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Abstract
Background: Pulmonary rehabilitation programs have been shown to increase functional exercise
capacity and quality of life in COPD patients. However, following the completion of pulmonary
rehabilitation the benefits begin to decline unless the program is of longer duration or ongoing
maintenance exercise is followed. Therefore, the aim of this study is to determine if supervised,
weekly, hospital-based exercise compared to home exercise will maintain the benefits gained from
an eight-week pulmonary rehabilitation program in COPD subjects to twelve months.
Methods: Following completion of an eight-week pulmonary rehabilitation program, COPD
subjects will be recruited and randomised (using concealed allocation in numbered envelopes) into
either the maintenance exercise group (supervised, weekly, hospital-based exercise) or the control
group (unsupervised home exercise) and followed for twelve months. Measurements will be taken
at baseline (post an eight-week pulmonary rehabilitation program), three, six and twelve months.
The exercise measurements will include two six-minute walk tests, two incremental shuttle walk
tests, and two endurance shuttle walk tests. Oxygen saturation, heart rate and dyspnoea will be
monitored during all these tests. Quality of life will be measured using the St George's Respiratory
Questionnaire and the Hospital Anxiety and Depression Scale. Participants will be excluded if they
require supplemental oxygen or have neurological or musculoskeletal co-morbidities that will
prevent them from exercising independently.
Discussion: Pulmonary rehabilitation plays an important part in the management of COPD and
the results from this study will help determine if supervised, weekly, hospital-based exercise can
successfully maintain functional exercise capacity and quality of life following an eight-week
pulmonary rehabilitation program in COPD subjects in Australia.

Background
Chronic Obstructive Pulmonary Disease (COPD) is the
fourth leading cause of death in Australian males, the

sixth leading cause of death in females [1] and resulted in
5000 deaths in 2003 [2]. COPD is a progressive, disabling
disease, which has a significant impact on the health care
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system [1,3]. Early diagnosis and management of COPD
is a priority of health care services throughout Australia.
Management of COPD involves optimising medical therapy, commencing smoking cessation and participating in
pulmonary rehabilitation.
Pulmonary Rehabilitation is a multi-disciplinary
approach to the management of patients with respiratory
disease. The program is individually tailored to the needs
of the patient, combining exercise, self-management education and psychosocial support [4]. Pulmonary rehabilitation has been shown to improve functional exercise
capacity, quality of life and dyspnoea, and to reduce hospital admissions and length of stay [5].
Following pulmonary rehabilitation, benefits in terms of
functional exercise capacity and quality of life are maintained for up to nine months [6-8]. However, the benefits
appear to decline by twelve months [9] unless the program is of longer duration [10] or involves ongoing maintenance exercise [11,12]. There is little evidence to support
the best method of maintaining these gains long-term and
the above studies differ in length and intensity of the exercise programs. As the majority of pulmonary rehabilitation programs in Australia are of eight weeks duration, it
is important to determine the best method of maintaining
functional exercise capacity and quality of life, twelve
months following an eight-week pulmonary rehabilitation program.
The aim of the study is to determine if supervised, weekly
exercise following an eight-week pulmonary rehabilitation program will maintain the benefits to twelve months.

Methods
Participants
This study will be a prospective, randomised controlled
trial in participants diagnosed with COPD. Participants
will be recruited consecutively on completion of an eightweek pulmonary rehabilitation program and randomised
into either a maintenance exercise group (ME) or a control
group and followed for 12 months. Randomisation will
be by computerised random number generation in concealed envelopes prepared by an investigator not involved
in subject testing or training. The chief investigator will
conduct both testing and training so will be aware of
group allocation.

