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Chronic obstructive pulmonary disease (COPD) 
 

Chronic obstructive pulmonary disease (COPD) is a complex and heterogenous 

respiratory disease, characterised by chronic respiratory symptoms due to airway 

and/or alveoli abnormalities that cause persistent and often progressive airflow 

obstruction1.  

COPD has an estimated global age standardized prevalence of 8.7%2, and is 

currently the third major cause of mortality, with around three million deaths per year 

which are expected to increase due to the rising prevalence of smoking and higher 

population longevity in developed countries3-5. Although COPD has been perceived 

as a predominantly male disease, the prevalence of this disease is now similar between 

women and men, particularly in developed countries6. 

This disease causes enormous burden for people and economies. It has an 

estimated rate of 9261.1/100.000 disability-adjusted life years (DALYs)2, and 

represents up to 56% of the costs of respiratory disease in the European Union, which 

are estimated to be 6% of the total healthcare budget7. 

The diagnosis of COPD is based on the presence of symptoms (e.g., dyspnoea, 

chronic cough, sputum), history of recurrent lower respiratory tract infections and/or 

exposure to risk factors (e.g., genetic/congenital, tobacco smoke, occupation, 

indoor/outdoor pollution), and is confirmed by a postbronchodilator spirometry if the 

ratio forced expiratory volume in the first second (FEV1)/ forced vital capacity (FVC) 

is less than 0.701.  

According to the Global Initiative for Chronic Obstructive Lung Disease 

(GOLD), COPD can be classified into four grades depending on the severity of 

airflow limitation - GOLD 1 (mild): FEV1 ≥ 80% predicted, GOLD 2 (moderate): 

50% ≤ FEV1 < 80% predicted, GOLD 3 (severe): 30% ≤ FEV1 < 50% predicted, or 

GOLD 4 (very severe): FEV1 < 30% predicted5.  

A more comprehensive classification considering the symptoms and 

exacerbation risk through the ABE (former ABCD) assessment tool has also been 
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proposed1,5. This tool uses the history of moderate or severe exacerbations and the 

modified Medical Research Council dyspnoea scale (mMRC)8 or the COPD 

assessment test (CAT)9 to divide patients into three categories1. The ABE tool results, 

therefore, in patients classified as GOLD A: 0-1 moderate exacerbation not leading to 

hospitalisation and mMRC score 0-1 or CAT <10 points, GOLD B: 0-1 moderate 

exacerbation not leading to hospitalisation and mMRC score ≥ 2 or CAT ≥ 10 points, 

GOLD E: ≥1 exacerbation leading to hospitalisation or ≥2 moderate exacerbations1. 

This classification is, however, insufficient to explain the heterogeneity and 

complexity of COPD, with different patient profiles being included in all GOLD 

grades and groups10. Recently, the Lancet Commission proposed a new COPD 

classification that considers the variation in causes of COPD linked with the 

endotypes. According to this classification five types of COPD exist: type 1 – 

genetically determined COPD; type 2 – COPD related to early-life events; type 3 – 

infection-related COPD; type 4 – COPD related to vaping or smoking; type 5 – 

environmental exposure-related COPD11.  

COPD has often systemic manifestations, with pulmonary (e.g., dyspnoea, 

cough, lung function limitations), but also extra-pulmonary traits that can be physical 

(e.g., low exercise tolerance, low functional status, sarcopenia, reduced muscle 

strength, fatigue), psychological (e.g., high levels of anxiety and depression), 

behavioural (e.g., sedentary behaviour, low physical activity levels), or social (e.g., 

social isolation)12,13. These impairments, limitations and restrictions together with the 

progression of the disease, lead to an increased dependence of the person with COPD 

on a caregiver (e.g., family member) in daily living, even during simple tasks such as 

showering or getting dressed12,14. 

This high burden of the disease for patients and families, requires strategies to 

address these traits and prevent a further decline of the disease. 

Management of COPD 

9
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General introduction 

Due to the complexity of this disease, a treatable traits’ approach, i.e., a 

comprehensive assessment to identify treatable traits followed by the activation of the 

most suitable interventions to address each trait, has been recommended15-17. Such 

interventions can include preventive measures to avoid the progression of the disease 

and hospitalisations, pharmacological and non-pharmacological treatments. 

Preventive measures 

Smoking cessation is one of the main priorities to prevent COPD or its decline5. 

It is an important approach, considering its influence on the progression of the disease 

and the high prevalence of active smokers with COPD (about 40%)5,18. 

Pharmacological treatment such as the prescription of varenicline, besides providing 

patient education and encouragement, is advised to aid smoking cessation19.  

Another important prevention measure is vaccination. The influenza vaccine 

has shown to reduce serious illness and death in people with COPD, as well as to 

diminish the number of acute exacerbations20-22. The pneumococcal vaccine has also 

been recommended due to its potential in reducing the incidence of community-

acquired pneumonia5. Besides these standard vaccines, the United States Centres for 

Disease has also recommended Tdap vaccination for people with COPD who are 50 

years old or older23, and more recently due to the COVID-19 pandemic, the SARS-

Cov-2 vaccination scheme24. 

Pharmacological treatment 

One of the most important treatments for patients with COPD is 

pharmacological therapy. Common drugs delivered through inhalers are beta2-

agonists, either short (SABA) or long-acting (LABA) and/or short (SAMA) or long-

acting (LAMA) anticholinergics1,25. Combinations of these are also commonly 

prescribed and other medication usually consist of inhaled corticosteroids, 

methylxanthines, phosphodiesterase-4 inhibitors and mucolytic agents1. 
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Non-pharmacological treatment 

Long-term oxygen therapy and non-invasive mechanical ventilations are 

additional therapies often prescribed for specific patients, namely during acute 

exacerbations, severe chronic resting hypoxemia or when there is an overlap of COPD 

with obstructive sleep apnoea (OSA)26,27. 

Surgical interventions (e.g., lung volume reduction surgery) might be needed 

for some patients, such as those with high hyperinflation due to extensive 

emphysema1,28,29. 

Similarly, palliative and end-of-life care should be considered for some 

patients, particularly those with persistent distressing dyspnoea, impaired exercise 

capacity, fatigue, anxiety and depression besides optimisation of other therapies30,31. 

Other strategies such as self-management programmes and pulmonary 

rehabilitation (PR) are more frequently proposed to people with COPD, as more 

patients benefit from them. Self-management programmes have been shown to be 

valuable has they are associated with an increase in health-related quality of life 

(HRQoL) and a lower probability of hospital admissions32. PR is a crucial intervention 

that should be more accessible due to its effectiveness in reducing the 

symptomatology and deconditioning and as it is one of the most cost-effective 

interventions33. Therefore, this intervention will now be discussed in more detail. 

Pulmonary rehabilitation 

PR defined as “a comprehensive intervention based on a thorough patient 

assessment followed by patient-tailored therapies, which include, but are not limited 

to, exercise training, education, and behaviour change, designed to improve the 

physical and psychological condition of people with chronic respiratory disease and 

to promote the long-term adherence of health-enhancing behaviours”, has become a 

cornerstone of the management of COPD34. 

11
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Most PR programmes have a duration of eight to 12 weeks and occur two to 

three times a week, with a group of patients that receive at least exercise training and 

education delivered by a multidisciplinary team35. In terms of exercise prescription, 

resistance training usually consists of one to three sets of eight to twelve exercises at 

70% of the weight in the 1 maximum repetition test (1RM); and endurance training 

usually consists of walking or cycling for 20-60 minutes at more than 60% of the 

maximal work rate34. Common topics of the education component include pulmonary 

anatomy and physiology, pathophysiology of chronic respiratory disease, 

communication with healthcare provider, interpretation of medical testing, breathing 

strategies, secretion clearance techniques, role and rationale for medications, use of 

respiratory devices, benefits of exercise and physical activity, energy conservation 

techniques, diet, avoidance of airway irritants, recognition and treatment of 

exacerbations, leisure activities and coping with chronic lung disease34. 

PR has consistently shown to be an effective intervention for people with 

COPD, as it improves dyspnoea, exercise tolerance and HRQoL36-38. However, only 

a minority of patients who meet the inclusion criteria, have access to PR33. Barriers to 

access and uptake PR such as poor awareness and knowledge of PR by healthcare 

professionals, location of programs, transport and cost of attendance, have been 

reported33,39. 

To overcome the inaccessibility of this highly effective intervention, new 

models of PR are emerging, such as home-based PR or telerehabilitation. Home-based 

and telerehabilitation have been shown to be equivalent to centre-based PR in terms 

of improving the exercise capacity, dyspnoea and HRQoL of people with COPD37,40 

and might therefore be offered more regularly in the future.  

Although PR has undeniable benefits for people with COPD, there is a large 

proportion of patients that do not respond to the intervention, and most trials are not 

adequately addressing the patients’ treatable traits41-44. The type of response 

(responder vs non-responder) varies with the outcomes and measures chosen for the 
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assessment of the effects of PR which could ultimately result in a patient being both 

a good and a poor responder41. 

Thus, it is essential to meticulously select the outcomes and measures used to 

assess the effects of PR. Outcome selection is dependent on various factors, such as 

patients’ comorbidities, resources available and health professionals or researchers’ 

views, which results in miscellaneous outcomes reported in the literature35,45. This 

lack of homogeneity is of most importance, as it can hamper comparisons of studies 

and the conduction of meta-analysis46.  

Additionally, there is a need to ensure that all PR programmes guarantee 

minimum quality for patients, and to benchmark PR. Some initiatives in the United 

States of America, United Kingdom and Switzerland have been established to 

improve the quality of programmes through accreditation schemes47. However, to date 

there is no worldwide recommendation regarding how programmes should 

demonstrate their effectiveness (e.g., in which outcomes) to meet high quality 

standards. To overcome this problem, a consensus in reporting outcomes of PR in 

patients with COPD has been advocated by international societies (European 

Respiratory Society and American Thoracic Society) and worldwide renowned 

researchers47-51. 

Core Outcome Set 

A core outcome set (COS) is “an agreed standardised set of outcomes that 

should be measured and reported, as a minimum, in all clinical trials in specific areas 

of health or health care”52,53 and is often “suitable for use in other types of research 

and clinical audit”54. A COS comprises a group of outcomes that should always be 

measured, however, it does not restrict researchers or healthcare professionals to 

explore other outcomes46. 

COS have the potential to improve evidence synthesis and minimize research 

waste by reducing the heterogeneity of measures and outcome reporting bias in trials 

13

1



General introduction 

 

 

(reporting only convenient/positive outcomes), and to increase the statistical power in 

systematic reviews, as less studies are excluded from meta-analysis46. 

Furthermore, by integrating views of different stakeholders, COS result in 

trials with meaningful endpoints for service users46,52. 

Other initiatives such as the Outcome Measures in Rheumatoid Arthritis 

Clinical Trials (OMERACT) and the International Consortium for Health Outcomes 

Measurement (ICHOM) have successfully developed numerous COS55. In fact, the 

Core Outcome Measures in Effectiveness Trials (COMET) initiative has recognised 

a crescendo interest in developing COS with 61 COS developed in 201956. This 

increase in COS development has also been accompanied by COS uptake in 

systematic reviews57. Nonetheless it is still necessary to increase COS uptake among 

trialists and systematic reviewers53,57. 

The development of a COS follows a robust methodology according to the  

COMET initiative recommendations - i) identify existing knowledge, ii) fill the gaps 

in knowledge if needed, iii) elicit views of different stakeholders about important 

outcomes, iv) hold a meeting to finalise the recommended COS and v) report the work 

using the guidelines52,58. This pathway refers to the definition of “what to measure”, 

i.e., the core outcomes, but additional steps are encouraged to define “how to 

measure”, i.e., core measures, once the first part is established52,59. 

Therefore, this thesis is presented in chapters, following the path 

recommended by the COMET initiative to define the core outcomes of PR for people 

with COPD. 

Aim and outline of the thesis 

This thesis aimed to define the core outcomes of PR for people with COPD 

and to expand the existing knowledge on treatable traits of people with COPD and 

response to PR. 
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The work developed throughout this thesis is presented in eight chapters. 

Following the COS methodology proposed by the COMET initiative52, Chapter 2 

was developed to identify the existing knowledge, Chapters 3 to 5 were developed 

to fill the gaps in the exiting knowledge of treatable traits and response to PR, 

Chapter 6 and 7 were developed to elicit views of different stakeholders on the 

important outcomes, with Chapter 7 also including a consensus meeting to finalise 

recommendations. 

Chapters of the thesis are now briefly explained. Chapter 1 consists of a 

general introduction with an overview of COPD, PR and COS, as well as a description 

of the aims and research questions of the thesis. This chapter is followed by Chapter 

2, where a systematic review was conducted to gather all outcomes and measures 

reported in PR trials since the year 2000. This review was conducted to confirm the 

need of a COS for PR in people with COPD, as based on the literature, high 

heterogeneity of outcomes was expected. 

Chapters 3 to 5 filled the gaps in the literature by exploring PR-relevant 

treatable traits with the aim of better enhancing our understanding of responses to PR 

and factors influencing them.  

Chapter 3 investigated the possibility of defining the presence/absence of a 

functional impairment in people with COPD, through a simple office-based functional 

test (the one-minute sit-to-stand test [1-minute STS]). Although this trait was already 

possible to assess with field-based walking tests (e.g., six-minute walk test [6MWT]), 

these tests can be too time consuming for routine clinical practice, and therefore other 

tests such as the 1-minute STS could have the potential to be quick first screening 

tools. 

Chapter 4, expanded on the topic of Chapter 3, by investigating the 

existence of responders and non-responders to PR in terms of functional status, and 

exploring if different and commonly used measures to assess functional status 

(6MWT and 1-min STS) classified the response similarly. These research questions 

15
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were thought to be useful to ascertain the best measure to assess functional exercise 

capacity in the future, if this outcome was to be included in the COS. 

Given the multiple traits exhibited by people with COPD and their differential 

response to PR, Chapter 5 focused on exploring whether the presence of treatable 

traits had an influence on being a responder or non-responder to PR. We hypothesized 

that determining this relationship could help to understand the potential of a treatable 

trait strategy withing PR (by selecting only the necessary PR components to target the 

treatable traits exhibited) and consequently establishing if there was a need to conduct 

treatable trait-based PR trials. 

In Chapter 6, different stakeholders were invited to participate in an 

interview in order to investigate their perspectives on outcomes - which ones were 

more important and which ones should not be included in the COS – and measures of 

PR. Peoples’ perspectives on outcomes and measures were thought to be important to 

understand in depth, as they could be useful for the design of the COS and strategies 

for its uptake, as well as to obtain advice for selecting measurement instruments in 

the future. 

Chapter 7 presents the final consensus on the core outcomes of PR. This 

research consisted of a modified Delphi study, with 2 rounds of outcome scoring from 

a combined list of outcomes of Chapter 2 and Chapter 7, and a final consensus 

meeting where uncertain outcomes from the Delphi study were consensually included 

or excluded from the COS. This study was designed to provide a final COS that could 

be useful for benchmarking and conducting audits in PR and improve systematic 

reviews. 

Lastly, Chapter 8 provides a summary and general discussion of this thesis 

where the strengths and limitations of the findings are discussed considering the 

current knowledge.  

An overview of the studies developed to answer each research question can 

be found in Figure 1. 

16



General introduction 

Figure 1. Flow chart representing the rationale and path of this thesis. 

COS methodology Research Questions Chapter 

Chapter 2 – 

Systematic review 
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What outcomes and 

measures of PR have 
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Fill the gaps in 

knowledge 

 

Can a simple office-

based test detect 

functional impairment 

in people with COPD? 

Chapter 3 – 

Original study I 

 

What is the response to 

PR in functional status? 

Do different measures 

lead to different 

classifications? 

 

Does the presence of 

treatable traits at 

baseline influence the 

type of response to 

PR? 

Chapter 4 – 

Original study II 

Chapter 5 – 

Original study III 

Elicit views of 

different 

stakeholders 

about important 

outcomes 

 

What are the views of 

different stakeholders 

on outcomes and 

measures of PR? 

Chapter 6 – 

Original study IV 

What are the core 

outcomes of PR 

according to different 

stakeholders? 

Chapter 7 – 

Original study V 
Hold a meeting to 

finalize the 

recommended COS 

Which outcomes 

should be 

recommended to 

assess the 

effectiveness of 

PR in COPD? 
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ABSTRACT 

Background: The magnitude of response to pulmonary rehabilitation (PR) is 

influenced by the selection of outcomes and measures. This systematic review aimed 

to review all outcomes and measures used in clinical trials of PR for individuals with 

chronic obstructive pulmonary disease (COPD). 

 

Methods: The review involved a search of Scopus, Web of Knowledge, Cochrane 

Library, EBSCO, Science Direct and PubMed databases for studies of stable 

individuals with COPD undergoing PR. Data were extracted into a standardized table. 

Frequency of reporting for each domain, outcome and measure was synthesized by 

using Microsoft Excel. 

 

Results: We included 267 studies (43153 individuals with COPD). A broad range of 

domains (n=22), outcomes (n=163) and measures (n=217) were reported. Several 

measures were used for the same outcome. The most reported outcomes were exercise 

capacity (n=218) assessed with the 6-min walk test (n=140), health-related quality of 

life (n=204) assessed with the Saint George’s respiratory questionnaire (n=99), and 

symptoms (n=158) assessed with the modified Medical Research Council dyspnea 

scale (n=56). The least reported outcomes were comorbidities, adverse events and 

knowledge. 

 

Conclusions: This systematic review reinforces the need for a core outcome set for 

PR in individuals with COPD because of high heterogeneity in reported outcomes and 

measures. Future studies should assess the importance of each outcome for PR 

involving different stakeholders. 

 

PROSPERO ID: CRD42017079935 
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Introduction 

Pulmonary rehabilitation (PR) is a fundamental intervention for managing 

chronic obstructive pulmonary disease (COPD)1 in individuals who remain 

symptomatic despite optimal medical therapy1. Indeed, it is more cost-effective than 

any pharmacological treatment2. Generally, it improves activity-related symptoms 

(e.g., dyspnoea and fatigue), exercise capacity and quality of life3. However, some 

individuals respond poorly to PR, and this is at least in part affected by the outcomes 

and measures used4.  

The selection of outcomes and measures depends on various factors, 

including the patient’s or assessor’s preference, the patient’s comorbidities, and 

available resources (e.g., staff, infrastructures, equipment, budget)5,6, which can lead 

to high heterogeneity of outcomes and measures reported in the literature. This 

heterogeneity limits bench-marking within and between PR centres2, the production 

of effective evidence synthesis7 and guidelines development. Nevertheless, the exact 

extent of this heterogeneity is unknown because no study has comprehensively and 

systematically reviewed all outcomes and measures used in peer-reviewed PR trials. 

The current systematic review aimed to investigate all previously reported 

outcomes and measures used to assess the effectiveness/efficacy of PR in individuals 

with COPD. It  constitutes the first step toward the development of a core outcome 

set (COS), or a minimum set of outcomes that should be consistently measured and 

reported7, for PR of people with COPD. 

Methods 

This systematic review will be part of a COS for PR of individuals with 

COPD. The COS is registered in the Core Outcome Measures in Effectiveness Trial 

(COMET) initiative, available at http://www.comet-

initiative.org/Studies/Details/1151. This systematic review is registered on the 

international prospective register of systematic reviews (PROSPERO; 
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CRD42017079935) 

(https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42017079935) 

and was reported according to the preferred reporting items for systematic reviews 

and meta-analysis (PRISMA) guidelines8. 

 

Search strategy 

PROSPERO, Cochrane Library and PubMed databases were first searched to 

ensure that no similar systematic review was published or registered. Then the 

databases Scopus, Web of Knowledge, Cochrane Library, EBSCO, Science Direct 

and PubMed were comprehensively searched in September 2019 following the 

Population, Intervention, Comparators, Outcomes, Time, Setting (PICOTS) 

framework9. Monthly search alerts for new articles in each database were set up until 

November 2020 to guarantee the update of the systematic review until its submission 

for peer review. We included studies of individuals with stable COPD; with PR as an 

intervention, with at least exercise training and education; written in English, 

Portuguese, Spanish or French; and published from January 1, 2000 onward. The cut-

off of the year 2000 was a pragmatic choice because it was believed that the last 20 

years of literature would be representative of what has been assessed and how in this 

field. We excluded studies of participants who reported acute exacerbations of COPD 

(AECOPD) in the month before initiating PR; investigated clinimetric properties of 

measures with no pre-post data comparisons; and study protocols, qualitative studies, 

news, theses/dissertations, articles in conference proceedings, abstracts, letters to the 

editor, commentaries, reviews, books and chapters or unpublished work. We also 

excluded systematic reviews; however, they were hand-searched for potential articles 

to be included. The full search strategy can be found in Appendix A. 

After retrieving all references from the search, duplicates were removed. The 

title, abstract and keywords for all references were screened by one author (SS-M), 

and another independent author  (GR) screened a random sample of 10%. The full 
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texts of potential articles were then assessed by one author (SS-M). In cases of 

uncertainty, the decision to include/exclude was debated between the additional 

members of the team to reach consensus.  

Data extraction 

Two researchers (SS-M, GR) extracted the following data from the included 

studies into a pre-developed standardized table: author name, year and country; study 

design; characteristics of participants (sample size, sex, age, forced expiratory volume 

in 1 sec (FEV1), severity of disease according to the GOLD criteria (1-4 and A-D), 

number of individuals with AECOPD before the intervention, body mass index 

(BMI), smoking status and pack-years, ethnicity, comorbidities, medication, 

individuals on long-term oxygen therapy and using non-invasive ventilation); 

characteristics of the PR programme (setting, duration of programme, duration of 

sessions; type, intensity and frequency of exercise; type and frequency of education; 

type, frequency and duration of unsupervised exercise; type of technology used when 

applicable; and health care professionals involved); baseline assessments; positive, 

negative and unchanged outcome domains; and outcomes with the outcome measures 

used. 

Domains, outcomes and measures were identified from the methods, results 

and discussion sections of the included articles. For the purpose of this systematic 

review, a domain was defined as a high-level category that grouped outcomes with 

similar health meanings (e.g., the domain exercise capacity grouped outcomes such 

as walking distance and endurance time); an outcome consisted of any effect of PR 

that had been measured or described as a result of the intervention (e.g., walking 

distance); and a measure was the instrument used for assessing a specific outcome 

(e.g., 6-min walk test [6MWT]). Additionally, a positive outcome was defined as an 

outcome with a positive meaning and statistically significant result (e.g., a significant 

improvement in muscle strength), a negative outcome was defined as an outcome with 
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negative meaning and statistically significant result (e.g., a significant increase in 

pain), and an unchanged outcome was defined as an outcome that did not reach 

statistical significance. 

 

Data analysis 

IBM SPSS 25 was used to calculate inter-rater agreement of included studies 

by using Cohen’s kappa, interpreted as <0, poor agreement; 0.00–0.20, slight 

agreement; 0.21–0.40, fair agreement; 0.41–0.60, moderate agreement; 0.61-0.80, 

substantial agreement and 0.81–1.00, almost perfect agreement10. Data from the full 

data set of included studies were pooled and synthesized by using Microsoft Excel to 

analyse the frequency of reported domains, outcomes and measures. Interactive tables 

with drop-down menus were used to aid visualization of each measure used for each 

outcome and domain. 

 

Results 

Study selection 

From the initial 1870 records retrieved, a total of 267 reports of studies were 

included in the analysis; 5 were retrieved from search alerts. The PRISMA flowchart 

is presented in Figure 1.  
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Figure 1. PRISMA 2020 flowchart of included studies.

The agreement for 10% of the abstracts (187 records) reviewed by the 2 

independent researchers was almost perfect, with Cohen’s kappa 0.866 (95% 

confidence interval [CI] 0.76–0.97). 

Characteristics of included studies 

Study design, population, and structure of pulmonary rehabilitation 

Of the 267 included studies, 99 were observational studies4,11-108, 87 were 

randomized controlled trials109-195, 66 were quasi-experimental studies105,196-260, 9 had 

experimental designs51,261-268, 5 were pilot studies269-273 and 1 was a mixed-methods 

study274. 

A total of 43153 individuals with COPD were included in the studies. 

Participants were mostly males (64%, reported in 247 studies), with a mean baseline 

age of 51 to 84 years (reported in 248 studies), mean baseline FEV1 % predicted of 

18 to 97 (reported in 218 studies) and mean baseline BMI of 15.9 to 35 kg/m2 

(reported in 177 studies) (see Appendix B). In total, 72 studies reported individuals 
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on long-term oxygen therapy (25% of included individuals). Only 60 studies reported 

individuals’ baseline comorbidities and 31 their regular medication (see Appendix C 

available at https://ars-els-cdn-com.mu.idm.oclc.org/content/image/1-s2.0-

S1877065721000828-mmc4.xlsx). 

Most PR programmes were implemented in an outpatient setting (n=146 

studies, 55%), with a multidisciplinary team reported in less than half of the studies 

(n=116, 43%) (see Appendix B and C). The most frequently reported professionals 

were physiotherapists (n=128 studies), followed by nurses (n=92) and medical doctors 

(n=91) (see Appendix C). Most PR programmes lasted between 8 and 12 weeks 

(n=124 studies, 46%) and occurred mainly 2 to 3 times per week (n=150, 56%) (see 

Appendix B). Exercise sessions consisted mainly of combined aerobic and resistance 

training (n=200 studies, 75%) (see Appendix B). Additionally, 83 (31%) studies 

reported supplementary unsupervised exercise sessions. 

The education component of PR was mainly delivered face-to-face (n=225, 

84%) and occurred most frequently twice a week (n=52, 20%) or once a week (n=27, 

10%) (see Appendix B). 

In total, 115 (43%) studies reported add-ons to the intervention, mostly 

nutritional support (n=43), breathing exercises (n=33) and psychological support 

(n=32) (see Appendix C). The main characteristics of the included studies can be 

visualised in Figure 2 and are presented in Appendix B, with the full dataset 

presented in Appendix C. 
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Figure 2. Main characteristics of pulmonary rehabilitation programmes and top 3 domains, outcomes 

and measures of the included studies (n = 267). 

Domains, outcomes and measures of pulmonary rehabilitation 

A total of 22 domains including 163 outcomes and 217 measures were 

reported. The 22 domains found were exercise capacity; health-related quality of life 

(HRQoL) and impact of the disease; symptoms; lung function; muscle structure and 

function; functional status; body composition; mental health and behaviour; vital 

signs; blood gases; physical activity; AECOPD and healthcare utilization; multiple 

domains; biochemical markers; nutritional status; well-being and social status; 

medication; mortality; sleep; knowledge; adverse events; and comorbidities. The top 

3 most reported domains were exercise capacity, HRQoL and impact of the disease, 

and symptoms (). The least reported domains were comorbidities, adverse events and 

knowledge. Several measures were used to assess each outcome within the same 

domain. The Table 1 reports the top 3 most reported outcomes and measures used for 

each domain. A full list of outcomes and measures is in Appendix C. 
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A total of 27 measures were used to assess 33 outcomes in exercise capacity, 

26 to assess 3 outcomes in HRQoL and impact of the disease, 37 to assess 9 outcomes 

in symptoms, 4 to assess 16 outcomes in lung function, 20 to assess 11 outcomes in 

muscle structure and function, 35 to assess 7 outcomes in functional status,  3 to assess 

8 outcomes in body composition, 23 to assess 12 outcomes in mental health and 

behaviour, 10 to assess 3 outcomes in vital signs, 2 to assess 5 outcomes in blood 

gases,  8 to assess 11 outcomes in physical activity, 11 to assess 2 outcomes in 

AECOPD and healthcare utilization, 1 to assess 1 outcome in multiple domains, 2 to 

assess 27 outcomes in biochemical markers, 7 to assess 2 outcomes in nutritional 

status, 4 to assess 2 outcomes in well-being and social status, 7 to assess 2 outcomes 

in medication, 2 to assess 1 outcome in mortality, 2 to assess 3 outcomes in sleep, 3 

to assess 2 outcomes in knowledge, 2 to assess 1 outcome in adverse events and 1 to 

assess 1 outcome in comorbidities.  

