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Summary 

Home-based pulmonary rehabilitation delivers equivalent improvements in exercise capacity 

and health-related quality of life, accompanied by an improved rate of program completion, 

when compared to traditional centre-based programs for people with chronic obstructive 

pulmonary disease (COPD). However, the optimal model had not been defined. The body of 

work in this thesis has addressed gaps in knowledge and provided evidence to underpin clinical 

implementation of entirely home-based pulmonary rehabilitation. The themes explored were: 

methods to improve physical activity and analyse physical activity outcomes; facilitation of the 

home-based assessment of exercise capacity; and cost-effectiveness of home-based pulmonary 

rehabilitation. These themes were addressed in the following studies: 

1. A Cochrane systematic review of interventions to improve physical activity in people 

with COPD.  

2. A comparison of conventional and compositional approaches to analysis of physical 

activity outcomes.  

3. A prospective study of the modified incremental step test (MIST) to assess the feasibility, 

reliability and responsiveness to pulmonary rehabilitation in the home-based setting.  

4. An economic analysis of home and centre-based pulmonary rehabilitation including 

healthcare costs in the 12 months following completion. 

These studies demonstrated that there was limited evidence for improvements in physical 

activity in people with COPD following pulmonary rehabilitation, regardless of program location. 

However, the compositional approach did identify some associations between movement 

behaviours and participant features that may inform development of future interventions. The 

utility of the MIST for home-based assessment of exercise capacity and prescription of training 

intensity was demonstrated, along with favourable cost-effectiveness comparisons with a 

traditional program model. This research provides new evidence to support the clinical 

implementation of home-based pulmonary rehabilitation as an alternative for people who 

cannot access centre-based programs.  
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1.1 Overview 

(a) Chronic obstructive pulmonary disease (COPD) 

Chronic obstructive pulmonary disease (COPD) is a common and disabling disease, commonly 

due to exposure to noxious particles or gases, leading to lung injury with local and systemic 

inflammation. The resulting small airways disease and parenchymal destruction varies between 

individuals, but generally clinical presentation is characterised by persistent respiratory 

symptoms and airflow limitation which are treatable but not curable.[1] 

A major cause of morbidity and mortality, estimates for global prevalence of COPD (11%)[2] are 

mirrored in the Australian population, where it is estimated that up to 8% of Australians aged 40 

and over have features consistent with a diagnosis of COPD.[3] Estimates are considered 

conservative due to under-diagnosis and anticipated increases due to an aging population.[1, 4, 5] 

The burden associated with COPD is also driven by co-existing chronic conditions, which may be 

related to the disease process, or to ageing and presence of other risk factors including 

smoking.[1] People with COPD commonly experience arthritis, asthma, back pain, cancer, 

cardiovascular disease, diabetes and mental health problems, with over 90% of Australians with 

COPD reporting more than one comorbidity.[6] Globally, around three million deaths are 

attributable to COPD annually.[7] In Australia, COPD ranks fifth among the leading causes of 

death (2017 figures).[8] 

(b) Magnitude of the social and economic impact of COPD 

In terms of overall burden of disease, COPD is the fifth leading cause of disability-adjusted life 

years (DALYs) lost across the world.[9] For people over 65 years of age, Australian figures show 

that COPD was the second leading cause of total disease burden for men and the leading cause 

for women, and that this respiratory burden increased with increasing geographical remoteness 

based on access to services.[10] 

The impact of COPD is associated with substantial costs to society. Spending attributed to COPD 

accounts for 1.3% of total Australian direct health expenditure, primarily attributable to 

hospitalisations ($977 million in 2015-16).[10] The disease costs the Australian community an 

estimated $8.8 billion annually in financial costs, including health and hospital costs, lost 

productivity, premature death and a low rate of employment.[4] The increasing prevalence of 

COPD and accompanying costs expected as the population ages provides incentive for efficient 
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implementation of evidence-based interventions, to reduce the burden of COPD to individuals, 

families, the health system and society. 

(c) Clinical challenges in managing COPD 

The primary symptoms of COPD are breathlessness, cough and sputum production. Other 

symptoms such as chest tightness, wheezing and fatigue are common and contribute to 

impairment of physical function and quality of life.[1] The natural history of COPD is characterised 

by progressive deterioration with episodes of acute deterioration in symptoms referred to as an 

exacerbation.[11] The challenge for individuals to manage symptoms and exacerbations is well 

acknowledged,[12] providing additional impetus for application of scalable and effective 

treatment strategies. 

1.2 Non-pharmacological interventions for COPD: pulmonary rehabilitation 

International evidence-based clinical practice guidelines for the management of COPD 

unequivocally recommend non-pharmacological strategies (such as pulmonary rehabilitation and 

regular exercise) for all people with COPD.[11] Pulmonary rehabilitation is a well-established 

‘comprehensive intervention based on a thorough patient assessment followed by patient-

tailored therapies that include, but are not limited to, exercise training, education, and behaviour 

change, designed to improve the physical and psychological condition of people with chronic 

respiratory disease and to promote the long-term adherence to health-enhancing behaviours’.[13] 

Programs usually involve attendance at an outpatient group program twice a week for 7-8 

weeks. Current recommendations state that referral should be considered for all people with 

COPD who have dyspnoea or other respiratory symptoms, reduced exercise tolerance, disease-

imposed activity restriction or impaired health status.[13] Pulmonary rehabilitation is supported 

by Level 1 evidence for clinically important improvements in exercise capacity and dyspnoea in 

people with COPD.[14] Benefits attributable to completion of pulmonary rehabilitation include 

improvements in symptoms and health-related quality of life, as well as reduction in health care 

utilisation.[15]  

(a) Barriers to pulmonary rehabilitation participation for people with COPD 

Despite the burden of COPD to individuals and health care systems, and strong evidence for 

physiological, symptom-reducing and psychosocial benefits of pulmonary rehabilitation,[16] this 

intervention is widely recognised to be underutilised.[17] It is estimated that only 5-10% of 

Australians with COPD have access to pulmonary rehabilitation.[18] Up to half of people who are 
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referred to pulmonary rehabilitation never attend, and up to a third of participants do not 

complete a program.[19]  

Numerous factors contribute to the gap between the knowledge of the benefits of pulmonary 

rehabilitation and the actual delivery of services to suitable patients.[16] Factors relating to 

environment, knowledge, attitudes and behaviours interact to influence referral, uptake, 

attendance and completion of pulmonary rehabilitation.[20] Identified system-level issues include 

limited availability of services, especially in regional and rural settings. A paucity of awareness of 

program benefits by both healthcare professionals and patients also contributes to poor referral 

rates and uptake of existing programs. Patient-related barriers include the burden of travel to 

hospital-based programs and logistical challenges, especially in the context of distressing 

dyspnoea and limited mobility or for people in employment.[21]  

Overcoming these challenges will be imperative to improving access and uptake of pulmonary 

rehabilitation. In order to extend the known benefits of pulmonary rehabilitation to those who 

would benefit, new models that overcome the system- and patient-related barriers have been 

identified as critical elements for further study.[22] The COVID-19 pandemic has also necessitated 

a transition away from centre-based models of care.  

1.3 Alternative models of delivery: home-based pulmonary rehabilitation 

Home-based pulmonary rehabilitation is one strategy that may overcome patient-related 

barriers to pulmonary rehabilitation, including travel, transport and disability. Home-based 

models for pulmonary rehabilitation have been compared to usual care[23-33] or hospital-based 

programs.[34-39]   

(a) Evidence for clinical effectiveness of home-based pulmonary 
rehabilitation 

In trials comparing home-based with hospital-based programs, a wide variety of study designs, 

supervision and contact protocols have been employed (Table 1). Evidence of power calculations 

was not presented in all studies[34, 37, 38] and sample sizes ranged from 35[38] to 287.[40] Three 

studies employed non-inferiority designs[35, 39, 40] and two studies reported the number of 

participants who did not consent due to a preference for centre-based programs.[39,40] In some 

studies, participants allocated to home-based interventions received up to 24 home visits[38] and 

were required to make up to ten hospital visits.[35, 37] Additionally, not all home and hospital-



 

5 

based groups received equivalent exercise prescription[34-36] or incorporated education and self-

management program components.[22, 38]  

A range of outcome measures have been utilised in these studies (Table 2). Most commonly, 

health-related quality of life has been assessed by the Chronic Respiratory Questionnaire 

(CRQ)[34, 35, 37, 39, 40] and exercise capacity using the 6-minute walk test (6MWT). No systematic 

differences were demonstrated between home- and hospital-based programs. All of the five 

studies that assessed health-related quality of life demonstrated home and centre-based within-

group improvements that met the minimal important difference in CRQ(34,37,39,40) and St George 

Respiratory Questionnaire.(35) Home and centre-based within-group improvements in exercise 

capacity met the minimal important difference in all with the exception of two studies (both 

groups,(35) centre-based group(39)). Current Australian and New Zealand Pulmonary Rehabilitation 

Guidelines recommended that home-based pulmonary rehabilitation that includes “regular 

contact to facilitate exercise participation and progression be offered to patients with COPD as 

an alternative to hospital-based pulmonary rehabilitation (weak recommendation, moderate-to-

low quality evidence)”.[41] 

The only Australian study to date was an NHMRC-funded randomised controlled equivalence 

trial that compared home-based with hospital-based pulmonary rehabilitation. It demonstrated 

that a new model of structured home-based pulmonary rehabilitation produced equivalent 

clinical outcomes and, for the first time, similar intervention costs when compared with a 

conventional centre-based program.[39, 42] There were key differences between previous work 

and the development of this ‘HomeBase’ model. Participants received home-based delivery of all 

program components, including exercise, education and self-management training. Telephone 

appointments were conducted by respiratory physiotherapists who were trained in motivational 

interviewing techniques and specific exercise goal setting was a critical component of every 

contact. Exercise programs were designed so that the home-based group received a similar 

‘dose’ of exercise to the centre-based group. This was confirmed by diary entries for exercise 

time in the home-based group, which correlated with objective measures of physical activity.[43] 

Improved completion rates and acceptability were demonstrated, and participants noted the 

time-convenience and flexibility in training opportunities as benefits of the model.[44]  

Another unique aspect of this study was the capacity to assess the long-term impact on physical 

activity behaviour following pulmonary rehabilitation. It has been postulated that a home-based 

program may favourably influence behaviour change[38] and a key difference between this model 

of home-based pulmonary rehabilitation and the traditional centre-based model is the lack of 

direct supervision of exercise training. In this context, promotion of physical activity becomes 
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critically important. In the HomeBase model, this was achieved by specific prescription and 

progression of intensity and duration with completion of a home diary and revision of specific 

goals. Staff received specific training and through weekly structured telephone modules, applied 

the principles of motivational interviewing to promote problem solving and facilitate health 

behaviour change.[45] Home-based participants demonstrated similar levels of physical activity to 

those in the centre-based program.[46] However, it was noted that measures of physical activity 

remained low across both groups. The importance of physical activity for people with COPD, and 

current knowledge regarding promotion of physical activity, will be explored in the next section. 
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TABLE 1. RANDOMISED CONTROLLED TRIALS OF OUTPATIENT HOSPITAL-BASED VERSUS HOME-BASED PULMONARY REHABILITATION PROGRAMS: PROGRAM FEATURES. 

Study 
Number of participants 
Country 

Program features 

Hospital-based Home-based 

Strijbos 1996[38] 

n = 35 

the Netherlands 

 

Patient education 

Training (supervised): aerobic and strength 

Training (unsupervised): walking and stair climbing daily (≥ 15 min) 

 

 

Training (unsupervised): aerobic and strength, exercise days (≥ 30 min), 
other days (≥ 15 min) 

After 3 to 4 weeks, commenced on stationary bicycles After 3 to 4 weeks, commenced on stationary bicycles 

• workload increased up to 70% baseline peak workload, then 
duration increased 

• workload increased up to 70% baseline peak workload, then duration 
increased 

12 weeks, 2 sessions/week, 1 hour/session  12 weeks, 2 sessions/week 

25 hospital visits  24 home visits, 3 visits to GP, 3 visits from local home-care nurse, 2 hospital 
visits 

Puente-Maestu 2000[37] 

n = 41 

Spain 

Aerobic training: treadmill (60 min) Aerobic training: walking with pedometer (3 to 4 km) 

8 weeks, 4 sessions/week 8 weeks, 4 sessions/week 

33 hospital visits  10 hospital visits (weekly during intervention) 

Maltais 2008[35] 

n = 252 

Canada 

Pre-intervention: 4 weeks of educational intervention, 2 lectures/week 

Aerobic training: stationary leg cycling (25 to 30 min, 80% baseline 
peak workload) 

Strength training (30 min) 

Aerobic training: portable ergocycles (40 min, 60% baseline peak workload) 

Strength training: (30 min) 
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Study 
Number of participants 
Country 

Program features 

Hospital-based Home-based 

8 weeks, 3 sessions/week 8 weeks, 3 sessions/week 

34 hospital visits  1 home visit (Week 1), 7 weekly telephone contacts, 10 hospital visits 

Güell 2008[34] 

n = 51 (all male) 

Spain 

  

Pre-intervention: 1 week (2 education sessions, 4 respiratory physical therapy sessions) 

Respiratory muscle training 

Strength training: 30 min (start at 0.5 kg; +1 kg/week as tolerated) 

Aerobic training: cycle ergometer (30 min) 

• progression: intensity (start at 60% baseline peak workload, +10 

watts as tolerated) 

Respiratory muscle training 

Strength training: 30 min (start at 0.5 kg, +1 kg/week as tolerated) 

Aerobic training: unsupervised street walking at 4 kph (pedometer) 

• progression: duration (start at 15 min; Weeks 1-3: 30 min;  Weeks 4-8: 

45 min)  

8 weeks, 3 sessions/week, 1.5 hours/session 8 weeks, walk daily, probably 3 sessions/week other exercises 

31 hospital visits 8 hospital visits, number of home visits and contacts not specified 

Oliveira 2010[36] 

n = 88 

Brazil 

Aerobic training: treadmill walking (30 min) 

Strength training: ankle and hand weights 

Aerobic training: walking 60-80% peak heart rate on baseline 6MWT 

Strength training: ankle and hand weights 

3 months, 3 sessions/week 3 months, 3 sessions/week 

37 hospital visits  2 hospital visits, number of telephone contacts not specified 
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Study 
Number of participants 
Country 

Program features 

Hospital-based Home-based 

Holland 2017[39] 

n = 166  

Australia 

 

Aerobic training: walking 80% of baseline 6MWT speed or cycling 60% 

peak workload (30 min) 

Strength training: functional tasks and free weight training 

Aerobic training: walking 80% of baseline 6MWT speed (30 min, 

pedometer) 

Strength training: functional tasks and free weight training (equipment 

available at home) 

8 weeks, supervised: 2 sessions/week, unsupervised: 3 sessions/week 8 weeks, 5 sessions/week 

17 hospital visits  1 home visit (Week 1), 7 weekly telephone contacts, 2 hospital visits  

Horton 2018[40] 

n = 287 

United Kingdom 

Aerobic training: walking speed  

• Intensity: 85% V̇O2peak predicted from ISWT  

• Duration as per ESWT  

Strength training: supervised 1 session/week, unsupervised 2 
sessions/week 

Aerobic training: walking speed  

• Intensity: 85% V̇O2peak predicted from ISWT  

• Duration as per ESWT  

Strength training: supervised 1 session/week, unsupervised 2 
sessions/week 

7 weeks, 2 sessions/week 7 weeks 

15 hospital visits 3 hospital visits, 2 telephone contacts 

ESWT, endurance shuttle walk test; GP, general practitioner; ISWT, incremental shuttle walk test; 6MWT, six-minute walk test; V̇O2, peak oxygen uptake. Where not stated, 

assumed one hospital visit for pre-program assessment for all participants, assumed 1 hospital visit for post-program assessment for home-based participants 
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TABLE 2.  RANDOMISED CONTROLLED TRIALS OF OUTPATIENT HOSPITAL-BASED VERSUS HOME-BASED PULMONARY REHABILITATION PROGRAMS:                             

EXERCISE CAPACITY AND HEALTH-RELATED QUALITY OF LIFE OUTCOMES. 

Outcomes Puente-Maestu 2000[37] Maltais 2008[35]  Güell 2008[34] Oliveira 2010[36] Holland 2017[39] Horton 2018[40] 

Health-related quality of life 

 CRQ domain scores dyspnoea “no differences 
between the two 
groups” 

 

0.1 (-0.2 to 0.3) 0.2 (-0.2 to 0.7)  1.6 (−0.3 to 3.5)# −0.2 (−0.6 to 0.1) 

 fatigue -0.1 (-0.4 to 0.2) 0.2 (-0.2 to 0.6)  0.8 (−0.7 to 2.3) # −0.4 (−0.7 to 0.1) 

 emotional function -0.0 (-0.2 to 0.2) 0.6 (0.1 to 1.0)*  0.8 (−1.5 to 3.1) −0.5 (−0.8 to 0.2) 

 mastery -0.0 (-0.2 to 0.2) 0.4 (-0.1 to 0.9)  0.4 (−1.0 to 1.8) −0.4 (−0.7 to 0.1) 

 SGRQ domain scores total  -1 (-4 to 2)     

 symptoms  -6 (-11 to -1)^     

 activity  -0.2 (-4 to 4)     

 impacts  -0.2 (-4 to 3)     

Exercise capacity 

 6MWD (metres)  -3 (-15 to 10) 9 (-25 to 43) p = 0.44 #19 (−3 to 41)  

 Incremental exercise test (V̇O2peak) p < 0.05*      

 Cycle endurance time (seconds) p < 0.05* 9 (-90 to 109)     

 ISWD (metres)      −24 (−45 to −2)† 

 ESWT (seconds)      −141 (−252 to −31)** 

Data are mean difference (95% CI) unless indicated. CRQ, Chronic Respiratory Questionnaire; ESWT, time walked on endurance shuttle walk test; ISWD, distance walked on 

incremental shuttle walk test; 6MWD, distance walked on six-minute walk test; SGRQ, St George Respiratory Questionnaire; V̇O2, peak oxygen uptake.* hospital>home; # CI 

exceeds the upper equivalence limit of minimal important difference and cannot exclude superiority; ^ home-based > centre-based program; † non-inferior to pulmonary 

rehabilitation; ** in favour of centre-based program. The non-inferiority margin was breached by the lower CI and therefore the non-inferiority of home-based pulmonary 

rehabilitation was inconclusive. 
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(b) Physical activity in people with COPD 

Physical activity in people with COPD is reduced compared to healthy peers and to people with 

other chronic conditions.[1, 47, 48] It has been demonstrated that participation in physical activity is 

reduced across the disease spectrum, with documented reductions in smokers prior to diagnosis, 

in people with a recent diagnosis and mild COPD before symptom onset and deterioration with 

increasing disease severity.[49-54]   

A lack of physical activity is one of the main risk factors for development of cardiovascular, 

metabolic and musculoskeletal comorbid conditions in people with COPD.[55] Low levels of 

participation in physical activity have been independently associated with poor outcomes, 

including increased risk for hospitalisation and mortality.[56-59] However, there is a lack of clarity 

regarding the relationship between physical activity and clinical characteristics including 

impaired exercise capacity and health-related quality of life in people with COPD.[56, 60-62]  

Participation in regular physical activity is endorsed for people with COPD.[1] However, there is 

meagre evidence for improvements in objectively-assessed physical activity measures following 

interventions in people with COPD. Pulmonary rehabilitation has been commonly proposed as a 

potential model for delivery of targeted interventions with variable evidence for improvements 

to date.[63] No analyses have compared different models of pulmonary rehabilitation to date, and 

whether a home-based program leads to greater improvements in physical activity than a 

centre-based program. 

Chapter 2 presents a Cochrane systematic review of interventions that have sought to improve 

physical activity in people with COPD using a rigorous methodology and including only 

randomised controlled trials using objective assessment tools. The two most comprehensive 

reviews of interventions to promote physical activity in people with COPD were conducted by 

Mantoani 2016 (60 studies to March 2015)[64] and Lahham 2016 (37 studies to May 2016)[65] and 

noted poor quality of available evidence. These reviews allowed for inclusion of studies using 

subjective assessment of physical activity,[64, 65] non-randomised, cohort and experimental 

designs[65] and combined outcomes for analysis (to express effect sizes) rather than preservation 

of the original units (e.g. number of steps, time in different intensities of physical activity). Some 

increases in physical activity were observed following combined interventions (e.g. physical 

activity counselling and pulmonary rehabilitation/exercise training) and appeared to be related 

to longer intervention periods. However, the interventions and findings were highly variable and 

the vast majority studies could not document improvements in physical activity. At this stage, it 

file://///ltu.edu.au/ResearchDrives/PROJECT%20-%20SHE%20-%20NOVO/Angela/PhD/Mantoani%202016
file://///ltu.edu.au/ResearchDrives/PROJECT%20-%20SHE%20-%20NOVO/Angela/PhD/Lahham%202016
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is not clear if this is because the interventions themselves are ineffective or if the methods of 

analysis used to date are inadequate at identifying changes in physical activity. This concept will 

be explored in the following section. 

(c) Difficulties with conventional methods for physical activity data 
analysis: compositional data analysis 

The suitability of standard multivariate statistical approaches to analysis of physical activity data 

has been brought into question, primarily relating to the violation of fundamental assumptions 

relating to the constrained nature of time and the relationship between time spent in activity of 

different intensities.[66] Each day consists of 1,440 minutes and is spent in a sequence of activities 

or behaviours including sleep, sedentary time (e.g. sitting at a desk or on a couch), light intensity 

physical activity (LIPA) (usually associated with activities of daily living) and moderate to vigorous 

intensity physical activity (MVPA). Each individual component has been linked to health 

outcomes with the approach to physical activity data analysis usually assessing each type of 

activity or behaviour in isolation. For example, fewer hours of sleep have been associated with 

increased prevalence of hypertension.[67] However, the amount of time ‘available’ for each 

behaviour is inherently limited as a component of a day (Figure 1). As the amount of time in a 

day is finite, 

 

FIGURE 1  TIME IN PHYSICAL ACTIVITY EXPRESSED AS COMPONENTS PARTS OF A DAY. 

