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Thesis Abstract 

Exacerbations are common events in the natural history of COPD with negative impacts 

on morbidity and mortality. Although early pulmonary rehabilitation is recommended 

following an exacerbation of COPD, many eligible patients do not receive it and there is 

no consensus on the optimal model. The aim of this thesis was to optimise the model of 

pulmonary rehabilitation following exacerbations of COPD.  

A narrative review showed that recovery of lung function, airway inflammation and 

symptoms generally occurred in the first 14 days following a COPD exacerbation. People 

with older age, worse chronic dyspnoea and more severe COPD are at risk of 

experiencing prolonged recovery. A secondary analysis of a randomised controlled trial 

(n=166) demonstrated that 34% of participants had a severe exacerbation in the year 

following pulmonary rehabilitation.  Severe exacerbations were more likely in those with 

worse lung function and poorer quality of life at program commencement. The systematic 

review (n=28 included papers) showed that pulmonary rehabilitation programs with a 

duration longer than three weeks, including exercise training as well as education, and 

starting after hospital discharge were most effective in reducing hospital readmissions. 

Finally, action research methods (Phase I feasibility n=10/ Phase II qualitative interviews 

n=12 clinicians and 14 hospitalised patients)/ Phase III re-pilot n=5) found that although 

an early home-based pulmonary rehabilitation program is feasible after a severe 

exacerbation, many hospitalised patients with COPD did not meet eligibility criteria, 

including 24% with a comorbid condition that impacted safety of home-based exercise. 

This research reinforces the negative impact of exacerbations in people with COPD and 

identifies individuals in whom recovery may be prolonged. Early pulmonary 
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rehabilitation programs have potential to enhance recovery and reduce rehospitalisation.  

Models of early pulmonary rehabilitation that facilitate uptake and completion in a 

broader range of people with COPD, including those with comorbid conditions, are 

required.  
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CHAPTER ONE 

 Introduction and background 
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1.1  Chronic Obstructive Pulmonary Disease 

1.1.1  Pathophysiology 

Chronic Obstructive Pulmonary Disease (COPD) is a progressive lung disease that causes 

respiratory airflow and alveolar abnormalities (1, 2). COPD is an irreversible condition 

characterized by abnormal inflammatory responses commonly caused by exposure to noxious 

particles or gases (1, 2). Estimates from The Australian Institute of Health and Welfare 

(AIHW) suggest that one in every 20 Australians over the age of 45 has COPD (3). 

Moreover, the prevalence of COPD increases with advancing age, with as many as 7% of 

Australians aged greater than 65 years having COPD (3). In 2017, COPD was the fifth 

leading cause of death in Australia (3). 

 

Chronic obstructive pulmonary disease results from a complex interaction between genetic 

factors and the environment (4). Exposure to cigarette smoke is a well-known risk factor for 

COPD, however, less than 50% of smokers develop COPD during their life, while there are 

people who never smoked that develop the condition (4). Other factors can contribute to 

developing COPD, such as: indoor air pollution (burning wood, biomass fuels), outdoor air 

pollution, abnormal lung growth and development, airway hyper-reactivity and chronic 

bronchitis (4). Occupational exposures such as chemical agents and fumes are also important 

risk factors for developing COPD (4).  

 

The chronic inflammation process in the lungs associated with COPD causes irreversible 

airway narrowing and airflow limitation (5). Airway remodelling usually affects smaller 

airways and results in increased resistance to airflow, poorer compliance of the lungs and 
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progressive airflow obstruction (6). Abnormal inflammatory responses in the lung may also 

result in chronic bronchitis (mucous hypersecretion), emphysema (tissue destruction), and 

bronchiolitis (disruption of repair and defence mechanisms which causes airway 

inflammation) (6). Moreover, the lung loses its elastic recoil characteristics due to alveolar 

wall destruction from airway remodelling (6). Thus, hyperinflation is a common finding in 

COPD, due to gas trapping within the lungs (6). Another important change in lungs affected 

by COPD is ciliary dysfunction, which is worsened when associated with mucus 

hypersecretion (6). 

 

Physiologic changes in COPD are not exclusive to the lungs. Systemic complications in 

COPD may include skeletal muscle dysfunction (change in fibre-type composition and 

atrophy) as a consequence of hypoxia, hypercapnia or acidosis; systemic inflammation 

(increased proinflammatory cytokines in the systemic circulation) and muscle disuse as a 

result of sedentarism (7). Cardiovascular and neurologic changes may also be associated with 

systemic changes from COPD (7). 

 

People presenting with chronic cough, sputum production, shortness of breath and a history 

of exposure to risk factors such as smoking, or living or working with high air pollution, can 

be suspected of having COPD. Diagnosis of COPD is based on the patient’s history of 

environmental exposure, presence of cough, sputum production, or dyspnoea and confirmed 

by a lung function test (1, 2). The GOLD strategy suggests that any patient aged greater than 

40 years old presenting with these symptoms should undertake spirometry to confirm the 

diagnosis (2). A diagnosis of COPD requires post-bronchodilator forced expiratory ratio 

(FER - the forced expiratory volume in one second (FEV1) divided for the forced vital 
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capacity (FVC)), of less than 0.7 (2). Disease severity is also defined on the basis of 

spirometry - see Table 1 (2, 8).  

 

Table 1. Classification of COPD severity based on post-bronchodilator FEV1 

Classification  

(patients with FEV1/FVC <0.7) 

Severity Post-bronchodilator FEV1 

 

GOLD 1 Mild FEV1≥ 80% predicted 

GOLD 2 Moderate 50% ≤ FEV1 < 80% predicted 

GOLD 3 Severe 30% ≤ FEV1 < 50% predicted 

GOLD 4 Very severe FEV1 < 30% predicted 

Table legend: GOLD: Global Initiative for Chronic Obstructive Lung Disease strategy (2); 

FEV1: forced expiratory volume in one second; FVC: Forced vital capacity.   

 

1.1.2  Exacerbation of COPD 

One of the key factors that contributes to the progression of the disease is an acute change in 

the stable condition, referred to as an exacerbation of COPD (ECOPD) (9). During the 

natural course of COPD exacerbations are commonly experienced, and are characterized by 

worsening of both symptoms and the chronic inflammation in the airways, as compared to 

baseline condition (10). Etiologic factors such as viral or bacterial infection increase 

inflammatory responses in the airways leading to airway wall oedema and increased mucus 

production both of which contribute to narrowing of the tracheobronchial tree and worsening 

airway obstruction (10). The definition of ECOPD is frequently based on worsening 

symptoms. For research purposes ECOPD has been defined as two consecutive days of 

worsening on two major symptoms (Figure 1) (11).  
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Figure 1. Definition of exacerbation of COPD (ECOPD) 

Definition for ECOPD from Seemungal et al. (11) and the definition of recovery 

for ECOPD from Donaldson et al. (9). 

 

Exacerbations of COPD are one of the leading causes of hospital admission and death in 

people with COPD (12, 13), and can be considered both in terms of severity (e.g. the level of 

dyspnoea) and frequency (recurrence of exacerbation, regardless of severity) (14). During an 

ECOPD, symptoms may become overwhelming, resulting in a need for changes in 

medication (signifying a moderate exacerbation) and/or hospitalisation for supportive therapy 

(a severe exacerbation) (11). Worsening symptoms are associated with a reduction in health 
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status, poorer health-related quality of life and reduced exercise capacity (15, 16). In addition 

to the reduced exercise capacity evident during an ECOPD, muscle strength and muscle mass 

have also been shown to decrease in those people requiring hospitalisation for an 

exacerbation (17). Furthermore, the literature suggests that hospital admissions and 

readmission are significantly related to anxiety and depression factors (18). Individuals with 

COPD who are frequent exacerbators are more than twice as likely to have severe ECOPD 

(requiring hospitalisation) than infrequent exacerbators (15% vs 7%) (19). In addition, people 

who have frequent exacerbations over the course of a year often fail to return to their stable 

condition within the first month after exacerbation onset (20).  

The definition of recovery of ECOPD is having two consecutive days when symptoms have 

returned to the stable condition (Figure 1) (9). Longer time to recovery is related to inferior 

health status and a higher risk of having another ECOPD (9), however the time course of the 

natural recovery process is not well established. Whilst most people with COPD will recover 

within 14 days, it is clear that some people may have delayed recovery, or may not regain 

their previous status (21). The timelines for recovery, and the factors that affect recovery, 

have not been well described. The bulk of the literature regarding ECOPD focuses on 

designing interventions that would increase speed of recovery or result in better outcomes 

after exacerbation (22); however, strategies designed specifically to enhance recovery from 

ECOPD are difficult to implement without a comprehensive understanding of the recovery 

process. Chapter Two of this thesis is a narrative review that synthesises literature describing 

the natural course of recovery from an ECOPD. Understanding the recovery process might 

enable recognition of the best period to implement specific interventions for ECOPD.  
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Exacerbations of COPD have different symptoms and severity for each person, and in more 

severe occurrences require hospitalisation. Symptoms of exacerbations usually consist of 

increased dyspnoea, cough and sputum volume compared to the individual’s stable condition 

(23). Frequent exacerbations impact on functional capacity and quality of life of people with 

COPD reducing independence for daily life activities and even locomotion (24). The physical 

inactivity resulting from increased symptoms such as dyspnoea, together with 

hospitalisations during ECOPD, can have an important impact on muscle disuse; generating a 

cycle of disuse – inactivity – dyspnoea in this population (Figure 2). This disuse and 

inactivity provides a rationale for the use of pulmonary rehabilitation post ECOPD, to 

increase activity levels and improve skeletal muscle function (22). The potential role for 

pulmonary rehabilitation post ECOPD is described in the following section. 

 

 

Figure 2. Inactivity circle and the impact of ECOPD on muscle dysfunction 

Reference: Jones et al. (25) 
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1.2  Pulmonary rehabilitation 

1.2.1  Definition and benefits 

Pulmonary rehabilitation is a comprehensive intervention including exercise training and 

education designed to promote health and reduce symptoms associated with COPD (26). It is 

a nonpharmacologic therapy that is delivered alongside pharmacological treatments for 

people with COPD (27). The GOLD strategy endorses pulmonary rehabilitation as a 

recommended treatment for all patient groups (27). In addition, clinical guidelines from the 

American Thoracic Society and European Respiratory Society (ATS/ERS) state that 

pulmonary rehabilitation and pharmacotherapy are complementary treatments for patients 

with COPD (1). The Australian and New Zealand pulmonary rehabilitation guidelines 

recommend pulmonary rehabilitation for people with COPD either in a stable condition or 

after ECOPD (28).  

 

Pulmonary rehabilitation programmes for people with stable COPD effectively improve 

exercise capacity, quality of life and reduce symptoms and health care utilisation (29). The 

programme reduces the perceived intensity of dyspnoea, number of hospitalizations and 

hospital length of stay, as well as reduces anxiety and depression associated with COPD (29). 

Importantly, the clinical outcome improvements achieved during pulmonary rehabilitation 

are usually extended for the months to follow (30); however, the results are often not 

maintained long term (31). Studies of people with COPD in a stable condition demonstrate 

return to pre-pulmonary rehabilitation levels of exercise capacity and quality of life one year 

after attending a pulmonary rehabilitation programme (31, 32). The reasons for this 

regression are unclear. One possible factor that could contribute to this deterioration of 
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function is the occurrence of ECOPD during the follow up period. An ECOPD affects 

exercise capacity and quality of life, both of which have been demonstrated to fail to 

completely recover after an ECOPD (21). However, the impact of exacerbations in the year 

following pulmonary rehabilitation on long term clinical outcomes has not been investigated. 

Chapter Three of this thesis presents a study examining the impact of ECOPD on exercise 

capacity and quality of life in the year following pulmonary rehabilitation; additionally, it 

investigates possible predictors of exacerbations in the year following pulmonary 

rehabilitation and their relationship with clinical outcomes. Understanding which groups of 

patients are at risk of ECOPD, and consequently poor outcomes, following pulmonary 

rehabilitation may allow closer clinical monitoring and could potentially influence new 

research focusing on specific interventions for individuals with COPD at most risk. 

 

Pulmonary Rehabilitation starting early after ECOPD improves quality of life and exercise 

capacity, and it could decrease the negative effects of inactivity during the episode (22).  As a 

result, the Australian and New Zealand Pulmonary Rehabilitation guidelines recommend that 

people with COPD undertake pulmonary rehabilitation as soon as two weeks after hospital 

discharge for an ECOPD (28). Such recommendations are based on evidence, including a 

study of 60 individuals hospitalized for ECOPD which found that 33% of participants in the 

usual care group were re-admitted to hospital within 3 months, while only 7% of the 

participants who undertook pulmonary rehabilitation early after hospital discharge for 

ECOPD were readmitted (33). A Cochrane systematic review updated in 2016 including 20 

studies demonstrated high-quality evidence for pulmonary rehabilitation in enhancing quality 

of life and functional capacity, and moderate-quality evidence for reduction in hospital 

admissions in those who undertook pulmonary rehabilitation post ECOPD (pooled OR 0.44, 
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95% CI, 0.21 to 0.91, P=0.03) (22). The updated review included six studies (670 

participants) in a meta-analysis which demonstrated a non-significant effect of rehabilitation 

on mortality (low-quality evidence; pooled OR 0.68, 95% CI 0.28 to 1.67) (22). Although the 

results of the systematic review are encouraging, one study included in the review update has 

raised important concerns related to safety of starting pulmonary rehabilitation early after 

ECOPD (34). Despite initial encouraging outcomes of early pulmonary rehabilitation studies 

(22) recent data have been far less encouraging and suggest that a re-evaluation of this 

intervention may be required. 

 

A randomised controlled trial conducted in the United Kingdom (n=389) randomised 

participants with ECOPD to either very early rehabilitation (started within 48 hours of 

hospital admission) or usual care (34). Very early pulmonary rehabilitation (aerobic and 

resistance exercise) was commenced in hospital and was followed by an unsupervised 

exercise programme until 6 weeks after discharge, supported by telephone (34).  Greening et 

al. (34) reported no differences between groups relating to hospital readmissions, physical 

function and health status at 6 weeks after discharge. However, the study found a higher 

mortality risk in the very early pulmonary rehabilitation group after 12 months (OR 1.74, 

95% CI, 1.05 to 2.88, P=0.03) (34). Whilst the reason for this increased mortality is not 

known, it is possible that the programme structure was a contributor. The intervention started 

very early in the recovery period (during hospitalisation); the home-based programme was 

largely unsupervised; and fewer intervention participants undertook a traditional centre-based 

rehabilitation in the following 12 months compared to the control group (14% vs 22% 

respectively, p=0.04) (34). It has been suggested that participants in the intervention group 

may have seen their rehabilitation needs as having been met, and this failure for very early 
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rehabilitation to articulate with the traditional model of pulmonary rehabilitation, delivered in 

the stable clinical state with known efficacy and long term benefit, may be responsible for the 

adverse findings (34). The complex nature of early pulmonary rehabilitation interventions 

often makes it difficult to establish what characteristics of the intervention are critical to the 

findings (35). Pulmonary rehabilitation programs vary in structure and content, which will be 

explored in the following section.  

 

1.2.2  Structure of pulmonary rehabilitation programmes 

Pulmonary rehabilitation programmes are most commonly located in the hospital as an 

outpatient service (1). In people with stable COPD a home-based pulmonary rehabilitation 

programme can also achieve equivalent clinical benefits as centre-based pulmonary 

rehabilitation (31). For improvements to be achieved with pulmonary rehabilitation, exercise 

training must be individually tailored and progressive to exceed daily life activity loads and 

increase muscle strength and aerobic capacity (26). Exercise training is an essential 

component of pulmonary rehabilitation, in addition to which self-management education has 

also been recognized as a key component for management of COPD (26, 27). Common key 

elements included within a pulmonary rehabilitation programme are: 

 

Endurance training: designed to increase aerobic capacity, should be performed at a 

symptom-limited level of intensity. Dyspnoea score between 3 to 4 on the modified Borg 

scale (28). The modalities commonly used for endurance training in pulmonary rehabilitation 

programmes include walking (ground walking or treadmill) and stationary cycling (26). 
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Resistance training: is designed to increase muscle strength, however there is no consensus as 

to what are the best exercises or muscle groups to be trained in people with COPD. Given 

people with COPD commonly report difficulties with daily activities that include the upper 

limbs and reaching over the head movements (i.e. dressing, bathing, shopping) inclusion of 

exercises for these muscle groups should be considered (36).  

 

Education and self-management: including topics such as pathophysiology of COPD, 

interpretation of medical testing, breathing strategies, benefits of such as exercises, irritant 

avoidance (smoking cessation), and healthy food intake, are considered a key element of 

pulmonary rehabilitation (26, 37). The aim of self-management training is to promote self-

efficacy increasing knowledge and skills for people about their lung condition, the best way 

of using health care professionals, and achieving their health goals (37). Self-management 

strategies are important in order to promote behaviour change aiming to reduce anxiety and 

depression factors associated to COPD and ECOPD (18); and increase patient’s skill on how 

to manage their disease (26). 

 

The Australia and New Zealand pulmonary rehabilitation guidelines recommend patients 

with moderate-severe COPD undertake pulmonary rehabilitation to reduce inactivity and 

exacerbations (28). While pulmonary rehabilitation has been broadly studied and applied for 

people with stable COPD (29), pulmonary rehabilitation programmes are also recommended 

for people after ECOPD (22). Although the Cochrane Review of pulmonary rehabilitation 

after ECOPD reported important results (22), the structure of the included pulmonary 

rehabilitation programmes was heterogeneous regarding programme characteristics (22). 

Studies delivered exercise programmes alone (38) or associated with education (39); starting 



13 

 

during hospital admission (38) or after discharge (39), with and without supervision (34, 38, 

40). There is no consensus in the literature regarding optimal structure of a pulmonary 

rehabilitation programme after ECOPD concerning duration, frequency, location, or 

supervision. To address the lack of evidence regarding structure of pulmonary rehabilitation 

after exacerbations, Chapter Four presents a systematic review describing the impact of 

pulmonary rehabilitation programme characteristics on clinical outcomes following an 

ECOPD. 

 

1.2.3  Barriers to uptake and new approaches 

Although pulmonary rehabilitation is an important and recommended treatment for people 

with COPD (1, 2, 22, 29), a large number of individuals with COPD who would benefit have 

limited access to programmes (41, 42). In Australia, fewer than 10% of people eligible for 

pulmonary rehabilitation have ever accessed a programme (3).   This reflects issues 

associated with programme uptake (being referred to a service, but failing to attend the initial 

appointment) (43), participation (attendance at sessions during the programme) and 

completion (attending a pre-determined number of rehabilitation sessions, commensurate 

with achieving a sufficient dose of rehabilitation) (41).  In a UK wide pulmonary 

rehabilitation service audit, for every 100 people referred to pulmonary rehabilitation (from 

68000 referrals during the audit period) more than 30% fail to attend the initial appointment 

(lack of uptake) (44).  Of the people who do start pulmonary rehabilitation, less than 2 in 

every 3 (or around 40% of the initial 100 referrals) attend sufficient rehabilitation sessions to 

be classified as a rehabilitation ‘completer’ (44). There are multiple, well-documented, 

factors that limit access to and uptake and completion of pulmonary rehabilitation 
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programmes including poor referral rates, finite availability of services, and patient related 

factors (45, 46). 

 

A systematic review including 48 studies of both individuals with COPD and healthcare 

practitioners working in COPD identified key barriers to pulmonary rehabilitation referral, 

uptake and completion were commonly related to the environment, limited understanding of 

both referral processes and what pulmonary rehabilitation is, as well as unclear understanding 

and expectations of the benefits of pulmonary rehabilitation (41). Knowledge (or lack of) of 

the referral process to pulmonary rehabilitation by clinicians, understanding by the patient of 

why and what they have been referred to, and previous (positive or negative) experience of 

pulmonary rehabilitation for clinicians associated with other referrals they have made can all 

influence the uptake of pulmonary rehabilitation (41).  

 

Patient related barriers to attending a pulmonary rehabilitation programme are also widely 

reported and include disruption to usual routine, travel to the location, inconvenient time and 

location of programmes, lack of knowledge about the benefits of pulmonary rehabilitation 

and the influence of the patient’s doctors about pulmonary rehabilitation (43). People who 

commence a pulmonary rehabilitation programme but fail to complete it frequently have 

comorbidities, including depression, associated with COPD (43). Current smokers are also 

less likely to complete a pulmonary rehabilitation programme than non-smokers (43). 

Limited knowledge about the benefits associated with completing a programme of pulmonary 

rehabilitation, and a lack of support, are also important factors associated with non-

completion (43).  
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While reported barriers to outpatient pulmonary rehabilitation access, uptake and completion 

have largely been documented in people with stable COPD, it would seem likely that people 

with COPD following an ECOPD would face similar or even greater issues in accessing 

pulmonary rehabilitation programmes. Referrals to pulmonary rehabilitation after hospital 

discharge are low with only 24-40% of eligible patients referred to pulmonary rehabilitation 

on discharge for ECOPD (39, 42).  Irrespective of referral, recent reports suggest that less 

than 2% of all patients hospitalized due ECOPD undertake pulmonary rehabilitation within 6 

months of hospital discharge, with fewer than 3% starting pulmonary rehabilitation in the 

year after discharge (47).  

 

To overcome barriers to accessing pulmonary rehabilitation researchers are developing new 

approaches and alternative models of delivering pulmonary rehabilitation, such that a larger 

number of people may be able to access services (31, 40). Home-based programmes could be 

a good solution to increase the reach of pulmonary rehabilitation and its associated benefits 

(31). An important multicentre study published in 2017 showed that a home-based 

programme, using minimal resources, delivered equivalent benefits to centre-based 

pulmonary rehabilitation in people with stable COPD (31). A sub-group analysis within the 

study indicated that patients in the home-based group felt supported and that they could 

continue their exercise routine after the end of pulmonary rehabilitation (48). The home-

based programme was designed to overcome barriers associated with attendance at outpatient 

pulmonary rehabilitation. It is possible that this model of programme delivery may be 

beneficial to assist people following hospitalisation for ECOPD to access pulmonary 
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rehabilitation services. Chapter Five reports an action research project designed to assess the 

feasibility of a home-based pulmonary rehabilitation programme starting early after ECOPD. 

The research was designed in three phases: assessing feasibility of a home-based pulmonary 

rehabilitation programme; qualitative interviews with patients and clinicians to improve the 

model; and, re-testing the programme delivery.  
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1.3  Summary 

Exacerbations are important events in the natural history of COPD that influence long-term 

outcomes. Recovery following ECOPD is poorly understood, both in terms of time course 

and influencing factors. Furthermore, there is not much information on the impact of 

exacerbations in the year following pulmonary rehabilitation. Although pulmonary 

rehabilitation is recommended for people following ECOPD the structure of tested programs 

is heterogeneous and there is not a consensus about what characteristics are important to 

achieve its benefits. Finally, the current model of centre-based pulmonary rehabilitation does 

not reach the majority of people with COPD early after exacerbations.  
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1.4  Thesis overview 

The objective of this thesis was to optimise the model of pulmonary rehabilitation following 

exacerbations of COPD. The specific aims of each chapter were to: 

1- Describe the natural recovery process following ECOPD for lung function, 

inflammatory markers, symptoms, physical activity and quality of life;  

2- Examine the impact of ECOPD on clinical outcomes at 12 months after pulmonary 

rehabilitation and identify predictors of ECOPD in the year after pulmonary 

rehabilitation; 

3- Determine the impact of the pulmonary rehabilitation program characteristics on clinical 

outcomes following an ECOPD; 

4- Design and test a pulmonary rehabilitation protocol addressing barriers to uptake and 

completion of pulmonary rehabilitation following ECOPD. 

 

To achieve these aims, the following four studies were undertaken: 

Chapter Two is a narrative review that describes the natural recovery process following an 

ECOPD (Aim 1). 

Chapter Three is a secondary analysis from a randomised controlled trial exploring the 

impact of exacerbations on clinical outcomes one year after exacerbation (Aim 2). 

Chapter Four is a systematic review to understand what are the characteristics of pulmonary 

rehabilitation programs following ECOPD that are important in order to achieve benefits 

(Aim 3). 



19 

 

Chapter Five is an action research project to test the feasibility of a home-based model of 

pulmonary rehabilitation early after ECOPD (Aim 4). 

Chapter Six presents an overview of overall findings of the thesis, clinical implications of the 

findings and future research directions. 
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CHAPTER TWO 

 Recovery Following Exacerbations of Chronic 

Obstructive Pulmonary Disease - A Review 
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2.2 Preface 

Exacerbations of chronic obstructive pulmonary disease (ECOPD) are one of the leading 

causes of hospital admission and death in people with chronic obstructive pulmonary disease 

(COPD). Exacerbations have detrimental effects on health status and quality of life of people 

with COPD, and longer recovery following an exacerbation is related to poorer health status 

and a higher risk of having another exacerbation. To reduce the impact of ECOPD, much 

current research is focussed on developing new strategies for improving recovery post 

exacerbation. However, in order to best restore health and function post ECOPD, an 

understanding of the natural recovery process following exacerbation is required. 

Understanding the natural pattern of recovery from an exacerbation in COPD is important in 

order to develop interventions that are necessary, effective and timely to restore health or 

reduce the negative consequences of ECOPD. 

 

The aim of the narrative review presented here was to describe the natural recovery course 

following ECOPD as relates to lung function, inflammatory markers, symptoms, physical 

activity and quality of life. Findings from this review identify the importance of recognising 

prolonged recovery and highlight the need to develop and assess interventions that could 

enhance recovery post exacerbation. 

 

One publication has arisen from this chapter, a narrative review published in COPD Journal 

of Chronic Obstructive Pulmonary Disease that has an impact factor 2.503. 
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2.3 Manuscript 
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CHAPTER THREE 

 The impact of COPD exacerbations in the year 

following pulmonary rehabilitation: secondary 

analysis of a randomised controlled trial 
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3.2 Preface 

The narrative review presented in Chapter Two found that lung function and airway 

inflammatory markers take about one week to recover following exacerbation of COPD; 

while recovery of symptoms, systemic inflammation and quality of life takes longer - 

approximately 14 days to recover. However not all participants will fully recover after three 

months and in some cases the baseline status will not be restored. The review confirmed that 

lower physical activity in the months following exacerbation increases risk of hospital 

readmission in the following year. Pulmonary rehabilitation, a program of exercise training 

and self-management education, has been demonstrated to reduce the need for future 

hospitalisation in people with stable COPD, however the mechanism by which this occurs is 

unclear. Pulmonary rehabilitation achieves positive effects on exercise capacity and quality 

of life and reduces symptoms. It can be delivered at either an outpatient centre or directly into 

the patients’ home with the same benefits. Although pulmonary rehabilitation improves 

functional capacity and quality of life, the results are not maintained long term. It is not clear 

why this deterioration in outcomes occurs, or whether having an exacerbation could be 

associated with poorer outcomes long term. 

 

The aim of this study was to examine the impact of exacerbations on clinical outcomes at 12 

months after pulmonary rehabilitation. This study also aimed to document the frequency and 

severity of COPD exacerbations in the year following pulmonary rehabilitation; and identify 

predictors of exacerbations in the year after pulmonary rehabilitation. Findings of this study 

will help to understand the impact of exacerbations in the year following pulmonary 
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rehabilitation. It suggests that future research on strategies to maintain the benefits of 

pulmonary should address exacerbation prevention and management. 

 

The manuscript arising from this study was submitted for publication to Respirology on 13th 

May 2020 and is currently under review. The journal has an impact factor 4.756. 
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Abstract 

Background: Pulmonary rehabilitation is an effective treatment for people with chronic 

obstructive pulmonary disease (COPD), but its benefits are poorly maintained. The aim of 

this study was to evaluate the impact of COPD exacerbations in the year following 

pulmonary rehabilitation on outcomes at 12 months. 

Methods: This was a secondary analysis from a trial of home versus hospital-based 

rehabilitation in COPD, with 12 months of follow-up. Moderate and severe exacerbations 

were identified using administrative data (prescriptions) and hospital records (admissions) 

respectively. The impact of exacerbations at 12 months following pulmonary rehabilitation 

was evaluated for quality of life (Chronic Respiratory Questionnaire, CRQ), dyspnoea 

(modified Medical Research Council, mMRC), exercise capacity (6-minute walk distance, 

6MWD) and objectively measured physical activity (moderate-to-vigorous physical activity, 

MVPA). 

Results: 166 participants were included, with mean age(SD) 69(9) years and forced 

expiratory volume in one second (FEV1) 49(19)%predicted. Moderate exacerbations 

occurred in 68% and severe exacerbations in 34% of participants. Experiencing a severe 

exacerbation was an independent predictor of worse 12-month outcomes for CRQ (total, 

fatigue and emotional function domains), mMRC, 6MWD and MVPA (all p<0.05). 

Participants who completed pulmonary rehabilitation were less likely to have a severe 

exacerbation (29% vs 48%, p=0.02). Severe exacerbations were more likely in those with 

worse baseline CRQ total (odds ratio 0.97, 95%CI 0.95 to 0.99) and FEV1 %predicted (0.98, 

95%CI 0.96 to 0.99). 
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Conclusion: Severe exacerbations occur frequently following pulmonary rehabilitation and 

predict worse 12-month outcomes. Strategies to maintain the benefits of pulmonary 

rehabilitation should address exacerbation prevention and management. 

Key words: COPD, exacerbations, pulmonary rehabilitation, long term maintenance, 

predictors 

Short Title: COPD exacerbations in the year following PR. 
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List of abbreviations: 

6MWD: Six minute walk distance 

ECOPD: Exacerbation of COPD 

COPD: Chronic obstructive pulmonary disease 

CRQ: Chronic Respiratory Questionnaire 

FEV1: Forced expiratory volume in one second  

FVC: Forced vital capacity 

GOLD: Global Initiative for Chronic Obstructive Lung Disease 

HRQoL: Health-related quality of life 

IQR: Interquartile range 

mMRC: Modified Medical Research Council 

MVPA: Moderate-to-vigorous physical activity 

OCS: Oral corticosteroids 

RR: Risk relative 

SD: Standard deviation 
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Introduction 

Chronic obstructive pulmonary disease (COPD) is characterised by significant functional 

limitation and high mortality (1). Exacerbations of COPD are associated with disease 

progression and are one of the leading causes of hospital admission (2) and death (3), 

highlighting the importance of interventions to prevent exacerbations or minimise their 

impact. Optimal treatment of COPD focuses on medication management, patient education, 

action plans for exacerbations, and pulmonary rehabilitation (4). Pulmonary rehabilitation, a 

program of exercise training and self-management education, is considered essential in the 

care of people with COPD(4, 5). Pulmonary rehabilitation improves exercise capacity and 

quality of life and reduces symptoms and health care utilisation in people with stable COPD 

(6). However, these improvements are not maintained long term. At 12 months following 

pulmonary rehabilitation, measures of exercise capacity, symptoms and health-related quality 

of life (HRQoL) have returned towards their pre-rehabilitation values(7, 8). Maintenance 

exercise programs have not been effective in preventing this deterioration (9). It is possible 

that exacerbations in the post-pulmonary rehabilitation period contribute to the lack of 

sustained benefit at 12 months, but this has not been systematically evaluated. Understanding 

the impact of exacerbations on long-term outcomes, and in whom exacerbations are likely to 

occur, may assist in designing more effective maintenance strategies following pulmonary 

rehabilitation.  

The aims of this study were to: (i) document the frequency and severity of COPD 

exacerbations in the year following pulmonary rehabilitation; (ii) examine the impact of 

exacerbations on clinical outcomes at 12 months after pulmonary rehabilitation; and (iii) 

identify predictors of exacerbations in the year after pulmonary rehabilitation. 
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Methods 

Study Participants 

This is a secondary analysis of data collected from the HomeBase trial (8), a randomized 

controlled trial that recruited 166 people with COPD from two Australian tertiary hospitals 

between October 2011 and April 2014. The HomeBase trial compared a low cost, home-

based model of pulmonary rehabilitation to a traditional centre-based program. The trial 

protocol and outcomes have been reported previously (8, 10) and the study protocol was 

registered (NCT01423227, clinicaltrials.gov). Eligibility criteria were a diagnosis of COPD 

(FEV1/FVC ratio < 0.7), with a smoking history of at least 10 years and age 40 years or older. 

Exclusion criteria were a diagnosis of asthma, attendance at a pulmonary rehabilitation 

program in the last two years, a COPD exacerbation within four weeks prior to study 

enrolment, or presence of any comorbidities which prevented participation in an exercise 

training program. 

Participants randomized to centre-based pulmonary rehabilitation received usual supervised 

pulmonary rehabilitation in a hospital outpatient setting twice a week, with encouragement to 

exercise at least another three times per week at home. Participants randomised to home-

based pulmonary rehabilitation (HomeBase) received an initial home visit from a 

physiotherapist followed by seven, once-weekly telephone calls from a physiotherapist for 

progression of the exercise prescription and self-management training. Participants in the 

HomeBase group were encouraged to exercise five days of the week for at least 30 minutes 

comprising aerobic and resistance training. Both pulmonary rehabilitation programs had a 

duration of eight weeks and participants recorded their home exercise participation in a diary. 

Exacerbations of COPD 
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The number of moderate and severe exacerbations for each participant in the 12 months 

following pulmonary rehabilitation was obtained using data collected from the hospital 

medical records and Australian government Medicare Benefits Schedule and Pharmaceutical 

Benefits Scheme records. An exacerbation was classified as severe if it resulted in a hospital 

or emergency department admission (4, 11-13), or moderate if it resulted filling of a 

prescription for oral corticosteroids (OCS) and/or antibiotics (11-14), in accordance with 

Global Initiative for Chronic Obstructive Lung Disease (GOLD) strategy classification for 

exacerbation severity (4) (Table S1, online supplement). It was not possible to identify mild 

exacerbation of COPD (change in symptoms with small change in management such as 

increased bronchodilators), as data for daily symptom changes were not collected during the 

trial. To be classified as a new exacerbation the event must have occurred more than 14 days 

following the previous event (11, 15). 

Outcomes of pulmonary rehabilitation 

Measures of exercise capacity, health-related quality of life and symptoms were obtained at 

baseline, after eight-week intervention period, and 12 months follow-up. Functional exercise 

capacity was measured using the six minute walk test (6MWT), a valid measure of exercise 

capacity in people with COPD that is responsive to pulmonary rehabilitation (16). Health-

related quality of life was measured with the self-reported Chronic Respiratory Disease 

Questionnaire (CRQ)(17), a disease specific measure which assesses the domains of 

dyspnoea, fatigue, emotional function and mastery. Higher scores indicate better quality of 

life. The modified Medical Research Council Scale (mMRC) is a validated measure of the 

functional impact of dyspnoea in people with COPD (18). Physical activity was measured in 

a subgroup of participants (home-based group n = 29; centre-based group n = 38) using the 

Senswear armband (19) and reported as total time spent in moderate to vigorous physical 
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activity (MVPA, min/day) time spent in bouts of MVPA lasting more than 10 minutes, and 

sedentary awake time (min/day). Completion of pulmonary rehabilitation was defined as 

attending at least 70% of planned sessions (8). 

 

Statistical analysis 

Data analysis was conducted using SPSS V.25.0 (IBM, New York). Descriptive statistics 

(mean and standard deviation (SD) or median and interquartile range [IQR] or number (n 

(%)) were used to describe frequency and severity of exacerbations in each group. Relative 

risk of having an exacerbation was calculated for dichotomous measures. Kaplan-Meier 

survival analyses were used to describe the time to first exacerbation after pulmonary 

rehabilitation. Clinical outcomes of interest were change from baseline (pre-pulmonary 

rehabilitation) to 12 months following pulmonary rehabilitation, in order to evaluate long-

term benefits. Univariate analyses comparing outcomes in individuals who did and did not 

experience an exacerbation during the 12 months follow-up were conducted using t-tests or a 

non-parametric equivalent. Multiple linear regression analysis was used to evaluate the 

independent impact of experiencing an exacerbation (any exacerbation or severe 

exacerbation) on clinical outcomes at 12 months, controlling for group allocation (home or 

centre-based pulmonary rehabilitation), baseline values (functional capacity, quality of life), 

age, gender, FEV1 and smoking status. Logistic regression was performed to assess 

predictors of exacerbations in the year following pulmonary rehabilitation. Independent 

variables of interest were predictors of exacerbations previously identified in a large cohort 

of patients with COPD (20), including FEV1 % predicted, history of gastro-oesophageal 

reflux and baseline health-related quality of life. Other known predictors of exacerbations 
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(exacerbation history, white cell count) were not available in our dataset. Completion of 

pulmonary rehabilitation (yes/no) was included as a potential predictor, as this was associated 

with future hospitalisation in our trial(8).  Separate models were constructed for severe 

exacerbations, or any exacerbation (moderate or severe).  

 

Results 

Data from 166 participants in the HomeBase trial who completed centre-based (n=86) or 

home-based (n=80) rehabilitation were included. Data were missing for n=13 participants 

who declined to perform one or more tests at the follow-up assessments (8). Demographic 

characteristics of participants are presented at Table 1.  

During the year following pulmonary rehabilitation 123 (74%) participants had at least one 

exacerbation and 56 (34%) participants had at least one severe exacerbation (Table 1). There 

was no difference between groups in the risk of having any exacerbation (RR 1.06 [95%CI 

0.89 to 1.26], p=0.51) or a severe exacerbation (RR 0.75 [95%CI 0.48 to 1.16], p=0.20). 

