 (0.21) 3.42 (0.21)
CRQ: emotion 3.64 (0.22) 4.36 (0.20)
CRQ: mastery 3.60 (0.19) 4.34 (0.29)
CRQ: total 3.21 (0.15) 3.70 (0.17)

FEV1 = forced expiratory volume in one second: SWT = shuttle
walking test; TET = treadmill endurance test; BPQ = Breathing
Problems Questionnaire; CRQ = Chronic Respiratory Ques-
tionnaire.
*Median (range).
**Median (interquartile range).

Table 2 Changes in health status and exercise assessments
following rehabilitation: between group comparisons by
analysis of variance with baseline measurements included
as covariates

Outcome variable
Mean diVerence (95% CI)
between 7 and 4 week courses p value

BPQ 1.46 (–0.99 to 3.90) 0.231
CRQ: total –0.61 (–1.08 to –0.15) 0.011*
CRQ: dyspnoea –0.80 (–1.48 to –0.13) 0.021*
CRQ: fatigue –0.46 (–1.24 to 0.33) 0.242
CRQ: emotion –0.89 (–1.45 to –0.33) 0.003*
CRQ: mastery –0.84 (–1.58 to –0.10) 0.027*
SWT (m) –16.9 (–58.6 to 24.81) 0.415
TET (min) –1.15 (–1.87 to 1.39)† 0.56

BPQ = Breathing Problems Questionnaire; CRQ = Chronic
Respiratory Questionnaire; SWT = shuttle walking test; TET =
treadmill endurance test.
*Significant diVerence.
†Geometric mean diVerence.
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There were clinically important baseline dif-
ferences between the two groups, but the
analysis of covariance model allows for these
inequalities and we can therefore be confident
that we have shown a true diVerence between
the two lengths of treatment. The improve-
ments in those on the four week course were
measured at completion of the outpatient pro-
gramme. It would be interesting to see whether
results comparable to those achieved by the
seven week programme could be reached by
including a further three week period of home
exercise training. This would determine
whether the observed results represent a “lag
eVect”, with improvements in health status
developing after a period of time.

This study was confined to the immediate
benefits of pulmonary rehabilitation. A recent
randomised controlled trial has reported lasting
improvements in exercise capacity, health status,
and use of healthcare resources in patients
undergoing outpatient pulmonary rehabilitation
compared with controls.5 It would therefore be
interesting to lengthen the follow up period,
repeating exercise and health status assessments
at six months to see whether the improvements
were sustained for a comparable period between
the two groups. In terms of the immediately
observed benefits, however, the results from this
relatively small study lead us to reject our null
hypothesis, supporting the theory that the seven
week rehabilitation programme is superior.
Further larger prospective studies are required
to determine the optimal duration for a
pulmonary rehabilitation programme.

The authors thank Mr Nick Taub of the Trent Institute for
Health Services Research for his statistical advice.
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