LIPA, light intensity physical activity; MVPA, moderate to vigorous intensity physical activity. 



 

13 

change in any component must result in concomitant modifications in other components.[68] It 

may therefore be that the lack/inconsistency of evidence of improvements in physical activity in 

work to date may relate to the way the data has been analysed, rather than absence of an 

effect. 

Compositional data analysis is well-established in a range of other fields[69] with evolving 

application within the context of physical activity as researchers strive to understand the impact 

of – and mechanisms to influence – participation for both general health and disease-specific 

considerations.[68, 70] This approach has started to be used in studies of physical activity in people 

with COPD[71, 72] but had not been used to assess change following an intervention. 

Chapter 3 presents a comparison of conventional analyses with compositional data analyses for 

physical activity prior to and following completion of pulmonary rehabilitation in people with 

COPD. 

1.4 The missing links in implementation of home-based pulmonary 
rehabilitation 

Before starting an exercise training program such as pulmonary rehabilitation, an assessment of 

exercise capacity is needed so as to evaluate the safety of exercise, enable accurate 

individualised exercise prescription and objectively assess the efficacy of the intervention. Upon 

referral to pulmonary rehabilitation, routine exercise testing is undertaken prior to program 

commencement in accordance with international guidelines.[13] Additionally, exercise testing 

prior to engaging in a physical activity program of at least moderate intensity (as per pulmonary 

rehabilitation) is recommended for all participants with ‘diagnosed or symptomatic pulmonary 

disease’ including COPD.[73] 

Exercise training is one of the cornerstones of pulmonary rehabilitation and based on the highest 

level of scientific evidence.[1] The American College of Sports Medicine guidelines for exercise 

testing and prescription (frequency, intensity, time and type)[74] are applied to endurance 

exercise training in individuals with chronic respiratory disease undertaking pulmonary 

rehabilitation. Accurate prescription of an effective exercise training load is only possible if the 

results of an exercise test are available. Assessment of exercise capacity following program 

completion is also routinely employed to determine the efficacy of the intervention and enable 

recommendations for ongoing care. 
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Most measures of exercise performance are responsive to pulmonary rehabilitation and are 

critical tools for outcome assessment. The choice of test is usually determined by time 

considerations, cost constraints and availability. The most commonly reported tests are field-

based walking tests. Such low-cost tests require minimal equipment, are suitable for evaluation 

in a range of clinical settings and are considered to better reflect daily living than laboratory-

based tests.[13]  

(a) Home-based assessment of exercise capacity 

The most established field-based walking test is the 6MWT; a valid, reliable and responsive 

measure of exercise capacity in COPD.[75] In addition to assessing the outcomes of pulmonary 

rehabilitation by quantifying functional exercise capacity (e.g. the distance walked in 6 minutes), 

it may also be used to quantify the magnitude of a patient’s disability, prescribe a walking 

program and identify the presence of exercise-induced hypoxemia. However, the 6MWT 

significantly underestimates exercise capacity when conducted at home because there is rarely 

enough space for the required 30-metre track[76] so participants are still required to attend the 

hospital for exercise assessments. This is a substantial barrier to delivering an entirely home-

based pulmonary rehabilitation program and may exclude some patients from participating. The 

development of a new assessment that is safe, valid and reliable for use in the home 

environment, as well as responsive to change with pulmonary rehabilitation, would revolutionise 

the capacity to deliver effective interventions to a greater number of people with COPD who 

would benefit. 

(b) A new exercise test for pulmonary rehabilitation: modified incremental 
step test 

The Modified Incremental Step Test (MIST) is an incremental externally-paced test suitable for 

assessing exercise tolerance. It is a modified version of the Chester step test which was 

developed for use in healthy adults, but found in previous work to be difficult for a large 

proportion of people with COPD.[77] At a reduced initial cadence and increment rate, the test is 

performed on a standard commercially available single step (20cm height) and requires the 

participant to step in time with digitally recorded audio signals. The initial rate of 10 steps per 

minute increases at a rate of one additional step per 30 seconds. Test completion is determined 

by the participant (intolerable dyspnoea or leg fatigue) or the physiotherapist (if the participant 

was unable to follow the rhythm for a period of 15 seconds). The main outcome of the MIST is 

number of steps. It is a reproducible measure in people with COPD, with intra-class correlation 

coefficients of over 0.96 for number of steps, maximal oxygen uptake, minute ventilation, heart 
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rate and oxyhaemoglobin saturation (SpO2).[78] Direct comparisons of the physiological demands 

of the MIST and laboratory-based cardiopulmonary exercise testing showed that maximal 

cardiopulmonary and metabolic responses were elicited.[79] Relationships between the number 

of steps on MIST have been demonstrated with forced vital capacity, dyspnoea and distance 

walked on 6MWT in people with acute respiratory conditions admitted to hospital, and no 

adverse events reported.[79] 

This preliminary work indicates that the MIST is safe, well tolerated and reproducible in people 

with COPD[77-79] and bronchiectasis.[80, 81] However, the proportion of people with chronic lung 

disease who are unable to undertake the test was not known (e.g. due to knee arthritis or 

balance deficits). The proportion of people unable to take the test might be higher than for the 

6MWT which is conducted on a flat surface. The MIST had not yet been tested in the home 

environment, a potentially important setting without valid options currently available (Figure 2).   

 

FIGURE 2  PARTICIPANT UNDERTAKING A HOME-BASED MODIFIED INCREMENTAL STEP TEST. 

Permission obtained. 

Another gap in knowledge regarding the MIST was its responsiveness to an intervention e.g. 

pulmonary rehabilitation. Subsequent to this, it is important to understand whether an observed 

change over time represents a clinically important effect, so to facilitate treatment decisions 

based on the results of this test. The minimal clinically important difference (MID) is defined as 
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‘the smallest difference in score in the outcome of interest that informed patients or informed 

proxies perceive as important and which would lead the patient or clinician to consider a change 

in the management’.[82] The advantage of defining an MID is that it can be used to determine 

whether important changes in health status have occurred in individual patients. Methods for 

determining the MID can be classified as anchor-based or distribution-based. Anchor-based 

methods involve comparing a patient’s change score to another measure of clinically relevant 

change.[83] Distribution-based methods, such as the standard error of the mean (SEM)[84] and the 

effect size,[85] are built on the statistical properties of the measure in a population. Concurrent 

use of both approaches is recommended to evaluate the effects of the methodology on the final 

value.[86] 

An additional consideration in the clinical application of the MIST is the capacity to enable 

accurate prescription of intensity for exercise training. The recommended exercise training 

intensity for participants in pulmonary rehabilitation is 60% of peak V̇O2 measured during a 

laboratory-based cardiopulmonary exercise test with the aim of eliciting physiological training 

effects.[87, 88] However in clinical practice, exercise prescription is often based on the 6MWT 

results, with walking training prescribed on the basis of calculated 6MWT speed. This cannot be 

performed at home and thus accurate exercise prescription in the home environment was not 

possible. I propose to investigate whether prescription of step training at a cadence that 

corresponds to 60% of peak V̇O2 (based on best MIST) provides training intensity within the 

recommended range. 

Chapter 4 presents the feasibility, reliability and responsiveness of the MIST, along with 

prescription of training intensity. 

(c) Evidence for cost-effectiveness  

Past economic analyses of pulmonary rehabilitation programs have been purely descriptive,[89-92] 

comparing centre-based models to usual care[93-96] or comparing two different models of centre-

based pulmonary rehabilitation (hospital versus community centre).[97] An economic evaluation 

is a critical determinant of whether this new home-based model is suitable for clinical 

implementation, including whether program completion results in any reduction in costs 

following pulmonary rehabilitation. To date, no reliable cost-effectiveness data for a home-

based program have been available.[98] 
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Economic analyses require detailed consideration of both the costs and consequences (or 

outcomes) associated with the interventions under consideration.  

Costs are determined according to the selected perspective. A health system perspective seeks 

to understand costs to the health system and does not include other costs to society (e.g. lost 

productivity) or ‘out-of-pocket’ costs for patients (e.g. co-payments for health services). This 

data may be sourced at an individual level, but requires investigation through multiple 

government and administrative sources due to the wide range of funding models. In Australia, 

these include federal government-funded medical care and investigations (Medicare Benefits 

Schedule) and prescribed medications (Pharmaceutical Benefits Scheme), as well as state 

government-funded emergency department presentations, hospital admissions and outpatient 

appointments. In contrast, the broader societal perspective also incorporates personal expenses 

relating to health care access (e.g. travel to attend appointments and ‘over the counter’ 

medication purchases) as well as implications for society e.g. time off work.[99] With regards to 

consequences, a multi-outcome approach using clinical measures for both utility and 

effectiveness is recommended.[100] Utility is commonly assessed using quality-adjusted life years 

(QALY) which provide an indication of the value attributed to health state. Effectiveness is 

represented by health gains, or change in important clinical outcomes.[101]  

Economic analyses present a comparative analysis of the differences in cost and health 

outcomes between two treatment alternatives. This is presented on a cost-effectiveness plane 

(Figure 3a) where health outcomes are presented along the x-axis and costs along the y-axis. This 

plane is divided into four quadrants according to relative differences in cost and outcome. The 

‘southeast’ quadrant is said to ‘dominate’ as results in this quadrant indicate that the ‘new’ 

intervention has lower costs and greater effect. Uncertainty around the estimates is also 

represented on this cost-effectiveness plane. Uncertainty around the threshold for cost-

effectiveness is presented on a cost-effectiveness acceptability curve (Figure 3b). This graph 

reflects the probability of a new intervention being considered as a cost-effective alternative 

using a range of threshold values for the monetary value attributed by the decision-maker.[99, 101] 

Threshold values vary around the world. Australian regulations do not define an explicit 

threshold, but AUD$50,000/QALY is considered as the implicit value based on previous 

decisions.[102] 

The lack of information regarding cost-effectiveness and cost-utility for home-based pulmonary 

rehabilitation, in comparison to the standard centre-based approach, is a gap in the evidence 
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needed to underpin implementation and funding. Chapter 5 presents an economic analysis 

comparing home- and centre-based pulmonary rehabilitation. 

  

Figure 3a. Cost-effectiveness plane. 

 

Figure 3b. Cost-effectiveness acceptability curve. 

FIGURE 3 COST-EFFECTIVENESS PLANE AND COST-EFFECTIVENESS ACCEPTABILITY CURVE. 
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1.5 Summary 

COPD is a common and disabling disease that poses significant burden to individuals and society. 

It is not clear if the benefits of pulmonary rehabilitation include improvements in physical 

activity following program completion or whether this is influenced by the model of intervention 

delivery or method of data analysis. Equivalent improvements in clinical outcomes have been 

demonstrated following home-based pulmonary rehabilitation compared to a centre-based 

model, but program access in the ‘real world’ has remained limited by a lack of evidence for a 

home-based exercise test and rigorous economic evaluation.  

1.6 Thesis aim and outline 

The primary aim of this thesis was to provide evidence to optimise the delivery of home-based 

pulmonary rehabilitation for people with COPD. To achieve this aim and to address critical gaps 

in knowledge, four studies were undertaken: 

Chapter 2 is a Cochrane Systematic Review completed with the Cochrane Airways Group to 

investigate the effectiveness of interventions to promote physical activity in people with COPD. 

Chapter 3 reports a study comparing a new application of compositional data analysis methods 

to conventional analysis methods for physical activity data measured before and after 

pulmonary rehabilitation.  

Chapter 4 details the feasibility, reliability and responsiveness of the modified incremental step 

test to facilitate exercise assessment and prescription in the home environment. 

Chapter 5 presents an economic evaluation comparing a new model of home-based pulmonary 

rehabilitation with conventional centre-based programs. 

Chapter 6 summarises the results of chapters 2-5 together with strengths and limitations of the 

thesis. This chapter also discusses directions for future research, implications for clinical practice 

and health care policy.   
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Preface  

In Chapter 1, the adverse impact of COPD on physical activity at all stages of disease severity was 

highlighted. There were a number of studies that have looked at a broad range of types of 

interventions to improve physical activity in people with COPD but there was a lack of clarity 

regarding effective models. Pulmonary rehabilitation has been proposed as an intervention 

package with potential to increase physical activity, but uncertainty remained regarding the 

necessary components.  

The aim of Chapter 2 was to evaluate which interventions are effective at improving objectively-

assessed physical activity in people with COPD. 

This topic was rated as the highest priority for physiotherapy reviews within the Cochrane 

Airways Group. The systematic review in this chapter has been published in the Cochrane 

Database of Systematic Reviews which has an impact factor of 6.264. 
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A B S T R A C T

Background

Escalating awareness of the magnitude of the challenge posed by low levels of physical activity in people with chronic obstructive
pulmonary disease (COPD) highlights the need for interventions to increase physical activity participation. The widely-accepted benefits
of physical activity, coupled with the increasing availability of wearable monitoring devices to objectively measure participation, has led
to a dramatic rise in the number and variety of studies that aimed to improve the physical activity of people with COPD. However, little
was known about the relative eGicacy of interventions tested so far.

Objectives

In people with COPD, which interventions are eGective at improving objectively-assessed physical activity?

Search methods

We identified trials from the Cochrane Airways Trials Register Register, which contains records identified from bibliographic databases
including the Cochrane Central Register of Controlled Trials, MEDLINE, Embase, CINAHL, AMED, and PsycINFO. We also searched PEDro,
ClinicalTrials.gov, the World Health Organization International Clinical Trials Registry Platform portal and the Australian New Zealand
Clinical Trials Registry (from inception to June 2019). We checked reference lists of all primary studies and review articles for additional
references, as well as respiratory journals and respiratory meeting abstracts, to identify relevant studies.

Selection criteria

We included randomised controlled trials of interventions that used objective measures for the assessment of physical activity in people
with COPD. Trials compared an intervention with no intervention or a sham/placebo intervention, an intervention in addition to another
standard intervention common to both groups, or two diGerent interventions.

Data collection and analysis

We used standard methods recommended by Cochrane. Subgroup analyses were possible for supervised compared to unsupervised
pulmonary rehabilitation programmes in clinically-stable COPD for a range of physical activity outcomes. Secondary outcomes were
health-related quality of life, exercise capacity, adverse events and adherence. InsuGicient data were available to perform prespecified

Interventions for promoting physical activity in people with chronic obstructive pulmonary disease (COPD) (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.
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subgroup analyses by duration of intervention or disease severity. We undertook sensitivity analyses by removing studies that were at high
or unclear risk of bias for the domains of blinding and incomplete outcome data.

Main results

We included 76 studies with 8018 participants. Most studies were funded by government bodies, although some were sponsored by
equipment or drug manufacturers. Only 38 studies had physical activity as a primary outcome. A diverse range of interventions have been
assessed, primarily in single studies, but improvements have not been systematically demonstrated following any particular interventions.
Where improvements were demonstrated, results were confined to single studies, or data for maintained improvement were not provided.
Step count was the most frequently reported outcome, but it was commonly assessed using devices with documented inaccuracy for this
variable.

Compared to no intervention, the mean diGerence (MD) in time in moderate- to vigorous-intensity physical activity (MVPA) following
pulmonary rehabilitation was four minutes per day (95% confidence interval (CI) −2 to 9; 3 studies, 190 participants; low-certainty
evidence). An improvement was demonstrated following high-intensity interval exercise training (6 minutes per day, 95% CI 4 to 8; 2
studies, 275 participants; moderate-certainty evidence). One study demonstrated an improvement following six months of physical activity
counselling (MD 11 minutes per day, 95% CI 7 to 15; 1 study, 280 participants; moderate-certainty evidence), but we found mixed results
for the addition of physical activity counselling to pulmonary rehabilitation. There was an improvement following three to four weeks
of pharmacological treatment with long-acting muscarinic antagonist and long-acting beta2-agonist (LAMA/LABA) compared to placebo

(MD 10 minutes per day, 95% CI 4 to 15; 2 studies, 423 participants; high-certainty evidence). These interventions also demonstrated
improvements in other measures of physical activity.

Other interventions included self-management strategies, nutritional supplementation, supplemental oxygen, endobronchial valve
surgery, non-invasive ventilation, neuromuscular electrical stimulation and inspiratory muscle training.

Authors' conclusions

A diverse range of interventions have been assessed, primarily in single studies. Improvements in physical activity have not been
systematically demonstrated following any particular intervention. There was limited evidence for improvement in physical activity with
strategies including exercise training, physical activity counselling and pharmacological management. The optimal timing, components,
duration and models for interventions are still unclear. Assessment of quality was limited by a lack of methodological detail. There was
scant evidence for a continued eGect over time following completion of interventions, a likely requirement for meaningful health benefits
for people with COPD.

P L A I N   L A N G U A G E   S U M M A R Y

What are the most e6ective ways to encourage people with chronic obstructive pulmonary disease (COPD) to be more physically
active?

Background

Being physically active is important for everyone's health. It can be particularly diGicult for people with COPD and we do not know the
best way to improve physical activity.

Study characteristics

This review includes 76 studies involving 8018 people with COPD (published before 27 June 2019). Most studies were funded by government
bodies, although some were sponsored by equipment or drug manufacturers. Many strategies have been developed and diGerent studies
have measured physical activity in lots of diGerent ways. This means that it was hard to compare and combine their findings. It was also
hard to tell exactly what was involved in some of the interventions, and therefore which components were important for improving physical
activity.

Key results

Some studies looked at current interventions for people with COPD, including pulmonary rehabilitation and diGerent types of exercise
training as well as self-management and education. Other studies have looked at special types of nutritional supplements, oxygen therapy,
surgery, muscle stimulation and singing.

Some strategies that did work involved exercise training, physical activity counselling and COPD medications. Some studies showed that
people did an extra 6 to 24 minutes of at least moderate-intensity physical activity, as well as walking for longer or taking more steps each
day. However, we are still uncertain about when or how these approaches should be used. Only a few studies followed people up aTer
the intervention finished. It is not clear exactly what needs to be done to improve physical activity in the long term, which is what may
be required for health benefits.

Quality of the evidence

Interventions for promoting physical activity in people with chronic obstructive pulmonary disease (COPD) (Review)
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The quality of evidence was generally low, due to diGiculties working out exactly what people did in the studies, and also because there
were lots of single studies (some quite small) looking at diGerent types of interventions. This means that it was diGicult to generalise these
findings to all people with COPD.

Interventions for promoting physical activity in people with chronic obstructive pulmonary disease (COPD) (Review)
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S U M M A R Y   O F   F I N D I N G S

 

Summary of findings for the main comparison.   Pulmonary rehabilitation/exercise training versus no intervention

Population: people with COPD, clinical stability

Intervention: pulmonary rehabilitation/exercise training

Comparisons: intervention versus no intervention

Outcome: time in physical activity (of at least moderate intensity) at end intervention

Illustrative comparative risks* [mean difference (95% CI)
unless indicated]

Assumed risk Corresponding risk

Interventions Outcome

No intervention Pulmonary rehabilitation/exer-
cise training

Number of partici-
pants (studies)

Quality of the
evidence
(GRADE)

Comments

Pulmonary rehabilita-
tion vs. no intervention

(8 to 10 weeks)

Time/change
in time in MV-
PA

The mean change in time
ranged from −1 to 6 min-
utes per day, mean time
27 minutes per day

The mean difference was 4 (−2 to
9) minutes per day

190 participants (3
studies; Analysis 1.2)

⊕⊕⊝⊝

lowa

Baseline values:

De Roos 2017
no intervention
mean 11 (SD 10),
pulmonary reha-
bilitation 12 (11);

Wootton 2017 no
intervention 46
(39), pulmonary
rehabilitation 54
(43)

High-intensity interval
training vs. no inter-
vention

(8 to 12 weeks)

Time in MVPA The mean time ranged
from 12 to 14 minutes per
day

The mean difference was 6 (4 to
8) minutes per day

275 participants (2
studies; Analysis 1.9)

⊕⊕⊕⊝

moderateb

-

Maintenance (telere-
habilitation) following
high-intensity interval
training vs. no inter-
vention

Time in mod-
erate intensi-
ty physical ac-
tivity

The mean time was 11
minutes per day

The mean difference was 7 (4 to
10) minutes per day

97 participants (1
study; Vasilopoulou
2017; Table 1)

⊕⊕⊕⊝

moderateb

-
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5

(12 months)

Maintenance (cen-
tre-based) following
high intensity interval
training vs. no inter-
vention

(12 months)

The mean difference was 11 (8 to
14) minutes per day

100 participants (1
study; Vasilopoulou
2017; Table 1)

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
CI: confidence interval; MVPA: moderate-to-vigorous physical activity; SD: standard deviation

GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

aDowngraded one level for high risk of performance bias. Downgraded one level for imprecision as CI does not exclude possibility of no eGect.
bDowngraded one level for high risk of performance bias.
 