Following pulmonary rehabilitation, median [IQR] time to first exacerbation was 48 [15 to 

125] days in the HomeBase group compared to 26 [12 to 112] days for the centre-based 

group (p = 0.93), with similar findings for time to first severe exacerbation (median 117 days 

[30 to 283] vs 128 [31 to 221], p=0.18). As there were no significant differences in 

exacerbation risk between groups, data were combined for subsequent analyses. 

Univariate analysis showed no statistically significant difference between those who 

experienced any exacerbation compared to those who did not for change in functional 

capacity, health-related quality of life, dyspnoea or physical activity from baseline to 12 

months after pulmonary rehabilitation (Table 2). Individuals who experienced a severe 
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ECOPD tended to have worse outcomes than those with moderate or no exacerbations; this 

reached statistical significance only for CRQ fatigue domain (Table 2). However, in multiple 

linear regression analysis controlling for baseline features, having a severe exacerbation was 

an independent predictor of worse outcomes at 12 months following pulmonary rehabilitation 

for health-related quality of life (CRQ total, fatigue, mastery and emotional function), 

dyspnoea (mMRC), functional capacity (6MWD) and daily physical activity (total MVPA) 

(Table 3). Age, FEV1, smoking status and group allocation were not independent predictors 

of 12-month outcomes. Experiencing any exacerbation (moderate or severe) was not an 

independent predictor of clinical outcomes at 12 months following pulmonary rehabilitation 

(Table S2).   

Participants who completed pulmonary rehabilitation (attending at least 70% of sessions) 

were significantly less likely to have a severe exacerbation in the following 12 months (29% 

vs 48%, p=0.02). Aside from program completion, the initial response to pulmonary 

rehabilitation at 8 weeks did not differ between patients with and without a subsequent 

exacerbation, regardless of exacerbation severity (Table S3). A logistic regression model 

showed that for every 10-point increase in CRQ total score at baseline, the odds of a severe 

exacerbation were reduced by 24% (p=0.01). For every 10% increase in FEV1%predicted at 

baseline, the odds of a severe exacerbation were reduced by 32% (p=0.002, Table 4). 

Pulmonary rehabilitation completion reduced the odds of a severe exacerbation by 46%, but 

this did not reach statistical significance (p=0.10).  

 

Discussion 
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This secondary analysis of a clinical trial data shows that exacerbations are common in 

people with COPD in the year following pulmonary rehabilitation, with severe exacerbations 

occurring in one third of our sample. Those who experienced severe exacerbations had worse 

12-month outcomes for health-related quality of life, symptoms, exercise capacity and daily 

physical activity. Severe exacerbations were more likely in those who had entered pulmonary 

rehabilitation with lower respiratory function and poorer health-related quality of life. Those 

who are unable to complete 70% of their pulmonary rehabilitation sessions may also be at 

higher risk of severe exacerbation in the year following the program. 

The number of patients experiencing at least one COPD exacerbation requiring 

hospitalisation (34%) was high in our study. Recent clinical trials and cohort studies have 

reported that over 12 months less than 15% of participants experience a severe exacerbation 

requiring hospitalisation (21, 22). Consistent with the features of patients who are typically 

referred to pulmonary rehabilitation, our participants had high symptom burden and low 

functional capacity. They may therefore represent a different subset of the COPD population 

to those commonly enrolled in trials of pharmaceutical treatments or cohorts. Although there 

is some evidence that pulmonary rehabilitation may reduce subsequent hospitalisation, 

particularly when delivered after an exacerbation (23), the results of the current study suggest 

that pulmonary rehabilitation participants remain at high risk of hospitalisation in the year 

following the program. 

Maintaining the benefits of pulmonary rehabilitation over time has been called the ‘holy 

grail’ of pulmonary rehabilitation research (24). Our results highlight the important impact of 

severe exacerbations on the long-term outcomes of pulmonary rehabilitation. A previous 

study has examined the exacerbations in the six months following pulmonary rehabilitation, 

demonstrating a reduction in exercise capacity and reduced health-related quality of life at 
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two weeks following exacerbation onset (25). Our study extends this work, showing that 

patients experiencing a severe exacerbation at any time in the year following pulmonary 

rehabilitation do have limited recovery, with worse outcomes at 12 months than their peers 

who do not experience an exacerbation. These data suggest that strategies to maintain the 

benefits of pulmonary rehabilitation are unlikely to be successful unless exacerbation risk is 

addressed. Existing maintenance strategies, generally consisting of supervised exercise 

programs offered at a lower frequency than the initial pulmonary rehabilitation program, do 

not appear effective(9). A more targeted approach for those experiencing exacerbations may 

be required. 

Predicting which individuals will experience an exacerbation in the year after pulmonary 

rehabilitation is challenging but important, in terms of both for targeting preventative efforts 

and for intervening to improve outcomes. Not surprisingly our data indicate that pulmonary 

rehabilitation participants with more severe lung disease and worse health-related quality of 

life are at higher risk of exacerbation. Failure to complete pulmonary rehabilitation may also 

be important, reinforcing the need to support patients with COPD to attend regularly (or 

participate regularly if they are doing the home-based program) and to s finish the program. 

During pulmonary rehabilitation, strategies to enhance self-management skills may be 

valuable to optimise identification and treatment of exacerbations. A recent study highlighted 

the potential of exacerbation action plans to reduce respiratory-related hospitalisation in 

people with COPD and comorbidities (including at least one of ischaemic heart disease, heart 

failure, diabetes, anxiety or depression)(26). Participants in our study had a median of four 

comorbid conditions(8), so this strategy warrants further examination. In patients who have 

experienced a severe exacerbation it may be useful to re-enrol in pulmonary rehabilitation. 

There is some evidence that repeat programs are effective in reversing decline in exercise 
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capacity and may ameliorate worsening symptoms(27). Nonetheless, given the well 

documented challenges in enrolling patients with COPD in pulmonary rehabilitation 

immediately following an exacerbation (28), it may be more fruitful to repeat pulmonary 

rehabilitation once clinical stability is regained.  

Strengths of this study include the relatively large sample of participants with COPD who are 

typical of those referred to outpatient pulmonary rehabilitation in many centres; 12 months of 

follow-up; and detailed data on health care utilisation over 12 months, allowing 

exacerbations to be ascertained. Limitations include the absence of data on exacerbation 

history prior to pulmonary rehabilitation, which is a powerful predictor of future 

exacerbations (20); the small number of participants with physical activity data; and the post-

hoc nature of the analysis.  

In conclusion, exacerbations of COPD occur commonly in the year following pulmonary 

rehabilitation. Experiencing a severe exacerbation requiring hospitalisation is an independent 

predictor of worse outcomes at 12 months following pulmonary rehabilitation for health-

related quality of life, symptoms, exercise capacity and daily physical activity. These 

findings can be used to inform future research aimed at maintaining the benefits of 

pulmonary rehabilitation following program completion. 

 

References 

1. Vestbo J, Hurd SS, Agusti AG, Jones PW, Vogelmeier C, Anzueto A, et al. Global 

strategy for the diagnosis, management, and prevention of chronic obstructive pulmonary 

disease: GOLD executive summary. Am J Respir Crit Care Med. 2013;187(4):347-65. 



55 

 

2. Piquet J, Chavaillon JM, David P, Martin F, Blanchon F, Roche N, et al. High-risk 

patients following hospitalisation for an acute exacerbation of COPD. Eur Respir J. 

2013;42(4):946-55. 

3. Soler-Cataluna JJ, Martinez-Garcia MA, Roman Sanchez P, Salcedo E, Navarro M, 

Ochando R. Severe acute exacerbations and mortality in patients with chronic obstructive 

pulmonary disease. Thorax. 2005;60(11):925-31. 

4. Global Strategy for the Diagnosis, Management, and Prevention of Chronic 

Obstructive Lung Disease 2017 Report: GOLD Executive Summary https://goldcopd.org/: 

GOLD; 2020 [ 

5. Celli BR, Decramer M, Wedzicha JA, Wilson KC, Agusti A, Criner GJ, et al. An 

Official American Thoracic Society/European Respiratory Society Statement: Research 

questions in chronic obstructive pulmonary disease. Am J Respir Crit Care Med. 

2015;191(7):e4-e27. 

6. McCarthy B, Casey D, Devane D, Murphy K, Murphy E, Lacasse Y. Pulmonary 

rehabilitation for chronic obstructive pulmonary disease. The Cochrane database of systematic 

reviews. 2015;2:Cd003793. 

7. Griffiths TL, Burr ML, Campbell IA, Lewis-Jenkins V, Mullins J, Shiels K, et al. 

Results at 1 year of outpatient multidisciplinary pulmonary rehabilitation: a randomised 

controlled trial. Lancet. 2000;355(9201):362-8. 

8. Holland AE, Mahal A, Hill CJ, Lee AL, Burge AT, Cox NS, et al. Home-based 

rehabilitation for COPD using minimal resources: a randomised, controlled equivalence trial. 

Thorax. 2017;72(1):57-65. 



56 

 

9. Alison JA, McKeough ZJ, Johnston K, McNamara RJ, Spencer LM, Jenkins SC, et al. 

Australian and New Zealand Pulmonary Rehabilitation Guidelines. Respirology. 

2017;22(4):800-19. 

10. Holland AE, Mahal A, Hill CJ, Lee AL, Burge AT, Moore R, et al. Benefits and costs 

of home-based pulmonary rehabilitation in chronic obstructive pulmonary disease - a multi-

centre randomised controlled equivalence trial. BMC Pulm Med. 2013;13:57. 

11. Burge S, Wedzicha JA. COPD exacerbations: definitions and classifications. Eur 

Respir J Suppl. 2003;41:46s-53s. 

12. Rodriguez-Roisin R. Toward a consensus definition for COPD exacerbations. Chest. 

2000;117(5 Suppl 2):398S-401S. 

13. van den Berge M, Hop WC, van der Molen T, van Noord JA, Creemers JP, Schreurs 

AJ, et al. Prediction and course of symptoms and lung function around an exacerbation in 

chronic obstructive pulmonary disease. Respir Res. 2012;13:44. 

14. Vogelmeier CF, Criner GJ, Martinez FJ, Anzueto A, Barnes PJ, Bourbeau J, et al. 

Global Strategy for the Diagnosis, Management, and Prevention of Chronic Obstructive Lung 

Disease 2017 Report. GOLD Executive Summary. Am J Respir Crit Care Med. 

2017;195(5):557-82. 

15. Dalal AA, Patel J, D'Souza A, Farrelly E, Nagar S, Shah M. Impact of COPD 

Exacerbation Frequency on Costs for a Managed Care Population. J Manag Care Spec Pharm. 

2015;21(7):575-83. 

16. Holland AE, Spruit MA, Troosters T, Puhan MA, Pepin V, Saey D, et al. An official 

European Respiratory Society/American Thoracic Society technical standard: field walking 

tests in chronic respiratory disease. The European respiratory journal. 2014;44(6):1428-46. 



57 

 

17. Williams JE, Singh SJ, Sewell L, Guyatt GH, Morgan MD. Development of a self-

reported Chronic Respiratory Questionnaire (CRQ-SR). Thorax. 2001;56(12):954-9. 

18. Bestall JC, Paul EA, Garrod R, Garnham R, Jones PW, Wedzicha JA. Usefulness of 

the Medical Research Council (MRC) dyspnoea scale as a measure of disability in patients 

with chronic obstructive pulmonary disease. Thorax. 1999;54(7):581-6. 

19. Hill K, Dolmage TE, Woon L, Goldstein R, Brooks D. Measurement properties of the 

SenseWear armband in adults with chronic obstructive pulmonary disease. Thorax. 

2010;65(6):486-91. 

20. Hurst JR, Vestbo J, Anzueto A, Locantore N, Mullerova H, Tal-Singer R, et al. 

Susceptibility to exacerbation in chronic obstructive pulmonary disease. N Engl J Med. 

2010;363(12):1128-38. 

21. Andreas S, Rover C, Heinz J, Straube S, Watz H, Friede T. Decline of COPD 

exacerbations in clinical trials over two decades - a systematic review and meta-regression. 

Respir Res. 2019;20(1):186. 

22. Wilkinson TMA, Aris E, Bourne SC, Clarke SC, Peeters M, Pascal TG, et al. Drivers 

of year-to-year variation in exacerbation frequency of COPD: analysis of the AERIS cohort. 

ERJ Open Res. 2019;5(1). 

23. Puhan MA, Gimeno-Santos E, Cates CJ, Troosters T. Pulmonary rehabilitation 

following exacerbations of chronic obstructive pulmonary disease. Cochrane Database Syst 

Rev. 2016;12:CD005305. 

24. Rochester CL, Spruit MA. Maintaining the Benefits of Pulmonary Rehabilitation. The 

Holy Grail. Am J Respir Crit Care Med. 2017;195(5):548-51. 



58 

 

25. Carr SJ, Goldstein RS, Brooks D. Acute exacerbations of COPD in subjects completing 

pulmonary rehabilitation. Chest. 2007;132(1):127-34. 

26. Lenferink A, van der Palen J, van der Valk P, Cafarella P, van Veen A, Quinn S, et al. 

Exacerbation action plans for patients with COPD and comorbidities: a randomised controlled 

trial. Eur Respir J. 2019;54(5). 

27. Foglio K, Bianchi L, Bruletti G, Porta R, Vitacca M, Balbi B, et al. Seven-year time 

course of lung function, symptoms, health-related quality of life, and exercise tolerance in 

COPD patients undergoing pulmonary rehabilitation programs. Respir Med. 

2007;101(9):1961-70. 

28. Jones SE, Green SA, Clark AL, Dickson MJ, Nolan AM, Moloney C, et al. Pulmonary 

rehabilitation following hospitalisation for acute exacerbation of COPD: referrals, uptake and 

adherence. Thorax. 2014;69(2):181-2. 

 

  



59 

 

Tables 

Table 1 Demographic characteristics of participants 

 Home-based group 

(n=80) 

Centre-based group 

(n=86) 

Both groups 

(n= 166) 

Age, years 69.6 (9.2) 68.4(9.5) 69.0 (9.4) 
Male/female, n 48/32 51/35 99/67 

FEV1, litres 1.3 (0.48) 1.25 (0.60) 1.28 (0.54) 

FEV1% predicted 49.7 (13.4) 40.7 (15.6) 49.9 (19.2) 
FEV1/FVC 0.47 (0.16) 0.45 (0.14) 46.3 (15.1) 

Pack-year, n 47 (36) 50 29) 49 (32) 

Baseline 6MWD, m 379.5(121) 411 (107) 403 (114) 

mMRC, n (%)    
                0 2 (3%) 0 (0%)  2 (1%) 

                1 33 (41%) 36 (42%) 69 (42%) 

                2 22 (28%) 28 (33%) 50 (30%) 
                3 21 (26%) 19 (22%) 40 (24%) 

                4 2 (3%) 3 (4%) 5 (3%) 

Any exacerbation, n (%) 61 (76%) 62 (72%) 123 (74%) 
Moderate exacerbation, n (%) 57 (71%) 55 (64%) 112 (68%) 

Severe exacerbation, n (%) 23 (29%) 33 (38%) 56 (34%) 

Figure legend: Data presented are mean (SD) unless otherwise stated. a data presented as 

median [IQR]. 

FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; 6MWD, 6 min walk 

distance; CRQ, Chronic Respiratory Questionnaire; mMRC, modified Medical Research 

Council scale  
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Table 2. Clinical outcomes at 12 months after pulmonary rehabilitation (change from baseline) for participants with and without 

exacerbations during follow-up. 

 

Table legend: Data are change from baseline (pre-rehabilitation) to 12 months, median [interquartile range]. p values represent difference 

between groups who did or did not have an exacerbation. 

6MWD, 6-min walk distance; CRQ, Chronic Respiratory Questionnaire; MMRC, modified Medical Research Council scale; MVPA, 

moderate to vigorous physical activity; Duration MVPA bouts: duration of MVPA when in bouts of at least 10 min. 

 

 

 ANY EXACERBATION    SEVERE EXACERBATION  

 Exacerbation No exacerbation 
 

p value 
Severe exacerbation 

No exacerbation or 

moderate exacerbation 

 

p value 

       

6MWD, m  11 [-33 to 49] 17.5 [-34 to 43] 0.89 0 [-76 to 42] 17 [-22 to 50] 0.25 

CRQ Dyspnoea 1 [-3 to 7] 2 [-1.5 to 6] 0.87 0.5 [-4 to 7] 2 [-2 to 6] 0.49 

CRQ Fatigue 1 [-3 to 4] 2 [0 to 5] 0.21 0 [-4 to 3] 2 [-0 to 5] 0.03 

CRQ Emotional Function 2 [-3 to 8] 2 [-2 to 9] 0.82 1 [-4.3 to 7] 4 [-2 to 8] 0.10 

CRQ Mastery  1 [-1 to 5] 2 [-1 to 4.5] 0.89 1 [-2 to 5] 1.5 [-1 to 5] 0.35 

CRQ Total 6 [-4 to 18] 8 [-2 to 21] 0.54 2 [-8 to 18] 9.5 [-2 to 20] 0.07 

mMRC 0 [-1 to 1] 0 [0 to 1] 0.76 -1 [-1 to 1] 0 [0 to 1] 0.18 

Total MVPA, min/day  -131 [-373 to 30] 61 [-169 to 211] 0.15 -282 [-460 to -26] -1 [-198 to 112] 0.13 

Duration MVPA in bouts, 

min/day 

-14 [-90 to 5] 39 [-59 to 138] 0.14 -27 [-118 to 5] 0 [-74 to 56] 0.64 

Sedentary awake time, min/day -826 [-1605 to 147] -102 [-720 to 398] 0.28 -806 [-71209 to -23] -393 [-1225 to 399] 0.22 



 

Table 3. Multiple linear regression analysis for impact of severe exacerbations during 

follow-up on clinical outcomes at 12 months. 

 
Variable B 95%CI 

Standardis

ed Beta 
P value 

R
2
 for 

model 

CRQ 

Total 
     

0.22 

 Constant 46.91 7.45 to 86.37  0.02  

 Severe 

exacerbation  
-10.89 -18.73 to -3.05 -0.243 0.007 

 

 Group allocation 0.57 -6.25 to 7.38 0.014 0.87  

 Age -0.08 -0.51 to 0.35 -0.034 0.71  

 Gender 1.04 -5.93 to 8.01 0.025 0.77  

 FEV1 3.69 -2.66 to 10.03 0.100 0.25  
 Smoking status -0.77 -10.00 to 8.47 -0.014 0.87  

 Baseline CRQ 

Total 
-0.46 -0.65 to -0.26 -0.422 <0.001 

 

CRQ 

Dyspnoea 
     

0.19 

 Constant 9.21 -3.21 to 21.63  0.14  

 Severe 
exacerbation  

-1.22 -3.67 to 1.22 -0.088 0.32 
 

 Group allocation 0.06 -2.11 to 2.24 0.005 0.96  

 Age -0.08 -0.21 to 0.05 -0.106 0.24  
 Gender 2.47 0.28 to 4.66 0.192 0.03  

 FEV1 1.18 -0.83 to 3.20 0.103 0.25  

 Smoking status -0.90 -3.86 to 2.06 -0.055 0.55  

 Baseline CRQ 
Dyspnoea 

-0.40 -0.60 to -0.19 -0.337 <0.001 
 

   

CRQ 
Fatigue 

     
0.31 

 Constant 10.50 0.15 to 20.75  0.05  

 Severe 

exacerbation  
-3.46 -5.45 to -1.46 -0.283 0.001 

 

 Group allocation 0.51 -1.25 to 2.27 0.045 0.57  

 Age -0.02 -0.12 to 0.09 -0.023 0.78  

 Gender -0.24 -2.05 to 1.57 -0.021 0.79  
 FEV1 0.32 -1.34 to 1.98 0.031 0.71  

 Smoking status 0.54 -1.83 to 2.90 0.037 0.45  

 Baseline CRQ 
Fatigue 

-0.59 -0.78 to -0.40 -0.507 <0.001 
 

   

CRQ 

Emotional 
     

0.30 

 Constant 17.950 3.688 – 32.211  0.01  

 Severe 

exacerbation  
-4.61 -7.45 to -1.77 -0.270 0.002 

 

 Group allocation 0.06 -2.41 to 2.53 0.004 0.96  

 Age 0.02 -0.14 to 0.17 0.019 0.83  

 Gender -1.33 -3.87 to 1.20 -0.084 0.30  

 FEV1 1.15 -1.16 to 3.47 0.082 0.33  
 Smoking status 0.57 -2.77 to 3.90 0.028 0.74  

 Baseline CRQ 

Emotional 
-0.48 -0.63 to -0.32 -0.533 <0.001 
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      0.28 

CRQ 
Mastery 

Constant 10.80 0.87 to 20.74  0.03 
 

 Severe 

exacerbation  
-1.93 -3.89 to 0.04 -0.163 0.05 

 

 Group allocation -0.13 -1.88 to 1.61 -0.012 0.88  

 Age 0.03 -0.08 to 0.14 0.045 0.62  

 Gender -0.20 -1.88 to 1.64 -0.011 0.89  
 FEV1 0.95 -0.70 to 2.59 0.097 0.26  

 Smoking status -1.01 -3.35 to 1.33 -0.072 0.40  

 Baseline CRQ 

Mastery 
-0.53 -0.70 to -0.36 -0.535 <0.001 

 

   

6MWD      0.08 

 
Constant 94.56 

-93.25 to 

282.37 
 0.32 

 

 Severe 

exacerbation  
-36.49 -71.69 to -1.27 -0.205 0.04 

 

 Group allocation 14.13 -15.99 to 22.24 0.089 0.35  
 Age -1.14 -2.97 to 0.69 -0.128 0.22  

 Gender 7.44 -23.43 to 38.32 0.047 0.63  

 
FEV1 18.29 

-12.86 to 
49.440 

0.128 0.25 
 

 Smoking status -2.76 -43.06 to 37.54 -0.014 0.89  

 Baseline 6MWD -0.14 -0.30 to 0.01 -0.197 0.07  

       

MMRC      0.23 

 Constant 2.41 0.01 to 4.81  0.05  

 Severe 
exacerbation  

0.58 0.12 to 1.03 0.219 0.01 
 

 Group allocation 0.20 -0.20 to 0.61 0.084 0.317  

 Age -0.00 -0.03 to 0.02 -0.018 0.83  

 Gender -0.55 -0.96 to -0.15 -0.227 0.008  
 FEV1 -0.26 -0.65 to 0.13 -0.117 0.20  

 Smoking status -0.14 -0.67 – to 0.40 -0.044 0.615  

 Baseline MMRC -0.64 -0.89 to -0.39 -0.445 <0.001  
       

Total 

MVPA 
     

0.32 

 
Constant -34.28 

-1296.02 to 
1227.46 

 0.96 
 

 Severe 

exacerbation  
-371.26 

-724.99 to -

17.54 
-0.462 0.04 

 

 
Group allocation 77.10 

-201.54 to 

355.75 
0.109 0.58 

 

 Age -3.30 -18.09 to 11.50 -0.087 0.65  
 

Gender -52.25 
-295.85 to 

191.36 
-0.073 0.66 

 

 
FEV1 -86.83 

-371.14 to 

197.48 
-0.116 0.54 

 

 Smoking status 382.39 76.04 to 688.73 0.457 0.16  

 Baseline MVPA 

Total 
-0.27 -0.49 to -0.05 -0.468 0.18 
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Duration 

MVPA 

Bouts 

     

0.18 

 
Constant 360.16 

-335.5 to 

1055.77 
 0.30 

 

 Severe 
exacerbation  

-147.15 
-354.67 to 

60.37 
-0.347 0.16 

 

 
Group allocation 14.60 

-146.13 to 

175.31 
0.039 0.85 

 

 Age -5.05 -13.40 to 3.30 -0.252 0.23  

 
Gender -33.21 

-172.84 to 

106.43 
-0.088 0.63 

 

 
FEV1 -90.17 

-254.02 to 
73.67 

-0.228 0.27 
 

 
Smoking status 137.96 

-50.02 to 

325.93 
0.313 0.14 

 

 Baseline MVPA 

bouts 
-0.15 -0.396 to 0.11 -0.252 0.25 

 

   

       
Total 

Sedentary 

time 

Constant 
3261.2

9 
-2033.07 to 

8555.65 
 0.22 

0.26 

 Severe 

exacerbation  
-144.41 

-1665.39 to 

1376.57 
-0.043 0.85 

 

 
Group allocation -204.73 

-1519.82 to 

1110.37 
-0.069 0.75 

 

 Age 15.86 -64.34 to 96.05 0.099 0.69  

 
Gender -431.30 

-1583.61 to 

721.01 
-0.143 0.45 

 

 
FEV1 50.01 

-1134.80 to 

1234.82 
0.016 0.93 

 

 
Smoking status -264.27 

-1586.18 to 
1057.64 

-0.075 0.69 
 

 Baseline 

sedentary time 
-0.76 -1.39 to -0.14 0.306 0.02 

 

Table legend: Dependent variables are change from baseline to 12 months following 

pulmonary rehabilitation. 6MWD, 6-minute walk distance; CI, confidence interval for B; 

CRQ, Chronic Respiratory Questionnaire; FEV1, forced expiratory volume in one second; 

MVPA, moderate to vigorous intensity physical activity. 

Severe exacerbation during follow-up is coded as 0 = no, 1 = yes; Pulmonary 

rehabilitation group is coded as 1 = home-based, 2 = centre-based; Age is measured in 

years; FEV1 is measured in litres; Smoking status is coded as 0= never smoked or quit, 1 

= current smoking.   
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Table 4. Logistic regression predicting likelihood of having severe exacerbation 12 

months after pulmonary rehabilitation. 

 B SE p Odds ratio 95% CI 

Pulmonary rehabilitation 

completion 

-0.624 0.384 0.10 0.536 0.252 – 1.138 

History of GOR 0.419 0.369 0.26 1.520 0.738 – 3.131 

FEV1% predicted -0.033 0.011 0.002 0.968 0.948 – 0.988 

CRQ Total at baseline -0.024 0.010 0.01 0.976 0.957 – 0.994 

Constant      

Table legend: CI, confidence interval for odds ratio; CRQ, Chronic Respiratory 

Questionnaire; FEV1, forced expiratory volume in one second; GOR, gastroesophageal 

reflux.  

Severe exacerbation during follow-up is coded as 0 = no, 1 = yes; Pulmonary completion 

is coded as 0 = no, 1 = yes. 
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Appendix S1- Methods 

Exacerbation definition 

Coding of exacerbations was performed by one researcher (BW) and checked by a second 

researcher (AH). Data from hospital and pharmacy usage for each participant were first 

display in chronological order starting from the first day of the 12-month follow-up 

period. A single exacerbations was counted for 15 days from the start of exacerbation, 

after this period it was considered as another exacerbation. Exacerbations were 

considered when: 

Moderate exacerbations: collection of prescription medication (oral corticosteroids 

and/or antibiotics) was considered as moderate exacerbation (Table 1). Collection of 

inhalers commonly used to treat COPD (ipratropium or inhaled corticosteroids) was not 

considered as an exacerbation. Medication prescribed repeatedly over the following 

months was not considered as a new exacerbation (eg long-term antibiotics). If antibiotics 

were collected on the same day as any topical antibiotics it was not registered as 

exacerbation once it was assumed that the medication was prescribed for reasons other 

than respiratory.  

Severe exacerbations: Hospital admission or emergency department visit for a 

respiratory condition was considered to be a severe exacerbation (Table 1). Antibiotics 

and/or oral corticosteroids collected during admission were not registered as new 

exacerbation. If the participant had collected ipratropium or inhaled corticosteroids within 

15 days before admission, this was considered to denote a single exacerbation and the 

exacerbation was counted as severe. 
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Table S1- Exacerbation definition based on health care usage 

Table legend: Exacerbation definitions are based on the GOLD strategy(1). COPD: 

chronic obstructive pulmonary disease 

Global Strategy for the Diagnosis, Management, and Prevention of Chronic Obstructive 

Lung Disease 2017 Report: GOLD Executive Summary https://goldcopd.org/: GOLD; 

2020 

 

 

Severity Exacerbation definition based on health care usage  

Moderate Collected a new prescription for oral corticosteroids and/or antibiotics 

based on the Pharmaceutical Benefits Scheme (Australia) data. 

Severe Respiratory-related admission to hospital or emergency department visit 

with a primary discharge diagnosis of COPD. 

https://goldcopd.org/
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Table S2- Multiple regression analysis - impact of any exacerbation during follow-up on 

clinical outcomes at 12 months. 

 
Variable B 95%CI 

Standardise

d Beta 
p 

R
2
 for 

model 

CRQ 
Total 

     
0.18 

 Constant 42.197 0.324 to 84.070  0.05  

 Exacerbation 
during follow-up 

-4.680 -13.639 to 4.279 -0.091 0.30 
 

 Group allocation -0.165 -7.224 to 6.893 -0.004 0.96  

 Age -0.55 -0.500 to 0.390 -0.023 0.81  

 Gender 1.919 -5.214 to 9.052 0.046 0.60  
 FEV1 4.771 -1.784 to 11.327 0.129 0.15  

 Smoking status -2.830 -12.179 to 6.520 -0.053 0.55  

 Baseline CRQ 
Total 

-0.406 -0.603 to -0.208 -0.375 <0.001 
 

CRQ 

Dyspnoea 
     

0.18 

 Constant 8.529 -4.365 to 21.423    
 Exacerbation 

during follow-up 
-0.364 -3.128 to 2.400 -0.023 0.80 

 

 Group allocation -0.10 -2.207 to 2.186 -0.001 0.99  

 Age -0.070 -0.200 to 0.060 -0.097 0.29  
 Gender 2.559 0.364 to 4.754 0.199 0.02  

 FEV1 1.330 -0.702 to 3.361 0.116 0.20  

 Smoking status -1.141 -4.074 to 1.791 -0.069 0.44  
 Baseline CRQ 

Dyspnoea 
-0.382 -0.583 to -0.182 -0.327 <0.001 

 

  

CRQ 
Fatigue 

     
0.25 

 Constant 9.301 -1.738 to 20.340  0.10  

 Exacerbation 
during follow-up 

-1.776 -4.100 to 0.548 -0.127 0.13 
 

 Group allocation 0.283 -1.562 to 2.128 0.025 0.76  

 Age 0.000 -0.111 to 0.111 0.000 0.99  
 Gender 0.028 -1.849 to 1.905 0.003 0.98  

 FEV1 0.658 -1.071 to 2.387 0.065 0.45  

 Smoking status -0.042 -2.469 to 2.385 -0.003 0.97  

 Baseline CRQ 
Fatigue 

-0.544 -0.742 to -0.346 -0.469 <0.001 
 

  

CRQ 

Emotional 
     

0.25 

 Constant 15.528 0.210 to 30.847  0.05  

 Exacerbation 

during follow-up 
-1.654 -4.939 to 1.631 -0.084 0.32 

 

 Group allocation -0.182 -2.761 to 2.417 -0.011 0.89  

 Age 0.029 -0.134 to 0.192 0.032 0.73  

 Gender -0.914 -3.540 to 1.711 -0.058 0.49  
 FEV1 1.718 0.697 to 4.133 0.122 0.16  

 Smoking status 0-285 -3.702 to 3.312 -0.014 0.87  
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 Baseline CRQ 

Emotional 
-0.427 -0.585 to -0.268 -0.479 <0.001 

 

  

CRQ 

Mastery 
     

0.26 

 Constant 10.682 0.287 to 21.078  0.04  
 Exacerbation 

during follow-up 
-1.164 -3.400 to 1.073 -0.086 0.31 

 

 Group allocation -0.305 -2.083 to 1.473 -0.028 0.74  
 Age 0.035 -0.076 to 0.145 0.056 0.53  

 Gender -0.026 -1.802 to 1.750 -0.002 0.98  

 FEV1 1.040 -0.633 to 2.713 0.107 0.22  

 Smoking status -1.333 -3.673 to 1.006 -0.095 0.26  
 Baseline CRQ 

Mastery  
-0.516 -0.687 to -0.344 -0.516 <0.001 

 

  

6MWD      0.05 
 

Constant 79.674 
-120.165 to 

279.514 
  

 

 Exacerbation 
during follow-up 

-12.007 -51.164 to 27.150 -0.608 0.54 
 

 Group allocation 10.908 -19.821 to 41.636 0.069 0.48  

 Age -0.932 -2.788 to 0.924 -0.105 0.32  
 Gender 9.972 -21.385 to 41.328 0.063 0.53  

 FEV1 22.070 -9.473 to 53.613 0.154 0.17  

 Smoking status -9.103 -49.727 to 31.521 -0.045 0.67  

 Baseline 6MWD -0.131 -0.289 to 0.028 -0.182 0.11  
  

MMRC      0.19 

 Constant 2.537 0.024 to 5.051  0.05  
 Exacerbation 

during follow-up 
0.213 -0.321 to 0.747 0.070 0.43 

 

 Group allocation 0.232 -0.184 to 0.648 0.096 0.27  

 Age -0.006 -0.030 to 0.019 -0.043 0.63  
 Gender -0.582 -0.998 to -0.166 -0.239 0.01  

 FEV1 -0.305 -0.708 to 0.097 -0.138 0.14  

 Smoking status -0.038 -0.583 to 0.507 -0.012 0.89  
 Baseline MMRC -0.604 -0.862 to -0.346 -0.422 <0.001  

       

Total 

MVPA 
     

0.24 

 
Constant -249.339 

-1571.824 to 

1073.146 
 0.70 

 

 Exacerbation 
during follow-up 

-172.798 
-476.660 to 

131.064 
-0.222 0.25 

 

 
Group allocation -65.390 

-317.204 to 

186.425 
-0.093 0.60 

 

 Age 1.983 -12.732 to 16.699 0.052 0.78  

 
Gender -49.281 

-314.425 to 

215.863 
-0.069 0.71 

 

 
FEV1 16.127 

-257.611 to 
289.864 

0.021 0.91 
 

 
Smoking status 332.715 

13.351 to 

652.079 
0.398 0.04 
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 Baseline MVPA 

total  
-0.224 -0.454 to 0.005 -0.389 0.06 

 

  

Duration 

MVPA 

Bouts 

     

0.19 

 
Constant 358.779 

-332.380 to 

1049.938 
 0.30 

 

 Exacerbation 
during follow-up 

-125.083 
-294.759 to 

44.593 
-0.305 0.14 

 

 
Group allocation -38.517 

-175.508 to 

98.475 
-0.104 0.57 

 

 Age -2.958 -10.924 to 5.007 -0.148 0.45  
 

Gender -47.282 
-190.759 to 

96.196 
-0.125 0.51 

 

 
FEV1 -60.199 

-208.920 to 
88.523 

-0.152 0.41 
 

 
Smoking status 119.502 

-63.504 to 

302.508 
0.271 0.19 

 

 Baseline MVPA 
bouts 

-0.145 -0.393 to 0.104 -0.252 0.24 
 

  

      0.27 
Total 

Sedentary 

time 

Constant 3520.561 
-1737.077 to 

8778.199 
 0.18 

 

 Exacerbation 
during follow-up 

-396.690 
-1596.337 to 

802.957 
-0.121 0.50 

 

 
Group allocation -232.550 

-1329.880 to 

864.780 
-0.078 0.67 

 

 Age 16.996 -55.733 to 89.726 0.106 0.64  

 
Gender -490.499 

-1647.082 to 

666.084 
-0.162 0.39 

 

 
FEV1 49.520 

-1044.784 to 

1143.823 
0.016 0.93 

 

 
Smoking status -313.326 

-1633.277 to 

1006.625 
-0.089 0.63 

 

 Baseline 

sedentary time 
-0.737 -1.336 to -0.139 -0.540 0.02 

 

       

Table legend: Dependent variables are change from baseline to 12 months following 

pulmonary rehabilitation. 6MWD, 6-minute walk distance; CI, confidence interval for B; 

CRQ, Chronic Respiratory Questionnaire; FEV1, forced expiratory volume in one second; 

MVPA, moderate to vigorous intensity physical activity. 

Severe exacerbation during follow-up is coded as 0 = no, 1 = yes; Pulmonary 

rehabilitation group is coded as 1 = home-based, 2 = centre-based; Age is measured in 
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years; FEV1 is measured in litres; Smoking status is coded as 0 = never smoked or quit, 1 

= current smoking. Significant results in bold.



 

Table S3- Response to pulmonary rehabilitation (change from baseline to eight weeks) for participants with and without exacerbations 

during follow-up. 

Table legend: Data are median and interquartile range for change from baseline to end rehabilitation (8 weeks); p value represents 

comparison between those with and without exacerbations. 

6MWD, 6 min walk distance; CRQ, Chronic Respiratory Questionnaire; MMRC, modified Medical Research Council scale; MVPA, 

moderate and vigorous physical activity; Duration MVPA bouts: duration of physical activity when in bouts of at least 10 min. 