The following presents the most common measures used to assess each 

domain (see Table 1 and Appendix C). 
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Exercise capacity was the most reported domain (n=218 studies), with the 

6MWT the most frequently used measure (n=140).  

HRQoL and impact of the disease was also largely reported (n=204), mostly 

by use of the Saint George’s respiratory questionnaire (SGRQ) (n=99). 

Symptoms was the third most reported domain (n=158), the most frequently 

used measure being the modified Medical Research Council dyspnoea scale (mMRC) 

to assess dyspnoea (n=56). 

Lung function was reported in 70 studies, measured mostly by spirometry 

(n=47). 

Muscle structure and function (n=54) was mostly measured with a hand-held 

dynamometer (n=19) for peripheral muscle strength and maximum inspiratory mouth 

pressure (n=26) for respiratory muscle strength.  

Functional status was reported in 45 studies, using several measures, such as 

4-m gait speed (n=7) or the London chest activity of daily living scale (n=7). 

Body composition (n=32) was mostly measured by the BMI (n=22). 

Mental health and behaviour were reported in 24 studies, with diverse 

measurements, the most frequently used measure being the pulmonary rehabilitation 

adapted index of self-efficacy (n=4). 

Vital signs (n=24), specifically heart rate, were also reported and were mostly 

measured during cardiopulmonary exercise testing (n=14).  

Blood gases were reported in 22 studies, which mostly used oximetry for 

peripheral oxygen saturation (n=14). 

Physical activity (n=21) was assessed with several measures such as 

accelerometery (n=4) and the physical activity scale for the elderly (n=2).  

Seventeen studies also reported AECOPD and healthcare utilization and 

mostly measured the number of hospitalizations (n=10) or the hospital length of stay 

(n=10). 
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Multidimensional outcomes were reported in 13 studies, using the BMI, 

airflow obstruction, dyspnoea and exercise (BODE) index. 

Several biochemical markers were also reported (n=7), mostly with blood 

analysis (n=6). 

Nutritional status was reported in 4 studies, mostly by measuring dietary 

intake (n=4).  

Well-being and social status were reported in 4 studies, which used different 

measures such as the medical psychological questionnaire for chronic lung patients 

(n=1), the quality of well-being scale (n=1), the psychological general well-being 

index (n=1), and the De Jong Gierveld loneliness scale for social status (n=1). 

Medication was reported in 3 studies, measuring the use of medication for 

COPD (n=1), use of short-acting bronchodilators (n=1), use of antibiotics (n=1) or 

oxygen flow (n=1). 

Mortality was reported in 3 studies, mostly measuring the number of deaths 

after PR (n=2). 

Sleep was only reported in 3 studies42,91,266, mostly with the Pittsburgh sleep 

quality index (n=2).  

Patients’ knowledge, measured with the Bristol COPD knowledge 

questionnaire (n=1), or the patient activation measure (n=1) was reported in 2 studies. 

Adverse events were reported in 1 study, measuring the number of adverse 

events and cardiovascular events.  

Lastly, comorbidities were reported by only 1 study, measuring arterial 

stiffness by tonometry. 

Among all outcomes found, 115 using 170 measures were positive, 8 using 

11 measures were negative and 121 using 125 measures were unchanged.  

The most reported positive outcomes were exercise capacity (n=214) 

measured with the 6MWT (n=138), HRQoL (n=181) with the SGRQ (n=84) and 

symptoms (n=96) with the mMRC (n=41). The most reported negative outcomes were 
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subdomains of HRQoL (n=4) measured with the Medical Outcomes Study 36- or 12-

item Short Form (n=2), number of acute exacerbations 1 year after PR (n=2), and lung 

function with FEV1 or forced vital capacity (n=2). The most reported outcomes that 

did not change with PR were exercise capacity measured with cardiopulmonary 

exercise testing (n=174), symptoms (n=57) measured with the Hospital Anxiety and 

Depression Scale (n=22) or the modified Borg scale (mBorg) (n=18), and lung 

function (n=56). 

The full list of positive, negative and unchanged outcomes with respective 

measures is in Appendix C.  

 

Discussion 

This systematic review identified domains, outcomes and measures that were 

used to assess the effectiveness/efficacy of PR in individuals with COPD in the last 

20 years. We found an extensive list of domains, outcomes and measures (22, 163 and 

217, respectively) and widespread measures used to assess the same outcome/domain. 

The existence of such dispersed measurements is of most importance because it can 

hinder comparisons across studies and the conduct of meta-analysis7, which reinforces 

the need for a COS in this field. 

Exercise capacity with the 6MWT, HRQoL with the SGRQ, symptoms with 

the mMRC, lung function with spirometry and muscle structure, and function with a 

hand-held dynamometer were the 5 most reported domains and measures of PR. 

However, careful interpretation of this result is recommended because domains and 

measures being frequently reported does not necessarily imply their adequacy for PR. 

PR benefits  exercise capacity, HRQoL, symptoms and muscle structure and function 

of individuals3,277-279, but it does not aim to improve lung function1. In fact, lung 

function has been found not to infer responsiveness of PR and is not expected to 

change with this intervention when pharmacological treatment has been optimized 

before the PR programme280,281. Similar to lung function, arterial blood gases, 
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medication and comorbidities are likely important domains to characterise 

individuals’ baseline clinical status but not relevant outcomes of PR.  

Clinicians and researchers are encouraged to continue to use exercise 

capacity, HRQoL, and muscle structure and function domains with the respective 

identified measures (i.e., 6MWT, SGRQ and hand-held dynamometry) because of the 

good psychometric properties demonstrated223,282-284. The Chronic Respiratory 

Disease Questionnaire has also been widely reported (n=70 studies vs SGRQ, n=84) 

and has similar psychometric properties to the SGRQ283,285, so choosing between these 

measures to assess HRQoL seems appropriate for now. The COPD Assessment Test 

was less reported (n=25 studies), but its use is expected to increase because it was 

only developed in 2009 and has good psychometric properties with the advantage of 

being easy and quick to apply59,286. 

However, the symptoms domain might need further reflection. The mMRC  

is commonly used to stratify individuals287, but the baseline/transitional dyspnoea 

index has shown better psychometric properties288. Moreover, researchers and 

clinicians keep measuring the usual suspects within the symptoms’ domain (e.g., 

dyspnoea, anxiety and depression), whereas other underexplored symptoms, which 

greatly affect individuals’ daily living, such as fatigue and pain, might be relevant 

outcomes to consider5,67,289,290. 

Furthermore, the selection of specific outcomes and measures (e.g., 

respiratory muscle strength and maximum respiratory mouth pressures), might be of 

interest only when there is a recognized deficit at baseline that is followed by an 

additional targeted intervention (e.g., inspiratory muscle training)291. The same is true 

for symptoms of anxiety and depression, which only show improvements when 

baseline scores indicate the presence of high levels of these symptoms77.   

Some of the less reported domains, such as functional status and knowledge, 

have been cited as important by individuals with COPD, informal caregivers and 

health professionals5, which suggests that further investigation related to the 
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effectiveness of PR in these domains might be necessary. In these less reported 

domains, we found use of a variety of measures (e.g., 32 measures identified for 

functional status), which hinders the comparison of results across studies and a 

summary of the evidence. Thus, the establishment and/or comparison of the 

psychometric properties of these measures is necessary to recommend one that should 

be used. 

The heterogeneity of outcomes and measures found highlights the need for a 

COS because defining “what to measure” and “how to measure” in a set, validated by 

different stakeholders, will improve consistency in trials, lessen the risk of outcome 

reporting bias, and provide recommendations for clinical practice.  

Although this study was the first step toward a COS for PR in individuals 

with COPD, it is already valuable for both researchers and clinicians because they can 

choose to use the most frequently reported outcomes and measures to compare novel 

interventions against the current evidence. Future patient and public involvement is 

now necessary to ascertain the most relevant outcomes. Providers tend to measure 

what they control and to use outcomes easy to measure, so patient-relevant outcomes 

are often not taken into account292. Indeed, to move toward value-based healthcare, 

outcomes that have high value for individuals with COPD and that are rigorously 

measured should be in the main agenda of healthcare delivery292. Hence, engaging 

individuals with COPD in the decision-making process of selecting outcomes and 

measures is fundamental to assure high-quality care in all settings including those 

with low resources. 

Finally, when choosing what to measure in PR, clinicians and researchers 

should take into account not only what is most frequently measured but also each 

person’s treatable traits (i.e., traits that are treatable and recognized based on 

phenotypes)293,294. After identifying the patient’s treatable traits (e.g., cachexia) based 

on the several domains, PR can be adapted to include targeted interventions (e.g., 

exercise training combined with nutritional modulation) and appropriate outcomes 
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(e.g., body composition) and measures (e.g., bioelectrical impedance) selected to 

(re)assess the affected domain. 

This study has some limitations. The search was restricted to studies from 

2000 onward and indexed databases, which might have resulted in missing outcomes. 

Nonetheless, because we included a large number of studies reporting on similar 

outcomes/measures, we believe we minimized this limitation. Additionally, outcomes 

were defined as positive, negative or unchanged based on only the p-values of the 

included studies. A more meaningful approach using the minimal clinical important 

difference could have been used. However, because not all measures have their 

minimal important differences calculated, this approach would hinder the allocation 

of numerous outcomes to the positive, negative or unchanged categories, which might 

be a useful classification for future studies aiming to explore the effectiveness of PR. 

Conclusions 

This study reinforces the need for a COS for PR in individuals with COPD 

because of high heterogeneity in reported outcomes and measures in studies. Future 

studies should assess the importance of each outcome for PR involving different 

stakeholders. 
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Appendix A. Search strategy 

 

Questions 

I. What outcomes have been reported as effects of pulmonary rehabilitation in 

patients with COPD?  

II. What outcome measures have been reported to assess outcomes of pulmonary 

rehabilitation in patients with COPD? 

 

Search strategy  

PICOTS (Population, Intervention, Comparison, Outcome, Time frame, Setting) 

framework: 

 

P= COPD, chronic obstructive pulmonary disease, COAD, Chronic Airflow 

Obstruction, Chronic Obstructive Airway Disease, Chronic Obstructive Lung 

Disease, emphysema, chronic bronchitis.  

I= pulmonary rehabilitation, respiratory rehabilitation, respiratory physiotherapy, 

respiratory physical therapy, exercise, exercise training 

C= Not applicable 

O= symptoms, exercise tolerance, physical fitness, functional capacity, muscle 

strength, flexibility, balance, physical activity, body composition, number of 

exacerbations, ADL, knowledge, functioning, health literacy, emergency admissions, 

hospital length of stay, medication, smoking habits, health-related quality of life, 

mental health, social dysfunction, self-efficacy, survival 

T= Studies from 2000 onwards 

S= Ambulatory patients, inpatients, outpatients, community patients, primary care, 

hospital, home, domiciliary 

 

Databases 

Scopus, Web of Knowledge, Cochrane, EBSCO, Science Direct, PubMed 

 

Typical Search  
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(“COPD” OR “chronic obstructive pulmonary disease” OR “COAD” OR “chronic 

airflow obstruction” OR “chronic obstructive airway disease” OR “chronic 

obstructive lung disease”  OR “emphysema” OR “chronic bronchitis”) AND 

(“pulmonary rehabilitation” OR “respiratory rehabilitation” OR “respiratory 

physiotherapy” OR “respiratory physical therapy” OR “exercise” OR “exercise 

training”) AND (“ambulatory” OR “inpatients” OR “outpatients” OR “community” 

OR “primary care” OR “hospital” OR “home” OR “domiciliary”).  

Inclusion criteria 

• Studies involving patients with stable (i.e., optimal respiratory medications

with no exacerbation or hospital admission within the previous month) at start

and end of a pulmonary rehabilitation programme; COPD in any grade of

severity according to GOLD criteria (I-IV and A-D);

• Involving a structured pulmonary rehabilitation program with the minimum

components: education and exercise training;

• Experimental designs and observational studies;

• Studies written in English, Portuguese, Spanish or French;

Exclusion criteria 

• Qualitative studies

• Studies exploring clinimetric properties without pre-post data

• News, research protocols, theses, dissertations, abstracts, letters to the editor

and unpublished work.
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Cut-off of the one-minute sit-to-stand test to detect functional impairment in people with 

COPD 

ABSTRACT 

Background: The 6-minute walking test (6MWT) is a widely used measure to assess 

functional status of people with chronic obstructive pulmonary disease (COPD). 

However, it requires a long hallway and might be time-consuming. Other simple 

measures might be useful as a first screening tool. We explored the predictive ability 

of the 1-minute sit-to-stand test (1-min STS) in discriminating people with COPD 

with or without functional impairment. 

Methods: A receiver operating characteristics (ROC) curve analysis was performed. 

We determined a threshold for the 1-min STS to identify functional impairment based 

on different cut-offs of the 6MWT (300, 350, 400 and 450m). 

Results: A total of 135 people with COPD were included. Except for the <450 m cut-

off of the 6MWT, all other cut-offs identified 19.5 repetitions as the optimal cut-off 

point for the 1-min STS. All AUCs showed excellent discrimination (AUCs=0.812-

0.901). The best AUC (<300 m cut-off) had an outstanding discrimination (0.901; 

95%CI: 0.84-0.96; other AUCs 0.812-0.836) between people with or without 

functional impairment, with 86% specificity and 83% sensitivity. 

Conclusions: A cut-off of 19.5 repetitions in the 1-min STS discriminates accurately 

people with COPD with a functional impairment. Future studies may validate our 

treatable trait candidate in other samples and investigate its utility in predicting other 

meaningful outcomes. 
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Introduction 

Functional status (i.e., ability to perform daily activities required to meet basic 

needs, fulfil usual roles, and maintain health and well-being)1 is known to deteriorate 

over time and is a strong predictor of acute exacerbations, hospitalisations and 

mortality in people with chronic obstructive pulmonary disease (COPD)2,3. Therefore, 

an accurate detection of functional impairment is fundamental to guide tailored 

interventions and improve the daily living of people with COPD.  

The 6-minute walk test (6MWT) has been one of the most used measures to 

assess functional status4. However, it requires a 30m hallway and might be time 

consuming for routine outpatient consultations (i.e., complex instructions, time taken 

to conduct and repeat the test). Simple and quick, office-based field exercise tests such 

as the 1-minute sit-to-stand test (1-min STS)5,6 may be a valuable option as a first 

screening tool before a detailed assessment of functional status, and subsequent 

treatment. Thus, we explored the predictive ability of the 1-min STS in discriminating 

people with COPD with or without functional impairment. 

Material and methods 

A cross-sectional study was conducted. This study was approved by the 

Ethics Committees of Administração Regional de Saúde do Centro (Ref. 73/2016, 

16/2020, 85/2018), and Centro Hospitalar do Baixo Vouga (15-05-2019, 086892). 

Participants had to have a diagnosis of COPD (post bronchodilator forced expiratory 

volume in the first second [FEV1]/forced vital capacity <0.70). Exclusion criteria 

comprised the presence of other respiratory diseases or any clinical condition that 

precluded participation in the assessment (i.e., signs of cognitive impairment or 

presence of a significant cardiovascular, neurological, musculoskeletal, 

immunological, or infectious disease). Eligible participants were identified during 

routine appointments at a hospital and primary healthcare centres, and all provided 

informed consent. 
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Sociodemographic (age and sex), anthropometric (height and weight to 

compute body mass index) and general clinical data (smoking status, comorbidities 

through the Charlson comorbidity index [CCI], use of long-term oxygen therapy and 

non-invasive ventilation, and number of acute exacerbations of COPD in the previous 

year) were collected. Additionally, activity-related dyspnoea was assessed with the 

modified Medical Research Council dyspnoea scale, impact of disease with the COPD 

assessment test, health-related quality of life with the Saint George’s respiratory 

questionnaire, physical activity with the brief physical activity assessment tool and 

functional status with the 6MWT, 1-min STS, quadriceps maximal isometric 

voluntary contraction and handgrip strength using a handheld dynamometer. The 

6MWT followed the international recommendations7. The 1-min STS consisted of the 

maximum number of complete sit-to-stands from a chair for 60 seconds, without using 

the hands or arms to assist movement8. 

A receiver operating characteristic (ROC) curve analysis was performed in R 

(v. 4.1.2). A complete case analysis was conducted with no missing data in the 1-min 

STS and 6MWT. All other measures collected had less than 10% missing data. We 

used four cut-offs of the 6MWT (300, 350, 400 and 450m) known to be associated 

with mortality in COPD9. Based on these cut-offs, a threshold for the 1-min STS was 

determined to identify functional impairment. 

The Youden index was used to define the optimal cut-off point on the curve10. 

The area under the curve (AUC) was interpreted as: <0.5 – no discrimination, 0.5-

0.69 poor discrimination, 0.7-0.79 acceptable discrimination, 0.8-0.89 – excellent 

discrimination, ≥0.9 outstanding discrimination11. People with COPD below or above 

the cut-off point in the 1-min STS were compared using independent samples t-test, 

Mann-Whitney U, chi-square, or fisher exact tests when appropriate. 

 

Results 
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A total of 135 people with COPD were included. Participants were on average 

68 years old, most were male (81%), with a mean FEV1 of 57% predicted. 

Except for the <450 m cut-off of the 6MWT, all other three cut-offs identified 

19.5 repetitions as the optimal cut-off point for the 1-min STS (Figure 1). All AUCs 

showed excellent discrimination (AUCs=0.812-0.901). The <300 m cut-off of the 

6MWT resulted in the best predictive ability in the 1-min STS with an outstanding 

discrimination (0.901; 95%CI: 0.84-0.96; other AUCs 0.812-0.836) between people 

with or without functional impairment, with 86% specificity and 83% sensitivity. A 

cut-off of 20, compared to 19 was superior in terms of a balanced specificity (86% vs 

77%) and sensitivity (83% vs 86%).  

Figure 1. Receiver operating characteristics (ROC) curve to detect people with chronic obstructive 

pulmonary disease (COPD) with functional impairment in the 1-min sit-to-stand test, based on the 

different cut-offs (<300, <350, <400, 450 m) of the 6-min walk test (6MWT). AUC: Area under the 
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curve. The best cut-off of the 6MWT was <300 m which resulted in an AUC of 0.901 (CI% 0.84–0.96) 

with a specificity of 86% and sensitivity of 83%. 

 

People with COPD below the cut-off point (n=38) had higher index of 

comorbidities (p=0.002), higher levels of activity-related dyspnoea (p=0.005), worse 

impact of the disease (p=0.004) and health-related quality of life (p=0.02), were less 

physically active (p=0.03), and had worse functional status in all parameters 

(p<0.001) compared to those with 20 or more repetitions in the 1-min STS (n=97) 

(Table 1). 

 

Table 1. Characteristics of people with chronic obstructive pulmonary disease (COPD) 

(n=135) and comparison of people below (n=38) or above (n=97) the cut-off point (20 

repetitions). 

 Total sample 

(n=135) 

1-min STS <20 

repetitions 

(n=38) 

1-min STS ≥20 

repetitions 

(n=97) 

p-value 

Age, years 68.1±7.8 69.9±6.9 67.4±8.0 0.09 

Sex     

Male, n (%) 109 (80.7) 27 (71.1) 82 (84.5) 
0.12 

Female, n (%) 26 (19.3) 11 (28.9) 15 (15.5) 

BMI, Kg/m2 26.9 [24.5-30.8] 26.9 [17.5-31.0] 26.9 [24.5-30.8] 0.91 

Smoking status, n 

(%) 

    

Never smoker 28 (20.7) 6 (15.8) 22 (22.7) 

0.37 Former smoker 90 (66.7) 29 (76.3) 61 (62.9) 

Current smoker 17 (12.6) 3 (7.9) 14 (14.4) 

Pack-years, n 38.0 [12.4-67.0] 37.5 [8.0-61.5] 40.0 [13.6-70.0]  0.81 

FEV1, % predicted 56.6±19.4 52.5±18.4 58.3±19.7 0.12 

GOLD grade, n (%)     
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1 17 (13.3) 4 (11.1) 13 (14.1) 

0.97 
2 58 (45.3) 17 (47.2) 41 (44.6) 

3 45 (35.2) 13 (36.1) 32 (34.8) 

4 4 (6.2) 2 (5.6) 6 (6.5) 

CCI, score 4.0 [3.0-4.0] 4.0 [3.0-5.0] 4.0 [3.0-4.0] 0.02* 

LTOT, n (%) 13 (9.6) 7 (18.4) 6 (6.2) 0.05 

NIV, n (%) 17 (12.6) 4 (10.5) 13 (13.4) 0.78 

AECOPD previous 

year, n 

0.0 [0.0-1.0] 0.0 [0.0-1.0] 0.0 [0.0-1.0] 0.53 

mMRC, score 2.0 [1.0-2.0] 2.0 [1.3-3.0] 2.0 [1.0-2.0] 0.005* 

CAT, score 13.0 [8.0-19.0] 17.0 [10.3-21.0] 12.0 [6.0-17.0] 0.004* 

GOLD groups, n (%) 

A 41 (30.4) 9 (25.0) 32 (34.8) 

0.60 
B 62 (45.9) 20 (55.6) 42 (45.7) 

C 2 (1.5) 0 (0) 2 (2.2) 

D 23 (17.0) 7 (19.4) 16 (17.4) 

SGRQ, score 42.0 [23.0-56.6] 51.6 [29.5-62.6] 38.2 [21.3-53.5] 0.02* 

BPAAT, total score 1.0 [0.0-2.0] 0.0 [0.0-1.0] 1.0 [0.0-3.0] 0.03* 

6MWT, m 420.0 [349.0-

494.5] 

305.0 [210.5-

393.8] 

461.0 [403.0-

511.0] 

<0.001* 

1-min STS, 

repetitions 

23.3±7.1 15.0±3.2 26.6±5.4 <0.001* 

QMVC, KgF 31.1 [25.0-36.3] 27.6 [21.5-30.6] 32.8 [27.3-37.2] <0.001* 

Handgrip strength, 

KgF 

34.2±9.2 29.3±9.5 36.2±8.3 <0.001* 

Data are presented as mean±SD or median [1st quartile – 3rd quartile], unless otherwise stated. 

*Statistically significant (p<0.05).

BMI: Body mass index; FEV1: Forced expiratory volume in the first second; GOLD: Global initiative 

for chronic obstructive lung disease; CCI: Charlson comorbidity index; LTOT: Long-term oxygen 

therapy; NIV: Non-invasive ventilation; AECOPD: Acute exacerbations of COPD; mMRC: modified 

Medical Research Council dyspnoea scale; CAT: COPD assessment test; SGRQ: Saint George’s 

181

3



Cut-off of the one-minute sit-to-stand test to detect functional impairment in people with 

COPD 

 

respiratory questionnaire; BPAAT: Brief physical activity assessment tool; 6MWT: 6-minute walk test; 

1-min STS: 1-minute sit-to-stand test; QMVC: Quadriceps maximum voluntary contraction. 

 

Discussion 

Our study showed a cut-off of 19.5 repetitions in the 1-min STS to 

discriminate people with COPD with or without a functional impairment accurately. 

This finding is consistent with a previous study which found the 1-min STS to be the 

best predictor of mortality in COPD with an AUC of 0.78, and an average of 19.5 

repetitions in patients alive at 2 years compared to 11.8 repetitions in those who died12. 

Having less than 20 repetitions might be a good marker to identify functional 

impairment, hence being a good treatable trait candidate.  

Although the <350 m is commonly used13,14 and two novel sex-specific cut-

offs of 6MWT have been proposed (394 m women, 404 m men)3, in our study 300 m 

was the best cut-off to define functional impairment in the 1-min STS. Hence, 

different cut-offs of the 6MWT might be useful, depending on the endpoint of interest 

(e.g., mortality, functional impairment). 

People with less than 20 repetitions had worse symptoms, health-related 

quality of life, physical activity levels and overall functional status. Therefore, it is 

possible that this cut-off in the 1-min STS is also a valuable predictor of these 

outcomes. Although we found people below the cut-off point to have a slightly higher 

index of comorbidities, the number of comorbidities does not provide information 

about the type and degree of comorbidities and therefore, an assessment of 

comorbidities would be of most value. 

Our sample was unbalanced in terms of sex distribution (only 19% women).  

Hence, our cut-off might be particularly suitable for male patients with COPD and 

results should be further confirmed. 

 

Conclusions 
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A cut-off of 19.5 repetitions in the 1-min STS detects functional impairment 

of people with COPD accurately. Future studies should validate our treatable trait 

candidate in other samples and investigate its utility in predicting other meaningful 

outcomes. 
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ABSTRACT 

Background: The 6-min walking test (6MWT) has been largely studied. Less is 

however known about responders and non-responders to pulmonary rehabilitation 

(PR) in other meaningful activities. We explored responders and non-responders, and 

predictors of response to PR in the 1-minute sit-to-stand test (1-min STS) and the 

6MWT and compared both measures in classifying responders. 

 

Methods: An observational study was conducted with 121 people with chronic 

obstructive pulmonary disease (COPD). Functional status was assessed before and 

after PR. Baseline differences between responders and non-responders were tested 

with Mann-Whitney U, Chi-square, or Fisher exact tests. Predictors were explored 

with binary logistic regressions. Agreement between both measures was assessed with 

Chi-square, Cohen’s kappa and McNemar tests. 

 

Results: There were 54.5% and 57.0% of responders in the 1-min STS and the 6MWT 

respectively. The proportion of responders was significantly different (p=0.048) with 

small agreement between the measures (kappa=0.180, p=0.048). Baseline 6MWT was 

the only significant predictor of response in 6MWT (OR=0.995, pseudo-r2=0.117, 

p<0.001). No significant predictors were found for the 1-min STS. 

 

Conclusions: A large number of non-responders in functional status exists. The 1-

min STS and the 6MWT should not be used interchangeably. Future studies should 

explore the added benefit of personalizing PR to this outcome and investigate other 

potential predictors. 
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Introduction 

Pulmonary rehabilitation (PR) is a cornerstone for the daily management of 

people with chronic obstructive pulmonary disease (COPD)1. Improvements in 

physical, psychological, and social traits have been widely demonstrated with this 

comprehensive intervention2. However, there are still poor responders to PR, and this 

is partially influenced by the outcomes and measures selected3. 

Functional status, the individual's ability to perform normal daily activities 

required to meet basic needs, fulfil usual roles, and maintain health and well-being4, 

is a highly valued outcome of PR by patients, informal caregivers, and healthcare 

professionals5. The 6-minute walking test (6MWT) is a widely used measure in PR6, 

but its use is limited to long corridors and thus cannot be applied in all settings such 

as patients’ homes. Furthermore, PR should be focused on improving not only 

people’s ability to walk, but also other meaningful activities of daily living (ADL) 

such as sitting and standing from a chair. The 1-minute sit-to-stand test (1-min STS) 

has been much less used but has gained popularity in recent years, as it is a simple, 

reliable, and responsive test that elicits similar physiological responses to 6MWT7-10. 

Although a responder analysis for the 6MWT has been previously conducted3,11-15, 

less is known about the responders in the 1-min STS and whether the type of response 

is similar in both measures. 

Hence, this study aimed to explore the 1) responders and non-responders of 

PR in the 1-min STS and 6MWT, 2) predictors of response to PR in these measures 

and 3) agreement between both measures in classifying responders and non-

responders to PR. 

Materials and Methods 

Study design and population 

An observational study was conducted with data collected between 2017 and 

2020. The study was approved by the Ethics Committee of Centro Hospitalar do Baixo 
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Vouga (ref. 086892) and informed consent was obtained by all participants. The study 

was reported following the Strengthening the Reporting of Observational Studies in 

Epidemiology (STROBE) Statement16. 

