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Pulmonary rehabilitation comprises a variety
of interventions grouped into three main cate-
gories: exercise training, education, and psycho-
logical support. Typically, patients participate in 
a programme of exercise rehabilitation 2–3 times
a week for 6–12 weeks, at the same time being en-
couraged to incorporate breathing and stretching
exercises as part of their daily routine. The physi-
ological rationale for pulmonary rehabilitation in
COPD is primarily based on its effect on periph-
eral muscle dysfunction. A recent meta-analysis
demonstrated that pulmonary rehabilitation is ef-
fective in reducing dyspnoea and fatigue as well as

improving patients’ sense of control (mastery) over
their condition. Without compliance with a main-
tenance programme these improvements will 
diminish with time. The value of various compo-
nents of rehabilitation, programme length, the 
required degree of supervision, the intensity of
training and the best approach to maintaining pro-
gramme adherence represent issues that remain to
be explored.
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A recent guideline by the American Thoracic
Society defined pulmonary rehabilitation as 
“a multidisciplinary programme of care for pa-
tients with chronic respiratory impairment that is
individually tailored and designed to optimise
physical and social performance and autonomy”
[1]. To establish the influence of pulmonary reha-
bilitation on health-related quality of life and ex-
ercise capacity in patients with COPD, we recently
published a meta-analysis of randomised con-
trolled trials addressing this issue [2]. Rehabilita-

tion included systemic exercise for at least four
weeks, treated patients being compared with con-
trol patients who were offered only conventional
community care. This short review (1) defines pul-
monary rehabilitation in practical terms; (2) pro-
vides the underlying physiological rationale for
this treatment modality in COPD, (3) summarises
the findings of our Cochrane review, and (4) 
comments on strategies to extend the benefits of
pulmonary rehabilitation.
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Introduction

Pulmonary rehabilitation comprises a variety
of interventions, typically grouped into three main
categories: exercise training, education, and psy-
chological support. Since most rehabilitation pro-
grammes incorporate various combinations of
these components, it is often difficult to quantify
the relative contribution of each to the global im-
provement documented among those treated. In 
a typical rehabilitation programme, patients par-
ticipate in a programme of exercise rehabilitation
2–3 times a week for 6–12 weeks, at the same time

being encouraged to incorporate simpler breath-
ing and stretching exercises as part of their daily
routine. For the majority of patients a supervised
outpatient programme offers the best combina-
tion of efficacy and cost-effectiveness [3]. More 
severely disabled patients, those with active co-
morbidities, those who live far from an outpatient
facility or those requiring specific resources such
as nutritional supplementation or training for
home ventilation should be directed to an inpatient
programme. 

Description of treatment and setting
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Home-based exercise programmes are also 
effective in improving exercise tolerance and qual-
ity of life [4], although these improvements may be
of lesser magnitude compared with programmes in
which exercise training is closely supervised [5].
Home-based exercise programmes are well suited
for highly motivated, self-directed individuals for
whom compliance with exercise does not require
close supervision. Once patients become disabled
to the point of being housebound, home-based
programmes are of limited value [6] and such in-
dividuals should be referred to a closely supervised
inpatient programme.

Education and psychological support are im-

portant to the overall success of rehabilitation, 
although their exact contribution is more difficult
to define. Education improves knowledge, coping
and self-management, actively engaging patients
to maintain strategies that reduce dyspnoea, main-
tain good lifestyle habits and participate in deci-
sion-making when acute exacerbations occur. In 
a randomised controlled trial of disease specific
self-management in COPD, Bourbeau and col-
leagues reported important between-group differ-
ences of 40% fewer hospital admissions and 41%
fewer emergency room visits among those tutored
and supported in self-management, versus control
subjects who received the usual care [7]. 

Physiological rationale

There are no expected changes in lung func-
tion and mechanics other than the small changes
associated with optimisation of drug therapy,
which occurs, as a part of the programme, at the
time of assessment or enrolment.