 

Summary of findings 2.   Comparison of types of pulmonary rehabilitation/exercise training

Population: people with COPD, clinical stability

Intervention: pulmonary rehabilitation/exercise training

Comparisons: intervention vs. another intervention

Outcome: time in physical activity (of at least moderate intensity) at end intervention

Illustrative comparative risks* [mean difference (95% CI)
unless indicated]

Assumed risk Corresponding risk

Interventions Outcome

Comparator Intervention of interest

No of partici-
pants
(studies)

Quality of the
evidence
(GRADE)

Comments

Home-based pulmonary
rehabilitation vs. cen-
tre-based pulmonary reha-
bilitation

Change in
time in MVPA

The mean change in time in
the centre-based group was
5 minutes per day

The mean difference was 6
(−19 to 31) minutes per day

58 participants
(1 study; Analysis
4.2)

⊕⊕⊝⊝

lowa

Baseline values:
centre-based me-
dian 79 (IQR 24 to
136), home-based
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(8 weeks) median 68 (IQR 29
to 121)

Calisthenics vs. exercise
training

(12 weeks)

Time in MVPA The mean time in the exer-
cise training group was 75
minutes per day

"no significant inter-group
differences in any variable"

40 participants
(1 study; Probst
2011; Table 1)

⊕⊕⊝⊝

lowb

-

Physical activity counselling
vs. pulmonary rehabilitation

(6 to 12 weeks)

Change in
time in MVPA

The mean change in time
in the pulmonary rehabili-
tation group was 1 (−3 to 5)
minutes per day

The mean difference was 6
(−10 to 22) minutes per day

26 participants
(1 study; O'Neill
2018; Table 1)

⊕⊕⊝⊝

lowa

Baseline values:
pulmonary rehabil-
itation mean 15 (SD
5), physical activity
counselling mean
14 (SD 15)

Telerehabilitation mainte-
nance programme vs. cen-
tre-based maintenance pro-
gramme

(following high-intensity in-
terval training, 12 months)

Time in mod-
erate-intensi-
ty physical ac-
tivity

The mean time in the cen-
tre-based group was 22
minutes per day

The mean difference was −4
(−7 to −1) minutes per day

97 partici-
pants (1 study;
Vasilopoulou
2017; Table 1)

⊕⊕⊕⊝

moderatec

-

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
CI: confidence interval; IQR: interquartile range; MVPA: moderate-to-vigorous physical activity; SD: standard deviation

GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

aDowngraded one level for high risk of performance bias. Downgraded one level for imprecision as CI does not exclude possibility of no eGect.
bDowngraded one level for unclear risk of selection, performance, detection, attrition and other potential bias. Downgraded one level for imprecision as CI does not exclude
possibility of no eGect.
cDowngraded one level for high risk of performance bias.
 
 

Summary of findings 3.   Physical activity counselling

Population: people with COPD, clinical stability

Intervention: physical activity counselling

Comparisons: intervention vs. no intervention, intervention in addition to a standard intervention common to both groups
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Outcome: time in physical activity (of at least moderate intensity) at end intervention

Illustrative comparative risks* [mean differ-
ence (95% CI) unless indicated]

Assumed risk Corresponding risk

Interventions Outcome

Comparator Intervention of interest

Number of par-
ticipants (stud-
ies)

Quality of the
evidence
(GRADE)

Comments

Comparison: intervention vs. no intervention

Physical activity counselling
vs. no intervention

(12 weeks)

Change in
time in MVPA

The mean change
in time was −3 (−0.6
to 0.2) minutes per
day

The mean difference was
11 (7 to 15) minutes per
day

280 participants
(1 study; Demey-
er 2017; Table 1)

⊕⊕⊕⊝

moderatea

Baseline values: no interven-
tion median 15 (IQR 5 to 35),
intervention median 14 (IQR 5
to 26)

Physical activity counselling
vs. no intervention

(following pulmonary rehabil-
itation, 12 months)

Change in
time in mod-
erate intensi-
ty physical ac-
tivity

The mean change
was −1 (−13 to 12)
minutes per day

The mean difference was
20 (−1 to 41) minutes per
day

43 participants (1
study; Wootton
2017; Table 1)

⊕⊕⊝⊝

lowb

Baseline values: no interven-
tion mean 51 (SD 49), inter-
vention mean 59 (SD 52)

Comparison: intervention in addition to a standard intervention common to both groups

Time in MVPA The mean time in
the pulmonary re-
habilitation group
was 28 minutes per
day

The mean difference was
24 (2 to 45) minutes per
day

26 participants
(1 study; Analysis
3.21)

⊕⊕⊕⊝

moderatec

P = 0.03Physical activity counselling
with pulmonary rehabilitation
vs. pulmonary rehabilitation

(6 months)

Change in
time in MVPA

The median change
in time in the pul-
monary rehabilita-
tion group was 12
minutes per day

The median change in
time was 2 (−12 to 25)
minutes per day

113 participants
(1 study; Nolan
2017; Table 1)

⊕⊕⊝⊝

lowd

P = 0.16

Baseline values: no interven-
tion median 47 (IQR 18 to
103), intervention median 45
(IQR 20 to 81)

Physical activity counselling
with pulmonary rehabilitation
vs. sham intervention with
pulmonary rehabilitation

(6 months)

Change in
time in MVPA

The mean change
in time in the pul-
monary rehabilita-
tion group was 0
minutes per day

The mean difference was
−6 (−16 to 3) minutes per
day

50 participants
(1 study; Analysis
3.25)

⊕⊝⊝⊝

very lowe

Baseline values: no interven-
tion median 29 (IQR 17 to 44),
intervention median 33 (IQR
16 to 47)

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
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CI: Confidence interval; IQR: interquartile range; MVPA: moderate-to-vigorous physical activity; SD: standard deviation

GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

aDowngraded one level for high risk of performance bias and detection bias.
bDowngraded one level for high risk of performance bias. Downgraded one level for imprecision as CI does not exclude possibility of no eGect.
cDowngraded one level for high risk of performance, detection and reporting bias.
dDowngraded one level for high risk of performance bias. Downgraded one level for imprecision as results do not exclude possibility of no eGect.
eDowngraded one level for unclear risk of selection, reporting and other bias. Downgraded one level for imprecision as CI does not exclude possibility of no eGect.
 
 

Summary of findings 4.   Self-management

Population: people with COPD, clinical stability

Intervention: self-management

Comparisons: intervention vs. no intervention, intervention in addition to a standard intervention common to both groups, intervention vs. another intervention

Outcome: time in physical activity (of at least moderate intensity) at end intervention

Illustrative comparative risks* [mean difference
(95% CI) unless indicated]

Assumed risk Corresponding risk

Interventions Outcome

Comparator Intervention of interest

Number of partici-
pants (studies)

Quality of the
evidence
(GRADE)

Comments

Comparison: intervention vs. no intervention

Self-management vs. no inter-
vention

(12 months)

Time in MVPA The mean time was 316
minutes a week

The mean difference was
12 (−21 to 45) minutes a
week

411 participants (1
study; Jolly 2018; Ta-
ble 1)

⊕⊕⊝⊝

lowa

P = 0.48

Comparison: intervention in addition to a standard intervention common to both groups

Self-efficacy training with upper
limb exercise vs. education with
upper limb exercise

Time in mod-
erate-intensi-
ty physical ac-
tivity

The mean time in the ed-
ucation and upper-limb
exercise group was 4 min-
utes per day

The mean difference was 2
(−1 to 5) minutes per day

35 participants

(1 study; Larson 2014;
Table 1)

⊕⊕⊝⊝

lowa

-
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(16 weeks)

Comparison: intervention vs. another intervention

Self-management vs. education
and symptom monitoring

(16 weeks)

Time in mod-
erate-intensi-
ty physical ac-
tivity

The mean time in the self-
management group was 6
minutes per day

The mean difference was 1
(−1 to 2) minutes per day

326 participants (1
study; Blumenthal
2014; Table 1)

⊕⊕⊝⊝

lowa

-

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
CI: confidence interval; MVPA: moderate-to-vigorous physical activity

GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

aDowngraded one level for high risk of performance bias. Downgraded one level for imprecision as CI does not exclude possibility of no eGect.
 
 

Summary of findings 5.   Pharmacological interventions

Population: people with COPD, clinical stability

Intervention: pharmacological interventions

Comparisons: intervention vs. placebo, intervention in addition to a standard intervention common to both groups

Outcome: time in physical activity (of at least moderate intensity) at end intervention

Illustrative comparative risks* [mean difference (95% CI)
unless indicated]

Assumed risk Corresponding risk

Interventions Outcome

Comparator Intervention of interest

Number of partici-
pants (studies)

Quality of the
evidence
(GRADE)

Comments

Comparison: intervention vs. sham/placebo intervention

LAMA vs. placebo

(3 weeks)

Change in
time in MVPA

The median change in
time was −6 minutes per
day

The median change in time was
−1 (IQR −17 to 24) minutes per
day

131 participants (2
studies; Beeh 2014;
Magnussen 2017; Ta-
ble 1)

⊕⊕⊕⊝

moderatea

P = 0.07

Baseline values:
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1
0

Beeh 2014 placebo
median 73 (IQR 38 to
135), LAMA median
74 (IQR 32 to 132)

Magnussen 2017
placebo mean 88
(SD 65), intervention
mean 57 (SD 32)

LAMA/LABA vs.
placebo

(3 to 4 weeks)

Change in
time in MVPA

The mean change in time
ranged from −16 to −1
minutes per day

The mean difference was 10 (4
to 15) minutes per day

423 participants (2
studies; Analysis 2.3)

⊕⊕⊕⊕

high

Baseline values: Watz
2016 placebo mean
130, LAMA/LABA
mean 125

Comparison: intervention in addition to a standard intervention common to both groups

LAMA with behav-
iour modification vs.
placebo with behav-
iour modification

(12 weeks to 6
months)

Time in MVPA The mean time was 64
minutes per day

The mean difference was 8 min-
utes per day

426 participants (1
study; Troosters 2014;
Table 1)

⊕⊕⊕⊝

moderateb

P = "not statistical-
ly significantly differ-
ent"

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
CI: confidence interval; IQR: interquartile range; LABA: long-acting beta2 agonist; LAMA: long-acting muscarinic antagonist; MVPA: moderate-to-vigorous physical activity;

SD: standard deviation

GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

aDowngraded one level for imprecision as results do not exclude possibility of no eGect.
bDowngraded one level for imprecision as no formal analysis of diGerence presented.
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B A C K G R O U N D

Description of the condition

Chronic obstructive pulmonary disease (COPD) is a common,
treatable but incurable obstructive lung disease defined by
persistent airflow limitation. Diagnosis is confirmed by spirometry
in the clinical context of a person presenting with dyspnoea,
chronic cough or sputum production, and a history of risk
factor exposure (GOLD 2019). Development of COPD is primarily
attributable to an enhanced chronic inflammatory airway response
to noxious particles or gases, and is strongly linked to a history
of smoking. However, there are a number of other risk factors
including exposure to air pollution, occupational exposures,
genetics, chronic asthma, history of severe childhood respiratory
infections and low socioeconomic status (GOLD 2019). Systemic
eGects, including systemic inflammation and muscle dysfunction,
and comorbid conditions, including cardiovascular disease, anxiety
and depression, are commonly associated with COPD (Choudhury
2014). Prevalence studies suggest that COPD aGects upwards of
384 million people (Adeloye 2015) and is the third leading cause
of death worldwide (WHO 2017). Associated with advancing age
(Anton 2016), and in the context of the fastest rate of population
growth occurring in people over 65 years of age (UN 2015), COPD
poses a substantial and growing economic and social burden
globally (GOLD 2019).

Description of the intervention

We define the term ‘physical activity’ as any bodily movement
produced by skeletal muscles that results in energy expenditure
(Casperson 1985). It is a complex behaviour traditionally described
according to type, intensity and duration, and incorporates a subset
of undertakings including exercise, occupational and household
activities. Public health promotion for regular participation in
physical activity typically recommends a minimum of 150 minutes a
week of at least moderate-intensity activity as ‘suGicient’ for health
benefits across the adult population (U.S. Department of Health
and Human Services 2018). These benefits include reduced risk of
all-cause mortality, coronary heart disease, hypertension, stroke,
metabolic syndrome, type 2 diabetes and depression (Lee 2012).

Participation in regular physical activity is also endorsed for people
with COPD (GOLD 2019). Low levels of physical activity are one of
the main risk factors for development of cardiovascular, metabolic
and musculoskeletal comorbid conditions in people with COPD,
and is observed across the disease spectrum (Van Remoortel
2014). Recent studies show that physical activity is reduced in
smokers prior to diagnosis (Furlanetto 2014) and in people with a
recent diagnosis and mild COPD before symptom onset (Johnson-
Warrington 2014). Physical activity participation is not clearly
related to other clinical characteristics including impaired exercise
capacity (Fastenau 2013; Gagnon 2015; Van Remoortel 2013; Watz
2009), but is reduced compared to healthy peers (Pitta 2005; Vorrink
2011) and to people with other chronic conditions (Arne 2009).
It is further compromised during and aTer hospitalisation for
an acute exacerbation (Pitta 2006a) and with increasing disease
severity (Shrikrishna 2012; Troosters 2010; Waschki 2015). In people
with COPD, low levels of participation in physical activity have
been independently associated with poor outcomes, including
increased risks of hospitalisation and mortality (Garcia-Aymerich
2006; Garcia-Rio 2012; Vaes 2014; Waschki 2011).

Much attention has been given to the development of physical
activity interventions that incorporate strategies specifically
designed to promote the adoption and maintenance of active
lifestyles in the general population (Marcus 2006). Such
interventions may be provided by a broad range of healthcare
professionals and be delivered in a variety of ways (for example, in
person, by internet or telephone).

How the intervention might work

Evidence suggests that people with COPD avoid participation in
physical activity due to the perception of breathlessness, resulting
from ineGiciencies related to gas trapping and lung hyperinflation.
A vicious circle is perpetuated, where muscle deconditioning
results from avoiding activities that involve physical exertion and
exacerbate symptoms, further compromising physical capacity to
engage in activity (O’Donnell 2014). It is theorised that targeted
interventions may be able to interrupt this cycle and increase
participation in physical activity at a range of intensities that are
associated with health benefits. The dual role of low physical
activity levels as both a cause and consequence in chronic disease
identifies physical activity as a potentially modifiable target that
could aGect health-related quality of life and disease trajectory
(Esteban 2010; Vaes 2014; Watz 2014a). Whether improvements in
physical activity can ameliorate these eGects in COPD is unknown.

Many physical and physiological disease features also appear
to influence participation in physical activity by people with
COPD. However, the quality of association between such
features, including lung function, systemic inflammation, body
composition, comorbidities and psychosocial factors, and physical
activity participation is variable (Gimeno-Santos 2011). Additional
considerations, including fatigue (Andersson 2015), balance
(Iwakura 2016), and seasonal and environmental factors (Alahmari
2015; Sewell 2010) may also impact on physical activity
participation in this group. The broad range of strategies
considered to date to address low levels of physical activity
in people with COPD (for instance, exercise training, nutritional
interventions and behavioural strategies) reflect the complexity of
this issue.

There is evidence for a relationship between physical activity
and rate of acute exacerbations (Esteban 2014) and therefore
targeting improvements in physical activity in people with COPD
may be an important therapeutic goal (Langer 2016; Singh 2016).
However, achieving consistent improvements in participation and
convincing evidence for the positive impact on health outcomes
remain elusive.

Why it is important to do this review

Escalating awareness of the magnitude of the challenge posed by
low levels of physical activity in people with COPD at all points in
the disease course highlights the need for interventions to increase
physical activity participation by people with COPD. The widely-
accepted benefits of physical activity, coupled with the increasing
availability of wearable monitoring devices to objectively measure
participation, has led to a dramatic rise in the number and
variety of studies that aim to improve physical activity levels in
people with COPD. However, little is known about the range of
interventions tested so far, partly attributable to the complexities
of data analysis and the challenge of rapidly evolving technology,
and the relationship between eGects on physical activity and other

Interventions for promoting physical activity in people with chronic obstructive pulmonary disease (COPD) (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.
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outcomes including exercise capacity and health-related quality of
life. This Cochrane Review aims to evaluate the eGicacy of existing
interventions to increase physical activity in people with COPD, and
to signpost directions for future work.

O B J E C T I V E S

In people with COPD, which interventions are eGective at improving
objectively-assessed physical activity?

M E T H O D S

Criteria for considering studies for this review

Types of studies

We include randomised controlled trials (RCTs) of any intervention
where objectively-assessed physical activity or sedentary
behaviour was a measured outcome in people with COPD, as
previous consensus statements (Watz 2014a) and systematic
reviews (Dhillon 2015; Gimeno-Santos 2011) have failed to identify
subjective tools that accurately reflect this in people with COPD.

We include studies reported as full-text articles, those published
as abstract only and unpublished data. Physical activity could be
either a primary or a secondary outcome of the study. We include
cross-over trials where pre-cross-over data were available from
study authors.

Types of participants

We include adults (18 years of age and over) with a diagnosis
of COPD according to established criteria, regardless of disease
severity. We planned to include studies that incorporated a mix of
diagnostic groups, only if we could obtain data on any of the review
outcomes separately for people with COPD.

Types of interventions

We include trials that objectively assessed physical activity
as an outcome. These trials compared an intervention versus
no intervention or a sham/placebo intervention, compared an
intervention in addition to another standard intervention common
to both groups or to a diGerent intervention. Interventions could
be supervised or unsupervised. Interventions could include, but
were not limited to, physical activity counselling, education
programmes and self-management strategies. Studies including
exercise training undertaken as a stand-alone intervention or as
part of a comprehensive pulmonary rehabilitation programme
incorporating other components targeting chronic disease self-
management (Hill 2013) were considered together. We analysed
studies that included pulmonary rehabilitation (as defined by
authors) separately from studies that did not include pulmonary
rehabilitation. We also included studies in which both groups
received pulmonary rehabilitation and which assessed the
inclusion of an additional specific physical activity intervention in
one group.

Comparisons

• One or more interventions versus no intervention

• One or more interventions versus sham/placebo intervention

• One or more interventions in addition to a standard intervention
common to both groups

• One or more interventions versus a diGerent intervention

Types of outcome measures

Primary outcomes

• Studies had to include variable(s) that reflected participation
in physical activity or sedentary behaviour, as measured
objectively using a pedometer, accelerometer or activity
monitor. Outcomes of interest included but were not limited
to step count, activity counts, energy expenditure and physical
activity time (diGerent intensities, range of thresholds used).
Primary time points were at baseline (prior to start) and
at the time of intervention completion; we used change in
physical activity from baseline for analysis where possible.
We also categorised any follow-up measurements reported
following intervention completion as either short-term (within
one month), medium-term (between one and six months) or
long-term (longer than six months). We sought raw data from the
study authors where possible to facilitate comparisons.

Secondary outcomes

• Health-related quality of life (measured using either a generic or
disease-specific tool)

• Exercise capacity: measured using a laboratory or field exercise
test, e.g. cardiopulmonary exercise test, six-minute walk test
(6MWT)

• Adverse events, e.g. musculoskeletal injury

• Adherence to intervention

Search methods for identification of studies

Electronic searches

We identified studies from the Cochrane Airways Trials Register,
which is maintained by the Information Specialist for the Group.
The Cochrane Airways Trials Register contains studies identified
from several sources:

• Monthly searches of the Cochrane Central Register of Controlled
Trials (CENTRAL), through the Cochrane Register of Studies
Online (crso.cochrane.org);

• Weekly searches of MEDLINE Ovid SP 1946 to June 2019;

• Weekly searches of Embase Ovid SP 1974 to June 2019;

• Monthly searches of PsycINFO Ovid SP 1967 to June 2019;

• Monthly searches of Cumulative Index to Nursing and Allied
Health Literature (CINAHL EBSCO), 1937 to June 2019;

• Monthly searches of Allied and Complementary Medicine (AMED
EBSCO), all years to June 2019;

• Handsearches of the proceedings of major respiratory
conferences.

Studies contained in the Trials Register are identified through
search strategies based on the scope of Cochrane Airways. Details
of these strategies, as well as a list of handsearched conference
proceedings, are in Appendix 1. See Appendix 2 and Appendix 3 for
search terms used to identify studies for this review.

We also searched Physiotherapy Evidence Database (PEDro),
www.clinicaltrials.gov, the WHO ICTRP portal (www.who.int/ictrp/
en/) and the Australian New Zealand Clinical Trials Registry
(www.anzctr.org.au/). We searched all databases from their
inception to June 2019, and imposed no restriction on language of
publication.
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Searching other resources

We checked reference lists of all primary studies and review articles
for additional references. We searched relevant manufacturers'
websites for trial information.

We searched for errata or retractions from included studies
published in full text on PubMed (www.ncbi.nlm.nih.gov/pubmed)
on 12 July 2019.

Data collection and analysis

Selection of studies

Two review authors (AB and NC) independently screened titles
and abstracts for inclusion of all the potentially eligible studies
we identified from the search, and coded them as either
'retrieve' (eligible or potentially eligible/unclear) or 'do not
retrieve'. We retrieved the full-text study reports/publications and
two review authors (AB and NC) independently screened the
full-text articles and identified studies for inclusion, recording
reasons for exclusion of the ineligible studies. We resolved any
disagreement through discussion or, if required, we consulted a
third review author (AH). We identified and excluded duplicates
and collated multiple reports of the same study so that each study
rather than each report was the unit of interest in the review. We
recorded the selection process in suGicient detail to complete a
PRISMA flow diagram and Characteristics of excluded studies tables
(Moher 2009).

Data extraction and management

We used a data collection form that was piloted on at least one
study included in the review, to record study characteristics and
outcome data. Two review authors (AB and NC) independently
extracted the following study characteristics from included studies:

• Methods: study design, duration of study, study locations, study
setting, date of study;

• Participants: number, mean age, age range, gender, severity of
condition, diagnostic criteria, baseline lung function, smoking
history, inclusion criteria, exclusion criteria, withdrawals;

• Interventions: intervention, comparison, concomitant
interventions;

• Measurement tool;

• Outcomes: primary and secondary outcomes specified and
collected (at baseline and at the time of intervention
completion) and follow-up measurements at any other time
points noted;

• Notes: funding for trial, declared conflicts of interest by trial
authors.

We resolved disagreements by reaching consensus, or by involving
a third review author (AH or MA). We noted in the Characteristics
of included studies table if the included studies did not report
outcome data in a useable way. We contacted study authors to
verify extracted data when necessary and we provided details of
missing data when possible. One review author (AB) transferred
data into the Review Manager 5 (RevMan 5) file (Review Manager
2014). We double-checked that the review author had entered data
correctly by comparing data presented in the systematic review
with data provided in the study reports. A second review author
(NC) spot-checked study characteristics for accuracy against the
trial report.

Where meta-analyses of physical activity outcome were possible,
we included figures in the review.