Participants will be excluded if they have experienced an
exacerbation of COPD in the previous month, if they
require supplemental oxygen, or if they have co-morbidities such as severe cardiovascular, neurological or musculoskeletal conditions that will prevent them performing
functional exercise tests. The flow of participants through
the study will reflect the recommendations from the Con-
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solidated Standards of Reporting Trials (CONSORT) statement [13], and is illustrated in Figure 1. Participants will
receive written and verbal information explaining the
study and written consent will be obtained from all subjects. Ethics approval to conduct the study has been
obtained from the Ethics Committee of Sydney South
West Area Health Service (Eastern Zone). The study will
take place at Royal Prince Alfred Hospital (RPAH), Sydney, Australia.
Interventions
Participants randomised to the ME group will attend hospital-based pulmonary rehabilitation once a week for
supervised exercise training and will also be asked to follow an unsupervised home exercise program on four
other days a week. The hospital-based program will be
individually designed and supervised by a qualified physiotherapist and will consist of lower limb and upper limb
exercise (Table 1) similar to those that the subject performed during the eight-week pulmonary rehabilitation
program. More specifically, the program will consist of a)
lower limb endurance training in which the participant
will perform 20 minutes of stationary cycling and 20 minutes of walking, b) lower limb strength training using
weight machines for the quadriceps and gluteal muscles,
c) upper limb endurance training which will consist of
arm cycle ergometry and unsupported arm exercises with
light weights [14], d) upper limb strength training using
weight machines for the latissimus dorsi and pectoralis
major/minor muscles. All strength-training exercises will
be performed in three sets of ten repetitions.

Participants randomised to the control group will follow
standard care and be asked to follow an unsupervised
home exercise program on five days per week which will
consist of 30 minutes of walking, unsupported arm exercises [14] and lower limb strengthening exercises five days
per week (Table 1). The exercises will be explained and
illustrated in the home exercise booklet that all participants will have received during pulmonary rehabilitation.
Participants in the ME group will be asked to follow the
same home exercise program four days a week. Participants in the control group will not be contacted between
testing sessions. Participants in both the ME and control
groups will be asked to complete an exercise diary by ticking boxes to indicate the exercises they complete.
Outcomes measures
All outcome measures will be recorded at baseline, three,
six and 12 months post pulmonary rehabilitation (Figure
2). The outcome measures are outlined below.

1. Functional exercise capacity will be measured by:
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Eligibility
COPD
Completed PRP
Enrolment

Excluded
Not meeting inclusion criteria
Refused to participate
Required oxygen to exercise
Musculo-skeletal, neurological or
cardiac disease limiting exercise

Randomised

Allocation

Maintenance Exercise Group (ME)

Control Group (C)

Supervised, hospital-based exercise, 1x/wk
Unsupervised home exercise, 4x/wk
Exercise diary

Follow-up

Baseline, 3, 6, 12 months post PRP

Analysis

Analysed 12 months post PRP
Intention to treat analysis

Unsupervised home exercise, 5x/wk
Exercise diary

Baseline, 3, 6, 12 months post PRP

Analysed 12 months post PRP
Intention to treat analysis

Figure
Flow
of 1
participants through the study
Flow of participants through the study. PRP = pulmonary rehabilitation program; COPD = chronic obstructive pulmonary disease; x/wk = times per week.
a) Six-minute walk test (6MWT) [15]. This test measures
the distance a participant is able to walk in six minutes
and will be performed using a protocol standardised for
factors known to affect results e.g. instructions, encouragement, number of tests and type of track [15]. Participants will be asked to walk as far as they can in six
minutes, to do the best they can, and to cover as much
ground as possible. Every minute participants will be
made aware of the time and will be given standardised
encouragement e.g. "You are doing well – you have 5 minutes to go!" This will be alternated each minute with

"Keep up the good work – you have 4 minutes remaining!" If participants need to stop they can do so, but will
be asked every 15 seconds to commence walking again
when they feel able.
b) Incremental shuttle walk test (ISWT) [8]. This test is an
incremental, progressive, symptom-limited test. The participants will listen to instructions from an audio-tape [8].
They will be asked to walk along a ten-metre track turning
around two cones in time with beeps from the tape and to
continue until they indicate they need to stop or are una-
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Table 1: Components of the exercise programs

Equipment
Intensity
Duration

Total duration
Frequency
(per wk)
Venue

Supervised

Unsupervised

Yes
Dyspnoea 3–4 Borg Scale
20 mins W
20 mins SC
30 mins AC, LWM, AWM, UAE
70 mins
1

No
Dyspnoea 3–4 Borg Scale
30 mins W
30 mins S, Sq, S/S, UAE
60 mins
4 (ME group)
5 (Control group)
Home

Hospital gym

AC = arm crank ergometer; AWM = arm weight machine; LWM = leg weight machine; ME = maintenance exercise; mins = minutes; SC =
stationary cycle; S = step-ups; Sq = wall squats; S/S = sit to stand exercises; UAE = upper limb unsupported arm exercises as described by Ries [14];
W = walking.