Peripheral muscle dysfunction commonly
contributes to exercise intolerance among patients
with COPD [8], with muscle wasting and weakness
being present in up to 25% of patients referred 
for pulmonary rehabilitation [9]. The perception
of leg fatigue limiting exercise is very common. As
with healthy individuals, in COPD leg fatigue is

inversely proportional to muscle strength. Hence
for any given power output leg fatigue occurs more
readily in weak than in strong individuals. In addi-
tion to muscle weakness and wasting, poor periph-
eral muscle aerobic capacity and reduced muscle
endurance are common in patients with COPD
[10]. Exercise training will improve peripheral
muscle mass and strength [11], reduce muscle 
fatigability [12], and increase aerobic capacity [13].
In fact exercise training is the most appropriate 
approach to peripheral muscle dysfunction in
COPD.

Short-term effects of pulmonary rehabilitation in COPD: meta-analysis 

In 1996 we published a meta-analysis of pul-
monary rehabilitation in COPD that was not con-
ducted under the patronage of the Cochrane Col-
laboration [14]. In its first update which we re-
ported in 2001 we included the 14 trials of the orig-
inal meta-analysis [2]. We included only ran-
domised controlled trials comparing rehabilitation
with conventional community care, to enable us to
study the overall effect of rehabilitation without
partitioning its components. In the trials more
than 90% of patients had COPD defined in terms
of clinical diagnosis of COPD plus either the best
recorded FEV1/FVC ratio being <0.7 or the best
recorded FEV1 being <70% predicted. We in-
cluded inpatient, outpatient, or home-based reha-
bilitation programmes provided they were of at

least four weeks’ duration and provided that they
included exercise therapy, with or without other
modalities, delivered to patients whose exercise
limitation was attributable to COPD. 

The main outcome measures were health-re-
lated quality of life and exercise capacity. 23 ran-
domised controlled trials were included in the
meta-analysis. The primary results of the meta-
analysis are summarised in table 1. The levels of
evidence and grades of recommendations are ac-
cording to Cook et al. [15]. 

Dyspnoea and health-related quality of life
Among the 23 trials included in the meta-

analysis, 13 measured health-related quality of life
using a total of eight different strategies. The

Outcomes number number of patients treatment effect (95% CI) homogeneity level of evidence*
of trials (Weighted mean difference) (p value)

Dyspnoea 9 277 treated / 242 controls 1.0 CRQ units 0.8–1.2 0.53 level I + (Grade A)

Fatigue 8 273 treated / 240 controls 0.9 CRQ units 0.7–1.1 0.48 level I + (Grade A)

Emotional function 8 273 treated / 240 controls 0.7 CRQ units 0.4–1.0 0.17 level II + (Grade B)

Mastery 8 273 treated / 240 controls 0.9 CRQ units 0.7–1.2 0.87 level I + (Grade A)

Maximal exercise capacity 14 255 treated / 233 controls 5.4 watts 0.5–10.2 0.14 level I + (Grade A)

Functional exercise capacity 10 235 treated / 219 controls 49 meters 26–72 0.08 level II - (Grade B)

* The levels of evidence are graded according to Cook et al. [15].

Table 1

Primary results of 
the meta-analysis.
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analysis was restricted to the Chronic Respiratory
Questionnaire (CRQ) [16, 17], as it represented
the most widely used questionnaire among the tri-
als included. For each domain of the CRQ, the
common effect size exceeded the minimal clini-
cally important difference (MCID: 0.5 point on
the seven-point scale) [18]. The boundary of the
confidence intervals suggested the smallest effect
exceeded the MCID for dyspnoea (table 2a), fa-
tigue and mastery domains.

Functional exercise capacity
Defining functional exercise capacity accord-

ing to the results of 6-minute walk tests, the com-
mon effect (weighted mean difference) was 49 me-
tres (95% CI: 26 to 72; homogeneity: p = 0.08;

table 2b). Our estimate of the MCID of the walk
test, (50 metres CI: 37–71 metres), was derived
from a study in which COPD participants rated
their walking ability through subjective compar-
isons with one another [19].