 ANY EXACERBATION    SEVERE EXACERBATION  

 Exacerbation No exacerbation 
 

p value 

Severe 

exacerbation 

No exacerbation or 

moderate exacerbation 

 

p value 

       

6MWD, m  17 [-5 to 46] 31 [-3 to 52] 0.45 10 [-18 to 42] 23 [-1 to 53] 0.12 

CRQ Dyspnoea 4 [-0.5 to 8] 2.5 [-2 to 7] 0.28 4 [1 to 10] 3 [-1 to 8] 0.23 

CRQ Fatigue 2 [-1 to 4] 2.5 [0 to 4] 0.18 1 [-2 to 4] 2 [-1 to 4] 0.16 

CRQ Emotional Function 2 [-3 to 7] 2 [0 to 6] 0.55 0 [-5 to 5] 3 [-1 to 7] 0.05 

CRQ Mastery  2 [-1 to 5.5] 2 [0 to 5] 0.49 2 [-2 to 6] 2 [-1 to 5] 0.55 

CRQ Total 7 [-5 to 19] 9 [-10 to 18] 0.99 4 [-8 to 17] 9 [-3 to 20] 0.16 

mMRC 0 [-1 to 0] 0 [-1 to 0] 0.72 0 [-1 to 1] 0 [-1 to 0] 0.11 

Total MVPA, min/day  4 [-149 to 231] 29 [-303 to 196]  0.69 -83 [-199 to 

145] 

64 [-70 to 219] 0.17 

Duration MVPA in bouts, 

min/day 

27 [-12 to 90] 17 [-114 to 107] 0.56 0 [-72 to 70] 29 [-6 to 111] 0.12 

Sedentary awake time, min/day -569 [-1358 to 157] -285 [-566 to 137] 0.42 -259 [-1225 

to 223] 

-492 [-1400 to 82] 0.47 
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CHAPTER FOUR 

 Characteristics of pulmonary rehabilitation 

programs following exacerbation of COPD: A 

systematic review 
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4.2 Preface 

The secondary analysis of a randomised controlled trial presented in Chapter Three found 

that exacerbations are a common event in the year following pulmonary rehabilitation and 

people with COPD that have severe exacerbations have poorer outcomes in the year after 

pulmonary rehabilitation. The study also found that severe exacerbations are more likely to 

occur in people with lower respiratory function and poorer quality of life. Failing to complete 

the program of pulmonary rehabilitation is also a risk factor for exacerbation. Therefore, 

people with COPD remain at risk of having exacerbations and may not fully recover to their 

baseline status.  

 

Pulmonary rehabilitation improves functional capacity and symptoms. Pulmonary 

rehabilitation commenced early after an exacerbation of COPD appears to improve health 

status and may reduce negative outcomes such as need for hospitalisation. However, results 

vary, which may be related to the timing of rehabilitation commencement. Confounding this, 

to date, there has been no consensus on what constitutes ‘early’ pulmonary rehabilitation, 

with studies commencing the rehabilitation program as early as ‘medically appropriate’ in 

hospital (3 to 5 days after admission) and as late as three to four weeks after discharge. Also, 

previous studies are heterogeneous in program characteristics such as the content of 

rehabilitation, frequency, supervision, and location of delivery.  

 

Chapter Four is a systematic review aiming to determine the impact of pulmonary 

rehabilitation program characteristics on patient outcomes following an exacerbation of 
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COPD. Findings of this review suggests that pulmonary rehabilitation programs with a 

duration longer than three weeks, including exercise training as well as education, and 

starting after hospital discharge were most effective in reducing hospital readmissions. Also, 

the review shows that functional capacity and quality of life improve in all pulmonary 

rehabilitation programs, regardless of the program setting. 

  

The manuscript arising from this study was submitted for publication to Journal of 

Cardiopulmonary Rehabilitation and Prevention on 19 May 2020 and is currently under 

review. The journal has an impact factor 1.568. 
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Structured Abstract 

Purpose: Early pulmonary rehabilitation has beneficial impacts on people with COPD when 

delivered after an exacerbation, however program characteristics are diverse. This systematic 

review aimed to determine the impact of pulmonary rehabilitation program characteristics 

(mode, length, commencement, frequency, location and supervision) on clinical outcomes 

following an exacerbation of COPD. Methods: Studies were screened from Medline, Medline 

in progress, Embase, CINAHL, SCOPUS, CENTRAL, and PEDro. Included studies were 

randomized controlled trials of early pulmonary rehabilitation after an exacerbation of COPD 

(commenced within 4 weeks of hospital discharge). The primary outcomes were hospital 

readmissions and mortality. Results: Thirty studies were included. Exercise training alone 

was delivered in 40% of studies. Program duration varied from length of inpatient stay to 12 

weeks. The interventions commenced as early as within 24 hours of hospitalisation for acute 

exacerbation, up to two weeks after discharge. Early pulmonary rehabilitation was compared 

to usual care, and no studies made a direct comparison of the program characteristics of 

interest. Program characteristics associated with reduced risk of hospital admission were 

commencement after discharge, duration longer than three weeks, a supervised exercise 

program, and delivery of exercise and education (relative risks of readmission 0.6 to 0.79), 

however it was not possible to determine which of these characteristics made the most 

important contribution. Mortality risk did not vary according to program characteristics. 

Conclusion: Programs longer than 3 weeks, started after hospital discharge or including an 

educational component in addition to exercise were most effective at reducing hospital 

readmissions.  
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Condensed Abstract 

This review aimed to determine the impact of early pulmonary rehabilitation program 

characteristics on clinical outcomes after exacerbation of COPD. Programs longer than three 

weeks, started after hospital discharge or including an educational component in addition to 

exercise were most effective at reducing hospital readmissions.  
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INTRODUCTION  

People with chronic obstructive pulmonary disease (COPD) often have significant functional 

limitation and high risk of mortality 1. One of the key factors that contributes to progression 

of the disease is an acute change in the condition, referred to as an exacerbation of COPD 2. 

An exacerbation event is described as a worsening of symptoms compared with the patient’s 

baseline 1. An exacerbation of COPD is defined as two consecutive days with an increase in 

at least two major symptoms/signals (dyspnoea, sputum purulence or volume); or the 

presence of one major symptom/signal associated with a minor symptom/signal (nasal 

discharge or congestion, wheeze, sore throat, or increased cough) 3,4. Exacerbations are one 

of the leading causes of hospital admission and death in people with COPD, underscoring the 

importance of identifying and providing interventions that reduce the negative consequences 

of exacerbations 5,6.  

Pulmonary rehabilitation has been recommended after an exacerbation of COPD 7 with 

increasing interest in investigating the effects of pulmonary rehabilitation delivered at this 

time8. The most recent update of the Cochrane Review on early pulmonary rehabilitation 

after exacerbations of COPD shows moderate evidence that pulmonary rehabilitation 

decreases hospital admissions and low quality evidence that it decreases mortality in people 

with COPD post exacerbation 8. However, the review by Puhan et. al. 8 does not analyse the 

different characteristics of each pulmonary rehabilitation program and how these could affect  

outcomes. 

Previous trials of pulmonary rehabilitation in people with an exacerbation of COPD have had 

a wide variety of program characteristics, including start time (inpatient vs outpatient), 

exercise combinations (strength and/or endurance), and length and frequency of program. 
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Although the majority of the literature has suggested improvements following pulmonary 

rehabilitation, the variability of pulmonary rehabilitation parameters could influence the 

patient outcomes and it is unclear which components of the rehabilitation are the most 

important 8,9. Effective and essential components of pulmonary rehabilitation following an 

exacerbation COPD have not been determined. The aim of this review was to determine the 

impact of the pulmonary rehabilitation program characteristics on clinical outcomes 

following an exacerbation of COPD. 

 

METHODS 

MATERIALS AND METHODS 

This systematic review was carried out in accordance with PRISMA (Preferred Reporting 

Items for Systematic Reviews and Meta-Analyses) recommendations 10. The review was 

prospectively registered at PROSPERO CRD42016038029. 

 

ELIGIBILITY CRITERIA 

For this systematic review, we included both randomized and quasi-randomized controlled 

trials comparing early pulmonary rehabilitation (within 4 weeks after discharge) to usual care 

or a control condition in patients with COPD who had recently been hospitalised for an 

exacerbation of COPD. To fulfill the review purpose we included all studies that delivered 

exercise after exacerbation of COPD, not only studies that followed pulmonary rehabilitation 

guidelines, to ensure we covered all components from pulmonary rehabilitation programs and 

were able to make comparisons (including education). Studies were not limited by type of 
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report, language or date. The authors decided not to include studies that compared two types 

of intervention without a control group due to the limited likelihood of obtaining consistent 

comparisons. To be eligible for inclusion studies need to be of exercise training, with or 

without education or self-management training, delivered in any location with or without 

professional supervision; and commencing either during hospitalisation or within four weeks 

of discharge. 

 

SEARCH METHODS FOR IDENTIFICATION OF STUDIES 

The search strategy was performed electronically in June 2016 and updated in April 2020. 

The search strategy was applied in the following databases: Medline, Medline in progress, 

Embase, CINAHL (Cumulative Index to Nursing and Allied Health Literature), SCOPUS, 

Cochrane Central Register of Controlled Trials (CENTRAL), and PEDro (Physiotherapy 

Evidence Database). Search filters were developed by the authors and adapted to each 

database characteristics (example of search strategy can be seen in the Supplemental Digital 

Content A). 

 

DATA COLLECTION  

After running the electronic search strategy, two authors screened the titles and abstracts to 

eliminate those that clearly did not meet the inclusion criteria. Those studies that appeared 

eligible for inclusion based on their title and abstract, as well as those studies whose 

inclusion was unclear, were obtained in full text. The reviewers examined the studies in full 
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text to determine their inclusion. Further information was requested from authors of included 

studies during the process. 

 

OUTCOMES  

The primary outcomes of this systematic review were: a) hospital readmission and b) 

mortality. The secondary outcomes were: a) functional exercise capacity measured using any 

validated exercise field test such as six minute walking test (6MWT) or shuttle walk test; b) 

health related quality of life measured using generic or disease specific questionnaires; c) 

adverse events either during the intervention period, such as musculoskeletal injury, falls, and 

need for ventilation support measures (invasive or non-invasive); or adverse events reported 

in the follow-up period, eg. hospitalisation and death. Both short-term and long-term 

outcomes were analysed. Short-term outcomes were those where results were reported during 

the program or immediately after finishing the rehabilitation program; while long-term 

outcomes were those where results were reported at follow up.  

To answer the question regarding the effect of program characteristics, results were 

compared between subgroups based on characteristics of the program: i) Program mode 

(exercise training only vs exercise training plus education); ii) Length (< 3 weeks, 3-12 

weeks or >12 weeks), with the lower cutoff chosen because exercise training studies have 

frequently shown benefits with a duration of three weeks or more; iii) Commencement 

(inpatient vs after discharge); iv) Frequency (1/week or ≥2/week); v) Location (inpatient, 

outpatient or a combination of both); vi) Supervision (supervised vs unsupervised). 
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RISK OF BIAS ASSESSMENT 

The quality assessment of the studies included in this review was performed based on The 

Cochrane risk of bias tool 11. The studies were assessed for bias under the following 

headings: random sequence generation, allocation concealment, blinding, incomplete 

outcome data, selective reporting and other potential sources of bias. 

We considered as high-quality evidence studies that were classified as having low risk of bias 

for random sequence generation, allocation concealment, and incomplete outcome data. 

 

DATA EXTRACTION AND ANALYSIS 

Data were extracted from the included studies onto a purpose-designed data extraction form. 

When similarities were found between studies regarding intervention, patient characteristics 

and analysed variables, a meta-analysis was conducted. The data for mean and standard 

deviation or mean and standard error of the studies included in the meta-analysis were 

extracted and converted into weighted mean differences (treatment effect) and 95% 

confidence intervals (95% CI) to allow comparison across studies using different metrics. 

The statistical homogeneity of the studies was assessed using the I2 value and if the I2 value 

was over 25%, the meta-analysis was performed using the random effects model in the 

software package Review Manager (RevMan) (Version 5.2, Copenhagen, Denmark). 

 

RESULTS 

DESCRIPTION OF STUDIES 
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The electronic database searches identified a total of 14,162 citations after duplicates 

removed. From the total, 14,000 citations were excluded after screening titles and abstracts, 

leaving 162 studies for detailed evaluation. Forty citations met the inclusion criteria; 

however, 11 were conference abstracts of studies already published in full and therefore, the 

results from abstracts and published manuscript were considered as one citation and data was 

collected from the main publication. A total of 30 studies meet the inclusion criteria (Figure 

1), the characteristics of included studies are presented on Table 1. 

 

EXERCISE PROGRAM CHARACTERISTICS 

The exercise program component characteristics of the 30 included studies are described on 

Table 2. Not all included studies had detailed information about program characteristics. 

Exercise training alone was delivered in 40% (n=12) of studies and 53% (n=16) delivered 

exercise training plus education. Program duration varied from length of hospital stay to 12 

weeks. Over one-third of studies (n=11; 37%) had a program duration of less than 3 weeks; 

50% (n=15) had duration between 3 and 12 weeks; and 7% (n=2) of the programs were 

longer than 12 weeks. Intervention frequency varied from daily exercises to once a week, 

with 87% (n=26) of the studies delivering exercise two or more times per week. The 

interventions began as early as within 24 hours of hospitalisation for acute exacerbation, up 

to two weeks after discharge; 60% (n=18) started the exercise program during hospitalisation 

and 37% (n=11) started after hospital discharge. Interventions were conducted in the hospital 

(inpatients) (40%; n=12), as outpatients (37%; n=11) or combination of inpatient program 

followed by outpatient (20%; n=6). Regarding supervision, 87%  (n=24) of studies delivered 

supervised programs. 
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RISK OF BIAS  

Summary data for risk of bias are presented in Table 3. Included studies generally had low 

risk of bias for random sequence generation and selective reporting domains, and higher risk 

for allocation concealment. Blinding was expected to be poorly reported due the nature of the 

intervention where researchers involved in the interventions and patients cannot be blinded.  

 

PRIMARY OUTCOMES – HOSPITAL READMISSIONS AND MORTALITY 

PROGRAM MODE (EXERCISE TRAINING ONLY OR EXERCISE TRAINING PLUS 

EDUCATION) 

In 12 studies the intervention was exercise training only 12-23 and in 16 studies the 

intervention was an exercise program plus an education component 24-39. Two studies were 

unclear regarding program mode 40,41. 

Hospital readmission 

Risk of hospital readmission was generally reduced in studies that compared exercise training 

plus education to usual care 29,31,33-35,37,38, although this was statistically significant in only 

two studies (Table 4). Pooled results comparing exercise training plus education to usual care 

found significantly lower readmissions (RR 0.6; 95% CI 0.4 to 0.9; I2= 49%) at end of 

program 33,37,38, but this effect was no longer significant at 12 months (RR 0.8; 95% CI 0.6 to 

1.0; I2=72%) 34,35 (Supplemental Digital Content B – Figures B1and B2). Of note, 

heterogeneity was high in both analyses. Studies that delivered exercise training only could 

not be combined due to heterogeneous time points measured (Table 4), thus no effect was 
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evident 13,23. Relative risk for hospital readmission of included studies for program mode are 

presented in Table 4.  

Mortality 

There was no significant effect on mortality regardless of program mode, with substantial 

variability between studies. Two studies of exercise training only pulmonary rehabilitation 

delivered at the hospital were able to be pooled and showed a relative risk for mortality of 0.8 

(95% CI 0.1 to 4.5; i2=31%) (Supplemental Digital Content B – Figure B3) at one month 

after hospital discharge 13,23.  

For studies delivering exercise training plus education, pooled results reported a relative risk 

for mortality of 0.5 (95% CI 0.1 to 1.6; i2= 0%) at three months after discharge 33,35,37,38 and 

of 0.8 (95% CI 0.3 to 1.8; i2=0%) at 12 months after discharge 34,35 (Supplemental Digital 

Content B –  Figures B4 and B5). The remaining studies could not be combined due to the 

heterogeneous time points measured 29,31,34 (Table 5). Of note, one large study of exercise 

and education reported increased risk of mortality at 12 months (RR 2.1; 95%CI 1.1 to 4.0) 

31.   

 

PROGRAM LENGTH (<3 WEEKS, 3-12 WEEKS OR >12 WEEKS) 

In 11 studies the intervention length was less than three weeks 13-15,17,18,20-23,32,36, 15 studies 

were between 3 and 12 weeks 16,24-31,33-35,37-39 and four were more than 12 weeks 12,30,39,40. 

Two studies were unclear regarding program length 18,19,41.  

Hospital readmission 
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No effect on hospital readmission was evident for studies that delivered <3 weeks of 

intervention 13,23. Studies that delivered >12 weeks of intervention did not report hospital 

readmission. Risk of hospital admission was generally reduced in studies that delivered 3-12 

weeks program length 29,31,33-35,37,38 (Table 4). Of note, these studies all delivered exercise and 

education, so it is not possible to determine whether the program mode or program length 

was responsible for this effect.  

Meta-analysis results favoured the intervention group with length between 3 and 12 weeks at 

the end of the program (RR 0.6; 95% CI 0.4 to 0.9; I2= 49%) 33,37,38, but not at 12 months 

after discharge (RR 0.8; 95% CI 0.6 to 1.0); I2=72%) 34,35 (Supplemental Digital Content B – 

Figures B6 and B7). 

Mortality 

Mortality was reported in two studies with program length less than 3 weeks 13,23, seven with 

programs between 3 and 12 weeks 29,31,33-35,37,38 and two with more than 12 weeks 12,23. 

Included studies reported no effect on mortality regardless of program length.  

Pooled results for program length <3 weeks demonstrated no effect on mortality at one 

month after discharge (RR 0.8; 95% CI 0.1 to 4.5; i2=31%) 13,23 (Supplemental Digital 

Content B – Figure B8). Likewise, the effect on mortality for length of program between 3-

12 weeks was non-significant at three months (RR 0.5; 95% CI 0.1 to 1.6; i2= 0%) 33,35,37,38 

and at 12 months after discharge (RR 0.8; 95% CI 0.3 to 1.8; i2=0%) 34,35 (Supplemental 

Digital Content B – Figures B9 and B10). Risk ratios for the studies that could not be 

combined due heterogeneous time points are presented on Table 5. 
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PROGRAM FREQUENCY ( ≤1 SESSION/WEEK OR ≥2 SESSIONS/WEEKS) 

Four studies were unclear regarding session frequency 18,28,40,41. All other studies included in 

the review delivered interventions at least twice a week 12-17,19-27,29-39,42. One study delivered 

face-to-face intervention only four times during the study period and participants were asked 

to perform the exercises independently in between sessions; making it unclear exactly how 

many times per week the intervention was delivered 39. As a result, we were not able to 

evaluate the effects of program frequency on outcomes. 

 

PROGRAM COMMENCEMENT (INPATIENT OR AFTER DISCHARGE) 

Eighteen studies delivered exercises starting during inpatient period 12-15,17-24,29-32,36,39 and 11 

started after discharge 16,25-27,33-35,37,38,40,43. One study was unclear regarding program 

commencement 41.  

Hospital Readmission 

Overall, hospital readmission seemed to be lower in studies that started the program after 

discharge 33-35,37,38,44 (Table 4). These studies generally used both exercise and education, and 

had a length between 3 and 12 weeks. Studies, which started the exercise program during the 

inpatient period, were too heterogeneous to be combined in a meta-analysis and had variable 

effect on readmissions (Table 4) 13,23,29,31. Pooled results of studies that delivered 

rehabilitation starting after discharge favoured intervention at end of program (RR 0.6; 95% 

CI 0.4 to 0.9; I2= 49%) 33,37,38, but were non-significant at 12 months (RR 0.79; 95% CI 0.6 to 

1.0); I2=72%) 34,35. Moreover, heterogeneity was high in the analyses (Supplemental Digital 

Content B – Figures B11 and B12).  
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Mortality 

Mortality was reported in seven studies that started during the inpatient period 13,23,29,31,40,45 

and six that started after discharge 33-35,37,38. Included studies generally showed no effect on 

mortality regardless of the time of program commencement.  

Two studies commencing intervention during the inpatient period could be combined and a 

non-significant result was observed at one month after discharge (RR 0.8; 95% CI 0.1 to 4.5; 

i2=31%) 13,23 and after end of program (RR 1.8, 95%CI 0.4 to 8.4; i2= 0%) 29,31 

(Supplemental Digital Content B – Figures B13 and B14). For long-term, one study 

commenced during the inpatient period reported a trend towards reduced risk of death in the 

exercise training group after four years (Table 5) 40.  

Five studies starting the program after discharge reported no effect on mortality at 3 months 

(RR 0.5; 95% CI 0.1 to 1.6; i2= 0%) 33,35,37,38 or at 12 months (RR 0.8; 95% CI 0.3 to 1.8; 

i2=0%) 34,35 (Supplemental Digital Content B – Figure B15 and B16). 

 

PROGRAM LOCATION (INPATIENT, OUTPATIENT, COMBINATION OF 

INPATIENT AND OUTPATIENT) 

In 11 studies exercise programs was delivered in the inpatient setting 13-15,17-23,32,36, 11 studies 

were delivered as outpatient programs 16,25-28,33-35,37,38,40 and six delivered a combination of an 

inpatient program followed by an outpatient program 12,24,29-31,39. One study was unclear 

regarding program location 41. 

Hospital Readmission 
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Two studies had programs located in an inpatient facility, however they could not be 

combined due heterogeneous time points measured 13,23. Results are not conclusive about the 

effect of program location on hospital readmission due the wide confidence intervals of 

results 13,23 (Table 4).  

For programs located as outpatient services, the results favored the intervention at 3 months 

(RR 0.6; 95% CI 0.4 to 0.9; I2= 49%) 33,37,38, but were non-significant at 12 months (RR 0.8; 

95% CI 0.6 to 1.0); I2=72%) 34,35. However, heterogeneity was high in the analyses 

(Supplemental Digital Content B – Figure B17 and B18).  

Two studies that had combination of location (inpatient and outpatient) could not be 

combined 29,31. One study reported reduced risk of readmission at 3 months 29 while the other 

study reported higher relative risk of readmission at 12 months 31 (Table 4).  

Mortality 

Effects on mortality were varied and generally non-significant (Table 5), with the exception 

of one trial (combination of inpatient and outpatient) that reported increased mortality at 12 

months 31. Programs delivered as outpatients had a non-significant relative risk for mortality 

at one month (RR 0.8 95%CI 0.1 to 4.5), at 3 months (RR 0.5; 95% CI 0.1 to 1.6), and at 12 

months (RR 0.8; 95%CI 0.4 to 1.7) (Supplemental Digital Content B – Figures B19, B20 and 

B21). 

 

PROGRAM SUPERVISION (SUPERVISED OR UNSUPERVISED) 

Twenty-six studies delivered supervised programs 12-29,32-39, one delivered unsupervised 

programs 30 and one delivered supervised program as inpatients followed by unsupervised 
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program after discharge 31. The remaining studies were unclear regarding program 

supervision 40,41. 

Hospital readmission 

Effects of pulmonary rehabilitation on hospital admission were varied and generally non-

significant (Table 4). Eight studies delivered supervised programs 13,23,29,33-35,37,38, and some 

were sufficiently similar to be pooled in a meta-analysis with results favoring the intervention 

at end of program (RR 0.6; 95% CI 0.4 to 0.9; I2= 49%) 33,37,38 and non-significant at 12 

months (RR 0.8; 95% CI 0.6 to 1; I2=72%) 34,35 (Supplemental Digital Content B – Figures 

B22 and B23). Also, heterogeneity was high in the analyses.  

Mortality 

Studies that delivered supervised programs and were sufficient similar regarding intervention 

and time points measured were combined 13,23,33-35,37,38. Effects on mortality were non-

significant at one month after discharge (RR 0.8; 95% CI 0.1 to 4.5; i2=31%) 13,23, at three 

months (RR 0.5; 95% CI 0.1 to 1.6; i2= 0%) 33,35,37,38, and at 12 months (RR 0.8; 95% CI 0.3 

to 1.8; i2=0%) 34,35 (Supplemental Digital Content B – Figures B24, Figure B25 and Figure 

B26). The remaining studies could not be combined due heterogeneous time points measured 

and results were non-significant at three months 29, six weeks 31 and 12 months after the 

program 31 (Table 5). One study delivered an unsupervised home-based component of the 

program that followed discharge and reported increased risk of death at 6 weeks and 

significant higher mortality risk after 12 months (Table 5) 31.  

 

SECONDARY OUTCOMES 
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Secondary outcomes (functional capacity, quality of life and adverse events) are reported in 

the Supplemental Digital Content C. For the secondary outcomes of functional capacity and 

quality of life, the mean difference of the pooled results exceeded the minimum important 

difference regardless of program characteristics. Four studies that presented data for adverse 

events had no adverse events during the intervention period23,24,32,37. The only study that 

reported adverse events during the study delivered exercise program started as inpatients for 

less than 3 weeks 19. Tang et al. 19 reported 13 adverse events, seven non-serious, five 

nonserious study related and not expected and one serious and study related 19. The study 

reported that a participant with previous history of heart condition developed chest pain that 

lasted two minutes while exercising in low-intensity; the adverse event was resolved within 

one hour without medical intervention 19.  

 

DISCUSSION 

The present systematic review analysed the efficacy of each characteristic of pulmonary 

rehabilitation programs delivered following an exacerbation of COPD on clinical outcomes. 

None of the included studies made a direct comparison of program characteristics, so 

subgroup analysis was used to compare the benefits of different program characteristics to 

usual care. Reductions in hospital readmissions were seen where programs had a duration 

between 3-12 weeks, delivered exercise training plus education, or started after discharge. 

There was no influence of program characteristics on mortality risk. Functional capacity and 

quality of life presented clinically significant improvements regardless of the characteristics 

of the program delivered. 
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Programs starting after discharge with longer duration and that have education associated 

with the exercises had lower risk of hospital readmission. These characteristics are similar to 

those supported by pulmonary rehabilitation guidelines and management strategies for stable 

COPD patients 7,46. However, we could not indicate which of the three characteristics were 

most important for positive outcomes since many of the same studies were included in the 

analyses for length, mode and commencement. This is a common challenge with complex 

interventions, where the critical components are often not clear 47. In the study of early 

pulmonary rehabilitation (combined inpatient and outpatient) after exacerbation by Greening 

et al.31, a high mortality rate was reported in the intervention group at one year after 

pulmonary rehabilitation 31. However, the complexity of the intervention makes it difficult to 

detect the component within the program design that may have contributed to this outcome 

and how that could be altered 31. Future research should focus on documenting program 

characteristics in order to improve reproducibility, and make direct comparisons of different 

program characteristics in clinical trials, to allow identification of possible contributors to 

outcomes 47. A systematic review assessing outcomes of early pulmonary rehabilitation 

found significant decrease in mortality (OR 0.28; 95% CI 0.10 to 0.84) after the program 8. In 

the present review we report mortality risk was not influenced by any of the rehabilitation 

program characteristics. The evidence syntheses presented in the two systematic reviews 

provide evidence contrasting with the increased mortality risk reported in the study by 

Greening et al. 31 and suggest that early rehabilitation is likely safe. However, the present 

review did not consider patient characteristics, such as disease severity. It is possible that 

mortality risk may be related to COPD phenotype 48, suggesting that future randomised 

controlled trials of pulmonary rehabilitation early after exacerbation should stratify for 
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frequent-exacerbators phenotype, which may better help identify contributors to mortality 

risk.   

Puhan et al. 8 reported high quality evidence that early pulmonary rehabilitation increased 

functional capacity and quality of life in people with COPD after exacerbation 8. The present 

review reported that functional capacity and quality of life increase with early pulmonary 

rehabilitation regardless of the program characteristics. Reported results correspond to the 

body of literature, stating that decreasing inactivity improve functional capacity and quality 

of life in people with COPD 49,50. Starting exercises early after exacerbation of COPD would 

break the inactivity cycle that starts after onset of exacerbation and can result in prolonged 

recovery 50. Thus, starting exercises early after exacerbation of COPD is effective on 

increasing outcomes that would possibly be affected by the recovery process. 

Although the present review identified some program characteristics associated with positive 

outcomes, many included studies were too heterogeneous regarding program characteristics 

to be combined in a metanalysis. When meta-analysis was possible several analyses found 

high I-squared values (between 50-90%), representing substantial heterogeneity and 

suggesting that even when results shown statistical significance they were inconsistent 51. 

This suggests unexplained variation across the studies that could be related to program 

characteristics, participant characteristics or other unidentified features of these complex 

intervention packages. Another potential limitation is the lack of details to describe the 

programs delivered in the studies, such as supervision or blinding. Future studies should 

thoroughly describe the intervention so it can be reproduced and comprehensively analysed. 

 

APPLICATION TO PRACTICE 
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This review confirms the safety and efficacy of early pulmonary rehabilitation for people 

after exacerbation of COPD, and suggests that program characteristics may influence 

readmission risk. In clinical practice, supervised early pulmonary rehabilitation programs that 

commence after discharge, combine exercises with education, and with more than three 

weeks of length may be optimal to minimize hospital readmission. 

  

SUMMARY 

Hospital readmission was reduced following supervised pulmonary rehabilitation programs 

that delivered exercise training associated with education, started after discharge from 

hospital or lasted for longer than three weeks. Mortality risk was not related to program 

characteristics. Functional capacity and quality of life improved after early pulmonary 

rehabilitation independent of program characteristics. Studies of early pulmonary 

rehabilitation after exacerbation are heterogeneous regarding program characteristics. Future 

studies should consider a direct comparison of early pulmonary rehabilitation characteristics, 

allowing the most effective components to be understood. 
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Figure and tables 

 

Figure 1. PRISMA flow diagram of study screening and selection 10. PRISMA flow diagram 

used in study selection and screening. Thirty studies were included for review whereas the 

rest of the studies were excluded 
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Table 1. Characteristics of included studies 

Reference Year Country Type 
Single or 

Multicentre 

Number of 

participants 
Outcomes  

Intervention 

duration 

Assessment 

time points 
Funding 

Ali et al.  

(12) 
2014 India Full report S 30 6MWD, SF-36 

Hospital stay + 
3 weeks 

(outpatient) 

Baseline, 
end 

intervention 

Not stated 

Behnke et 

al.  (17) 
2000 Germany Full report S 46 

6MWD 

treadmill, CRQ 

10 days 
(hospital) + 

6 months 

(outpatient) 

Day 1 and 
10, Months 

1, 2,3, end 

intervention 

Yes 

Borges et 

al. (18) 
2014 Brazil Full report S 46 6MWD, SGRQ 

Mean of 9 days 

(hospital stay) 

Baseline, 
discharge, 

day 30 

Yes 

Dabbis et 

al.  (29) 
2017 Egypt Full report S 45 6MWD, SGRQ 8 weeks 

Baseline, 
end 

intervention 

Not stated 

Deepak et 

al. (30) 
2014 India Full report S 60 6MWD, SGRQ 12 weeks 

Baseline, 
end 

intervention 

Not stated 

Eaton et al. 
(31) 

2009 
New 
Zealand 

Full report S 97 

Hospital 

readmission, 
6MWD, CRQ, 

SF-36 

Hospital stay + 

8 weeks 

(outpatient) 

Baseline, 3 
months 

Yes 

Ghanem et 

al. (32) 
2010 Egypt Full report S 39 

6MWD, CRQ, 

SF-36 

Hospital stay + 
2 months 

(outpatient) 

Baseline, 
end 

intervention 

No 

Greening et 

al.  (33) 
2014 

United 

Kingdom 
Full report M 389 

Hospital 

readmission, 

Mortality, 
ISWT, ESWT, 

SGRQ 

Median of 5 
days (hospital 

stay) + 6 weeks 

(outpatient) 

Baseline, 

discharge, 
end 

intervention, 

months 3 
and 12 

Yes 

He et al. 

(13) 
2015 China Full report S 101 6MWD, CRQ 

Mean of 10 

days (hospital 
stay) 

Baseline, 

discharge 
Yes 
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Johnson-
Warrington 

et al.  (34) 

2016 
United 

Kingdom 
Full report M 78 

Hospital 

readmission, 
Mortality, 

ISWT, ESWT, 

CRQ  

3 months 
Baseline, 
end 

intervention 

Yes 

Kjærgaard 

et al. (28) 
2020 Denmark Full report S 150 ISWT, ESWT 7 weeks 

Baseline, 
end 

intervention 

Yes 

Kirsten et 

al. (19) 
1998 Germany Full report S 29 

6MWD 

treadmill 
Hospital stay 

Baseline, 
day 1, 5, 10 

and 11 

Yes 

Knaut et al. 

(20) 
2014 Brazil Abstract Not stated 11 6MWD, SGRQ Hospital stay 

Baseline, 1 

month 
Not stated 

Ko et al. 

(36) 
2011 

Hong 

Kong 
Full report S 60 

Hospital 

readmission, 

Mortality, 
6MWD, 

SGRQ, SF-36 

8 weeks 

Baseline, 

months 3, 6, 
9 and 12 

Yes 

Ko et al. 

(35) 
2017 

Hong 

Kong 
Full report S 180 

Hospital 
readmission, 

Mortality, 

6MWD, SGRQ 

8 weeks 
Baseline, 12 

months 
Not stated 

Liao et al. 

(37) 
2015 Taiwan Full report M 62 6MWD 

4 days 

(hospital stay) 

Baseline, 
end 

intervention 

Yes 

Man et al.  
(14) 

2004 
United 
Kingdom 

Full report S 42 

Hospital 
readmission, 

Mortality, 

ISWT, SGRQ, 
CRQ, SF-36 

8 weeks 
Baseline, 3 
months 

Yes 

Murphy et 
al. (21) 

2005 Ireland Full report S 31 ISWT, SGRQ 6 weeks 

Baseline, 

end 

intervention 

Not stated 

Probst et 

al. (22) 
2005 

Not 

stated 
Abstract Not stated 21 

Outcomes not 

related to the 

review 
question 

7 days 

(hospital stay) 

Baseline, 
end 

intervention 

Not stated 



109 

 

 

Revitt et al. 

(27) 
2018 

United 

Kingdom 

Short 

report 
S 36 ISWT, ESWT 6 weeks 

Baseline, 7 

weeks 
No 

Seymour et 
al. (38) 

2010 
United 
Kingdom 

Full report M 60 

Hospital 

readmission, 

Mortality, 

ISWT, ESWT, 
CRQ, SGRQ 

8 weeks 
Baseline, 3 
months 

Yes 

Song et al. 

(39) 
2014 Korea Full report S 40 6MWD, SGRQ 2 months 

Baseline, 

end 
intervention 

Yes 

Tahirah et 

al. (23) 
2015 

Australia, 

Malaysia 
Abstract Not stated 38 

Outcomes not 

related to the 

review 
question 

Hospital stay 

Baseline, 

end 

intervention 

Not stated 

Tang et al. 

(16) 
2012 Australia Full report Not stated 32 Adverse events Hospital stay 

End 

intervention 
Not stated 

Torres-
Sánchez et 

al. (26) 

2014 Spain Abstract Not stated 60 

Outcomes not 

related to the 

review 
question 

Mean of 8 days 

(hospital stay) 

Baseline, 
end 

intervention 

Not stated 

Torres-
Sánchez et 

al. (25) 

2016 Spain Full report M 49 

Outcomes not 

related to the 

review 
question 

Mean of 9 days 

(hospital stay) 

Baseline, 
end 

intervention 

Yes 

Torres-

Sánchez et 

al. (24) 

2017 Spain Full report M 58 

Outcomes not 

related to the 
review 

question 

Mean of 11 

days (hospital 

stay) 

Baseline, 

end 

intervention 

Yes 

Troosters 
et al.  (40) 

2002 Belgium Abstract Not stated 48 Survival 6 months 4 years Not stated 

Troosters 

et al. (15) 
2010 

Belgium, 

Brazil 
Full report S 40 

Hospital 

readmission, 

Mortality, 
6MWD 

7 days 

(hospital stay) 

Baseline, 

end 

intervention, 
1 month 

Yes 

Wu et al. 

(41) 
2015 China Abstract Not stated 90 6MWD Unclear 

Baseline, 

end 
intervention  

Not stated 
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Table Legend: S: Single centre study; M: Multicentre study; 6MWD: Six-minute walking distance; SF-36: The Short Form-36; 

CRQ: Chronic Respiratory Disease Questionnaire; SGRQ: Saint George's Respiratory Questionnaire; ISWT: Incremental shuttle 

walk test; ESWT: Endurance shuttle walk test. 
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Table 2. Pulmonary rehabilitation program characteristics 

Study Comparison Mode  Length  Frequency  Commencement Location/Setting Supervision 

Ali et al. 2014 (12) PRxUC Exercise + education 3-12 

weeks 

≥2x/week Inpatient Combination  Yes 

Behnke et al.  2000 

(17) 

PR x UC Exercise only >12 

weeks 

≥2x/week Inpatient Combination Yes 

Borges et al. 2014 

(18) 

PRx UC Exercise only <3 weeks ≥2x/week Inpatient Inpatient Yes 

Dabbis et al.  2017 

(29) 

CT x ET x 

UC 

Exercise + education 3-12 

weeks 

≥2x/week After discharge Outpatient Yes 

Deepak et al. 2014 
(30) 

PRxUC Exercise + education 3-12 
weeks 

? After discharge Outpatient Yes 

Eaton et al. 2009 

(31) 

PRxUC Exercise + education 3-12 

weeks 

≥2x/week Inpatient Combination Yes 

Ghanem et al. 2010 

(32) 

PRxUC Exercise + education 3-12 

weeks 

≥2x/week Inpatient Combination No 

Greening et al.  