ble to keep pace with the beeps. The total distance walked
will be recorded.

heart rate using a portable saturation monitor (RAD-5v
Masimo Corp, Irvine, CA, USA); b) dyspnoea using the
Borg Scale category ratio 0–10 scale [17]. The 6MWT,
ISWT and ESWT will be performed twice at each time
point to account for a learning effect [18]. Participants will
rest for at least 30 minutes between tests or until oxygen
saturation, dyspnoea and heart rate return to resting levels. The better distance walked in each test will be
recorded for analysis. Testing will be completed over a
two-day period at each time point.

c) Endurance shuttle walk test (ESWT) [16]. This test is
similar to the ISWT in terms of track length and instructions from an audiotape, however, as it is a measure of
endurance the participant will be asked to walk at a constant speed for as long as possible (maximum of 20 minutes) following a two minute warm up period. The speed
for the ESWT for each participant will be based on the
result of his/her ISWT, using the recommended equation
[16]. The distance walked during the test will be recorded.

2. Quality of life will be measured by:

Before and immediately after each walk test the following
measurements will be recorded a) oxygen saturation and

a) St George's Respiratory Questionnaire (SGRQ) [19].
This is a disease specific, questionnaire shown to be sensi-

Real Time (months)
0

2

Baseline
Recruitment

5

3 months

8

6 months

14

12 months

ME Group

Rehab

Control Group
Figure 2for recruitment and measurement
Timeline
Timeline for recruitment and measurement. Rehab = eight week pulmonary rehabilitation program; ME = maintenance
exercise.
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tive to changes following pulmonary rehabilitation
[19,20]. The SGRQ is a self-administered questionnaire
consisting of 50 items. It will be scored from 0 – 100 with
zero indicating the best health and 100 the worst. The
questionnaire will be explained to the participants. They
will be asked to complete it to the best of their ability and
to ask for help if they have difficulty understanding the
questions.

COPD participants, following pulmonary rehabilitation,
the minimal clinically important difference is 54 metres.
Using this value as the difference in walking distance to be
detected between the two groups and taking an effect size
of 0.7, it was estimated that the sample size required to
achieve an 80% power for a 2-sided test at 5% alpha
would be 32 subjects per group. To allow for 15% attrition, 38 subjects will be recruited in each group.

b) Hospital Anxiety and Depression Scale (HADS) [21].
The HADS has been found to be a reliable instrument for
detecting states of depression and anxiety in hospital
medical outpatient clinics [21].

Discussion

3. Lung function will be measured by:
a) Spirometry. This will be performed in accordance with
American Thoracic Society standards [22]. Forced expiratory volume in one second (FEV1) and forced vital capacity (FVC) will be measured using a mass flow sensor
(Sensormedics Vmax 20 Pulmonary Spirometry Instrument; Sensormedics Corporation, Yorba Linda, California, USA). The spirometer will be calibrated immediately
before each test using a three litre-calibrating syringe. The
highest value for FEV1 and FVC after three reproducible
trials will be recorded and compared to predicted normal
values [23].
b) Lung Volumes. These will be performed in accordance
with American Thoracic Society standards [24] using a
body plethysmograph (Sensormedics V6200 Autobox
Body Plethysmograph; Sensormedics Corporation, Yorba
Linda, California, USA). The plethysmograph pressure
transducer and the mouth pressure transducer will be calibrated by an automatic internal 50 ml calibration syringe
prior to testing. Total lung capacity (TLC) will be determined by summating the best inspiratory capacity (IC)
with the mean functional residual capacity (FRC) from
three acceptable tests. Residual volume (RV) will be determined by subtracting the best vital capacity (VC) from the
calculated TLC value [25]. Results will be compared to
predicted normal values for lung volumes [26].
Statistical analysis
For all outcome measures, the mean difference between
the ME group and the control group in the change from
baseline to 12 months will be determined and the significance of these mean differences will be tested by repeated
measures ANOVA. Significance will be set at p < 0.05.
Intention to treat analysis will be used.

