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ABSTRACT
Introduction  Pulmonary rehabilitation (PR) is a key 
component in the management of chronic obstructive 
pulmonary disease (COPD). There is no strong evidence on 
the optimal duration of PR programmes. The aim of this 
study is to determine whether an 8-week PR programme 
is equivalent to a 12-week PR programme in people with 
COPD.
Methods and analysis  This study will be a prospective, 
multisite, randomised controlled, equivalence trial with 
assessors blinded to group allocation and intention-
to-treat analysis. 72 participants with COPD will be 
recruited and randomised to either a supervised, twice 
weekly for 8 weeks or a 12-week PR programme of 
exercise training and education. Primary outcome: 
endurance shuttle walk test. Secondary outcomes: will 
include St George’s Respiratory Questionnaire, 6-min 
walk distance, COPD assessment test, Hospital Anxiety 
and Depression Scale, physical activity monitoring 
and hospital admissions at 6 months and 12 months. 
Repeated measures analysis of variance will be used 
to analyse differences between the groups for all 
outcomes.
Ethics and dissemination  Ethics approval was gained 
from all participating sites. Results of the trial will be 
submitted for publication in a peer-reviewed journal.
Trial registration number  ACTRN12616001586404.

INTRODUCTION
Chronic respiratory diseases are among the 
leading causes of morbidity and mortality 
worldwide. Chronic obstructive pulmonary 
disease (COPD) is ranked eighth in causes 
of disease burden around the world,1 and 
is one of the leading causes of death by a 
non-communicable diseases.2 Currently, 
there is no cure for COPD, so management 
should involve both pharmacological and 
non-pharmacological interventions which 

can prevent decline of physical function 
and improve health-related quality of life 
(HRQoL).3

Pulmonary rehabilitation (PR) is the key, 
non-pharmacological component in the 
management of COPD and has been shown 
to improve breathlessness, HRQoL and exer-
cise capacity and reduce hospital admissions 
and length of stay in people with COPD.4 5 
The duration of PR programmes reported in 
randomised controlled trials (RCTs) varies 
greatly, from 4 weeks to 18 months, with 
the majority of these being between 6 and 
12 weeks in duration.6 PR programmes 
of 8 weeks duration are recommended in 
guidelines and statements;6–9 however, there 
is no strong evidence on the optimal dura-
tion of PR programmes. The most recent 
Cochrane review on PR for COPD4 stated that 
the optimal duration of PR programmes is 
unclear as the available evidence was insuffi-
cient to determine this.

There have been several trials that have 
studied the effects of the duration of PR 
programmes on exercise capacity and 
HRQoL; however, a systematic review of 
these RCTs10 was not able to perform a meta-
analysis due to heterogeneity in programme 
durations and outcome measures, there-
fore no strong recommendations on 
programme duration are available. Of the 
five studies included in the systematic review, 
two compared a 4-week supervised exer-
cise programme to a 7-week programme 
in people with COPD,11 12 one compared 
8 weeks to 20 weeks13 and two compared 12 
weeks to 72 weeks (18 months).14 15 While 
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the quality of most of these studies was low, the overall 
conclusion was that comparatively longer programmes 
showed slightly better improvements in HRQoL than 
shorter programmes, while results for differences in exer-
cise capacity were equivocal. Longer PR programmes are 
more expensive to deliver, and current evidence cannot 
determine whether longer programmes provide signifi-
cantly greater benefits for people with COPD in terms of 
both exercise capacity and HRQoL.

PR statements and guidelines highlighted that more 
research is needed to determine the optimal duration of 
PR programmes to ensure the best outcomes for people 
with COPD.7 9 As the most common recommendation 
is for programmes of 8 weeks duration, the aim of this 
study is to determine whether an 8-week PR programme 
is equivalent to a 12-week programme in improving exer-
cise capacity (primary outcome) in people with COPD.

The primary hypotheses are: (1) that endurance exer-
cise capacity at the end of the 8-week PR programme 
will be equivalent to that at the end of the 12-week 
programme; (2) that endurance exercise capacity 
measured at 12 weeks will be equivalent for both the 
8-week PR programme and the 12-week programme; and 

(3) that endurance exercise capacity will be equivalent 
between groups at the 6 months and 12 months follow-up.

METHODS AND ANALYSIS
Design
This study will be a prospective, multisite, randomised 
controlled, equivalence trial with assessors blinded to 
group allocation and intention to treat analysis.