People with a spirometry-based diagnosis of COPD (Forced expiratory 

volume in 1 second [FEV1]/ forced vital capacity [FVC] < 70)17 that completed a 

community-based PR program were included. Those who had history of an acute 

cardiac/respiratory condition within the previous month; significant cardiac, 

musculoskeletal, or neuromuscular diseases that impaired the ability to perform tests; 

signs of cognitive impairment; and history of neoplasia or immunological disease 

were excluded. A complete case analysis was performed, with only variables with less 

than 5% missing data considered for the analysis18. 

 

Measurements 

Sociodemographic and anthropometric data, such as age, sex, height, weight, 

and body mass index, were firstly collected. Clinical data collection consisted of 

smoking status, use of long-term oxygen therapy, use of non-invasive ventilation, 

comorbidities using the Charlson comorbidity index19, severity of airflow limitation 

and symptom burden and risk of exacerbation as defined by the Global initiate for 

chronic obstructive lung disease (GOLD)20, lung function with spirometry, 

respiratory-related hospital admissions, acute exacerbations of COPD, impact of the 

disease with the COPD assessment test (CAT)21, dyspnea during activities with the 

modified medical research council dyspnea scale (mMRC)22, health-related quality of 

life with the Saint George’s respiratory questionnaire (SGRQ)23, quadriceps 

maximum voluntary contraction with handheld dynamometer24 (microFET2, Hoggan 

Health, The best Salt Lake City, Utah), handgrip strength with a hand dynamometer 

(W50174, Baseline, UK), physical activity with the Brief physical activity assessment 

tool (BPAAT)25, balance with the Brief balance evaluation systems test (Brief-
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BESTest)26 and functional status with the 6MWT27 and the 1-min STS28. 

Measurements were taken at baseline and after PR. 

Participants with impairment in the 6MWT and 1-min STS were defined as 

those with values below 70% of the percentage predicted29. For the 6MWT percentage 

predicted was computed from the equation proposed by Marques and colleagues30 and 

for the 1-min STS the reference values established by Strassmann and colleagues were 

used28. Responders were defined based on previously established minimal clinically 

important differences. For the 6MWT, responders were those with a pre-post mean 

difference of 30 meters or more and non-responders were those with a change of less 

than 30 meters6. For the 1-min STS, responders were those with a mean difference of 

3 or more repetitions and non-responders were those with a mean difference of less 

than 3 repetitions7.  

Intervention 

Participants completed a 12-week community-based PR program, with 

exercise training (aerobic and resistance muscle strength training) twice a week and 

education and psychosocial support once every 2 weeks. The program was provided 

by a multi-disciplinary team of physiotherapists, medical doctors, nurses, 

psychologists, dietitians, and social workers. Details of the program have been 

published elsewhere31. 

Data analysis 

Descriptive statistics were computed for baseline characteristics. Effects of 

PR were explored through paired samples t-test, Wilcoxon, and Chi-square tests as 

appropriate, and effect sizes were computed using Cohen’s d estimates. 

Baseline differences between responders and non-responders were analyzed 

through independent samples t-tests, Mann-Whitney U tests, Chi-square or Fisher 

exact tests depending on data distribution. Normal distributed variables were reported 
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as mean±standard deviation, non-normal distributed variables as median [interquartile 

range], and frequencies as n (%). 

Possible relationships between the mean difference on functional status and 

other outcomes were explored with Spearman correlations. Potential predictors of 

good response were explored with binary logistic regressions using a forward 

conditional model. Correlations were interpreted as <30 small, 0.30-0.49 medium and 

≥0.50 large32. 

Chi-square tests were performed to compare the proportion of responders and 

non-responders in the 6MWT and in the 1-min STS. The agreement between the two 

measures in classifying responders and non-responders was assessed using Cohen’s 

kappa and McNemar tests. Cohen’s kappa was interpreted as ≤0 indicating no agree-

ment, 0.01–0.20 as none to slight, 0.21–0.40 as fair, 0.41– 0.60 as moderate, 0.61–

0.80 as substantial, and 0.81–1.00 as almost perfect agreement33. 

All analysis were performed using SPSS Statistics (v27, IBM). Plots were 

created using Prism (v7, GraphPad Software). 

 

Results 

Sample characteristics 

One hundred and twenty-one individuals were included. Most participants 

were male (81.8%) with a median FEV1 of 50% predicted, mostly GOLD grades 2 

(43.0%) and 3 (38.8%) and GOLD group B (54.5%). At baseline 48.8% of participants 

had an impairment in the 1-min STS and 22.3% in the 6MWT. Full baseline 

characteristics of participants are presented in Table 1. 
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Table 1. Baseline characteristics and effects of pulmonary rehabilitation in people with 

chronic obstructive pulmonary disease (COPD) (n=121). 

Baseline Post ∆ Pre-post Effect size (d) p-value 

Age, years 69.0 [65.0-75.0] 

Sex, n (%) 

Male 99 (81.8) 

Female 22 (18.2) 

BMI, kg/m2 26.4±4.8 26.4±4.6 -0.0±0.9 0.049 0.591 

Underweight, <21, n (%) 13 (10.7) 10 (8.3) 3 (2.4)
<0.001* 

Obese >30, n (%) 28 (23.1) 27 (22.5) 1 (0.6)

Smoking status, n (%) 

Never 22 (18.2) 

Former 82 (67.8) 

Current 17 (14.0) 

Pack-years 31.2 [10.0-60.0] 

LTOT, n (%) 12 (9.9) 

NIV, n (%) 16 (13.2) 

CCI, score 4.0 [3.0-5.0] 

FEV1 %predicted 50.0 [37.0-63.7] 

GOLD grade, n (%) 

1 9 (7.4) 

2 52 (43.0) 

3 47 (38.8) 

4 13 (10.7) 

GOLD group, n (%) 

A 32 (26.4) 

B 66 (54.5) 

C 3 (2.5) 

D 20 (16.5) 

Respiratory-related 

hospital admissions 

previous 12 months, n 

0.0 [0.0-0.0] 

AECOPD previous 12 

months, n 
0.0 [0.0-1.0] 

mMRC, score 2.0 [1.0-3.0] 
1.0 [1.0-

2.0] 

0.0 [-1.0-

0.0] 
0.39 <0.001* 

CAT score, points 14.8±8.0 12.1±7.0 -2.7±5.8 0.46 <0.001* 

SGRQ, total score 45.1±19.8 38.7±19.1 -6.4±12.2 0.52 <0.001* 

QVC, kgF 30.6±8.4 33.4±10.2 2.7±8.7 0.31 <0.001* 

Handgrip strength, KgF 34.3±9.2 34.0±10.1 -0.3±7.5 0.05 0.619 
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BPAAT, score 0.0 [0.0-3.0] 
4.0 [2.0-

6.0] 

2.0 [1.0-

4.0] 
0.69 <0.001* 

Brief-BESTest 19.0 [15.0-22.0] 
21.0 [18.0-

24.0] 

2.0 [0.0-

4.0] 
0.63 <0.001* 

1-min STS, repetitions 23.0 [18.0-29.0] 
27.0 [21.0-

33.0] 

3.0 [0.0-

6.0] 
0.58 <0.001* 

1-min STS <70% 

predicted, n (%) 
59 (48.8) 38 (31.4) 21 (17.4)  <0.001* 

6MWD, m 
419.6 [331.9-

508.6] 

465.0 

[386.7-

540.3] 

41.0 [7.0-

75.3] 
0.56 <0.001* 

6MWD <70% predicted, 

n (%) 
27 (22.3) 20 (16.5) 7 (5.8)  <0.001* 

BMI: Body mass index; LTOT: Long-term oxygen therapy; NIV: Non-invasive ventilation; CCI: 

Charlson comorbidity index; FEV1: Forced expiratory volume in the first second; GOLD: Global 

initiative for chronic obstructive lung disease; 1-4: Severity of airflow limitation, 1 – FEV1 ≥ 80% 

predicted, 2 – 50% ≤ FEV1 < 80% predicted, 3 – 30% ≤ FEV1 < 50% predicted, 4 - FEV1 < 30% predicted; 

CAT: COPD assessment test; A-D: A – CAT < 10 points and 0-1 moderate-to-severe exacerbations (not 

leading to hospitalization), B – CAT ≥ 10 points and 0-1 moderate-to-severe exacerbations (not leading 

to hospitalization), C - CAT < 10 points and ≥  2 moderate-to-severe exacerbations or ≥ 1 moderate-to-

severe exacerbations leading to hospitalization, D - CAT ≥ 10 points and ≥  2 moderate-to-severe 

exacerbations or ≥ 1 moderate-to-severe exacerbations leading to hospitalization; AECOPD: Acute 

exacerbations of COPD; mMRC: modified Medical research council dyspnea scale; SGRQ: Saint 

George’s respiratory questionnaire; QVC: Quadriceps voluntary contraction; BPAAT: Brief physical 

activity assessment tool; Brief-BESTest: Brief-Balance evaluation system test; 1-min STS: 1-minute sit-

to-stand test; 6MWD: 6-minute walking distance. ∆ represents the mean or median difference according 

to data distribution. 

General effects of PR 

PR was effective in improving all outcomes (p<0.05), excepting BMI 

(p=0.591) and handgrip strength (p=0.619) (Table 1). Improvements, above the 

minimal clinically important difference, were seen in the number of repetitions on the 

1-min STS (mediandiff 3.0, ES=0.58, p<0.001) and on the distance walked in the 

6MWT (mediandiff 41.0, ES=0.56, p<0.001). 
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Negative and small to moderate correlations were found between the mean 

change in 1-min STS and mean change in the mMRC (rs=-0.249; 95%CI [-0.415; -

0.068], p=0.006) and the SGRQ (rs=-0.279; 95%CI [-0.441; -0.099], p=0.002). A 

positive and moderate correlation was found between mean change of the 1-min STS 

and mean change of the 6MWT (rs=0.317; 95%CI [0.141;0.473], p<0.001). 

Small correlations were also found between mean change in the 6MWT and 

mean change in the SGRQ rs=-0.197; 95%CI [-0.368; -0.013], p=0.031) and the 

handgrip strength (rs=0.193; 95%CI [0.010;0.364], p=0.034). No other correlations 

were found (Table SA.1 and SA.2 of supplementary material). 

Responders, non-responders and predictors of response 

After PR, 54.5% of patients were responders in the 1-min STS, and 57% in 

the 6MWT. Differences between baseline characteristics of responders and non-

responders in both 1-min STS and 6MWT, were found. Responders in the 1-min STS 

had higher baseline BMI (27.0 [24.3-30.1] vs non-responders 24.2 [22.1-28.3] kg/m2, 

p=0.008) and lower baseline performance in the 1-min STS (22.5 [18.0-27.0] vs non-

responders 25.0 [20.5-31.0] repetitions, p=0.035) than non-responders. Responders in 

the 6MWT had lower BPAAT scores (0.0 [0.0-2.0] vs non-responders 1.0 [0.0-4.0] 

points, p=0.038), walked a lower distance in the 6MWT (390.0 [295.0-480.0] vs non-

responders 489.2 [363.2-534.5] m, p<0.001) and had a higher percentage of people 

with a functional capacity impairment in the 6MWT (30.4 vs non-responders 11.5%, 

p=0.013) than non-responders. 

When comparing the subgroups of responders and non-responders to both 

tests (n=43, 35.5% vs n=78, 64.5%), differences were found with responders having 

a higher BMI (27.5 [25.0-30.2] vs non-responders 24.6 [22.4-28.6] kg/m2, p=0.006), 

worse performance in the 1-min STS (22.0 [17.5-26.5] vs 24.5 [20.0-30.0] repetitions, 

p=0.041), more frequently impaired in the 1-min STS (65.1 vs non-responders 39.7%, 

p=0.008), lower distance in the 6MWT (386.4 [287.4-478.1] vs non-responders 441.3 
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[356.2-523.5] m, p=0.042) and more frequently impairments in the 6MWT (34.5 vs 

non-responders 15.4%, p=0.014). No other significant differences were found. 

Detailed comparisons of baseline characteristics between responders and non-

responders can be found in Table 2.
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Functional status following pulmonary rehabilitation: responders and non-responders 

 

A positive and moderate correlation was found between the mean difference 

in the 1-min STS and baseline BMI (rs=0.32, 95%CI [0.143;0.474], p<0.001). 

Negative and low correlations were also found between the mean difference in the 1-

min STS and baseline GOLD grade (rs=-0.22, 95%CI [-0.390; -0.040], p=0.014) and 

1-min STS (rs=-0.20, 95%CI [-0.368; -0.014], p=0.030) (Table S.3 supplementary 

file). 

Negative and moderate and low correlations were found between the mean 

dif-ference in the 6MWT and baseline 6MWT (rs=-0.33, 95%CI [-0.483; -0.154], 

p<0.001) and baseline 1-min STS (rs=-0.19, 95%CI [-0.360; -0.005], p=0.038). No 

other significant correlations were found (Table A.3 and SA.4 supplementary file). 

No significant predictors were found for being a good responder in the 1-min 

STS (p=0.05) (Table AS.5 supplementary file). Baseline 6MWD was the only 

significant predictor of response to PR in the 6MWT (p=0.002), with decreases of 1m 

in baseline 6MWT corresponding to 1.0 increased odds of being a good responder 

(OR=0.995 95%CI [0.992;0.998], pseudo-r2=0.117, p<0.001) (Table SA.6 

supplementary file). 

 

Comparison of responders and non-responders classified with the 1-min STS and 

6MWT 

There were significant differences in the proportion of responders and non-

responders in the two measures (p=0.048); with 35.5% being responders in both 

measures, 24.0% non-responders in both measures, 19.0% responders only in the 1-

min STS, and 21.5% responders only in the 6MWT.  

There was a slight but significant agreement between the two measures 

(kappa=0.180, pkappa=0.048, pMcNemar=0.755) in classifying responders and non-

responders. Individual distributions of mean differences achieved in both tests across 

responders and non-responders can be visualized in Figure 1. 
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Functional status following pulmonary rehabilitation: responders and non-responders 

Figure 1. Scatter plot of responders and non-responders to community-based pulmonary rehabilitation 

of people with chronic obstructive pulmonary disease (COPD) with the mean difference achieved in the 

six-minute walking test (X axis) and 1-minute sit-to-stand test (Y axis). Axes are intersected at minimal 

clinically important differences, 6MWT: 30m and 1-min STS: 3 repetitions. 1-min STS: 1-min sit-to-

stand test; 6MWT: Six-minute walking test. 

Discussion 

Our study has shown that although PR is effective in improving functional 

status, there is also a significant number of non-responders in this outcome, 

independently of the measure used. This result is coherent with other studies, that have 

shown a large and similar proportion of non-responders in the 6MWT after PR3,34-36. 

Since functional status is a highly valued outcome5,37 and one of the goals of PR is to 

improve the physical condition, it is important to better understand why some patients 

are not responding to the intervention in several activities of daily living, and how to 

better tailor PR to these patients. 

Including ADL-specific training to PR has been shown to further improve the 

impact of the disease38, average oxygen uptake and time to perform ADL activities, 
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such as stair climbing, which were correlated with improvements in the 6MWT39. 

Nonetheless, authors did not perform a responder analysis and therefore the impact of 

such intervention in the proportion of responders is unknown. It is therefore possible 

that the addition of specific ADL training to the standard aerobic and resistance 

training is needed, at least for some people, to achieve additional benefits not only in 

terms of functional capacity but also functional performance, and hence, optimize 

each person’s functional status. Furthermore, since non-responders seem to be more 

fit at baseline than those responding to PR, it is possible that these measures are not 

responsive enough for these patients, or that more challenging exercise modalities 

such as high-intensity functional training40 are needed. The best way to tailor PR to 

this outcome is, however, yet to be determined.  

Additionally, these measures might not be sufficient to have a comprehensive 

view of the patient functional status, as they are focused on functional capacity. In 

fact, only low to moderate correlations were found between both physical tests and 

between these tests and other important outcomes, such as health-related quality of 

life. Similar results have been reported during acute states of the disease41. Therefore, 

using composite measures of functional capacity and functional performance, such as 

the combined use of physical tests and patient-reported outcome measures might be 

the way forward to provide a full picture of the patient functional status.  

Patients with higher baseline BMI, worse physical activity levels, worse 

performance in the 1-min STS and in the 6MWT seem to be better responders in 

functional status. Having a worse baseline status and being a good responder is a 

commonly observed pattern for several outcomes, and it might be due to having more 

room for improvement3,36,42. Low baseline 6MWD was the only significant predictor 

of good response, with little explanation of the variability in the response. Hence, 

reasons for being a good or poor responder in this outcome remain unclear and require 

further investigation. 
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Other patient features, such as muscle function or body composition could 

potentially explain why patients respond or not to the intervention. A previous study 

has shown isometric quadriceps muscle strength to be a predictor of response to PR 

in the 6MWT43. However, we did not find it as a predictor and a recent study found

no correlations between isometric measurements of muscle function and the 1-min 

STS, with muscle power measured by isokinetic or the 5 times STS, being the main 

contributors to the 1-min STS and 6MWT performance44. Hence, dynamic 

measurements and more robust measures (e.g., isokinetic) should be further explored 

in the future, as they could be highly relevant to assess and predict the response to PR. 

Responders and non-responders in each test shared some features at baseline, 

such as similar age, severity of airflow obstruction, comorbidities, symptoms, muscle 

strength, health-related quality of life and balance. Thus, improvements in functional 

status seem to occur independently of these characteristics, and therefore they should 

not prevent healthcare professionals from planning exercise interventions to target this 

outcome. 

We found significant differences in the proportion of responders between the 

1-min STS and the 6MWT with a small agreement between the two measures in

classifying responders and non-responders. This result suggests that using the 1-min 

STS and the 6MWT interchangeably might not be the most appropriate approach, as 

it can lead to a misclassification of the person as a good or poor responder to PR in 

this outcome. In fact, since both tests mimic different ADL, it is possible that some 

people find more difficult to stand from a chair repeatedly than to do a self-paced walk 

and vice-versa. Although similar physiological responses (e.g., oxygen consumption) 

have been found between both measures7, other factors such as muscle fatigue or 

mobility may play a role in explaining the differences in response to the two measures. 

Differences due to the different contribution of muscle strength, power, and endurance 

to the 1-min STS and the 6MWT might explain differences obtained43, but this was 
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not tested in this study. Caution is therefore recommended when using 1-min STS as 

a surrogate measure of 6MWT. 

This study has some limitations. Although we explored correlations between 

the type of response with commonly used measures, other measures such as DEXA 

or isokinetic muscle assessment could have provided stronger predictors of response 

to PR in terms of functional status. Additionally, other patient characteristics such as 

fatigue, objective physical activity, and mobility may influence the response to PR in 

this outcome and should therefore be explored in future studies.  

 

Conclusions 

Community-based pulmonary rehabilitation improves functional status of 

people with COPD; however, a large number of non-responders exist. Low baseline 

6MWD was the only significant predictor of good response in the 6MWT, with no 

predictors found for the 1-min STS. Future studies should explore the added benefit 

of tailoring PR to this outcome (e.g., including ADL training) to maximize the 

response to PR. The small agreement in classifying responders and non-responders 

between 1-min STS and 6MWT suggests that these measures should not be used 

interchangeably to assess results of PR in this outcome. Future prospective studies 

with larger samples are needed to confirm these findings and explore other potential 

factors influencing the response to PR in this outcome. 
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Supplementary material 

Table S1. Correlation coefficients between mean difference in 1-minute sit-to-stand test and 

mean differences of all variables included in analysis. 

BMI: Body mass index; mMRC: Modified medical research council dyspnoea scale; BPAAT: Brief 

physical activity assessment tool; CAT: COPD assessment test; SGRQ: Saint George’s respiratory 

questionnaire; 6MWT: Six-minute walk test; QVC: Quadriceps voluntary contraction; Brief-BESTest: 

Brief-Balance evaluation systems test.  

Table S2. Correlation coefficients between mean difference in 6-minute walk test and mean 

differences of all variables included in analysis. 

BMI: Body mass index; mMRC: Modified medical research council dyspnoea scale; BPAAT: Brief 

physical activity assessment tool; CAT: COPD assessment test; SGRQ: Saint George’s respiratory 

questionnaire; 1-min STS: 1-minute sit-to-stand test; QVC: Quadriceps voluntary contraction; Brief-

BESTest: Brief-Balance evaluation systems test.  

Table S3. Correlation coefficients between mean difference in 1-minute sit-to-stand test and 

baseline characteristics. 

Variable Correlation 

coefficient 

95% CI p-value

Sex 0.148 -0.037;323 0.106 

Age -0.060 -0.241;0.126 0.517 

Smoking status -0.138 -0.314;0.047 0.130 

Pack-years 0.047 -0.140;0.231 0.612 

Variable Correlation coefficient 95% CI p-value

BMI -0.097 0.294;-0.276 0.294 

mMRC -0.249 -0.415;-0.068 0.006 

BPAAT -0.148 -0.324;0.037 0.106 

CAT -0.118 -0.295;0.067 0.197 

SGRQ -0.279 -0.441;-0.099 0.002 

6MWT 0.317 0.141;0.473 <0.001 

QVC 0.071 -0.115;0.252 0.441 

Handgrip strength 0.096 -0.089;0.275 0.295 

Brief-BESTest 0.023 -0.167;0.212 0.806 

Variable Correlation coefficient 95% CI p-value

BMI -0.075 -0.256;0.111 0.418 

mMRC -0.158 -0.333;0.027 0.084 

BPAAT 0.152 -0.034;0.327 0.098 

CAT -0.025 -0.208;0.159 0.783 

SGRQ -0.197 -0.368;-0.013 0.031 

QVC 0.059 -0.127;0.241 0.524 

Handgrip strength 0.193 0.010;0.364 0.034 

1-min STS 0.317 0.141;0.473 <0.001 

Brief-BESTest 0.099 -0.092;0.283 0.294 
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CCI_Baseline -0.022 -0.204;0.163 0.814 

BMI 0.318 0.143;0.474 <0.001 

LTOT -0.039 -0.221;0.146 0.672 

NIV 0.074 -0.112;0.254 0.422 

Hospital admissions 

previous 12 months 

-0.038 -0.220;0.147 0.681 

AECOPD previous 

12 months  

0.144 -0.041;0.319 0.116 

mMRC 0.062 -0.123;0.243 0.500 

BPAAT .073 -0.112;0.254 0.423 

CAT 0.118 -0.067;0.295 0.198 

GOLD group (A-D) 0.042 -0.143;0.224 0.647 

SGRQ 0.129 -0.056;0.307 0.159 

FEV1, % predicted 0.164 -0.021;0.337 0.073 

GOLD grade (1-4) -0.222 -0.390;-0.040 0.014 

6MWT 0.011 -0.173;0.195 0.902 

QVC 0.078 -0.107;0.258 0.393 

1-min STS -0.198 -0.368;-0.014 0.030 
CCI: Charlson comorbidity index; BMI: Body mass index; LTOT: Long-term oxygen therapy; NIV: 

Non-invasive ventilation; mMRC: Modified medical research council dyspnoea scale; BPAAT: Brief 

physical activity assessment tool; CAT: COPD assessment test; GOLD: Global initiative for chronic lung 

disease; SGRQ: Saint George’s respiratory questionnaire; FEV1: Forced expiratory volume in 1 second; 

6MWT: Six-minute walk test; QVC: Quadriceps voluntary contraction; 1-min STS: 1-minute sit-to-stand 

test. 

 
Table S4. Correlation coefficients between mean difference in 6-minute walk test and baseline 

characteristics. 

Variable Correlation 

coefficient 

95% CI p-value 

Sex 0.102 -0.083;0.281 0.263 

Age 0.094 -0.091;0.273 0.305 

Smoking status 0.021 -0.163;0.204 0.817 

Pack-years -0.106 -0.286;0.082 0.254 

CCI_Baseline 0.109 -0.076;0.287 0.234 

BMI 0.114 -0.072;0.291 0.215 

LTOT -0.080 -0.260;0.105 0.381 

NIV 0.000 -0.183;0.184 0.997 

Hospital admissions previous 12 months -0.032 -0.215;0.152 0.725 

AECOPD previous 12 months  0.112 -0.073;0.290 0.222 

mMRC -0.010 -0.193;0.174 0.912 

BPAAT -0.109 -0.287;0.076 0.234 

CAT 0.114 -0.071;0.291 0.214 

GOLD group (A-D) 0.057 -0.128;0.238 0.533 

SGRQ 0.091 -0.095;0.271 0.321 
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CCI: Charlson comorbidity index; BMI: Body mass index; LTOT: Long-term oxygen therapy; NIV: 

Non-invasive ventilation; mMRC: Modified medical research council dyspnoea scale; BPAAT: Brief 

physical activity assessment tool; CAT: COPD assessment test; GOLD: Global initiative for chronic lung 

disease; ; SGRQ: Saint George’s respiratory questionnaire; FEV1: Forced expiratory volume in 1 second; 

6MWT: Six-minute walk test; QVC: Quadriceps voluntary contraction 

Table S5. Logistic regression for response in 1-min STS. 

Variables in 

equation 

Coefficient p-value Odds ratio 95%CI 

Baseline 1-min 

STS 

-0.042 0.050 0.958 0.919;1.000 

Constant 1.233 0.030 3.433 

Variables not in equation 

Baseline BMI 0.116 
1-min STS: 1-minute sit-to-stand test; BMI: Body mass index

Table S.6. Logistic regression for response in 6MWT. 

Variables in 

equation 

Coefficient p-value Odds ratio 95%CI 

Baseline 

6MWT 

-0.005 0.002 0.995 0.992;0.998 

Constant 2.452 <0.001 11.613 

Variables not in equation 

Baseline 1-min 

STS 

0.168 

6MWT: Six-minute walk test; 1-min STS: 1-minute sit-to-stand test 

FEV1, % predicted -0.009 -0.193;0.175 0.919 

GOLD grade (1-4) -0.042 -0.224;0.142 0.645 

6MWT -0.329 -0.483;-0.154 <0.001 

QVC -0.095 -0.274;0.090 0.300 

Handgrip strength -0.062 -0.243;0.123 0.502 

1-min STS -0.189 -0.360;-0.005 0.038 

Brief-BESTest -0.077 -0.260;0.113 0.414 
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ABSTRACT 

Background: Studies suggest that people with chronic obstructive pulmonary disease 

(COPD) who are worse at baseline respond better to pulmonary rehabilitation (PR). 

Identifying treatable traits (TT) may help to distinguish responders from non-

responders. We explored the impact of PR on extra-pulmonary traits of people with 

COPD and whether the presence of TT influences the type of response to PR. 

Methods: A comprehensive assessment of 9 TT including symptoms (dyspnoea, 

fatigue, anxiety and depression), functional capacity, deconditioning, balance, impact 

of the disease and health-related quality of life was conducted before and after a 12-

week community-based PR programme. Pre-post differences between people with or 

without each TT at baseline were compared with independent samples t-tests or 

Mann-Whitney U tests. Proportion of responders between groups were explored with 

chi-square tests and odds ratio. 

Results: 102 people with COPD were included (70 [65; 75] years old, 78% male, 

FEV1 47 [36; 60] %predicted). They had a median of 3 (out of 9) TTs per person and 

each patient responded on average to 5 (out of 9) outcomes of PR. People with TT 

were more responsive than those without them in all outcomes (p<0.05) except for the 

1-minute sit-to-stand test. The presence of TT increased 4 to 20 times the likelihood

of being a good responder. 

Conclusions: Identification of baseline extra-pulmonary TT in people with COPD 

showed the potential to inform on PR responsiveness and might therefore be an 

important strategy for patient prioritization, treatment personalisation (i.e., activation 

of the most suitable components) and optimisation. 
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Introduction 

A treatable traits strategy has been advocated for people with chronic 

respiratory diseases, to personalise medicine to the individual’s needs and therefore, 

improve outcomes of interventions1,2. In general, only necessary treatments are 

provided according to the identified treatable traits. This strategy has been shown to 

be more effective than usual care in improving health-related quality of life and 

asthma control in patient with asthma3. 

Pulmonary rehabilitation (PR) provides a unique opportunity to address 

various treatable traits simultaneously and to implement person-centred treatments in 

chronic respiratory diseases, namely chronic obstructive pulmonary disease (COPD). 