Assessment of risk of bias in included studies

Two review authors (AB and NC) independently assessed risks
of bias for each included RCT, using the criteria outlined in the
Cochrane Handbook for Systematic Reviews of Interventions (Higgins
2017). We resolved disagreements by discussion or by involving
another review author (AH or MA). Where conflicts of interest were
present, an independent co-author conducted the assessment. We
assessed risks of bias according to the following domains:

• Random sequence generation;

• Allocation concealment;

• Blinding of participants and personnel;

• Blinding of outcome assessment;

• Incomplete outcome data;

• Selective outcome reporting;

• Other potential bias.

For the 'blinding of outcome assessment' domain, we rated both
primary and secondary outcomes as ‘objective’ for objectively-
measured outcomes and ‘other’ for those outcomes with greater
potential to be aGected by lack of blinding (e.g. quality of life
questionnaires).

We graded each potential source of bias as either high, low or
unclear, and provided an extract from the study report together
with a justification for our judgement. We resolved discrepancies
by consensus. We summarised the 'Risk of bias' judgements across
diGerent studies for each of the domains listed and summarised
results in a ’Risk of bias' table. When considering treatment eGects,
we took into account the risks of bias for studies that contributed
to this outcome.

Assessment of bias in conducting the systematic review

We conducted the review according to this published protocol and
have reported any deviations from it in the DiGerences between
protocol and review section of the review.

Measures of treatment e6ect

We analysed all the data reported for each outcome, irrespective of
dropout rate or use of intention-to-treat analysis.

We undertook meta-analyses only when this was meaningful, i.e. if
treatments, participants and the underlying clinical question were
similar enough for pooling to make clinical sense.

We intended to analyse dichotomous data as odds ratios (ORs)
and 95% confidence intervals (CIs) but no data were available.
For continuous data we calculated mean diGerences (MDs: same
metric scale). To retain the units of measurement, we did not
express any data as standardised mean diGerences (SMDs: diGerent
metric scales) with 95% CIs. We narratively described skewed data
reported as medians and interquartile ranges.

Where multiple arms were reported in a single trial, we included
only the relevant arms. We had intended to halve the control
group to avoid double-counting in the event that we combined two
comparisons (e.g. drug A versus placebo and drug B versus placebo)
in the same meta-analysis, but this approach was not required.
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Unit of analysis issues

Where studies randomly allocated individual participants to study
groups, we considered the participant as the unit of analysis. We
only included cross-over trials where data were available prior to
cross-over, due to the potential carry-over eGects of behavioural
interventions. We had intended to consider the cluster as the unit
of analysis for cluster-randomised studies, but this approach was
not required.

Dealing with missing data

In the event of missing data, we contacted investigators or study
sponsors to verify key study characteristics and to obtain missing
numerical outcome data when possible, e.g. when a study was
reported only as an abstract. If this was not possible, we had
intended to analyse the impact of including studies with missing
data that may be related to the intervention by performing a
sensitivity analysis, but this approach was not required.

Assessment of heterogeneity

We used the I2 statistic to measure heterogeneity among the trials
in each analysis. Where we identified it, we considered statistical

heterogeneity to be substantial if I2 was greater than 50% (Deeks
2017), and explored possible causes using prespecified subgroup
analyses.

Assessment of reporting biases

We had intended to create a funnel plot to explore possible small-
study and publication biases if we could pool more than 10 included
trials, but this was not possible.

Data synthesis

We performed a pooled quantitative synthesis where the trials
were clinically homogeneous. We pooled data using a random-
eGects model to incorporate between-study heterogeneity into the
meta-analysis. Where the trials were clinically heterogeneous, we
performed a narrative synthesis. For instance, we analysed data
for diGerent types of interventions separately, and data for studies
starting in the period following acute exacerbation separately from
those in stable disease.

'Summary of findings' table

We created 'Summary of findings' tables using the following
outcomes:

• time spent in moderate or moderate-to-vigorous physical
activity at end intervention in participants with clinically-stable
COPD.

We used the five Grading of Recommendations Assessment,
Development and Evaluation (GRADE) working group
considerations (study limitations, consistency of eGect,
imprecision, indirectness and publication bias) to assess the
quality of a body of evidence as it related to studies that
contributed data to the meta-analyses for prespecified outcomes.
We used methods and recommendations described in Section 8.5
(Higgins 2017) and Chapter 12 (Schünemann 2017) of the Cochrane
Handbook for Systematic Reviews of Interventions, and we used
the GRADEpro Guideline Development Tool soTware (GRADEpro
GDT 2014). We justified all decisions to downgrade or upgrade the
quality of the evidence using footnotes, and we provide comments
to aid the reader's understanding of the review where necessary.
We did not include data from studies published only in abstract
form or on clinical trial registries, due to inadequate assessment of
risks of bias.

Subgroup analysis and investigation of heterogeneity

We planned to perform the following subgroup analyses.

• Duration of intervention (≤ 3 months versus > 3 months);

• Supervision of intervention (yes or no);

• Disease severity (mild disease, defined as forced expiratory
volume in one second (FEV1) % predicted ≥ 80%, forced

expiratory ratio (FER) < 0.7, compared with other classifications).

We used physical activity as the outcome for subgroup analyses.

We used the formal test for subgroup interactions in Review
Manager 5 (RevMan 5) (Review Manager 2014).

Sensitivity analysis

We examined the eGects of methodological quality on the pooled
estimate by removing studies that were at high or unclear risk of
bias for the domains of blinding and incomplete outcome data. We
had also intended to examine the eGects of measurement device
on the pooled estimate by removing studies that used pedometers,
as previous studies suggest that these might be less accurate in
detecting steps in people with COPD (Pitta 2006b).

R E S U L T S

Description of studies

Details are available in the Characteristics of included studies and
Characteristics of excluded studies tables.

Results of the search

The search yielded 3233 citations and ended with 76 studies
included from 179 citations. These included 12 abstracts (see Figure
1).
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Figure 1.   Study flow diagram.

 
Eighty-four studies are currently underway and pending study
completion/publication (see Ongoing studies).

Included studies

Of the 76 studies included, 24 studies compared an intervention to
promote physical activity versus no intervention (comparison 1).
These included pulmonary rehabilitation/exercise training (Borges
2014; De Roos 2017; Egan 2010; Louvaris 2016, Tahirah 2015;
Tsai 2016; Vasilopoulou 2017; Wootton 2017), physical activity
counselling (Altenburg 2015; Arbillaga-Etxarri 2018; Demeyer 2017;
Hornikx 2015; Hospes 2009; Orme 2018; Priori 2017; Saini 2017;
Wootton 2017), self-management (Jolly 2018; Kanabar 2015;
Mitchell 2013; Tabak 2014b), nutritional supplementation (Goris
2003), gait aid (Ng 2015) and endobronchial valve surgery (Hartman
2016).

There were 10 studies that compared an intervention to promote
physical activity to sham/placebo (comparison 2). These included

self-management (Schuz 2015), pharmaceutical interventions
(Beeh 2014; Magnussen 2017; NCT00144326; Watz 2016; Watz
2017), nutritional supplementation (Dal Negro 2012), supplemental
oxygen (Sandland 2008), singing (Lord 2012) and neuromuscular
electrical stimulation (Maddocks 2016).

There were 31 studies that compared an intervention to
promote physical activity in addition to an intervention common
to both groups (comparison 3). These included pulmonary
rehabilitation/exercise training (Breyer 2010; EGing 2011; Larson
2014; Troosters 2018; Varas 2018), physical activity counselling
(Altenburg 2015; Bender 2016; Cruz 2016; De Blok 2006; Kawagoshi
2015; Loeckx 2018; Mantoani 2018; Mendoza 2015; Moy 2015a;
Nguyen 2009; Nolan 2017; Orme 2018; Singh 1998; Tabak 2014a;
Vorrink 2016; Wan 2017), self-management (Benzo 2016; Larson
2014), pharmaceutical interventions (Curtis 2016; Troosters 2014;
Troosters 2018), nutritional supplementation (Ogasawara 2018;
Van de Bool 2017) supplemental oxygen (Alison 2019), non-invasive
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ventilation (Duiverman 2008) and inspiratory muscle training
(Charususin 2018).

Sixteen studies compared two interventions to increase physical
activity with each other (comparison 4). These studies included
alternative models of or alternatives to pulmonary rehabilitation/
exercise training (Chaplin 2017; Felcar 2018; Gamper 2019; Holland
2017; O'Neill 2018; Polkey 2018; Probst 2011; Rinaldo 2017; Sena
2013; Steele 2019; Vasilopoulou 2017; Widyastuti 2018), self-
management (Blumenthal 2014), pharmaceutical interventions
(Nakamura 2016; NCT01351792) and a lightweight cylinder for
supplemental oxygen (Casaburi 2012).

Of studies with more than two groups, four contributed to more
than one comparison (Altenburg 2015; Larson 2014; Orme 2018;
Vasilopoulou 2017).

The total number of participants involved in the included studies
was 8018. The sample sizes ranged from eight participants (Nguyen
2009; Priori 2017; Sena 2013) to 289 participants (Jolly 2018).
The mean age of participants was 66 years and mean FEV1 54%

predicted. On average, groups comprised 63% men, but details
relating to the sex of participants were not reported in four
abstracts (Egan 2010; Nakamura 2016; Priori 2017; Sena 2013),
three papers (Larson 2014; Lord 2012; Polkey 2018) and two clinical
trial registries (NCT00144326; NCT01351792). Interventions were

provided in person and by telephone call, smart phone app,
website, device or printed information. Study duration ranged
from one day (surgical procedure) to 12 months, with follow-up
provided in 11 studies (ranging from seven days to 12 months
post-intervention). Three studies assessed interventions provided
during inpatient admissions for acute exacerbation of COPD
(AECOPD) and five studies in the post-admission phase. Of the 76
studies included, 38 had assessed physical activity as a primary
outcome. Details are available in the Characteristics of included
studies table.

Excluded studies

We excluded most of these 134 studies (n = 84) due to physical
activity not being objectively assessed. We report reasons for
exclusion in the Characteristics of excluded studies table.

Risk of bias in included studies

Overall, the domains with the highest risks of bias were
performance bias, as the method of delivery of some interventions
precluded participant blinding, and reporting bias. Domains
with the lowest risks of bias were detection bias, as objective
assessment of physical activity was an inclusion criterion, and
selection bias, as most studies did report the method of random
sequence generation (Figure 2).
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Figure 2.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Figure 2.   (Continued)
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Figure 2.   (Continued)

 
Allocation

For random sequence generation, 48 studies had a low risk of
bias. InsuGicient information was available to inform a decision
for 17 studies (Bender 2016; Burtin 2015; Casaburi 2012; De Blok
2006; Gamper 2019; Hartman 2016; Hornikx 2015; Hospes 2009;
Kawagoshi 2015; Magnussen 2017; Orme 2018; Polkey 2018; Probst
2011; Sandland 2008; Troosters 2014; Watz 2017; Widyastuti 2018),

nine abstracts (Egan 2010; Kanabar 2015; Loeckx 2018; Mantoani
2018; Nakamura 2016; Ng 2015; Priori 2017; Saini 2017; Singh
1998) and studies from two clinical trial registries (NCT00144326;
NCT01351792).

For allocation concealment, one study was assessed at high risk
of bias (Altenburg 2015) and 28 at low risk of bias. InsuGicient
information was available to inform a decision in 36 studies (Beeh
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2014; Bender 2016; Benzo 2016; Blumenthal 2014; Breyer 2010;
Casaburi 2012; Curtis 2016; De Blok 2006; Duiverman 2008; EGing
2011; Gamper 2019; Goris 2003; Hartman 2016; Hornikx 2015;
Hospes 2009; Kawagoshi 2015; Larson 2014; Magnussen 2017;
Mendoza 2015; Moy 2015a; Nolan 2017; Ogasawara 2018; Orme
2018; Polkey 2018; Probst 2011; Rinaldo 2017; Sandland 2008;
Steele 2019; Troosters 2014; Tsai 2016; Varas 2018; Vasilopoulou
2017; Vorrink 2016; Watz 2016; Watz 2017; Widyastuti 2018),
nine abstracts (Egan 2010; Kanabar 2015; Loeckx 2018; Mantoani
2018; Nakamura 2016; Ng 2015; Priori 2017; Saini 2017; Singh
1998) and studies from two clinical trial registries (NCT00144326;
NCT01351792).

Blinding

We assessed performance bias separately for participants and
personnel.

Participants

We rated the risk of performance bias as high in 47 studies, in some
cases due to the nature of the intervention precluding participant
blinding. Most pharmaceutical interventions were able to blind
participants and were assessed as being at low risk of performance
bias (Beeh 2014; Curtis 2016; Magnussen 2017; NCT01351792;
Troosters 2014; Watz 2016; Watz 2017), apart from the high risk
assessment for Nakamura 2016 (lack of blinding) and unclear risk
for NCT00144326 and Troosters 2018 (insuGicient information).
Similarly, studies involving nutritional supplementation were also
able to blind participants and were assessed at low risk (Dal Negro
2012; Van de Bool 2017), apart from the high risk assessment for
Ogasawara 2018 (lack of blinding) and unclear risk for Goris 2003
(insuGicient information).

Other studies assessed as low risk were Alison 2019, Burtin
2015, Charususin 2018, Curtis 2016, Larson 2014, Maddocks 2016,
Sandland 2008 and Varas 2018. Other studies with unclear risk due
to insuGicient information were Arbillaga-Etxarri 2018, Cruz 2016,
Loeckx 2018, NCT00144326, Probst 2011, Rinaldo 2017, Saini 2017,
Schuz 2015, Sena 2013, Singh 1998, and Tahirah 2015.

Personnel

We judged most studies (n = 45) to be subject to unclear risk
due to insuGicient information. Studies at low risk (n = 12)
included pharmacological interventions (Beeh 2014; Magnussen
2017; NCT01351792; Watz 2016; Watz 2017), supplemental oxygen
(Alison 2019; Sandland 2008) and nutritional supplementation
(Van de Bool 2017), as well as studies involving an intervention
in addition to pulmonary rehabilitation programs (Burtin 2015;
Charususin 2018; Nolan 2017) and one physical activity counselling
study (De Blok 2006). There were 19 studies assessed at high risk
which was primarily attributable to personnel awareness of group
allocation during the study (Altenburg 2015; Arbillaga-Etxarri 2018;
Borges 2014; Casaburi 2012; Cruz 2016; Duiverman 2008; Felcar
2018; Gamper 2019; Maddocks 2016; Mantoani 2018; Moy 2015a;
Nakamura 2016; Ogasawara 2018; Polkey 2018; Steele 2019; Tabak
2014b; Tahirah 2015; Varas 2018; Vasilopoulou 2017).

We assessed detection bias separately for outcomes that were or
were not objectively assessed.

Objective outcomes

In line with the inclusion criteria, all studies objectively assessed
physical activity. Most (n = 64) were therefore classified as low risk of
detection bias. Studies at unclear risk were Altenburg 2015, Bender
2016, De Blok 2006, Gamper 2019, Loeckx 2018, Ogasawara 2018,
Priori 2017, Saini 2017, Tabak 2014a, Tabak 2014b, Varas 2018 and
Widyastuti 2018, as there was insuGicient information to make an
assessment.

Other outcomes

We rated 35 studies at low risk of detection bias (Alison 2019;
Arbillaga-Etxarri 2018; Beeh 2014; Blumenthal 2014; Borges 2014;
Burtin 2015; Casaburi 2012; Chaplin 2017; Charususin 2018;
Curtis 2016; Felcar 2018; Goris 2003; Jolly 2018; Larson 2014;
Louvaris 2016; Magnussen 2017; Mendoza 2015; Mitchell 2013;
NCT01351792; Nguyen 2009; Nolan 2017; O'Neill 2018; Priori
2017; Schuz 2015; Sena 2013; Singh 1998; Steele 2019; Tahirah
2015; Troosters 2014; Tsai 2016; Varas 2018; Vorrink 2016; Wan
2017; Watz 2017; Wootton 2017). We judged 12 studies to be at
high risk (Altenburg 2015; Cruz 2016; Demeyer 2017; De Roos
2017; Duiverman 2008; Mantoani 2018; Moy 2015a; Orme 2018;
Ogasawara 2018; Polkey 2018; Tabak 2014b; Widyastuti 2018), due
to lack of assessor blinding. InsuGicient information was available
to inform a decision on the remaining 29 studies.

Incomplete outcome data

We rated most studies (n = 46) at low risk of attrition bias. We
assessed 14 studies (Altenburg 2015; Benzo 2016; Borges 2014;
Dal Negro 2012; Duiverman 2008; Felcar 2018; Goris 2003; Jolly
2018; Louvaris 2016; Probst 2011; Sandland 2008; Steele 2019;
Vasilopoulou 2017; Wootton 2017) and 10 abstracts (Egan 2010;
Kanabar 2015; Loeckx 2018; Mantoani 2018; Mitchell 2013; Ng 2015;
Priori 2017; Saini 2017; Singh 1998; Tahirah 2015) to be at unclear
risk.

We judged four studies to have a high risk of bias where attrition was
unevenly distributed between groups (Tabak 2014b), documented
but not detailed (Bender 2016), specifically addressed by authors
(Vorrink 2016) or clearly related to the intervention (Hartman 2016).

Selective reporting

Most studies (n = 58) had a registered or published trial protocol
which facilitated assessment for risk of reporting bias, except for 11
studies (Altenburg 2015; Dal Negro 2012; De Blok 2006; Goris 2003;
Hospes 2009; Kawagoshi 2015; Probst 2011; Rinaldo 2017; Varas
2018; Vorrink 2016; Widyastuti 2018) and seven abstracts (Kanabar
2015; Loeckx 2018; Nakamura 2016; Ng 2015; Saini 2017; Priori 2017;
Sena 2013).

We rated 12 studies at low risk (Alison 2019; Arbillaga-Etxarri
2018; Beeh 2014; Charususin 2018; De Roos 2017; Gamper 2019;
Maddocks 2016; Magnussen 2017; Ogasawara 2018; Rinaldo 2017;
Troosters 2018; Watz 2016).

We judged 25 studies (Altenburg 2015; Bender 2016; Benzo 2016;
Blumenthal 2014; Borges 2014; Breyer 2010; Burtin 2015; Chaplin
2017; Cruz 2016; Dal Negro 2012; Demeyer 2017; Duiverman 2008;
EGing 2011; Hartman 2016; Hornikx 2015; Lord 2012; Louvaris
2016; Nguyen 2009; Orme 2018; Polkey 2018; Schuz 2015; Tabak
2014a; Tabak 2014b; Vasilopoulou 2017; Wan 2017), two abstracts
(Kanabar 2015; Nakamura 2016) and one clinical trial registry
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study (NCT01351792) to be at high risk. This was primarily
due to discrepancies between trial registration and publications
(including identification of primary and secondary outcomes), as
well as between the way that outcomes were prespecified to be
analysed and actually reported. Thirty-six studies were at unclear
risk of reporting bias.

Other potential sources of bias

We rated most studies (n = 55) as being at unclear risk, or at low
risk (n = 18; Alison 2019; Altenburg 2015; Beeh 2014; Curtis 2016; De
Blok 2006; Hartman 2016; Holland 2017; Hospes 2009; Jolly 2018;
Kanabar 2015; Kawagoshi 2015; Magnussen 2017; Mendoza 2015;
Nolan 2017; Schuz 2015; Tsai 2016; Wan 2017; Watz 2016) from other
potential sources of bias. We deemed three studies to be at high
risk from other potential sources of bias (methodological concerns,
Bender 2016, Nguyen 2009; lack of physical activity data by group,
Orme 2018).

E6ects of interventions

See: Summary of findings for the main comparison Pulmonary
rehabilitation/exercise training versus no intervention; Summary
of findings 2 Comparison of types of pulmonary rehabilitation/
exercise training; Summary of findings 3 Physical activity
counselling; Summary of findings 4 Self-management; Summary
of findings 5 Pharmacological interventions

Structure of the analysis

ATer examining the data, we found that the included studies
examined a wide range of interventions (Table 2) across the
four defined comparisons (intervention versus no intervention;
intervention versus placebo/sham; intervention with common
intervention versus common intervention; intervention versus
intervention).

We present results for the primary outcome of physical activity
here. We present results for secondary outcomes in Appendix
4 (health-related quality of life), Appendix 5 (exercise capacity),
Appendix 6 (adherence) and Appendix 7 (adverse events).

We present results by type of intervention, with precise comparison
by clinical setting (clinically-stable disease, acute exacerbation).
We define the following types of intervention to aid the reader in
finding relevant data:

• pulmonary rehabilitation/exercise training;

• physical activity counselling;

• self-management;

• pharmacological;

• nutritional supplementation;

• supplemental oxygen;

• other interventions.

INTERVENTION: Pulmonary rehabilitation/exercise training

See Summary of findings for the main comparison and Summary of
findings 2.

COMPARISON: Intervention versus no intervention (clinically-
stable COPD)

Pulmonary rehabilitation versus no intervention

No clear improvement in physical activity was demonstrated
following pulmonary rehabilitation compared to no intervention,
with a single variable showing an increase. The mean diGerence
(MD) in step count was 208 steps (95% confidence interval (CI) −165
to 581; 3 studies, 180 participants; low-certainty evidence; Analysis
1.1; Figure 3).

 

Figure 3.   Forest plot of comparison 1: Intervention vs. no intervention Outcome 1.1: Physical activity: change in
step count (steps per day)

 
The mean diGerence in time in moderate-to-vigorous intensity
physical activity (MVPA) was 4 minutes (95% CI −2 to 9; 3 studies,
190 participants; low-certainty evidence; Analysis 1.2; Figure 4).
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Figure 4.   Forest plot of comparison 1: Intervention vs. no intervention Outcome 1.2: Physical activity: change in
time in moderate-to-vigorous intensity physical activity (minutes per day)

 
The mean diGerence in time in light-intensity physical activity (LIPA)
was −2 minutes (95% CI −28 to 25; 3 studies, 182 participants;

low-certainty evidence; Analysis 1.3; Figure 5), with substantial

heterogeneity evident (I2 = 77%) .
 