2014 (33) 

PRxUC Exercise + education 3-12 

weeks 

≥2x/week Inpatient Combination Yes/ No 

He et al. 2015 (13) PRxUC Exercise + education <3 weeks ≥2x/week Inpatient Inpatient Yes 

Johnson-

Warrington et al.  
2016 (34) 

PRxUC Exercise + education 3-12 

weeks 

≥2x/week After discharge Outpatient Yes 

Kjærgaard et al. 

2020 (28) 

Early PR x 

Late PR 

Exercise + education 3-12 

weeks 

≥2x/week After discharge Outpatient Yes 

Kirsten et al. 1998 
(19) 

PRxUC Exercise only <3 weeks ≥2x/week Inpatient Inpatient Yes 

Knaut et al. 2014 

(20) 

PRxUC Exercise only <3 weeks ≥2x/week Inpatient Inpatient Yes 

Ko et al. 2011 (36) PRxUC Exercise + education 3-12 

weeks 

≥2x/week After discharge Outpatient Yes 

Ko et al. 2017 (35) PRxUC Exercise + education 3-12 
weeks 

≥2x/week After discharge Outpatient Yes 

Liao et al. 2015 

(37) 

PRxUC Exercise + education <3 weeks ≥2x/week Inpatient Inpatient Yes 
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Man et al.  2004 

(14) 

PRxUC Exercise + education 3-12 

weeks 

≥2x/week After discharge Outpatient Yes 

Murphy et al. 2005 

(21) 

Early PR x 

Late PR 

Exercise only 3-12 

weeks 

≥2x/week After discharge Outpatient Yes 

Probst et al. 2005 

(22) 

PRxUC Exercise only <3 weeks ≥2x/week Inpatient Inpatient Yes 

Revitt et al. 2018 

(27) 

Early PR x 

Late PR 

Exercise + education 3-12 

weeks 

≥2x/week After discharge Outpatient Yes 

Seymour et al. 
2010 (38) 

PRxUC Exercise + education 3-12 
weeks 

≥2x/week After discharge Outpatient Yes 

Song et al. 2014 

(39) 

PRxUC Exercise + education 3-12 

weeks 

≥2x/week Inpatient Combination Yes 

Tahirah et al. 2015 
(23) 

PRxUC Exercise only <3 weeks ? Inpatient Inpatient Yes 

Tang et al. (16) LI-PR x HI-

PR x UC 

Exercise only ? ≥2x/week Inpatient Inpatient Yes 

Torres-Sánchez et 

al.  2014 (26) 

PRxUC Exercise only <3 weeks  ≥2x/week Inpatient Inpatient Yes 

Torres-Sánchez et 
al. 2016 (25) 

PRxUC Exercise only <3 weeks  ≥2x/week Inpatient Inpatient Yes 

Torres-Sánchez et 

al. 2017 (24) 

PRxUC Exercise only <3 weeks  ≥2x/week Inpatient Inpatient Yes 

Troosters et al.  
2002 (40) 

PRxUC ? >12 
weeks 

? After discharge Outpatient ? 

Troosters et al. 

2010 (15) 

PRxUC Exercise only <3 weeks ≥2x/week Inpatient Inpatient Yes 

Wu et al. 2015 (41) PRxUC ? ? ? ? ? ? 

Table Legend: PR: pulmonary rehabilitation program; UC: usual care; CT: Combined training; ET: Endurance training; LI-PR: 

low-intensity pulmonary rehabilitation; HI-PR: high-intensity pulmonary rehabilitation; ?: unclear 
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Table 3. Risk of bias summary: review authors' judgments about each risk of bias item for 

each included study 

        Low Risk of Bias 

        High Risk of Bias 

?      Unclear 
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Ali et al. 2014(12)  
  ? ?     

Behnke et al. 2000 (17)  
? ?  ?     

Borges et al. 2014 (18)  
        

Daabis et al. 2017 (29)  
? ? ? ?     

Deepak et al. 2014 (30)  
 ? ? ?     

Eaton et al. 2009 (31)  
        

Ghanem et al. 2010 (32)  
? ?       

Greening et al. 2014 

(33)   ?       

He et al. 2015 (13) 
? ? ? ? ?    

Johnson-Warrington et 

al. 2016 (34)         

Kjærgaard 2020 (28) 
  ? ?     

Kirsten et al. 1998 (19)  
? ?  ?     

Knaut et al. 2014 (20)  
? ? ? ?     

Ko et al. 2011 (36) 
 ?       

Ko et al. 20 17 (35) 
 ?       

Liao et al. 2015 (37)  
 ?       

Man et al. 2004 (14)  
 ?       

Murphy et al. 2005 (21) 
  ? ?     

Probst et al. 2005 (22) 
? ?  ? ?    

Revitt 2018 (27) 
  ? ?     

Seymour et al. 2010 

(38)         

Song et al. 2014 (39) 
 ?    ?   

Tahirah et al  
? ?  ?  ?   
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Tang et al. (16) 
        

Torres-Sánchez et al. 

2014 (26)  ? ?  ? ?    

Torres-Sánchez et al. 

2016 (25)         

Torres-Sánchez et al. 

2017 (24)         

Troosters et al. 2002 

(40) ? ?  ?     

Troosters et al. 2010  

(15)         

Wu et al. 2015 (41) 
? ?  ? ?    
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Table 4. Hospital readmission relative risk for each program characteristics 

Hospital Readmission Relative Risk for Program Mode 

Study  Time pointa Relative Risk 95%CI P value 

 Exercise only vs Usual care 

Borges 2014 (18)  1 month  3.6 0.2 to 82.7 0.43 

Troosters 2010 (15)  6 months  1.2 0.7 to 2.4 0.43 

 Exercise plus education vs Usual care 

Eaton 2009 (31)  3 months  0.7 0.4 to 1.4 0.35 
Man 2004 (14)  3 months  0.6 0.3 to 1.3 0.19 

Seymour 2010 (38)  3 months  0.2 0.1 to 0.8 0.03 

Johnson-Warrington 2016 
(34) 

 
3 months  0.8 0.5 to 1.4 0.50 

Greening 2014 (33)  12 months  1.1 0.9 to 1.3 0.34 

Ko 2011 (36)  12 months  1.2 0.7 to 2.1 0.44 

Ko 2017 (35)  12 months  0.7 0.4 to 1.0 0.03 
      

Hospital Readmission Relative Risk for Program Length 

 < 3 weeks 

Borges 2014 (18) 
 

1 month  3.6 
0.15 to 
82.7 

0.43 

Troosters 2010 (15)  6 months  1.2 0.7 to 2.4 0.43 

 3-12 weeks 

Eaton 2009 (31)  3 months  0.7 0.4 to 1.4 0.35 

Man 2004 (14)  3 months  0.6 0.3 to 1.3 0.19 

Seymour 2010 (38)  3 months  0.2 0.1 to 0.8 0.03 

Johnson-Warrington 2016 
(34) 

 
3 months  0.8 0.5 to 1.4 0.50 

Greening 2014 (33)  12 months  1.1 0.9 to 1.3 0.34 

Ko 2011 (36)  12 months  1.2 0.7 to 2.1 0.44 
Ko 2017 (35)  12 months  0.7 0.4 to 1.0 0.03 

      

Hospital Readmission Relative Risk for Program Commencement 

 Inpatient 

Borges 2014 (18)  1 month  3.6 0.2 to 82.7 0.43 

Eaton 2009 (31)  3 months  0.7 0.4 to 1.4 0.35 

Troosters 2010 (15)  6 months  1.2 0.7 to 2.4 0.43 
Greening 2014 (33)  12 months  1.1 0.9 to 1.3 0.34 

 After discharge 

Man 2004 (14)  3 months  0.6 0.3 to 1.3 0.19 

Seymour 2010 (38)  3 months  0.2 0.1 to 0.8 0.03 
Johnson-Warrington 2016 

(34) 

 
3 months  0.8 0.5 to 1.4 0.50 

Ko 2011 (36)  12 months  1.2 0.7 to 2.1 0.44 
Ko 2017 (35)  12 months  0.7 0.4 to 1.0 0.03 

      

Hospital Readmission Relative Risk for Program Location 

 Inpatient 

Borges 2014 (18)  1 month  3.6 0.2 to 82.7 0.43 

Troosters 2010 (15)  6 months  1.3 0.7 to 2.4 0.43 
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 Outpatient 

Man 2004 (14)  3 months  0.6 0.3 to 1.3 0.19 

Seymour 2010 (38)  3 months  0.2 0.1 to 0.8 0.03 
Johnson-Warrington 2016 

(34) 

 
3 months  0.8 0.5 to 1.4 0.50 

Ko 2011 (36)  12 months  1.2 0.7 to 2.1 0.44 
Ko 2017 (35)  12 months  0.7 0.4 to 1.0 0.03 

 Combination of inpatient and outpatient program 

Eaton 2009 (31)  3 months  0.7 0.4 to 1.4 0.35 

Greening 2014 (33)  12 months  1.1 0.9 to 1.3 0.34 
      

Hospital Readmission Relative Risk for Program Supervision 

 Supervised 

Borges 2014 (18)  1 month  3.6 0.2 to 82.7 0.43 
Eaton 2009 (31)  3 months  0.7 0.4 to 1.4 0.35 

Man 2004 (14)  3 months  0.6 0.3 to 1.3 0.19 

Seymour 2010 (38)   3 months  0.2 0.1 to 0.8 0.03 
Johnson-Warrington 2016 

(34) 

 
3 months  0.8 0.5 to 1.4 0.50 

Troosters 2010 (15)  6 months  1.0 0.5 to 2.0 0.02 
Ko 2011 (36)  12 months  1.2 0.7 to 2.1 0.44 

Ko 2017 (35)  12 months  0.7 0.4 to 1.0 0.03 

 Supervised and unsupervised 

Greening 2014 (33)  12 months  1.1 0.9 to 1.3 0.34 

Table Legend: aMonths after hospital discharge 
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Table 5. Mortality relative risk for each program characteristics 

Mortality Relative Risk for Program Mode 

Study  Time pointa 
Relative 

risk 
95% CI P value 

 Exercise training only vs Usual care 

Borges 2014 (18)  1 month  0.2 0.01 to 4.7 0.23 

Troosters 2010 (15)  1 month  3.3 0.1 to 76.8 0.43 

Behnke (17)  6 months 1.0 0.1 to 15.0 1.0 
 Exercise training plus education vs Usual care 

Greening 2014 (33)  6 weeks 1.5 0.3 to 8.8 0.67 

Eaton 2009 (31)  3 months  3.2 0.1 to 76.4 0.47 
Man 2004 (14)  3 months  0.5 0.1 to 5.1 0.55 

Seymour 2010 (38)  3 months  3.0 0.1 to 70.8 0.46 

Johnson-Warrington 2016 

(34) 
 3 months  0.1 0.01 to 2.7 0.10 

Ko 2011 (36)  3 months  0.4 0.01 to 8.1 0.46 

Greening 2014 (33)  12 months  2.1 1.1 to 4.0 0.03 

Ko 2011 (36)  12 months  0.3 0.01 to 7.9 0.44 
Ko 2017 (35)  12 months  0.8 0.3 to 2.0 0.65 

      

Mortality Relative Risk for Program Length 

 < 3 weeks 

Borges 2014 (18)  1 month  0.2 0.01 to 4.7 0.23 

Troosters 2010 (15)  1 month  3.3 0.1 to 76.8 0.43 

 3-12 weeks 

Greening 2014 (33)  6 weeks 1.5 0.3 to 8.8 0.67 
Eaton 2009 (31)  3 months  3.2 0.1 to 76.4 0.47 

Man 2004 (14)  3 months  0.5 0.1 to 5.1 0.55 

Seymour 2010 (38)  3 months  3.0 0.1 to 70.8 0.46 
Johnson-Warrington 2016 

(34) 

 
3 months  0.1 0.01 to 2.7 0.10 

Ko 2011 (36)  3 months  0.4 0.01 to 8.1 0.46 
Greening 2014 (33)  12 months  2.1 1.1 to 4.0 0.03 

Ko 2011 (36)  12 months  0.3 0.01 to 7.9 0.44 

 >12 weeks 

Behnke 2000 (17)  6 months 1.0 0.1 to 15.0 1.0 
Troosters 2002 (40)  4 years 0.6 0.3 to 1.1 0.07 

      

Mortality Relative Risk for Program Commencement 

 Inpatient 

Greening 2014 (33)  6 weeks 1.5 0.3 to 8.9 0.67 

Borges 2014 (18)  1 month  0.2 0.01 to 4.7 0.23 

Troosters 2010 (15)  1 month  3.3 0.1 to 76.8 0.43 
Eaton 2009 (31)  3 months  3.2 0.1 to 76.4 0.47 

Behnke 2000 (17)  6 months 1.0 0.1 to 15.0 1.0 

Greening 2014 (33)  12 months  2.1 1.1 to 4.0 0.03 

Troosters 2002 (40)  4 years 0.6 0.3 to 1.1 0.07 
 After discharge 

Man 2004 (14)  3 months  0.5 0.05 to 5.1 0.55 
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Seymour 2010  3 months  3.0 0.13 to 70.8 0.46 

Johnson-Warrington 2016  3 months  0.1 0.01 to 2.7 0.10 
Ko 2011 (36)  3 months  0.4 0.01 to 8.1 0.46 

Ko 2011 (36)  12 months  0.3 0.01 to 7.9 0.44 

Ko 2017 (35)  12 months  0.8 0.33 to 2.0 0.65 

      
Mortality Relative Risk for Program Location 

 Inpatient 

Borges 2014 (18)  1 month  0.2 0.01 to 4.7 0.23 

Troosters 2010 (15)  1 month  3.3 0.1 to 76.8 0.43 
 Outpatient 

Man 2004 (14)  3 months  0.5 0.1 to 5.1 0.55 

Seymour 2010 (38)  3 months  3.0 0.1 to 70.8 0.46 
Johnson-Warrington 2016 

(34) 

 
3 months  0.1 0.01 to 2.7 0.10 

Ko 2011 (36)  3 months  0.4 0.01 to 8.1 0.46 

Ko 2011 (36)  12 months  0.3 0.01 to 7.9 0.44 
Ko 2017 (35)  12 months  0.8 0.3 to 2.0 0.65 

Troosters 2002 (40)  4 years 0.6 0.3 to 1.1 0.07 

 Combination of inpatient and outpatient program 

Eaton 2009 (31)  3 months  3.2 0.1 to 76.4 0.47 

Behnke 2000 (17)  6 months 1.0 0.1 to 15.0 1.0 

Greening 2014 (33)  6 weeks 1.5 0.3 to 8.8 0.67 

Greening 2014 (33)  12 months  2.1 1.1 to 4.0 0.03 
      

Mortality Relative Risk for Program Supervision 

 Supervised 

Borges 2014 (18)  1 month  0.2 0.01 to 4.7 0.23 
Troosters 2010 (15)  1 month  3.3 0.1 to 76.8 0.43 

Eaton 2009 (31)  3 months  3.2 0.1 to 76.4 0.47 

Man 2004 (14)  3 months  0.5 0.1 to 5.1 0.55 
Seymour 2010 (38)  3 months  3.0 0.1 to 70.8 0.46 

Johnson-Warrington 2016 

(34) 

 
3 months  0.1 0.01 to 2.7 0.10 

Ko 2011 (36)  3 months  0.4 0.01 to 8.1 0.46 
Behnke 2000  (17)  6 months 1.0 0.1 to 15.0 1.0 

Ko 2011 (36)  12 months  0.3 0.01 to 7.9 0.44 

Ko 2017 (35)  12 months  0.8 0.3 to 2.0 0.65 
 Supervised and unsupervised 

Greening 2014 (33)  6 weeks 1.5 0.3 to 8.8 0.67 

Greening 2014 (33)  12 months  2.1 1.1 to 4.0 0.03 

Table Legend: aTime after hospital discharge 
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4.4 Supplemental Material 

Supplemental Digital Content A – Search strategy model 

MEDLINE STRATEGY 

1 exp Pulmonary Disease, Chronic Obstructive/ 

2 exp Lung Diseases, Obstructive/  
3 Chronic obstructive pulmonary disease.mp. 

4 chronic obstructive lung disease.mp. 

5 COPD.mp. 
6 Pulmonary emphysema.mp. 

7 Pulmonary Emphysema/ 

8 Emphysema*.mp. 

9 ((chronic airflow or chronic airway or chronic lung or chronic bronchopulmonary or chronic 
pulmonary or chronic respiratory) adj3 obstruct*).mp. 

10 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 

11 exp Rehabilitation/ 
12 (Rehabilitation or physiotherap* or physical therap* or Kinesiotherap*).mp. 

13 exp Physical Therapy Modalities/ 

14 (Pulmonar* or respiratory) adj2 Rehab*.mp. 
15 exp Exercise Movement Techniques/ 

16 exp Exercise/ 

17 Chest physio*.mp. 

18 (Chest adj3 exercis*).mp. 
19 (comprehensive adj1 therap*).mp. 

20 exp Physical Endurance/ 

21 resistance Training/ 
22 (chest adj2 therap*).mp. 

23 (exercise* or endurance or resistance training).mp. 

24 ((strength or aerobic* or flexibility or stretch*) adj2 (exercis* or training or routine*)).mp. 

25 (home-based adj2 (rehab* or exercise*)).mp. 
26 (early adj2 (rehab* or exercise*)).mp. 

27 exp Breathing Exercises/ 

28 Breathing exercises.mp. 
29 muscle training.mp. 

30 Exercise Test/ 

31 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 
27 or 28 or 29 or 30 

32 10 and 31  

33 exp Pulmonary Disease, Chronic Obstructive/rh [Rehabilitation] 

34 (COPD adj4 (exercise* or rehab* or therapy or physiotherap*)).mp. 
35 32 or 33 or 34   

36 randomized controlled trial.pt. 

37 controlled clinical trial.pt. 
38 randomized.ab. 

39 placebo.ab. 

40 clinical trials as topic.sh. 
41 randomly.ab. 
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42 trial.ti. 

43 36 or 37 or 38 or 39 or 40 or 41 or 42 

44 exp animals/ not humans.sh. 
45 43 not 44  

46 35 and 45  
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Supplemental Digital Content B – Primary outcomes forest plots 

 

PROGRAM MODE (Exercise training only or Exercise training plus education) 

 

Hospital Readmission 

 

 

Figure B1. Metanalysis of hospital readmission at 3 months for studies that delivered exercise training plus education. 
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Supplemental Digital Content B – Primary outcomes forest plots 

 

PROGRAM MODE (Exercise training only or Exercise training plus education) 

 

Hospital Readmission 

 

 

Figure B2. Metanalysis of hospital readmission at 12 months for studies that delivered exercise training plus education 
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Supplemental Digital Content B – Primary outcomes forest plots 

 

PROGRAM MODE (Exercise training only or Exercise training plus education) 

 

Mortality 

 

 

Figure B3. Metanalysis of mortality relative risk for studies that delivered exercise training only one months after discharge 
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Supplemental Digital Content B – Primary outcomes forest plots 

 

PROGRAM MODE (Exercise training only or Exercise training plus education) 

 

Mortality 

 

 

Figure B4. Metanalysis of mortality relative for studies that delivered exercise training plus education at 3 months 
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Supplemental Digital Content B – Primary outcomes forest plots 

 

PROGRAM MODE (Exercise training only or Exercise training plus education) 

 

Mortality 

 

 

Figure B5. Metanalysis of mortality relative risk for studies that delivered exercise training plus education at 12 months 
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Supplemental Digital Content B – Primary outcomes forest plots 

 

PROGRAM LENGTH (<3 weeks; 3-12 weeks or >12 weeks) 

 

Hospital readmission 

 

 

Figure B6. Metanalysis of hospital readmission relative risk at 3 months for studies that delivered program length between 3 and 

12 weeks 
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Supplemental Digital Content B – Primary outcomes forest plots 

 

PROGRAM LENGTH (<3 weeks; 3-12 weeks or >12 weeks) 

 

Hospital readmission 

 

 

Figure B7. Metanalysis of hospital readmission relative risk at 12 months for studies that delivered program length between 3 and 

12 weeks 
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Supplemental Digital Content B – Primary outcomes forest plots 

 

PROGRAM LENGTH (<3 weeks; 3-12 weeks or >12 weeks) 

 

Mortality 

 

 

Figure B8. Metanalysis of mortality relative risk at 1 months after discharge for studies that delivered program length of <3 weeks 
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Supplemental Digital Content B – Primary outcomes forest plots 

 

PROGRAM LENGTH (<3 weeks; 3-12 weeks or >12 weeks) 

 

Mortality 

 

 

Figure B9. Metanalysis of mortality relative risk at 3 months after discharge for studies that delivered program length between 3 

and 12 weeks 
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Supplemental Digital Content B – Primary outcomes forest plots 

 

PROGRAM LENGTH (<3 weeks; 3-12 weeks or >12 weeks) 

 

Mortality 

 

 

Figure B10.  Metanalysis of mortality relative risk at 12 months after discharge for studies that delivered program length between 

3 and 12 weeks 
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Supplemental Digital Content B – Primary outcomes forest plots 

 

PROGRAM COMMENCEMENT (Inpatient or After discharge) 

 

Hospital Readmission 

 

 

Figure B11. Metanalysis of hospital readmission relative risk at 3 months for studies with program starting after discharge 
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Supplemental Digital Content B– Primary outcomes forest plots 

 

PROGRAM COMMENCEMENT (Inpatient or After discharge) 

 

Hospital Readmission 

 

 

Figure B12. Metanalysis of hospital readmission relative risk at 12 months for studies with program starting after discharge 
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Supplemental Digital Content B– Primary outcomes forest plots 

 

PROGRAM COMMENCEMENT (Inpatient or After discharge) 

 

Mortality 

 

 

Figure B13. Metanalysis of mortality relative risk at 1 months after discharge for studies with program starting during inpatient 

period 
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Supplemental Digital Content B– Primary outcomes forest plots 

 

PROGRAM COMMENCEMENT (Inpatient or After discharge) 

 

Mortality 

 

 

Figure B14. Metanalysis of mortality relative risk at end program for studies with program starting after discharge 
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Supplemental Digital Content B– Primary outcomes forest plots 

 

PROGRAM COMMENCEMENT (Inpatient or After discharge) 

 

Mortality 

 

 

Figure B15. Metanalysis of mortality relative risk at 3 months after discharge for studies with program starting after discharge 
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Supplemental Digital Content B– Primary outcomes forest plots 

 

PROGRAM COMMENCEMENT (Inpatient or After discharge) 

 

Mortality 

 

 

Figure B16. Metanalysis of mortality relative risk at 12 months after discharge for studies with program starting after discharge 
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Supplemental Digital Content B– Primary outcomes forest plots 

 

PROGRAM LOCATION (Inpatient, outpatient, combination of inpatient and outpatient) 

 

Hospital Readmission 

 

 

Figure B17. Metanalysis of hospital readmission relative risk at 3 months for studies that delivered programs at a centre 
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Supplemental Digital Content B– Primary outcomes forest plots 

 

PROGRAM LOCATION (Inpatient, outpatient, combination of inpatient and outpatient) 

 

Hospital Readmission 

 

 

Figure B18. Metanalysis of hospital readmission relative risk at 12 months for studies that delivered programs at a centre 
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Supplemental Digital Content B– Primary outcomes forest plots 

 

PROGRAM LOCATION (Inpatient, outpatient, combination of inpatient and outpatient) 

 

Mortality 

 

 

Figure B19. Metanalysis of mortality relative risk at 1 months after discharge for studies that delivered program at the hospital  
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Supplemental Digital Content B– Primary outcomes forest plots 

 

PROGRAM LOCATION (Inpatient, outpatient, combination of inpatient and outpatient) 

 

Mortality 

 

 

Figure B20. Metanalysis of mortality relative risk at 3 months for studies that delivered program centre-based  
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Supplemental Digital Content B– Primary outcomes forest plots 

 

PROGRAM LOCATION (Inpatient, outpatient, combination of inpatient and outpatient) 

 

Mortality 

 

 

Figure B21. Metanalysis of mortality relative risk at 12 months for studies that delivered program centre-based and at 12 months  
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Supplemental Digital Content B– Primary outcomes forest plots 

 

PROGRAM SUPERVISION (Supervised, unsupervised)  

 

Hospital Readmission 

 

 

Figure B22. Metanalysis of hospital readmission relative risk at 3 months for studies that delivered supervised 
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Supplemental Digital Content B– Primary outcomes forest plots 

 

PROGRAM SUPERVISION (Supervised, unsupervised)  

 

Hospital Readmission 

 

 

Figure B23. Metanalysis of hospital readmission relative risk at 12 months for studies that delivered supervised program 
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Supplemental Digital Content B– Primary outcomes forest plots 

 

PROGRAM SUPERVISION (Supervised, unsupervised)  

 

Mortality 

 

 

Figure B24. Metanalysis of mortality relative risk at 1 months after discharge for studies that delivered supervised program 
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Supplemental Digital Content B– Primary outcomes forest plots 

 

PROGRAM SUPERVISION (Supervised, unsupervised)  

 

Mortality 

 

 

Figure B25. Metanalysis of mortality relative risk at 3 months after discharge for studies that delivered supervised program 
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Supplemental Digital Content B– Primary outcomes forest plots 

 

PROGRAM SUPERVISION (Supervised, unsupervised)  

 

Mortality 

 

 

Figure B26. Metanalysis of mortality relative risk at 12 months after discharge for studies that delivered supervised program 
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Supplemental Digital Content C – Secondary outcomes 

 

PROGRAM MODE (EXERCISE TRAINING ONLY OR EXERCISE 

TRAINING PLUS EDUCATION) 

 

Functional capacity 

A total of 17 included studies measured the six-minute walk distance (6MWD), seven 

delivered exercises training only 1-7 and ten delivered exercises training plus education 8-17. 

The average change in 6MWD exceeded the minimum important distance (Table C1) 

regardless of whether the program was exercise alone or exercise in combination with 

education. Thus, both program modes seemed to be effective in improving functional 

capacity. 

From the exercise training only studies, three measured functional capacity using the 6MWD, 

had a similar intervention and could be pooled in a meta-analysis. The results of this meta-

analysis favoured exercise training only, when undertaken during the hospital stay, as 

compared to usual care (Mean Difference 191.0 metres; 95%CI 114.1 to 268.1; i2=60%) 

(Figure C1) 1,2,18. Only one study of exercise training alone measured functional capacity 

using incremental shuttle walk test (ISWT) with no significant difference in ISWT distance 

when compared usual care (Table C2) 19. 

For studies that delivered exercise training plus education, combined results for 6MWD 

favoured exercise training plus education compared to usual care at end of intervention (2 

months) (Mean Difference 51.6 metres; 95%CI 1.0 to 102.1; i2=76%) (Figure C2) 12,17; 
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however this difference not significant in studies when assessed at end of intervention (3 

months) (Mean Difference 54.9 metres; 95%CI -26.3 to 136.1; i2=80%) (Figure C3) 9,15. 

 

Table C1. Functional capacity (6MWD) difference between groups from studies that 

delivered exercise training only or exercise training plus education compared to usual care  

Functional capacity for exercise training only and exercise training plus education groups – 

6MWD (m) 

Study  Time pointa 
Mean difference 
between groups 

95% CI P value 

Exercise training only vs Usual care 

Borges 2014 1  At discharge 139.0 55.0 to 223.0 0.003 

Kirsten 1998 2  At discharge 165.0 67.1 to 262.9 0.003 
Knaut 2014 3  1 monthsb 83.0 0.1 to 166.0 0.08 

Troosters 2010 5  1 monthsb 27.0 -4.4 to 79.0 0.3 

Behnke 2000 18  6 months 259.0 185.3 to 332.7 <0.0001 

Exercise training plus education vs Usual care 

He 2015 13  At discharge 17.3 9.1 to 25.5 <0.0001 

Dabbis 2017 9  2 months 98.5 40.8 to 156.2 0.002 

Ko 2011 15  3 months 15.5 -29.0 to 60.1 0.5 
Ghanem 2010 12  2 months 73.2 9.8 to 92.3 <0.0001 

Song 2014 17  2 months 20.8 -26.1 to 67.7 0.4 

Ali 2014 8  3 weeksb 0.5 0.0 to 1.0 0.05 
Deepak 2014 10  3 months 80.5 31.5 to 129.4 0.002 

Eaton 2009 11  3 months 3.0 -50.6 to 55.0 0.9 

Ko 2011 15  12 months 36.0 -23.0 to 95.0 0.2 
Ko 2017 14  12 monthsb 12.5 -6.9 to 31.9 0.2 

Table legend: aTime after hospital discharge. Data presented is change between groups at 

time point measured unless otherwise marked. 6MDW: six-minute walk distance; m: metres.  

bchange from baseline at time point measured. cmedian difference between groups 
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Table C2. Functional capacity (ISWT) difference between groups for studies that delivered 

exercise training only or exercise training plus education compared to usual  

Functional capacity for exercise training only and exercise training plus education groups – 

ISWT (m) 

Study  Time pointa 
Mean difference 
between groups 

95% CI P value 

Exercise training only vs Usual care 

Murphy 2005 19  6 weeks 89.0 
-25.9 to 

203.9 
0.1 

Exercise training plus education vs Usual care 

Kjaergaard 2020 20  2 months 33.9 4.2 to 63.7 0.02 

Man 2004 21  3 months 60.0c 26.6 to 93.4 0.0002 

Seymour 2010 22  3 months 33.0 
-30.8 to 

96.8 
0.3 

Johnson-Warrington 2016 
23 

 3 monthsb -7.5 
-67.4 to 

52.4 
0.8 

Table legend: aTime after hospital discharge. Data presented is change between groups at 

time point measured unless otherwise marked. ISWT: incremental shuttle walk test; m: 

metres. 

bchange from baseline at time point measured. cmedian difference between groups 
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Figure C1. Metanalysis of functional capacity (6MWD) mean difference between groups for studies that delivered exercise training only one 

month after discharge 

Figure C2. Metanalysis of functional capacity (6MWD) mean difference between groups for studies that delivered exercise training plus 

education assessed at 2 months 



151 

 

 

 

Figure C3. Metanalysis of functional capacity (6MWD) mean difference between groups for studies that delivered exercise training plus 

education assessed at 3 months 
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Health related quality of life 

The average of change in health-related quality of life (HRQoL) following pulmonary 

rehabilitation for both programs of exercise training alone or exercise training in addition 

to education were clinically important. This suggests both program modes seemed to be 

effective in improving HRQoL. 

 

Chronic Respiratory Questionnaire (CRQ) 

One study of exercise training only assessed HRQoL using the CRQ. Behnke et al. 18 

showed a significant difference between the exercise training intervention group and 

usual care at 3 months after hospital discharge for the dyspnoea, fatigue and mastery 

domains; and on the emotion domain at 6 months after discharge (Table C3) 18. 

Four studies of exercise training plus education used the CRQ to assess HRQoL. Three of 

these studies could be pooled in a metanalysis 21-23. The pooled results favoured the 

intervention in all domains except mastery of disease at 3 months (Std. Mean Difference; 

Dyspnoea: 0.8; 95% CI 0.5 to 1.1; i2= 0%/ Fatigue: 0.4; 95% CI 0.0 to 0.7; i2=0%/ 

Emotion: 0.5; 95% CI 0.1 to 0.8; i2= 0%) (Figure C4) 21-23. 

 

Saint George Respiratory Questionnaire (SGRQ)  

Two studies that delivered exercise training only assessed HRQoL using SGRQ. The 

results could not be pooled due to heterogeneous interventions and timepoint measured 

and are presented in Table C4.  

From five studies delivered exercises training plus education, three could be pooled in a 

metanalysis with results favouring the exercise training plus education in most domains 
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except symptoms (Mean Difference; Activities: -10.3; 95% CI -17.0 to 3.8; i2= 0%/ 

Impacts: -10.3; 95% CI -20.4 to 0.2; i2= 66%/ Total: -9.2; 95% CI -16.3 to -2.0; i2= 47%) 

(Figure C5) 21-23.  
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Table C3. Health-related quality of life (CRQ) for a study that compared exercise 

training only and usual care at 3 and 6 months after discharge 

Health-related quality of Life for exercise training only and exercise 

training plus education groups – CRQ 

 

Study  Time pointa Domain 
Intervention 

(n=15) 

Usual care 

(n=15) 

P value 

between 

groups 

Exercise training only vs Usual care  

Behnke 2000 18  3 months dyspnoea 22.1±1.4 15.7±1.6 <0.01 

Behnke 2000 18   fatigue 20.7±1.1 15.7±1.2 <0.01 

Behnke 2000 18   mastery 23.5±1.2 18.9±1.2 <0.01 

Behnke 2000 18  6 months emotion 42.1±1.7 31.0±2.5 <0.001 

Table legend: aTime after hospital discharge. Data presented are Mean±SEM. 

 

Table C4. Health-related quality of life (SGRQ) for studies that compared exercise 

training only or exercise training plus education to usual care 

Health-related quality of Life for exercise training only and exercise training plus 

education groups – SGRQ total 

Study 
 

Time pointa 
Mean difference 

between groups 

(m) 
95% CI P value 

Exercise training only vs Usual care 
Borges 2014 1  At discharge -8.3c -20.2 to 3.6 0.2 

Borges 2014 1  1 months -23.4c -31.8 to -14.9 <0.0001 

Murphy 2005 21  6 weeks -4.1 -18.3 to 10.1 0.6 
Exercise training plus education vs Usual care 
Song 2014 17  2 months -24.5 -29 to -20.0 <0.0001 

Deepak 2014 10  3 months -23.4 -31.8 to -14.9 <0.0001 

Ko 2017 14  12 months -6.8c -11.1 to -2.5 0.002 

Table legend: aTime after hospital discharge. Data presented is change between groups at 

time point measured unless otherwise marked. 

bchange from baseline at time point measured. cmedian difference between groups 
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Figure C4. Metanalysis of health-related quality of life (CRQ) standardised mean difference between groups for studies of exercise training 

plus education at end intervention 
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Figure C5. Metanalysis of health-related quality of life (SGRQ) mean difference between groups for studies that delivered exercise training 

plus education at end intervention
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Adverse events 

Studies which presented data for adverse events reported no adverse events during the 

interventions 5,8,13,21. The only study that reported adverse events during the study 

delivered exercise training only 4. Tang et al. 4 reported 13 adverse events, seven non-

serious, five nonserious study related and not expected and one serious and study related 

4. The study reported that a participant with previous history of heart condition developed 

chest pain that lasted two minutes while exercising in low-intensity; the adverse event 

was resolved within one hour without medical intervention 4.   
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PROGRAM LENGTH (<3 WEEKS; 3-12 WEEKS OR >12 WEEKS) 

 

Functional capacity 

Five studies delivered an exercise program less than 3 weeks in duration 1-3,5,13; seven 

studies delivered programs of 3-12 weeks duration 8-12,14,15,17; and one study contained a 

pulmonary rehabilitation program of longer than 12 weeks 18. The average change in 

6MWD generally exceeded the minimum important difference for all program lengths 

(Table C5). 

Of studies that delivered a pulmonary rehabilitation program less than 3 weeks in 

duration, results favoured the intervention group at discharge from hospital, but were not 

significant (Mean Difference 99.3 metres; 95% CI -8.7 to 207.3; i2= 88%) (Figure C6) 

1,2,13. One month after hospital discharge the difference in 6MWD between groups ranged 

from 83 to 27 metres favouring the intervention group 3,5. A program delivered in hospital 

during 3 weeks also reported results favouring exercise group at end program with 

significant change between groups at three weeks (Table C5) 8.  

For studies with a program duration of between 3 and 12 weeks the improvement in 

6MWD favoured pulmonary rehabilitation (Mean Difference 54.9 metres; 95% CI -26.3 

to 136.1; i2= 80%) (Figure C7) 9,15. Two studies delivered education during inpatient 

period and an exercise program afterwards, with a total length of two months 12,17. Results 

of these two studies favoured intervention group at end intervention for 6MWD (Mean 

Difference 51.6 metres; 95%CI 1.0 to 102.1; i2=76%) (Figure C8) 12,17. 
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Table C5. Functional capacity difference assessed by 6MWD between groups from 

studies based on program length 

Functional capacity for Program Length – 6MWD (m) 

Study  Time pointa 
Mean difference 

between groups 
95% CI P value 

<3 weeks 
Borges 2014 1  At discharge 139.0 55.0 to 223.0 0.003 

Kirsten 1998 2  At discharge 165.0 67.1 to 262.9 0.003 

He 2015 13  At discharge 17.3 9.1 to 25.5 <0.0001 

Knaut 2014 3  1 monthb 83.0b 0.1 to 166.0 0.08 

Troosters 2010 5  1 monthb 27.0b -4.4 to 79.0 0.3 
3-12 weeks 
Ali 2014 8  3 weeksb 0.5b 0.0 to 1.0 0.05 

Dabbis 2017 9  2 months 98.5 40.8 to 156.2 0.002 

Ghanem 2010 12  2 months 73.2 9.8 to 92.3 <0.0001 

Song 2014 17  2 months 20.8 -26.1 to 67.7 0.4 

Ko 2011 15  3 months 15.5 -29.0 to 60.1 0.5 

Deepak 2014 10  3 months 80.5 31.5 to 129.4 0.002 

Eaton 2009 11  3 months 3.0 -50.6 to 55.0 0.9 

Ko 2011 15  12 months 36.0 -23.0 to 95.0 0.2 
Ko 2017 14  12 monthsb 12.5b -6.9 to 31.9 0.2 
>12 weeks 

Behnke 2000 18  6 months 259.0 185.3 to 332.7 <0.0001 

Table legend: aTime after hospital discharge. Data presented is change between groups at 

time point measured unless otherwise marked 

bchange from baseline at time point measured. cmedian difference between groups 
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Figure C6. Metanalysis of functional capacity (6MWD) mean difference at the end of intervention for studies that delivered a program 

length <3 weeks 

 

 

Figure C7. Metanalysis of functional capacity (6MWD) mean difference at the end of intervention for studies that delivered program length 

between 3 and 12 weeks 
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Figure C8. Metanalysis of functional capacity (6MWD) mean difference at the end of intervention for studies that delivered program length 

between 3 and 12 weeks
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Health-related quality of life 

Six studies with a pulmonary rehabilitation program length less than three weeks; eleven 

with a program between 3 and 12 weeks, and three programs with length longer than 12 

weeks assessed HRQoL. The average of change in HRQoL following pulmonary 

rehabilitation for all program lengths exceeded the minimum clinically difference; 

suggesting that pulmonary rehabilitation programs following exacerbation of COPD, 

irrespective of program length, are effective in improving HRQoL. 