In fact, it is a multicomponent intervention moving towards more personalised care 

where ideally the best strategies are activated according to patients’ needs4.  

PR has multiple benefits (e.g., less symptoms, better exercise tolerance, 

improved health-related quality of life) for people with COPD5,6. However, there are 

non-responders in one or more outcomes (e.g., anxiety, fatigue, functional status) and 

the magnitude of response to PR has been found to be greater in people who are worse 

at baseline (e.g., higher symptom burden)7-10. Despite its comprehensiveness, a recent 

systematic review has shown that treatable traits have been poorly addressed in PR 

trials11. 

Hence, identifying treatable traits might help to better personalise PR (e.g., 

select/activate the most appropriate components for each treatable trait), and 

distinguish responders from non-responders, which could aid optimisation of the 

intervention in the future. 

This study aimed to explore the impact of PR on extra-pulmonary treatable 

traits of people with COPD and to explore the influence of the presence of these traits 

on being a responder or non-responder to PR. 

Materials and Methods 
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This was a retrospective study of data collected between October 2017 and 

November 2021 and is reported according to the Strengthening the Reporting of 

Observational Studies in Epidemiology (STROBE) guidelines12. The study was 

approved by the Ethics Committees of Administração Regional de Saúde do Centro 

(Ref. 73/2016, 16/2020, 85/2018), and Centro Hospitalar do Baixo Vouga (15-05-

2019, 086892). Participants needed to have a diagnosis of COPD (post bronchodilator 

forced expiratory volume in the first second [FEV1]/forced vital capacity <0.70), be 

clinically stable in the previous month (i.e., no hospital admissions, acute 

exacerbations or changes in medication) and have participated in PR to be included. 

Exclusion criteria comprised the presence of other respiratory diseases or any clinical 

condition that precluded participation in the assessment (i.e., signs of cognitive 

impairment or presence of a significant cardiovascular, neurological, musculoskeletal, 

immunological, or infectious disease). Eligible participants were identified during 

routine appointments at a hospital or primary healthcare centres. All participants 

provided written informed consent. 

Data collection and intervention 

A comprehensive assessment was performed. Sociodemographic (age and 

sex), anthropometric (height and weight to compute body mass index) and general 

clinical data (smoking status, comorbidities through the Charlson comorbidity index 

[CCI], use of long-term oxygen therapy and non-invasive ventilation, and number of 

acute exacerbations of COPD in the previous year) were collected. Activity-related 

dyspnoea was assessed with the modified Medical Research Council dyspnoea scale 

(mMRC), fatigue with the functional assessment of chronic illness therapy fatigue 

subscale (FACIT-F), and symptoms of anxiety and depression with the hospital 

anxiety and depression scale (HADS). Functional capacity was assessed with the one-

minute sit-to-stand test (1-min STS) and deconditioning with the six-minute walk test 

(6MWT). Handgrip strength and quadriceps maximal isometric voluntary contraction 

218



Functional status following pulmonary rehabilitation: responders and non-responders 

(QMVC) were measured using a handheld dynamometer (W50174, Baseline, UK, and 

microFET2, Hoggan Health, The best Salt Lake City, Utah respectively). Balance was 

assessed with the Brief balance evaluation systems test (Brief-BESTest). Self-

reported physical activity was assessed with the brief physical activity assessment tool 

(BPAAT), the impact of disease/health status with the COPD assessment test (CAT) 

and health-related quality of life with the Saint George’s respiratory questionnaire 

(SGRQ).  

People with COPD underwent a conventional 12-week community-based PR 

programme. The programme was not designed considering the prevalence of treatable 

traits. The exercise training was personalised to each person (e.g., functional and 

muscle strength capacity), but all patients received the same PR components. It 

consisted of exercise training (aerobic and resistance training) twice per week and 

education and psychosocial support once every 2 weeks. Each session lasted 

approximately 60 minutes. A multidisciplinary team of physiotherapists, medical 

doctors, nurses, psychologists, dietitians, and social workers provided the programme. 

Details of the programme have been published elsewhere13. 

Extra-pulmonary treatable traits and responders and non-responders to PR 

were identified for each outcome measure. Nine treatable traits were defined based on 

previously established cut-offs and responders and non-responders to PR were defined 

based on published minimal clinical important differences (Table 1). 

Table 1. Cut-offs and minimal important clinical differences used to define treatable traits and 

response to pulmonary rehabilitation in each outcome measure in people with chronic 

obstructive pulmonary disease. 

Treatable trait Cut-off used for the treatable 

trait 

Minimal clinical important 

difference 

Severe dyspnoea mMRC ≥2 points14 Difference in mMRC ≥1 point15 

Clinically relevant 

fatigue  
FACIT-F ≤43 points16 

Difference in FACIT-F ≥4.7 

points 

Symptoms of 

anxiety 
HADS sub score ≥8 points17 Difference in HADS ≥1.5 points18 
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Symptoms of 

depression 
HADS sub score ≥8 points17 Difference in HADS ≥1.5 points18 

Poor functional 

capacity  
1-min STS <70 % predicted 19 

Difference in 1-min STS ≥3 

repetitions20 

Deconditioning  6MWT <70% predicted19 Difference in 6MWT ≥30 m21 

Poor balance  Brief-BESTest ≤16.5 points22  
Difference in Brief-BESTest ≥3 

points23 

Poor health status  CAT ≥18 points 24 Difference in CAT ≥2 points25 

Poor health-

related quality of 

life  

SGRQ ≥46 points 24 

Difference in SGRQ ≥4 points26 

mMRC: Medical Research Council dyspnoea scale; FACIT-F: functional assessment of chronic illness 

therapy fatigue subscale; HADS: hospital anxiety and depression scale; 1-min STS: one-minute sit-to-

stand test; 6MWT: six-minute walk test; Brief-BESTest: Brief balance evaluation systems test; CAT: 

COPD assessment test; SGRQ: Saint George’s respiratory questionnaire. 

 

Data analysis 

A multivariate imputation by chained equations was performed as some 

variables (i.e., HADS, FACIT-F) had more than 5% but less than 30% of missing 

data27. A sensitivity analysis with the original dataset (not imputed) was performed to 

check if results were similar to the ones of our main analysis.  

Descriptive statistics were used to characterise the sample. Effects of PR were 

explored using paired samples t-tests or Wilcoxon signed-rank tests. Differences in 

mean/median between people with COPD with or without the treatable trait were 

explored using independent samples t-tests or Mann-Whitney U tests. Responders 

with or without the treatable trait were compared using chi-square tests for two 

proportions.  

Odds ratios were computed to explore the probability of being a responder in 

each outcome, by having the presence of each treatable trait.  

Adherence of responders was compared with the adherence of non-

responders considering the absence or presence of the treatable traits using non-

parametric two-way ANOVA. Normality of residuals was explored with Shapiro-

Wilk test and homogeneity of variance with Levene’s test. 
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All statistical analysis were performed in R (v. 4.1.2). 

Results 

Of the initial 140 database entries, 102 people with COPD were included. 38 

entries were excluded after applying inclusion and exclusion criteria (repeated PR 

programmes, FEV1 ≥70% predicted). No differences were found in the interpretation 

of results with or without imputed data (analysis with the original dataset provided in 

Supplementary material). 

Patients were mostly male (78%), had a median FEV1 of 47% predicted, and 

were predominantly from GOLD grades 2 and 3 (43%, 42% respectively) and group 

B (57%). Patients had 85±14.3% adherence to the PR sessions. Full characteristics of 

the sample are presented in Table 2.  

Overall, PR was effective in improving all outcomes (p<0.05) (Table 2). 

Table 2. Baseline characteristics and outcomes of pulmonary rehabilitation in people with 

chronic obstructive pulmonary disease (n=102). 

Baseline Post Mean/Median

diff

95% CI p-value 

Age, years 69.5 

[65.0;75.0] 
N.A. N.A. N.A. N.A. 

Sex, n (%) 

Female 23 (22.5) N.A. N.A. N.A. N.A. 

Male 79 (77.5) N.A. N.A. N.A. N.A. 

Smoking status, 

n (%) 

Never smoker 21 (20.6) N.A. N.A. N.A. N.A. 

Former smoker 65 (63.7) N.A. N.A. N.A. N.A. 

Current smoker 16 (15.7) N.A. N.A. N.A. N.A. 

Pack-years, n 30.0 [9.4;57.0] N.A. N.A. N.A. N.A. 

FEV1, % 

predicted 

47.0 

[36.0;60.0] 
N.A. N.A. N.A. N.A. 

GOLD grade, n 

(%) 

1 7 (7.0) N.A. N.A. N.A. N.A. 

2 43 (42.6) N.A. N.A. N.A. N.A. 

3 42 (41.6) N.A. N.A. N.A. N.A. 
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4 9 (8.9) N.A. N.A. N.A. N.A. 

GOLD group, n 

(%) 
     

A 27 (26.5) N.A. N.A. N.A. N.A. 

B 58 (56.9) N.A. N.A. N.A. N.A. 

C 2 (2.0) N.A. N.A. N.A. N.A. 

D 15 (14.7) N.A. N.A. N.A. N.A. 

CCI, total 4.0 [3.0;5.0] N.A. N.A. N.A. N.A. 

LTOT, n (%) 10 (9.8) N.A. N.A. N.A. N.A. 

NIV, n (%) 13 (12.7) N.A. N.A. N.A. N.A. 

No. AECOPD 

previous 12 

months, n 

0.0 [0.0;1.0] N.A. N.A. N.A. N.A. 

BMI, kg/m2 26.4±4.8 N.A. N.A. N.A. N.A. 

mMRC, score 2.0 [1.0;3.0] 1.0 [1.0;2.0] 0.0 [-1.0;0.0] N.A. <0.001 

FACIT-F, total 

score 
36.1±9.0 39.3±8.5 3.2±6.7 1.9; 4.5 <0.001 

HADS, Anxiety 

score 
5.9±4.1 5.2±3.7 -0.7±3.2 -1.3; -0.1 0.02 

HADS, 

depression score 
6.0 [3.0;9.8] 6.0 [3.0;8.0] -1.0 [-3.0;1.0] N.A. <0.001 

1-min STS, 

repetitions 

22.5 

[18.3;27.8] 

26.0 

[21.0;31.0] 
4.0 [0.0;6.0] N.A. <0.001 

6MWT, m 
405.1±127.3 448.8±123.1 43.7±61.9 

31.5; 

55.9 
<0.001 

Handgrip 

strength, Kg 

34.0 

[26.0;40.0] 
N.A. N.A. N.A. N.A. 

QMVC, Kg/F 30.7±7.9 33.2±8.4 2.5±6.2 1.2; 3.7 <0.001 

Brief-BESTest, 

score 

18.0 

[15.0;22.0] 

21.0 

[18.0;23.0] 
3.0 [0.0;4.0] N.A. <0.001 

BPAAT, score 0.0 [0.0;2.8] 4.0 [2.0;6.0] 2.0 [1.0;4.0] N.A. <0.001 

CAT, total score 14.7±8.0 11.6±7.1 -3.1±6.1 -4.3; -1.9  <0.001 

SGRQ, total 

score 

46.0 

[28.4;59.5] 

40.0 

[20.1;51.8] 

-7.5 [-

14.3;0.5] 
N.A. <0.001 

N.A. Not applicable; FEV1: forced expiratory volume in the first second; GOLD: Global initiative for 

chronic obstructive lung disease; CCI: Charlson comorbidity index; LTOT: long-term oxygen therapy; 

NIV: non-invasive ventilation; BMI: body mass index; mMRC: modified Medical Research Council 

dyspnoea scale; FACIT-F: functional assessment of chronic illness therapy fatigue subscale; HADS: 

hospital anxiety and depression scale; 1-min STS: one-minute sit-to-stand test; 6MWT: six-minute walk 

test; QMVC: quadriceps maximal isometric voluntary contraction; Brief-BESTest: Brief balance 

evaluation systems test; BPAAT: brief physical activity assessment tool; CAT: COPD assessment test; 

SGRQ: Saint George’s respiratory questionnaire. 
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Functional status following pulmonary rehabilitation: responders and non-responders 

At baseline, people with COPD had a median [min-max] of 3 [0-7] extra-

pulmonary treatable traits per person, and responded on 5 [0-9] outcomes of PR. 

People with the presence of treatable traits responded to a greater extent than 

those without treatable traits in all outcomes except for the 1-min STS (Table 3). 

Indeed, the pre-post mean differences of each outcome were significantly higher in 

those with a baseline mMRC ≥2 points (p<0.001), FACIT-F ≤43 points (p<0.001), 

HADS ≥8 points (p<0.001 both anxiety and depression symptoms), 6MWT <70% 

predicted (p=0.005) and Brief-BESTest <16.5 points (p<0.001), CAT ≥18 points 

(p<0.001), and SGRQ ≥46 points (p=0.005). Accordingly, people with the treatable 

trait were more frequently responders than those without the treatable trait (Table 3 

and Figure 1). There was a significantly higher proportion of responders to mMRC 

(p=0.003), FACIT-F (p<0.001), HADS (p<0.001, p=0.001), 6MWT (p=0.009), Brief-

BESTest (p<0.001), CAT (p<0.001) and SGRQ (p=0.003), in people with the 

respective treatable trait - severe dyspnoea, clinically relevant fatigue, symptoms of 

anxiety and depression, deconditioning, poor balance, poor health status and poor 

health-related quality of life - compared to those without the treatable trait at baseline 

(Table 3 and Figure 2). People with the treatable traits were more likely responders 

than those without the treatable traits (OR=4.25-19.95) with the exception of people 

with less than 70% predicted in the 1-min STS (Table 3). 

No significant differences related to adherence were found between 

responders and non-responders nor in the interaction between the 2 factors (i.e., 

treatable trait, no treatable trait; responder, non-responder) for all outcomes (p>0.05). 

A significant difference was found in adherence rates between people with or without 

depression symptoms (p=0.013).
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Functional status following pulmonary rehabilitation: responders and non-responders 

Figure 1. Flow of responders and non-responders to pulmonary rehabilitation with or without each treatable trait 

a) treatable trait – severe dyspnoea mMRC ≥2 points; b) treatable trait – clinically relevant fatigue FACIT-F ≤43

points; c) treatable trait – symptoms of anxiety HADS ≥8 points; d) treatable trait – symptoms of depression 

HADS ≥8 points; e) treatable trait - poor functional capacity 6MWT <70% predicted; f) treatable trait – poor 

balance Brief-BESTest <16.5 points; g) treatable trait poor health status CAT≥18 points; h) treatable trait - poor 

health-related quality of life SGRQ ≥46 points;. Dark blue represents people with the treatable trait and light blue 

people without the treatable trait. Green represents responders and red represents non-responders. Percentages 

are represented for responders with the treatable trait and non-responders without the treatable trait. 

mMRC: modified Medical Research Council dyspnoea scale; FACIT-F: functional assessment of chronic illness 

therapy fatigue subscale; HADS: hospital anxiety and depression scale; 6MWT: six-minute walk test; Brief-

BESTest: Brief balance evaluation systems test; CAT: COPD assessment test; SGRQ: Saint George’s respiratory 

questionnaire. 
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Functional status following pulmonary rehabilitation: responders and non-responders 

 

Discussion 

This study showed that PR was generally effective in addressing extra-

pulmonary traits of people with COPD, and that people who exhibit treatable traits at 

baseline are more responsive than those without the treatable traits.  

Our findings are consistent with several recent studies which demonstrated 

that people with COPD who are clinically worse at baseline are usually those 

responding better to the intervention7-9,28. This might be due to having more room for 

improvement in those more severe, and an absence of abnormal values in some 

measures or a delayed response to PR in people that are functionally better at baseline. 

Therefore, early identification of these patients and referral to PR considering their 

treatable traits seems to be of paramount importance. 

A recent study has demonstrated different stakeholders to believe that when 

necessary people with chronic respiratory diseases who are more symptomatic and 

with worse functional status should be prioritised for PR29. Considering these findings 

and the present study, it might be appropriate to prioritise patients who exhibit a higher 

number of treatable traits. Nonetheless, this requires further investigation. 

Overall, for most outcomes, the group of patients with absence of each 

treatable trait did not achieve clinically relevant benefits (within the established 

minimal clinical important differences) with PR. Therefore, it seems crucial to 

conduct a comprehensive assessment at baseline to identify the multiple treatable 

traits of each person and only activate the necessary PR components (e.g., exercise, 

education, psychological support, and/or balance training) accordingly. Indeed, 

designing the PR programme for each individual based on the treatable traits that need 

to be targeted could enhance the programme personalisation and cost-effectiveness, 

especially considering the lack of resources commonly available5. Healthcare 

professionals should be however aware of the need of a multidimensional assessment, 

as narrow baseline assessments may lead to a misinterpretation of the lack of need of 

PR for some patients. In fact, it is unlikely for a person with COPD to exhibit no 
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Functional status following pulmonary rehabilitation: responders and non-responders 

treatable traits30,31, and therefore to have no need to be integrated, at least partially, in 

PR. 

The present study did not aim to explore the effectiveness of a treatable trait 

strategy for PR. Similar to a randomized controlled trial of a treatable traits strategy 

vs. usual care in asthma3, future studies could compare conventional PR with a 

treatable traits based programme in terms of their effectiveness for people with COPD. 

Even though most responders were those who had the treatable traits at 

baseline, our findings still showed a large proportion of people with the treatable traits 

who did not respond to PR. We found no influence between adherence to PR and 

responding to the intervention, independently of the presence or absence of treatable 

traits. Therefore, whether these patients are truly non-responders or if a higher 

intensity or frequency of treatment is necessary, requires further research. 

In our sample the response in the 1-min STS was not significantly different 

between those with or without the treatable trait. Most of our patients were responders 

in this outcome and therefore this fact is likely to have impacted the group 

comparisons. Nevertheless, responders to PR in the 1-min STS have been found to 

exhibit a lower capacity at baseline than non-responders8. Therefore, similar to other 

outcomes, a pattern of better response to PR with the presence of poor functional 

capacity in the 1-min STS at baseline is expected. 

Although we identified multiple traits through a comprehensive assessment, 

it might also be important to identify other treatable traits that are relevant for PR, 

such as respiratory muscle dysfunction, lack of disease-specific knowledge, poor 

nutritional status, and poor social status, to decide the most suitable PR path for each 

patient. A recent study has provided a clinical decision tree for the quick allocation of 

people with COPD to a profile, which might enable a fast clinical decision on the best 

treatment regimens, following the profile treatable traits31. Future studies could also 

develop a PR-specific clinical decision tool to rapidly decide the PR components to 
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be activated for each patient according to their treatable traits (based on a 

comprehensive treatable trait assessment). 

Our sample was mainly composed of men and elderly people. Studies have 

shown women to have a higher prevalence and more severe treatable traits than men 

with COPD, which also seem to increase with progression of disease32. Hence, 

comparison of the impact of PR on the treatable traits of men versus women, and also 

in younger and less severe samples should be further explored. Holland and colleagues 

concluded that treatable traits have been poorly addressed in PR trials11. However, 

most of the traits were identified based on previous literature33 and were non-relevant 

outcomes for PR, such as emphysema or persistent systemic inflammation. Future 

studies need to identify rehabilitation-specific treatable traits for which patients and 

clinicians can expect improvements34. Finally, the cut-offs used in this study to define 

the treatable traits seem to be suitable to differentiate responders from non-responders 

to PR. Nevertheless, these candidate treatable traits should be externally validated for 

PR.  

 

Conclusions 

Identification of extra-pulmonary treatable traits in people with COPD 

showed the potential to inform on PR responsiveness and might therefore be an 

important strategy for patient prioritization (when/if needed), treatment 

personalisation and optimisation. Future trials are needed to compare the use of a 

treatable traits’ strategy within PR (identification of each patient’s treatable traits to 

trigger the most suitable PR components accordingly) with conventional PR. 
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Supplementary materials 

Analysis without data imputation. Results are similar with or without data imputation. 

 
Table A1. Baseline characteristics and outcomes of pulmonary rehabilitation in people with 

chronic obstructive pulmonary disease with the original dataset (not imputed) (n=102). 

 Baseline Post Mean/Mediandiff 95% CI p-value 

Age, years 69.5 [65.0; 

75.0] 

N.A. N.A. N.A. N.A. 

Sex, n (%)      

Female 79 (77.5) N.A. N.A. N.A. N.A. 

Male 23 (22.5) N.A. N.A. N.A. N.A. 

Smoking status, n (%) 

Never 

smoker 

21 (20.6) N.A. N.A. N.A. N.A. 

Former 

smoker 

65 (63.7) N.A. N.A. N.A. N.A. 

Current 

smoker 

16 (15.7) N.A. N.A. N.A. N.A. 

Pack-years, 

n 

30.0 [9.4; 

57.0] 

N.A. N.A. N.A. N.A. 

FEV1, % 

predicted 

47.0 [36.0; 

60.0] 

N.A. N.A. N.A. N.A. 

GOLD grade, n (%) 

1 7 (6.9) N.A. N.A. N.A. N.A. 

2 43 (42.6) N.A. N.A. N.A. N.A. 

3 42 (41.6) N.A. N.A. N.A. N.A. 

4 9 (8.9) N.A. N.A. N.A. N.A. 

GOLD group, n (%) 

A 27 (26.5) N.A. N.A. N.A. N.A. 

B 58 (56.9) N.A. N.A. N.A. N.A. 

C 2 (2.0) N.A. N.A. N.A. N.A. 

D 15 (14.7) N.A. N.A. N.A. N.A. 

CCI, total 4.0 [3.0; 5.0] N.A. N.A. N.A. N.A. 

LTOT, n 

(%) 

10 (9.8) N.A. N.A. N.A. N.A. 

NIV, n (%) 13 (12.7) N.A. N.A. N.A. N.A. 

No. 

AECOPD 

previous 12 

months, n 

0.0 [0.0; 1.0] 

N.A. N.A. N.A. N.A. 

BMI, kg/m2 26.4±4.8 N.A. N.A. N.A. N.A. 

mMRC, 

score 

2.0 [1.0; 3.0] 1.0 [1.0; 2.0] 0.0 [-1.0; 0.0] 
N.A. 

<0.001* 
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ᵻFACIT-F, 

total score 
35.8±9.1 39.1±8.6 3.3±6.9 

1.86; 

4.71 
<0.001* 

ᵻHADS, 

Anxiety 

score 

5.0 [3.0; 9.0] 4.0 [2.3; 8.0] -1.0 [-3.0; 1.0] N.A. 0.008* 

ᵻHADS, 

depression 

score 

6.0 [3.0; 9.0] 5.0 [3.0; 7.8] -1.0 [-3.0; 1.0] N.A. 0.004* 

ᵻ1-min STS, 

repetitions 

22.0 [18.0; 

27.5] 

26.0 [21.0; 

31.0] 
4.0 [0.0; 6.5] N.A. <0.001* 

6MWT, m 405.1±127.3 
448.7±123.1 43.7±61.9 

31.54; 

55.86 
<0.001* 

Handgrip, 

Kg 

34.0 [26.0; 

40.0] 
N.A. N.A. N.A. N.A. 

QMVC, 

Kg/F 

30.7±7.9 
33.2±8.4 2.5±6.2 

1.24; 

3.69 
<0.001* 

ᵻBrief-

BESTest, 

score 

18.0 [15.0; 

22.0] 
21.0 [18.0; 

23.0] 
3.0 [0.0; 4.0] N.A. <0.001* 

BPAAT, 

score 

0.0 [0.0; 2.7] 
4.0 [2.0; 6.0] 2.0 [1.0; 4.0] N.A. <0.001* 

CAT, total 

score 

14.7±8.0 11.6±7.1 -3.1±6.1 -4.29; -

1.90;

<0.001* 

SGRQ, total 

score 

46.0 [28.4; 

59.5] 

40.1 [20.1; 

51.8] 
-7.5 [14.3; 0.5] N.A. <0.001* 

ᵻn=90 for HADS, n=99 for 1-min STS, n=94 for FACIT-F, n=98 for Brief-BESTest. N.A. Not 

applicable; FEV1: forced expiratory volume in the first second; GOLD: Global initiative for chronic 

obstructive lung disease; CCI: Charlson comorbidity index; LTOT: long-term oxygen therapy; NIV: 

non-invasive ventilation; BMI: body mass index; mMRC: modified Medical Research Council 

dyspnoea scale; FACIT-F: functional assessment of chronic illness therapy fatigue subscale; HADS: 

hospital anxiety and depression scale; 1-min STS: one-minute sit-to-stand test; 6MWT: six-minute walk 

test; QMVC: quadriceps maximal isometric voluntary contraction; Brief-BESTest: Brief balance 

evaluation systems test; BPAAT: brief physical activity assessment tool; CAT: COPD assessment test; 

SGRQ: Saint George’s respiratory questionnaire. 
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Functional status following pulmonary rehabilitation: responders and non-responders 

 

Table A3. Odds ratio for the probability of being a responder with the presence of the treatable 

trait with the original dataset (not imputed). 

Trait, measure Odds ratio 95%CI p-value 

Severe dyspnoea, mMRC 4.1 1.7; 10.6 0.002 

Clinically relevant fatigue, 
ᵻFACIT-F 

19.4 3.7; 359.0 0.005* 

Symptoms of anxiety, 
ᵻHADS 

6.9 2.6; 19.6  <0.001* 

Symptoms of depression, 

HADS 

3.8 1.6; 9.6 0.004* 

Functional capacity, ᵻ1-min 

STS 

1.7 0.8; 3.7 0.209 

Deconditioning, 6MWT 4.9 1.7; 18.0 0.008* 
ᵻBalance, Brief-BESTest 6.0 2.5; 15.8 <0.001* 

Poor health status, CAT 8.6 2.8; 38.5 <0.001* 

Poor HRQoL, SGRQ 7.6 2.3; 25.5 <0.001* 
ᵻn=90 for HADS, n=99 for 1-min STS, n=94 for FACIT-F, n=98 for Brief-BESTest *p<0.05. mMRC: 

modified Medical Research Council dyspnoea scale; FACIT-F: functional assessment of chronic illness 

therapy fatigue subscale; HADS: hospital anxiety and depression scale; 1-min STS: one-minute sit-to-

stand test; 6MWT: six-minute walk test; Brief-BESTest: Brief balance evaluation systems test; CAT: 

COPD assessment test; SGRQ: Saint George’s respiratory questionnaire. 
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International perspectives on outcome measurement in pulmonary rehabilitation of people 

with COPD 

 

 
ABSTRACT 

Background: There is high heterogeneity of outcomes and measures reported in the 

literature for pulmonary rehabilitation (PR), which might limit benchmarking and an 

effective evidence synthesis. A core outcome set (COS) can minimise this problem. 

It is however unclear which outcomes and measures are most important and suitable 

for different stakeholders. 

 

Methods: A multicentre qualitative study with one-to-one semi-structured interviews 

with people with chronic obstructive pulmonary disease (COPD), healthcare 

professionals (HCPs), researchers and policy makers was conducted. Manifest content 

analysis was conducted to explore the frequency of outcomes viewed as crucial or not. 

Thematic analysis was performed to better understand stakeholders’ views. 

 

Results: 37 participants (17 people with COPD and 20 HCPs/researchers/policy 

makers) from 14 countries and 4 continents were included. Participants expressed that 

i) core outcomes need to be meaningful to people with COPD and show PR benefits; 

ii) there should be comprehensive assessment and similar outcomes across settings; 

iii) a balance between optimal and practical measures is needed; iv) the COS is needed 

to benchmark PR and advance knowledge; and v) reluctance to change 

outcomes/measures used by HCPs and using the COS as a maximum set of outcomes 

might be the pitfalls. 28 outcomes were identified as crucial, and 12 as not crucial. 

 

Conclusions: This study provided important insights into outcome measurement in 

PR from the perspectives of different key international stakeholders and a list of 

outcomes that will inform a future consensus study. 
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Introduction 

Pulmonary rehabilitation (PR) is a safe and effective intervention for the 

management of chronic obstructive pulmonary disease (COPD)1. Nevertheless, some 

patients still respond poorly to the intervention. This depends partially on the 

outcomes and measures selected, which commonly consider only the views of 

healthcare professionals (HCPs) or researchers2-4. 