Participants
People will be eligible to participate if they have: a diag-
nosis of COPD (post bronchodilator forced expiratory 
volume in 1 s (FEV1) to forced vital capacity (FVC) ratio 
of <0.7; FEV1 <80% predicted.3 People with COPD will be 
excluded if they have: a body mass index of greater than 
35 kg/m2; been prescribed long-term oxygen therapy 
(LTOT); significant comorbidities; musculoskeletal, 
cardiovascular or neurological conditions which would 
adversely affect their ability to participate in the exer-
cise assessments or exercise programmes; or participated 
in a supervised exercise programme within the last 12 
months.

The study protocol will follow the recommenda-
tions of the Consolidated Standards of Reporting Trials 
(CONSORT) guidelines for an equivalence trial16 and 
participant flow is outlined in figure  1. Written and 
verbal information will be provided to participants, and 
written consent will be obtained from all participants by 
the physiotherapists running the PR programmes at each 
site prior to enrolment. The study has been approved by 
the Human Research and Ethics Committee of Sydney 
Local Health District. The trial is registered with the 
Australian and New Zealand Clinical Trials Registry: 
ACTRN12616001586404. Ethics approval will be sought 
for any changes to the study protocol and such changes 
will be updated in the trial registry.

Recruitment
Participants will be recruited through referrals to the PR 
programme at three sites within a large health district in 
Sydney, Australia. Participants will be screened for eligi-
bility prior to enrolment in the trial.

Randomisation and blinding
Following assessment of baseline measures, sequence 
generation by a therapist external to the study, will be 
determined using a computer-generated randomisation 
programme with a minimisation algorithm, stratifying 
for site, sex, FEV1 <50% predicted, 6-min walk distance 
<350 m, oxygen saturation (Sp02) during 6-min walk test 
(6MWT) <90% and an exacerbation of COPD occurring 
during the previous 4 weeks. The physiotherapists at each 
PR site will be contacted and informed of the group allo-
cation. Assessors and statistician will be blinded to group 
allocation.

Figure 1  CONSORT flowchart. 6 months assessment is 6 
months from the end of the respective programme and the 
12 months assessment is 12 months from the end of the 
respective programme. BMI: body mass index; CONSORT, 
Consolidated Standards of Reporting Trials; LTOT: long-
term oxygen therapy; PR: pulmonary rehabilitation; 2x/
week: two times per week.
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Intervention and control groups
Both the 8-week PR group (control group (CG)) and the 
12-week PR group (intervention group (IG)) will partici-
pate in the same twice weekly, supervised PR programme 
at all sites. The PR programme will consist of super-
vised exercise training, education and support for self-
management.7 The IG will receive an additional 4 weeks 
of twice weekly, supervised exercise training.

Exercise training
The PR programmes will be held in hospital outpatient 
settings, and supervised by physiotherapists experienced 
in the management of people with COPD and in deliv-
ering PR programmes. The duration of each training 
session will be up to 1.5 hours, including rest.

Exercise training will consist of overground or tread-
mill walking, lower limb stationary cycling, lower and 
upper limb strengthening exercises which will be 
prescribed individually and relative to each participant’s 
initial assessment.

Initial exercise intensities will be standardised for each 
modality:

►► Walking (overground or treadmill) will begin at 80% 
of each participant’s average walk speed determined 
by the 6MWT17 and progressed based on symptoms 
of dyspnoea and perceived exertion, with the aim 
that the participants will score a dyspnoea or rate 
of perceived exertion (RPE) score of at least 3 to 4 
(‘moderate’ to ‘somewhat severe’) on the modified 
0 to 10 category-ratio scale.18 Initial walking dura-
tion will be 15 min and will be progressed to 30 min 
between weeks 2 and 4.

►► Lower limb cycling intensity will commence at 60% 
of each participant’s estimated peak work rate using 
an equation based on the results of the 6MWT19 and 
progressed to 70% peak work rate based on symp-
toms of dyspnoea and RPE, with the aim of partici-
pants scoring a dyspnoea or RPE score of at least 3 
to 4 on the modified 0 to 10 category-ratio scale.18 20

►► Arm ergometry will be performed for 10 min at an 
intensity of 3 to 4 on the RPE 0 to 10 scale.