 

Chronic Respiratory Questionnaire (CRQ) 

Three studies delivered programs between 3 to 12 weeks and were sufficiently similar to 

be combined for analysis. CRQ combined results favoured intervention on all domains 

except mastery of disease at 3 months (Std. Mean Difference; Dyspnoea: 0.8; 95% CI 0.5 

to 1.1; i2= 0%/ Fatigue: 0.4; 95% CI 0.0 to 0.7; i2=0%/ Emotion: 0.5; 95% CI 0.1 to 0.8; 

i2= 0%) (Figure C9) 15,21,22. Studies that delivered an exercise program for longer than 12 

weeks could not be pooled in a metanalysis, however they reported significant 

improvement in HRQoL at end of program and 6 months after discharge 18 (Table C6). 

 

Saint George Respiratory Questionnaire (SGRQ)  

Studies that delivered an exercise program with less than 3 weeks of length could not be 

combined due heterogenous assessment tools and time points. Borges et al. delivered 

exercises during the inpatient period and found significantly improved HRQoL on SGRQ 

one month after hospital discharge (Table C7) 1. Knaut et al. measured percentage change 

of the SGRQ score and found a difference between groups of 83%±44.19 (mean±SD, 

p=0.09) at one month after discharge favouring the intervention group 3. Other studies 
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included used different tools to measure HRQoL, all with improvements favouring the 

intervention group 8,24,25. 

Pooled results of studies that delivered an exercise program between 3 and 12 weeks 

favoured the intervention for SGRQ, with the exception of the symptoms domain  (Mean 

Difference; Activities: -10.3; 95% CI -17.0 to 3.8; i2= 0%/ Impacts: -10.3; 95% CI -20.4 

to 0.2; i2= 66%/ Total: -9.2; 95% CI -16.3 to -2.0; i2= 47%) (Figure C10). For the SF-36 

there was no significant difference between exercise programs of between 3 and 12 weeks 

and usual care (Mean Difference; Physical: 7.5; 95% CI -0.5 to 15.4; i2= 0%/ Mental: 3.3; 

-5.6 to 12.2; i2= 0%) (Figure C11) 15,21. Three studies that could not be included on the 

meta-analysis assessed HRQoL via SGRQ however and reported results favouring the 

intervention group at the end of the program 10,19 and 12 months (Table C7) 14.  
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Table C6. Health-related quality of life difference between groups assessed via CRQ 

based on program length 

Health-related quality of Life for Program >12 weeks of Length – 

CRQ 

 

Study  Time pointa Domain 
Intervention 

(n=15) 

Usual care 

(n=15) 

P value 

between 

groups 

>12 weeks  

Behnke 2000 18  3 months dyspnoea 22.1±1.4 15.7±1.6 <0.01 

Behnke 2000 18   fatigue 20.7±1.1 15.7±1.2 <0.01 

Behnke 2000 18   mastery 23.5±1.2 18.9±1.2 <0.01 

Behnke 2000 18  6 months emotion 42.1±1.7 31.0±2.5 <0.001 

Table legend: aTime after hospital discharge. Data presented in Mean±SEM. 

bchange from baseline at time point measured. cmedian difference between groups 

 

Table C7. Health-related quality of life difference between groups assessed via SGRQ 

from studies based on program length 

Health-related quality of Life for Program Length– SGRQ total 

Study  Time pointa 
Mean difference 

between groups 
95% CI P value 

<3 weeks 
Borges 2014 1  At discharge -8.3c -20.2 to 3.6 0.2 

Borges 2014 1  1 months -23.4c 
-31.8 to -

14.9 
<0.0001 

3-12 weeks 

Murphy 2005 21  6 weeks -4.1 
-18.3 to 

10.1 
0.6 

Deepak 2014 10  3 months -23.4 
-31.8 to -

14.9 
<0.0001 

Ko 2017 14  12 months -6.8c -11.1 to -2.5 0.002 
>12 weeks 

Song 2014 17  2 months -24.5 -29 to -20.0 <0.0001 

Table legend: aTime after hospital discharge. Data presented is change between groups at 

time point measured unless otherwise marked. 

bchange from baseline at time point measured. cmedian difference between groups 

  



165 

 

 

 

Figure C9. Metanalysis of health-related quality of life (CRQ) standardised mean difference between groups for studies that delivered a 

program length between 3 and 12 weeks at end intervention 
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Figure C10.  Metanalysis of health-related quality of life (SGRQ) mean difference between groups for studies that delivered program length 

between 3 and 12 weeks at end intervention 
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Figure C11. Metanalysis of health-related quality of life (SF-36) physical and mental component scores mean difference between groups for 

studies that delivered program length between 3 and 12 weeks at end intervention
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Adverse Events 

Four studies presented data for adverse events and had no adverse events during the study 

period 5,8,13,21.  
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PROGRAM COMMENCEMENT (INPATIENT OR AFTER 

DISCHARGE) 

 

Functional capacity 

Eleven studies that started an exercise program during the inpatient period reported 

functional capacity 1-3,5,8,11-13,17-19 and seven reported program commencement after 

discharge 9,10,14,15,21-23. The average of change in 6MWD exceeded the minimum 

important difference for both studies of programs commenced in the inpatient period, and 

those commenced after discharge (Table C8 and C9). This suggests functional capacity 

can improve regardless of timing of program commencement.  

Studies starting during the inpatient period that assessed functional capacity with the 

6MWD and were similar enough to be combined presented results favouring exercise 

group during hospital compared to usual care at hospital discharge (Mean Difference 99.3 

metres; 95% CI -8.7 to 207.3; i2= 88%) (Figure C12) 1,2,13; and at the end of intervention 

(2 months) (Mean Difference 51.6 metres; 95%CI 1.0 to 102.1; i2=76%) (Figure C13) 

12,17. 

Studies starting the program after hospital discharge that could be combined showed 

significant but heterogenic improvement on 6MWD at the end of intervention (2-3 

months) compared to usual care (Mean Difference 54.9 metres; 95% CI -26.3 to 136.1; 

i2= 80%) (Figure C14) 9,15.  
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Table C8. Functional capacity assessed via 6MWD of studies based on timing of 

program commencement 

Functional capacity for Program Commencement – 6MWD (m) 

Study  Time pointa 
Mean difference 

between groups 
95% CI P value 

Inpatient 
Borges 2014 1  At discharge 139.0 55.0 to 223.0 0.003 

Kirsten 1998 2  At discharge 165.0 67.1 to 262.9 0.003 

He 2015 13  At discharge 17.3 9.1 to 25.5 <0.0001 

Ali 2014 8  3 weeksb 0.5 0.0 to 1.0 0.05 

Knaut 2014 3  1 monthsb 83.0 0.1 to 166.0 0.08 

Troosters 2010 5  1 monthsb 27.0 -4.4 to 79.0 0.3 

Ghanem 2010 12  2 months 73.2 9.8 to 92.3 <0.0001 

Song 2014 17  2 months 20.8 -26.14 to 67.7 0.39 

Eaton 2009 11  3 months 3.0 -50.6 to 55.0 0.9 

Behnke 2000 18  6 months 259.0 
185.3 to 

332.7 
<0.0001 

After discharge 
Dabbis 2017 9  2 months 98.5 40.8 to 156.2 0.002 

Ko 2011 15  3 months 15.5 -29.0 to 60.1 0.5 

Deepak 2014 10  3 months 80.5 31.5 to 129.4 0.002 

Ko 2011 15  12 months 36.0 -23.0 to 95.0 0.2 
Ko 2017 14  12 monthsb 12.5 -6.9 to 31.9 0.20 

Table legend: aTime after hospital discharge. Data presented is change between groups at 

time point measured unless otherwise marked 

bchange from baseline at time point measured. cmedian difference between groups 
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Table C9. Functional capacity assessed via ISWT of studies based on timing of program 

commencement 

Functional capacity for Program Commencement – ISWT (m) 

Study  Time pointa 
Mean difference 
between groups 

95% CI P value 

Inpatient      

Murphy 2005  19  6 weeks 89.0 -25.9 to 203.9 0.1 

After discharge 

Kjaergaard 2020 
20  2 months 33.9 4.2 to 63.7 0.02 

Man 2004 21  3 months 60.0c 26.6 to 93.4 0.0002 

Seymour 2010 22  3 months 33.0 -30.8 to 96.8 0.3 

Johnson-

Warrington 2016 
23 

 3 monthsb -7.5 -67.4 to 52.4 0.8 

Table legend: aTime after hospital discharge. Data presented is change between groups at 

time point measured unless otherwise marked 

bchange from baseline at time point measured. cmedian difference between groups 

  



172 

 

 

 

Figure C12. Metanalysis of functional capacity (6MWD) mean difference between groups for studies that started during inpatient at one 

month after discharge 

 

 

Figure C13. Metanalysis of functional capacity (6MWD) mean difference between groups for studies that started as inpatient at 2 months 
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Figure C14. Metanalysis of functional capacity (6MWD) mean difference between groups for studies that started after discharge at end 

intervention (2-3 months) 
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Health-related quality of life 

 

Chronic Respiratory Questionnaire (CRQ) 

Two studies that could not be combined assessed HRQOL via CRQ and delivered 

exercises programs starting during the inpatient period. Ghanem et al. reported significant 

improvement between groups favouring intervention groups in CRQ  dyspnoea (p= 

0.003), fatigue (p=0.004) and emotion (p=0.008) domains at the end of rehabilitation (2 

months) 12. Eaton et al. reported significant change within both groups for the CRQ 

fatigue and mastery domains, however not between groups 11.  

Three studies that started the exercises program after discharge could be combined in a 

metanalysis 21-23. Exercise programs commenced after discharge resulted in improved 

CRQ scores favouring the intervention when assessed at 3 months, for all domains except 

mastery of disease (Std. Mean Difference; Dyspnoea: 0.8; 95% CI 0.5 to 1.1; i2= 0%/ 

Fatigue: 0.4; 95% CI 0.0 to 0.7; i2=0%/ Emotion: 0.5; 95% CI 0.1 to 0.8; i2= 0%) (Figure 

C15) 21-23. 

 

Saint George Respiratory Questionnaire (SGRQ)  

Data from included studies suggested improvement in HRQoL regardless of program 

length (Table C10). Three studies that started the exercise program after discharge could 

be combined in a metanalysis 15,21,22. Exercise programs commenced after discharge 

showed improvement in the SQRG favouring the intervention when assessed at 3 months, 

with the exception of the symptom domain (Mean Difference; Activities: -10.3; 95% CI -

17.0 to 3.8; i2= 0%/ Impacts: -10.3; 95% CI -20.4 to 0.2; i2= 66%/ Total: -9.2; 95% CI -

16.3 to -2.0; i2= 47%) (Figure C16) 15,21,22. 
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Table C10. Health-related quality of life of studies based on commencement 

Health-related quality of Life for Program Commencement – SGRQ total 

Study  Time pointa 
Mean difference 

between groups 
95% CI P value 

Inpatient 
Borges 2014 1  At discharge -8.3c -20.2 to 3.6 0.2 

Borges 2014 1  1 months -23.4c 
-31.8 to -

14.9 
<0.0001 

Murphy 2005 21  6 weeks -4.1 
-18.3 to 

10.1 
0.6 

Song 2014 17  2 months -24.5 -29 to -20.0 <0.0001 

After discharge 

Deepak 2014 10  3 months -23.4 
-31.8 to -

14.9 
<0.0001 

Ko 2017 14  12 months -6.8c -11.1 to -2.5 0.002 

Table legend: aTime after hospital discharge. Data presented is change between groups at 

time point measured unless otherwise marked. 

bchange from baseline at time point measured. cmedian difference between groups 
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Figure C15. Metanalysis of health-related quality of life (CRQ) standardised mean difference between groups for studies that started after 

discharge 
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Figure C16. Metanalysis of health-related quality of life (SGRQ) mean difference between groups for studies that started after discharge 



178 

 

 

Adverse events 

Only one study reported having adverse events during the study period delivered 

exercises starting during inpatient period 4. Tang et al. 4 reported 13 adverse events, seven 

non-serious, five nonserious study related and not expected and one serious and study 

related 4. The study reported that a participant with previous history of heart condition 

developed chest pain that lasted two minutes while exercising in low-intensity; the 

adverse event was resolved within one hour without medical intervention 4. 
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PROGRAM LOCATION (INPATIENT, OUTPATIENT, COMBINATION 

OF INPATIENT AND OUTPATIENT) 

 

Functional Capacity 

Seven studies 1-3,5,8,13,19 reporting functional capacity delivered the program entirely 

during the inpatient stay; four as outpatient 9,10,14,15,20 and four delivered a combination of 

inpatient and outpatient location 11,12,17,18. The average of change for all groups exceeded 

minimum important distance (Table C11 and C12). 

Three studies that delivered their program in the inpatient location assessed functional 

capacity via 6MWD and could be pooled in a metanalysis. The results favoured 

intervention group at discharge from hospital but did not reach statistical significance 

(Mean Difference 99.3 metres; 95% CI -8.7 to 207.3; i2= 88%) (Figure C17) 1,2,13. One 

month after discharge the difference between groups ranged from 83 to 27 3,5 (Table 

C11). An inpatient program of 3 weeks also reported results favouring exercise group at 

end of the program with significant difference between groups at three weeks (Table C11) 

8. 

For studies located in outpatient centres the combined results assessed via 6MWD were 

not significant at 3 months (Mean Difference 54.9 metres; 95% CI -26.3 to 136.1; i2= 

80%) (Figure C18) 9,15   
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Table C11. Functional capacity assessed via 6MWD based on program location 

Functional capacity for Program Location – 6MWD (m) 

Study  Time pointa 
Mean difference 

between groups 
95% CI P value 

Inpatient 
Borges 2014 1  At discharge 139.0 55.0 to 223.0 0.003 

Kirsten 1998 2  At discharge 165.0 67.1 to 262.9 0.003 

He 2015 13  At discharge 17.3 9.1 to 25.5 <0.0001 

Ali 2014 8  3 weeksb 0.52 0.02 to 1.0 0.05 
Knaut 2014 3  1 monthsb 83.0 0.05 to 166.0 0.08 
Troosters 2010 5  1 monthsb 27.0 -4.4 to 79.0 0.3 
Outpatient 

Dabbis 2017 9  2 months 98.5 40.8 to 156.2 0.002 

Ko 2011 15  3 months 15.5 -29.0 to 60.1 0.5 

Deepak 2014 10  3 months 80.5 31.5 to 129.4 0.002 

Ko 2011 15  12 months 36.0 -23.0 to 95.0 0.2 
Ko 2017 14  12 monthsb 12.5 -6.9 to 31.9 0.20 

Combination of inpatient and outpatient program 
Ghanem 2010 12  2 months 73.2 9.8 to 92.3 <0.0001 

Song 2014 17  2 months 20.8 -26.1 to 67.7 0.4 

Eaton 2009 11  3 months 3.0 -50.6 to 55.0 0.9 

Behnke 2000 18  6 months 259.0 
185.3 to 

332.7 
<0.0001 

Table legend: aTime after hospital discharge. Data presented is change between groups at 

time point measured unless otherwise marked 

bchange from baseline at time point measured. cmedian difference between groups 

 

Table C12. Functional capacity assessed via ISWT based on program location 

Functional capacity for Program Location – ISWT (m) 

Study  Time pointa 
Mean difference 

between groups 
95% CI P value 

Outpatient      

Kjaergaard 2020 20  2 months 33.9 4.2 to 63.7 0.02 

Man 2004 21  3 months 60.0c 26.6 to 93.4 0.0002 

Seymour 2010 22  3 months 33.0 
-30.8 to 

96.8 
0.3 

Johnson-Warrington 2016 
23 

 3 monthsb -7.5 
-67.4 to 

52.4 
0.8 

Murphy 2005  19  6 weeks 89.0 
-25.9 to 
203.9 

0.1 

Table legend: aTime after hospital discharge. Data presented is change between groups at 

time point measured unless otherwise marked 

bchange from baseline at time point measured. cmedian difference between groups 
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Figure C17. Metanalysis of functional capacity (6MWD) mean difference between groups for studies that delivered programs as inpatient at 

one month after discharge 

 

 

Figure C18. Metanalysis of functional capacity (6MWD) mean difference between groups for studies that delivered programs as inpatient at 

end intervention (2-3 months) 
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Health related quality of life 

 

Chronic Respiratory Questionnaire (CRQ) 

Three studies delivered outpatient programs combined results was significant for the 

intervention compared to at 3 months in all domains except mastery of disease (Std. Mean 

Difference; Dyspnoea: 0.8; 95% CI 0.5 to 1.1; i2= 0%/ Fatigue: 0.4; 95% CI 0.0 to 0.7; 

i2=0%/ Emotion: 0.5; 95% CI 0.1 to 0.8; i2= 0%) (Figure C19) 21,22,26. 

Saint George Respiratory Questionnaire (SGRQ)  

Data from five included studies suggested improvement in HRQoL on the SGRQ 

regardless of program location (Table C13). Studies delivering outpatient programs 

combined results favoured the intervention at 3 months in all domains except symptoms 

(Mean Difference; Activities: -10.3; 95% CI -17.0 to 3.8; i2= 0%/ Impacts: -10.3; 95% CI 

-20.4 to 0.2; i2= 66%/ Total: -9.2; 95% CI -16.3 to -2.0; i2= 47%) (Figure C20) 21-23.  

Programs that were delivered in a combination of inpatient and outpatient locations 17,19 

reported improvement in HRQoL on the SGRQ (total score) (Table C13). 
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Table C13. Health-related quality of life on studies based on program location 

Health-related quality of Life for Program Location – SGRQ total 

Study  Time pointa 
Mean difference 

between groups 
95% CI P value 

Inpatient 

Borges 2014 1  At 

discharge 
-8.3c -20.2 to 3.6 0.2 

Borges 2014 1  1 months -23.4c 
-31.8 to -

14.9 
<0.0001 

Outpatient 

Deepak 2014 10  3 months -23.4 
-31.8 to -

14.9 
<0.0001 

Ko 2017 14  12 months -6.8c -11.1 to -2.5 0.002 
Combination of inpatient and outpatient program 

Murphy 2005 21  6 weeks -4.1 
-18.3 to 

10.1 
0.6 

Song 2014 17  2 months -24.5 -29 to -20.0 <0.0001 

Table legend: aTime after hospital discharge. Data presented is change between groups at 

time point measured unless otherwise marked 

bchange from baseline at time point measured. cmedian difference between groups 
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Figure C19. Metanalysis of health-related quality of life (CRQ) standardized mean difference between groups for studies that delivered 

program as an outpatient
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Figure C20. Metanalysis of St George Respiratory Questionnaire score mean difference between groups for studies that delivered program 

as an outpatient 
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Adverse Events 

Four studies presented data for adverse events and reported no adverse events during the 

study period 5,8,13,21. Only one study reported having adverse events during the study 

period located as inpatient period 4. Tang et al. 4 reported 13 adverse events, seven non-

serious, five nonserious study related and not expected and one serious and study related 

4. The study reported that a participant with previous history of heart condition developed 

chest pain that lasted two minutes while exercising in low-intensity; the adverse event 

was resolved within one hour without medical intervention 4. 
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PROGRAM SUPERVISION (SUPERVISED, UNSUPERVISED) 

 

Functional capacity 

Thirteen studies that delivered supervised programs measured functional capacity 1-

3,5,8,9,11,13-15,17,18, and one which delivered unsupervised program 12. The average of change 

for both groups exceeded the minimum important distance (Table C14).  

Five studies of supervised programs reported results favouring the intervention, three at 

discharge from hospital (Mean Difference 99.3 metres; 95% CI -8.7 to 207.3; i2= 88%) 

(Figure C21) 1,2,13, and two at end of intervention (3 months) compared to usual care 

(Mean Difference 54.9 metres; 95% CI -26.3 to 136.1; i2= 80%) (Figure C22) 9,15. The 

remaining supervised studies favoured exercise group with mean difference between 

groups range from 3 to 259 metres (Table C14). 

One study delivered an unsupervised program and reported significant increased 6MWD 

between groups favouring the intervention group compared to usual care (Table C14). 
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Table C14.  Functional capacity in studies based on program supervision 

Functional capacity for Program Supervision – 6MWD (m) 

Study  Time pointa 
Mean difference 

between groups 
95% CI P value 

Supervised 
Borges 2014 1  At discharge 139.0 55.0 to 223.0 0.003 

Kirsten 1998 2  At discharge 165.0 67.1 to 262.9 0.003 

He 2015 13  At discharge 17.3 9.1 to 25.5 <0.0001 

Ali 2014 8  3 weeksb 0.5 0.02 to 1.0 0.05 
Knaut 2014 3  1 monthsb 83.0 0.05 to 166.0 0.08 
Troosters 2010 5  1 monthsb 27.0 -4.4 to 79.0 0.3 
Dabbis 2017 9  2 months 98.5 40.8 to 156.2 0.002 

Kjaergaard 2020 20  2 months 33.9 4.2 to 63.7 0.02 

Man 2004 21  3 months 60.0c 26.6 to 93.4 0.0002 

Seymour 2010 22  3 months 33.0 -30.8 to 96.8 0.3 
Johnson-Warrington 2016 
23 

 3 monthsb -7.5 -67.4 to 52.4 0.8 

Ko 2017 14  12 monthsb 12.5 -6.9 to 31.9 0.20 

Behnke 2000 18  6 months 259.0 185.3 to 332.7 <0.0001 

Song 2014 17  2 months 20.8 -26.1 to 67.7 0.4 

Unsupervised 
Ghanem 2010 12  2 months 73.2 9.8 to 92.3 <0.0001 

Table legend: aTime after hospital discharge. Data presented is change between groups at 

time point measured unless otherwise marked 

bchange from baseline at time point measured. cmedian difference between groups 
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Figure C22.  Metanalysis of functional capacity (6MWD) mean difference for studies that delivered a supervised program at one month after 

discharge 

 

 

Figure C23. Metanalysis of functional capacity (6MWD) mean difference for studies that delivered a supervised program at end intervention 

(2-3 months) 
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Health-related quality of life 

Twelve studies that assessed HRQoL delivered supervised programs 1,3,10,11,14,15,17-19,21-23 

and one delivered an unsupervised program 12. The average improvement with 

rehabilitation exceeded the minimum important difference (Table 15). 

 

Chronic Respiratory Questionnaire (CRQ) 

Studies of supervised programs that used the CRQ to assess HRQoL presented significant 

improvement at 3 months in all domains except mastery of disease (Std. Mean 

Difference; Dyspnoea: 0.8; 95% CI 0.5 to 1.1; i2= 0%/ Fatigue: 0.4; 95% CI 0.0 to 0.7; 

i2=0%/ Emotion: 0.5; 95% CI 0.1 to 0.8; i2= 0%) (Figure C24) 21-23. One study delivered 

an unsupervised program and reported significant change between groups on all CRQ 

domains (Mean [95%CI]; Dyspnoea 55 [3 to 9]; Fatigue 5.3 [1.9 to 9.8]; Emotion 8.7 [2.5 

to 15]) 12. 

 

Saint George Respiratory Questionnaire (SGRQ)  

Studies of supervised programs presented significant improvement in all domains except 

symptoms on the SGRQ at three months (Mean Difference; Activities: -10.3; 95% CI -

17.0 to 3.8; i2= 0%/ Impacts: -10.3; 95% CI -20.4 to 0.2; i2= 66%/ Total: -9.2; 95% CI -

16.3 to -2.0; i2= 47%) (Figure C25) 21-23.  

 

Other HRQoL measurements 

Studies that assessed HRQoL via SF-36 favoured intervention however without 

significant result (Mean Difference; Physical: 7.5; 95% CI -0.5 to 15.4; i2= 0%/ Mental: 
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3.3; -5.6 to 12.2; i2= 0%) (Figure C26). Other studies measured used different tool to 

measure HRQoL, all with improvements favouring the intervention group 

8,9,11,12,15,21,22,24,25.  
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Table 15. Health-related quality of life in studies based on program supervision 

Health-related quality of Life for Program Location – SGRQ total 

Study  Time pointa 
Mean difference 

between groups 
95% CI P value 

Supervised 
Borges 2014 1  At discharge -8.3c -20.2 to 3.6 0.2 

Borges 2014 1  1 months -23.4c -31.8 to -14.9 <0.0001 

Deepak 2014 10  3 months -23.4 -31.8 to -14.9 <0.0001 

Ko 2017 14  12 months -6.8c -11.1 to -2.5 0.002 

Murphy 2005 21  6 weeks -4.1 -18.3 to 10.1 0.6 

Song 2014 17  2 months -24.5 -29 to -20.0 <0.0001 

Table legend: aTime after hospital discharge. Data presented is change between groups at 

time point measured unless otherwise marked 

bchange from baseline at time point measured. cmedian difference between groups 
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Figure C24. Metanalysis of health-related quality of life (CRQ) standardised mean difference between groups for studies that delivered 

supervised programs 
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Figure C25.  Metanalysis of health-related quality of life (SGRQ) mean difference between groups for studies that delivered a supervised 

program 

 

Figure C26. Metanalysis of health-related quality of life (SF-36) physical and mental component scores mean difference between groups for 

studies that delivered a supervised program 
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Adverse events 

Four studies presented data for adverse events and reported no adverse events during the 

study period 5,8,13,21. Only one study reported having adverse delivered exercise training 

with supervision 4. Tang et al. 4 reported 13 adverse events, seven non-serious, five 

nonserious study related and not expected and one serious and study related 4. The study 

reported that a participant with previous history of heart condition developed chest pain 

that lasted two minutes while exercising in low-intensity; the adverse event was resolved 

within one hour without medical intervention 4. 
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CHAPTER FIVE 

 Early home-based pulmonary rehabilitation 

following acute exacerbation of COPD: A 

feasibility study using an action research approach 
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5.2 Preface 

The review presented in Chapter Four analysed the effect of the characteristics of 

pulmonary rehabilitation programs on clinical outcomes. Programs of longer duration, 

those that delivered exercise training in association with education, and those that started 

after hospital discharge were all associated with reduced risk of hospital readmission.  

 

Pulmonary rehabilitation is commonly offered at a healthcare facility on an outpatient 

basis (centre-based). There are numerous well documented barriers experienced by 

patients with being able to take up an offer of centre-based pulmonary rehabilitation, and 

attend the centre for sessions. Alternative models of pulmonary rehabilitation, including 

home-based, have been developed in an effort to overcome barriers to attending a centre-

based program, and allow more people with COPD to experience the benefits of 

pulmonary rehabilitation. In people with stable COPD the ‘HomeBase’ model of 

pulmonary rehabilitation has been shown to deliver similar clinical outcomes to centre-

based pulmonary rehabilitation. The aim of the study presented in Chapter Five was to 

inform the feasibility of an early, home-based, pulmonary rehabilitation program for 

people who were hospitalised due exacerbation of COPD. The study was designed as a 

three-phase action research protocol to enable continuous learning and problem solving in 

order to improve the model. 

 

Action research was applied with the aim of developing a program that would fulfill the 

needs of people with COPD after discharge from hospital. Phase I tested our first design 

and although the protocol achieved promising clinical outcomes, many hospitalised 

patients with COPD did not meet eligibility criteria, including many of whom had a co-
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morbid condition that impacted safety of home-based exercise. Phase II analysed barriers 

to the delivery and uptake of a home-based pulmonary rehabilitation early after hospital 

discharge using qualitative methods. Phase III incorporated earlier findings to determine 

if program accessibility could be enhanced.  

 

The manuscript arising from this study was submitted for publication to Chronic 

Respiratory Disease on 12th March 2020 and is currently under review. The journal has 

an impact factor of 2.885. 

 

As the methods in the manuscript had to be shortened to fulfill journal requirements, the 

following extended methods section provides more details on the development of each 

Phase of the study. 
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5.3 Extended Methods – Chapter Five 

The study was approved by the The Alfred Human Research Ethics Committee 475/15 

and La Trobe University Human Research Ethics Committee, and written informed 

consent was obtained from all participants. Each phase was added to the ethics protocol 

and approved as the research evolved. 

 

 

PHASE 1 – FEASIBILITY STUDY 

The aim of this feasibility study was to inform the planning of a definitive multicentre 

randomised controlled trial. In the current study we explored key trial processes, and the 

feasibility and acceptability of an early home-based pulmonary rehabilitation intervention 

for people with COPD following an exacerbation. Participants were recruited during 

hospital admission in the respiratory and general medicine wards of the Alfred Hospital, 

Melbourne, Australia.  

 

Inclusion Criteria: 

• Confirmed diagnosis of COPD; 

• Smoking history of at least 10 pack years; 

• Aged over 40 years; 

• Admitted to the respiratory or general medicine wards at the Alfred Hospital 

(Melbourne, Australia) for an ECOPD.  
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Exclusion criteria: 

• Comorbidities which might prevent them from safely undertaking a home-based 

exercise program (muscleskeletal or neurological condition); 

• Attended a pulmonary rehabilitation program in the previous 12 months; 

• Inability to provide informed consent (cognitive impairment or not English 

speaker). 

 

Recruitment: 

Hospital inpatient lists were screened daily to identify potentially eligible participants. 

Eligiblity was then confirmed with the ward physiotherapist in charge of the patient (if 

possible) and during a recruitment interview with the participant. If both eligible and 

agreeable, participants signed the consent form and an appointment for the baseline 

assessment was made to occur post discharge. In situations where it was not possible to 

schedule a baseline assessment date, because discharge date was not yet determined, the 

researcher monitored daily for discharge status and then communicated with the 

participant to book the assessment. 

 

Outcomes: 

The outcomes related to feasibility were eligibility and consent for the trial, attendance 

and completion of pulmonary rehabilitation. This was to undertand if the intervention was 

useful and acceptable to people in the target population (49). 

• Eligibility: measured by the number of patients who met the inclusion criteria; 
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• Consent: measured by the number of eligible participants who consented to 

participate in the study; 

• Uptake: measured by the number of participants that commenced the intervention; 

• Attendance: measured by the number of weeks attended in the intervention; 

• Completion: measured by the number of participants that achieved at least 70% of 

the program (6 sessions); 

• Acceptability: patient reported-satisfaction was measured by semi-instructured 

interview at the end of the program. 

 

The clinical outcomes measured were: 

• Functional exercise capacity: measured by 6-minute walk distance (6MWD): a 

valid measure of exercise capacity in COPD and is responsive to pulmonary 

rehabilitation (50). The test was performed twice and the greatest distance 

recorded. 

• Dyspnoea: measured by Modified Medical Research Council Scale, that  measures 

functional breathlessness on a scale with scoring from zero to four (51); 

• Quality of life: measured by Chronic Respiratory Disease Questionnaire, which is 

valid in people with COPD and responsive to pulmonary rehabilitation (52). The 

questionnaire has 20 questions and assesses dyspnoea, fatigue, emotional function 

and mastery using a 7-point Likert scale; 

• Self efficacy: measured by Pulmonary rehabilitation adapted index of self-

efficacy. The questionnaire has 15 statements about general and pulmonary 

rehabilitation-specific self-efficacy and is reproducible and sensitive to change 

following pulmonary rehabilitation in individuals with COPD (53); 
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• Anxiety and depression: measured by Hospital Anxiety and Depression Scale, a 

questionnaire that consists of a series of 14 statements, with responses based on a 

4-point Likert scale (54). 

 

 

Data Collection: 

Participants returned to the hospital for baseline assessment which was performed in the 

week after hospital discharge. Baseline demographics of age, gender, body mass index 

and lung function (spirometry) were collected from medical chart. Clinical measures were 

recorded at baseline and immediately following the intervention period (8 weeks). A 

researcher not involved in delivery of the intervention assessed the participants pre and 

post the intervention period.  After completion of the program recruited participants 

undertook a semi-structured interview, to describe their experiences of undertaking home-

based pulmonary rehabilitation following hospitalisation. The interviews were digitally 

recorded and transcribed verbatim. 

 

Intervention:  

Participants received an 8-week home-based pulmonary rehabilitation program (31) 

commenced within 1 to 3 weeks after hospital discharge. The program consisted of one 

home visit by a physiotherapist to ensure safety and understanding of the exercises, 

followed by 7 weekly telephone calls with a physiotherapist that were based in 

motivational interviewing (8, 26, 28). This model of pulmonary rehabiliation has 

previously been demontrated to be effective for people with stable COPD (31).  The 

home-based program included individual aerobic exercise training (walking), as well as 
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resistance training for the arms and legs using daily activities and equipment that is 

readily available in the home environment. Participants were encouraged to exercise for 

30 minutes, 5 times per week and to document this in an exercise diary. The structured 

weekly phone calls were delivered by a physiotherapist trained in motivational 

interviewing who reviewed the home diaries, the exercise progression and delivered self-

management training based on Lung Foundation Australia guidelines. During the calls 

participants were also provided with a menu of topics covering aspects of self-

management (26) and were encouraged to choose one topic for discussion and goal 

setting each week. Participants also received the “Living well with COPD” book by Lung 

Foundation Australia.   

 

Data analysis:  

Data analysis was conducted using SPSS V.25.0 (IBM, New York). Descriptive statistics 

(mean and standard deviation (SD) and number n (%)) were used to describe the sample 

and clinical outcomes. Paired t-tests were used to compare within groups and between 

groups outcome results. 

 

PHASE 2 – QUALITATIVE STUDY 

Data from Phase I revealed that a substantial number of patients did not take up the offer 

of home-based pulmonary rehabilitation. Anecdotally there appeared to be some 

consistent reasons for this, such as the burden of attending the hospital for an assessment 

prior to commencement of the program. However, the perspectives of patients regarding 

uptake of an offer of home-based pulmonary rehabilitation was not collected in a 

systematic manner. As clinicians have close contact with patients during their hospital 

stay it was deemed that interviewing these professionals may further enhance 
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understanding of barriers and facilitators to accepting an offer of home-based pulmonary 

rehabilitation shortly after an exacerbation of COPD. Understanding these barriers and 

facilitators would allow for changes to the study protocol that would make home-based 

pulmonary rehabilitation accessible for the largest number of patients. The aim of Phase 

II was to document the perspectives of both patients and clinicians regarding potential 

reasons for declining home-based pulmonary rehabilitation following an exacerbation, 

and how the intervention could be optimised.  

 

Participants: 

(i) Clinicians: Inclusion criteria were being a health care practitioner current working at 

The Alfred Hospital within the pulmonary rehabilitation program, general medicine ward 

or respiratory ward.  

(ii) Hospitalized Patients: Inclusion criteria were admission to Alfred Health in 

Melbourne with a primary diagnosis of an exacerbation of COPD, current or former 

smoker of at least 10 pack years and aged 40 years or over. Inclusion criteria were the 

same as Phase I in an effort to replicate the same population. It was not possible to re-

interview participants associated with Phase I due in accordance with ethics committee 

standards.  

 

Data Collection: 

One author (BW, PhD student, female) conducted all interviews. The interviews were 

audio-recorded and later transcribed verbatim for analysis. The qualitative interviews 

were performed over the phone or face-to-face in two distinct group of people: (i) 

Clinicians and (ii) Hospitalized Patients. 
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(i) Clinicians: The clinicians were  invited to participate in this sub-study via email. 

Those who consented to participate were asked a series of open ended questions about 

their perspectives regarding home-based pulmonary rehabilitation, timing of recruitment, 

and strategies for recruitment (supplemental material). 

(ii) Hospitalized Patients: The recruitment followed the same steps as the main study and 

patients who agreed to participate in the qualitative sub-study were interviewed by a 

researcher during the inpatient period. Participants were asked about their thoughts on 

possible constraints in taking part in a home-based pulmonary rehabilitation program after 

an exacerbation and suggestions for how to improve such a program (supplemental 

material). 

 

Data analysis:  

Content analysis was used to identify the most consistent themes during the interviews. 

The transcribed interviews went through a four-step process that included: a) immersing 

oneself in data, b) selecting meaningful units, c) condensing and labelling of data, and d) 

clustering and formulation of themes (55). Data from clinician and participant interviews 

were analysed separately as perceptions were likely to differ between groups. 