Maximal exercise capacity
Limiting the meta-analysis to the 14 trials that

used the incremental cycle ergometer test as the
outcome, the common effect (weighted mean dif-
ference) was 5.46 watts (95% CI: 0.49 to 10.23).
We found this number difficult to interpret, al-
though it was attaining statistical significance. 

This meta-analysis showed that pulmonary 
rehabilitation was effective in reducing dyspnoea
and fatigue as well as improving patients’ sense of

Review: Meta-analysis of respiratory rehabilitation in chronic obstructive pulmonary disease Table 2a
Comparison: 03 Rehabilitation vs Usual care
Outcome: 04 QoL, CRQ-Dyspnea

Study N Rehab N Usual care WMD (random) Weight WMD (random)
or sub-category Mean (SD) Mean (SD) 95% CI % 95% CI

Busch 1988 7 –0.60 (10.40) 7 1.30 (5.20) 1.41 –1.90 (–10.51, 6.71)

Cambach 1997 14 6.00 (6.00) 8 0.00 (4.00) 5.97 6.00 (1.81, 10.19)

Goldstein 1994 40 3.40 (5.70) 39 0.10 (6.50) 14.39 3.30 (0.60, 6.00)

Gosselink 2000 34 4.00 (6.40) 28 –0.10 (6.60) 9.88 4.10 (0.84, 7.36)

Griffiths 2000 93 5.00 (6.40) 91 –0.90 (5.00) 38.14 5.90 (4.24, 7.56)

Güell 1995 29 6.00 (7.00) 27 –0.50 (5.50) 9.71 6.50 (3.21, 9.79)

Hernandez 2000 20 5.40 (5.70) 17 1.50 (6.00) 7.29 3.90 (0.11, 7.69)

Simpson 1992 12 6.00 (5.70) 10 0.00 (4.20) 6.10 6.00 (1.86, 10.14)

Wijkstrat 1994 28 4.30 (5.10) 15 –0.20 (6.60) 7.12 4.50 (0.66, 8.34)

Total (95% CI) 277 242 100.00 5.06 (4.04, 6.09)

Test for heterogeneity: Chi2 = 7.03, df = 8 (P = 0.53), I2 = 0%
Test for overall effect: Z = 9.69 (P <0.00001)

Table 2a + b

The effect of respiratory rehabilitation in chronic obstructive pulmonary disease on (a) dyspnoea as measured by the Chronic Respiratory Question-
naire and (b) functional exercise capacity as measured by the 6-minute walk test: meta-views. The Chronic Respiratory Questionnaire results are pre-
sented as the domain total score (5 items graded on a 7-point scale; maximal score = 35), as opposed to the treatment effect values in table 1 which
are presented as item scores. Abbreviations: QoL: quality of life; SD: standard deviation; WMD: weighted mean difference; CI: confidence interval.
(From reference [2], by permission of the Cochrane Collaboration). 
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Review: Meta-analysis of respiratory rehabilitation in chronic obstructive pulmonary disease Table 2b
Comparison: 03 Rehabilitation vs Usual care
Outcome: 05 Functional exercise capacity

Study N Rehab N Usual care WMD (random) Weight WMD (random)
or sub-category Mean (SD) Mean (SD) 95% CI % 95% CI

Booker 1984 32 21.00 (85.00) 37 5.00 (90.00) 13.84 16.00 (–25.33, 57.33) 

Cambach 1997 12 51.00 (89.00) 7 46.00 ( 79.00) 6.53 5.00 (–72.21, 82.21)

Engström 1999 26 38.00 (90.00) 24 –2.00 (102.00) 10.62 40.00 (–13.50, 93.50)

Goldstein 1994 36 32.00 (102.00) 41 –11.00 (99.00) 12.76 43.00 (–2.04, 88.04)

Gosselink 2000 34 58.00 (125.00) 28 3.00 (104.00) 9.85 55.00 (–2.00, 122.00)

Güell 1995 29 91.00 (67.00) 27 8.00 (67.00) 15.81 83.00 (47.88, 118.12)

Lake 1990 7 108.60 (79.00) 7 –35.00 (50.00) 7.64 143.60 (74.34, 212.86)