►► Lower limb strengthening exercises using body weight 
(squats, sit-to-stands and step-ups) and arm exercises 
using free weights will commence in week 2 at a load 
that can be achieved for 8 to 10 repetitions before 
muscle exhaustion. Fixed weight strengthening exer-
cises for the lower limbs (leg extension and leg press) 
and upper limbs (latissimus dorsi pull downs and 
chest press/fly) will commence in week 3 at a load 
that can be achieved for 8 to 10 repetitions before 
local muscle exhaustion. By week 4, all strengthening 
exercise (body weight, free weight and fixed weight 
exercises) will be completed three times (ie, three 
sets). Resistances will be increased once participants 
can achieve three sets of 10 repetitions in two consec-
utive training sessions.

All participants will receive individualised (one-on-one) 
education, as applicable, on the following topics: how the 
lungs work, what is COPD, medication use, managing 
breathlessness, importance of exercise training, smoking 
cessation (if current smokers), sputum clearance (if 
appropriate), symptom monitoring and exacerbation 
management. Participants will be encouraged to walk on 
the days they do not attend the formal programme. At 
completion of the programme (8 weeks and 12 weeks) 
participants will be given a booklet with information on 
continuing a walking programme at least 3 days a week 
and simple body weight exercises (as performed during 
the programme). The booklet will encourage monitoring 
their symptoms, include a COPD action plan and advise 
them to seek early review with their doctors if they expe-
rience an exacerbation.

Attendance will be supervised and monitored by the 
physiotherapists and participants will be encouraged to 
attend each allocated session.

Primary outcome measures
Endurance exercise capacity
The primary outcome will be endurance exercise capacity 
measured by the endurance shuttle walk test (ESWT).21 
The ESWT is an externally paced walking test. The walking 
speed of the ESWT will be determined by a calculation 
taken from the participant’s walking speed during the 
6MWT.22 Participants will be asked to walk back and forth 
along a 10-m course until they are no longer able to keep 
up with the pre-determined pace. Dyspnoea and RPE will 
be measured pre-test and end-test, and heart rate (HR) 
and SpO2 will be recorded at each minute during the 
test using a pulse oximeter (Onyx Vantage 9590, Nonin 
Medical Inc, Plymouth, Minnesota, USA). At the end of 
the test, participants will be asked the reason for stopping 
and this will be recorded. The ESWT will be performed 
twice at baseline and once at every other assessment 
point. At baseline, participants will rest for at least 30 min 
between walking tests. The ESWT has a maximum time 
of 20 min.21 At baseline, if a participant reaches 10 min 
comfortably, the test will be ceased, and then after a 
30-min rest, the test will be re-started at the next higher 
speed with the aim of the participant achieving an ESWT 
time of between 5 and 10 min. This would enable an 
improvement in ESWT (time) to be recorded at the end 
of PR without the participant reaching the ESWT ceiling 
of 20 min. The ESWT speed used during the baseline 
assessment will be the same speed used at each subse-
quent assessment time point.

Secondary outcomes measures
Health-related quality of life
HRQoL will be measured using the St. George’s Respira-
tory Questionnaire (SGRQ).23 The SGRQ is a self-
administered questionnaire designed to measure self-
perceived impairments in health and quality of life in 
populations who have airways disease. It measures three 
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domains (symptoms, activity limitations and impact of 
disease) and gives a total score between 0 to 100, where 0 
indicates good health and 100 very poor health.

6-minute walk distance
Functional exercise capacity will be measured using the 
6MWT.17 24 This test measures the distance a participant 
can walk in 6 min following a standardised protocol which 
includes standard instructions, encouragement, the type 
of track used and the number of tests performed. Partic-
ipants will be asked to walk as far as they can in 6 min 
being notified of how much time is left each minute. 
HR and SpO2 will be measured at rest and every minute 
during the test using a pulse oximeter (Onyx Vantage 
9590, Nonin Medical Inc, Plymouth, Minnesota, USA). 
At the end of the test, participants will be asked if there 
was anything that limited the walk distance. At baseline, 
participants will perform two 6MWTs with the greater 
distance being recorded as the baseline measure. The 
distance will also be used in an equation to determine 
the participant’s starting level for the ESWT.22 At base-
line, participants will rest for at least 30 min between each 
walking test. The order of exercise tests at baseline will be 
two 6MWTs followed by two ESWTs.