 

 

PHASE III – RE-PILOT THE REVISED PROTOCOL 

Overall, data from Phase II identified the following barriers to home-based pulmonary 

rehabilitation: issues of getting to the outpatient clinic for assessment; confidence in 

exercising after exacerbation of COPD; lack of information regarding pulmonary 

rehabilitation benefits and program structure. With that information in hand the protocol 
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from Phase I was redesigned to overcome these barriers. The main changes to the 

protocol were: (i) the time and location of the first assessment (discharge day, in the 

ward); (ii) improving information to patients about home-based pulmonary rehabilitation 

benefits and structure (video testimonials); and (iii) adding a handout of information for 

clinicians informing them about the research and encouraging them to discuss pulmonary 

rehabilitation options with their patients. 

 

 

Participants: 

Phase III adopted the same eligibility criteria as from Phase I, with the exception that 

Phase III did not exclude  participants based on their previous participation in pulmonary 

rehabilitation programs. Participants were not included if they were currently enrolled in a 

pulmonary rehabilitation program.  

 

Recruitment: 

Recruitment followed the same steps from Phase I, however when a eligible participant 

were screened, the physiotherapist in charge of the case would receive a hand-out with 

information regarding pulmonary rehabilitation benefits and explanation about the early 

home-based trial program. The clinicians were also encouraged to open the discussion 

about early pulmonary rehabilitation as part of the patient’s discharge plan. Before 

signing the consent form, all eligible participants were offered to watch a short video of 

testimonials from people who have previously undertaken the home-based pulmonary 

rehabilitation program. If the eligible participant agreed to participate they would sign the 

consent form and the first assessment was conducted on site before discharge. 
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Outcomes: 

Phase III maintained the same outcomes related to feasibility (50) and clinical measures 

as Phase I, and followed the same standards for assessment. One test was added to the 

clinical outcomes aiming to facilitate functional capacity assessment in the new reality: 

• One Minute sit-to-stand test: is a valid, reliable and responsive test to assess 

exercise capacity in people with COPD (56).  Using a standard armless chair, 

participants were instructed to stand up and sit down as many times as possible 

during one minute (56). 

 

Data Collection: 

The first assessment was performed on the day of discharge (or the day prior). Baseline 

demographics of age, gender, body mass index and lung function (spirometry) were 

collected from medical chart and clinical measures were recorded at baseline (before 

discharge) and immediately following the intervention period (8 weeks). A resercher not 

involved in the intervention assessed the participants pre and post the intervention period.  

 

Intervention:  

There were no changes in the delivered intervention compared to Phase 1 of the study. 

 

Data analysis:  

Data analysis was conducted using SPSS V.25.0 (IBM, New York). Descriptive statistics 

(mean and standard deviation (SD) and number n (%)) were used to describe the sample 
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and clinical outcomes. Paired t-tests were used to compare within groups and between 

groups outcome results.  
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ABSTRACT 

Objective: Pulmonary rehabilitation (PR) improves function, reduces symptoms and 

decreases healthcare usage in people with chronic obstructive pulmonary disease (COPD) 

following an exacerbation (ECOPD). However, rehabilitation uptake rates are low. This 

study aimed to address barriers to uptake and completion of PR following ECOPD using 

an action research approach.  Methods and Results: Phase I tested a home-based PR 

program started early after ECOPD. From 97 screened patients, 26 were eligible and 10 

(38%) started home-based PR. Eight participants undertook ≥70% of PR sessions, 

achieving clinically meaningful improvement in 6minute walk distance (mean (SD) 

change 76(60)m) and chronic respiratory disease questionnaire (CRQ) total score (15(21) 

units). Phase II identified potential barriers to uptake of home-based PR including access 

issues, confidence to exercise, and lack of information about PR benefits. Phase III 

involved re-testing the program with changes to recruitment and assessment strategies. 

From 77 screened patients, 23 were eligible and five (22%) started the program. 

Discussion: Home-based PR improved clinical outcomes, but program eligibility and 

uptake remain challenging. Efforts should be made to ensure PR program eligibility 

criteria are broad enough to accommodate patient needs, and new ways of engaging 

patients are needed to improve PR uptake after ECOPD. 

 

Key words: Home-based pulmonary Rehabilitation; Exacerbation, COPD, feasibility 

  

  



222 

 

INTRODUCTION 

Chronic obstructive pulmonary disease (COPD) is a progressive disease that is associated 

with reduced functional capacity, poor health-related quality of life and high mortality1. 

Exacerbations of COPD (ECOPD) contribute to disease progression and increasing 

symptoms2. ECOPD are commonly defined as a worsening of baseline symptoms1 and are 

one of the leading causes of hospital admission and death in people with COPD3. This 

highlights the importance of identifying and providing interventions that reduce the 

negative consequences of exacerbations3, 4.  

Robust evidence supports pulmonary rehabilitation leading to improved exercise capacity 

and quality of life, and reduced symptoms and health care utilisation in people with stable 

COPD5. Additionally, a systematic review reported that PR started early after an ECOPD 

could decrease hospital admissions and mortality6.  

However participation rates for PR programs after ECOPD are exceedingly low7. In the 

United Kingdom, less than 10% of all people discharged from hospital following ECOPD 

completed an outpatient PR program8. Moreover, a multicentre study analysing PR 

participation in the US indicates less than 3% of people hospitalised with ECOPD 

received PR in the year following exacerbation, with fewer than 2% receiving PR within 

6 months after hospitalisation7. Even fewer people (0.3%) commenced PR within the first 

month after hospital discharge7. Alternative PR models have been proposed to enhance 

program uptake in people with stable COPD9. The HomeBase model of PR is one such 

alternative, demonstrated to be safe and to deliver similar benefits to outpatient, centre-

based, PR in people with stable COPD9. A nested qualitative study reported that 

participants felt well supported and the HomeBase program could fit in with their daily 

lives10. However, whether the same HomeBase model of PR, delivered early following 

hospitalisation for ECOPD is feasible and acceptable is unknown. The present study 
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employed an action research design11 to enable continuous learning regarding feasibility 

of HomeBase PR for people following ECOPD.  

 

METHODS 

The study comprised three phases (Figure 1): i) pilot study testing feasibility of the 

HomeBase PR program early following ECOPD; ii) qualitative study to understand issues 

of feasibility from Phase I to support changes to the study protocol under investigation; 

and iii) re-pilot study for feasiblity and acceptance of the modified protocol. The study 

was approved by the Human Research Ethics Committees of Alfred Health (475/15), and 

written informed consent was obtained from all participants. 
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Figure 1. Flow-chart of the action research design 
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PHASE I – FEASIBILITY STUDY 

Participants: 

Individuals with a confirmed diagnosis of COPD, smoking history of at least 10 pack 

years and aged over 40 years who were admitted to the respiratory or general medicine 

wards at the Alfred Hospital (Melbourne, Australia) for an ECOPD were eligible to be 

included. Participants were excluded if they had comorbidities which might prevent them 

from safely undertaking a home-based exercise program (e.g. muscleskeletal or 

neurological condition), had attended a PR program in the previous 12 months, or could 

not consent on the study (cognitive impairment or non-English speaker). 

Intervention:  

Eligible participants were approached by a researcher not involved in their daily inpatient 

management. Individuals who consented to participate had a baseline assessment booked 

for the week after discharge in the physiotherapy outpatient clinic (Alfred Hospital). 

Participants undertook an early (commenced within 3 weeks after discharge) home-based 

program. The home-based PR program consisted of one home visit by a physiotherapist, 

to prescribe exercise training and ensure safety and understanding of the program. 

Aerobic exercise was prescribed at a speed equivalent to 70-80% of baseline six-minute 

walked distance (6MWD). Where a 6MWT was unable to be performed exercise training 

was prescribed on the basis of symptoms (BORG 3-4). Resistance training used free 

weights (with equipment acessible in the home environment) and functional activities 

(e.g. sit-to-stand from a dining chair, step ups on on home stairs or on the neightborhood, 

and water bottles for upper limb weights). The initial home visit was followed by seven 

weekly phone calls based in motivational interviewing9. Participants were encouraged to 

undertake exercise training (30 minutes aerobic training plus resistance training) 5 times 

per week and to document this in a exercise diary. The structured weekly phone calls 
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were delivered by a physiotherapist trained in motivational interviewing who reviewed 

the home diaries, exercise progression and delivered self-management training. During 

the calls participants were also provided with a menu of topics covering aspects of self-

management12 and were encouraged to choose one topic for discussion and goal setting 

each week. 

Outcomes: 

Baseline demographics of age, gender, body mass index and lung function (spirometry) 

were collected from participant’s medical records. Feasibility outcomes for program 

implementation were eligibility, uptake and completion13 (Table 1). Key clinical 

outcomes of interest were functional exercise capacity14, dyspnoea15, quality of life16, self 

efficacy17, and anxiety and depression18 (Table 1). A researcher not involved in delivering 

the intervention assessed the participants pre- and post- the intervention period. 

Completion rates were collated at the end of the intervention period, with an a priori 

definition of completion as undertaking a minimum of 70% of planned PR sessions19.  
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Table 1. Phase I and III outcomes and instruments. 

Feasibility measures 

 Measurement description Results interpretation 

Eligibility - Number of patients who met the inclusion criteria Whether people in the target population would use the 
intervention13. Consent - Number who consent 

- Number who commence the rehabilitation program 

Attendance   
- Number of weeks attended 

 

Completion - Number who complete at least 70% of the program 

Satisfaction - Patient reported-satisfaction (through semi-structured interview at 
the end of the program) 

Understand how this intervention would fit with daily-
life activities13. 

Clinical Outcomes: 

 Measurement description Results interpretation 

Functional exercise 

capacity 

6-minute walk distance (6MWD): valid measure of exercise capacity 
in COPD and is responsive to PR14. Test was performed twice and the 

greater distance recorded. 

Greater distance walked represent better functional 

capacity. MCID = 25 – 30 metres20. 

For phase III only - One Minute sit-to-stand test: valid, reliable and 
responsive test to assess exercise capacity in people with COPD21.  

Using a standard armless chair, participants were instructed to stand 

up and sit down as many times as possible during one minute21. 

Higher number of repetitions represent better functional 

capacity. MCID = three repetitions21. 

Dyspnoea Modified Medical research Council Scale:  measures functional 

breathlessness on a scale with scoring from zero to four15. 

0 = breathlessness does not interfere in activities 
4= indicates important impairment due to breathlessness. 

MCID = change of 1 unit22. 

Anxiety and 

depression 

Hospital Anxiety and Depression Scale:  it consists of a series of 14 

statements, with responses based on a 4-point Likert scale18. 
Higher score is indicative of greater anxiety or 

depression. MCID = 1.5 units23. 

Quality of life Chronic Respiratory Disease Questionnaire:  valid and responsive 

tool in PR16. The questionnaire has 20 questions and assesses 

dyspnoea, fatigue, emotional function and mastery using a 7-point 

Likert scale. 

Higher score indicating better HRQOL. CRQ total score 

MCID = 10 points24. 
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Self efficacy Pulmonary adapted index of Self-efficacy: the questinnaire has 15 

statements about general and pulmonary rehabilitation-specific self-
efficacy questions and is reproducible and sensitive to change 

following PR in individuals with COPD17. 

Higher score indicating greater levels of self efficacy. 

MCID = change from 0.5 to 1.5 units25. 

Table legend: MCID: Minimal clinically important difference 
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Assessments: 

Clinical measures were recorded in the week after discharge (baseline), and following 

completion of the 8-week intervention period at the outpatient clinic at The Alfred 

Hospital. Following program completion, participants undertook a semi-structured 

interview to describe their experiences of home-based PR participation. 

The outcomes were analysed using descriptive statistics, qualitative analysis, and 

compilation of basic data related to recruitiment. Paired t-tests were used to compare pre 

and post measurements. 

Results:  

During six months of recruitment, from 97 screened patients, 26 met the inclusion criteria 

(27%). Reasons for participant exclusion are detailed in Table 2. Of the 26 eligible 

participants, 15 (58%) consented to participate and 10 (38%) undertook the first 

assessment and started the program (Table 2). Reasons for not commencing the program 

were referral to palliative care (n=1), feeling unwell (n=1), new diagnosis of cancer (n=1), 

unable to contact (n=1) and failed to attend appointment (n=1). 
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Table 2. Feasibility outcomes from Phase I and Phase III 

 Phase I Phase III 

Screened n=97 n=77 
Not eligible n=71 

• PR within last 12 months n=26 

• <10 pack year smoking history 

n=8 

• Cognitive issues n=18 

• Social issues n=6 

• Non-english speaking background 

n=4 

• Eligibility unable to be established 

n=9 

n=58 

• Currently enrolled in PR n=12 

• <10 pack year smoking history n=4 

• Cognitive issues n=9 

• Social issues n=8 

• Non-english speaking background 

n=2 

• Lived out of area n=5 

• Not suitable for home-based 

exercise n=10 

• Other comorbidities precluding 

exercise n=4 

• Eligibility unable to be established 

n=4 

Eligible n=26 n=19 

Did not consent n=11 

• Did not wish to participate in PR 

n=7 

• Preferred centre-based PR n=1 

• Didn’t want health professional 

visiting house n=1 

• Unable to attend for assessment 

n=2 

n=9 

• Did not wish to participate in PR n=3 

• Preferred centre-based PR n=4 

• Already doing other home exercise 

program n=2 

 

Consented n=15 n=10 

Commenced 

program 

n=10 

Reasons for not commencing 

program (n=5): 

• Referred to palliative care (1) 

• Unwell (1) 

• Unable to contact (1) 

• New diagnosis of cancer (1) 

• Failed to attend appointment (1) 

n=5 

Reasons for not commencing program 

(n=5): 

• Declined to participate due to 

schedule n=2  

• Unable to contact n=3 

PR Completers n=8 

Reasons for non-completion: 

• Developed another health 

condition n=1 

• Started other home-based 

physiotherapy program n=1 

n=4 

Reasons for non-completion: 

• Working fulltime, not enough 

time for exercise n=1 

 

Undertook final 

assessment 

n=10 

(n=8 for 6MWT) 

n=5 

Video testimonials   Offered: n=17 (89% of those eligible) 

Watched video n=11 

• Consented n=9 

Declined video n=6 
Not offered video n=2 

• Already consented n=1 

• Already refused n=1 

• Discharged prior to approach 

n=4 

Clinician 

information 

handout 

 Provided n=10 (53% of those eligible) 

Not provided n=9 

• Not able to contact clinician 

n=5 

• Physiotherapist already aware 

of patient eligibility n=4 
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Eight participants achieved >70% of the program (≥6 PR sessions); while two participants 

only completed 2 or 3 sessions of PR due to medical issues (n=1) and starting an 

alternative home-based physiotherapy program (n=1). All participants completed post-

intervention questionnaires, and n=8 attended the centre for post-rehabilitation physical 

assessment. At the conclusion of the PR program, participants demonstrated clinically 

important improvements in exercise capacity (mean (SD) change 6MWD 76 (60)m), and 

quality of life (CRQ total score 15(21)units) (Table 3).  

Qualitative interviews with participants (n=9) after the program indicated they were 

satisfied with the structure and content of the home-based PR program (Box 1).  
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Table 3. Participant characteristics and clinical outcomes from Phases I and III. 

 Phase I (n=10) Phase III (n=5) 

 Baseline Post-intervention Baseline Post-rehabilitation 

Gender male/female  6/4   2/3   

Age, years  75 (8)  68 (15)  

FEV1, % predicted  51 (31) 

 (n=7) 

 54 (17)  

(n=4) 

 

FEV1, L 1.2 (0.7)  

(n=7) 

 1.2 (0.1)  

(n=4) 

 

Hospital length of 

stay, days 

10 (7)  9 (13)  

Current smokers, n 2  0  

Smoking history, pack 

years 

44 (25)  44 (10 to 

160) 

 

6MWD, m  309 (131)  

(n=8) 

384 (149) 

 (n=8)§* 

- 255 (203) 

 (n=3) 

1STST, number of 

repetitions  

- - 13 (8)   9 (11) 

 (n=3) 

mMRC, n            

    

                            0 

 

                            1 

 

                            2 

 

                            3 

 

                            4 

 

 

2 

 

1 

 

3 

 

3 

 

1 

 

 

1 

 

4 

 

3 

 

1 

 

1 

 

 

0 

 

1 

 

2 

 

0 

 

2 

 

 

0 

 

2 

  

1 

  

2 

  

0  

HADS Depression  

                          

 

                          Case 

 

                          No case 

5 (4) 

 

 

0 

 

10 

4 (3) 

 

 

0 

 

10 

6 (3) 

 

 

0 

 

5 

8 (5)  

 

 

1 

 

4 

HADS Anxiety  

 

 

                          Case 

 

                          No case 

6 (3) 

 

 

1 

 

9 

4 (3)§ 

 

 

0 

 

10 

8 (4)  

 

 

1 

 

4 

6 (4) 

 

 

1 

 

4 

CRQ Total   71 (23) 86 (19)§ 58(36) 84 (29)§ 

PRAISE   48 (7) 50 (5)§ 47 (4) 51 (4)§ 
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Table legend: Data are mean (SD) except where otherwise indicated. Data for number of 

hospital length of stay and smoking history are median (IQR). *p<0.05; §Mean 

improvements exceed MCID.  

n, number of participants; FEV1: forced expiratory volume in one second; 6MWD: 

sixminute walk distance; m, metres; 1STST, One minute sit-to-stand test; mMRC, 

Modified Medical Research Council Questionnaire; HADS, Hospital Anxiety and 

Depression Scale; CRQ, Chronic Respiratory Questionnaire; PRAISE, Pulmonary 

Rehabilitation Adapted Index of Self-Efficacy.  

 

 

Reflection: 

Data from Phase I revealed that 73% of patients were ineligible and only 38% of potential 

participants commenced home-based PR. The reasons potential participants refused the 

offer of an early home-based PR program were similar to those previously reported, 

including not wanting to participate in a clinical trial; being unable to attend the hospital 
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for assessment; not wanting a healthcare professional to visit the house; and preferring to 

attend centre-based PR. However, Phase I had not been designed to collect patient or 

clinician perspectives as to possible barriers to uptake of early home-based PR program. 

Therefore, we concluded that our approach could be improved if it were informed by 

patient and clinician perspectives. 

 

PHASE II – QUALITATIVE STUDY 

Phase II aimed to document the perspectives of both patients and clinicians regarding the 

reasons why people decline home-based PR following an ECOPD, with the view to 

identifying how barriers to undertaking the program could be overcome.   

Participants: 

 (i) Clinicians: Clinicians who were currently working in pulmonary rehabilitation, or on 

the general medical or respiratory wards at the Alfred Hospital were invited via email to 

participate.  

(ii) Hospitalised Patients: Individuals with a confirmed diagnosis of COPD, smoking 

history of at least 10 pack years and aged over 40 years who were admitted to the 

respiratory or general medicine wards at the Alfred Hospital (Melbourne, Australia) for 

an ECOPD were recruited. No patient participants in Phase II had been participants in 

Phase I.  

Intervention: 

Clinicians and patients who agreed to participate in Phase II undertook audio-recorded, 

semi-structured interviews (Supplement A). Interviews were undertaken over the phone 

or face-to-face, and transcribed verbatim for analysis. Clinicians were asked a series of 

open ended questions about their perspectives of home-based pulmonary rehabilitation, 
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timing of recruitment, and strategies for recruitment. Patients were asked their thoughts 

about possible constraints to taking part in a home-based pulmonary rehabilitation 

program and suggestions for how to improve a program. 

Analysis of qualitative data: 

The transcribed interviews were manually coded line-by-line and analysed according to 

the principles of deductive thematic analysis26. The data analysis was a four-step process 

that incorporated: a) immersing oneself in data, b) selecting meaningful units, c) 

condensing and labelling of data (coding), and d) clustering and formulation of themes26. 

All de-identified transcripts of the interviews were analysed by two researchers 

independently; both of whom had experience of analyzing qualitative interviews and 

conducting PR (one with more than 10 years of experience, the other with 2 years). The 

researchers then compared major themes and any disagreements were solved by 

discussion. Data from clinician and participant interviews were analysed separately.  

Results: 

Twelve clinicians and 14 hospitalised patients participated in Phase II. (Table 4).  

(i) Clinicians: Most clinicians felt that limited access to outpatient clinic for possible 

assessments, and a lack of information about pulmonary rehabilitation and its benefits 

were potential barriers for patients to engage in home-based pulmonary rehabilitation 

programs. The interviewed clinicians suggested it would be preferable to approach 

patients close to discharge when the patients are planning their return to daily life 

activities, meaning pulmonary rehabilitation options could be presented as a part of the 

discharge plan. Clinicians interviewed also highlighted the need for them to have more 

information regarding ongoing research projects so they could recommend to patients the 

most suitable treatments available for each case.  
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(ii) Hospitalised Patients: Patients felt that potential barriers to uptake of home-based 

pulmonary rehabilitation early after hospital discharge included access to outpatient clinic 

for assessments, and issues with and confidence in performing exercises. However, 

patient responses were more diverse compared to clinicians and indicated that most 

patients were not well informed about benefits of pulmonary rehabilitation, nor what to 

expect from participating. This lack of knowledge impacted on their ability to suggest 

substantial protocol changes. 
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Table 4. Results from Phase II- Qualitative Interviews with patients and clinicians 

Group Theme Quote Suggestion for new protocol 

Patients    

 Access issues (n=4)  P01 “Getting into the hospital requires travel, a bit of walking in the carpark. 
To get to where the pulmonary rehabilitation actually is takes a long time” 

P13 “If they (patients) can’t get to a main pulmonary rehabilitation group then 

the home based seems to be the better option for them” 

Reduce travel to the hospital: perform the 
baseline assessment on discharge day or at 

the same day as an outpatient appointment 

 Poor understanding 

of home-based 

program (n=4) 

P05: If someone is saying that “I’m too sick”, then you should be able to tell 

them that they need it to get better.” 

P01 “I think if that is explain to them in hospital you might get a few more 

people to do it.” 

Education and modelling: show video 

testimonials from patients who completed 

home-based pulmonary rehabilitation 

program. 

 Lack of confidence 

in performing 

exercises (n=5) 

 P10 “But there are times that just walking at the supermarket that can also be 

labouring if you are not feeling 100% you might get easier to throw the towel” 

P18 “If you are at home, you don’t know how much you can do, you might 

overdo or underdo.” 

Education during inpatient phase 

Clinicians    

 Access issues (n=10)  C01 “Any community access for someone who is relative housebound is 

obviously challenging” 

C02 “If they (patients) got lots of issues with transport, they live far away from 

the hospital, they might be working as well. These people should definitely be 

offered home-based” 

Reduce travel to the hospital: perform the 

baseline assessment on discharge day or at 

the same day as an outpatient appointment 

 Time for invite to 

participate (n=9) 

C02 “I think it's important to almost plant that seed of "you need to start 

thinking about attending PR" pretty earlier in their admission and then almost 

reinforce that during and at the end” 

C08 “Towards the end. Some of them (patients) might be a bit too sick in the 

beginning but I think towards the end of the admission is probably the best 

time” 

Eligible participant would be approached 

toward the end of hospital admission 

 Self-motivation 

(n=5) 

 C04 “It would depend on the patient. So maybe some patients would be 

reluctant to do home-based if they thought that they were going to have maybe 

motivational issues or commitment issues about completing the program” 

C10 “Some people feel that they won’t be motivated enough to do it at home” 

Goal oriented pulmonary rehab 

(no change from last program) 
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 Education to patients 

(n=9) 

C05 “Educating them about the programs are going to work and really trying 

to reassure them that it's actually going to be really beneficial to do pulmonary 

rehabilitation”  

C07 “I think that I kind of already talked about, maybe having that information 

early in admission and having something to look over, a handout” 

Show video testimonials from patients 

who have completed a pulmonary 

rehabilitation program. 

 Education to 

clinicians (n=3) 

C05 “Maybe run an education session for them (ward physiotherapists) about 

what the project is and why is so important, so that they can educate the 

patients with all of the options (of pulmonary rehabilitation)” 

 C10 “make staff aware that there is this home-based option there, and then of 

course this can increase the home-bases uptake” 

Handouts detailing eligibility for 

pulmonary rehabilitation and home-based 

programs 

 Early pulmonary 

rehabilitation (n=8) 

C05 “But after 2 weeks or 3 weeks they are generally ready, they’ve got over 

their illness physically and mentally and they are ready to get into exercise”  

C06 “Two weeks, 2-3 weeks period after an exacerbation is a good time to try 

to grab them (patients, or anytime just getting them involved would be good” 

Start within 1-3 weeks after discharge 

(no change from last program) 
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Reflection: 

Phase II identified potential barriers including access to assessments issues, confidence in 

exercising after ECOPD, lack of information of pulmonary rehabilitation benefits and 

structure. With that information, the protocol from Phase I was redesigned in an effort 

overcome these barriers. Because Phase I participants who undertook home-based PR 

were satisfied with its structure and content, the changes to the protocol for Phase III 

focused on strategies to improve program uptake. Specifically: 

(i) Time and location of the first assessment: Participants were recruited on the discharge 

day or the day before, and the first assessments were done at the time of the consent, in 

order to remove the requirement to travel back to the hospital for assessment. The One 

Minute sit-to-stand test (1STST) was added to the assessment, as it is a valid, reliable and 

responsive tool to assess exercise capacity in people with COPD that requires minimal 

space to be performed21 and may be more feasible post ECOPD (Table 1). 

(ii) Improving information to patients about home-based pulmonary rehabilitation 

benefits and structure: During recruitment, eligible participants were offered to watch 

short video testimonials from patients who had previously undertaken the home-based 

program; and, 

 (iii) Clinician information: When a potential participant was identified, a handout was 

given to the clinician to notify them of the patient’s eligibility and encouraging the 

clinician to open a discussion regarding pulmonary rehabilitation options. 

 

PHASE III – RE-PILOT THE REVISED PROTOCOL 

Participants: 
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Phase III adopted the same eligibility criteria from Phase I, with the exception that Phase 

III did not exclude  participants based on their previous participation in PR programs. 

Participants were not included if they were currently enrolled in a PR program.  

Intervention:  

There were no changes in the delivered intervention compared to Phase I. 

Outcomes:  

Phase III maintained the same outcomes related to feasibility13. In Phase III the one-

minute sit-to-stand test was added to the measures from Phase I, all other measures 

remained unchanged and followed the same standards for assessment.  

Assessments:  

After participants consented, clinical measures were recorded at baseline (prior to 

discharge from hospital) and immediately following completion of the 8-week 

intervention period. The outcomes of Phase III were measured with descriptive statistics 

regarding feasibiltiy and clinical outcomes, and qualitative analysis. 

Results: 

During seven months of recruitment, from 77 screened patients, 22 were eligible to the 

study (29%). Reasons for participant exclusion are detailed in Table 2. Of the 22 eligible 

participants, 10 (45%) consented to participate and 5 (23%) undertook the first 

assessment and started the program (Table 2). Reasons for not commencing the program 

were having a busy schedule (n=2) and being unable to contact (n=3). 

In terms of recruitment strategies, information flyers were handed to clinicians on 10 

occasions. Video testimonials were offered to 17 eligible participants, with n=7 choosing 

to watch the full video (4 minutes) and n=4 viewing part of it (Table 2). From the people 



241 

 

 

who watched the video testimonials nine (82%) consented to participate in the trial. All 

four PR completers in Phase III had viewed the video.  

Four participants achieved >70% of the program (≥6 PR sessions); while one participant 

only completed one session of PR due to working fulltime and having limited time to 

exercise (n=1). None of the participants who started HomeBase pulmonary rehabilitation 

performed 6MWT at the baseline assessment as four were in isolation on the ward and 

one did not want to leave the room for the assessment. There was a clinically meaningful 

improvement in quality of life after home-based PR in Phase III (Table 3). All 

participants that started the program were asked to perform the final assessments 

however, two participants could not return for assessments due to personal reasons and 

only responded to questionnaires; exercise capacity was not collected on these occasions.  

 

DISCUSSION 

This feasibility study demonstrates the challenges in engaging patients in a pulmonary 

rehabilitation program early after hospitalisation. Although home-based pulmonary 

rehabilitation was well accepted by the participants who consented and engaged in the 

program, eligibility and uptake remained low. The present study demonstrated an overall 

uptake rate of 31% across phases I and III. Despite concerted efforts to overcome possible 

barriers to home-based PR, uptake rates did not improve between Phase I and Phase III. 

Given the potential for pulmonary rehabilitation to reduce hospital admissions6, the low 

eligibility for pulmonary rehabilitation following ECOPD represents an unrealised 

opportunity to enhance patient and health system outcomes. Although we used typical 

exclusion criteria for home-based rehabilitation programs (e.g. balance deficits, cerebral 

or lower limb palsies, musculoskeletal impairment or cardiac conditions that would 
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prevent independent exercise training), the large number of excluded patients suggests 

that these criteria may limit participation in home-based PR. 

In this study we utilised a home-based PR program in an attempt to address well 

documented barriers to centre-based PR such as travel to the centre and competing 

demands on time27. As has been seen in people with stable COPD9, following 

hospitalisation for an ECOPD a home-based  model of PR was acceptable to participants, 

had good retention in those who chose to commence the program, and produced clinically 

meaningful improvements in outcomes. Although the program was well received by those 

who undertook it, uptake in those who were eligible did not improve between Phase I and 

Phase III, and was less than that reported for centre-based post-exacerbation pulmonary 

rehabilitation28. As the period following ECOPD may be both physically and emotionally 

taxing for people with COPD, this could impact on willingness to accept an offer of 

rehabilitation. In previous studies of centre-based post-exacerbation pulmonary 

rehabilitation, uptake rates have ranged from 20-60%8, 29-31, demonstrating the difficulty 

in engaging patients in any pulmonary rehabilitation model at this time.  

Despite a modest uptake rate for home-based PR in this trial, of those who commenced 

the program 80% completed at least 70% of the prescribed PR sessions (6 weeks). This 

completion rate is substantially higher than that seen in people with stable COPD 

attending centre-based PR28, however was not as great as that achieved by people with 

stable COPD undertaking home-based PR (91%)9. Completing PR is crucial to achieving 

benefit, with people who complete PR being 56% less likely to be admitted to hospital in 

the following year than those who are unable to complete rehabilitation (HR 0.439, 

p=0.02)9. With recent data suggesting fewer than 3% of individuals complete PR within 

12 months of a hospital admission for ECOPD7, in addition to overcoming practical 
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obstacles to PR attendance, novel strategies are required to encourage patient engagement 

in the rehabilitation at this time. 

During qualitative interviews in Phase II clinicians and patients indicated more 

information about the home-based PR program and its anticipated benefits would be 

useful. Limited patient and healthcare practitioner knowledge of pulmonary rehabilitation 

and its expected outcomes can act as a barrier to PR uptake and completion32. To help 

overcome this potential barrier, video testimonials from people who have previously 

completed home-based PR were employed in Phase III. Providing health education using 

narrative communication in a video format is demonstrated to be more engaging and 

provides social role models, as compared to brochures or statistics33. Of the five 

participants who commenced home-based PR in Phase III all had viewed the video 

testimonials. While this appears positive, given the small numbers the true effect of the 

use of video testimonials in this group of people experiencing an ECOPD is unclear. 

Other efforts to engage people with pulmonary rehabilitation during hospitalisation, 

including giving a ‘taster’ pulmonary rehabilitation session have been similarly 

lacklustre34. Given the period post hospitalisation is a difficult time to engage patients in 

rehabilitation, finding ways to engage patients with the rehabilitation process remains a 

challenge for clinicians and researchers alike.  

Compounding modest uptake rates for home-based PR in this study, only 28% of all 

people admitted to hospital for ECOPD during the recruitment period were eligible for 

inclusion. This eligibility rate is lower than in other studies of post-exacerbation 

rehabilitation (29-60%)29-31, 35 and for home-based PR in stable COPD (56%)9. In the 

present study all individuals admitted to the hospital for ECOPD were screened for 

eligibility. Of people who did not meet inclusion criteria, nearly a quarter (24%) had a 

comorbid condition that impacted safety and ability to enrol in a home-based program. 
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Multiple co-morbid conditions are common in people with COPD, with nearly all patients 

having at least one co-morbid condition and more than 50% having four or more 

comorbid conditions36. The presence of comorbidities in COPD is associated with 

increased likelihood of exacerbation and of hospitalisation36, confirming it is the most 

unwell and complex of patients with COPD who are the focus of post-exacerbation 

rehabilitation. Although the presence of co-morbidities may explain a proportion of non-

eligible patients, it also highlights that a home-based PR program while overcoming 

common barriers to program attendance may not be appropriate for everyone. Future 

studies might focus on new interventions suitable for complex patients with multi-

morbidity.  

 

CONCLUSIONS 

A home-based PR program commenced early after ECOPD achieved improvements in 

clinical outcomes and high completion rates, however program uptake remains 

challenging. Given the period of hospitalisation is a difficult time to engage patients in 

rehabilitation, it may be necessary to find new ways to deliver information about PR, as 

well as providing a suite of rehabilitation options to meet the needs of patients may be 

necessary. Future studies might focus on new interventions suitable for complex patients 

with multi-morbidity after exacerbations of COPD. 

 

Conflict of interest 

The Authors declare that there is no conflict of interest. 

 

REFERENCES 



245 

 

 

1. Global Strategy for the Diagnosis, Management, and Prevention of Chronic 

Obstructive Lung Disease 2017 Report: GOLD Executive Summary, (2020, accessed 

11/02 2020). 

2. Seemungal TA, Donaldson GC, Bhowmik A, et al. Time course and recovery of 

exacerbations in patients with chronic obstructive pulmonary disease. Am J Respir Crit 

Care Med 2000; 161: 1608-1613. DOI: 10.1164/ajrccm.161.5.9908022. 

3. Piquet J, Chavaillon JM, David P, et al. High-risk patients following 

hospitalisation for an acute exacerbation of COPD. Eur Respir J 2013; 42: 946-955. DOI: 

10.1183/09031936.00180312. 

4. Soler-Cataluna JJ, Martinez-Garcia MA, Roman Sanchez P, et al. Severe acute 

exacerbations and mortality in patients with chronic obstructive pulmonary disease. 

Thorax 2005; 60: 925-931. DOI: 10.1136/thx.2005.040527. 

5. McCarthy B, Casey D, Devane D, et al. Pulmonary rehabilitation for chronic 

obstructive pulmonary disease. The Cochrane database of systematic reviews 2015; 2: 

Cd003793. 2015/02/24. DOI: 10.1002/14651858.CD003793.pub3. 

6. Puhan MA, Gimeno-Santos E, Cates CJ, et al. Pulmonary rehabilitation following 

exacerbations of chronic obstructive pulmonary disease. Cochrane Database Syst Rev 

2016; 12: CD005305. DOI: 10.1002/14651858.CD005305.pub4. 

7. Spitzer KA, Stefan MS, Priya A, et al. Participation in Pulmonary Rehabilitation 

after Hospitalization for Chronic Obstructive Pulmonary Disease among Medicare 

Beneficiaries. Ann Am Thorac Soc 2019; 16: 99-106. 2018/11/13. DOI: 

10.1513/AnnalsATS.201805-332OC. 



246 

 

 

8. Jones SE, Green SA, Clark AL, et al. Pulmonary rehabilitation following 

hospitalisation for acute exacerbation of COPD: referrals, uptake and adherence. Thorax 

2014; 69: 181-182. DOI: 10.1136/thoraxjnl-2013-204227. 

9. Holland AE, Mahal A, Hill CJ, et al. Home-based rehabilitation for COPD using 

minimal resources: a randomised, controlled equivalence trial. Thorax 2017; 72: 57-65. 

DOI: 10.1136/thoraxjnl-2016-208514. 

10. Lahham A, McDonald CF, Mahal A, et al. Participation in Physical Activity 

During Center and Home-Based Pulmonary Rehabilitation for People With COPD: A 

secondary analysis of a randomized controlled trial. J Cardiopulm Rehabil Prev 2019; 39: 

E1-E4. DOI: 10.1097/HCR.0000000000000373. 

11. Koshy E  KV, Waterman H Chapter 1: What Is Action Research? . Action 

Research in Healthcare. London, United Kingdom: Sage Publications Ltd pp.1-24. 

12. Spruit MA, Singh SJ, Garvey C, et al. An official American Thoracic 

Society/European Respiratory Society statement: key concepts and advances in 

pulmonary rehabilitation. Am J Respir Crit Care Med 2013; 188: e13-64. DOI: 

10.1164/rccm.201309-1634ST. 

13. Bowen DJ, Kreuter M, Spring B, et al. How We Design Feasibility Studies. 

American journal of preventive medicine 2009; 36: 452-457. DOI: 

10.1016/j.amepre.2009.02.002. 

14. Holland AE, Spruit MA, Troosters T, et al. An official European Respiratory 

Society/American Thoracic Society technical standard: field walking tests in chronic 

respiratory disease. The European respiratory journal 2014; 44: 1428-1446. ; Research 

Support, Non-U.S. Gov't; Review. DOI: 10.1183/09031936.00150314. 



247 

 

 

15. Bestall JC, Paul EA, Garrod R, et al. Usefulness of the Medical Research Council 

(MRC) dyspnoea scale as a measure of disability in patients with chronic obstructive 

pulmonary disease. Thorax 1999; 54: 581-586. 

16. Williams JE, Singh SJ, Sewell L, et al. Development of a self-reported Chronic 

Respiratory Questionnaire (CRQ-SR). Thorax 2001; 56: 954-959. DOI: 

10.1136/thorax.56.12.954. 