A recent systematic review identified 163 outcomes and 217 measures 

reported in the literature, revealing high heterogeneity in outcome measurements 

during PR5. This is of most importance as measuring different outcomes and using 

different measures between centres and studies hinders benchmarking PR efficacy, an 

effective evidence synthesis, and effective marketing strategies to foster PR amongst 

payers, clinicians, and patients6,7. 

Heterogeneity can be minimised with a core outcome set (COS), defined as a 

standardised set of outcomes that is agreed by different stakeholders, and that should 

be measured and reported, as a minimum in PR trials and programmes8,9. A consensus 

in reporting outcomes of PR in patients with COPD has been advocated by 

international societies10,11 and renowned researchers12-15, and should include 

international perspectives to promote its worldwide applicability8. Although a 

Portuguese qualitative study has been previously conducted on perspectives of 

different stakeholders on outcomes of PR16, international perspectives and views on 

the measures are unknown. Thus, this study aimed to explore international 

perspectives of people with COPD and HCPs, researchers and policy makers on 

outcomes and measures of PR. 

Methods 

A multicentre qualitative study with individual interviews was conducted. 

This study was approved by the Ethics Committee of the Research Unit of Health 

Sciences at the School of Nursing in Coimbra (UICISA), Portugal (P466-10/2017). 
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All participants gave informed consent to participate in this study. The study is 

reported following the Consolidated Criteria for Reporting Qualitative Research 

(COREQ)17. This study is part of a COS that will include outcomes and measures to 

assess the effectiveness of PR programmes and is registered in the Core outcome 

measures in effectiveness trials (COMET) initiative database at https://www.comet-

initiative.org/Studies/Details/1151. 

 

Participant selection 

People with COPD were recruited through HCPs using the snowballing 

technique, researchers’ network, and a patient organisation (Respira) using purposive 

sampling. 

HCPs, researchers, and policy makers (i.e., guideline developers) were 

invited through researchers’ network and by disseminating the study via the European 

Respiratory Society group 1.02 (Rehabilitation and Chronic Care). A maximum 

variation strategy was used to recruit stakeholders from different countries with 

different backgrounds and gender18. 

Invitations occurred face-to-face or were sent by e-mail. A short explanation 

of the study and a short video “What are Core Outcome Sets” developed by COMET 

initiative, were provided to participants (https://youtu.be/g1MZi2mzK1U). Those 

interested to participate filled a sociodemographic and consent form (either online or 

face-to-face) and the interview with the researcher was scheduled according to 

participants’ preferences. 

People with COPD were included if they had a diagnosis of COPD and had 

participated or were participating in a PR programme. 

HCPs, researchers, and policy makers were included if they had been 

involved in the design, assessment and/or implementation of PR programmes and 

were able and comfortable speaking in English. 
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A total sample size of 10-20 interviews has been suggested for this type of 

study18. 

Data collection 

An online or paper-based sociodemographic data form was completed by all 

stakeholders. The form was developed using Qualtrics (XM, Seattle, USA) and 

provided onsite or sent by email to participants. People with COPD provided 

information on sex, age, country of origin, occupation, time since diagnosis, and for 

how long they have been doing PR. HCPs, researchers, and policy makers provided 

information on sex, age, country of origin, professional group (e.g., HCP, researcher, 

guideline developer) and profession, and for how long they had been involved in PR. 

Interviews with HCPs/researchers/policy makers were conducted online, 

through Zoom (California, USA), in English, by one English-proficient speaker and 

were recorded with the system’s recorder. Interviews with people with COPD 

occurred in 2 formats: 1) online for people that were able to speak in English or 

Portuguese or 2) face-to-face in PR facilities of different countries with a local HCP 

in their native language. 

One-to-one interviews were conducted by four researchers and followed a 

semi-structured guide (Appendix A) with open-ended questions about outcomes 

essential to be measured, preferences on the measures, perspectives on outcome 

measurement in different settings and different phenotypes, and of having a COS for 

pulmonary rehabilitation.  

A rapport was established with participants, by keeping an informal 

environment and allowing short non-related conversations to the topics during the 

interviews.  

After the interviews, audio files were saved to a computer with access 

restricted only to the researchers. Names of participants were replaced with 
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pseudonyms to ensure confidentiality. Field notes were taken during and after each 

interview with reflections about the data collection process and ideas for analysis. 

Orthographic transcription of audios was performed and followed a notation 

system previously proposed18. Interviews that were not conducted in English were 

first transcribed and then translated to English before the analysis by English 

proficient researchers. 

 

Data analysis 

The sample characteristics were analysed using Excel (Microsoft, 

Washington, USA). 

Qualitative data were managed and analysed in Atlas.ti (v9, Berlin, 

Germany). Firstly, manifest content analysis was conducted to identify the frequency 

of outcomes reported as crucial or not for the COS, and the most common outcome 

measures for each outcome19. No list of outcomes or measures was provided to 

participants. Outcomes were defined as crucial if they were spontaneously mentioned 

by participants after the question “Of all the outcomes mentioned [by you], can you 

share which ones are more important/crucial to you?”. Similarly, they were 

categorized as non-crucial if participants mentioned that they should not be part of the 

COS. Outcomes were defined in clinical concepts through the interpretation of 

participants’ own words. 

Then, data were analysed by one author with thematic analysis with a primary 

inductive approach in 6 phases: transcription, generating initial codes, searching for 

themes, reviewing themes and defining and naming themes and producing the 

report20. S.S-M generated the initial codes using organic coding and the codes were 

then merged and interpreted as themes, when there were common patterns within the 

data18. During the analysis, memos were used to register decisions and other 

meaningful notes. Themes were discussed with the research team until consensus was 
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reached. A negative case analysis was performed to ensure that there were no views 

of participants contradicting the overall interpretation of data. 

Validation of results was performed with member checking, by one HCP and 

one person with COPD who revised the results to ensure they did not misrepresent 

their perspectives. 

Trustworthiness was ensured through procedures of credibility, 

transferability, dependability and confirmability as recommended (Table A.3.)21. The 

research team reflexivity can be found in Appendix A. 

Results 

A total of 37 participants were interviewed. People with COPD (n=17) were 

53% males, on average 66 years old, diagnosed for about 14 years, mostly retired 

(74%) and from six countries and 2 continents. The other stakeholder group (n=20) 

was composed of HCPs (95%), researchers (75%), and policy makers (20%). They 

were mostly females (55%), on average 43 years old, with 14 years of experience with 

PR on average, from six professional backgrounds of 11 countries and 3 continents. 

A total of 14 countries from 4 continents were covered. Interviews lasted 41 [17-82] 

minutes. Details of participants’ characteristics are presented in Table 1. 

Table 1. Characteristics of participants (n=37). 

People with COPD (n=17) Healthcare 

professionals/Researchers/Policy 

makers (n=20) 

Sex, n (%) 

Male 9 (53) 9 (45) 

Female 8 (47) 11 (55) 

Age, mean±SD 65.9±7.3 43.9±9.6 

Country, n (%) 
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Portugal 4 (24) --- 

Netherlands 4 (24) 3 (15) 

UK 1 (6) 3 (15) 

Norway 3 (18) 2 (10) 

Germany 3 (18) --- 

Sweden --- 2 (10) 

Belgium --- 3 (15) 

Switzerland --- 1 (5) 

Italy --- 1 (5) 

France --- 1 (5) 

Denmark --- 1 (5) 

Brazil 2 (12) --- 

Australia --- 2 (10) 

Canada --- 1 (5) 

Occupation, n 

(%) 

  

Retired 12 (71) N.A. 

Self-employed 1 (6) N.A. 

Retired due to 

incapacity 

3 (18) N.A. 

Employed 1 (6) 20 (100) 

Healthcare 

professionals 

N.A. 19 (95) 

Physiotherapists N.A. 7 (35) 

Medical doctors N.A. 3 (15) 

Psychologists N.A. 2 (10) 

Nurses N.A. 2 (10) 

Occupational 

therapists 

N.A. 3 (15) 

Dietitians N.A. 2 (10) 
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Researchers N.A. 15 (75) 

Policy makers N.A. 4 (20) 

Experience with 

pulmonary 

rehabilitation, 

months 

40.4±48.1 164.1±99.6 

N.A.: Not applicable

A total of 28 outcomes were identified by both stakeholder groups as crucial 

to be measured (Table B.2, Appendix B). HCP/researchers/policy makers identified 

12 outcomes as non-crucial (Table B.3, Appendix B) and were uncertain to include 

14 outcomes (Table B.4, Appendix B). People with COPD only expressed opinions 

about crucial outcomes (could not identify outcomes that should be excluded from the 

COS) hence, non-crucial outcomes were not identified by these stakeholders. When 

combining data from both stakeholder groups, the outcomes most frequently defined 

as crucial were exercise capacity, dyspnoea, anxiety and depression. The most 

frequent non-crucial outcomes mentioned by HCPs/researchers and policy makers 

were lung function, handgrip muscle strength, physical activity and cognitive 

function. 

Conflicting views were found for eight outcomes within and between 

stakeholder groups, i.e., considered by some people as crucial to be included in the 

COS and by others as non-crucial – lung function, muscle strength, physical activity, 

self-efficacy, anxiety and depression, exercise capacity, body mass index and balance. 

Both stakeholder groups did not report some outcomes (i.e., did not mention them 

spontaneously), hence the percentage of people not reporting, or reporting as crucial 

and/or non-crucial each outcome can be visualised in Fig. 1 and Table B.1 (Appendix 

B). 
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Figure 2. Percentage of people with COPD (Stakeholder group 1 [S1], n=17) and healthcare 

professionals/researchers/policy makers (Stakeholder group 2 [S2], n=20) not reporting (not 

spontaneously mentioning the outcome - grey bars) or reporting each outcome as crucial (spontaneously 
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mentioning the outcome as crucial - green bars) and/or non-crucial (spontaneously mentioning that the 

outcome should be excluded from the core outcome set - red bars).  

COPD: chronic obstructive pulmonary disease; HCP: Healthcare professionals; ADL: Activities of daily 

living; HRQoL: Health-related quality of life; AECOPD: Acute exacerbations of COPD; BMI: Body 

mass index.  

A total of 68 measures, with their advantages and disadvantages from the 

perspectives of both stakeholders, were identified. Overall, people with COPD were 

less vocal about measurements, most had no strong opinions on the best measures and 

felt their assessments were well-chosen by their own HCPs. For 25 measures only 

advantages were identified, whilst for 5 only disadvantages were stated. A 

summarised list of the mentioned measures can be found in Table 2 with the full table 

with the views of stakeholder in Appendix C.
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International perspectives on outcome measurement in pulmonary rehabilitation of people 

with COPD 

 

Five themes with perspectives of both stakeholder groups were identified. 

Perspectives were concordant between stakeholder groups and no discrepancies 

related with the geographical area of participants were found. 

 

Theme 1: Core outcomes need to be meaningful to people with COPD and show the 

benefits of PR 

Stakeholders felt outcomes to be included in the COS needed to i) be 

meaningful to people with COPD and related to their daily life, as otherwise the 

intervention could be beneficial but lead to no significant daily difference; and ii) 

show PR benefits and cost-effectiveness, for advocacy and funding purposes.  

It was perceived that core outcomes should help to personalise treatment, 

cover commonly impaired aspects at baseline, be related to prognosis, correspond to 

patients’ goals for PR and be directly connected to the foundations of PR (e.g., 

exercise training). 

 

"(…) like strength is so specific but it doesn’t mean anything to the patient’s life. 

Ability to get off the toilet is what matters to patients, so I think the reason why these 

[outcomes] should be included is because they matter to patients.", Diana, female, 

Physiotherapist 

 

"And I think that it is important to also look to what is relevant for a patient. Like I 

said, for me it is not that important if I can cycle longer on the cycle test, but it is 

important that I have for example more energy and that I can do more without 

getting breathless.", Willow, female, person with COPD 

 

“(…) I think it’s playing a game a little bit, but I think that we do have to use 

outcomes that are going to show that it works, if we are going to talk that rehab is 

beneficial.", Caleb, male, Physiotherapist 
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International perspectives on outcome measurement in pulmonary rehabilitation of people 

with COPD 

Theme 2: Comprehensive assessment and similar outcomes across settings 

Stakeholders felt it was necessary to have a comprehensive assessment 

(multiple and distinct domains) in the COS, as it would allow to have a broad picture 

of the patient’s health and their improvements with PR. Furthermore, they thought 

outcomes should be similar across settings to enable comparisons and provide patients 

with same quality assessment and treatment. 

“(…) given that they [i.e., the set of outcomes] are broad enough, that they try to 

target different aspects of what people with COPD would need, so I would say a 

core outcome set of 3 to 5 [outcomes] would be ideal to be implemented across 

different settings, I feel.", Tobias, male, Psychologist 

"Not only one or two physical variables, but a set of different ones. Of course, each 

person is different so it needs to be adjusted, but I think you should assess all 

dimensions, the physical part, the nutritional part, the psychological part. All of 

those dimensions and variables, but of course in some people some are more 

important than others, but they should always be present.", Elizabeth, female, 

person with COPD 

"The disadvantage [of not assessing the same outcomes in different settings] is that 

the disease is the same so, if one person does one thing and the other does another, 

this treatment was better for who? Me or him/her?", George, male, person with 

COPD 

Theme 3: Balance between optimal and practical measures 

A great concern, for both stakeholder groups, was to include measures 

feasible for all, reasonably priced, short and simple, available in different languages 
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(i.e., questionnaires), patient-friendly and preferably already commonly used by 

clinicians and researchers. Nonetheless, they thought the COS needed to strike the 

right balance between practicality and rigor and should contain psychometrically 

robust and comprehensive measures which reveal patients’ treatable traits. Most 

people also recognised that although the outcomes should ideally be the same for 

different settings, having the same measures would be challenging and adapting them 

to the context/resources might be therefore necessary.  

 

"Minimal equipment, that you don’t have massive requirements on space and things 

like that, or the staffing required to do those tests. In an ideal world, I’m just, 

especially considering I guess the kind of virtual models that we’re having to work 

with at the moment, even something that can be done sort of safely remotely, for 

example, might be quite important.", Lily, female, Researcher 

 

"Not too expensive, yet valid. So that our results are trustworthy, outcomes are 

trustworthy. So, both economical perspective and practical perspective. And user-

friendly. It should not be hard for the patient, it’s one of the most important things.", 

Norah, female, Dietitian 

 

"Now, a hospital or a rehabilitation centre are different. The hospital has one way 

to do things and the conditions are different. In a clinic the conditions are different, 

because sometimes they don't have the machines, the treadmills, other things.", 

Charles, male, person with COPD 

 

Theme 4: A COS is needed to benchmark PR and advance knowledge 

Participants thought the COS was important for benchmarking PR, as this 

would improve the quality of care for people with COPD, by acknowledging centres 

with best practices through audits. Furthermore, the COS was also perceived to 
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advance knowledge in the field, by pooling data and facilitating comparisons across 

studies, producing meta-analysis, defining the optimal PR model, and generating new 

research questions. Participants also vocalised that a COS could help people with 

COPD to navigate through the health system, by transporting their results and 

avoiding repetition of assessments, and facilitating comparisons of their results with 

their peers. 

Clarification why the final outcomes and measures were chosen and 

endorsement by a credible source, such as recognised international societies, were 

perceived as fundamental for COS uptake by both stakeholders. 

Additionally, they thought it should be disseminated locally, nationally, and 

internationally through various means, such as organisations (patients and 

professionals), social media, websites, directly to PR centres and HCPs, industry 

partners and researchers (e.g., publications, scientific meetings). Nevertheless, some 

concerns about having strict rules in outcome measurement were raised, as these could 

hinder personalisation of assessments and PR. 

"There needs to be consistent standards for lung clinics to qualify for doing 

pulmonary rehabilitation. And there needs to be something like a quality assurance 

institution that controls clinics for that.", Simon, male, person with COPD 

"Well, one thing is the metadata to get the bigger picture of how this kind of 

treatment is helping patients. A group of 15 is a too small population for measuring 

or saying something about the outcome. (…) And therefore, a core list of outcomes 

is of course improving the population and the ability for the scientist to actually 

provide good recommendations. (…) And I think it’s a good thing to make this kind 

of core parameters so that people around the world can learn from each other and 

make these kind of treatments and programs the best possible.”, Harrison, male, 

person with COPD 
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"I think the thing that to me makes the biggest impact locally, and I don’t know what 

it’s like in other countries, but if you get societal approval in different countries, and 

it goes into societal or, you know, thoracic societies, respiratory societies, as 

recommended practice, as opposed to just publishing a paper on it, I don’t think the 

publication actually changes the practice, but if then it comes into your national or 

local guidelines, that’s the thing that it will cause people to change.", Caleb, male, 

Physiotherapist 

 

Theme 5: Reluctance to change outcomes/measures used by HCPs and using the COS 

as a maximum set of outcomes might be the pitfalls 

Participants highlighted reluctance to change routine clinical practice by 

HCPs as the most probable barrier for COS uptake. They thought that changing the 

measures and equipment of different centres and countries would be challenging as 

people might refuse to change their practice due to tradition, ownership of choice of 

assessment, lack of knowledge on the advised measures or simply because they would 

not see the advantage of having a minimum standardised set of outcomes. 

Moreover, stakeholders showed concern with the implementation of the COS, 

as some centres could end up viewing the COS as a maximum number of 

measurements, not measuring other important outcomes for specific 

situations/patients. 

 

"‘Hey, I've been in this field for 30 years and I know what the hell I'm doing’. (…) 

And I don't know if that's real or not, but some [professionals] may feel actually 

threatened by it. Like, ‘are we actually delivering the product, we say we're 

delivering?’.", Patrick, male, person with COPD 
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"I mean, you ask for a behaviour change, and we all know how difficult it is to 

induce behaviour change. It’s not different from making people move and that’s very 

challenging so, if they been doing something for years, maybe decades, and a core 

outcome set might ask them to maybe change their practice, so that might be a 

pitfall. Healthcare providers will not be willing to change their practice, and I think 

there the challenge is to find the right communications, to target the right people.", 

Connor, male, Physiotherapist 

"The only thing is, when we have a core outcome set, it should be a minimum, and 

you should be able to do broader assessments and it should not be ‘okay we only 

have to do this’.", Delilah, female, MD 

Discussion 

This study provided important insights into outcome measurement in PR from 

the perspectives of different international stakeholders. It informed the development 

of a COS by defining that the COS should include outcomes that are meaningful to 

patients and show PR benefits, and measures that are feasible for different settings but 

psychometrically robust.  

This study included four continents, and people from different backgrounds, 

hence providing an international picture of which outcomes are meaningful to key PR 

stakeholders, advantages, and disadvantages of using different measures, and 

usefulness and possible pitfalls of the COS.  

The most frequent crucial outcomes identified in this study were exercise 

capacity, dyspnoea and anxiety and depression. It is likely they will end up in the final 

COS since these are also some of the most measured outcomes in PR trials5. This is 

partly in line with a recent expert consensus that advised exercise capacity, dyspnoea, 

quality of life, nutritional status and occupational status as the essential components 

to be assessed in PR22, and with a COS developed for COPD in primary care 
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physiotherapy practices which included exercise capacity, muscle strength, physical 

activity, dyspnoea and quality of life as core outcomes23. However, it is important to 

note that the expert consensus gathered mostly HCP, overlooking patients’ 

perspectives, which is fundamental for the development of a COS. 

Conflicting views were observed regarding the inclusion of lung function, 

muscle strength, physical activity, self-efficacy, anxiety and depression, exercise 

capacity, body mass index and balance. Moreover, some outcomes were not identified 

as crucial by both stakeholder groups (i.e., swallowing function, cognitive function) 

and others were only identified as crucial by one of the stakeholder groups (i.e., coping 

strategies pain, motivation, frailty, oxygen saturation, fat mass, fat free mass and 

phase angle alpha, balance, biomarkers/blood analysis, smoking cessation, energy 

expenditure). These findings highlight the importance of conducting a Delphi survey 

with all key stakeholders to achieve consensus on what should be measured as a 

minimum in PR.  

Furthermore, although it is known that resting lung function remains 

unchanged and is not a goal of PR24,25, stakeholders, particularly patients seem to 

value it as an outcome of PR. This result in combination with the fact that patients 

were less comfortable naming non-crucial outcomes and discussing measures due to 

lack of knowledge, underlines the need of clarifying to patients what is being 

measured with which measure, why and what effects can be expected from PR. In 

fact, studies have highlighted the need to promote health literacy for people with 

COPD, with up to 59% of patients with limited health literacy26,27. 

In the present study no list of outcomes was provided to participants, i.e., they 

had to think about the crucial outcomes for them. Therefore, it is possible that when 

confronted with the outcomes to be scored in a Delphi survey, some outcomes that 

were rarely reported especially by patients (e.g., health-related quality of life) will be 

classified as important. 
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This study also revealed future challenges for the COS uptake. Firstly, the 

choice of the most suitable measure for each outcome will be highly challenging, as 

stakeholders emphasized the COS only to be useful if measures are practical across 

different settings and resources. Hence, it is possible that some gold-standards will 

not be recommended and an additional consensus-method might be needed28 to have 

a balance between quality and feasibility. Furthermore, although advantages and 

disadvantages of measures are displayed in this manuscript and might be useful in the 

future to decide “how to measure” the COS, a systematic review of their measurement 

properties before drawing recommendations is necessary.  

Additionally, due to the importance of the COS for benchmarking PR and 

conducting more robust studies, strategies are needed to minimise the possible 

reluctance of HCPs to change and its misuse as a maximum rather than a minimum 

set of measurements. Strategies such as having the COS advised by a trusted source 

(i.e., internationally recognised respiratory society), advising measures that are 

already commonly used, and explaining the importance of the COS, might be 

important to minimise reluctance to change among HCPs. Although the use of the 

COS as a maximum of measurements for PR cannot be avoided, the number of 

outcomes to be included in the COS should be carefully thought. Five to nine 

outcomes have been advised by COS initiatives in other fields29, but this may need to 

be further discussed for PR, as with too little outcomes the assessment might not be 

comprehensive enough and with too many outcomes, people might not have time to 

assess other relevant aspects for their patients or research. Some of these advantages 

and challenges, such as the COS being useful for meta-analysis, and the difficulty on 

‘how’ to measure once the ‘what’ has been defined, have also been previously 

recognised on a study exploring the uptake of COS in Cochrane systematic reviews30. 

Furthermore, in an era of personalised medicine, the outcomes and measures to be 

included in the COS should not preclude conducting more comprehensive and 
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personalised assessments of people with COPD, nor tailoring PR to each individual’s 

needs.  

This study provided a list of outcomes, that combined with those reported in 

the literature5, will inform a future Delphi survey to achieve consensus on what should 

be measured as a minimum in PR.  

Some limitations need to be acknowledged. The interviews were conducted 

in several languages, and some were translated to English (only forward translation), 

hence it is possible that some cultural inherent expressions and meanings got lost. 

Nonetheless, all translations and English-speaking interviews were conducted by 

English proficient speakers. Similarly to published COS in other areas, Africa and 

Asia were underrepresented in this study31. Additionally, although we had participants 

from the American continent, there was a lack of views from large countries such as 

the United States of America or Argentina. Hence, future research for this COS (i.e., 

Delphi survey), should include people from these continents, as resources and PR 

practices may vary and therefore their perspectives are important to consider. 

Additionally, views of informal carers although previously explored16, could be 

important, but were not included in this study due to difficulties in recruitment. Hence, 

future steps of the COS (e.g., Delphi and consensus meeting) should include these 

participants. 

 

Conclusion 

This study provided important insights into outcome measurement in PR from 

the perspectives of different international stakeholders and provided a list of outcomes 

that combined with outcomes prevenient from the literature will inform a future 

consensus study. Future studies should include informal carers in the process and 

achieve consensus on ‘what’ to measure and ‘how’ to measure in PR. 
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Supplementary materials 

Appendix A – Interview guides, procedures of trustworthiness and research team 

reflexivity 

Table A.1. Interview guide used with people with chronic obstructive pulmonary disease. 

Topics Sub-topics Questions Probes 

Essential 

outcomes 
• Experienced

outcomes of PR

• Positive outcomes

• Negative outcomes

• Outcomes perceived

as most important

Can you share 

outcomes 

(positive or 

negative) you 

perceived during 

or after finishing 

a pulmonary 

rehabilitation 

programme? 

Of all the 

outcomes 

mentioned, can 

you share which 

ones (positive 

and negative) are 

more 

important/crucial 

to you? 

Is there any 

outcome that 

should not be 

- Can you

elaborate further

on that outcome?

- What sort of

effects did you

perceive?

- What outcomes

should always be

measured?

- Why are those

outcomes

important?

- Why are does

outcomes more

important than

others?
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included in the 

core outcome 

set? 

Outcome 

measures 
• Importance of 

measuring outcomes 

• Measurements 

perceived as positive 

• Measurements 

perceived as negative 

• Outcome measures 

perceived as 

important/meaningful 

How do you feel 

about measuring 

those outcomes? 

 

How do you feel 

about the 

outcome 

measures to 

assess those 

outcomes? 

 

Can you share 

which measure 

or measures (test 

or 

questionnaires) 

you consider 

essential for PR? 

 

 

 

Is there any 

measure you 

consider not 

essential to be 

used in PR?  

- Is it meaningful 

to you? Why? 

 

 

- If needed, give 

examples 

(physical tests, 

questionnaires) 

 

 

 

- What does it 

mean to you? 

- Why do you 

consider them 

essential? 

- Can you tell me 

advantages and 

disadvantages of 

using it? 

 

- Why? 
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Different 

settings 
• Outcomes in different

settings

• Outcome measures in

different settings

• Different

recommendations for

different settings

What are your 

thoughts about 

having specific 

outcomes for 

specific settings? 

Is there any 

outcome we did 

not talk before 

that you consider 

essential for a 

specific setting? 

Why? 

What are your 

thoughts about 

having specific 

outcome 

- Give examples of

outcomes talked

before

- Explain settings

(hospital,

community,

home)

- What do you

think of the

relevance of

outcomes

according to each

setting?

- Is there anything

specific for a

setting that you

think we should

pay attention to?

Why?

- What do you

think of the

relevance of

outcome
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measures/tests in 

each setting? 

measures 

according to each 

setting? 

Phenotypes 

and the COS 
• Different outcomes 

for different 

phenotypes of 

patients 

• Different outcome 

measures for 

different phenotypes 

of patients 

What are your 

thoughts about 

measuring 

specific 

outcomes for 

different types of 

patients?  

 

 

 

 

 

 

 

 

What are your 

thoughts about 

having specific 

outcome 

measures (same 

outcome) for 

different types of 

patients? 

- Give examples of 

outcomes talked 

before 

- Explain different 

groups of patients 

(oxygen 

dependent, frail, 

etc) 

- Is there anything 

specific for a type 

of patient that 

you think we 

should pay 

attention to? 

Why? 
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The COS 

itself 
• Advantages of having

a COS

• Enablers to

accomplish a COS

• Disadvantages of

having a COS

• Barriers to

accomplish a COS

• Recommendations

Can you tell me 

any advantage of 

having a core 

outcome set in 

this field? 

Do you see any 

disadvantage of 

having a COS? 

Is there anything 

you can perceive 

as a barrier to 

accomplish this 

COS? 

Is there anything 

that can help this 

COS to be 

successful? 

- Why do you

think that is an

advantage?

- How do you feel

about having a

COS for

pulmonary

rehabilitation and

COPD? Why?

- What?

- Why is that a

disadvantage?

- Rephrase if

needed. What do

you think that can

make this COS

not useful in the

future?

- Why?

- Rephrase if

needed. What do

you think can

make this COS

applicable in the

future?

- Why?
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Is there any other 

recommendation 

you would like to 

give? 