Figure 5.   Forest plot of comparison 1: Intervention vs. no intervention Outcome 1.4: Physical activity: change in
time in light-intensity physical activity (minutes per day)

 
The mean diGerence in total energy expenditure was −42 kcal (95%
CI −90 to 7; 2 studies, 144 participants; low-certainty evidence;
Analysis 1.4; Figure 6).
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Figure 6.   Forest plot of comparison 1: Intervention vs. no intervention Outcome 1.3: Physical activity: change in
total energy expenditure (kcal)

 
The mean diGerence in physical activity level (PAL) was 0.1 (95%
CI −0.1 to 0.1; Tsai 2016, 36 participants; low-certainty evidence;
Table 1) following telerehabilitation, consisting of pulmonary
rehabilitation delivered by videoconferencing into the home. The

only clear improvement in physical activity following pulmonary
rehabilitation was a greater increase in total time spent in physical
activity (MD 23 minutes, 95% CI 6 to 40; 2 studies, 88 participants;
low-certainty evidence; Analysis 1.5; Figure 7).

 

Figure 7.   Forest plot of comparison 1: Intervention vs. no intervention Outcome 1.6: Physical activity: change in
time in physical activity (total, minutes per day)

 
The mean diGerence in change in sedentary time was 17 minutes
(95% CI −27 to 60; 2 studies, 137 participants; low-certainty

evidence; Analysis 1.6; Figure 8) following pulmonary rehabilitation
compared to no intervention.
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Figure 8.   Forest plot of comparison 1: Intervention vs. no intervention Outcome 1.5: Physical activity: change in
sedentary time (minutes per day)

 
High-intensity interval training versus no intervention

Improvements in physical activity were demonstrated following
high-intensity interval training compared to no intervention in two
studies from the same research team. Improvements in time in
'lifestyle' physical activity (MD 9 minutes, 95% CI 4 to 15; Analysis

1.7; Figure 9), in LIPA (MD 28 minutes, 95% CI 16 to 41; Analysis 1.8;
Figure 10), in MVPA (MD 6 minutes, 95% CI 4 to 8; Analysis 1.9; Figure
11) and sedentary (MD −34 minutes, 95% CI −56 to −13; Analysis
1.10; Figure 12) were demonstrated at end intervention (2 studies,
275 participants; moderate-certainty evidence).

 

Figure 9.   Forest plot of comparison 1: Intervention vs. no intervention Outcome: 1.8 Physical activity: time in
"lifestyle" physical activity (minutes per day)
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Figure 10.   Forest plot of comparison: 1 Intervention vs. no intervention Outcome: 1.7 Physical activity: time in
light-intensity physical activity (minutes per day)

 
 

Figure 11.   Forest plot of comparison 1: Intervention vs. vs. no intervention Outcome 1.9: Physical activity: time in
MVPA (minutes per day)
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Figure 12.   Forest plot of comparison 1: Intervention vs. no intervention Outcome 1.10: Physical activity: sedentary
time (minutes per day)

 
Additionally, improvements in step count (MD 1683 steps, 95% CI
721 to 2646) and vector magnitude units (VMU) (MD 89, 95% CI
13 to 165) were demonstrated following a 12-week intervention
(moderate-certainty evidence; Louvaris 2016; 128 participants;
Table 1).

Maintenance (telerehabilitation) following high-intensity interval
training versus no intervention

Increased time in LIPA (MD 44 minutes, 95% CI 27 to 62), moderate-
intensity (MD 7 minutes, 95% CI 4 to 10) and "lifestyle" physical
activity (MD 7 minutes, 95% CI 1 to 13) were demonstrated following
a 12-month telerehabilitation maintenance programme compared
to no intervention (moderate-certainty evidence; Vasilopoulou
2017, 97 participants; Table 1). The mean diGerence in change in
sedentary time was −31 minutes (95% CI −66 to 4; low-certainty
evidence; Vasilopoulou 2017, 97 participants; Table 1) at end
intervention.

Maintenance (centre-based) following high-intensity interval training
versus no intervention

Increased time in LIPA (MD 46 minutes, 95% CI 29 to 63), moderate-
intensity (MD 11 minutes, 95% CI 8 to 14) and "lifestyle" physical
activity (MD 18 minutes, 95% CI 12 to 25) were demonstrated
following a 12-month centre-based maintenance programme
compared to no intervention. An improvement in sedentary
time (MD −64 minutes, 95% CI −95 to −33; moderate-certainty
evidence; Vasilopoulou 2017, 100 participants; Table 1) was also
demonstrated at end intervention.

COMPARISON: Intervention versus sham intervention

No studies presented data for this comparison.

COMPARISON: Intervention versus standard common
intervention (clinically-stable COPD)

A range of interventions have been tested in single studies such that
meta-analysis was not possible.

Nordic walking with education versus education

Increased movement intensity was demonstrated following a 12-
week Nordic walking programme with education compared to

education alone (MD 0.51 m/s2, 95% CI 0.27 to 0.75) and maintained

at nine-month follow-up (MD 0.42 m/s2, 95% CI 0.21 to 0.63;
Breyer 2010, 60 participants; low-certainty evidence; Analysis 3.1).
However, it was the only fully-reported physical activity variable in
this study and no data were available for time sitting, standing and
walking in the education group (Breyer 2010; Table 1).

Structured exercise training (COPE-active) with self-management
versus self-management

The mean diGerence in step count was 565 steps (95% CI
−354 to 1484) aTer seven months of an 11-month structured
exercise training programme (COPE-active) with self-management
compared to self-management. An increase in step count was
demonstrated at end intervention (MD 1178 steps, 95% CI 260 to
2096) and this improvement was maintained at 24-month follow-
up (MD 1193 steps, 95% CI 226 to 2160; EGing 2011, 110 participants;
low-certainty evidence; Analysis 3.2).

Upper-limb exercise with education versus education

The mean diGerence in time in LIPA was 3 minutes (95% CI −31 to
38) at end intervention and 14 minutes (95% CI −36 to 64) at 12-
month follow-up aTer a four-month study of upper-limb exercise
with education compared to education alone (Larson 2014, 34
participants; low-certainty evidence; Analysis 3.3).

The mean diGerence in time spent in moderate-intensity physical
activity was 1 minute (95% CI −1 to 3), sedentary time was −57
minutes (95% CI −133 to 19) and proportion of time spent sedentary
was −2% (95% CI −8 to 4) at end intervention (Larson 2014, 34
participants; low-certainty evidence; Table 1).

Exercise training and long-acting muscarinic antagonist/long-acting
beta agonist (LAMA/LABA) with behaviour modification versus placebo
with behaviour modification

The mean diGerence in step count was −328 steps (95% CI −1214
to 558) aTer eight weeks and −541 steps (95% CI −1433 to
350) at end intervention following a 12-week study for exercise
training and LAMA/LABA with behavioural modification compared
to placebo with behavioural modification (Troosters 2018; 8 weeks:
124 participants; 12 weeks: 112 participants; moderate-certainty
evidence; Analysis 3.4). The mean diGerence in walking time was
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−3 minutes (95% CI −13 to 6) aTer eight weeks and −6 minutes
(95% CI −15 to 4) at end intervention (Troosters 2018; 8 weeks:
124 participants; 12 weeks: 112 participants; moderate-certainty
evidence; Analysis 3.5). The mean diGerence in walking intensity

was −0.03 m/s2 (95% CI −0.11 to 0.05) aTer eight weeks and −0.02
(95% CI −0.10 to 0.06) at end intervention (Troosters 2018; 8 weeks:
124 participants; 12 weeks: 112 participants; moderate-certainty
evidence; Analysis 3.6).

Exercise training and LABA with LAMA and behaviour modification
versus LAMA and behaviour modification

The mean diGerence in step count was −82 steps (95% CI −968
to 803) aTer eight weeks and 404 steps (95% CI −474 to 1281) at
end intervention following a 12-week study for exercise training
and LABA with LAMA and behaviour modification compared
to LAMA and behaviour modification (Troosters 2018; 8 weeks:
124 participants; 12 weeks: 114 participants; moderate-certainty
evidence; Analysis 3.7). The mean diGerence in walking time was −1
minute (95% CI −10 to 9) aTer eight weeks and 3 minutes (95% CI −6
to 13) at end intervention (Troosters 2018; 8 weeks: 124 participants;
12 weeks: 114 participants; moderate-certainty evidence; Analysis

3.8). The mean diGerence in walking intensity was −0.05 m/s2 (95%

CI −0.13 to 0.03) aTer eight weeks and 0.04 m/s2 (95% CI −0.04 to
0.12) at end intervention (Troosters 2018; 8 weeks: 124 participants;
12 weeks: 113 participants; moderate-certainty evidence; Analysis
3.9).

Exercise training with LAMA/LABA and behaviour modification versus
LAMA/LABA and behaviour modification

The mean diGerence in step count was −554 steps (95% CI −1432
to 325) aTer eight weeks and −837 steps (95% CI −1708 to
33) at end intervention following a 12-week study for exercise
training with LAMA/LABA and behaviour modification compared to
LAMA/LABA and behaviour modification (Troosters 2018; 8 weeks:
126 participants; 12 weeks: 117 participants; moderate-certainty
evidence; Analysis 3.10).

The mean diGerence in walking time was −4 minutes (95% CI −14
to 5) aTer eight weeks and −8 minutes (95% CI −18 to 1) at end
intervention (Troosters 2018; 8 weeks: 126 participants; 12 weeks:
117 participants; moderate-certainty evidence; Analysis 3.11).

Walking intensity was lower in the group without exercise training

(−0.09 m/s2, 95% CI −0.17 to −0.01) aTer eight weeks. The mean

diGerence in walking intensity was −0.04 m/s2 (95% CI −0.12 to
0.04) at end intervention (Troosters 2018; 8 weeks: 126 participants;
12 weeks: 115 participants; moderate-certainty evidence; Analysis
3.12).

Exercise training and physical activity counselling with pedometer
versus pedometer alone

An increase in step count (MD 3174 steps, 95% CI 1453 to
4895) was demonstrated following an eight-week exercise training
and physical activity counselling (in-person) programme with
pedometer compared to pedometer alone. This improvement was
maintained at three-month (MD 3841 steps, 95% CI 2225 to 5457)
and 12-month follow-up (MD 2547 steps, 95% CI 927 to 4167; Varas
2018, 33 participants; moderate-quality evidence; Analysis 3.13).

COMPARISON: Intervention versus intervention (clinically-stable
COPD)

Web-based pulmonary rehabilitation versus centre-based pulmonary
rehabilitation

No data were presented in a seven-week study of web-based
pulmonary rehabilitation compared to a centre-based program
(Chaplin 2017, 54 participants; very low-certainty evidence; Table
1).

Exercise training (eccentric cycle training) versus exercise training
(concentric cycle training)

No data were presented in a 10-week study of eccentric
cycle training compared to concentric training (Sena 2013, 16
participants; very low-certainty evidence; Table 1).

Home-based pulmonary rehabilitation versus centre-based
pulmonary rehabilitation

Similar results were demonstrated for change in step count
(Analysis 4.1), time in MVPA (Analysis 4.2), number of MVPA
bouts (Analysis 4.3), time in MVPA bouts (Analysis 4.4), sedentary
time (Analysis 4.5), sedentary awake time (Analysis 4.6), number
of sedentary bouts (Analysis 4.7), time in sedentary bouts
(Analysis 4.8), METs (Analysis 4.9) and total energy expenditure
(Analysis 4.10) at end intervention and 14-month follow-up
in an equivalence study comparing an eight-week home-
based pulmonary rehabilitation programme with a centre-
based programme (Holland 2017, 58 participants; low-certainty
evidence).

Water-based exercise training versus land-based exercise training

The mean diGerence in step count was 676 steps (95% CI −645 to
1997; Analysis 4.11) and total energy expenditure was 39 kcal (95%
CI −14 to 92; Felcar 2018, Analysis 4.12). Ten participants in the
water-based group and five participants in the land-based group
were classified as "active" following a six-month study of water-
based exercise training compared to a land-based programme
(Felcar 2018, 36 participants; low-certainty evidence; Table 1).

Tai Chi versus pulmonary rehabilitation

An increase in step count was demonstrated in the Tai Chi group
(MD 1349 steps, 95% CI 93 to 2605; Polkey 2018, 110 participants;
moderate-certainty evidence; Analysis 4.13) following 22 weeks in
a 24-week study of Tai Chi compared to pulmonary rehabilitation.

Calisthenics versus exercise training

"No significant diGerences" in step count, MVPA time, time walking,
time standing, time sitting, time lying, active energy expenditure
or total energy expenditure were reported following a 12-week
callisthenics and breathing exercises programme compared to
exercise training (Probst 2011, 40 participants; low-certainty
evidence Table 1).

Exercise training (outdoor walking) versus exercise training (cycle
ergometry)

The mean diGerence in step count was −928 steps (95% CI −2515 to
659) following a three-week study comparing outdoor walking and
cycle ergometry. The mean diGerence in step count was −267 steps
(95% CI −1622 to 1088) at three-month follow up (Gamper 2019, 16
participants; low-certainty evidence; Analysis 4.14).
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Physical activity counselling versus pulmonary rehabilitation

The mean diGerence in step count was −92 steps (95% CI
−1710 to 1526; Widyastuti 2018, 36 participants; low-certainty
evidence; Table 1) following a six-week physical activity counselling
intervention (in-person) compared to pulmonary rehabilitation.

The mean diGerence in step count was 1291 steps (95% CI −749
to 333) at end intervention following a 12-week physical activity
counselling intervention (in-person) compared to six weeks of
pulmonary rehabilitation. The mean diGerence in step count was
347 steps (95% CI −2216 to 2910) at three-month follow-up (O'Neill
2018, 26 participants; low-certainty evidence; Analysis 4.15).

An improvement in number in MVPA bouts was demonstrated in the
physical activity counselling group (MD 0.5, 95% CI 0.3 to 0.8).

The mean diGerence in time in MVPA was 6 minutes (95% CI −10 to
22) and time in MVPA bouts was 10 minutes (95% CI −2 to 21) at end
intervention (O'Neill 2018, 26 participants; low-certainty evidence;
Table 1).

Exercise training with tapering supervision versus exercise training

The mean diGerence in total energy expenditure was 520 kcal
(95% CI −105 to 1145) at end intervention and 400 kcal (95%
CI −109 to 909) at 42-week follow-up aTer a 28-week study of
exercise training with tapered supervision compared to supervised
exercise training (Rinaldo 2017, 24 participants; moderate-certainty
evidence; Analysis 4.16).

Adherence intervention versus pulmonary rehabilitation

The mean diGerence in step count was −159 steps (95% CI −1742 to
1424), time inactive was −2% (95% CI −9 to 5) and peak performance
was 0 (95% CI −9 to 9) following six months of an adherence
intervention compared to eight weeks of pulmonary rehabilitation
(Steele 2019, 63 participants; low-certainty evidence; Table 1).

Maintenance following high-intensity interval training:
telerehabilitation versus centre-based programme

Less time was spent in lifestyle (MD −11 minutes, 95% CI −18 to −4)
and moderate-intensity physical activity (MD −4 minutes, 95% CI −7
to −1) in the telerehabilitation group compared to a centre-based
group following a 12-month study of maintenance aTer eight weeks
of high-intensity interval exercise training.

The mean diGerence in time in LIPA was −2 minutes (95% CI −19
to 15) and sedentary time was 33 minutes (95% CI −3 to 69;
Vasilopoulou 2017, 100 participants; moderate-quality evidence;
Table 1).

COMPARISON: Intervention versus no intervention (acute
exacerbation of COPD)

Inpatient exercise training versus no intervention

No clear improvement in physical activity was demonstrated
following two inpatient exercise-training interventions.

The median step count for the exercise training group was 4215
steps (interquartile range (IQR) 2133 to 6693) compared to no
intervention (median 2198 steps (IQR 1242 to 4857; P = 0.07;
low-certainty evidence; Tahirah 2015, 34 participants; Table 1) at
discharge following inpatient walking and functional-resistance
training compared to no intervention.

The mean diGerence for time in standing was 15 minutes (95% CI
−57 to 87), sitting was −11 minutes (95% CI −94 to 72), walking was
−19 minutes (95% CI −40 to 2) and lying was 21 minutes (95% CI −78
to 120; low-certainty evidence; Borges 2014, 29 participants; Table
1) four weeks aTer discharge following inpatient resistance training
compared to no intervention.

INTERVENTION: Physical activity counselling

See Summary of findings 3.

COMPARISON: Intervention versus no intervention (clinically-
stable COPD)

Physical activity counselling versus no intervention

We were unable to pool studies for quantitative synthesis due
to data type (Altenburg 2015) and heterogeneous interventions
(Arbillaga-Etxarri 2018; Demeyer 2017; Hospes 2009; Priori 2017;
Saini 2017; Wootton 2017; see Characteristics of included studies).

An increased proportion of time spent in moderate-intensity
physical activity (MD 32%, 95% CI 8 to 55; Priori 2017,
18 participants; very low-certainty evidence; Table 1) was
demonstrated following an eight-week study of an automated
coaching intervention compared to no intervention.

The same 12-week in-person intervention was used in three studies
(two within this comparison). The mean diGerence in step count
in one study was 1700 steps (95% CI −678 to 4078; Hospes 2009,
35 participants; low-certainty evidence; Analysis 1.11) compared
to no intervention. In a subsequent study, the median change in
step count in participants recruited from primary care was 537
steps (IQR −611 to 1740) in the physical activity counselling group
and 431 steps (IQR −899 to 749) in the no-intervention group at
end intervention (P = 0.48). The median change in step count was
157 steps (IQR −1679 to 994) in the physical activity counselling
group and 48 steps (IQR −1004 to 885) in the no-intervention group
(P = 0.90) at 12-month follow-up (Altenburg 2015; 12 weeks: 40
participants; 12 months: 38 participants; low-certainty evidence;
Table 1). A greater median change in step count in participants
recruited from secondary care was demonstrated in the physical
activity counselling group (1002 steps, IQR −612 to 3077) compared
to the no-intervention group (−814 steps, IQR −2827 to 1063) at
end intervention (P = 0.007). The median change in step count was
1128 steps (IQR −1322 to 2707) in the physical activity counselling
group and −217 steps (IQR −1951 to 1147) in the no-intervention
group (P = 0.15) at 12-month follow-up (Altenburg 2015; 12 weeks:
43 participants; 12 months: 39 participants; low-certainty evidence;
Table 1). Participants in secondary care had more severe disease,
as indicated by a lower baseline FEV1 (Characteristics of included

studies). Subgroup analyses for participants with ≤ 10,000 steps per
day at baseline revealed a similar pattern (Altenburg 2015; Table 1).

An increase in the mean diGerence for step count was 1548 steps
(95% CI 1045 to 2051; Demeyer 2017; 280 participants; moderate-
certainty evidence; Analysis 1.11) following a 12-week telecoaching
intervention compared to no intervention. Improvements in
walking time (MD 17 minutes, 95% CI 10 to 24), movement intensity

(MD 0.09 m/s2, 95% CI 0.04 to 0.14) and MVPA time (MD 11 minutes,
95% CI 7 to 15) were also demonstrated (Demeyer 2017, 280
participants; moderate-certainty evidence; Table 1).
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The mean diGerence in step count was 177 steps (95% CI −828
to 1182; Arbillaga-Etxarri 2018, 280 participants; low-certainty
evidence; Analysis 1.11) following a 12-month Urban Training
intervention compared to no intervention.

The mean diGerence in change in proportion of time in moderate-
intensity physical activity was −9% (standard deviation (SD) 24) in
the physical activity counselling group and −21% (SD 21) in the
no-intervention group (P = 0.116) following an eight-week physical
activity counselling intervention compared to no intervention
(Saini 2017, 28 participants; very low-certainty evidence; Table 1).

The mean diGerence in step count was −617 steps (95% CI −1669
to 453), time in LIPA was −27 min (95% CI −70 to 14), time in
moderate-intensity physical activity was 20 minutes (95% CI −1
to 41), time in vigorous-intensity physical activity was 0 minutes
(95% CI 0 to 1) and energy expenditure wads 17 kcal (95% CI
−131 to 164) following 12 months of physical activity counselling
compared to no intervention, which was completion of phase 2 of
a 14-month study that all participants began with eight weeks of
ground-based walking training (Wootton 2017, 43 participants; low-
certainty evidence; Table 1).

COMPARISON: Intervention versus sham intervention

No studies presented data for this comparison.

COMPARISON: Intervention versus standard common
intervention (clinically-stable COPD)

Physical activity counselling with optional supervised exercise versus
optional supervised exercise

The mean diGerence in step count was 986 steps (95% CI −1553 to
3525; Tabak 2014a, 29 participants; low-certainty evidence; Table
1) following a three-week physical activity counselling intervention
(telecoaching) with optional supervised exercise compared to
optional supervised exercise.

The mean diGerence in step count was 240 steps (95% CI −417
to 897) at end intervention and −77 steps (95% CI −763 to 609)
at 12-month follow-up of a study of a six-month physical activity
counselling intervention (text message) following pulmonary
rehabilitation with optional supervised exercise compared to
optional supervised exercise (Vorrink 2016, 132 participants; low-
certainty evidence; Analysis 3.14). The mean diGerence in METs
was −0.08 (95% CI −0.22 to 0.06) at end intervention and 0.05
(95% CI −0.10 to 0.20) at 12-month follow-up (Vorrink 2016, 121
participants; low-certainty evidence; Analysis 3.15).

Pedometer with physical activity counselling versus physical activity
counselling

An increase in step count was demonstrated (MD 2942 steps, 95%
CI 1881 to 4003; Mendoza 2015, 97 participants; moderate-certainty
evidence; Table 1) following a 12-week study of pedometer use
with physical activity counselling (in-person) compared to physical
activity counselling alone.

Physical activity counselling with pedometer versus pedometer

No data were presented for step count (completer data only) in a 12-
week study of a physical activity counselling intervention (phone
call) with pedometer compared to pedometer alone (Bender 2016,
99 participants; very low-certainty; Table 1).