17. Vincent E, Sewell L, Wagg K, et al. Measuring a change in self-efficacy following 

pulmonary rehabilitation: an evaluation of the PRAISE tool. Chest 2011; 140: 1534-1539. 

DOI: 10.1378/chest.10-2649. 

18. Zigmond AS and Snaith RP. The hospital anxiety and depression scale. Acta 

Psychiatrica Scandinavica 1983; 67: 361-370. 

19. Garrod R, Marshall J, Barley E, et al. Predictors of success and failure in 

pulmonary rehabilitation. The European respiratory journal 2006; 27: 788-794. DOI: 

10.1183/09031936.06.00130605. 

20. Holland AE and Nici L. The return of the minimum clinically important difference 

for 6-minute-walk distance in chronic obstructive pulmonary disease. Am J Respir Crit 

Care Med 2013; 187: 335-336. DOI: 10.1164/rccm.201212-2191ED. 

21. Crook S, Busching G, Schultz K, et al. A multicentre validation of the 1-min sit-

to-stand test in patients with COPD. European Respiratory Journal 2017; 49. DOI: 

10.1183/13993003.01871-2016. 

22. Oliveira ALA, Andrade L and Marques A. Minimal clinically important 

difference and predictive validity of the mMRC and mBorg in acute exacerbations of 

COPD. European Respiratory Journal 2017; 50. DOI: 10.1183/1393003.congress-

2017.PA4705. 



248 

 

 

23. Puhan MA, Frey M, Buchi S, et al. The minimal important difference of the 

hospital anxiety and depression scale in patients with chronic obstructive pulmonary 

disease. Health Qual Life Outcomes 2008; 6: 46. DOI: 10.1186/1477-7525-6-46. 

24. Schunemann HJ, Puhan M, Goldstein R, et al. Measurement properties and 

interpretability of the Chronic respiratory disease questionnaire (CRQ). Copd 2005; 2: 81-

89. 

25. Liacos A, McDonald CF, Mahal A, et al. The Pulmonary Rehabilitation Adapted 

Index of Self-Efficacy (PRAISE) tool predicts reduction in sedentary time following 

pulmonary rehabilitation in people with chronic obstructive pulmonary disease (COPD). 

Physiotherapy 2019; 105: 90-97. DOI: 10.1016/j.physio.2018.07.009. 

26. Braun V and Clarke V. Using thematic analysis in psychology. Qualitative 

Research in Psychology 2006; 3: 77-101. DOI: 10.1191/1478088706qp063oa. 

27. Keating A, Lee AL and Holland AE. Lack of perceived benefit and inadequate 

transport influence uptake and completion of pulmonary rehabilitation in people with 

chronic obstructive pulmonary disease: a qualitative study. J Physiother 2011; 57: 183-

190. DOI: 10.1016/S1836-9553(11)70040-6. 

28. Steiner MC and Roberts CM. Pulmonary rehabilitation: the next steps. Lancet 

Respir Med 2016; 4: 172-173. DOI: 10.1016/S2213-2600(16)00008-4. 

29. Eaton T, Young P, Fergusson W, et al. Does early pulmonary rehabilitation reduce 

acute health-care utilization in COPD patients admitted with an exacerbation? A 

randomized controlled study. Respirology 2009; 14: 230-238. DOI: 10.1111/j.1440-

1843.2008.01418.x. 

30. Ko FWS, Dai DLK, Ngai J, et al. Effect of early pulmonary rehabilitation on 

health care utilization and health status in patients hospitalized with acute exacerbations 



249 

 

 

of COPD. Respirology 2011; 16: 617-624. DOI: http://dx.doi.org/10.1111/j.1440-

1843.2010.01921.x. 

31. Man WD, Polkey MI, Donaldson N, et al. Community pulmonary rehabilitation 

after hospitalisation for acute exacerbations of chronic obstructive pulmonary disease: 

randomised controlled study. BMJ 2004; 329: 1209. DOI: 

10.1136/bmj.38258.662720.3A. 

32. Cox NS, Oliveira CC, Lahham A, et al. Pulmonary rehabilitation referral and 

participation are commonly influenced by environment, knowledge, and beliefs about 

consequences: a systematic review using the Theoretical Domains Framework. J 

Physiother 2017; 63: 84-93. DOI: 10.1016/j.jphys.2017.02.002. 

33. Wise M, Han JY, Shaw B, et al. Effects of using online narrative and didactic 

information on healthcare participation for breast cancer patients. Patient Educ Couns 

2008; 70: 348-356. DOI: 10.1016/j.pec.2007.11.009. 

34. Milner SC, Bourbeau J, Ahmed S, et al. Improving acceptance and uptake of 

pulmonary rehabilitation after acute exacerbation of COPD: Acceptability, feasibility, and 

safety of a PR "taster" session delivered before hospital discharge. Chron Respir Dis 

2019; 16: 1479973119872517. DOI: 10.1177/1479973119872517. 

35. Greening NJ, Williams JE, Hussain SF, et al. An early rehabilitation intervention 

to enhance recovery during hospital admission for an exacerbation of chronic respiratory 

disease: randomised controlled trial. BMJ 2014; 349: g4315. DOI: 10.1136/bmj.g4315. 

36. Smith MC and Wrobel JP. Epidemiology and clinical impact of major 

comorbidities in patients with COPD. Int J Chron Obstruct Pulmon Dis 2014; 9: 871-888. 

DOI: 10.2147/COPD.S49621. 

  



250 

 

 

5.5 Supplemental Material 

Supplement A – Semi structured interviews  

Patients and Clinicians answered a series of open questions that were audio-recorded for 

later transcription. The researcher conducting the interviews had a question guide with the 

topics that should be present on the interview and the questions were incorporated in a 

conversation leaving the researched free to follow-up the questions enabling the 

researcher to gather the most complete answer from the participant. The guide for each 

interview is presented above: 

Clinicians Interview Guide: 

1- To begin, can you tell me your thoughts about home-based PR for people with COPD? 

2- In your opinion, what might be some of the barriers that prevent people from taking up 

an offer of home-based PR? 

3- Can you tell me about any strategies that might make it easier for people with COPD to 

take up the offer of home-based pulmonary rehabilitation after they have had an 

exacerbation? 

4- Can you please describe for me what kind of patients you think would benefit from 

home-based PR? 

5- What are your thoughts on the optimal timing of pulmonary rehabilitation for people 

who have had an exacerbation of COPD? 

6 - Do you have any other thoughts or suggestions about how we could make early PR 

easier for people who have just had an acute exacerbation of COPD? 

Hospitalised Patients Interview Guide: 
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1- To begin, could you tell me about any experience you have had with a PR programme 

in the past? 

2- Can you describe what you would expect would be happening in a PR program? 

3a- Can you tell me about the impressions you had about the home-based PR program 

that I described to you? 

3b- Talking specifically about exercises, can you tell me your thoughts about performing 

exercises? 

4- Thinking about you daily life activities and shortness of breath, can you describe for 

me what you think it will be like for you when you are discharge from hospital? 

5- Can you describe for me your thoughts about taking part in this specific home-based 

PR program after you have had a flare up of COPD? 

6- Can you tell me, what do you think might make it easier for you, or someone in a 

similar situation as you, to undertake home based PR after you go home from hospital? 

7- In the event you were to have another admission to hospital for a flare up of your 

COPD/lung condition, what would be your thoughts about participating in home-based 

PR at the time of discharge? 

8- Do you have any other thoughts or suggestions that could help us to improve the home-

based pulmonary rehabilitation program? 
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CHAPTER SIX 

 Conclusions and future directions 
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6.1 Overview of the main findings of the thesis 

The four studies that compose this thesis (Chapter Two to Five) described the impact of 

exacerbations on the health status of people with COPD and add further evidence 

regarding the benefits and structure of pulmonary rehabilitation following an exacerbation 

of COPD. The conceptual framework (Figure 3), present a visual image of how this thesis 

sits in the international literature in the field. The continuous lines that lead to bold forms 

that presents what is knowns from the literature, while the discontinuous line leads to the 

thesis questions based on the lack of literature. The thesis findings for each chapter are 

presented inside the rectangular forms. 

 

Exacerbations of COPD are a common feature of the disease and Chapter Two explored 

the natural recovery process after an exacerbation of COPD. This narrative review 

showed that following an exacerbation of COPD, the recovery process can take up to 14 

days, however, in some subgroups this recovery phase may be prolonged. People with 

COPD at potential risk of prolonged recovery are those who are older, have more severe 

lung disease, have lower body mass index and experience chronic dyspnoea. Symptoms 

associated with a common cold at the onset of exacerbation, evidence of viral infection 

and severe dyspnoea during the exacerbation, are also features associated with prolonged 

recovery. 

 

Chapter Three analysed the impact of having an exacerbation in the year after pulmonary 

rehabilitation. The findings revealed that more than one-third of participants had a severe 

exacerbation in the year following pulmonary rehabilitation.  Severe exacerbations were 

more likely in those with worse lung function and poorer quality of life at programme 
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commencement. A severe exacerbation was also an independent predictor of worse 12-

month outcomes for quality of life, functional capacity and symptoms. Participants who 

completed pulmonary rehabilitation (at least 70% of sessions) were less likely to have a 

severe exacerbation.  

 

Chapter Four determined the impact of pulmonary rehabilitation programme 

characteristics such as exercise mode, programme location and supervision on clinical 

outcomes in people after an exacerbation of COPD. This systematic review found that 

hospital readmission can be reduced where pulmonary rehabilitation programmes 

included exercise training in association with education, and/or had longer duration (more 

than 3 weeks), and/or the programme started after discharge from hospital. However, 

functional capacity and quality of life improved regardless of the programme 

characteristics, which may be a function of natural recovery (Chapter Two). 

Contrastingly, mortality risk does not reduce irrespective of the programme's setting. 

 

Chapter Five implemented and tested a home-based pulmonary rehabilitation programme 

starting early (less than three weeks) after discharge from hospital due to an exacerbation 

of COPD. The programme was feasible to deliver post discharge; with people with COPD 

demonstrating improved clinical outcomes at the end of rehabilitation. Despite the clinical 

benefits, uptake of early pulmonary rehabilitation after exacerbation was challenging. The 

study highlighted that a large proportion of the target population was not eligible for early 

home-based pulmonary rehabilitation due to the presence of other comorbidities. 
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Overall, the present thesis findings reinforce the negative impact of exacerbations on 

people with COPD. Additionally, it provides evidence of patients who might warrant a 

higher level of clinical concern in terms of their capacity to recover post exacerbation– 

namely those who are older, have lower body mass index and more severe lung disease – 

or who might be at risk of having more occasions of severe exacerbation after pulmonary 

rehabilitation – being those with lower initial lung function and poorer quality of life and 

who are unable to complete the rehabilitation programme. The thesis also identifies that 

early pulmonary rehabilitation programmes should be at least three weeks long, start after 

discharge and comprise exercise training in association with an educational component. 

Home-based pulmonary rehabilitation commenced early after hospital discharge for an 

exacerbation is feasible, and produces promising clinical outcomes, however future study 

protocols should focus on ways to incorporate individuals with associated comorbidities 

to potentially reach a larger proportion of the COPD population. The body of work 

presented follows the international trends of finding novel models of pulmonary 

rehabilitation in order to deliver better care to parcel of the COPD population that is 

usually not reached. Although that was not the main focus of the thesis, Chapter Three 

rase the discussion of the needs of maintenance programs after pulmonary rehabilitation 

programs once exacerbations were common in the year following rehabilitation and it 

influenced the outcomes. 
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Figure 3. Conceptual framework of the thesis 
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6.2 Implications for clinical practice  

Exacerbations of COPD are common in the history of the disease and affect health status 

and lead to inactivity in people with COPD. Recovery from an exacerbation usually 

occurs two weeks after onset of symptoms, however, the research presented in this thesis 

alerts clinicians to those patients at risk of a poor recovery. Individuals who are older and 

have more severe disease and symptoms are less likely to recover post exacerbation. 

Enhanced post exacerbation monitoring, possibly including telephone contact, clinic 

visits, and support to attend pulmonary rehabilitation, may help to ameliorate the risk of 

poor post-exacerbation recovery in these patients. In addition, these patients may benefit 

from ongoing monitoring or exercise maintenance support after a programme of 

pulmonary rehabilitation. 

 

Given that post-exacerbation recovery takes in the order of at least two weeks, 

commencing a programme of pulmonary rehabilitation within two weeks of symptom 

onset may limit the uptake and benefits of any such programme. However, where clinical 

services can ‘fast-track’ and support patient’s post-exacerbation commencement of 

pulmonary rehabilitation between two to four weeks after hospital discharge, clinical 

improvements and a reduced risk of hospital readmission would be expected outcomes. 

Furthermore, physical inactivity after an exacerbation can lead to negative consequences 

in the year post-exacerbation including reduced quadriceps strength, increased hospital 

readmission and higher mortality risk (57-59). A clinical focus on physical activity 

education and counselling, and encouragement and support for attendance at an early 

pulmonary rehabilitation programme may reduce the ongoing impact of physical 

inactivity post-exacerbation.  
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The early home-based pulmonary rehabilitation programme was shown to be feasible for 

people with COPD after exacerbation. It highlighted the importance of clinicians having 

an open discussion with patients about post-discharge rehabilitation options early during 

their hospitalisation, and the benefit of presenting alternative rehabilitation programme 

models, to help identify the best rehabilitation option to fulfil the patients’ needs. In 

addition, where a clinical service is developing or delivering a pulmonary rehabilitation 

programme specifically targeting or including individuals post-exacerbation, the evidence 

presented in this thesis should encourage clinicians to ensure their programmes start after 

hospital discharge, are of more than three weeks duration and deliver exercise training in 

association with education.  

 

Although undertaking pulmonary rehabilitation can reduce the need for future 

hospitalisation (22), people with COPD are still susceptible to experiencing severe 

exacerbations even after completing pulmonary rehabilitation. The work presented in 

Chapter Three reported a large proportion of people with COPD who have undertaken 

pulmonary rehabilitation still experience an exacerbation in the year following the 

programme, with exacerbations having a negative influence on clinical outcomes. Patients 

with lower respiratory function, poorer quality of life and who fail to complete the 

pulmonary rehabilitation programme are at higher risk of having a severe exacerbation. 

Identifying straightforward, easily implemented strategies by which clinicians can 

proactively monitor these patients may be important for reducing the impact of severe and 

repeated exacerbations. Strategies for such monitoring require further investigation (60), 

however might include maintenance exercise programmes with a home-visit component; 

enhanced telephone contact; or, referral to community exercise programmes (61). 
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Routinely referring all patients to a second centre-based pulmonary rehabilitation 

programme within 12 months may be a novel way to break the exacerbation cycle and to 

maintain clinical benefits. However, the practical implications of such a scheme including 

expense for the health system, availability of programmes and space within them, and 

clear patient related barriers to attending centre-based pulmonary rehabilitation may mean 

that those patients most vulnerable and at highest risk would still struggle to complete 

traditional outpatient pulmonary rehabilitation. This further highlights the need for 

clinical services to consider alternative models of pulmonary rehabilitation delivery. Such 

alternatives may include low-cost home-based programmes that have been demonstrated 

to be safe and effective. Implementing these alternative rehabilitation delivery models 

into practice – alongside existing centre-based rehabilitation services – would provide a 

suite of rehabilitation options that might help to provide benefit to a wider range of 

patients.  

 

6.3 Implications for future research 

To date, there is a lack of studies focused specifically on describing the natural recovery 

of physical function and wellbeing following exacerbation of COPD. Research of this 

nature, with a focus on functional and patient reported outcomes, could provide new 

evidence on the natural recovery process after the onset of exacerbation. Such a study 

should consider close monitoring of function, symptoms and physiological outcomes both 

during the hospital admission and after discharge, for at least one month in order to best 

track early and late recovery. Included assessments should focus on outcomes where 

literature is sparse, such as functional capacity, health status, quality of life, symptoms 

and strength. A cohort study could assess participants at time points that would provide an 
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overview of the recovery process (i.e. days zero, three, seven, 14, 21 and 30). 

Assessments could be set in the hospital and/or at participants’ house to ensure it would 

not be a burden to the participant and the time points are accurate. A recovery cohort 

study may identify additional risk predictors of prolonged recovery that would be 

amenable to a rehabilitation intervention.  

 

The research presented in this thesis identified that people with COPD who do not 

complete at least 70% of a pulmonary rehabilitation programme have higher risk of an 

exacerbation episode in the following year. Therefore, pulmonary rehabilitation 

participation seems to have an important role in delaying the natural progression of 

COPD. However, retaining participants within a pulmonary rehabilitation programme is 

challenging, with reports of programme non-completion rates ranging from 10% to 58% 

(43, 44). An ongoing challenge for the rehabilitation community is identifying strategies 

that will reduce the dropout rate from pulmonary rehabilitation. Whether the use of 

technology, such as video-conferencing or interaction via a website or smartphone 

applications to support and stimulate exercise participation (62, 63) might improve 

pulmonary rehabilitation completion rates is still unknown. At present, pulmonary 

rehabilitation delivery is largely a one-size fits all model with the nature of its outpatient, 

centre-based delivery. If effective pulmonary rehabilitation delivery was available in 

multiple models at the majority of centres, this might allow patients to choose the model 

of rehabilitation that best suits their needs. Understanding whether patient choice of 

rehabilitation model leads to improved programme completion rates requires further 

investigation. 
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To be able to deliver post-exacerbation pulmonary rehabilitation in the home, to a greater 

number of individuals who might benefit, future studies should consider strategies to 

include more people with COPD with associated comorbidities, in whom uptake of 

traditional outpatient pulmonary rehabilitation might otherwise be a challenge (64). These 

strategies might include investigating the use of technology such as videoconferencing to 

provide real-time, remote monitoring of exercise training in a telerehabilitation 

environment, to potentially alleviate exercise safety concerns.  A virtual ‘group’ 

telerehabilitation setting may also provide additional social support for the most unwell 

patients, who may otherwise have limited participation in group activities.  

 

The systematic review included in the present thesis gave direction for clinical practice 

stating that early pulmonary rehabilitation programmes should deliver longer 

programmes, including education and starting after discharge. However, the included 

studies did not directly compare distinct programme characteristics, such as shorter vs 

longer programs, or supervision vs no supervision. Future studies should focus on 

comparing specific programme characteristics such as supervision during the exercises 

with unsupervised, programmes starting during hospital with outpatient programmes. In 

that way more robust evidence can be provided regarding the most important programme 

characteristics and the results would be important to clinical practice. 

 

6.4 Thesis strengths and limitations 

This thesis brings to light new evidence relating to the impact of exacerbations of COPD, 

and interventions that may be beneficial in this period. The current literature has been 

largely focussed on the speed of recovery from exacerbation. This thesis provides detailed 
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information on the natural recovery process after an exacerbation of COPD and how 

exacerbations of COPD affect clinical outcomes after pulmonary rehabilitation. The work 

presented in this thesis provides new evidence regarding risk factors for exacerbation 

relative to rehabilitation participation, as well as identifying key components of 

rehabilitation that appear beneficial in supporting recovery after an exacerbation. Also, a 

new strategy for delivering pulmonary rehabilitation early after exacerbation of COPD 

was tested for feasibility with important outcomes. 

 

Despite the strengths of the work presented, this thesis structure possesses a few 

limitations. The inclusion of a narrative review regarding exacerbation recovery, instead 

of a systematic review, might have resulted in some information being omitted from the 

work - however, the literature on the topic was very small and there are not many 

controlled trials on the topic. The narrative review is an important body of work that 

combined epidemiological studies and identified sufficient data that enabled strong 

conclusions.  

 

Chapter Three of this thesis comprises a secondary analysis of a larger randomised 

controlled trial. A prospective clinical trial specifically designed to answer the question of 

interest would provide a stronger research methodology. Nevertheless, the randomised 

control trial used as a basis for the secondary analysis had collected the necessary data in 

a robust manner, with a considerable sample size, to be able to confidently answer the 

question of interest.  
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Ideally, the feasibility study contained in Chapter Five would have taken the form of a 

randomised controlled trial. However, the use of an action research approach enabled a 

broad analysis of the feasibility of implementation and practicalities of using a home-

based pulmonary rehabilitation intervention early after hospital discharge – which will be 

important for informing future, larger scale, randomised controlled trials.  

 

6.5 Conclusion 

The body of work presented in this thesis identifies that particular individuals with 

COPD, namely those who are older, and have more severe disease and symptoms, are 

more likely to have delayed recovery following a respiratory exacerbation. Being able to 

complete a programme of pulmonary rehabilitation reduces the risk of experiencing a 

severe exacerbation in the following year – raising the possibility that repeated dosing of 

pulmonary rehabilitation may help to reduce exacerbation frequency, and maintain 

clinical benefits of rehabilitation. Models of pulmonary rehabilitation delivered early after 

an exacerbation are most effective when started after hospital discharge, of at least three 

weeks duration, and encompass both exercises training and education. Home-based 

models of pulmonary rehabilitation, delivered early after hospital discharge, have the 

potential to enhance post-exacerbation recovery and reduce rehospitalisation. Future work 

needs to examine how models of early pulmonary rehabilitation can facilitate uptake and 

completion in a broader range of people with COPD, including those with comorbid 

conditions.  
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Appendix B.1 – Chapter Five 

Phase I 

 

Participant Information and Consent Form 

Alfred Hospital 

 

Full Project Title: Early Home-based Rehabilitation Intervention for COPD 
Acute exacerbations (EHRICA): a feasibility study  

 

Principal Researcher:   Professor Anne Holland 

Associate Researchers:  Professor Belinda Miller 

    Dr Cristino Oliveira 

    Dr Narelle Cox 

    Ms Bruna Wageck    

    Ms Janet Bondarenko 

    Ms Monique Corbett 

     

1. Introduction 

You are invited to take part in this research project. We have contacted you because 

your respiratory doctor, nurse or physiotherapist indicated that you might be interested 

in taking part. We have approached you because you have been admitted at the Alfred 

Hospital and diagnosed with an acute exacerbation of chronic obstructive pulmonary 

disease (COPD). We believe that your participation could assist us to find out whether 

pulmonary rehabilitation programs that take place at home following hospital discharge 

are feasible and effective. 

Patients with COPD do not currently receive rehabilitation in the early phase after 

hospitalisation due to an acute exacerbation. The research project aims to discover 

whether an 8-week home-based pulmonary rehabilitation program following 

hospitalisation is feasible and improves symptoms, wellbeing and exercise capacity.  

This Participant Information and Consent Form tells you about the research project. It 
explains what is involved to help you decide if you want to take part. 

Please read this information carefully. Ask questions about anything that you don’t 
understand or want to know more about. Before deciding whether or not to take part, 

you might want to talk about it with a relative, friend or your local health worker. 

Participation in this research is voluntary. If you don’t wish to take part, you don’t have 
to.  

If you decide you want to take part in the research project, you may be asked to sign 
the consent section. By signing it you are telling us that you: 
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• understand what you have read;  
• consent to take part in the research project; 
• consent to be involved in the procedures described; 
• consent to the use of your personal and health information as described. 
You will be given a copy of this Participant Information and Consent Form to keep. 

2. What is the purpose of this research project? 

 

The aim of this project is to discover whether a pulmonary rehabilitation program 
performed at home, following hospitalisation due to acute exacerbations of COPD, is 
feasible. 

Pulmonary rehabilitation is an effective treatment for COPD which reduces symptoms, 

improves quality of life and increases exercise capacity. However, less than 10% of all 
people discharged from hospital following an acute exacerbation completed an 
outpatient hospital-based pulmonary program; rates of referral, uptake, adherence 
and completion were exceedingly low. Whilst the low rate of referral by health 
professionals is not well understood, patient-related barriers are well documented and 
include feeling too breathless to travel, fear of the hospital environment and physical 
limitations due to other diseases associated with the lung condition. 

Previous studies have shown that home-based pulmonary rehabilitation improves 
symptoms and exercise capacity to a similar extent as hospital-based pulmonary 
rehabilitation in those with a stable clinical condition of COPD. However, the feasibility 
and benefits of the home-based program delivered early following hospital discharge 
while recovering from an acute exacerbation have not been yet documented. 

A total of 10 people will participate in this project. People will be recruited from Alfred 

Hospital. Those people who choose to participate will take part in a home-based 

pulmonary rehabilitation program starting within one to three weeks following 

discharge from hospital. 

This research has been funded by La Trobe University.  

3. What does participation in this research project involve? 

Participation in this project will start within one to three weeks following hospital 

discharge and initiates with one home visit by a physiotherapist who will take 

approximately 1½ hour.  This visit will involve commencing the exercise program, 

which will involve walking and light strength training for the upper and lower body, as 

well as education regarding use of the home diary and a pedometer. The pedometer 

will be used to help record and progress the distance walked, and participants will be 

asked to complete their exercise program 5 times each week. They will be asked to 

document their exercise sessions in a diary. The physiotherapist will then contact the 

participants once a week by telephone, at an agreed time during seven consecutive 

weeks. These telephone calls will be used to review the home diary, to progress the 

exercise program, and undertake self-management education and training. These 

phone calls will last a maximum of half an hour.  

At the beginning of the study and at completion of the 8-week homebased pulmonary 

rehabilitation program we will assess your respiratory symptoms, wellbeing and 

exercise capacity. This will involve completing a walking test and completing four 

questionnaires. Each of these assessment occasions will take approximately 1½ hours 

and will be completed in the physiotherapy department at the Alfred Hospital. 

You will be asked to do an interview where you are asked some questions regarding 

the positives and negatives of undertaking pulmonary rehabilitation at home. This 

interview will be conducted by one of the researchers and will take 20-30 minutes. The 
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interview will be audio-recorded, so that we can accurately recall your experiences. 

The interview will take place in your home or over the telephone, according to your 

preference. The transcript generated from the audio-recording will not contain any 

information that could identify you. 

Your hospital medical records will be reviewed to collect information on your medical 

history, your lung function and visits or readmissions to the hospital during the study 

period. If you have not performed a pulmonary function test within 12 months of your 

final assessment (as part of your usual clinical care) you will have it assessed by one 

of our research personnel, the results of which will go into our research records and a 

report will be prepared to your doctor, upon request. 

You will not be paid for your participation in this research. 

4. What are the possible benefits? 

You may receive those benefits which are usually experienced as a result of 

participation in a pulmonary rehabilitation program. These include reduced 

breathlessness, an improved sense of wellbeing and ability to exercise. We cannot 

guarantee or promise that you will receive any benefits from this project. 

5. What are the possible risks? 

Possible risks and discomforts include the discomfort of becoming breathless during 

the exercise tests and training sessions. You will be monitored by experienced staff 

during each exercise test to ensure that your oxygen levels and heart rate are 

satisfactory and that breathlessness is kept to an acceptable level.  

You will have the first exercise session at home monitored by a physiotherapist, to 

ensure that the exercise program is safe and that you are not exercising too hard. The 

physiotherapist will show you how to monitor your exercise progression, to ensure that 

your breathlessness is kept to an acceptable level and that you are not exercising too 

hard. This will minimise the risk of becoming unwell. You may suspend or even end 

your participation in the project if distress occurs during the tests or exercise sessions. 

There may be additional unforeseen or unknown risks. 

6. Do I have to take part in this research project? 

Participation in any research project is voluntary. If you do not wish to take part, you 
do not have to. If you decide to take part and later change your mind, you are free to 
withdraw from the project at a later stage. 

If you decide to leave the project, the researchers would like to keep the personal and 
health information about you that has been collected. This is to help them make sure 

that the results of the research can be measured properly. If you do not want them to 
do this, you must tell them when you withdraw from the research project. 

Your decision whether to take part or not, or to take part and then withdraw, will not 
affect your relationship with the researchers or The Alfred Hospital.   

7. How will I be informed of the final results of this research project? 

When this project is finished you will be informed of the results by mail. 
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8. What will happen to information about me? 

Any information that is collected from you during the research project will be 

immediately stored using a code replacing your personal details so that you cannot be 

identified, and your will be privacy protected. This code will be kept in a locked 

cupboard in the La Trobe Clinical School at Alfred Health, which can be accessed only 

by the investigators. This approach enables researchers to re-identify your information 

if need be. Paper records will be stored against the code and kept in a locked filing 

cabinet at the La Trobe Clinical School at Alfred Health, with copies stored in the 

Physiotherapy Department at the Alfred Hospital. Electronic data will be stored on a 

computer against the patient code, and will be protected by password access. Study 

records will be kept for a period of 15 years from the end of the study. If you take part 

in an interview, these records include the digital sound recording that was made. After 

this time the information will be disposed of safely and securely through shredding of 

the documents and deletion of computer files.   

Any information obtained for the purpose of this research project that can identify you 

will be treated as confidential and securely stored and will only be used for the purpose 

of this research project. It will only be disclosed with your permission, or in compliance 

with the law.  

If you give us your permission by signing the Consent Form, we plan to publish the 

results of the trial in an international scientific journal, also the results will be used by 

the research Ms Bruna Wageck to obtain a PhD degree. In any publication, information 

will be provided in such a way that you cannot be identified. Only group data, not 

individual results, will be published. 

Information about your participation in this research project may be recorded in your 

health records. 

9. Can I access research information kept about me? 

In accordance with relevant Australian and/or Victorian privacy and other relevant 

laws, you have the right to access the information collected and stored by the 

researchers about you. Please contact one of the principal investigator named at the 

end of this document if you would like to access your information. 

Further, in accordance with regulatory guidelines, the information collected in this 

research project will be kept for 15 years. The information will be disposed of safely 

and securely through shredding of the documents and deletion of computer files after 

15 years has elapsed; access to information about you after this point will not be 

possible.  

10. Is this research project approved? 

The ethical aspects of this research project have been approved by the Human 

Research Ethics Committee of Alfred Health and La Trobe University.   

This project will be carried out according to the National Statement on Ethical 

Conduct in Human Research (2007) produced by the National Health and Medical 

Research Council of Australia. This statement has been developed to protect the 

interests of people who agree to participate in human research studies. 
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11. Consent 

 

I have read, or have had this document read to me in a language that I understand, 

and I understand the purposes, procedures and risks of this research project as 

described within it. 

I have had an opportunity to ask questions and I am satisfied with the answers I have 

received. 

I freely agree to participate in this research project, as described.  

I understand that I will be given a signed copy of this document to keep. 

 

Participant’s name (printed) …………………………………………………… 

Signature        Date 

 

 

Declaration by researcher*: I have given a verbal explanation of the research 
project, its procedures and risks and I believe that the participant has understood 
that explanation. 

 

 

 

Researcher’s name (printed) …………………………………………………… 

Signature        Date 

Note: All parties signing the consent section must date their own signature. 
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12. Who can I contact? 

The person you may need to contact will depend on the nature of your query. 

Therefore, please note the following:  

For further information or appointments: 

If you want any further information concerning this project or if you have any 

medical problems which may be related to your involvement in the project (for 

example, any side effects), please contact the principal investigator: 

Prof Anne Holland on (03) 9479 6744 or 0419379821. 

 

You may also contact the following persons:  

Name: Professor Belinda Miller 

Role: Respiratory Medicine physician, Alfred Health 

Ph: (03) 9276 3770 

For Complaints 

If you have any complaints about any aspect of the project, the way it is being 

conducted or any questions about your rights as a research participant, then you may 

contact   

Name:  Ms Emily Bingle 

Position:  Research Governance Officer, Research and Ethics Unit, Alfred Health 

  The Alfred Hospital, Commercial Rd, Melbourne 3004 

Telephone: 03 9076 3619  Fax: 9076 8841 

Email:  research@alfred.org.au 

You will need to tell Ms Bingle the following Alfred Health project number: 475/15 

 

Further enquiries and/or complaints can also be addressed to: 

The Secretary, Faculty Human Ethics Committee 

Faculty of Health Sciences, La Trobe University, Victoria, 3086  

Telephone:  03 9479 3582   Fax: 03 9479 5733  

Email:  health@latrobe.edu.au 
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Phase II 

 

Participant Information and Consent Form 

Alfred Hospital 

 

Full Project Title: Early Home-based Rehabilitation Intervention for COPD 
Acute exacerbations (EHRICA): a feasibility study  

 

Principal Researcher:   Professor Anne Holland 

Associate Researchers:  Professor Belinda Miller 

    Dr Cristino Oliveira 

    Dr Narelle Cox 

    Ms Bruna Wageck    

    Ms Janet Bondarenko 

    Ms Monique Corbett 

     

1. Introduction 

You are invited to take part in this research project. We have contacted you because 

you are aware of the COPD scenery and work with patients with COPD as inpatients 

and/or outpatients. We recently ran a feasibility study that offered the opportunity for 

patients with COPD to participate in an 8-week home-based PR programme early after 

discharge from an acute exacerbation. However, we found it difficult to recruit 

participants for the study. We believe that your participation could assist us to find out 

how to improve our early home-based pulmonary rehabilitation program to make it 

more suitable and attractive for patients on discharge from hospital after an 

exacerbation of their COPD. 

Patients with COPD do not currently receive rehabilitation in the early phase after 

hospitalisation due to an acute exacerbation. The main research project aims to 

investigate whether an 8-week home-based pulmonary rehabilitation program 

following hospitalisation is feasible and improves symptoms, wellbeing and exercise 

capacity.  

This Participant Information and Consent Form tells you about the research project. It 
explains what is involved to help you decide if you want to take part. 

Please read this information carefully. Ask questions about anything that you don’t 
understand or want to know more about.  

Participation in this research is voluntary. If you don’t wish to take part, you don’t have 
to.  

If you decide you want to take part in the research project, you may be asked to sign 
the consent section. By signing it you are telling us that you: 

• understand what you have read;  
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• consent to take part in the research project; 
• consent to be involved in the procedures described; 
• consent to the use of the information you provide . 
You will be given a copy of this Participant Information and Consent Form to keep. 

2. What is the purpose of this research project? 

 

The aim of this project is to investigate how to make a pulmonary rehabilitation 
program performed at home, following hospitalisation due to acute exacerbations of 
COPD, feasible, comfortable and effective. 

Pulmonary rehabilitation is an effective treatment for COPD that reduces symptoms, 
improves quality of life and increases exercise capacity. However, less than 10% of all 
people discharged from hospital following an acute exacerbation completed an 
outpatient hospital-based pulmonary program; rates of referral, uptake, adherence 
and completion were exceedingly low. Whilst the low rate of referral by health 
professionals is not well understood, patient-related barriers are well documented and 
include feeling too breathless to travel, fear of the hospital environment and physical 
limitations due to other diseases associated with the lung condition. 

Previous studies have shown that home-based pulmonary rehabilitation improves 

symptoms and exercise capacity to a similar extent as hospital-based pulmonary 
rehabilitation in those with a stable clinical condition of COPD. However, the feasibility 
and benefits of the home-based program delivered early following hospital discharge 
while recovering from an acute exacerbation have not yet been documented. 

We will contact by email clinicians at The Alfred Hospital that are engaged in COPD 

treatment and rehabilitation. Those people who consent to participate will receive a 

phone call to schedule a 30-minute interview with one of our researchers. 

This research has been funded by La Trobe University.  

3. What does participation in this research project involve? 

Participation in this project will involve a face-to-face or a phone interview with one of 

our researchers. The interview will take approximately 20-30 minutes and will be 

audio-recorded so it can be transcript for further analysis. Each participant will be 

interviewed once. 

You will be asked for your thoughts regarding home-based pulmonary rehabilitation, 

timing of recruitment, possible barriers to participation and strategies for recruitment. 

The transcript generated from the audio-recording will not contain any information that 

could identify you. 

You will not be paid for your participation in this research. 

4. What are the possible benefits? 

You will help in the understanding of the needs and expectations of people with COPD 

after hospital discharge, and what would make it easier for them to take part in a 

home-based pulmonary rehabilitation. This information will help us to make home-

based pulmonary rehabilitation more acceptable and attractive, so more people can 

benefit from pulmonary rehabilitation in the future. We cannot guarantee or promise 

that you will receive any other benefits from this project. 

5. What are the possible risks? 

Possible risks and discomforts include the discomfort of being asked about your 

thoughts surrounding pulmonary rehabilitation and the relation with what you witness 

in your work. You may suspend or end your participation anytime during the interview 
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if you feel distressed or uncomfortable with any questions. There may be additional 

unforeseen or unknown risks. 

6. Do I have to take part in this research project? 

Participation in any research project is voluntary. If you do not wish to take part, you 
do not have to. If you decide to take part and later change your mind, you are free to 

withdraw from the project at a later stage. 

If you decide to leave the project, the researchers would like to keep the information 
that has been collected. This is to help them make sure that the results of the research 
can be measured properly. If you do not want them to do this, you must tell them 
when you withdraw from the research project. 

Your decision whether to take part or not, or to take part and then withdraw, will not 

affect your relationship with the researchers or The Alfred Hospital.   

7. How will I be informed of the final results of this research project? 

When this project is finished you will be informed of the results by email. 

8. What will happen to information about me? 

Any information that is collected from you during the research project will be stored 

using a code replacing your personal details so that you cannot be identified, and your 

privacy will be protected. This code will be kept in a locked cupboard in the La Trobe 

Clinical School at Alfred Health, which can be accessed only by the investigators. This 

approach enables researchers to re-identify your information in case you decided to 

have access to it. The electronic data will be stored on a computer against the a code, 

and will be protected by password access. Study records will be kept for a period of 7 

years from the end of the study. If you take part in an interview, these records include 

the digital sound recording that was made and the transcript of the interview. After 

this time the information will be disposed of safely and securely through shredding of 

the documents and deletion of computer files.   