- Is there anything 

else you would 

like to say about 

this topic? 

- Do you have any 

advice for the 

developers? 

 COS: Core outcome set; PR: Pulmonary rehabilitation 

 

Table A.2. Interview guide used with healthcare professionals, researchers and policy makers. 

Topics Sub-topics Questions Probes 

Essential 

outcomes 
• Perceived outcomes 

of PR 

• Positive outcomes 

• Negative outcomes 

• Outcomes perceived 

as most important 

 

Can you share 

outcomes 

(positive and 

negative) of 

pulmonary 

rehabilitation 

experienced by 

patients with 

COPD? 

 

Of all the 

outcomes 

mentioned, can 

you share which 

ones (positive 

and negative) 

are more 

important/crucia

- Can you elaborate 

further on that 

outcome? 

- Did you perceive 

any 

effect/outcome 

that was not 

measured? 

 

 

- What outcomes 

should always be 

measured? 

- Why are those 

outcomes 

important? 

- Why are those 

outcomes more 
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l to you as a

healthcare 

professional/res

earcher/policy 

maker? 

Is there any 

outcome that 

should not be 

included in the 

core outcome 

set? 

important than 

others? 

Outcome 

measures 
• Importance of

measuring outcomes

• Measurements

perceived as positive

• Measurements

perceived as negative

• Outcome measures

perceived as

important/meaningful

How do you feel 

about the 

outcome 

measures used to 

assess those 

outcomes? 

Can you share 

which measure 

or measures (test 

or 

questionnaires) 

you consider 

essential for PR? 

- If needed, give

examples

(physical tests,

questionnaires)

- What does it

mean to you?

- Why do you

consider them

essential?

- Can you tell me

advantages and

disadvantages of

using it?
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Is there any 

measure you 

consider not 

essential to be 

used in PR? 

- Why? 

Different 

settings 
• Outcomes in different 

settings  

• Outcome measures in 

different settings 

• Different 

recommendations for 

different settings 

What are your 

thoughts about 

having specific 

outcomes for 

specific 

settings?  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Is there any 

outcome we did 

not talk before 

that you 

- Give examples of 

outcomes talked 

before 

- Explain settings 

(hospital, 

community, 

home) 

- What do you 

think of the 

relevance of 

outcomes 

according to each 

setting? 

- Is there anything 

specific for a 

setting that you 

think we should 

pay attention to? 

Why? 
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consider 

essential for 

other setting? 

Why? 

What are your 

thoughts about 

having specific 

outcome 

measures/tests 

in each setting? 

- What do you

think of the

relevance of

outcome

measures

according to each

setting?

Phenotypes 

and the COS 
• Different outcomes

for different

phenotypes of patients

• Different outcome

measures for different

phenotypes of patients

What are your 

thoughts about 

having specific 

outcomes for 

different 

phenotypes of 

patients? 

What do you 

think about 

- Give examples of

outcomes talked

before

- Explain different

phenotypes (less

symptomatic,

oxygen

dependent,

different

comorbidities,

etc)

- Is there anything

specific for a type

of patient that you

think we should

pay attention to?

Why?
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having specific 

outcome 

measures (same 

outcome) for 

different 

phenotypes of 

patients? 

The COS 

itself 
• Advantages of having 

a COS 

• Enablers to 

accomplish a COS 

• Disadvantages of 

having a COS 

• Barriers to 

accomplish a COS 

• Recommendations 

Can you tell me 

any advantage of 

having a core 

outcome set in 

this field? 

 

 

 

 

 

Do you see any 

disadvantage of 

having a COS? 

 

Is there anything 

you can perceive 

as a barrier to 

accomplish this 

COS? 

 

 

 

 

- Why do you think 

that is an 

advantage? 

- How do you feel 

about having a 

COS for 

pulmonary 

rehabilitation and 

COPD? Why? 

 

- What?  

- Why is that a 

disadvantage? 

 

- Rephrase if 

needed. What do 

you think can 

make this COS 

not useful in the 

future? 

- Why? 
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Is there anything 

that can help this 

COS to be 

successful? 

Is there any 

other 

recommendatio

n you would like 

to give? 

- Rephrase if

needed. What do

you think can

make this COS

applicable in the

future?

- Why?

- Is there anything

else you would

like to say about

this topic?

- Do you have any

advice for the

developers?

Table A.3. Criteria and procedures used to ensure trustworthiness. 

Criteria Description of the procedures performed 

Credibility Ensured by i) data triangulation – data were collected from different 

stakeholders, different countries, by different researchers and methods 

(e.g., interviews and field notes); ii) researchers triangulation – different 

perspectives on the analysis were discussed and agreed between team 

members; iii) member-checking to test findings with participants. 

Transferability Ensured by describing the study in detail; sampling strategies, 

characteristics of researchers (their role and background), participants and 

contexts of data acquisition as well as all procedures of the analysis. 

Dependability Ensured by having the research process explained, well documented and 

traceable (i.e., records of raw data, field notes, transcripts, memos, 

codebook were kept). 
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Confirmability Ensured by providing participants quotes to confirm researchers’ findings, 

and by ensuring credibility, transferability, and dependability. 

 

Research team and reflexivity 

S.S-M is a PhD student with experience in conducting qualitative studies and 

has been involved in assessment of people with COPD and implementing PR 

programmes for about 6 years. S.S-M conducted the interviews with the HCPs, several 

interviews with people with COPD, transcribed most interviews and first analysed all 

the data. S.S-M is aware of the multiple benefits of PR and has her own general views 

of some outcomes being more important than others but tried to set her experience 

aside and remain neutral. Participants were aware of her motivations to conduct the 

research, but no personal opinions were revealed to the participants. 

A.W.V, R.G. and A.G conducted, transcribed and translated interviews of 

non-English speaking people with COPD. They are experienced researchers and have 

been involved in the design, assessment and implementation of PR programmes. They 

are aware of the several outcomes of the intervention and of their own preferences but 

remained neutral throughout the interviews without disclosing their own perspectives. 

M.A.S. and A.M are experienced researchers with expertise in the field of PR 

and qualitative studies and discussed and refined the analysis and report with S.S-M. 

They too had their own preferences of top outcomes and measures but made an effort 

to remain neutral through the analytical process. 

Appendix B – Crucial, non-crucial outcomes and outcomes healthcare professionals 

were not sure about including in the core outcome set. 
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Table B.1. Outcomes reported by the two stakeholders as crucial, non-crucial, and outcomes 

with discrepant views.  

Crucial outcomes Non-crucial outcomes 

Outcome No. people 

with COPD 

that reported 

outcome 

No. of 

HCP/researchers

/policy makers 

that reported the 

outcome 

Outcome No. 

participants 

that reported 

(only reported 

by 

HCPs/research

e rs/policy 

makers) 

Exercise capacity 6 (35%) 16 (80%) Lung function 9 (45%) 

Dyspnoea 9 (53%) 10 (50%) Handgrip 

strength 

3 (15%) 

Anxiety, distress, 

depression, general 

mood, and disease-

specific fears 

9 (53%) 8 (40%) Physical 

activity 

3 (15%) 

Muscle 

strength/function 

6 (35%) 9 (45%) Cognitive 

function 

3 (15%) 

Functional status 

and ADL 

6 (35%) 9 (45%) Muscle 

strength 

2 (10%) 

Health-related 

quality of life 

1 (6%) 13 (65%) Anxiety and 

depression 

2 (10%) 

Physical activity 2 (11.8%) 10 (50%) Exercise 

capacity 

2 (10%) 

Fatigue/Loss of 

energy 

5 (29.4%) 6 (30%) Respiratory 

muscle 

function 

1 (5%) 

Lung function 6 (35%) 2 (10%) Self-efficacy 1 (5%) 

Social status 5 (29.4%) 3 (15%) Body mass 

index 

1 (5%) 

Knowledge 2 (11.8%) 4 (20%) Balance 1 (5%) 

AECOPD 3 (17.6%) 3 (15%) Swallowing 

function 

1 (5%) 

Sleep 3 (17.6%) 2 (10%) 

Coping strategies N.R 5 (25%) 

Healthcare 

utilisation 

1 (6%) 3 (15%) 

Self-efficacy N.R 3 (15%) 

Pain N.R 2 (10%) 

Cough 1 (6%) 1 (5%) 

Motivation N.R 2 (10%) 

Frailty N.R 2 (10%) 
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Oxygen saturation 2 (11.8%) N.R   

Care dependency 1 (6%) 1 (5%)   

Fat mass, fat free 

mass and phase 

angle alpha 

N.R 2 (10%)   

Balance/Agility 2 (11.8%) N.R   

Body mass index N.R 1 (5%)   

Energy 

expenditure 

N.R 1 (5%)   

Smoking cessation 1 (6%) N.R   

Biomarkers/blood 

analysis 

1 (6%) N.R   

N.R.: Not reported.
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 m
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 b
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v
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 d
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 t
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p
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 f
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 c
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b
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 b
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 m
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b
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 p
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b
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h
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 b
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 f
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b
en

ef
it

s 
o

f 
p

u
lm

o
n

ar
y

 
re

h
ab

 
in

 
th

is
 

g
ro

u
p

. 
S

o
 t

h
at

 h
as

 t
o

 b
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 c
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 c
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 d
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b
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 c
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p
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p
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w
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 p
eo

p
le

w
it

h
 C

O
P

D

•
4

5
%

H
C

P
/r

es
ea

rc

h
er

s/
p
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 b
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b
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P
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 p
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 f
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b
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 b
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h
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 b
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 b
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 m
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b
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 m
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 p
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p
er

h
ap

s 
o

th
er

 
as

p
ec

ts
, 

fo
r 

ex
am

p
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b
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 p
o

w
er

 i
s 

co
m

in
g
 

m
o

re
 a

n
d

 m
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b
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p
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 l
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 b

e 
as

se
ss

in
g

 (
…

) 
I 

d
o

n
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 p
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 d
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 c
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 m
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at
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p
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p
ro

g
re

ss
 

m
ad

e 

th
ro

u
g
h

 r
eh

ab
il

it
at

io
n

."
 

F
u

n
ct

io
n

a
l 

st
a

tu
s/

A
D

L
 

1
5
 

•
 

3
5

%
 p
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p
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 b
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h
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 t
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v
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b
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 t
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 m
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b
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p
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 d
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 c
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 b
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 C
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 d
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 p
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 b
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 p
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 l
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m
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h
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 m
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p
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w
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p
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p
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P
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 t
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 t
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lo
o

k
 a

t 
th

e 
ev

id
en

ce
 a

n
d

 s
ee

 w
h

ic
h

 o
n

e 
h

as
 m

o
re

 v
al

id
it

y
 a

n
d
 r

el
ia

b
il

it
y

 

b
u

t 
sh

o
u

ld
 m

ea
su

re
 s

el
f-

ef
fi

ca
cy

 f
o

r 
su

re
. 
A

n
d

 s
el

f-
ef

fi
ca

cy
 h

as
 b

ec
o

m
e 

so
 m

u
ch

 m
o

re
 i
m

p
o

rt
an

t 
w

it
h

 t
el

e
-r

eh
ab

 b
ec

au
se

, 
y
o

u
 k

n
o

w
, i

t 
g

iv
es

 y
o
u

 

an
 i

d
ea

 o
f 

h
o

w
 m

u
ch

 t
h

ey
 c

an
 d

o
 a

t 
h
o

m
e.

”
 

D
ia

n
a,

 
5

4
y
o

, 

P
h

y
si

o
th

er
ap

is
t 

P
a

in
 

2
 

•
 

N
o

t 
re

p
o

rt
ed

 

b
y

 p
eo

p
le

 

w
it

h
 C

O
P

D
 

•
 

1
0

%
 

H
C

P
/r

es
ea

rc

h
er

s/
p

o
li

cy
 

m
ak

er
s 

C
o

m
m

o
n

 

sy
m

p
to

m
, 

im
p

o
rt

an
t 

fo
r 

p
at

ie
n

ts
, 

im
p

ro
v

es
 

w
it

h
 

P
R

 

"W
h

ic
h

 
I 

th
in

k
 

is
 

al
so

 
re

al
ly

 
im

p
o

rt
an

t,
 

b
u

t 
n
o

t 
so

m
et

h
in

g
 

th
at

 
is

 

ro
u

ti
n

el
y

 m
ea

su
re

d
 i
n

 m
an

y
 p

u
lm

o
n

ar
y

 r
eh

ab
 p

ro
g
ra

m
m

es
, i

s 
th

in
g

s 
li

k
e 

fa
ti

g
u

e,
 

sl
ee

p
 

an
d
 

p
ai

n
 

(…
) 

S
o

 
th

es
e 

ar
e 

sy
m

p
to

m
s 

th
at

 
ar

e 
v

er
y
 

co
m

m
o

n
, 

h
av

e 
m

aj
o
r 

af
fe

ct
s 

b
u

t 
ag

ai
n

 u
n
d

er
te

st
ed

 a
n

d
 u

n
d

er
d

ia
g

n
o

se
d
 

as
 w

el
l.

 (
..

.)
 A

n
d
 t

h
ey

 a
re

 r
ea

ll
y

 v
al

u
ab

le
 i

n
 t

er
m

s 
o
f 

m
ea

su
ri

n
g

 t
h

e 

th
in

g
s 

th
at

 a
re

 r
ea

ll
y

 i
m

p
o

rt
an

t 
to

 p
at

ie
n

ts
."

 

V
ic

to
ri

a,
 4

9
y
o

, 

N
u

rs
e 

"I
t's

 a
 p

h
y

si
ca

l 
w

el
l-

b
ei

n
g

, 
th

e 
p

er
so

n
 f

ee
ls

 w
el

l 
p

h
y

si
ca

ll
y

, 
n

o
t 

h
av

in
g
 

p
ai

n
 f

o
r 

ex
am

p
le

 i
n
 t

h
e 

b
ac

k
. 

It
's

 a
 v

er
y
 t

y
p

ic
al

 t
h

in
g
 i

n
 p

eo
p

le
 o

f 
m

y
 

ag
e,

 i
sn

't 
it

? 
A

n
d

 b
ei

n
g

 a
 w

h
o

le
 d

ay
 w

o
rk

in
g

 w
it

h
o

u
t 

b
ac

k
 p

ai
n

 o
r 

v
er

y
 

re
si

d
u

al
 o

n
e,

 t
h

at
's

 v
er

y
 i

m
p

o
rt

an
t 

ri
g

h
t?

" 

E
li

za
b

et
h

, 

fe
m

al
e,

 
7

1
y
o

, 

p
er

so
n

 
w

it
h
 

C
O

P
D

 

C
o

u
g

h
 

2
 

•
 

6
%

 p
eo

p
le

 

w
it

h
 C

O
P

D
 

•
 

5
%

 

H
C

P
/r

es
ea

rc

Im
p

o
rt

an
t,

 

em
b

ar
ra

ss
in

g
 

sy
m

p
to

m
, 

im
p

ro
v

es
 

w
it

h
 

P
R

 

"W
el

l,
 I

 t
h

in
k

 s
o

, 
b

ec
au

se
 f

o
r 

so
m

e 
p

at
ie

n
ts

 t
h

at
’s

 m
o

re
 r

el
ev

an
t,

 f
o

r 

o
th

er
s 

m
ay

 b
e 

le
ss

, 
b

u
t 

o
n

e 
sh

o
u

ld
 a

ss
es

s 
it

, 
an

d
 i

f 
it

’s
 a

 m
aj

o
r 

p
ro

b
le

m
 

th
ey

 s
h

o
u

ld
 g

et
 i
n

 c
o
n

ta
ct

 w
it

h
 t
ec

h
n

iq
u

es
 f

o
r 

ex
am

p
le

 t
h

at
 r

el
ie

f 
co

u
g

h
, 

so
, 
th

ey
 c

o
u

ld
 l

ea
rn

 t
o

 c
o
u

g
h
 m

o
re

 e
ff

ic
ie

n
tl

y
, 
fo

r 
ex

am
p

le
. 
(.

..
) 

b
ec

au
se

 

I 
th

in
k

 f
o
r 

so
m

e 
p

at
ie

n
ts

 i
t’

s 
re

le
v

an
t,

 t
h

ey
 d

o
n

’t
 l

ik
e 

th
is

 u
rg

e 
to

 c
o

u
g
h
 

in
 p

u
b

li
c.

" 

A
n

th
o

n
y

, 

4
6

y
o

, 

P
sy

ch
o

lo
g

is
t 

298



In
te

rn
at

io
n

al
 p
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sp
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v
es

 o
n

 o
u

tc
o

m
e 

m
ea

su
re

m
en

t 
in

 p
u

lm
o

n
ar

y
 r

eh
ab

il
it

at
io

n
 o

f 
p
eo

p
le

 w
it

h
 C

O
P

D
 

h
er

s/
p

o
li

cy
 

m
ak

er
s 

"[
it

's
 i
m

p
o

rt
an

t]
 b

ec
au

se
 i
t 
h

o
ld

s 
y

o
u

 t
o

 b
re

at
h

e,
 y

o
u

 n
ee

d
 t
o

 c
o

n
tr

o
l 
y
o

u
r 

b
re

at
h

in
g
 
an

d
 
y
o

u
 
n

ee
d
 
to

 
co

u
g

h
 
u
p

 
w

h
en

 
y

o
u
 
ca

n
. 

A
n
d

 
th

en
, 

th
e 

ex
er

ci
se

s,
 t
h

e 
b

re
at

h
in

g
 e

x
er

ci
se

s 
h

el
p

 y
o

u
 w

it
h

 t
h

e 
co

n
tr

o
l 
o

f 
th

at
 r

ea
ll

y
, 

y
o

u
 k

n
o

w
, 
I 

ca
n

’t
 r

ea
ll

y
 e

x
p

la
in

 i
t.

" 

G
ra

ce
, 

fe
m

al
e,

 

7
1

y
o

, 
p

er
so

n
 

w
it

h
 C

O
P

D
 

M
o

ti
v

a
ti

o
n

 
2

 

•
N

o
t 

re
p

o
rt

ed

b
y

 p
eo

p
le

w
it

h
 C

O
P

D

•
1

0
%

H
C

P
/r

es
ea

rc

h
er

s/
p

o
li

cy

m
ak

er
s

Im
p

o
rt

an
t 

to
 

ta
il

o
r 

P
R

 
to

 

th
o

se
 

le
ss

 

m
o

ti
v

at
ed

, 

m
ig

h
t 

b
e 

im
p

ro
v

ed
 

w
it

h
 

P
R

 

“I
 p

er
so

n
al

ly
, 

I 
th

in
k

 i
t 

m
ig

h
t 

b
e 

g
o

o
d

 t
o

 h
av

e 
so

m
e 

so
rt

 o
f 

m
o

ti
v

at
io

n
 

m
ea

su
re

 s
o

 y
o
u

 c
an

 t
ar

g
et

 t
h

o
se

 w
h

o
 h

av
e 

lo
w

 m
o

ti
v

at
io

n
.”

 

E
m

m
a,

 
5

7
y
o

, 

N
u

rs
e 

“I
t’

s 
v

er
y
 i
n

te
rr

el
at

ed
 w

it
h
 t
h

e 
p

h
y

si
ca

l 
si

d
e,

 p
ar

ti
cu

la
rl

y
 w

it
h
 a

n
x

ie
ty

 a
s 

w
el

l,
 b

u
t 
th

at
 k

in
d

 o
f,

 p
eo

p
le

 t
al

k
 a

b
o

u
t 
im

p
ro

v
em

en
ts

 i
n
 m

o
ti

v
at

io
n

 (
..
.)

 

an
d

 I
 g

u
es

s 
so

m
e 

o
f 

th
at

 i
s 

w
it

h
 h

o
w

 p
u

lm
o

n
ar

y
 r

eh
ab

il
it

at
io

n
 c

an
 

so
m

et
im

es
 c

h
al

le
n

g
e 

p
eo

p
le

’s
 p

er
ce

p
ti

o
n

s 
o

f 
w

h
at

 t
h

ey
 c

an
 s

af
el

y
 d

o
, 

so
, 

th
o

se
 a

re
 s

o
m

e 
o
f 

th
e 

b
ig

 t
h

in
g

s.
”
 

L
il

y
, 

2
8

y
o

, 

R
es

ea
rc

h
er

 

F
ra

il
ty

 
2

 

•
N

o
t 

re
p

o
rt

ed

b
y

 p
eo

p
le

w
it

h
 C

O
P

D

•
1

0
%

H
C

P
/r

es
ea

rc

h
er

s/
p

o
li

cy

m
ak

er
s

It
's

 
re

la
te

d
 

to
 

o
th

er
 

im
p

o
rt

an
t 

o
u

tc
o

m
es

, 
it

 

ac
k

n
o

w
le

d
g

es
 

o
th

er
 

co
m

o
rb

id
it

ie
s 

" 
I 

th
in

k
, 
b

ec
au

se
 f

ra
il

ty
, 
if

 y
o
u
 c

an
 m

ea
su

re
 f

ra
il

ty
 a

n
d

 y
o

u
 c

an
 i
m

p
ro

v
e 

fr
ai

lt
y

, 
fr

ai
lt

y
 

co
rr

el
at

es
 

w
it

h
 

so
 

m
an

y
 

o
th

er
 

th
in

g
s 

li
k

e 
h

o
sp

it
al

 

ad
m

is
si

o
n

, 
q

u
al

it
y

 o
f 

li
fe

, 
m

o
rt

al
it

y
, 

co
m

o
rb

id
it

ie
s,

 e
tc

. 
If

 w
e 

ca
n

 s
h

o
w

 

th
at

 w
e’

re
 i

m
p

ro
v

in
g

 t
h

ei
r 

fr
ai

lt
y

, 
th

en
 w

e’
re

 a
ct

u
al

ly
 t

ic
k

in
g

 a
 l

o
t 

o
f 

b
o

x
es

."
 

E
m

m
a,

 
5

7
y
o

, 

N
u

rs
e 

"I
 g

u
es

s 
o
n

e 
o
f 

th
e 

th
in

g
s 

th
at

 I
’m

 c
o

n
sc

io
u

s 
o

f 
is

 a
lt

h
o

u
g

h
 w

e’
re

, 

so
m

et
im

es
 w

e’
re

 d
o

in
g
 s

tu
d

ie
s 

an
d

 w
e’

re
 r

ec
ru

it
in

g
 p

eo
p

le
 b

ec
au

se
 t
h

ey
 

h
av

e 
C

O
P

D
, 

th
ey

 w
il

l 
o

ft
en

 h
av

e 
m

u
lt

ip
le

 o
th

er
 c

o
n
d

it
io

n
s 

th
at

 t
h

ey
’r

e 

li
v

in
g

 
w

it
h

, 
an

d
 

so
m

et
im

es
 

w
h

at
’s

 
th

e 
m

o
st

 
im

p
o

rt
an

t 
to

 
u

s 
as

 
a
 

re
se

ar
ch

er
s 

is
 t

h
ei

r 
C

O
P

D
, 

b
u
t 

ac
tu

al
ly

 f
o

r 
th

em
 i

t’
s 

k
in

d
 o

f 
‘I

’m
 n

o
w

 

g
o

in
g
 t

o
 p

u
lm

o
n

ar
y
 r

eh
ab

il
it

at
io

n
’ 

y
es

 i
t 

h
el

p
s 

w
it

h
 t

h
ei

r 
C

O
P

D
 b

u
t 

it
’s

 

al
so

 
h

el
p

in
g
 
w

it
h

 
th

ei
r 

b
ro

ad
er

 
p

ic
tu

re
 
o
f 

th
ei

r 
h

ea
lt

h
, 

an
d

 
n
o

t 
th

e 

co
n

d
it

io
n

s 
th

at
 t

h
ey

’r
e 

li
v

in
g

 w
it

h
. 

S
o

, 
an

d
 t

h
at

’s
 w

h
y
 I

 t
h

in
k

 f
ra

il
ty

 i
s 

p
ar

ti
cu

la
rl

y
 u

se
fu

l 
as

 a
 k

in
d

 o
f 

a 
g

lo
b

al
 m

ea
su

re
 o

f 
h

ea
lt

h
 r

eg
ar

d
le

ss
 o

f 

d
ia

g
n

o
si

s 
an

d
 a

ls
o

, 
I 

g
u

es
s 

b
ec

au
se

 a
 l

o
t 

o
f,

 y
o

u
 k

n
o

w
 i

n
 s

o
m

e 
o

f 
o

u
r 

m
ea

su
re

s,
 I

 t
h

in
k

 w
it

h
 s

o
m

e 
o

f 
th

e 
p

h
y

si
ca

l 
m

ea
su

re
s 

th
at

 w
e 

d
o

, 
o

r 

so
m

e 
o

f 
th

e 
q

u
al

it
y

 m
ea

su
re

s 
th

at
 w

e 
h

av
e 

fo
r 

p
eo

p
le

 w
it

h
 C

O
P

D
, 

ar
e
 

q
u

it
e 

ti
ed

 u
p
 i

n
 t

h
ei

r 
ex

p
er

ie
n
ce

 o
f 

b
re

at
h

le
ss

n
es

s 
an

d
 t

h
ei

r 
ex

p
er

ie
n

ce
 

w
it

h
 t

h
ei

r 
re

sp
ir

at
o

ry
 c

o
n

d
it

io
n

 w
h

ic
h
 i

s 
v

er
y

 i
m

p
o

rt
an

t,
 b

u
t 

I 
th

in
k
 

L
il

y
, 

2
8

y
o

, 

R
es

ea
rc

h
er
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te

rn
at

io
n

al
 p

er
sp

ec
ti

v
es

 o
n

 o
u

tc
o

m
e 

m
ea

su
re

m
en

t 
in

 p
u

lm
o

n
ar

y
 r

eh
ab

il
it

at
io

n
 o

f 
p
eo

p
le

 w
it

h
 C

O
P

D
 

 

m
ea

su
re

s 
li

k
e 

fr
ai

lt
y

 k
in

d
 o

f 
ac

k
n

o
w

le
d

g
e 

th
e 

g
lo

b
al

 i
m

p
ac

t 
o

f 
m

u
lt

ip
le

 

h
ea

lt
h

 c
o

n
d

it
io

n
s 

th
at

 t
h

ey
 m

ay
 l

ik
el

y
 b

e 
li

v
in

g
 w

it
h

."
 

O
x

y
g

en
 

sa
tu

ra
ti

o
n

 

2
 

•
 

1
2

%
 p

eo
p

le
 

w
it

h
 C

O
P

D
 

•
 

N
o

t 
re

p
o

rt
ed

 

b
y

 

H
C

P
/r

es
ea

rc

h
er

s/
p

o
li

cy
 

m
ak

er
s 

It
’s

 
n

o
t 

v
is

ib
le

/f
el

t,
 

m
ig

h
t 

h
in

d
er

 

in
d

ep
en

d
en

cy
 

“W
el

l 
b

ec
au

se
 t

h
es

e 
th

in
g

s 
ar

e 
n

o
t 

v
is

ib
le

, 
y

o
u

 c
an

’t
 s

ee
 i

t 
if

 s
o

m
et

h
in

g
 

is
 w

ro
n

g
, 

an
d
 i

t 
is

 a
ls

o
 i

m
p

o
rt

an
t.

 F
o

r 
ex

am
p

le
, 

I 
k

n
o

w
 t

h
at

 I
 h

av
e 

an
 

im
p

ai
re

d
 e

n
d
u

ra
n

ce
 a

n
d

 a
ls

o
 m

y
 s

tr
en

g
th

 i
s 

d
ec

re
as

ed
. 

I 
k

n
o

w
 t

h
at

 

b
ec

au
se

 I
 n

o
ti

ce
 t

h
at

 i
n

 d
ai

ly
 l

if
e,

 b
u

t 
I 

d
o

n
’t

 k
n
o

w
 i

f 
m

y
 s

at
u

ra
ti

o
n

 i
s 

lo
w

. 
S

o
, 

it
 i

s 
al

so
 i

m
p

o
rt

an
t 

to
 m

ea
su

re
 t

h
es

e 
o

u
tc

o
m

es
.”