The mean diGerence in step count was −75 steps (95% CI −1002 to
852; Wan 2017, 109 participants; low-certainty evidence; Analysis
3.16) following a 12-week physical activity counselling intervention
(web-based) with pedometer compared to pedometer alone.

The mean diGerence in step count was 1427 steps (95% CI −1482
to 4336) aTer 12 weeks and −63 steps (95% CI −3080 to 2754)
following a six-month physical activity counselling intervention
(text message, coached) with pedometer compared to pedometer
alone (Nguyen 2009, 17 participants; low-certainty evidence;
Analysis 3.16.

The mean diGerence in active time was 6 minutes (95% CI −2 to 13)
aTer 12 weeks and −0 minutes (95% CI −7 to 7) at end intervention
(Nguyen 2009, 17 participants; low-certainty evidence; Analysis
3.17.

The mean diGerence in inactive time was −4 minutes (95% CI −15 to
8) aTer 12 weeks and 0 minutes (95% CI −12 to 1) at end intervention
(Nguyen 2009, 17 participants; low-certainty evidence; Analysis
3.18).

The mean diGerence in peak performance was 0 steps/min (95% CI
−15 to 15) aTer 12 weeks and −12 steps/min (95% CI −27 to 3) at end
intervention (Nguyen 2009, 17 participants; low-certainty evidence;
Analysis 3.19).

An increase in step count was demonstrated aTer four months (MD
793 steps, 95% CI 236 to 1350; 201 participants) but not at end
intervention (MD 107 steps, 95% CI −498 to 712; Moy 2015a, 238
participants; low-certainty evidence; Analysis 3.16) following a 12-
month physical activity counselling intervention (web-based) with
pedometer compared to pedometer alone.

Pedometer during pulmonary rehabilitation

The mean diGerence in step count was 419 steps in a seven-
day study of pedometer use during pulmonary rehabilitation
with awareness of the purpose of the pedometer compared to
lack of awareness (Singh 1998, 19 participants; very low-certainty
evidence; Table 1).

Physical activity counselling with pulmonary rehabilitation versus
pulmonary rehabilitation

An increase in step count was demonstrated (MD 1661 steps, 95%
CI 552 to 2770; Mantoani 2018, 44 participants; very low-certainty
evidence; Table 1) following a 12-week physical activity counselling
intervention (web-based) with pulmonary rehabilitation compared
to pulmonary rehabilitation.

The addition of the same 12-week physical activity counselling
intervention (in-person) had mixed results in two studies where
participants in both groups received pulmonary rehabilitation.

The mean diGerence in step count was 680 steps (95% CI −1105
to 2465; De Blok 2006, 16 participants; low-certainty evidence;
Analysis 3.20) following a 12-week study of physical activity
counselling with pulmonary rehabilitation compared to pulmonary
rehabilitation alone. In a subsequent study, a greater median
change in step count was demonstrated in the physical activity
counselling and pulmonary rehabilitation group (547 steps, IQR 187
to 1323) compared to the pulmonary rehabilitation group (−211
steps, IQR −1337 to 1038) at end intervention (P = 0.03). The median
change in step count was −569 steps (IQR −2512 to 1551) in the
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physical activity counselling and pulmonary rehabilitation group,
and −1137 steps (IQR −2376 to 1427) in the pulmonary rehabilitation
group (P = 0.58) at 12-month follow-up (Altenburg 2015; 12 weeks:
37 participants; 12 months: 23 participants; low-certainty evidence;
Table 1).

Longer studies have also had contradictory findings.

An increase in step count was demonstrated (MD 4010 steps, 95%
CI 1407 to 6613) at 12 weeks and end intervention (MD 3267
steps, 95% CI 589 to 5944; Cruz 2016, 26 participants; moderate-
certainty evidence; Analysis 3.20) following a six-month study of a
physical activity counselling intervention (in-person) with 12 weeks
of pulmonary rehabilitation compared to 12 weeks of pulmonary
rehabilitation. An increase in MVPA time was demonstrated (MD
31 minutes, 95% CI 10 to 52) at 12 weeks and end intervention
(MD 24 minutes, 95% CI 2 to 45; Cruz 2016, 26 participants;
moderate-certainty evidence; Analysis 3.21). An increase in total
physical activity time was demonstrated (MD 68 minutes, 95% CI
18 to 117) at 12 weeks and end intervention (MD 66 minutes,
95% CI 10 to 122; Cruz 2016, 26 participants; moderate-certainty
evidence; Analysis 3.22). An improvement in sedentary time was
demonstrated at 12 weeks (MD −90 minutes, 95% CI −159 to −20).
The mean diGerence in sedentary time was 12 minutes (95% CI −73
to 97) at end intervention; Cruz 2016, 26 participants; moderate-
certainty evidence; Analysis 3.23).

The median diGerence in accelerometer-assessed step count was
272 steps (IQR −342 to 782) in the physical activity counselling with
pulmonary rehabilitation group and 155 steps (IQR −438 to 867)
in the pulmonary rehabilitation group (P = 0.99) following a study
of a six-month in-person physical activity counselling intervention
with eight weeks of pulmonary rehabilitation compared to eight
weeks of pulmonary rehabilitation alone. The median diGerence in
pedometer-assessed step count was 727 steps (IQR −1493 to 3119)
in the physical activity counselling with pulmonary rehabilitation
group and 892 steps (IQR −1187 to 2534) in the pulmonary
rehabilitation group (P = 0.55) at end intervention. The median
diGerence in MVPA time was 11 minutes (IQR −1 to 33) in the physical
activity counselling with pulmonary rehabilitation group and 11
minutes (IQR −2 to 28) in the pulmonary rehabilitation group (P
= 0.62) at end intervention (Nolan 2017, 122 participants; low-
certainty evidence; Table 1).

An improvement in change in walking time was demonstrated (MD
39 minutes, 95% CI 1 to 78) following a 12-month study of physical
activity counselling with pulmonary rehabilitation compared to
pulmonary rehabilitation alone. The mean diGerence in standing
time was 11 minutes (95% CI −18 to 40), lying time was −24 minutes
(95% CI −72 to 24), frequency of postural changes was 21 (95% CI
−23 to 65) and sitting time was 53 minutes (95% CI −21 to 127) at
end intervention (Kawagoshi 2015, 27 participants; low-certainty
evidence; Table 1).

An improvement in change in step count was demonstrated (MD
1319 steps, standard error (SE) 571, P = 0.02) at end intervention
and nine-month follow-up (MD 1348 steps, SE 628, P = 0.03)
following 12 weeks of physical activity counselling with pulmonary
rehabilitation compared to pulmonary rehabilitation aTer all
participants undertook 12 weeks of pulmonary rehabilitation. The
mean diGerence in change in MVPA time was 8 minutes (SE 4) (P =
0.11) at end intervention and an improvement in change in MVPA
time was demonstrated at nine-month follow-up (MD 13 minutes,

(SE 5), P = 0.02; Loeckx 2018, 50 participants; very low-certainty
evidence; Table 1).

Physical activity counselling with pulmonary rehabilitation versus
sham intervention with pulmonary rehabilitation

The mean diGerence in step count was 182 steps (95% CI −812
to 1176) aTer 12 weeks and −532 steps (95% CI −1584 to 520)
following a six-month study of a physical activity counselling
intervention (in-person) with pulmonary rehabilitation compared
to a sham intervention with pulmonary rehabilitation (Burtin 2015;
12 weeks: 61 participants; 6 months: 50 participants; very low-
certainty evidence; Analysis 3.24). The mean diGerence in time in
MVPA was MD −1 minute (95% CI −13 to 12) aTer 12 weeks and
−7 minutes (95% CI −16 to 3) at end intervention (Burtin 2015;
12 weeks: 61 participants; 6 months: 50 participants; very low-
certainty evidence; Analysis 3.25). The mean diGerence in walking
time was −3 minutes (95% CI −12 to 7) aTer 12 weeks and −1
minute (95% CI −18 to 16) at end intervention (Burtin 2015; 12
weeks: 61 participants; 6 months: 50 participants; very low-certainty
evidence; Analysis 3.26). The mean diGerence in total physical
activity time was −12 minutes (95% CI −39 to 15) aTer 12 weeks and
−34 minutes (95% CI −48 to −20) at end intervention (Burtin 2015; 12
weeks: 61 participants; 6 months: 50 participants; very low-certainty
evidence; Analysis 3.27).

COMPARISON: Intervention versus intervention

No studies presented data for this comparison.

COMPARISON: Intervention versus no intervention (acute
exacerbation of COPD)

Two studies have evaluated physical activity counselling following
hospital admission for AECOPD.

Physical activity counselling versus no intervention

The mean diGerence in step count was −29 steps (95% CI −969 to
911), walking time was 0 minutes (95% CI −12 to 12) and walking

intensity was −0.02 m/s2 (95% CI −0.06 to 0.02; Hornikx 2015, 26
participants; low-certainty evidence; Table 1) aTer a four-week
study comparing physical activity counselling to no intervention
following hospital admission for AECOPD.

Feedback and education versus no intervention; education versus no
intervention

No data were presented for a 14-day study of feedback and
education compared to no intervention (14 participants) or
education compared to no intervention (9 participants) following
hospital admission for AECOPD (Orme 2018; very low-certainty
evidence; Table 1).

COMPARISON: Intervention versus standard common
intervention (acute exacerbation of COPD)

Feedback with education versus education

No data were presented in a 14-day study of feedback with
education compared to education (Orme 2018; 11 participants; very
low-certainty evidence; Table 1).

INTERVENTION: Self-management

See Summary of findings 4.
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COMPARISON: Intervention versus no intervention (clinically-
stable COPD)

Self-management versus no intervention

An increase in step count was demonstrated (MD 547 steps, 95%
CI 12 to 1082) following a six-week SPACE programme compared
to no intervention. The mean diGerence in sedentary time was −23
minutes (95% CI −77 to 31). The median time in bouts of physical
activity was 142 minutes (95% CI 91 to 190) in the self-management
group and 96 minutes (95% CI 56 to 135) in the no-intervention
group at end intervention (P = 0.215). The mean diGerence in
total energy expenditure was 16 kcal (95% CI −100 to 132) at end
intervention (Mitchell 2013, 117 participants; very low-certainty
evidence; Table 1).

Improvement in 'IMA' (time integral of the modulus of
accelerometer output) was demonstrated (MD 176 cpm, 95% CI 53
to 298) aTer four weeks and at end intervention (MD 176 cpm, 95%
CI 51 to 301) following a 12-week self-management intervention
compared to no intervention (Tabak 2014b, 20 participants;
moderate-certainty evidence; Analysis 1.12).

The mean diGerence in time in MVPA was 12 minutes (95% CI
−21 to 45) at 12 months following a six-month self-management
programme compared to no intervention (Jolly 2018, 411
participants; moderate-certainty evidence; Table 1).

COMPARISON: Intervention versus sham intervention (clinically-
stable COPD)

Health mentoring versus sham intervention

The mean diGerence in step count was 61 steps (95% CI −951
to 1073) following a 12-month study of phone call-based health
mentoring compared to a sham intervention (Schuz 2015, 120
participants; low-certainty evidence; Analysis 2.1).

COMPARISON: Intervention versus standard common
intervention (clinically-stable COPD)

Self-e6icacy training with upper-limb exercise versus education with
upper-limb exercise

An increase in time in LIPA was demonstrated (MD 43 minutes,
95% CI 15 to 71) at end intervention and the mean diGerence
was 32 minutes (95% CI −18 to 82) at 12-month follow-up
aTer a four-month study of self-eGicacy training with upper-limb
exercise compared to upper-limb exercise alone (Larson 2014,
35 participants; low-certainty evidence; Analysis 3.28). The mean
diGerence in time spent in moderate-intensity physical activity was
2 minutes (95% CI −1 to 5), sedentary time was 25 minutes (95% CI
−49 to 99) and the proportion of time spent sedentary was 0% (95%
CI −6 to 6) at end intervention (Larson 2014, 35 participants; low-
certainty evidence; Table 1).

COMPARISON: Intervention versus intervention (clinically-stable
COPD)

Self-management versus education and symptom monitoring

An increase in physical activity was demonstrated in the self-
management group (mean 13 minutes (SE 1)) compared to the
education and symptom-monitoring group (mean 11 minutes (SE
1); P = 0.045) following 16 weeks of self-management compared
to education and symptom monitoring. An increase in total energy
expenditure was also demonstrated in the self-management group

(MD 3605 (SE 211)) compared to the education and symptom-
monitoring group (MD 3113 (SE 212); P = 0.022) at end intervention.
The mean diGerence in time in moderate-intensity physical
activity was 0.5 minutes (95% CI −0.6 to 1.6) at end intervention
(Blumenthal 2014, 326 participants; low-certainty evidence; Table
1).

COMPARISON: Intervention versus no intervention (acute
exacerbation of COPD)

Self-management versus no intervention

The mean diGerence in step count was 310 steps (95% CI −1665
to 2285), time in physical activity was 15 minutes (95% CI −30 to
60), time in moderate-intensity physical activity was 13 minutes
(95% CI −30 to 56), time in vigorous-intensity physical activity was
2 minutes (95% CI −1 to 5), sedentary time was 4 minutes (95%
CI −75 to 83), active energy expenditure was 85 kcal (95% CI −108
to 278), and total energy expenditure was −30 kcal (95% CI −225
to 165) following a seven-day post-admission self-management
programme of activity, coping and education (SPACE) compared to
no intervention (Kanabar 2015, 25 participants; very low-certainty
evidence; Table 1).

COMPARISON: Intervention versus standard common
intervention (acute exacerbation of COPD)

Health coaching with pulmonary rehabilitation referral versus
pulmonary-rehabilitation referral

No data were presented in a 12-month post-admission study of the
addition of health coaching to pulmonary-rehabilitation referral
compared to pulmonary-rehabilitation referral alone (Benzo 2016,
214 participants; very low-certainty evidence; Table 1).

INTERVENTION: Pharmacological treatments

See Summary of findings 5.

COMPARISON: Intervention versus no intervention

No studies presented data for this comparison.

COMPARISON: Intervention versus sham intervention (clinically-
stable COPD)

LAMA versus placebo

Two three-week studies examined the impact of a long-acting
muscarinic antagonist (LAMA) compared to placebo. Individual-
level pre-cross-over data were obtained directly from the authors
and used for combined analysis. The median change in step count
was 104 steps (IQR −603 to 1228) in the LAMA group and 113
steps (IQR −936 to 1216) in the placebo group (P = 0.64) at end
intervention. The median change in time in MVPA was −1 minute
(IQR −17 to 24) in the LAMA group and −6 minutes (IQR −18 to 15)
in the placebo group (P = 0.07) at end intervention. The median
change in active energy expenditure was 15 kcal (IQR −103 to 117)
in the LAMA group and −24 kcal (IQR −104 to 43) in the placebo
group (P = 0.08) at end intervention. The median change in PAL was
0.00 (IQR −0.07 to 0.09) in the LAMA group and −0.01 (IQR −0.06 to
0.09) in the placebo group (P = 0.80) at end intervention (Beeh 2014;
Magnussen 2017; 133 participants; moderate-certainty evidence;
Table 1).
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No data were presented in another 12-week study comparing LAMA
with placebo (NCT00144326, 250 participants; very low-certainty
evidence; Table 1).

LAMA/LABA versus placebo

Two short-term studies have assessed the eGect of LAMA/
long-acting beta2 agonist (LABA); three weeks of indacaterol/

glycopyrronium 110/50 μg once daily, Watz 2016; four weeks of
aclidinium bromide/formoterol fumarate 400/12 μg twice daily,
Watz 2017) compared to placebo. Meta-analyses demonstrated

improvements in step count (MD 531 steps, 95% CI 167 to 895;
2 studies, 426 participants; high-certainty evidence; Analysis 2.2;
Figure 13), time in MVPA (MD 10 minutes, 95% 4 to 15; 2 studies, 423
participants; high-certainty evidence; Analysis 2.3; Figure 14) and
active energy expenditure (MD 44 kcal, 95% CI 18 to 70; 2 studies,
423 participants; high-certainty evidence; Analysis 2.4; Figure 15).

Some heterogeneity was evident for step count (I2 = 27%), but not
for other outcomes. Additionally, a reduced odds ratio (OR) was
demonstrated for being classified as 'inactive' post-intervention
(OR 0.27, 95% CI 0.1 to 0.5; Watz 2017, 250 participants; high-
certainty evidence; Table 1).

 

Figure 13.   Forest plot of comparison 2: Intervention vs. placebo Outcome 2.2: Physical activity: change in step
count (steps per day)

 
 

Figure 14.   Forest plot of comparison 2: Intervention vs. placebo Outcome 2.3: Physical activity: change in time in
moderate-to-vigorous intensity physical activity (minutes per day)
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Figure 15.   Forest plot of comparison 2: Intervention vs. placebo Outcome 2.4: Physical activity: change in active
energy expenditure (kcal)

 
COMPARISON: Intervention versus standard common
intervention (clinically-stable COPD)

LAMA with behaviour modification versus placebo with behaviour
modification

The mean diGerence in time in MVPA was 8 minutes (95% CI −184
to 202), time in LIPA was 10 minutes (95% CI −6 to 26), odds ratio
for being classified as 'inactive' post-intervention 0.86 (95% CI 0.57
to 1.30; P = 0.477) following a six-month study of LAMA compared
to placebo (Troosters 2014, 426 participants; moderate-certainty
evidence; Table 1).

The mean diGerence in step count was −245 steps (95% CI
−1146 to 655) aTer eight weeks. A deterioration in step count
was demonstrated in the intervention group (MD −945 steps,
95% CI −1836 to −54) at end intervention following a 12-week
study for LAMA compared to placebo (Troosters 2018; 8 weeks:
120 participants; 12 weeks: 111 participants; moderate-certainty
evidence; Analysis 3.29). The mean diGerence in walking time was
−3 minutes (95% CI −12 to 7) aTer eight weeks and −9 minutes
(95% CI −20 to 2) at end intervention (Troosters 2018; 8 weeks:
120 participants; 12 weeks: 112 participants; moderate-certainty
evidence; Analysis 3.30). The mean diGerence in walking intensity

was 0.02 m/s2 (95% CI −0.06 to 0.10) aTer eight weeks and −0.06

m/s2 (95% CI −0.14 to 0.02) at end intervention (Troosters 2018;
8 weeks: 120 participants; 12 weeks: 110 participants; moderate-
certainty evidence; Analysis 3.31).

LAMA/LABA with behaviour modification versus placebo with
behaviour modification

The mean diGerence in step count was 226 steps (95% CI −668 to
1119) aTer eight weeks and 296 steps (95% CI −585 to 1177) at end
intervention following a 12-week study of LAMA/LABA compared
to placebo (Troosters 2018; 8 weeks: 122 participants; 12 weeks:
115 participants; moderate-certainty evidence; Analysis 3.32. The
mean diGerence in walking time was 1 minute (95% CI −8 to
11) aTer eight weeks and 3 minutes (95% CI −7 to 12) at end
intervention (Troosters 2018; 8 weeks: 122 participants; 12 weeks:
115 participants; moderate-certainty evidence; Analysis 3.33). The

mean diGerence in walking intensity was 0.06 m/s2 (95% CI −0.02 to

0.14) aTer eight weeks and 0.02 m/s2 (95% CI −0.06 to 0.10) at end

intervention (Troosters 2018: 8 weeks: 120 participants; 12 weeks:
112 participants; moderate-certainty evidence; Analysis 3.34).

LABA with LAMA and behaviour modification versus LAMA and
behaviour modification

The mean diGerence in step count was 471 steps (95% CI −422
to 1364) aTer eight weeks and 1241 steps (95% CI 370 to 2112)
at end intervention following a 12-week study of LABA with LAMA
and behaviour modification compared to LAMA and behaviour
modification (Troosters 2018; 8 weeks: 122 participants; 12 weeks:
116 participants; moderate-certainty evidence; Analysis 3.35). The
mean diGerence in walking time was 4 minutes (5%CI −6 to
13) aTer eight weeks and 11 minutes (95% CI 2 to 21) at end
intervention (Troosters 2018; 8 weeks: 122 participants; 12 weeks:
117 participants; moderate-certainty evidence; Analysis 3.36). The

mean diGerence in walking intensity was 0.04 m/s2 (95% CI −0.04 to

0.12) aTer eight weeks and 0.08 m/s2 (95% CI −0.00 to 0.16) at end
intervention (Troosters 2018; 8 weeks: 122 participants; 12 weeks:
114 participants; moderate-certainty evidence; Analysis 3.37).

Angiotensin-converting enzyme (ACE) inhibitor with pulmonary
rehabilitation versus placebo with pulmonary rehabilitation

The mean diGerence in change in step count was −943 steps (95%
CI −2372 to 486) following a 10-week study of an ACE inhibitor and
pulmonary rehabilitation compared to a placebo and pulmonary
rehabilitation. A deterioration in PAL was demonstrated in the ACE
inhibitor group (MD −0.10, 95% CI −0.20 to −0.00; Curtis 2016, 40
participants; moderate-certainty evidence; Table 1).

COMPARISON: Intervention versus intervention (clinically-stable
COPD)

Inhaled corticosteroid and LABA versus inhaled corticosteroid and
LABA

The mean diGerence in step count was 316 steps (95% CI −838
to 1470) following a 12-week study of inhaled corticosteroid
(beclomethasone) and LABA compared to inhaled corticosteroid
(budesonide) and LABA (NCT01351792, 59 participants; very low-
certainty evidence; Table 1).
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LAMA versus LAMA

No data were presented in an eight-week study of LAMA (aclidinium
bromide) compared to LAMA (tiotropium; Nakamura 2016, 44
participants; very low-certainty evidence; Table 1).