COPD assessment test
Participants’ symptoms will be recorded using the COPD 
assessment test (CAT).25 This questionnaire has eight 
items which include questions about: cough, sputum, 
chest tightness, breathlessness on hills/stairs, activity 
limitation at home, sleep and fatigue. A higher score indi-
cates greater impact of COPD on the participant’s life.26

Anxiety and depression
Anxiety and depression will be measured using the 
Hospital Anxiety and Depression Scale.27 This scale has 
been shown to be a valid and repeatable measure of 
anxiety and depression in those attending outpatient 
clinics.27 This scale uses 14 statements (seven related to 
anxiety, seven to depression) and scores each statement 
from 0 to 3, for a maximum score of 21 in each domain. 
Higher scores indicate a higher likelihood of depression 
or anxiety, with a cut-off score (in each domain) of ≥8 
indicating possible anxiety or depression.28

Physical activity
Physical activity will be measured using two devices worn 
for 7 days. The devices will be:
1.	 The ActiGraph GT3X (ActiGraph LLC, Pensacola, 

Florida, USA) will be used to measure energy expendi-
ture during physical activity and has been validated for 
use in people with COPD.29 This device will be worn 
over the anterior superior iliac crest and held in place 
by an elastic belt around the waist. This device is re-
moved during sleep and for water-based activities such 
as showering/bathing.

2.	 The activPAL (PAL Technologies Ltd, Glasgow, UK) 
will be used to count numbers of steps taken and time 
spent in sitting/lying, standing and walking activities. 
The activPAL has been validated for the measurement 
of free living activities in the healthy population30 and 
in COPD.31 The activPAL will be in a waterproof cover 
and worn on the thigh and will be held in place with a 
medical adhesive covering. This allows the device to be 
worn for 24 hours a day during any activity, including 
water-based activities such as showering/bathing.

Data from both devices will be included in analysis if 
worn for at least 4 days. Data will be collected at base-
line, week 7 during the programme, the week following 
completion of the PR programme, 6-month follow-up 
and 12-month follow-up.

Hospital admissions and length of stay
The number of hospital admissions and participant’s 
length of stay will be reviewed at 6 months and 12 months 
post completion of the PR programmes and compared 
with a similar period prior to the programme. Hospital-
isation data will be collected using the health district’s 
data management system.

Exercise adherence
Exercise adherence will be measured by counting the 
number of exercise sessions attended divided by possible 
number of exercise sessions. Acceptable adherence will 
be set at 75% of possible classes attended,32 that is, 12 
sessions for the 8-week PR group and 18 sessions for the 
12-week PR group.

Adverse events
Any adverse events will be immediately reported to the 
ethics committee. All adverse events will be recorded and 
reported in the study findings.

Data management and analysis
To ensure confidentiality, a master code sheet containing 
participant code and identifying characteristics will be 
kept by the lead investigator in a locked filing cabinet, 
separate to all other data. All de-identified study related 
information will be stored electronically in a secure, 
password protected Research Electronic Data Capture 
(REDCap) database.33 34 Original paper files with partic-
ipant code will be stored in numerical order in a locked 
filing cabinet within an office that will be locked over-
night. While study findings will be presented at relevant 
conferences and published in peer-reviewed journals, 
only group data, in which individual participants will not 
be identifiable, will be used.

If a participant declines to perform an exercise test, 
then every effort will be made to at least collect ques-
tionnaire data. Intention-to-treat analysis will be used; 
therefore, data from participants who deviate from the 
allocated intervention will be included.
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For all outcome measures, the analysis will be 
completed using Statistical Package for the Social 
Sciences (SPSS) software (V.25.0.0.2, IBM Corporation, 
Armonk, New York, USA). Normally distributed data will 
be expressed as means and SD. Repeated measures anal-
ysis of variance (ANOVA) will be used to analyse differ-
ences between the groups for all continuous outcomes. 
Independent sample t-tests will assess the differences 
between groups at specific time points. A Mann-Whitney 
U-test will be used to compare the number of hospital 
admissions and compare hospital lengths of stay. Baseline 
data from participants who do not complete the study 
will be compared with the baseline data from those who 
complete, to determine whether withdrawals bias the 
findings.

Sample size calculation
A total of 72 participants (36 per group) will be recruited 
to ensure that 58 participants will complete the study, 
allowing for a 25% drop out rate that may be antici-
pated in the long-term study. Fifty-eight participants 
are required to be 80% sure that the two-sided CI with 
a significance level of 5% will exclude a difference of 
the mean ESWT time by 186 s previously reported as a 
minimum important difference in ESWT following exer-
cise training in COPD.24 35 This assumes an SD of 239 s 
for the ESWT.36

Patient and public involvement
This trial will involve consumer representatives in the 
development and dissemination of a summary paper, 
written in lay language for participants and the wider 
community.