 

K
ev

in
, 

m
al

e,
 

6
3

y
o

, 
p

er
so

n
 

w
it

h
 C

O
P

D
 

“I
t’

s 
th

e 
o

x
y

g
en

 s
at

u
ra

ti
o
n

 t
h

at
 h

as
 b

ee
n

 i
m

p
o

rt
an

t 
to

 m
e.

 I
 l

o
st

 m
y

 

d
ri

v
er

’s
 l

ic
en

se
 d

u
e 

to
 l

o
w

 o
x

y
g

en
 s

at
u

ra
ti

o
n

. 
S

o
 t

h
at

 i
s 

im
p

o
rt

an
t 

to
 

n
o

ti
ce

.”
 

T
h
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a,
 

fe
m

al
e,

 
7

3
y
o

, 

p
er

so
n

 
w

it
h
 

C
O

P
D

 

C
a

re
 d

ep
en

d
en

cy
 

2
 

•
 

6
%

 p
eo

p
le

 

w
it

h
 C

O
P

D
 

•
 

5
%

 

H
C

P
/r

es
ea

rc

h
er

s/
p

o
li

cy
 

m
ak

er
s 

It
 

af
fe

ct
s 

o
th

er
 

o
u

tc
o

m
es

 
an

d
 

im
p
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an
t.

 F
o
r 

ex
am

p
le

, 

I 
k

n
o

w
 
th

at
 
I 

h
av

e 
an

 
im

p
ai

re
d

 
en

d
u

ra
n

ce
 
an

d
 
al

so
 
m

y
 s

tr
en

g
th

 
is

 

d
ec

re
as

ed
. 

I 
k

n
o

w
 t

h
at

 b
ec

au
se

 I
 n

o
ti

ce
 t

h
a
t 

in
 d

ai
ly

 l
if

e,
 b

u
t 

I 
d
o

n
’t

 

k
n

o
w

 i
f 

m
y
, 

fo
r 

ex
am

p
le

 c
h
o

le
st

er
o

l 
le

v
el

 i
s 

to
o

 h
ig

h
. 

S
o

, 
it

 i
s 

al
so

 

im
p

o
rt

an
t 

to
 m

ea
su

re
 t

h
es

e 
o
u
tc

o
m

es
."

 

K
ev

in
, 

m
al

e,
 

6
3

y
o

, 
p

er
so

n
 

w
it

h
 C

O
P

D
 

 

T
a
b

le
 B

.3
. 

N
o
n

-c
ru

ci
al

 o
u

tc
o

m
es

 f
ro

m
 t

h
e 

p
er

sp
ec

ti
v
es

 o
f 

h
ea

lt
h
ca

re
 p

ro
fe

ss
io

n
al

s/
re

se
ar

ch
er

s/
p
o
li

cy
 m

ak
er

s.
 

O
u

tc
o

m
es

 
N

u
m

b
er

 
o

f 

ti
m

es
 r

ep
o

rt
ed

 

S
u

m
m

a
ry

 
o

f 

re
a

so
n

s 
g

iv
en

 

C
it

a
ti

o
n

s 
S

p
ea

k
er

 

L
u

n
g

 f
u

n
ct

io
n

 
9

 (
4

5
%

) 
It

's
 n

o
t 

an
 a

im
 o

f 

P
R

, 
it

 
d

o
es

 
n

o
t 

ch
an

g
e 

w
it

h
 P

R
, 

w
e 

m
ig

h
t 

g
iv

e 

fa
ls

e 

ex
p

ec
ta

ti
o

n
s 

to
 

p
at

ie
n

ts
 

b
y

 

m
ea

su
ri

n
g

 i
t 

"I
 t

h
in

k
 t

h
at

 m
ea

su
ri

n
g
 l

u
n
g

 f
u

n
ct

io
n
 a

ft
er

 r
eh

ab
 i

s 
n
o

t 
v

er
y
 u

se
fu

l.
 (

..
.)

 

w
el

l,
 

w
e 

ar
e 

n
o

t 
ta

rg
et

in
g

, 
p

u
lm

o
n

ar
y

 
re

h
ab

il
it

at
io

n
 

is
 

n
o

t 
u

su
al

ly
 

im
p

ro
v

in
g

 
lu

n
g

 
fu

n
ct

io
n

, 
o

f 
co

u
rs

e 
w

h
en

 
p

eo
p

le
 
ar

e 
m

ed
ic

a
ll

y
 
n

o
t 

o
p

ti
m

al
ly

 
tr

ea
te

d
, 

th
en

 
y

o
u
 
o

p
ti

m
iz

e 
th

ei
r 

m
ed

ic
al

 
tr

ea
tm

en
t 

d
u

ri
n

g
 

p
u

lm
o

n
ar

y
 r

eh
ab

, 
y
o

u
 c

an
 h

av
e 

an
 i
n

fl
u

en
ce

. 
B

u
t 
p

u
lm

o
n

ar
y

 r
eh

ab
 i
s 

n
o

t 

u
su

al
ly

 f
o

cu
se

d
 o

n
 i

m
p

ro
v

in
g
 l
u

n
g

 f
u

n
ct

io
n
. 
S

o
, 
I 

th
in

k
 t

h
at

’s
 a

 m
ea

su
re

 

th
at

 i
s 

n
o

t 
so

 r
el

ev
an

t 
af

te
rw

ar
d

s.
" 

D
el

il
ah

, 
4

1
y

o
, 

M
D

 

"N
o

, 
b

ec
au

se
 I

 t
h

in
k

 t
h

at
 p

u
lm

o
n

ar
y

 r
eh

ab
 d

o
es

n
’t

 a
im

 t
o

 c
h

an
g

e 
an

d
 

p
ro

b
ab

ly
 d

o
es

n
’t

 c
h

an
g

e 
p

u
lm

o
n

ar
y

 f
u

n
ct

io
n

 a
n
d

 I
 t

h
in

k
 t

h
at

 p
at

ie
n

ts
, 

I 

S
ar

ah
, 

3
6

y
o

, 

P
h

y
si

o
th

er
ap

is
t 
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In
te

rn
at

io
n

al
 p

er
sp

ec
ti

v
es

 o
n

 o
u

tc
o

m
e 

m
ea

su
re

m
en

t 
in

 p
u

lm
o

n
ar

y
 r

eh
ab

il
it

at
io

n
 o

f 
p
eo

p
le

 w
it

h
 C

O
P

D
 

th
in

k
 w

e 
co

n
fu

se
 p

at
ie

n
ts

 i
n

 t
er

m
s 

o
f 

th
ei

r 
ex

p
ec

ta
ti

o
n

s.
 S

o
 I

 d
o

n
’t

 t
h

in
k
 

fo
cu

si
n

g
 o

n
 l

u
n
g

 f
u

n
ct

io
n

 i
s 

m
u

ch
 u

se
fu

l.
" 

H
a

n
d

g
ri

p
 s

tr
e
n

g
th

 
3

 (
1

5
%

) 
It

 d
o

es
n

't 
ch

an
g

e 

w
it

h
 P

R
, 

it
's

 n
o

t 

an
 

ai
m

 
o

f 
th

e 

in
te

rv
en

ti
o

n
, 

it
's

 

m
o

re
 

im
p

o
rt

an
t 

to
 

k
n

o
w

 
th

e 

fu
n

ct
io

n
al

 

ac
ti

v
it

ie
s 

th
ey

 

ca
n

('
t)

 d
o

. 

"(
..

.)
 
h

an
d
g

ri
p

 
st

re
n
g

th
 
as

 
an

 
o

u
tc

o
m

e 
I 

th
in

k
 
it

’s
 
a 

b
it

 
u

se
le

ss
 
fo

r 

re
h

ab
il

it
at

io
n

 b
ec

au
se

 w
e 

ar
e 

n
o

t 
ta

rg
et

in
g

 t
o

 c
h

an
g

e 
it

 a
n
d

 c
o

u
ld

 b
e 

in
te

re
st

in
g

 i
n

 g
en

er
al

, 
as

 a
 g

en
er

al
 s

cr
ee

n
in

g
 f

o
r 

p
eo

p
le

 t
o

 l
o

o
k

 a
t 
g

en
er

al
 

w
ea

k
n

es
s 

b
u

t 
is

 w
ay

 n
o

t 
sp

ec
if

ic
 e

n
o

u
g
h

 t
o

 u
se

 a
s 

a 
ta

rg
et

ed
 o

u
tc

o
m

e 

fo
r 

re
h

ab
il

it
at

io
n
 s

o
, 

I 
th

in
k

 i
t’

s 
to

ta
ll

y
 u

se
le

ss
 t

o
 u

se
 a

s 
a 

fo
ll

o
w

-u
p
 

m
ea

su
re

."
 

C
o

n
n

o
r,

 
4

0
y
o

, 

P
h

y
si

o
th

er
ap

is
t 

"I
 d

o
n

’t
’ 

ca
re

 s
o

 m
u

ch
 a

b
o

u
t 

st
re

n
g

th
 i

ts
el

f,
 l

ik
e,

 I
 d

o
n
’t

 c
ar

e 
ab

o
u

t 

h
an

d
g
ri

p
 m

ea
su

re
, 

I 
d

o
n
’t

 t
h

in
k

 w
e 

sh
o

u
ld

 h
av

e 
h

an
d

g
ri

p
 a

s 
p

ar
t 

o
f 

o
u

r 

co
re

 s
et

, 
b

ec
au

se
 i

t’
s 

n
o

t 
re

al
ly

 a
b
o

u
t 

th
e 

h
an

d
g
ri

p
 b

u
t 

is
 a

b
o

u
t 

w
h

et
h

er
 

th
ey

 c
an

 f
u

n
ct

io
n
 a

n
d
 m

o
v

e 
ar

o
u

n
d
 s

o
ci

et
y

 a
n

d
 d

o
 t

h
ei

r 
ex

er
ci

se
 a

n
d

 s
o
 

o
n

. 
(.

..
) 

w
e 

ju
st

 
d

id
 

a 
sy

st
em

at
ic

 
re

v
ie

w
 

ab
o
u

t 
h

an
d

g
ri

p
 

an
d

 
it

 
is

 

p
re

d
ic

ta
b

le
 o

f 
su

rv
iv

al
, 
it

 i
s 

re
la

te
d

 t
o

 e
x

er
ci

se
 c

ap
ac

it
y

, 
b
u

t 
I 

d
o

n
’t

 t
h

in
k
 

w
e 

sh
o

u
ld

 b
e 

m
ea

su
ri

n
g

 i
t 
in

st
ea

d
 o

f 
th

e 
o

th
er

 m
ea

su
re

s,
 b

ec
au

se
 t
h

er
e’

s 

to
o

 m
an

y
 c

o
n

fo
u

n
d

er
s.

 S
o

, 
th

at
’s

 a
n

o
th

er
 o

n
e 

th
at

 I
 w

o
u

ld
 p

u
t 

o
n

 s
h

o
u

ld
 

n
o

t 
m

ea
su

re
, 

is
 h

an
d

g
ri

p
."

 

D
ia

n
a,

 
5

4
y
o

, 

P
h

y
si

o
th

er
ap

is
t 

P
h

y
si

ca
l 

a
ct

iv
it

y
 

3
 (

1
5

%
) 

It
's

 
d

if
fi

cu
lt

 
to

 

m
ea

su
re

 
in

 
a 

re
li

ab
le

 w
ay

 t
h

at
 

is
 

fe
as

ib
le

, 
P

R
 

d
o

es
n

't 
al

w
ay

s 

im
p

ro
v

e 
it

 

"B
ec

au
se

 w
e 

k
n

o
w

 s
el

f-
re

p
o
rt

ed
 p

h
y

si
ca

l 
ac

ti
v

it
y

 i
sn

’t
 t

h
at

 a
cc

u
ra

te
 

an
y

w
ay

. 
A

n
d

 w
e 

al
so

 k
n

o
w

 p
u

lm
o

n
ar

y
 r

eh
ab

 d
o

es
n
’t

 a
lw

ay
s 

re
su

lt
 i

n
 a

 

b
eh

av
io

u
r 

ch
an

g
e 

an
d

 i
m

p
ro

v
ed

 p
h
y

si
ca

l 
ac

ti
v

it
y

. 
S

o
 i

f 
I 

w
as

 g
o

in
g

 t
o

 

g
et

 r
id

 o
f 

o
n

e 
I 

w
o

u
ld

 g
et

 r
id

 o
f 

th
at

. 
If

 y
o

u
 h

a
v

e 
an

 o
b

je
ct

iv
e 

m
ea

su
re

 

o
f 

p
h

y
si

ca
l 

ac
ti

v
it

y
, 

an
d

 t
h

er
e’

s 
m

an
y

, 
to

 g
iv

e 
p

eo
p

le
 a

ct
iv

it
y

 m
o

n
it

o
rs

 

it
 w

o
u

ld
 b

e 
g

re
at

, 
b
u

t 
w

e 
d

o
n

’t
 h

av
e 

th
at

 f
o

r 
su

re
."

 

S
ar

ah
, 

3
6

y
o

, 

P
h

y
si

o
th

er
ap

is
t 

"I
 m

ig
h

t 
so

u
n

d
 c

o
n

tr
o

v
er

si
al

, 
I 

d
o

n
’t

 t
h

in
k

 p
h

y
si

ca
l 

ac
ti

v
it

y
 s

h
o

u
ld

 b
e 

in
 

th
er

e,
 i

n
 m

y
 o

p
in

io
n

. 
(…

) 
b

ec
au

se
 I

 t
h

in
k

 t
h

at
 t

o
 d

o
 i

t 
p

ro
p

er
ly

, 
to

 d
o
 i

t 

ju
st

ic
e,

 y
o

u
 n

ee
d
 t

h
e 

eq
u

ip
m

en
t 

an
d
 t

h
e 

ac
ce

ss
 a

n
d

 t
h

e 
te

ch
n

o
lo

g
y
, 

an
d
 

th
at

’s
 j

u
st

 s
u

ch
 a

 p
ra

ct
ic

al
 c

h
al

le
n

g
e 

fo
r 

a 
lo

t 
o

f 
p

la
ce

s,
 a

n
d

 t
h
e 

ev
id

en
ce

 

is
n

’t
 e

v
en

 v
er

y
 s

tr
o

n
g

 t
h

at
 w

e 
af

fe
ct

 i
t 

th
ro

u
g

h
 p

u
lm

o
n

ar
y

 r
eh

ab
."

 

C
al

eb
, 

4
0

y
o

, 

P
h

y
si

o
th

er
ap

is
t 

C
o

g
n

it
iv

e 
fu

n
ct

io
n

 
3

 (
1

5
%

) 
S

in
ce

 
n

o
t 

al
l 

p
at

ie
n

ts
 

h
av

e 

p
ro

b
le

m
s 

it
's

 

"A
g

ai
n

 t
h

is
 i

s 
p

er
so

n
al

, 
co

g
n

it
io

n
, 

b
al

an
ce

, 
th

o
se

 s
o

rt
 o

f 
ar

ea
s,

 I
 d

o
n

’t
 

th
in

k
 

th
ey

 
ar

e,
 

o
r 

th
e 

o
u

tc
o
m

e 
m

ea
su

re
s 

re
la

te
d
 

to
 

th
em

, 
th

at
 

ar
e 

im
p

o
rt

an
t 

en
o

u
g

h
 t

o
 d

o
 f

o
r 

ev
er

y
o

n
e.

 I
 t

h
in

k
 t

h
at

’s
 t

h
e 

so
rt

 o
f 

th
in

g
s 

th
at

 

C
al

eb
, 

4
0

y
o

, 

P
h

y
si

o
th

er
ap

is
t 
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In
te

rn
at

io
n

al
 p

er
sp

ec
ti

v
es

 o
n

 o
u

tc
o

m
e 

m
ea

su
re

m
en

t 
in

 p
u

lm
o

n
ar

y
 r

eh
ab

il
it

at
io

n
 o

f 
p
eo

p
le

 w
it

h
 C

O
P

D
 

 

o
n

ly
 

g
o

o
d
 

fo
r 

sc
re

en
in

g
, 

w
e 

d
o

n
't 

k
n

o
w

 

en
o

u
g
h

 
ab

o
u

t 
it

 

an
d

 t
h

er
e'

s 
a 

la
ck

 

o
f 

g
o

o
d

 o
u

tc
o

m
e 

m
ea

su
re

s 

if
 s

cr
ee

n
in

g
 d

et
ec

ts
 a

 p
ro

b
le

m
, 

th
en

 y
o
u

 m
ay

 d
o
 i

t,
 b

u
t 

n
o

t 
as

 a
cr

o
ss

 t
h
e 

b
o

ar
d

 e
v

er
y
o

n
e 

h
as

 t
h

em
."

 

"I
 t

h
in

k
 i

t’
s 

d
if

fi
cu

lt
. 
W

h
en

 y
o
u

 l
o

o
k

 a
t 

th
e 

am
o

u
n

t 
o
f 

st
u

d
ie

s,
 a

g
ai

n
 t

h
is

 

is
 t

o
 m

y
 o

n
 t

h
e 

to
p

ic
 v

er
y

 l
im

it
ed

 k
n

o
w

le
d
g

e,
 b

u
t 

th
e 

am
o

u
n
t 

o
f 

st
u

d
ie

s 

th
at

 h
av

e 
d

o
n

e,
 h

av
e 

fo
u

n
d

 q
u

it
e 

a 
h

ig
h

 a
m

o
u

n
t 

o
f 

p
re

v
al

en
ce

 o
f 

at
 l

ea
st

 

m
il

d
 c

o
g

n
it

iv
e 

d
y

sf
u

n
ct

io
n

 i
n
 C

O
P

D
, 

an
d

 t
h

is
 i

s 
tw

o
 t

o
 t

h
re

e 
ti

m
es

 a
s 

co
m

m
o

n
 a

s 
in

 h
ea

lt
h

y
 o

ld
er

 a
d

u
lt

s 
an

d
 i

t’
s 

v
er

y
 v

er
y
 c

lo
se

ly
 l

in
k

ed
 t

o
 

th
e 

p
ro

g
n

o
si

s 
o

f 
th

e 
p

at
ie

n
t.

 Y
o

u
 h

av
e 

a 
p

at
ie

n
t 
w

it
h

 C
O

P
D

 t
h

at
 w

e 
k

n
o

w
 

h
as

 n
o

t 
a 

g
o
o

d
 p

ro
g
n

o
si

s,
 b

u
t 

if
 y

o
u

 h
av

e 
C

O
P

D
 a

n
d

 m
il

d
 c

o
g
n

it
iv

e 

d
y

sf
u

n
ct

io
n
 y

o
u

r 
p

ro
g

n
o

si
s 

is
 q

u
it

e 
a 

lo
t 

w
o

rs
e.

 B
u

t 
I 

th
in

k
 w

h
en

 w
e 

d
is

cu
ss

 c
o

re
 o

u
tc

o
m

e 
m

ea
su

re
s,

 o
r 

w
h

at
 s

h
o
u

ld
 w

e 
as

se
ss

, 
w

e 
al

so
 n

ee
d

 

to
 h

av
e 

a 
v

al
id

 w
ay

 o
f 

as
se

ss
in

g
 i

t,
 w

e 
n

ee
d

 t
o

 h
av

e 
a 

re
li

ab
le

 w
ay

 o
f 

ac
ce

ss
in

g
 i

t,
 w

e 
n

ee
d

 t
o
 h

o
p
ef

u
ll

y
 h

av
e 

n
o

rm
at

iv
e 

v
al

u
es

 s
o

 w
e 

ca
n
 

co
m

p
ar

e,
 a

n
d
 w

e 
n

ee
d

 t
o
 k

n
o
w

 w
h

at
 i

s 
si

g
n

if
ic

an
t 

o
r 

w
h

at
 i

s 
a 

cl
in

ic
al

ly
 

re
le

v
an

t.
 A

n
d

 I
 d

o
n

’t
 t

h
in

k
 w

e 
h

av
e 

th
at

 y
et

 w
h

en
 i

t 
co

m
es

 t
o

 c
o

g
n

it
iv

e 

d
y

sf
u

n
ct

io
n
, 

b
u

t 
I 

d
o
 t

h
in

k
 t

h
is

 i
s 

im
p

o
rt

an
t,

 b
u

t 
p
er

h
ap

s 
n

o
t 

p
ar

t 
o

f 
th

e 

co
re

 o
u

tc
o

m
e 

se
t 

to
d

ay
 b

as
ed

 o
n
 w

h
at

 w
e 

k
n

o
w

. 
B

u
t 

p
eo

p
le

 w
it

h
 a

 

sp
ec

if
ic

 k
n

o
w

le
d

g
e 

in
 t

h
is

 t
o

p
ic

, 
I 

g
u

es
s 

w
o

u
ld

 a
rg

u
e 

o
th

er
w

is
e.

" 

A
ar

o
n

, 
3

6
y
o

, 

P
h

y
si

o
th

er
ap

is
t 

M
u

sc
le

 
st

re
n

g
th

 

(n
o

t 
sp

ec
if

ie
d

) 

2
 (

1
0

%
) 

N
o

t 
m

ea
n

in
g

fu
l 

fo
r 

p
at

ie
n

ts
, 

it
's

 

m
o

re
 

im
p

o
rt

an
t 

to
 

k
n

o
w

 
th

e 

fu
n

ct
io

n
al

 

ac
ti

v
it

ie
s 

th
ey

 

ca
n

('
t)

 d
o

. 

"B
ec

au
se

 f
o

r 
a 

p
er

so
n

 w
h

o
 i

s 
ab

le
 t

o
 d

o
 t

h
e 

le
g

 p
re

ss
 o

n
 8

K
g

 i
t 

w
il

l 
n

o
t 

sa
y

 i
f 

th
ey

 a
re

 a
b

le
 t

o
 c

li
m

b
 t

h
e 

st
ai

rs
. 

S
o

 w
h

at
’s

 i
m

p
o

rt
an

t?
 C

li
m

b
in

g
 

st
ai

rs
, 

n
o

t 
le

g
 p

re
ss

, 
I 

th
in

k
."

 

N
ic

o
le

, 
3

4
y
o

, 

O
cc

u
p

at
io

n
al

 

th
er

ap
is

t 

"A
n

d
 
th

e 
o

th
er

 
o

n
e 

is
 
st

re
n

g
th

, 
I 

d
o

n
’t

 
k

n
o

w
 
if

 
I 

w
o

u
ld

 
b

e 
d

o
in

g
, 

h
an

d
h

el
d

, 
I 

w
o

u
ld

 r
ec

o
m

m
en

d
 a

s 
p

ar
t 

o
f 

th
e 

co
re

 d
at

a 
se

t,
 h

an
d

h
el

d
 

(d
y

n
am

o
m

et
er

) 
o

n
 

d
if

fe
re

n
t 

m
u

sc
le

s,
 

q
u

ad
s 

an
d
 

h
em

s,
 

an
d
 

u
p
p

er
 

ex
tr

em
it

y
, 
I 

th
in

k
 I

 w
o

u
ld

 f
o

cu
s 

m
o

re
 o

n
 f

u
n

ct
io

n
 a

n
d

 m
o

b
il

it
y

 m
ea

su
re

s 

ra
th

er
 t

h
an

 t
h

o
se

. 
S

o
 I

’v
e 

p
u

t 
3

 o
n

 t
h
e 

n
o

 l
is

t.
" 

D
ia

n
a,

 
5

4
y
o

, 

P
h

y
si

o
th

er
ap

is
t 

 

A
n

x
ie

ty
 

a
n

d
 

d
ep

re
ss

io
n

 

2
 (

1
0

%
) 

N
o

t 
al

l 
p

at
ie

n
ts

 

h
av

e 
p

ro
b

le
m

s,
 

it
 

sh
o

u
ld

 
b

e 

re
as

se
ss

ed
 

o
n

ly
 

in
 

th
o

se
 

w
h

o
 

"I
 t

h
in

k
 t

h
at

 e
v

er
y

th
in

g
 t

h
at

 t
u

rn
s 

o
u

t 
p

re
tt

y
 n

o
rm

al
 a

t 
th

e 
st

ar
t 

an
d

 

th
er

ef
o

re
 y

o
u

 a
re

 n
o

t 
re

al
ly

 g
o

in
g

 t
o
 t

ac
k

le
, 

w
el

l 
I 

d
o

n
’t

 s
ee

 t
h

e 
re

as
o

n
 

w
h

y
 y

o
u

 s
h

o
u

ld
 r

ea
ss

es
s 

it
. 

I 
m

ea
n

, 
y

o
u
 c

o
u

ld
 h

av
e 

a 
n
o

rm
al

 H
A

D
S

 

sc
o

re
 a

n
d

 w
it

h
 e

x
er

ci
se

 t
ra

in
in

g
 y

o
u

 m
ak

e 
it

 e
v

en
 m

o
re

 n
o

rm
al

 b
u

t 
w

h
at

 

d
o

es
 t

h
at

 m
ea

n
? 

N
o

th
in

g
. 
I 

m
ea

n
, 
it

’s
 n

o
t 

w
ro

n
g

 t
o

 d
o

 i
t,

 b
u

t 
it

’s
 a

 b
it

 o
f 

a 
w

as
te

 o
f 

ti
m

e.
" 

C
o

n
n

o
r,

 
4

0
y
o

, 

P
h

y
si

o
th

er
ap

is
t 
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In
te

rn
at

io
n

al
 p

er
sp

ec
ti

v
es

 o
n

 o
u

tc
o

m
e 

m
ea

su
re

m
en

t 
in

 p
u

lm
o

n
ar

y
 r

eh
ab

il
it

at
io

n
 o

f 
p
eo

p
le

 w
it

h
 C

O
P

D
 

w
er

e 
im

p
ai

re
d
 a

t 

th
e 

b
eg

in
n

in
g

 

"n
o

t 
ro

u
ti

n
el

y
 b

ec
au

se
 w

h
en

 w
e 

d
is

cu
ss

ed
 t

h
e 

p
at

ie
n

t’
s 

ch
ar

ac
te

ri
st

ic
s 

an
d

 t
h

e 
p

ro
g

ra
m

m
e 

at
 a

 m
u

lt
id

is
ci

p
li

n
ar

y
 l

ev
el

, 
w

e 
ar

e 
u

se
d

 t
o

 h
av

e 
a 

co
n

su
lt

an
t 

w
h

ic
h
 
is

 
a 

p
sy

ch
o

lo
g

is
t 

so
, 

af
te

r 
th

e 
d

is
cu

ss
io

n
 
w

it
h
 
th

e 

p
sy

ch
o

lo
g

is
t 
w

e 
d

ec
id

e 
w

h
et

h
er

 t
o

 t
es

t 
th

es
e 

ch
ar

ac
te

ri
st

ic
s 

o
f 

th
e 

p
at

ie
n

t 

in
 o

rd
er

 t
o

 i
n

cl
u
d

e 
in

 t
h

e 
co

u
rs

e 
o

f 
p

u
lm

o
n

ar
y

 r
eh

ab
il

it
at

io
n

 s
p

ec
if

ic
 

m
ee

ti
n

g
s 

fo
r 

d
ea

li
n

g
 w

it
h

 t
h

e 
p

ro
b

le
m

s 
o

f 
th

e 
p

at
ie

n
ts

. 
W

e 
d

o
 m

ea
su

re
 

an
x

ie
ty

 
an

d
 

d
ep

re
ss

io
n

 
in

 
ca

se
 

th
e 

p
at

ie
n

t 
is

 
al

re
ad

y
 

k
n

o
w

n
 

to
 

b
e 

d
ep

re
ss

ed
."

 

In
t:

 S
o

 y
o

u
 w

o
u

ld
n

’t
 m

ea
su

re
 i

n
 a

ll
 p

at
ie

n
ts

, 
y

o
u
 w

o
u

ld
 o

n
ly

 m
ea

su
re

 i
f 

th
e 

p
at

ie
n

t 
h

ad
 a

lr
ea

d
y
 s

ig
n

s 
o
f…

 

"O
f 

an
 a

lt
er

at
io

n
, 
y

es
."