INTERVENTION: Nutritional supplementation

COMPARISON: Intervention versus no intervention (clinically-
stable COPD)

Nutritional supplement versus no intervention

The mean diGerence in PAL was 0.02 (95% CI −0.04 to 0.08)
aTer four weeks and 0.06 (95% CI −0.12 to 0.24) aTer 12 weeks
following pulmonary rehabilitation or hospital admission for
nutritional supplementation compared to no intervention (Goris
2003: 4 weeks: 20 participants; 12 weeks: 19 participants; moderate-
certainty evidence; Analysis 1.13). The mean diGerence in total
energy expenditure was −0.6 MJ (95% CI −3.59 to 2.29) aTer four
weeks and 0.5 MJ (95% CI −1.39 to 2.39) aTer 12 weeks (Goris
2003; 4 weeks: 20 participants; 12 weeks: 19 participants; moderate-
certainty evidence; Analysis 1.14).

COMPARISON: Intervention versus sham intervention (clinically-
stable COPD)

Nutritional supplement versus placebo

The mean diGerence in step count was 228 steps (95% CI −69
to 525) aTer four weeks of a 12-week study of essential amino
acid supplementation compared to placebo. An increase in step
count (MD 577 steps, 95% CI 341 to 813) was demonstrated at
end intervention (Dal Negro 2012, 88 participants; low-certainty
evidence; Analysis 2.5). An increase in energy expenditure for
ambulation was demonstrated aTer four weeks (MD 0.6 kcal/step/
FFM kg, 95% CI 0.3 to 1.0) and at end intervention (MD 2.3 kcal/
step/FFM kg; 95% CI 1.8 to 2.8; Dal Negro 2012, 88 participants; low-
certainty evidence; Analysis 2.6).

COMPARISON: Intervention versus standard common
intervention (clinically-stable COPD)

Nutritional supplement and pulmonary rehabilitation versus placebo
and pulmonary rehabilitation

The mean diGerence in change in step count was 719 steps (95% CI
−635 to 2073) aTer four months of a 15-month study of nutritional
supplementation and pulmonary rehabilitation compared to a
placebo and pulmonary rehabilitation in people with low muscle
mass. An increase in step count was demonstrated (MD 1030 steps,
95% CI 101 to 1959) aTer eight months. The mean diGerence in
step count was 796 steps (95% CI −201 to 1793; Van de Bool 2017,
61 participants; moderate-certainty evidence; Analysis 3.38) at 15-
month follow-up.

COMPARISON: Intervention versus intervention

No studies presented data for this comparison.

COMPARISON: Intervention versus standard common
intervention (acute exacerbation of COPD)

Enriched nutritional supplement and inpatient pulmonary
rehabilitation versus nutritional supplement and inpatient pulmonary
rehabilitation

The mean diGerence in step count was 200 steps (95% CI −913
to 1313) following eicosapentaenoic acid-enriched nutritional

supplement and inpatient pulmonary rehabilitation compared to
an unenriched nutritional supplement and inpatient pulmonary
rehabilitation during hospital admission for an acute exacerbation
of COPD. The mean diGerence in energy expenditure was 80 kcal
(95% CI −72 to 232; Ogasawara 2018, 45 participants; low-certainty
evidence; Table 1).

INTERVENTION: Supplemental oxygen

COMPARISON: Intervention versus no intervention

No studies presented data for this comparison.

COMPARISON: Intervention versus sham intervention (clinically-
stable COPD)

Supplemental oxygen versus placebo

The mean diGerence in "domestic activity counts" was 15 (95%
CI −21 to 51) following an eight-week study of supplemental
oxygen following pulmonary rehabilitation compared to placebo
(Sandland 2008, 20 participants; moderate-certainty evidence;
Table 1).

COMPARISON: Intervention versus standard common
intervention (clinically-stable COPD)

Supplemental oxygen and pulmonary rehabilitation versus sham and
pulmonary rehabilitation

The mean diGerence in change in step count was 340 steps (95%
CI −145 to 825) following eight weeks of supplemental oxygen
and pulmonary rehabilitation compared to sham and pulmonary
rehabilitation in people with desaturation on the six-minute walk
test (6MWT). The mean diGerence in change in step count was −316
steps (95% CI −865 to 233; Analysis 3.39) at six-month follow-up.
The mean change in time in moderate-intensity physical activity
was 3 minutes (95% CI −5 to 11) at end intervention and −2 minutes
(95% CI −11 to 7; Analysis 3.40) at follow-up. The mean change in
time in vigorous-intensity physical activity was −1 minute (95% CI
−3 to 1) at end intervention and −1 minute (95% CI −3 to 1; Analysis
3.41) at follow-up. The mean change in LIPA time was −6 minutes
(95% CI −35 to 23) at end intervention and −9 minutes (95% CI −41
to 23; Analysis 3.42) at follow-up. The mean change in total energy
expenditure was −59 kcal (95% CI −166 to 48) at end intervention
and −4 kcal (95% CI −127 to 199; Analysis 3.43) at follow-up. The
mean change in sedentary time was 17 minutes (95% CI −28 to 62)
at end intervention and 29 minutes (95% CI −25 to 75; Analysis 3.44)
at follow-up (Alison 2019: 8 weeks: 87 participants; 6 months: 65
participants; moderate-certainty evidence).

COMPARISON: Intervention versus intervention (clinically-stable
COPD)

Lightweight versus standard oxygen-cylinder use

The mean diGerence in "mid-day activity" was 34 VMU/min (95% CI
−23 to 91) following a six-month study of lightweight ambulatory
supplemental oxygen compared to supplemental oxygen with E-
cylinder (Casaburi 2012, 17 participants; low-certainty evidence;
Analysis 4.17).
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INTERVENTION: Other interventions

COMPARISON: Intervention versus no intervention (clinically-
stable COPD)

Four-wheeled walker versus no intervention

An increase in step count (MD 4081 steps, 95% CI 818 to 7344) was
demonstrated over four weeks following pulmonary rehabilitation
using a four-wheeled walker compared to no intervention (Ng 2015,
17 participants; very low-certainty evidence; Table 1).

Endobronchial valve surgery versus no intervention

An increase in step count (MD 1400 steps, 95% CI 655 to 2145),
proportion of time walking MD 1% (95% CI 0 to 2) and movement

intensity (MD 0.01 m/s2, 95% CI 0.00 to 0.02) were demonstrated
six months aTer endobronchial valve surgery compared to no
intervention. The mean diGerence in the proportion of time sitting
was −2% (95% CI −5 to 1) and time inactive was −1 minute (95% CI
−3 to 1) aTer six months (Hartman 2016, 43 participants; moderate-
certainty evidence; Table 1).

COMPARISON: Intervention versus sham intervention (clinically-
stable COPD)

Singing versus sham intervention

A deterioration in step count (MD −1774 steps, 95% CI −2848 to −700)
and activity-related energy expenditure (MD −373 kJ, 95% CI −625
to −121) were demonstrated in the intervention group following an
eight-week singing intervention compared to a sham intervention.
The mean diGerence in time in physical activity was −142 minutes
(95% CI −263 to −22) and sedentary time was −9 minutes (95% CI −88
to 71) at end intervention (Lord 2012, 24 participants; low-certainty
evidence; Table 1).

Neuromuscular electrical stimulation versus placebo

The mean diGerence in step count was 36 steps (95% CI −446
to 518) at end intervention and −160 steps (95% CI −692 to 372)
at 12-week follow-up aTer a six-week neuromuscular electrical
stimulation (NMES) programme compared to placebo (Maddocks
2016, 52 participants; low-certainty evidence; Analysis 2.7). The
mean diGerence in change in number of up/down transitions was
−5 (95% CI −12 to 3) at end intervention and −3 (95% CI −12 to 6) at
12-week follow-up (Maddocks 2016, 52 participants; low-certainty
evidence; Analysis 2.8). The mean diGerence in upright time was 0.5
hours (95% CI −0.4 to 1.3) at end intervention and −0.4 (95% CI −1.2
to 0.4) at 12-week follow-up (Maddocks 2016, 52 participants; low-
certainty evidence; Analysis 2.9).

COMPARISON: Intervention versus standard common
intervention (clinically-stable COPD)

Non-invasive ventilation with pulmonary rehabilitation versus
pulmonary rehabilitation

An increase in step count was demonstrated (MD 1269 steps,
95% CI 242 to 2296; Duiverman 2008, 56 participants; moderate-
certainty evidence; Table 1) following a 12-week study of non-
invasive ventilation with pulmonary rehabilitation compared to
pulmonary rehabilitation in people with hypercapnia.

Inspiratory muscle training and pulmonary rehabilitation versus sham
and pulmonary rehabilitation

The mean diGerence in step count was −206 steps (95% CI −923
to 512; Charususin 2018, 150 participants; moderate-certainty
evidence; Table 1) following a 12-week study of the addition of
inspiratory muscle training to pulmonary rehabilitation compared
to a sham intervention with pulmonary rehabilitation in people
with inspiratory muscle weakness.

COMPARISON: Intervention versus intervention

No studies presented data for this comparison

Subgroup analysis and investigation of heterogeneity

InsuGicient data were available to perform subgroup analyses
according to disease severity or duration of intervention.

Subgroup analyses were possible for supervised versus
unsupervised pulmonary rehabilitation programmes in clinically-
stable COPD for the following physical activity outcomes: step
count; total energy expenditure; LIPA time; and total sedentary
time.

Pulmonary rehabilitation: supervised versus unsupervised

The mean diGerence in step count in the supervised subgroup
was 69 steps (95% CI −386 to 524; 2 studies, 144 participants) and
unsupervised subgroup was 494 steps (95% CI −158 to 1146; Tsai
2016, 36 participants; low-certainty evidence; test for subgroup
diGerences: P = 0.29; Analysis 1.15).

There was a significant diGerence (P = 0.02) between the supervised
(MD 10 minutes, 95% CI −9 to 29; 2 studies, 146 participants) and
unsupervised subgroups (MD −44 minutes, 95% CI −87 to −1; Tsai
2016, 36 participants; Analysis 1.16), but there was substantial

heterogeneity within the supervised subgroup (I2 = 64%) and

between subgroups (I2 = 80%).

The mean diGerence in total energy expenditure in the supervised
subgroup was −47 kcal (95% CI −99 to 5; Wootton 2017, 108
participants) and in the unsupervised subgroup was −5 kcal (95% CI
−139 to 129; Tsai 2016, 36 participants; low-certainty evidence; test
for subgroup diGerences: P = 0.57; Analysis 1.17).

The mean diGerence in total sedentary time in the supervised
subgroup was 3 minutes (95% CI −49 to 55; Wootton 2017, 101
participants) and in the unsupervised subgroup was 50 minutes
(95% CI −31 to 131; Tsai 2016, 36 participants; low-certainty
evidence; test for subgroup diGerences: P = 0.34; Analysis 1.18).

Sensitivity analysis

We considered physical activity as the appropriate outcome for
sensitivity analyses, as it was the prespecified primary outcome for
the review. InsuGicient data were available to perform sensitivity
analyses to examine the eGects of the measurement device on
the pooled estimate by removing studies that used pedometers.
Sensitivity analyses for missing data were not required.

We planned to examine the eGects of methodological quality on the
pooled estimate by removing studies that were at high or unclear
risk of bias for the domains of blinding and incomplete outcome
data.
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Sensitivity analyses could be considered for three comparisons
in clinically-stable COPD: pulmonary rehabilitation versus
no intervention; high-intensity interval training versus no
intervention; and LAMA/LABA versus placebo.

Pulmonary rehabilitation versus placebo

For change in step count, sensitivity analyses for blinding were not
possible as all three included studies were at high/unclear risk of
bias for the domain of blinding of participants and at low risk of
bias for the domain of blinding of personnel (Egan 2010; Tsai 2016;
Wootton 2017). Following the removal of the two studies at unclear
risk of bias for the domain of incomplete outcome data (Egan 2010;
Wootton 2017), the mean diGerence was 494 steps (95% CI −158 to
1146; Tsai 2016; 36 participants; low-certainty evidence; Analysis
1.1).

For total physical activity time, sensitivity analyses for were not
possible as both included studies were at high/unclear risk of
bias for the domains of blinding of participants and personnel
(Egan 2010; De Roos 2017). Following removal of the one study at
unclear risk of bias for the domain of incomplete outcome data
(Egan 2010), an improvement in total physical activity time was
also demonstrated (MD 25 min, 95% CI 8 to 43; De Roos 2017, 45
participants; moderate-certainty evidence; Analysis 1.5).

Sensitivity analyses were not possible for blinding of participants
and personnel for time in MVPA (Analysis 1.2), time in LIPA (Analysis
1.3), total energy expenditure (Analysis 1.4) or total sedentary time
(Analysis 1.6), as all included studies were at high/unclear risk of
bias for these domains (De Roos 2017; Tsai 2016; Wootton 2017).
Following the removal of the one study at unclear risk of bias
for the domain of incomplete outcome data (Wootton 2017), the
mean diGerence in time in MVPA was 5 minutes (95% CI −1 to 11;
2 studies; 81 participants; low-certainty evidence; Analysis 1.2), the
mean diGerence in time in LIPA was −9 minutes (95% CI −70 to
52; 2 studies; 81 participants; low-certainty evidence; Analysis 1.3),
the mean diGerence in total energy expenditure was −5 kcal (95%
CI – 139 to 129; Tsai 2016; 36 participants; low-certainty evidence;
Analysis 1.4) and the mean diGerence in total sedentary time was
– 50 minutes (95% CI –31 to 131; Tsai 2016; 36 participants; low-
certainty evidence; Analysis 1.6).

High-intensity interval training versus placebo

Sensitivity analyses were not possible for blinding of participants
and personnel or incomplete outcome data for time in “lifestyle”
physical activity (Analysis 1.7), time in LIPA (Analysis 1.8), time
in MVPA (Analysis 1.9) or sedentary time (Analysis 1.10), as both
included studies were at high/unclear risk of bias for these domains
(Louvaris 2016; Vasilopoulou 2017).

LAMA/LABA versus placebo

Sensitivity analyses were not possible for blinding of participants
and personnel or incomplete outcome data for change in step
count (Analysis 2.2), time in MVPA (Analysis 2.3) or active energy
expenditure (Analysis 2.4), as both included studies were at low risk
of bias for these domains (Watz 2016; Watz 2017).

D I S C U S S I O N

This review has synthesised the available evidence for
interventions that have measured physical activity and sedentary
behaviour in people with COPD. The complexity of a behaviour like

physical activity (Casperson 1985) was reflected in the wide range
of interventions that have been used to date (Table 2).

Summary of main results

Pulmonary rehabilitation/exercise training

Despite documented deterioration in physical activity associated
with acute exacerbations of COPD (Pitta 2006a), there has been
limited work targeting participation for people with COPD at this
vulnerable time. To date, no improvements in physical activity have
been demonstrated following inpatient exercise training (Borges
2014; Tahirah 2015), enriched nutritional supplementation during
inpatient pulmonary rehabilitation (Ogasawara 2018), short-term
self-management post-discharge (Kanabar 2015; Orme 2018) or
long-term health coaching (Benzo 2016). This remains a key area of
interest for future work.

Pulmonary rehabilitation represents the most widely-studied
intervention to improve physical activity to date. Findings in this
review were consistent with clinically-important and consistent
improvements in health-related quality of life and exercise capacity
previously demonstrated across multiple trials (McCarthy 2015).
However, translation of these benefits into improvement in
physical activity was not clearly demonstrated. The appeal of
using an existing intervention framework in an attempt to improve
physical activity is clear. However, the addition of specific strategies
underpinned by theoretical constructs to support behaviour
change for physical activity is likely to be required. Meta-analyses
revealed only an increase in total physical activity time following
pulmonary rehabilitation, which was not undesirable, but not
consistent with the increased intensity required to meet physical
activity recommendations for improving health (WHO 2010).

Specific treatments for components of COPD have been added to
pulmonary rehabilitation in attempts to improve physical activity
with varying success. No clear benefits for physical activity were
evident with the addition of inspiratory muscle training in people
with inspiratory muscle weakness (Charususin 2018), and results
numerically favoured the placebo group in a study looking at the
addition of an ACE-inhibitor (Curtis 2016), although the confidence
interval was wide. No clear benefit of supplemental oxygen
was demonstrated in participants who desaturated during 6MWT
(Alison 2019). However, increased step count was demonstrated
following the addition of non-invasive ventilation in people with
hypercapnia (Duiverman 2008) and nutritional supplementation in
people with low muscle mass (Van de Bool 2017).

Alternatives to pulmonary rehabilitation/exercise training
programmes have been investigated in a range of single studies,
including home-based pulmonary rehabilitation (Holland 2017),
water-based exercise training (Felcar 2018), low-intensity exercise
training (Probst 2011), an exercise-training programme with
tapering supervision (Rinaldo 2017), outdoor walking (Gamper
2019), and an adherence intervention (Steele 2019), without
improvements demonstrated. Improvement in physical activity
has been demonstrated in a study of Tai Chi compared to
pulmonary rehabilitation and was accompanied by improvements
in health-related quality of life and exercise capacity (Polkey 2018).
Two studies assessed the impact of adding alternative models
of exercise interventions to other components of pulmonary
rehabilitation programmes (Nordic walking, COPE-active) and
also demonstrated improved physical activity alongside improved
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clinical outcomes (Breyer 2010; EGing 2011). At this stage, it
appears that there are other exercise-based interventions that
may be equally (if not more) eGective in improving physical
activity compared to conventional pulmonary rehabilitation/
exercise training programmes.

Use of a high-intensity interval training protocol delivered
improvements in physical activity in association with health-
related quality of life and exercise capacity at programme
completion in two studies from the same group (Louvaris 2016;
Vasilopoulou 2017). Mechanisms for these observed changes
are yet to be clarified, longer-term outcomes have not been
demonstrated and results need to be replicated in other studies
prior to recommendations for clinical practice.

The only study that has looked at two models of maintenance
exercise programmes following high-intensity interval training
demonstrated that both telerehabilitation and centre-based
programmes were superior to usual care across a range of physical
activity variables; these findings were mirrored by improvements
in health-related quality of life and exercise capacity. Comparing
telerehabilitation and centre-based maintenance to each other,
there were no diGerences in health-related quality of life, exercise
capacity, time spent in light-intensity physical activity or sedentary
time, but lifestyle and moderate-intensity physical activity were
better in the centre-based group (Vasilopoulou 2017). These
results indicate a direction for the development of eGective and
sustainable interventions.

Physical activity counselling

Improvements in physical activity following physical activity
counselling were inconsistently demonstrated, with a wide range
of programme durations, participant interfaces and intervention
components used (Arbillaga-Etxarri 2018; Demeyer 2017; Hornikx
2015; Tabak 2014a; Vorrink 2016; Wootton 2017). The identification
of eGective components of interventions was complex. In some
cases, clues to successful implementation were evident where the
same intervention applied in diGerent populations demonstrated
(short-term) improvements in step count that were mirrored by
improvements in other outcomes in people with more severe
disease (Altenburg 2015; Hospes 2009). Several features were
shared with other successful interventions (Demeyer 2017; Vorrink
2016), where participants received direct feedback from a step
counter, tracking of participation in activity as well as individual
goal-setting that was regularly revised. This was supported by
some evidence specifically for the addition of a pedometer to
physical activity counselling to increase step count (Mendoza 2015);
however, evidence for the addition of physical activity counselling
to use of a pedometer was less clear (Bender 2016; Moy 2015a;
Nguyen 2009; Wan 2017). The components associated with success
to date were not clearly linked to models of delivery or uniformly
accompanied by improvements in health-related quality of life or
exercise capacity or both, but oGer may merit further exploration.

Physical activity counselling and pulmonary rehabilitation/
exercise training

Direct comparison of physical activity counselling with pulmonary
rehabilitation was only undertaken in two studies. Whilst one
compared interventions of equal duration (six weeks; Widyastuti
2018), the other compared a longer counselling programme (12
weeks) to pulmonary rehabilitation (six weeks; O'Neill 2018).
The addition of physical activity counselling to pulmonary

rehabilitation has been the subject of numerous studies. However,
meta-analyses were not possible due to diversity in trial designs.
Whilst negative studies showed a lack of improvement in
physical activity and clinical outcomes (Burtin 2015; De Blok
2006; Nolan 2017), positive results for physical activity were
variably accompanied by improvements in health-related quality
of life and exercise capacity (Loeckx 2018; Mantoani 2018) or
unaccompanied by these (Altenburg 2015; Cruz 2016; Kawagoshi
2015), maintained at follow-up (Cruz 2016; Loeckx 2018) or not
maintained (Altenburg 2015). One study has demonstrated that
the combined addition of physical activity counselling and exercise
training to use of a pedometer resulted in improvements in step
count, health-related quality of life and exercise capacity that were
maintained at 12-month follow-up (Varas 2018), which provided
a constructive indicator for programme development, suggesting
that multifaceted interventions may be required for long-term
success.

Self-management

Several shorter-term self-management interventions
demonstrated some improvements in physical activity at end
intervention compared to no intervention (Mitchell 2013; Tabak
2014b), as did education-based alternatives (Blumenthal 2014;
Larson 2014). These improvements were not seen in longer studies
(Jolly 2018; Schuz 2015), which may reflect the challenge of longer-
term maintenance of this type of behaviour change.

Pharmacological treatments

There was mostly a lack of evidence for improvements in physical
activity following LAMA treatment (Beeh 2014; Magnussen 2017).
However, there was some evidence for a short-term increase in
step count and active energy expenditure following LAMA/LABA
combination treatment (Watz 2016; Watz 2017). In the multiple
comparisons of one study in which all groups received behaviour
modification, no comprehensive improvements in physical activity
were demonstrated with the addition of LAMA, LAMA/LABA or
exercise training in any combination over 12 weeks (Troosters
2018). These results suggest that meaningful change in and long-
term adoption of regular participation in physical activity will
require specific strategies targeting the behaviour of interest.

Endobronchial valve surgery

In one study assessing people six months aTer endobronchial
valve surgery, expected improvement in exercise capacity was
accompanied by improvement in a range of physical activity
measures, but not measures of inactivity (Hartman 2016), which
adds further evidence to the concept that improving physical
capacity does not naturally result in comprehensive behaviour
change.