ETHICS AND DISSEMINATION
Written and verbal information will be provided to 
participants, and, prior to enrolment, written consent 
will be obtained from all participants by the physiothera-
pists running the PR programme at each site. The study 
has been approved by the Human Research and Ethics 
Committee of Sydney Local Health District. The trial is 
registered with the Australian and New Zealand Clinical 
Trials Registry: ACTRN12616001586404. Ethics approval 
will be sought for any changes to the study protocol and 
such changes will be updated in the trial registry.

A manuscript with the primary results from the study 
will be submitted for publication in a peer-reviewed 
journal. Submissions will also be written to present at 
national and international conferences to further dissem-
inate results.

DISCUSSION
The primary aim of this study is to determine whether 
the recommended 8-week PR programme is equivalent to 
a 12-week programme in improving endurance exercise 

capacity. We hypothesise that there will be equivalence in 
endurance exercise capacity between the groups at the 
completion of their respective PR programmes (8 weeks 
and 12 weeks).

No RCTs have compared the recommended 8-week PR 
programme to a longer PR programme. Two previous 
RCTs have compared a short 4-week PR programme to a 
7-week programme.11 12 Green et al compared outcomes 
at the respective completion point of both groups (ie, the 
outcomes of the 4-week PR programme were compared 
with the outcomes of the 7-week programme) and 
reported an improvement in HRQoL in favour of the 
7-week programme while no significant between-group 
difference in exercise capacity was reported.11 The other 
RCT by Sewell et al was performed at the same centre 
and compared the 4-week and 7-week PR programmes at 
two time points, that is at completion and at 7 weeks for 
both groups (in which the 4-week group had followed a 
3-week home exercise programme).12 This study reported 
different findings from the first study with no significant 
differences between groups for HRQoL at the 7-week 
time point, and a significant difference between groups in 
the ESWT favouring the 4-week programme at the 7-week 
time point. These studies suggest that both HRQoL and 
exercise capacity can improve over a short period of time 
but due to the differing results, it is not clear whether 
a longer or shorter duration PR programme would be 
more beneficial.

There is also some limited evidence for greater 
improvements in exercise capacity and HRQoL with 
programmes longer than 8 weeks and 12 weeks when 
compared with shorter programmes. However the quality 
of the evidence in these studies was poor13–15 and there-
fore statements and guidelines cannot draw appropriate 
conclusions on the optimal length of PR programmes for 
people with COPD.

The time course of improvement in exercise capacity 
and HRQoL during an 8-week PR programme has been 
reported in a recent retrospective study.37 The study 
showed that participants demonstrated improvements 
in the 6MWT at both 4 weeks and 8 weeks compared 
with baseline which were greater than the minimal clini-
cally important difference of 30 m24 at both time points. 
These improvements were maintained at the 1-month 
follow-up and 2-month follow-up for both the moderate-
functioning and high-functioning participants (classi-
fied as having higher baseline 6MWT, FEV1% predicted, 
greater leg strength and less requirement for LTOT), 
while the low-functioning participants did not main-
tain their improvements in the 6MWT at either of these 
follow-up times. This study demonstrated that while 
participants in an 8-week PR programme could improve 
function, those with lower levels of function were unable 
to maintain these changes and therefore different dura-
tions of PR programmes may be needed to suit different 
patients’ disease severity and limitations.

By collecting data regarding exercise capacity, HRQoL, 
physical activity and hospital admissions, the proposed 
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study will provide insight into the optimal duration of PR 
programmes. If participating in an 8-week PR programme 
has equivalent outcomes to a 12-week programme in 
improving exercise capacity and HRQoL, and if main-
tenance of these changes is also equivalent, then the 
8-week programme would be justified. On the contrary, 
if the 12-week PR programme is shown to have greater 
improvements in the primary outcomes, then these find-
ings will help to determine if it is necessary to change the 
recommended length of a PR programme. Since longer 
programmes are more expensive to deliver and require a 
longer commitment from participants and health profes-
sionals, there needs to be strong evidence of both short-
term and long-term benefits from longer programmes 
if they are to be implemented. Information regarding 
hospital admissions and length of stay will only be explor-
atory, as the study is not powered for this outcome.

This study will fill a significant knowledge gap in the 
field of PR. No RCTs have directly evaluated the 8-week 
PR programmes compared with longer PR programmes. 
Data from this study will provide clinicians and policy-
makers with important guidance on the most effective 
duration of PR programmes for people with COPD.
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