The primary aim of the study is to determine if a once a
week supervised, hospital-based exercise plus a home
exercise program will maintain functional exercise capacity and quality of life in COPD subjects compared to
standard care of unsupervised home exercise, twelve
months following the completion of pulmonary rehabilitation. We hypothesize that exercise capacity and quality
of life will be better maintained in the ME group compared to the control group.
Pulmonary rehabilitation programs consisting of exercise
and education have been shown to improve functional
exercise capacity and quality of life [28]. Benefits appear
to be maintained up to nine months following pulmonary rehabilitation [6,7] and then begin to decline by
twelve months [9]. According to the Survey of Pulmonary
Rehabilitation Programs in Australia, following a pulmonary rehabilitation program patients are given advice on
home exercise but very few are offered any further form of
supervised exercise training [29]. It is important to evaluate if improvements gained from a pulmonary rehabilitation program are able to be maintained in the longer term.
There is little scientific information on the relative merit
of a supervised, hospital-based exercise program compared to an unsupervised home exercise program in sustaining the benefits of an intensive eight-week pulmonary
rehabilitation program in the longer term. Such information is crucial as the goal of pulmonary rehabilitation
must be to both maximise and sustain benefits. If greater
adherence to an exercise program occurs by supervision,
the benefits of a pulmonary rehabilitation program are
more likely to be maintained.
This study may have a significant impact on the delivery
of health care to people with COPD. If it is shown that
supervised maintenance exercise programs ensure the
benefits of pulmonary rehabilitation are retained, in
terms of exercise capacity and quality of life, then such
programs should be routinely instituted.

Competing interests
Power calculation
The sample size calculation is based on functional walking capacity as this is the major outcome of the study.
Redelmeier and colleagues [27] have reported that in

The author(s) declare that they have no competing interests.

Page 5 of 6
(page number not for citation purposes)

BMC Pulmonary Medicine 2007, 7:7

Authors' contributions
LMS, JAA and ZJM all contributed to the design of the
study, the preparation of the manuscript, and have read
and approved the final manuscript.

http://www.biomedcentral.com/1471-2466/7/7

21.
22.
23.

References
1.
2.
3.
4.
5.
6.

7.

8.
9.

10.

11.

12.
13.

14.
15.
16.
17.
18.
19.

20.

Australian Institute of Health and Welfare: The eighth biennial
health report of the Australian Institute of Health and Welfare (AIHW). In Australian Health Canberra AIHW; 2002.
Australian Institute of Health and Welfare: Chronic respiratory
diseases in Australia: their prevalence, consequences and
prevention. Canberra AIHW; 2005.
The COPDX Plan: Australian and New Zealand Guidelines for
the management of Chronic Obstructive Pulmonary Disease. Med J Aust 2003, 17:178.
American Thoracic Society/European Respiratory Society Statement:
Pulmonary Rehabilitation. Am J Resp Crit Care Med 2006,
173:1390-1413.
Lacasse Y, Brosseau L, Milne S, Martin S, Wong E, Guyatt GH, Goldstein RS, White J: Pulmonary rehabilitation for chronic
obstructive pulmonary disease. Cochrane Library 2004.
Cambach W, Wagenaar RC, Koelman PT, Ton van Keimpema AJR,
Kemper HCG: The Long-Term Effects of Pulmonary Rehabilitation in Patients with Asthma and Chronic Obstructive
Pulmonary Disease: A Research Synthesis. Arch Phys Med Rehabil 1999, 80:103-111.
Griffiths TL, Burr ML, Campbell IA, Lewis-Jenkins V, Mullins J, Shiels
K, Turner-Lawlor PJ, Payne N, Newcombe RG, Lonescu AA, Thomas
J, Tunbridge J: Results at 1 year of outpatient multidisciplinary
pulmonary rehabilitation: a randomised controlled trial. Lancet 2000, 355:362-368.
Singh SJ, Morgan MDL, Scott S, Walters D, Hardman AE: Development of a shuttle walking test of disability in patients with
chronic airways obstruction. Thorax 1992, 47:1019-1024.
Ries AL, Kaplan RM, Limberg TM, Prewitt L: Effects of pulmonary
rehabilitation physiological and psychological outcomes in
patients with chronic obstructive pulmonary disease. Ann
Intern Med 1995, 122:823-32.
Troosters T, Gosslink R, Decramer M: Short and long-term
effects of outpatient rehabilitation in patients with chronic
obstructive pulmonary disease: a randomised trial. Am J Med
2000, 109:207-212.
Berry MJ, Rejeski J, Adair NE, Ettinger WH, Zaccaro DJ, Sevick MA:
A randomized, controlled trial comparing long-term and
short-term exercise in patients with chronic obstructive pulmonary disease. Journal of Cardiopulmonary Rehabilitation 2003,
23:60-68.
Guell R, Casan P, Belda J, Sangenis M, Morante F, Guyatt G, Sanchis J:
Long-Term effects of Outpatient Rehabilitation on COPD.
Chest 2000, 117:976-983.
Moher David, Schulz Kenneth F, Altman Douglas G: The CONSORT statement: revised recommendations for improving
the quality of reports of parallel group randomized trials.
BMC Medical Research Methodology 2001, 1:2.
Ries AL, Ellis B, Hawkins RW: Upper extremity exercise training
in chronic obstructive pulmonary disease. Chest 1988,
93(4):688-92.
American Thoracic Society: ATS Statement: Guidelines for the
six-minute walk test. Am J Respir Crit Care 2002, 166:111-111.
Revill SM, Morgan MD, Singh SJ, Williams J, Hardman AE: The
Endurance Shuttle Walk Test: a new test for the assessment
of endurance capacity in COPD. Thorax 1999, 54:213-22.
Borg GAV: Psychophysical bases of perceived exertion. Med
Sci Sports Exerc 1982, 14:377-381.
Sciurba F, Criner GJ, Lee SM, et al.: Six-minute walk distance in
chronic obstructive pulmonary disease. Am J Respir Crit Care
Med 2003, 167:1522-1527.
Jones PW, Quirk FH, Baveystock CM, Littlejohns P: A self-complete measure of health status for chronic airflow limitation.
The St. George's Respiratory Questionnaire. Am Rev Respir Dis
1992, 145(6):1321-7.
Jones PW: St. George's Respiratory Questionnaire: MCID.
COPD 2005, 2(1):75-9.