Ringbaek 2000 17 10.47 (85.09) 19 –18.52 (77.50) 10.64 28.99 (–24.40, 82.38)

Simpson 1992 14 36.00 (102.00) 14 7.00 (120.00) 5.91 29.00 (–53.50, 111.50)

Wijkstrat 1994 28 9.00 (87.00) 15 –28.00 (141.00) 6.40 37.00 (–41.29, 115.29)

Total (95% CI) 235 219 100.00 48.95 (26.00, 71.89)

Test for heterogeneity: Chi2 = 15.52, df = 9 (P = 0.08), I2 = 42.0%
Test for overall effect: Z = 4.18 (P <0.0001)
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control (mastery) over their condition. The mag-
nitude of these improvements was beyond the
minimal clinically important difference of the out-
come measures used. Given that the management
of patients with COPD is largely symptomatic
[20], outcome measures that include health-
related quality of life are of prime importance to
trials of pulmonary rehabilitation. 

Rehabilitation programmes included in the
meta-analysis differed in several respects, includ-
ing their clinical settings, duration and composi-
tion. For instance, the contribution of educational
activities and psychological support in addition to
exercise training remains uncertain. This informa-
tion would be of the utmost importance to physi-
cians who prescribe rehabilitation and the people

who allocate the resources. Since the publication
of our review, further evidence from randomised
controlled trials has been published to better de-
fine the types and intensity of exercise [11] as well
as the influence of programme components [7].
Such questions were too specific to be directly ad-
dressed in this meta-analysis, the purpose of which
was to investigate the overall effect of rehabilita-
tion in COPD (and not the effect of its compo-
nents). Nevertheless, the homogeneity among
study results suggested that less sophisticated re-
habilitation programmes may also be effective in
improving quality of life, although the between-
study comparison from which this conclusion fol-
lows is relatively weak. 

Maintenance programmes 

Ries noted that the initial improvements in ex-
ercise achieved during rehabilitation diminished
over the subsequent 18 months [21]. Griffiths at-
tributed the loss of effect following rehabilitation
to poor self-management practices and a lack of ad-
herence to treatment protocols after discharge [22]. 

The explanation as to why some patients do
not adhere to medical advice includes many con-
tributing variables [23]. Patient factors include
knowledge, health beliefs and attitude towards
their condition. The interaction with the health-
care provider will probably influence the patient’s
adherence, as will the presence of anxiety or de-
pression. A previous history of non-adherence is
often predictive of future behaviour. Practitioner
factors include the quality of information and the
amount of individual attention given to the patient.
Regimen factors, such as the number and fre-
quency of medications prescribed or the complex-
ity and duration of an exercise programme, are im-
portant as they may be quite unrealistic. External
factors, such as the presence of a stable social sup-

port network, family cohesiveness, positive envi-
ronmental attitudes and interpersonal resources,
may all have a bearing on compliance with med-
ical advice. Although the determinants of poor
compliance are often complex, with many of the
sociodemographic variables still to be defined, a
better understanding of this issue will assist health-
care providers in identifying individuals at high risk. 

Although there is strong evidence that reha-
bilitation improves health-related quality of life
and functional exercise capacity, these improve-
ments diminish with time, almost certainly be-
cause of reduced patient compliance. Although
longer programmes will extend the clinical bene-
fits of rehabilitation [24], programme enhance-
ments with regular facility visits and phone calls
have resulted in only minimal gains [23, 25]. It is
conceivable that an abbreviated period of rehabil-
itation, provided for those who have completed an
initial rehabilitation programme, may be of value
in improving compliance with exercise activities
and prolonging the benefit obtained by the patient.

Conclusion

There are now strong arguments to back the
claim that pulmonary rehabilitation improves
quality of life. There is no need for additional ran-
domised controlled trials comparing pulmonary
rehabilitation with conventional community care
for patients with COPD. However, several inter-
esting issues remain to be explored. These include
the value of various components of rehabilitation,
programme length, the required degree of super-
vision, intensity of training and the best approach
to maintaining programme adherence. An im-
proved understanding of these issues will be of
value to those who receive, fund and provide pul-
monary rehabilitation.
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