Any information obtained for the purpose of this research project that can identify you 

will be treated as confidential and securely stored and will only be used for the purpose 

of this research project. It will only be disclosed with your permission, or in compliance 

with the law.  

If you give us your permission by signing the Consent Form, we plan to publish the 

results of the feasibility project in an international scientific journal. In any publication, 

information will be provided in such a way that you cannot be identified.  

The results will be used by the student researcher Ms Bruna Wageck to obtain a PhD 

degree.  

9. Can I access research information kept about me? 

In accordance with relevant Australian and/or Victorian privacy and other relevant 

laws, you have the right to access the information collected and stored by the 

researchers about you. Please contact the principal investigator named at the end of 

this document if you would like to access your information. 

Further, in accordance with regulatory guidelines, the information collected in this 

research project will be kept for 7 years. The information will be disposed of safely and 

securely through shredding of the documents and deletion of computer files after 7 

years has elapsed; access to information about you after this point will not be possible.  

10. Is this research project approved? 
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The ethical aspects of this research project have been approved by the Human 

Research Ethics Committee of Alfred Health and La Trobe University.   

This project will be carried out according to the National Statement on Ethical 

Conduct in Human Research (2007) produced by the National Health and Medical 

Research Council of Australia. This statement has been developed to protect the 

interests of people who agree to participate in human research studies. 
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11. Consent 

 

I have read, or have had this document read to me in a language that I understand, 

and I understand the purposes, procedures and risks of this research project as 

described within it. 

I have had an opportunity to ask questions and I am satisfied with the answers I have 

received. 

I freely agree to participate in this research project, as described.  

I understand that I will be given a signed copy of this document to keep. 

 

Participant’s name (printed) …………………………………………………… 

Signature        Date 

 

 

Declaration by researcher*: I have given a verbal explanation of the research 
project, its procedures and risks and I believe that the participant has understood 
that explanation. 

 

 

 

Researcher’s name (printed) …………………………………………………… 

Signature        Date 

Note: All parties signing the consent section must date their own signature. 
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12. Who can I contact? 

The person you may need to contact will depend on the nature of your query. 

Therefore, please note the following:  

For further information or appointments: 

If you want any further information concerning this project, please contact the 

principal investigator: 

Prof Anne Holland on (03) 9479 6744 or 0419379821. 

 

You may also contact the following person:  

Name: Ms Bruna Borges Wageck 

Role: PhD student at La Trobe University 

Ph: (03) 9479 6747 or 0450 420 290 

For Complaints 

If you have any complaints about any aspect of the project, the way it is being 

conducted or any questions about your rights as a research participant, then you may 

contact   

Name:  Complaints Officer, Research and Ethics Unit, Alfred Health 

  The Alfred Hospital, Commercial Rd, Melbourne 3004 

Telephone: 03 9076 3619  Fax: 9076 8841 

Email:  research@alfred.org.au 

You will need to quote the following Alfred Health project number: 475/15 

 

Further enquiries and/or complaints can also be addressed to: 

The Secretary, Faculty Human Ethics Committee 

Faculty of Health Sciences, La Trobe University, Victoria, 3086  

Telephone:  03 9479 3582   Fax: 03 9479 5733  

Email:  health@latrobe.edu.au 
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Phase III 

 

 

Participant Information and Consent Form 

Alfred Hospital 

 

Full Project Title: Early Home-based Rehabilitation Intervention for COPD 
Acute exacerbations (EHRICA): a feasibility study  

 

Principal Researcher:   Professor Anne Holland 

Associate Researchers:  Professor Belinda Miller 

    Dr Cristino Oliveira 

    Dr Narelle Cox 

    Ms Bruna Wageck    

    Ms Janet Bondarenko 

    Ms Monique Corbett 

     

1. Introduction 

You are invited to take part in this research project. We have contacted you because 

your respiratory doctor, nurse or physiotherapist indicated that you might be interested 

in taking part. We have approached you because you have been admitted at the Alfred 

Hospital and diagnosed with an acute exacerbation of chronic obstructive pulmonary 

disease (COPD). We believe that your participation could assist us to find out whether 

pulmonary rehabilitation programs that take place at home following hospital discharge 

are feasible and effective. 

Patients with COPD do not currently receive rehabilitation in the early phase after 

hospitalisation due to an acute exacerbation. The research project aims to discover 

whether an 8-week home-based pulmonary rehabilitation program following 

hospitalisation is feasible and improves symptoms, wellbeing and exercise capacity.  

This Participant Information and Consent Form tells you about the research project. It 
explains what is involved to help you decide if you want to take part. 

Please read this information carefully. Ask questions about anything that you don’t 
understand or want to know more about. Before deciding whether or not to take part, 
you might want to talk about it with a relative, friend or your local health worker. 

Participation in this research is voluntary. If you don’t wish to take part, you don’t have 
to.  

If you decide you want to take part in the research project, you may be asked to sign 
the consent section. By signing it you are telling us that you: 

• understand what you have read;  
• consent to take part in the research project; 
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• consent to be involved in the procedures described; 
• consent to the use of your personal and health information as described. 
You will be given a copy of this Participant Information and Consent Form to keep. 

2. What is the purpose of this research project? 

 

The aim of this project is to discover whether a pulmonary rehabilitation program 
performed at home, following hospitalisation due to acute exacerbations of COPD, is 
feasible. 

Pulmonary rehabilitation is an effective treatment for COPD which reduces symptoms, 
improves quality of life and increases exercise capacity. However, less than 10% of all 
people discharged from hospital following an acute exacerbation completed an 

outpatient hospital-based pulmonary program; rates of referral, uptake, adherence 
and completion were exceedingly low. Whilst the low rate of referral by health 
professionals is not well understood, patient-related barriers are well documented and 
include feeling too breathless to travel, fear of the hospital environment and physical 
limitations due to other diseases associated with the lung condition. 

Previous studies have shown that home-based pulmonary rehabilitation improves 
symptoms and exercise capacity to a similar extent as hospital-based pulmonary 
rehabilitation in those with a stable clinical condition of COPD. However, the feasibility 
and benefits of the home-based program delivered early following hospital discharge 
while recovering from an acute exacerbation have not been yet documented. 

A total of 10 people will participate in this project. People will be recruited from Alfred 

Hospital. Those people who choose to participate will take part in a home-based 

pulmonary rehabilitation program starting within one to three weeks following 

discharge from hospital. 

This research has been funded by La Trobe University. The results of this research will 

be used by the researcher Ms Bruna Wageck to obtain a PhD degree. 

3. What does participation in this research project involve? 

Participation in this project will start within one to three weeks following hospital 

discharge and initiates with one home visit by a physiotherapist who will take 

approximately 1½ hour.  This visit will involve commencing the exercise program, 

which will involve walking and light strength training for the upper and lower body, as 

well as education regarding use of the home diary and a pedometer. The pedometer 

will be used to help record and progress the distance walked, and participants will be 

asked to complete their exercise program 5 times each week. They will be asked to 

document their exercise sessions in a diary. The physiotherapist will then contact the 

participants once a week by telephone, at an agreed time during seven consecutive 

weeks. These telephone calls will be used to review the home diary, to progress the 

exercise program, and undertake self-management education and training. These 

phone calls will last a maximum of half an hour.  

At the beginning of the study and at completion of the 8-week homebased pulmonary 

rehabilitation program we will assess your respiratory symptoms, wellbeing and 

exercise capacity. This will involve completing a walking test, a test where you will 

stand up and sit down from a chair as often as you can in 1-minute, and completing 

four questionnaires. Each of these assessment occasions will take approximately 1½ 

hours and will be completed in the physiotherapy department at the Alfred Hospital. 

The first assessment will be performed prior to your discharge from the hospital. 

Your hospital medical records will be reviewed to collect information on your medical 

history, your lung function and visits or readmissions to the hospital during the study 
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period. If you have not performed a pulmonary function test within 12 months of your 

final assessment (as part of your usual clinical care) you will have it assessed by one 

of our research personnel, the results of which will go into our research records and a 

report will be prepared to your doctor, upon request. 

You will not be paid for your participation in this research. 

4. What are the possible benefits? 

You may receive those benefits which are usually experienced as a result of 

participation in a pulmonary rehabilitation program. These include reduced 

breathlessness, an improved sense of wellbeing and ability to exercise. We cannot 

guarantee or promise that you will receive any benefits from this project. 

5. What are the possible risks? 

Possible risks and discomforts include the discomfort of becoming breathless during 

the exercise tests and training sessions. You will be monitored by experienced staff 

during each exercise test to ensure that your oxygen levels and heart rate are 

satisfactory and that breathlessness is kept to an acceptable level.  

You will have the first exercise session at home monitored by a physiotherapist, to 

ensure that the exercise program is safe and that you are not exercising too hard. The 

physiotherapist will show you how to monitor your exercise progression, to ensure that 

your breathlessness is kept to an acceptable level and that you are not exercising too 

hard. This will minimise the risk of becoming unwell. You may suspend or even end 

your participation in the project if distress occurs during the tests or exercise sessions. 

There may be additional unforeseen or unknown risks. 

6. Do I have to take part in this research project? 

Participation in any research project is voluntary. If you do not wish to take part, you 
do not have to. If you decide to take part and later change your mind, you are free to 
withdraw from the project at a later stage. 

If you decide to leave the project, the researchers would like to keep the personal and 
health information about you that has been collected. This is to help them make sure 

that the results of the research can be measured properly. If you do not want them to 
do this, you must tell them when you withdraw from the research project. 

Your decision whether to take part or not, or to take part and then withdraw, will not 
affect your relationship with the researchers or The Alfred Hospital.   

7. How will I be informed of the final results of this research project? 

When this project is finished you will be informed of the results by mail. 
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8. What will happen to information about me? 

Any information that is collected from you during the research project will be 

immediately stored using a code replacing your personal details so that you cannot be 

identified, and your will be privacy protected. This code will be kept in a locked 

cupboard in the La Trobe Clinical School at Alfred Health, which can be accessed only 

by the investigators. This approach enables researchers to re-identify your information 

if need be. Paper records will be stored against the code and kept in a locked filing 

cabinet at the La Trobe Clinical School at Alfred Health, with copies stored in the 

Physiotherapy Department at the Alfred Hospital. Electronic data will be stored on a 

computer against the patient code, and will be protected by password access. Study 

records will be kept for a period of 15 years from the end of the study.  After this time 

the information will be disposed of safely and securely through shredding of the 

documents and deletion of computer files.   

Any information obtained for the purpose of this research project that can identify you 

will be treated as confidential and securely stored and will only be used for the purpose 

of this research project. It will only be disclosed with your permission, or in compliance 

with the law.  

If you give us your permission by signing the Consent Form, we plan to publish the 

results of the trial in an international scientific journal. In any publication, information 

will be provided in such a way that you cannot be identified. Only group data, not 

individual results, will be published. 

Information about your participation in this research project may be recorded in your 

health records. 

9. Can I access research information kept about me? 

In accordance with relevant Australian and/or Victorian privacy and other relevant 

laws, you have the right to access the information collected and stored by the 

researchers about you. Please contact one of the principal investigator named at the 

end of this document if you would like to access your information. 

Further, in accordance with regulatory guidelines, the information collected in this 

research project will be kept for 15 years. The information will be disposed of safely 

and securely through shredding of the documents and deletion of computer files after 

15 years has elapsed; access to information about you after this point will not be 

possible.  

10. Is this research project approved? 

The ethical aspects of this research project have been approved by the Human 

Research Ethics Committee of Alfred Health and La Trobe University.   

This project will be carried out according to the National Statement on Ethical 

Conduct in Human Research (2007) produced by the National Health and Medical 

Research Council of Australia. This statement has been developed to protect the 

interests of people who agree to participate in human research studies. 

  



303 

 

 

 

 

11. Consent 

 

I have read, or have had this document read to me in a language that I understand, 

and I understand the purposes, procedures and risks of this research project as 

described within it. 

I have had an opportunity to ask questions and I am satisfied with the answers I have 

received. 

I freely agree to participate in this research project, as described.  

I understand that I will be given a signed copy of this document to keep. 

 

Participant’s name (printed) …………………………………………………… 

Signature        Date 

 

 

Declaration by researcher*: I have given a verbal explanation of the research 
project, its procedures and risks and I believe that the participant has understood 
that explanation. 

 

 

 

Researcher’s name (printed) …………………………………………………… 

Signature        Date 

Note: All parties signing the consent section must date their own signature. 
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12. Who can I contact? 

The person you may need to contact will depend on the nature of your query. 

Therefore, please note the following:  

For further information or appointments: 

If you want any further information concerning this project or if you have any 

medical problems which may be related to your involvement in the project (for 

example, any side effects), please contact the principal investigator: 

Prof Anne Holland on (03) 9479 6744 or 0419379821. 

 

You may also contact the following persons:  

Name: Professor Belinda Miller 

Role: Respiratory Medicine physician, Alfred Health 

Ph: (03) 9276 3770 

Name:  Bruna Wageck 

Role: PhD Student, La Trobe University. 

Ph:  0450 420 290 

 

For Complaints 

If you have any complaints about any aspect of the project, the way it is being 

conducted or any questions about your rights as a research participant, then you may 

contact   

Name:  Ms Emily Bingle 

Position:  Research Governance Officer, Research and Ethics Unit, Alfred Health 

  The Alfred Hospital, Commercial Rd, Melbourne 3004 

Telephone: 03 9076 3619  Fax: 9076 8841 

Email:  research@alfred.org.au 

You will need to tell Ms Bingle the following Alfred Health project number: 475/15 

 

Further enquiries and/or complaints can also be addressed to: 

The Secretary, Faculty Human Ethics Committee 

Faculty of Health Sciences, La Trobe University, Victoria, 3086  

Telephone:  03 9479 3582   Fax: 03 9479 5733  

Email:  health@latrobe.edu.au 
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Alicja N. Malicka, PhD  

Director of Graduate Research 

School of Allied Health, Human Services and Sport 

College of Science, Health and Engineering 

La Trobe University 

 

Dear Dr Alicja N. Malicka 

Amendment report to the thesis entitled “Optimising the model of pulmonary 

rehabilitation following exacerbations of Chronic Obstructive Pulmonary Disease 

(COPD)” 

I am pleased to provide detailed responses to the Reviewer’s comments below. The thesis 

document was amended according to Reviewer’s suggestions. 

 

REVIEWER A 

i. Justification of classification 

I have recommended that the thesis should be classified as passed and the candidate 

awarded the degree subject to the major amendments recommended in the examiners’ 

reports. The justification for this falls to the issues identified in the discussion, and given 

that the discussion is a key component of the overall intellectual piece, I deemed this to be 

a major amendment. However, I believe only minor adjustments will be required to 

address the issues raised. 

ii. Recommendations for amendments 
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This is a substantial undertaking. Overall the work is presented with detail and clarity and 

the studies sit together in a logical sequence and develop as a research program. The 

prefaces were used to good effect to ensure flow and congruence. It is good to see that 

one of the papers has been published and all others submitted. 

In regards to conceptual depth, I believe the work could have gone further, as discussed 

below. It may have been useful to employ an overarching conceptual framework that 

would have allowed the piece to be more connected to broader contexts. This may be 

discipline specific, but I believe this would have provided the candidate an anchor across 

the work for higher level discussion and connection to international movements within 

the discipline – and an opportunity for the candidate to demonstrate the depth of their 

knowledge in this way. 

Thank you for this suggestion. The conceptual framework has been added in the 

discussion, in order to integrate the findings of this thesis with international literature and 

broader concepts of COPD management. 

In regards to specific chapters, 

Minor amendments 

1- The introduction did well in outlining the body of work to be presented and in 

providing a detailed background. It would have been good to see more recognition and 

engagement with psychological influences on self-management – known to influence 

both exacerbation as well as PR engagement and outcomes. There were brief mentions of 

the connection with depression and of course HRQoL through the chapters, but I felt that 

further discussion and engagement was required as a conceptual background. 

 Additional information has been added to the introduction as follows: 
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“Furthermore, the literature suggests that hospital admissions and readmission are 

significantly related to anxiety and depression factors (18).” 

“Self-management strategies are important in order to promote behaviour change aiming 

to reduce anxiety and depression factors associated to COPD and ECOPD (18); and 

increase patient’s skill on how to manage their disease (26).” 

 

Further elaboration has been added to the Discussion after the results of the systematic 

review. In the systematic review education and self-management were analysed together 

and the review states that education is an important component to PR after exacerbation 

of COPD. Group education and self-management for analysis can be seen as limitation to 

the study, however the review results demonstrate the important role of education (and 

self-management) to PR after exacerbation. 

2- The narrative review and secondary analysis were both well executed and presented, if 

again could have benefited from connection with a conceptual framework to elevate 

discussion. 

I added a conceptual framework in the discussion session. 

3- The systematic review was detailed and executed to a high level – well done – this was 

a substantial undertaking. One query, given the international recommendations for 

programs of around 8 week duration, it would have been useful to use this as a 

comparative cut off point. Grouping studies from 3 weeks to 12 weeks is very broad and 

one would wonder if the outcomes and results may have been masked by combining 

these. I guess what was lacking was a clear justification as to why these time points were 

chosen, particularly given the guidelines. 
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The optimal duration of pulmonary rehabilitation has not yet been defined. It is true that 

some guidelines suggest longer programs from around 8 weeks, however this is based on 

common practice rather than data from clinical trials. Exercise training studies frequently 

show benefits after 3 weeks of practice, so the authors decided that programs between 3-

12 weeks would produce the expected outcomes and we followed the analysis as pre-

determined on the review registration (PROSPERO). The rationale for selecting 3-12 

weeks has been added to the methods section of the systematic review. The results shown 

that pulmonary rehabilitation is beneficial independent of program length to exercise 

capacity and quality of life and also, it revealed that programs of 3-12 weeks decreased 

hospital readmission. Thus, I acknowledge that it is a limitation to the study. 

4- As a side note, when reporting small numbers – ie 30 studies – it would be useful, and 

somewhat conventional, to report the n= rather than or in addition to %. 

Thank you, I added the “n=” in addition to the % in the text. 

5- One last note on the systematic review – there was a need for a working definition of 

PR for this review – unless I missed this. This would have helped with clarity, for 

example, as to the justification that inpatient exercise of under three weeks duration, 

without an educational component, is still considered a PR program – given national and 

international guidelines around duration and selfmanagement focus. 

We included studies that delivered exercises, not following PR guidelines. The idea was 

to include all studies that delivered exercises to ensure what components where important 

to the achieve the benefits. I added a sentence to the eligibility criteria for more clarity. 

Now it reads: 

“For this systematic review, we included both randomized and quasi-randomized 

controlled trials comparing early pulmonary rehabilitation (within 4 weeks after 
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discharge) to usual care or a control condition in patients with COPD who had recently 

been hospitalised for an exacerbation of COPD. To fulfill the review purpose we included 

all studies that delivered exercise after exacerbation of COPD, not only studies that 

followed pulmonary rehabilitation guidelines, to ensure we covered all components from 

pulmonary rehabilitation programs and were able to make comparisons (including 

education).” 

6- Following on from this theme, in Chapter 5, which was generally well undertaken and 

presented, it would have been ideal to have a clearer description of the educational/self-

management component for the PR program – was this based on Lung Foundation 

Australia for example. This here, and the above definition in the systematic review, would 

have helped with transparency but also have demonstrated the candidate’s depth of 

understanding of the conceptual basis for PR. 

The PR program was based on Lung Foundation Australia with phone calls using 

principles of motivational interviewing; and all participants received the living well with 

COPD book from Lung Foundation Australia. The book contains extended information 

about the disease and how to cope with it going through a vast number of topics related to 

quality of life. The topics from the books were also discussed during the motivational 

weekly phone calls. I added a sentence in the text to make it clear, now it reads: 

“The structured weekly phone calls were delivered by a physiotherapist trained in 

motivational interviewing who reviewed the home diaries, the exercise progression and 

delivered self-management training based on Lung Foundation Australia guidelines. 

During the calls participants were also provided with a menu of topics covering aspects 

of self-management (25) and were encouraged to choose one topic for discussion and 

goal setting each week. Participants also received the “Living well with COPD” book by 

Lung Foundation Australia.” 
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7- Qualitative data analysis would also have benefited from further explanation – perhaps 

using a qual checklist would assist in directly discussing and addressing how concepts 

such as rigour, trustworthiness, transferability were handled. As well as justification for 

this particular qualitative approach for the study purpose – and definition of content 

analysis etc etc - I understand this is a small, supportive component within the feasibly 

study – but again this would allow the candidates to demonstrate their engagement and 

understanding of qualitative concepts. 

I amend the “analysis of qualitative data” on the manuscript adding extra data about the 

coding and how the transcripts were handled. Now it reads: 

“The transcribed interviews were manually coded line-by-line and analysed according to 

the principles of deductive thematic analysis26. The data analysis was a four-step process 

that incorporated: a) immersing oneself in data, b) selecting meaningful units, c) 

condensing and labelling of data (coding), and d) clustering and formulation of 

themes26. All de-identified transcripts of the interviews were analysed by two researchers 

independently; both of whom had experience of analyzing qualitative interviews and 

conducting PR (one with more than 10 years of experience, the other with 2 years). The 

researchers then compared major themes and any disagreements were solved by 

discussion. Data from clinician and participant interviews were analysed separately.” 

Major amendments 

8- The Discussion I did find somewhat problematic. Much of this reiterated previous 

chapters and there was a need for a much more overt connection between this body of 

work and international literature and broader concepts within the discipline. I think one 

cause for this was that the chapters were discussed separately in individual descriptive 

paragraphs throughout rather than integrated as a body of work – and that there was a 

distinct lack of literature.  
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I think the discussion is where a conceptual framework would really have helped the 

candidate to structure and place their work within the broader discipline and elevate the 

discussion above the descriptive and within a broader context. 

I added a conceptual framework to the discussion chapter (depicted in Figure 3) and also 

amended the writing. 

9- Limitations section was fine, however, rather than disparaging your very good 

narrative review, and that there were few studies – speak to the strengths and justification 

for why that particular approach was chosen to address the specific question being asked. 

I added a sentence to justify the choice of a narrative review. Now it reads: 

“Despite the strengths of the work presented, this thesis structure possesses a few 

limitations. The inclusion of a narrative review regarding exacerbation recovery, instead 

of a systematic review, might have resulted in some information being omitted from the 

work - however, the literature on the topic was very small and there are not many 

controlled trials on the topic. The narrative review is an important body of work that 

combined epidemiological studies and identified sufficient data that enabled strong 

conclusions.” 

10- Conclusion again gave a descriptive summary of the work, but could speak to broader 

contexts and international trends. 

The conclusion was amended to meet expectations. 

Thankyou for the opportunity to examine this thesis. I hope the above comments are 

useful and will assist the candidate to demonstrate their knowledge – only minor 

adjustments would be required to address the issues raised. The candidate has achieved a 

substantial volume of work that will contribute to the discipline and to clinical practice, 

they should be highly commended for this. 
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REVIEWER B 

Justification of classification 

The objective of this thesis was to optimise the model of pulmonary rehabilitation 

following exacerbations of COPD (ECOPD). The specific aims of each chapter were to: 

1- Describe the natural recovery process following ECOPD for lung function, 

inflammatory markers, symptoms, physical activity and quality of life; 

2- Examine the impact of ECOPD on clinical outcomes at 12 months after pulmonary 

rehabilitation and identify predictors of ECOPD in the year after pulmonary 

rehabilitation; 

3- Determine the impact of the pulmonary rehabilitation program characteristics on 

clinical outcomes following an ECOPD; 

4- Design and test a pulmonary rehabilitation protocol addressing barriers to uptake and 

completion of pulmonary rehabilitation following ECOPD. 

In my opinion the thesis achieves its objective and satisfies the requirements for the thesis 

as outline in the Guidelines for Examiners. The thesis provides a comprehensive 

examination of the literature on patient recovery following ECOPD, the benefits of a 

pulmonary rehabilitation (PR) program and the characteristics of the program that may 

affect that recovery. The narrative and systematic reviews (Chapter 2 and 4, respectively) 

demonstrate the student’s mastery and critical appraisal of a substantial body of 

knowledge related to ECOPD and PR and the findings of these reviews contributes 

original insights on the topic. The research described in Chapter 5 applies and action 

research model to assess whether home-based PR, initiated soon after hospital discharge 

for a severe ECOPD is feasible. The student has played a leading role in study design, 
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protocol development, literature searches and extraction, data collection, data analysis, as 

well as writing and review of manuscripts associated with the original research in the 

thesis. She has demonstrated that she can apply and interpret a wide variety of 

quantitative and as well as qualitative methodological techniques. The document is well 

written and the ideas are linked within and between chapters so that the thesis forms a 

cohesive body of knowledge. The original contributions to the literature (Chapter 2-5) 

have been published or submitted for publication. Below is a short description to support 

this assessment. 

Methodological Techniques 

Majority of the thesis is devoted to examining the literature on AECOPD; its natural 

course of recovery, its effects on PR outcomes and the characteristics of PR programs that 

are associated with better results following AECOPD. Chapters 2 (narrative review) and 4 

(systematic review with meta-analysis) provide comprehensive examination of the 

literature on the recovery following ECOPD and the characteristics of a pulmonary 

rehabilitation (PR) program that may affect that recovery. In Chapter 3, a secondary 

analysis of data from the HomeBase study, was performed to explore the impact of 

exacerbations on clinical outcomes (quality of life, aerobic capacity, dyspnea and physical 

activity) during the 12 months following PR. These investigations demonstrate that the 

student can perform comprehensive, focused literature searches and use advanced 

statistical analyses that included Kaplan Meier survival analysis, multiple linear 

regression, logistic regression, and meta-analysis with Forest plots to inform data 

interpretation. The student applied an action research model in research described in 

Chapter 5. The investigation examined whether it was feasible to implement a program, 

previously used to provide home-based PR to people with stable COPD, in people 

following severe ECOPD. The student was responsible developing the study concept, 
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protocol development, ethics application, data collection, data analysis, and writing and 

review of the manuscript. This investigation included qualitative research to explore 

patient and clinician views on barriers and facilitators that were used modify the program 

prior to reassessment. 

Original Contributions 

The thesis makes several original contributions to the current literature. The narrative 

review consolidated the literature to confirm that the typical timeframe for recovery from 

an ECOPD was approximately 2 weeks although recovery in many patients may not be 

complete by 3 months. It also highlighted the that the definition of recovery varies 

depending on the parameter being examined. Patient-level factors that predict prolonged 

recovery are older age, severe lung disease, low BMI, and chronic dyspnea. Physical 

inactivity, skeletal muscle weakness, low exercise capacity, and reduced health related 

quality of life and health status, factors that may be modified by PR, were also associated 

with prolonged recovery. Thus, these results can be used to direct interventions to limit 

prolonged recovery from ECOPD. Secondary analysis of the HomeBase trial extended 

our understanding of the effect of an ECOPD in the year following PR on PR outcomes at 

12 months. Previous research had examined the exacerbations to six months following 

PR. A severe ECOPD predicted worse 12-month outcomes for the total, fatigue and 

emotional function domains of the CRQ, the mMRC, and the 6MWD. It also predicted 

lower moderate/vigorous physical activity, although the sample size was small. The 

insights offered by the systematic review of PR program characteristics provided 

welcome insights regarding the “active ingredients” of a PR program that decrease 

hospital readmission following PR. Despite a great deal of heterogeneity in the data, the 

findings provide clarity on program structure that was previously not available. Finally, 

the results of Chapter 5 examined early, home-based rehabilitation following an ECOPD 
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as a way of addressing concerns of limited uptake of PR in this patient population. 

Although overall, home-based PR may not be suitable for most patients, the study 

documents the barriers that must be overcome if it is to become a viable option in the 

future. 

Critical Analysis 

The student has demonstrated appropriate and critical analysis of the information 

presented in the thesis. She has acknowledged the limitations of the findings in Chapter 4 

due to the great heterogeneity of the data. Although the risk of bias was low for the 

criteria considered, several of the included studies suffered from low participant numbers 

and other weakness that affect the confidence in the review findings. Another concern 

regarding the findings in Chapter 4 is that the search strategy included studies that used 

exercise alone or exercise with education or self-management. However, the role of self-

management was not considered in this review even though, generally, education alone is 

felt to have limited effects. Indeed, The American College of Chest Physicians and 

Canadian Thoracic Society guidelines on the prevention of acute exacerbation of COPD 

(2014) do not recommend education alone. Self-management is a topic of great interest in 

PR and its absence, or the absence of discussion of its importance, in this chapter seems 

to be an unfortunate oversight. Chapter 5 examines the feasibility of providing early, 

home-based PR following ECOPD. While I appreciate the need to present positive 

findings in a publication, I feel they were overstated in this chapter, which may give false 

director to some clinicians. The study reports that eligibility for home-based PR was very 

low and uptake in those eligible for the home-based program was low despite program 

modification based on comments from therapists and patients. The few patients who 

entered and complete PR showed significant improvement but this is not surprising as 

they were quite a select group and, as was the case in other reports in the thesis, 
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improvement was compared to status at exacerbation, not pre-exacerbation. Although not 

stated explicitly, early home PR may not be an appropriate intervention in this patient 

population. Or a radical re-design may be needed to increase patient numbers to achieve 

an acceptable cost-benefit ratio. The student rightly views the results of this thesis as an 

opportunity to focus PR interventions to improve outcomes for people following ECOPD. 

Chapter 2 notes that skeletal muscle weakness and low BMI are associated with poor 

recovery and the literature notes increased mortality associated with these factors. Most 

PR programs do not provide strength training that meets professional society guidelines, 

particularly in terms of prescribed load. In fact, it is unlikely that the home-based 

intervention reported in Chapter 5 did. The thesis and its publications could be an 

opportunity to highlight the need for strategies to institute and evaluate strength training, 

particularly for the lower extremities, for those recovering from ECOPD. 

Literary presentation to the scholarly community 

The original work from this thesis has been published or submitted for publication. 

Chapter 2 has been published in COPD Journal of Chronic Obstructive Pulmonary 

Disease, which has an impact factor of 2.503. Chapters 3, 4 and 5 have been submitted for 

publication in Respirology (Impact 4.756), Journal of Cardiopulmonary Rehabilitation 

and Prevention (Impact 1.568), and Chronic Respiratory Diseases (Impact 2.885), 

respectively. While these impact factors appear modest, the journals are well respected in 

the field of respiratory medicine and pulmonary rehabilitation, with Respirology being 

ranked in the top 15 journals in respiratory medicine. 

Recommendations for amendments 

Minor changes 
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1- • Chapter 4, Abstract. States that exercise training alone was delivered in 43% of 

studies. Page 105/320 says that it was 40%. Similarly, page 105/320 says that 60% of 

programs were inpatient offerings but page 109/320 says that it was 57%. While these 

differences are small, they create confusion and should be reconciled. 

Thank you for your comment, these typographical errors have been amended. 

2- • Chapter 4, page 104/320. The number of studies for detailed analysis is not correct. 

26,072-13,679 is not 162. The PRISMA diagram on Page 125/320 also contains errors. 

The numbers were amended in the text and in the PRISMA diagram. Now it reads: 

“The electronic database searches identified a total of 14,162 citations after duplicates 

removed. From the total, 14,000 citations were excluded after screening titles and 

abstracts, leaving 162 studies for detailed evaluation.” 

3- • Chapter 4, page 114. Suggest that the commentary on mortality be in 1 vs 2 

paragraphs. 

That was amended, now commentary on mortality is presented in 1 paragraph. 

4- • Chapter 5. Extended Methods/Phase I/Outcomes. Includes citations 50-57 that are not 

included in the reference list. 

The reference list was amended. 

5- • Chapter 5. Page 230/320. Please clarify the length of the program. It is listed a 8 

weeks in one place and 9 in another. 

The program length was 8 weeks, however the final assessments were booked for the 

week after the completion on the program. I understood how that could lead the reader to 

confusion. I changed the wording to “8 weeks”. 
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6- • Chapter 5, page 243/320. States that walking speed was prescribed as a percent of the 

6MWT speed but aerobic capacity was based on a 1 minute sit-to-stand test. Please 

explain how the walking speed was determined using the sit-to-stand test. 

When participants had not performed the 6MWT, walking speed were prescribed based 

on dyspnoea symptoms (3-4 Borg scale). I add a sentence to the text to clarify this matter, 

now it reads: 

“Aerobic exercise was prescribed at a speed equivalent to 70-80% of baseline six-minute 

walked distance (6MWD). Where a 6MWT was unable to be performed exercise training 

was prescribed on the basis of symptoms (BORG 3-4).” 

7- • Chapter 5. Table 3. The table should BMI. The table caption doesn’t define the ‘*’ 

that accompanies the 6MWD in Phase I. 

I amended the table legend, now it includes the definition to the ‘*’, it reads: “*p<0.05” 

8- • Chapter 5, page 248/320, Table 2. States that people were excluded from Phase III if 

they had attended PR in the 12 prior to the current study. Page 234 and 258/320 say this 

wasn't an exclusion criterion. This discrepancy needs to be resolved. 

Previous enrollment in PR for the last 12 months was not an exclusion criteria on Phase 

III, that number is from people who were ongoing pulmonary rehabilitation at the time of 

the recruitment. I amended the table, now it reads: “• Currently enrolled in PR 

(=12)” 

 

9- • Chapter 5, page 258/320. Currently says that the outcome measures for Phase I and 

III were the same; however, the 1 minute sit-to-stand replaced the 6MWT. The 

information should be revised to accurately reflect the study protocol. 
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Due to the change in location for the baseline assessment, Phase III included addition of 

another exercise capacity test to ensure we had sufficient information for exercise 

prescription. The 1 minute sit-to-stand test was chosen because the test could be 

performed in the hospital wards. A sentence was added to explain these reasons, now it 

reads: 

“Phase III maintained the same outcomes related to feasibility13. In Phase III the one-

minute sit-to-stand test was added to the measures from Phase I, all other measures 

remained unchanged and followed the same standards for assessment.” 

10- • Chapter 5, page 259/320. The statement ‘Given the potential for pulmonary 

rehabilitation to reduce hospital admissions6, the low eligibility for pulmonary 

rehabilitation following ECOPD represents an unrealised opportunity to enhance patient 

and health system outcomes’ requires clarification. The connection between low 

eligibility and patient and health systems outcomes is not readily apparent. 

The highlighted sentence attempted to show a limitation to the home-based program. It is 

known that uptake of any modality of pulmonary rehabilitation is a challenge, however in 

this pilot study the eligibility to be recruited to home-based pulmonary rehabilitation was 

low. The small proportion of patients who were eligible suggests these criteria may limit 

participation in pulmonary rehabilitation. I add another sentence in other to discuss better 

the findings, I hope this helps brings clarity. 

Now it reads: “Given the potential for pulmonary rehabilitation to reduce hospital 

admissions6, the low eligibility for pulmonary rehabilitation following ECOPD represents 

an unrealised opportunity to enhance patient and health system outcomes. Although we 

used typical exclusion criteria for home-based rehabilitation programs (e.g. balance 

deficits, cerebral or lower limb palsies, musculoskeletal impairment or cardiac conditions 
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that would prevent independent exercise training), the large number of excluded patients 

suggests that these criteria may limit participation in home-based PR.“   

11- • Chapter 6, page 279/320. States that chapter 2 is a secondary analysis of the 

literature when it is actually chapter 3. This error should be corrected. 

This sentence was corrected. Now it reads: “Chapter Three of this thesis comprises a 

secondary analysis of a larger randomised controlled trial” 

12 - Typographical errors 

• Page 27/320, para 2. Change ‘improve’ to ‘improves’ 

• Page 29/320, para 2, second sentence. The sentence is incomplete.  

• Chapter 2, preface. Once defined, use the abbreviation ECOPD. 

• Chapter 5, pg 233. Data analysis. First sentence. Change ‘were’ to ‘was’. 

• Chapter 5, pg 245/320. Dypsnea. Change ‘indicate’ to ‘indicates’. 

All typographical errors were corrected. 

 

General points for consideration 

13- • The author alternates the abbreviation for (acute) exacerbation of COPD between 

AECOPD and ECOPD. I understand that the terminology is likely a philosophical stance 

of the lab. However, if the publication associated with the content uses AECOPD then it 

would seem reasonable that the chapter preface does as well. 

In this thesis I had chosen to be consistent with the newest terminology related to 

exacerbations of COPD. When the manuscript from Chapter 2 was published, it was still 

used the term “acute exacerbations of COPD”. However, new guidelines suggest the use 

of “exacerbation of COPD”. I understand that it may be inconsistency in the terminology 
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between manuscript and preface, however, to avoid confusion, I preferred to use the most 

up to date terminology in the thesis. 

14- • Frequently the author uses the terms aerobic capacity and endurance 

interchangeably. It is important to note that capacity refers to the maximum performance 

and endurance is the ability to perform at a percentage of that capacity over a period of 

time. 

Thank you for your comment. I reviewed the uses of both terms in the document and have 

amended where necessary. 

Recommendation: 

The thesis should be classified as passed and the candidate awarded the degree subject to 

the minor amendments recommended in the examiners’ reports and the candidate given 

up to four weeks to effect the recommendations as well as correct any typographical 

errors being made and documented to the satisfaction of the principal supervisor and the 

School Director of Graduate Research or Head of School. 