24.

25.

26.
27.

28.

29.

Zigmond AS, Snaith RP: The hospital and anxiety scale. Acta Psychiatr Scand 1983, 67:361-70.
American Thoracic Society & European Respiratory Society Statement: Standardisation of lung function testing: Standardisation of Spirometry. Eur Resp J 2005, 26:319-338.
Crapo RO, Morris AH, Gardner RM: Reference spirometricvalues using techniques and equipment that meet ATS recommendations.
American Review of Respiratory Disease 1981,
123:659-664.
American Thoracic Society & European Respiratory Society Statement: Standardisation of lung function testing: Standardisation of the measurement of Lung Volumes. Eur Resp J 2005,
26:511-522.
Quanjer PH, Tammeling GJ, Cotes JE, Pedersen OF, Peslin R, Yernault
JC: Lung volumes and forced ventilatory flows. Report Working Party Standardisation of lung function tests, European
Community for Steel and Coal. Eur Resp J 1993:5-40.
Goldman HI, Becklake MR: Respiratory function tests. Normal
values at median altitudes and the prediction of normal
results. Am Rev Tuberc 1959, 79:457-467.
Redelmeier DA, Bayoumi AM, Goldstein RS, Guyatt GH: Interpreting small differences in functional status: The six-minute
walk test in chronic lung disease patients. Am J Respir Crit Care
Med 1997, 155:1278-1282.
Puent-Maestu L, Sanz M, Sanz P, Ruiz de Ona J, Arnedillo A, Casaburi
R: Long-Term Effects of a Maintenance Program After
Supervised or Self-Monitored Training programs in Patients
with COPD. Lung 2003, 181:67-78.
Australian Lung Foundation Better Breathing Program: Survey of
Pulmonary Rehabilitation Programs in Australia. ALF, Brisbane; 2000.

Pre-publication history
The pre-publication history for this paper can be accessed
here:
http://www.biomedcentral.com/1471-2466/7/7/prepub

Publish with Bio Med Central and every
scientist can read your work free of charge
"BioMed Central will be the most significant development for
disseminating the results of biomedical researc h in our lifetime."
Sir Paul Nurse, Cancer Research UK

Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published immediately upon acceptance
cited in PubMed and archived on PubMed Central
yours — you keep the copyright

BioMedcentral

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

Page 6 of 6
(page number not for citation purposes)