Overall completeness and applicability of evidence

Study design

Of the 76 studies included, only 38 had physical activity as
a primary outcome. In the context of the myriad of disparate
interventions included in this review preventing meta-analyses for
most comparisons, findings were largely presented from individual
studies. As a result, whether studies were suGiciently powered
presents an important consideration.
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Additionally, protocols for activity monitor-wearing time resulted
in fewer participants completing physical activity outcome
assessments than health-related quality of life or exercise-capacity
measures. Only 17 studies assessed physical activity aTer a post-
intervention follow-up period, of which four studies demonstrated
maintained improvements, so there was very limited information
about the continued eGect over time following interventions.

Methodology

A lack of comprehensive descriptions of interventions,
particularly for physical activity counselling and exercise-training
interventions, and a paucity of data for adherence also made it
diGicult to know whether interventions were delivered as intended
and therefore limited the identification of eGective treatment
components. The evolution of behaviour change theory and
identification of critical components deployed in the development
of interventions post-dates some of this work (Michie 2013); future
studies should provide suGicient detail to enable replication and
implementation.

Devices

Rapid technological developments have led to a broad and ever-
growing range of tools being used within this field of practice.
The most commonly-used device to date (SenseWear Armband,
19 studies) is now obsolete, and the inaccuracy of step-count
data from this device has been documented (Lee 2015). Financial
considerations will inevitably factor into decisions about device
selection, both in research settings and in clinical practice.
However, the accuracy of data generated by diGerent devices in
people with COPD warrants consideration. Although we could not
conduct sensitivity analyses as planned according to pedometer
use, it is worth noting that a quarter of the studies in this review (15
studies) assessed step count using pedometers, despite evidence
for poor accuracy at slower gait speeds (Furlanetto 2010). The
impact of device selection on step count was highlighted in the
results of Nolan 2017, who demonstrated diGerent results for
pedometer-assessed step count compared to another device.

Outcomes

Step count was the most commonly-assessed outcome (54 studies),
followed by MVPA time (23 studies), sedentary time (12 studies)
and LIPA time (10 studies). One challenge with synthesis of these
variables was the variety and, in many cases, lack of specification
of threshold values used to define intensity of activity. A range
of wearing protocols were used and details about data handling
were not routinely specified. In some cases, it appeared that post-
intervention physical activity was assessed prior to completion (i.e.
whilst participants were still undertaking the intervention).

Due to the small number of interventions that improved physical
activity, it was not possible to evaluate whether improvements in
physical activity were consistently accompanied by improvements
in our secondary outcomes of health-related quality of life or
exercise capacity.

Other factors

To date, there has not been widespread regard for personal
factors beyond disease, physical or physiological features. Given
the complexity of physical activity behaviour, factors such as
motivation, readiness to change and self-eGicacy are also likely to
contribute to capacity to change physical activity, and therefore

should be integrated into future design of interventions (Trost
2002).

Certainty of the evidence

In assessments of the quality of the evidence, most results were of
low certainty, which was largely attributable to performance bias
and imprecision. As expected, inclusion of studies that assessed
physical activity objectively largely resulted in low risk of detection
bias for physical activity outcomes. However, it is interesting to
note that there were still instances where use of a device was
subject to bias where participants were required to self-report daily
measures. The nature of many interventions, including exercise
training and physical activity counselling, will inevitably limit the
capacity to blind participants to group allocation. This places more
importance on the role of blinding outcome assessors for other
outcomes such as exercise capacity. It is therefore concerning that
we rated only 33 studies at low risk of bias for this domain. Another
common observation was the frequency with which physical
activity outcomes were not identified or were reported in a diGerent
manner to prespecified protocols.

Potential biases in the review process

Data extraction and 'Risk of bias' assessments were undertaken
independently by two review authors, with clarification sought
from other co-authors as required. The inclusion of data published
only in conference abstracts ensured that we included all available
data in the review. We sought additional information from 29 study
authors to maximise accuracy of 'Risk of bias' assessment and data
for inclusion, 21 of whom provided information (Characteristics of
included studies).

Characteristics of the available data limited the application of
prespecified analyses in this review, but it is likely that future
versions will encompass these.

Use of cross-over study designs provides a challenge to inclusion
where behavioural components to interventions are delivered.
Despite the best eGorts of co-operating authors, there were studies
from which we could not obtain data that may have influenced
estimates.

Cochrane Reviews oTen define study inclusion and exclusion
criteria based on interventions; however, this review defined
study criteria based on an outcome (objectively-assessed physical
activity). In this relatively new field of measurement of this
complex behaviour, it is as yet unclear which interventions clearly
demonstrate benefit, and therefore inclusion of any approach was
intended to inform a comprehensive review of available data.

Agreements and disagreements with other studies or
reviews

Previously, the two most comprehensive reviews of interventions
to promote physical activity in people with COPD were conducted
by Mantoani 2016 (to March 2015; 60 studies), and Lahham
2016 (to May 2016; 37 studies). Consistent with this review,
both reviews noted poor quality of available evidence. Study
inclusion criteria for our review restricted studies to those assessing
physical activity objectively and to RCTs, where both previous
reviews had included subjective assessment and Mantoani 2016
included non-randomised, cohort and experimental designs.
Previous observations about duration of pulmonary rehabilitation/
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exercise training relating to increased physical activity could not
be substantiated in this review, however preliminary evidence
for combined interventions (e.g. physical activity counselling
and pulmonary rehabilitation/exercise training) was confirmed
by these results. However, preservation of the original units of
outcomes for analysis (e.g. number of steps, time in physical
activity rather than eGect sizes), rigour of inclusion criteria, a
rapidly-evolving area of clinical interest and concomitant increase
in the number of papers have resulted in a unique body of evidence
for the current review.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

Awareness is rapidly progressing of the importance of increasing
physical activity and decreasing sedentary behaviour for health
outcomes. This is reflected in our understanding of the magnitude
of the challenge for people with COPD to achieve the necessary
behaviour changes. A diverse range of interventions have been
assessed, mostly in single studies, but improvements have
not been systematically demonstrated following any particular
interventions. There was limited evidence for improvement
in physical activity with strategies including exercise training,
physical activity counselling, self-management, pharmacological
interventions and endobronchial valve surgery, and in specific
subgroups following nutritional supplementation and non-invasive
ventilation. Where improvements were demonstrated in activity of
at least moderate intensity, as recommended by guidelines (U.S.
Department of Health and Human Services 2018), they were of
relatively small magnitude. Compared to no intervention, high-
intensity interval training did demonstrate an improvement of six
minutes per day (Summary of findings for the main comparison)
and physical activity counselling did demonstrate an improvement
of 11 minutes per day (Summary of findings 3) aTer eight- to
12-week studies. Similarly, three to four weeks of LAMA/LABA
resulted in an improvement of 10 minutes per day (Summary of
findings 5). The greatest improvement was 24 minutes per day
aTer a six-month study of physical activity counselling in addition
to pulmonary rehabilitation in one study of 26 participants; this
finding is at odds with similar studies (Summary of findings 3).
These improvements were mirrored in the assessment of other
physical activity outcomes.

Overall, assessment of quality was limited by a lack of
methodological detail. The optimal timing, components, duration
and models for interventions are still unclear. There was scant
evidence for a continued eGect over time following completion of
interventions, a likely requirement for meaningful health benefits
for people with COPD.

Implications for research

This review does not indicate one clear path forward, but does
signal that optimisation of pharmacological management and
physical function, as well as compliance with COPD care guidelines,
may have an additional role in conjunction with physical activity
counselling strategies. Future research should consider the design
of interventions that are based on behaviour change constructs,
with follow-up of physical activity outcomes aTer programme
completion. Physical activity variables should be prospectively
identified (ideally in a trial registry or published protocol) and
reported accordingly. Outcomes should be selected according to
intervention objectives, and consideration should be given to
opportunities to inform longer-term cardiometabolic risk factor
mitigation. Device outputs should align with the outcomes of
interest (for example, using a validated device for step count in
an intervention targeting increasing walking towards a step count
goal) and wear-time protocols optimised to ensure data accuracy. A
comprehensive description of intervention design and delivery, as
well as physical activity data processing details, will be essential to
move this field forward, particularly in the context of technological
advancements.
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Preface  

In Chapter 2, the overwhelming lack of change in physical activity following a myriad of 

interventions was evident. Pulmonary rehabilitation represented the most widely studied 

intervention to improve physical activity to date. Meta analyses revealed only a small increase in 

total physical activity time, which was not undesirable, but not consistent with the increased 

intensity required to meet physical activity recommendations for improving health. Alternatives 

to pulmonary rehabilitation/exercise training programs have been investigated in range of single 

studies (including home-based pulmonary rehabilitation) and were not inferior for physical 

activity or clinical outcomes. The relationships between time spent in sleep, sedentary 

behaviours and physical activity with health are usually studied without accounting for the fact 

that the total time in the day is finite, such that changes in one activity component necessitates 

changes in other components. As time spent in each of these behaviours are co-dependent, it 

has been proposed that analyses should be undertaken using a compositional analysis paradigm, 

which accounts for this intrinsic co-dependence. 

The aims of Chapter 3 were to: (i) determine the impact of home- and centre-based pulmonary 

rehabilitation on movement behaviours; and                                                                                          

(ii) investigate associations between movement behaviours and participant characteristics, using 

both conventional and compositional analysis methods. 

The manuscript in this chapter was submitted to Journal of Physical Activity and Health on 28th 

May 2020 for publication and has been formatted according to journal guidelines. 
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Preface  

Previous research has demonstrated equivalent clinical outcomes and improved program 

completion for a model of pulmonary rehabilitation where the intervention was delivered 

entirely at home. However, the necessity for centre attendance for accurate assessment of 

exercise capacity prior to commencement (and following completion) continued to preclude 

delivery of an entirely home-based program. A feasible, reliable and responsive exercise test 

that could be safely undertaken in the home environment would help realise this model of 

service delivery. Preliminary work assessing a modified incremental step test (MIST) has been 

promising, but additional evidence was required for several outstanding applications for use in 

this setting.  

The aims of Chapter 4 were to determine the feasibility of conducting home and centre-based 

MISTs in people chronic respiratory disease; to establish the reliability of home-based MIST 

undertaken in the home environment; to demonstrate responsiveness of the MIST to change in 

exercise capacity following pulmonary rehabilitation; to define what represents a meaningful 

change in the MIST by defining the minimal clinically important difference; and to investigate 

whether prescription of intensity for exercise training (based on MIST results) provides a 

physiological response within the recommended training range. 

The manuscript in this chapter was submitted to Physical Therapy on 12th May 2020 for 

publication and has been formatted according to journal guidelines. 
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Abramson M, Holland A. Feasibility and reproducibility of the modified incremental step 

test for pulmonary rehabilitation. Respirology 2019;24:TO082. 
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Preface  

In Chapter 4, application of the MIST to facilitate home-based assessments to enable delivery of 

an entirely home-based pulmonary rehabilitation model was demonstrated. However, another 

important factor prior to recommendation for implementation in clinical practice was an 

economic evaluation to determine program delivery costs and whether completion of a home-

based program gave rise to any reduction in costs following pulmonary rehabilitation. To date, 

no reliable cost-effectiveness data for a home-based program have been available. 

The aim of Chapter 5 was to assess the impact of a new home-based model compared to centre-

based practice using cost-effectiveness and cost-utility analyses. A secondary aim was to 

determine if pulmonary rehabilitation completion was associated with lower costs in the 12 

months following the program. 

The manuscript in this chapter has been published in Respirology which has an impact factor of 

4.756. 

Burge, A, Holland A, McDonald C, Hill C, Lee A, Cox N, Moore R, Nicolson C, Lahham A, 

Gillies R, Abramson M, Mahal A. Home‐based rehabilitation for COPD using minimal 

resources: an economic evaluation. Respirology 2020;25:183-190 doi: 

10.1111/resp.13667 
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Discussion, conclusions and future directions 
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6.1 Overview of the main findings 

The studies in this thesis present a body of work to underpin clinical implementation of entirely 

home-based pulmonary rehabilitation. Previously identified gaps in knowledge related to 

optimal methods to improve physical activity and analyse physical activity outcomes; robust 

tools for home-based assessment of exercise capacity; and the cost-effectiveness of home-based 

pulmonary rehabilitation for people with COPD. The main findings of this these were: 

1. Despite pulmonary rehabilitation being the most widely-studied intervention to improve 

physical activity in COPD patients to date, there was limited evidence of benefit for this 

outcome, regardless of program location.  

2. A compositional approach to analysis of physical activity outcomes did not conclusively 

demonstrate differences between pulmonary rehabilitation settings, but did identify 

associations between participant features and movement behaviours that were not 

identified in conventional analyses.  

3. The MIST is feasible, reliable and responsive to pulmonary rehabilitation in the home-

based setting.  

4. Both home and centre-based pulmonary rehabilitation models offer similarly low-cost 

programs, and offer a significant reduction in healthcare costs in the 12 months 

following completion, regardless of program location. 

6.2 Strengths and limitations 

A strength of this thesis is the broad range of methodologies employed to encompass the 

diverse gaps in evidence required to support the clinical implementation of home-based 

pulmonary rehabilitation. The Cochrane systematic review (Chapter 2) used robust methods to 

synthesise objective physical activity data across a wide range of interventions, an approach that 

has not previously been used in COPD. Another strength was the unique application of the 

compositional data analysis approach in order to identify the impact of pulmonary rehabilitation 

on physical activity outcomes (Chapter 3). The study of clinimetric properties of the MIST 

provides new evidence for home-based exercise testing (Chapter 4). The comprehensive 

economic analysis (Chapter 5) received an editorial in Respirology where it was noted to 

“significantly strengthen the argument” for home-based pulmonary rehabilitation.[98]  

Limitations to the work in this thesis include the inability to draw strong conclusions from the 

Cochrane systematic review (Chapter 2) due to the broad range of interventions and physical 

activity measures used across studies, which limited data synthesis (Chapter 2). This did however 

identify highly important methodological issues that should be addressed in future studies. 
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Compositional analysis of physical activity data (Chapter 3) was limited by the number of 

participants with physical activity data available (fewer than the number of participants with 

data for clinical outcomes). However, this work bolstered previous findings for a relationship 

between physical activity outcomes and baseline functional exercise capacity. Participant 

numbers were also a limitation in the MIST study (Chapter 4) where not all participants went on 

to commence or complete pulmonary rehabilitation, which is not unusual in a clinical context, 

but resulted in limited data availability for assessment of responsiveness. The results indicated 

that an appropriate prescription of sufficient intensity to induce training benefits is possible in 

people with chronic respiratory disease. However, the utility of this approach in clinical practice 

is yet to be tested. The peak heart rate across all exercise tests was low, so it remains possible 

that the prescribed training intensity may be lower than required for an effective exercise 

training dose. Future research should test whether exercise prescription based on the MIST 

delivers the expected improvements in exercise capacity following pulmonary rehabilitation. The 

analysis of economic outcomes (Chapter 5) took a health system perspective and thus the full 

costs to patients and to society were not represented, however the health system perspective is 

the most important for policy makers and funders.  

6.3 Implications for future research 

This thesis provides many prospects for future research in this area. The dearth of improvements 

in physical activity outcomes identified in the Cochrane systematic review (Chapter 2) strongly 

demonstrates the need to develop effective interventions and provides inducement to consider 

alternative analytical approaches. This work did indicate some promise from interventions 

incorporating physical activity counselling based on behaviour change constructs, aligned with 

the optimisation of pharmacological management and physical function. However, a lack of 

theoretical rationale and incomplete descriptions of interventions frequently hindered 

identification of the necessary components for effective strategies. The evolution of behaviour 

change theory[103] and developing understanding of requirements for behaviour change in 

people with COPD[104] provides a framework for the development and documentation of 

effective interventions in the future. It is also evident that interpretation of outcomes following 

interventions to improve physical activity was limited by a lack of methodological detail. 

Inconsistencies regarding definition of threshold values for classifying activity according to 

intensity, measurement device wearing protocols and data cleaning were all demonstrated and 

indicated the need to create a synthesised approach to physical activity data collection and 

reporting to inform protocol development. 
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Research studying the clinical implementation of entirely home-based pulmonary rehabilitation 

(including measures of program access, uptake and completion) is now possible subsequent to 

my work demonstrating the MIST is a feasible, reliable and responsive exercise test for this 

setting (Chapter 4). This direction is consistent with the Australian Government’s Department of 

Health’s National Lung Health Strategy Priority Area 6 which states the recommendation to 

“fund implementation research to drive the uptake of best evidence into routine patient care 

(e.g. pulmonary rehabilitation)” (Recommended Action 6.1).[22] The availability of the MIST 

would also allow the study of exercise capacity and home-based rehabilitation in new groups 

including those located in remote areas away from health care facilities, and groups in whom 

centre-based visits should be minimised, such as patients with immunosuppression. There are 

opportunities for further work assessing test utility across the spectrum of disease severity and 

in a wider range of chronic respiratory diseases for which people are referred to pulmonary 

rehabilitation. Investigation of the impact of clinical models where participants are provided 

with program options may also demonstrate an impact on uptake and outcomes. 

The economic analysis presented in this thesis (Chapter 5) provides a detailed methodology that 

could be applied to other areas of pulmonary rehabilitation practice, and highlights the gaps in 

our understanding regarding the cost-benefit of this intervention. These gaps include an 

understanding of the health economic benefits of pulmonary rehabilitation following an acute 

exacerbation, maintenance pulmonary rehabilitation and repeat courses of pulmonary 

rehabilitation. The 6MWD was used as the measure of effectiveness as it was the primary 

outcome for the clinical trial, however use of a health-related quality of life measure would be 

an interesting application in future trials. The SF6D was chosen as the measure of utility as it had 

been demonstrated to be sensitive to health changes in people with COPD, but further 

investigation of alternative measures is another outstanding consideration. Whilst the study 

presented in this thesis used within-trial analyses, health economic modelling may also be a 

fruitful area for future research, to understand the costs and consequences of pulmonary 

rehabilitation over longer time periods. 

6.4 Implications for clinical practice 

An important finding for clinical practice from this thesis is the capability to deliver an entirely 

home-based pulmonary rehabilitation program using the MIST for assessment of exercise 

capacity (Chapter 4). Administration of this test is well within the scope of practice for 

pulmonary rehabilitation clinicians, who are accustomed to administering field exercise tests 

before and after the program. The test is feasible to administer in the home setting, allowing 
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participation of individuals who might not otherwise engage in pulmonary rehabilitation. Whilst 

this research showed that not all patients are able to undertake a MIST due to gait aid 

requirements or other medical conditions, it was feasible for 29% of patients who were typical of 

those seen in pulmonary rehabilitation programs. The original HomeBase paper[39] was identified 

by the American College of Physicians as 1 of the 7 most influential respiratory medicine papers 

globally in 2016, as a result of the potential to directly impact practice.[105] The work in this thesis 

directly contributes to further development of this model, by taking all aspects of the program 

into the home setting, underpinned by robust data. 

Unfortunately, pulmonary rehabilitation does not necessarily result in improvements in physical 

activity, regardless of program location (Chapter 2, Chapter 3). However, higher levels of 

functional exercise capacity appear to be an important foundation in order for patients to 

increase participation in physical activity (Chapter 3). It is well established that functional 

exercise capacity can be improved by pulmonary rehabilitation in people with COPD, regardless 

of disease severity.[14, 106] This provides additional incentive for clinicians to ensure that all 

patients are referred to pulmonary rehabilitation in accordance with Australian COPD-X 

Guidelines (NHMRC level 1 evidence, strong recommendation).[11] 

6.5 Implications for policy makers 

The complexity of the healthcare system necessitates consideration of a range of factors to 

inform changes to service provision and funding models, in addition to evidence for clinical 

effectiveness. In the context of a healthcare system with a growing burden, cost-efficiency is a 

strong driver for health care reform and policy makers require strategic initiatives to support a 

fundamental shift in how we fund and deliver health care.[107, 108] Development of patient-

centred services is supported by Australia’s National Lung Health Strategy Priority Area 5 which 

highlights the need to ensure equitable access to evidence-based management for lung 

conditions.[22] The recommendation is to “expand service delivery of pulmonary rehabilitation 

beyond the hospital setting into the community and home setting to greatly increase access”. 

Appropriate funding is essential for provision of pulmonary rehabilitation.   The Australian and 

New Zealand Pulmonary Rehabilitation Guidelines call for major changes in funding models to 

enable wider program provision.[41] In consideration of the unsuccessful application for an 

Medicare Benefits Schedule Item Number for Pulmonary Rehabilitation, the Australian 

Government’s Medical Services Advisory Committee highlighted the need for further “evidence 

of the effectiveness and cost-effectiveness of pulmonary rehabilitation”.[109] As previously 

highlighted, a home-based model overcomes many of the patient-level barriers to participation 
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in pulmonary rehabilitation, and results from the economic analysis presented in this thesis 

provide crucial data to underpin future decisions by policy makers (Chapter 5). 

Conclusion 

Pulmonary rehabilitation is recommended for people with COPD, supported by strong evidence 

for improvements in exercise capacity and health-related quality of life.  However, patient and 

system level barriers preclude widespread access. Home-based pulmonary rehabilitation delivers 

equivalent improvements in clinical outcomes, accompanied by an improved rate of program 

completion compared to traditional centre-based programs. This body of work addressed 

knowledge gaps that could facilitate clinical implementation of the HomeBase model. The 

studies in this thesis demonstrated persistently low levels of physical activity following 

pulmonary rehabilitation, regardless of program location but reinforced that exercise capacity 

appears to be a modifiable determinant of physical activity in people with COPD. The utility of 

the MIST for home-based assessment of exercise capacity and prescription of training intensity 

was also demonstrated, along with favourable cost-effectiveness compared to a traditional 

program model. This research provides new evidence to support the clinical implementation of 

home-based pulmonary rehabilitation as an alternative for people who cannot access centre-

based programs. 
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