 

E
ll

io
t,

 
5

8
y
o

, 

M
D

 

E
x

er
ci

se
 c

a
p

a
ci

ty
 

2
 (

1
0

%
) 

It
 

ca
n

't 
b

e
 

al
w

ay
s 

im
p

ro
v

ed
 

an
d
 

m
ig

h
t 

fr
u

st
ra

te
 

p
at

ie
n

ts
 w

h
o

 s
ti

ll
 

re
sp

o
n

d
 i

n
 o

th
er

 

o
u

tc
o

m
es

, 
n
o

t 

m
ea

n
in

g
fu

l 
fo

r 

p
at

ie
n

ts
 

"I
’m

 g
o

in
g
 t

o
 b

e 
v

er
y

 b
ra

v
e 

h
er

e,
 b

ec
au

se
 m

y
 o

p
in

io
n
 w

o
n
’t

 b
e 

p
o

p
u

la
r,

 

b
u

t 
I 

d
o

n
’t

 t
h

in
k

 t
h

e 
w

al
k

in
g

 t
es

t 
te

ll
s 

u
s 

v
er

y
 m

u
ch

. 
S

o
, 

I 
w

o
u

ld
 g

et
 r

id
 

o
f 

th
at

. 
(…

) 
A

n
d

 
w

h
at

 
w

e’
re

 
sa

y
in

g
 
to

 
th

es
e 

p
at

ie
n

ts
 
b
y

 
u

si
n

g
 
th

e 

ex
er

ci
se

 t
o

le
ra

n
ce

 t
es

ts
 i

s,
 t

h
ey

 f
ee

l 
th

at
 i

f 
th

ey
 d

o
n

’t
 i

m
p

ro
v

e 
th

ei
r 

ex
er

ci
se

 t
o

le
ra

n
ce

 t
h

ey
 f

ai
le

d
. 

(.
..
) 

b
ec

au
se

 b
y
 m

ak
in

g
 i

t 
an

 e
x

er
ci

se
 

p
ro

g
ra

m
m

e 
w

h
er

e 
th

is
 s

u
cc

es
sf

u
l/

fa
il

u
re

 i
s 

b
as

ed
 p

re
d

o
m

in
an

tl
y

 i
n

 a
n
 

im
p

ro
v

em
en

t 
in

 w
al

k
in

g
 d

is
ta

n
ce

, 
th

en
 t

o
 m

y
 m

in
d

, 
th

at
 p

ro
g

ra
m

m
e 

b
ec

o
m

es
 v

er
y

 e
x

cl
u

si
v

e,
 a

n
d

 i
n

st
ea

d
 o

f 
ca

p
tu

ri
n

g
 t

h
e 

p
eo

p
le

 w
h

o
 r

ea
ll

y
 

n
ee

d
 p

u
lm

o
n

ar
y
 r

eh
ab

, 
w

h
at

 y
o

u
’r

e 
d

o
in

g
 i
s 

o
n

ly
 f

o
cu

si
n

g
, 
it

’s
 e

x
cl

u
si

v
e 

to
 p

eo
p

le
 w

h
o

 a
re

 v
er

y
 m

o
ti

v
at

ed
, a

n
d

 d
o

n
’t

 m
in

d
, a

re
 n

o
t 
af

ra
id

 o
f 

d
o

in
g
 

p
h

y
si

ca
l 

ex
er

ci
se

."
 

E
m

m
a,

 
5

7
y
o

, 

N
u

rs
e 

"B
u

t 
w

h
en

 t
h

ey
 w

an
t 

to
 w

al
k
 l

ik
e 

1
5
 m

in
u

te
s 

to
 t

h
ei

r 
d

au
g

h
te

r,
 I

 d
o
n

’t
 

ca
re

 a
b

o
u

t 
th

e 
6

-m
in

u
te

 t
es

t,
 b

ec
au

se
 I

 w
an

t 
to

 k
n

o
w

 i
f 

th
ey

 a
re

 a
b

le
 t

o
 

w
al

k
 1

5
 m

in
u

te
s 

to
 t

h
ei

r 
d

au
g

h
te

r.
 A

n
d

 a
s 

an
 o

cc
u

p
at

io
n

al
 t

h
er

ap
is

t 
I 

th
in

k
 t

h
ey

 s
h

o
u

ld
 s

lo
w

ly
 w

al
k

 f
o

r 
6

 m
in

u
te

s 
so

 t
h

ey
 a

re
 a

b
le

 t
o

 w
al

k
 1

5
 

m
in

u
te

s 
in

 t
o

ta
l,

 s
o

 I
 t

h
in

k
 t

h
at

 i
s 

n
o

t 
an

 i
m

p
o

rt
an

t 
te

st
 a

s 
w

el
l.

 A
n

d
 I

 

th
in

k
 

th
er

e 
ar

e 
m

o
re

 
ex

am
p
le

s 
li

k
e 

th
at

, 
b

u
t 

n
o

w
 

al
l 

th
e 

p
h
y

si
ca

l 

th
er

ap
is

ts
 a

re
 m

ad
 a

t 
m

e,
 I

 t
h

in
k

."
 

N
ic

o
le

, 
3

4
y
o

, 

O
cc

u
p

at
io

n
al

 

th
er

ap
is

t 

R
es

p
ir

a
to

ry
 

m
u

sc
le

 f
u

n
ct

io
n

 

1
 (

5
%

) 
N

o
t 

al
l 

p
at

ie
n

ts
 

h
av

e 
re

sp
ir

at
o

ry
 

m
u

sc
le

 

"I
 t
h

in
k
, 
re

sp
ir

at
o
ry

 m
u

sc
le

 f
u
n

ct
io

n
, 
it

’s
 i
n

te
re

st
in

g
 t
o
 u

se
 a

s 
a 

sc
re

en
in

g
 

to
o

l 
an

d
 i

f 
a 

p
at

ie
n

t 
h

as
 w

ea
k
 i

n
sp

ir
at

o
ry

 m
u

sc
le

s 
y

o
u

 w
an

t 
to

 t
ra

in
 i

t 

an
d

 t
h

en
 y

o
u

 w
an

t 
to

 t
es

t 
it

 a
g

ai
n

. 
B

u
t 

in
 p

at
ie

n
ts

 t
h

at
 y

o
u

 d
o
n

’t
 d

o
 

C
o

n
n

o
r,

 
4

0
y
o

, 

P
h

y
si

o
th

er
ap

is
t 
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In
te

rn
at

io
n

al
 p

er
sp

ec
ti

v
es

 o
n

 o
u

tc
o

m
e 

m
ea

su
re

m
en

t 
in

 p
u

lm
o

n
ar

y
 r

eh
ab

il
it

at
io

n
 o

f 
p
eo

p
le

 w
it

h
 C

O
P

D
 

 

w
ea

k
n

es
s,

 
it

 

ca
n

't 
b

e
 

im
p

ro
v

ed
 

in
 

al
l 

p
at

ie
n

ts
 

re
sp

ir
at

o
ry

 m
u

sc
le

 t
ra

in
in

g
, 
I 

th
in

k
 i

t’
s 

p
re

tt
y

 u
se

le
ss

 t
o

 m
ea

su
re

 i
t 

ag
ai

n
 

af
te

r 
3

 o
r 

6
 m

o
n

th
s.

 A
n

d
 I

 h
av

e 
d

o
n

e 
th

at
 a

 l
o

t,
 I

 h
av

e 
d

o
n
e 

th
at

 a
 l

o
t 

m
y

se
lf

, 
3

-m
o
n

th
 m

ea
su

re
m

en
ts

, 
6

-m
o

n
th

 m
ea

su
re

m
en

ts
 o

f 
re

sp
ir

at
o

ry
 

m
u

sc
le

s,
 b

u
t 

th
e 

o
n

ly
 t

h
in

g
 y

o
u

 c
an

 s
ee

 i
s 

th
at

 i
t 

re
m

ai
n

s 
th

e 
sa

m
e.

" 

S
el

f-
ef

fi
ca

cy
 

1
 (

5
%

) 
It

 d
o

es
n

't 
al

w
ay

s 

ch
an

g
e 

w
it

h
 P

R
 

"W
el

l,
 i

t 
d

o
es

n
’t

 a
lw

ay
s 

ch
an

g
e 

w
it

h
 p

u
lm

o
n

ar
y

 r
eh

ab
 a

n
d
 t

h
at

’s
 e

it
h

er
 

b
ec

au
se

 
o

f 
th

e 
m

ea
su

re
, 

o
r 

it
’s

 
b

ec
au

se
 

w
e 

d
o

n
’t

 
re

al
ly

 
fo

cu
s 

o
n
 

b
eh

av
io

u
r 

ch
an

g
e 

v
er

y
 m

u
ch

 w
it

h
 p

u
lm

o
n

ar
y

 r
eh

ab
 a

n
d

 i
t’

s 
ju

st
 b

ec
au

se
 

w
e 

ar
e 

n
o

t 
ex

p
er

ts
 i

n
 t

h
at

 a
n
d

 w
e 

o
ft

en
 d

o
n

’t
 h

av
e
 a

cc
es

s 
to

 p
eo

p
le

 w
h
o
 

ar
e.

 S
o

, 
I 

ju
st

, 
y

ea
h

, 
if

 I
 w

as
 t
o

 g
et

 r
id

 o
f 

tw
o

 i
t 
w

o
u

ld
 b

e 
p

h
y

si
ca

l 
ac

ti
v

it
y

 

an
d

 s
el

f-
ef

fi
ca

cy
."

 

S
ar

ah
, 

3
6

y
o

, 

P
h

y
si

o
th

er
ap

is
t 

B
M

I 
1

 (
5

%
) 

N
o

t 
al

l 
p

at
ie

n
ts

 

n
ee

d
 t

o
 i

m
p
ro

v
e 

it
 

"(
…

) 
an

d
 I

 d
o
n

’t
 t

h
in

k
 a

ll
 p

at
ie

n
ts

 n
ee

d
 t

h
at

. 
It

’s
 m

o
re

 i
n

d
iv

id
u

al
is

ed
, 

ju
st

 w
h

en
 t

h
ey

 h
av

e 
th

e 
p
ro

b
le

m
 [

u
n
d

er
w

ei
g

h
t 

o
r 

o
v

er
w

ei
g
h

t]
 w

e 
h

av
e 

to
 w

o
rk

 w
it

h
 i

t.
 "

 

M
ar

th
a,

 
4

0
y
o

, 

O
cc

u
p

at
io

n
al

 

th
er

ap
is

t 

B
a

la
n

ce
 

1
 (

5
%

) 
N

o
t 

al
l 

p
at

ie
n

ts
 

h
av

e 
p

ro
b

le
m

s,
 

it
 

sh
o

u
ld

 
b

e 

re
as

se
ss

ed
 

o
n

ly
 

in
 

th
o

se
 

w
h

o
 

w
er

e 
im

p
ai

re
d
 a

t 

th
e 

b
eg

in
n

in
g

 

"A
g

ai
n

 t
h

is
 i

s 
p

er
so

n
al

, 
co

g
n

it
io

n
, 

b
al

an
ce

, 
th

o
se

 s
o

rt
 o

f 
ar

ea
s,

 I
 d

o
n

’t
 

th
in

k
 

th
ey

 
ar

e,
 

o
r 

th
e 

o
u

tc
o
m

e 
m

ea
su

re
s 

re
la

te
d
 

to
 

th
em

, 
th

at
 

ar
e 

im
p

o
rt

an
t 

en
o

u
g

h
 t

o
 d

o
 f

o
r 

ev
er

y
o

n
e.

 I
 t

h
in

k
 t

h
at

’s
 t

h
e 

so
rt

 o
f 

th
in

g
s 

th
at

 

if
 s

cr
ee

n
in

g
 d

et
ec

ts
 a

 p
ro

b
le

m
, 

th
en

 y
o
u

 m
ay

 d
o
 i

t,
 b

u
t 

n
o

t 
as

 a
cr

o
ss

 t
h
e 

b
o

ar
d

 e
v

er
y
o

n
e 

h
as

 t
h

em
."

 

C
al

eb
, 

4
0

y
o

, 

P
h

y
si

o
th

er
ap

is
t 

S
w

a
ll

o
w

in
g

 

fu
n

ct
io

n
 

1
 (

5
%

) 
S

h
o

u
ld

 
b

e 
u

se
d
 

o
n

ly
 

fo
r 

sc
re

en
in

g
 

"Y
es

, 
it

 i
s 

a 
sc

re
en

in
g

. 
B

u
t 

it
’s

 n
o

t 
a 

th
in

g
 t

h
at

 y
o

u
 m

ea
su

re
 b

ef
o

re
 a

n
d
 

af
te

r.
 J

u
st

 a
 s

cr
ee

n
in

g
 t

o
 s

ee
 i

f 
w

e 
ca

n
 h

el
p

 t
h

em
."

 

N
o

ra
h

, 
5

1
y
o

, 

D
ie

ti
ti

an
 

  

T
a
b

le
 B

.4
. 

O
u
tc

o
m

es
 t

h
at

 h
ea

lt
h

ca
re

 p
ro

fe
ss

io
n

al
s 

w
er

en
't
 c

er
ta

in
 a

b
o
u
t 

in
cl

u
d
in

g
 i

n
 t

h
e 

co
re

 o
u
tc

o
m

e 
se

t.
 

O
u

tc
o

m
es

 
N

u
m

b
er

 
o

f 

ti
m

es
 r

e
p

o
rt

ed
 

S
u

m
m

a
ry

 
o

f 

re
a

so
n

s 
g

iv
en

 

C
it

a
ti

o
n

s 
S

p
ea

k
er

 

306



In
te

rn
at

io
n

al
 p

er
sp

ec
ti

v
es

 o
n

 o
u

tc
o

m
e 

m
ea

su
re

m
en

t 
in

 p
u

lm
o

n
ar

y
 r

eh
ab

il
it

at
io

n
 o

f 
p
eo

p
le

 w
it

h
 C

O
P

D
 

B
a

la
n

ce
 

5
 (

2
5

%
) 

Im
p

o
rt

an
t 

fo
r 

lo
n

g
-t

er
m

 
b
u

t 

n
o

t 
ev

er
y

 p
at

ie
n

t 

is
 

li
m

it
ed

, 

es
p

ec
ia

ll
y

 

im
p

o
rt

an
t 

fo
r 

te
le

re
h

ab
 

"(
…

) 
A

n
d

 m
ay

b
e 

th
at

’s
 t

o
o

 w
h

at
 w

e 
d

o
 a

b
o

u
t 

b
al

an
ce

. 
B

al
an

ce
 w

e 

sc
re

en
 e

v
er

y
b
o

d
y
, 

an
d

 i
f 

th
ey

 c
o

m
e 

o
u

t 
w

it
h

 a
 p

ro
b

le
m

 t
h

en
 y

o
u

 g
o

 t
o
 

th
e 

n
ex

t 
le

v
el

."
 

D
ia

n
a,

 
5

4
y
o

, 

P
h

y
si

o
th

er
ap

is
t 

"B
u

t 
I 

th
in

k
 t

h
at

 B
al

an
ce

 i
t’

s 
re

al
ly

 r
ea

ll
y

 i
m

p
o

rt
an

t 
w

h
en

 u
si

n
g

 t
h

e 

te
le

m
ed

ic
in

e.
 (

..
.)

 B
ec

au
se

 n
o
rm

al
ly

, 
fo

r 
ex

am
p

le
 i

n
 t

h
e 

tr
ai

n
in

g
, 

th
ey

 

w
er

e 
in

 t
h

e 
tr

ai
n

in
g

 r
o

o
m

 a
n

d
 n

o
w

 t
h

ey
 w

er
e 

tr
ai

n
in

g
 i

n
 t

h
ei

r 
o

w
n

 f
o

r 

ex
am

p
le

 i
n
 t

h
e 

li
v

in
g
 r

o
o

m
 o

r 
th

e 
k

it
ch

en
 o

r 
w

h
er

e 
th

ey
 w

er
e,

 a
n

d
 t

h
ey

 

w
er

e 
n

o
t 

th
in

k
in

g
 a

b
o

u
t 

th
ei

r 
en

v
ir

o
n
m

en
t.

 A
n

d
 h

o
w

 i
t 

co
u

ld
 b

e 
g

o
o

d
 o

r 

b
ad

, 
so

 I
 s

aw
 t

h
at

 s
o

m
e 

o
f 

th
em

 h
ad

 l
o

ss
 o

f 
b

al
an

ce
."

 

M
ar

th
a,

 
4

0
y
o

, 

O
cc

u
p

at
io

n
al

 

th
er

ap
is

t 

A
n

x
ie

ty
 

a
n

d
 

d
ep

re
ss

io
n

 

2
 (

1
0

%
) 

M
ig

h
t 

b
e 

im
p

o
rt

an
t 

o
n

ly
 

fo
r 

p
at

ie
n

ts
 w

h
o
 

sh
o

w
 

an
 

im
p

ai
rm

en
t 

at
 

th
e 

b
eg

in
n

in
g
 

"I
 t

h
in

k
 s

o
m

et
im

es
 t

h
er

e 
ca

n
 b

e,
 l

ik
e 

w
h

en
 y

o
u

’r
e 

h
av

in
g

 a
 c

o
n

v
er

sa
ti

o
n
 

w
it

h
 t

h
e 

p
at

ie
n

t 
in

 t
h

e 
b

eg
in

n
in

g
 i

f 
th

ey
 b

ri
n

g
 u

p
 t

h
at

 t
h

ey
 f

el
t 

th
ey

 h
ad

 

lo
w

 m
o

o
d

 o
r 

y
o

u
’r

e 
p

ic
k

in
g

 u
p
 s

ig
n

al
s 

li
k

e 
h

ea
rt

 r
at

e 
an

d
 a

n
x

ie
ty

, 
I 

th
in

k
 

w
e 

ca
n

 u
se

 a
s 

o
u

tc
o

m
e 

m
e
as

u
re

s,
 b

u
t 

I’
m

 n
o

t 
su

re
 i

s 
so

m
et

h
in

g
 t

h
at

 w
e 

n
ee

d
 t

o
 d

o
 w

it
h

 e
v

er
y

b
o

d
y

."
 

S
ar

ah
, 

3
6

y
o

, 

P
h

y
si

o
th

er
ap

is
t 

"W
h

at
 I

 t
h

in
k

 w
e 

sh
o

u
ld

 d
o

 i
s 

p
u

t 
a 

sc
re

en
 o

f 
d

ep
re

ss
io

n
 a

n
d

 a
n

x
ie

ty
 i

n
 

th
e 

co
re

 d
at

as
et

. 
A

n
d
 t

h
e 

o
n
es

 t
h

at
 y

o
u
 d

o
 g

et
 e

v
id

en
ce

 t
h

at
 t

h
ey

’r
e 

d
ep

re
ss

ed
 o

r 
an

x
io

u
s,

 t
h

en
 y

o
u

 w
o

u
ld

 d
o

 a
 f

u
ll

 m
ea

su
re

."
 

D
ia

n
a,

 
5

4
y
o

, 

P
h

y
si

o
th

er
ap

is
t 

M
u

sc
le

 f
u

n
ct

io
n

 
2

 (
1

0
%

) 
N

o
t 

al
l 

p
at

ie
n

ts
 

ar
e 

af
fe

ct
ed

 a
n

d
 

th
er

ef
o

re
 n

o
t 

al
l 

n
ee

d
 

tr
ai

n
in

g
 

an
d

 

re
as

se
ss

m
en

t,
 

as
se

ss
m

en
t 

m
ig

h
t 

sc
ar

e 

p
at

ie
n

ts
 

"L
et

 m
e 

ta
k

e 
th

e 
ex

am
p

le
 o

f 
C

O
P

D
 p

at
ie

n
ts

 w
it

h
 q

u
it

e 
so

m
e 

le
v

el
 o

f 

m
u

sc
le

 w
ea

k
n

es
s,

 f
o

r 
th

at
 p

at
ie

n
t 
y

o
u

 w
an

t 
to

 s
ee

 t
h

at
 t
h

ey
 i
m

p
ro

v
ed

 t
h

e 

m
u

sc
le

 f
u

n
ct

io
n

, 
so

 y
o

u
 m

ea
su

re
 i

t 
b

ef
o

re
 a

n
d

 a
ft

er
w

ar
d

s.
 I

f 
y

o
u

 h
av

e 
a 

p
at

ie
n

t,
 

an
o

th
er

 
p

at
ie

n
t 

th
at

 
h

as
 

su
p

er
 

g
o

o
d

 
m

u
sc

le
 

fu
n

ct
io

n
, 

n
o

 

w
ea

k
n

es
s 

at
 a

ll
, 

in
 t

h
o

se
 p

at
ie

n
ts

 i
t 

m
ay

 n
o

t 
h

el
p

 a
 l

o
t 

to
 t

ra
in

 t
h

o
se

 

m
u

sc
le

s 
if

 t
h

ey
 a

re
 v

er
y
 w

el
l 

tr
ai

n
ed

, 
an

d
 t

h
en

 y
o
u

 d
o

n
’t

 n
ee

d
 t

o
 a

ss
es

s 

th
at

 i
n

 t
h

e 
en

d
 a

g
ai

n
."

 

A
n

th
o

n
y

, 

4
6

y
o

, 

P
sy

ch
o

lo
g

is
t 

"I
 k

n
o

w
 s

o
m

e 
o

f 
m

y
 c

o
ll

ea
g
u

es
, 

p
u

lm
o
n

ar
y

 r
eh

ab
 c

o
ll

ea
g
u

es
 w

o
u

ld
 

ar
g

u
e 

ab
o

u
t 

m
ea

su
re

s 
o

f 
m

u
sc

le
 s

tr
en

g
th

. 
I 

k
n
o

w
 q

u
ad

ri
ce

p
s 

st
re

n
g

th
, 

p
o

ss
ib

ly
, 

th
e 

1
-m

in
u

te
 

si
t-

to
-s

ta
n

d
, 

b
u

t 
ag

ai
n

, 
I 

th
in

k
 

w
e 

m
ig

h
t 

b
e 

fr
ig

h
te

n
in

g
 o

u
r 

p
at

ie
n

ts
 w

h
en

 t
h

ey
 f

ir
st

 c
o

m
e,

 a
n

d
 y

o
u

 k
n

o
w

, 
it

’s
 o

n
e 

o
f 

th
o

se
 t

h
in

g
s,

 d
o

 w
e 

w
an

t 
a 

p
ro

g
ra

m
m

e 
th

a
t 

is
 p

at
ie

n
t-

fr
ie

n
d
ly

 o
r 

d
o

 w
e 

w
an

t 
to

 b
e 

re
al

ly
 s

ci
en

ti
fi

c 
an

d
 p

as
s 

th
e 

au
d

it
 e

v
er

y
 y

ea
r,

 y
o
u

 k
n

o
w

?"
 

E
m

m
a,

 
5

7
y
o

, 

N
u

rs
e 

D
ie

ta
ry

 i
n

ta
k

e 
2

 (
1

0
%

) 
"M

ay
b

e 
it

’s
 m

o
re

 i
m

p
o

rt
an

t 
in

 t
h

e 
se

co
n

d
 m

ee
ti

n
g

, 
if

 t
h

er
e 

is
n

’t
 m

u
ch

 

ch
an

g
e.

 E
v

en
 i

f 
y

o
u
 i

n
d

iv
id

u
al

is
ed

 t
h

e 
th

er
ap

y
, 

th
en

 w
e 

w
o

u
ld

 l
ik

e 
to

 

N
o

ra
h

, 
5

1
y
o

, 

D
ie

ti
ti

an
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In
te

rn
at

io
n

al
 p

er
sp

ec
ti

v
es

 o
n

 o
u

tc
o

m
e 

m
ea

su
re

m
en

t 
in

 p
u

lm
o

n
ar

y
 r

eh
ab

il
it

at
io

n
 o

f 
p
eo

p
le

 w
it

h
 C

O
P

D
 

 

T
h

e 
m

ea
su

re
s 

ar
e 

n
o

t 
ro

b
u

st
 

en
o

u
g
h
 

k
n

o
w

, 
o

r 
I 

w
o

u
ld

 l
ik

e 
to

 k
n
o
w

, 
h

o
w

 d
o

es
 t

h
e 

p
at

ie
n

t 
ea

t,
 w

h
at

 d
o

 t
h

ey
 

ea
t,

 h
o

w
 o

ft
en

 d
o

 t
h

ey
 e

at
, 

w
h
at

 a
re

 t
h

e 
p
o

rt
io

n
s,

 b
ec

au
se

 w
e 

k
n

o
w

 t
h

at
 

d
ie

ta
ry

 i
n

ta
k

e 
m

et
h

o
d

s 
as

 o
f 

n
o

w
, 

al
l 

o
f 

th
em

 h
av

e 
fl

aw
s.

" 

"A
n

d
 o

f 
co

u
rs

e,
 w

e 
w

an
t 

to
 a

ff
ec

t 
th

e 
n

u
tr

it
io

n
al

 a
d

eq
u

ac
y

 o
f 

th
e 

d
ie

t 
as

 

w
el

l,
 b

u
t 

w
e 

d
o

n
't 

re
al

ly
 m

ea
su

re
 i

t 
in

 a
n
y

 w
ay

."
 

T
ay

lo
r,

 
3

5
y
o

, 

D
ie

ti
ti

an
 

K
n

o
w

le
d

g
e
 

2
 (

1
0

%
) 

It
's

 
ta

rg
et

ed
 

w
it

h
in

 
P

R
 

b
u

t 

p
at

ie
n

ts
 

m
ig

h
t 

fe
el

 
th

ey
 

ar
e 

d
o

in
g

 a
n

 e
x

am
 

"(
..

.)
 w

h
at

 I
 t

h
in

k
 i

s 
o

f 
co

u
rs

e,
 a

ls
o

 a
 g

o
o

d
 o

u
tc

o
m

e,
 s

o
m

et
h

in
g

 t
o

 t
ac

k
le

 

at
 l

ea
st

 i
n

 p
u

lm
o

n
ar

y
 r

eh
ab

il
it

at
io

n
, 

is
 o

f 
co

u
rs

e 
k

n
o

w
le

d
g
e 

ab
o

u
t 

th
e 

d
is

ea
se

 t
h

at
 y

o
u

 h
av

e.
 S

o
, 

th
at

’s
 t

h
e 

p
at

ie
n

t 
ed

u
ca

ti
o
n

 e
le

m
en

t 
th

at
 a

 

g
o

o
d

 P
R

 p
ro

g
ra

m
m

e 
al

w
ay

s 
h

as
. 

I 
d

o
n

’t
 k

n
o

w
 w

h
et

h
er

 t
h
at

 i
s 

a
 r

ea
l 

o
u

tc
o

m
e 

m
ea

su
re

 
b

u
t,

 
o

f 
co

u
rs

e 
y

o
u

 
w

an
t 

to
 

in
cl

u
d

e 
th

at
 

in
 

y
o

u
r 

tr
ea

tm
en

t,
 a

n
d
 I

 m
ea

n
, 

y
o

u
 c

an
 h

o
p

e 
th

at
 t

h
ey

 i
m

p
ro

v
e 

th
ei

r 
k

n
o

w
le

d
g

e 

b
y

 t
h

is
, 

an
d

 y
ea

h
, 

y
o
u

 c
an

 a
ls

o
 a

sk
 t

h
at

. 
B

u
t 

o
n

 t
h

e 
o

th
er

 h
an

d
 s

id
e 

y
o
u
 

d
o

n
’t

 w
an

t 
to

 h
av

in
g

 t
h

em
 s

it
ti

n
g

 t
h

er
e 

an
d

 d
o

in
g

 a
n

 e
x

am
 a

n
d

 s
ay

in
g
 

‘w
el

l 
n

o
w

 I
 h

av
e 

1
0
 q

u
es

ti
o
n

s 
ab

o
u

t 
th

e 
d

is
ea

se
, 

so
 w

h
at

’s
 t

h
e 

ri
g

h
t 

an
sw

er
?’

" 

A
n

th
o

n
y

, 

4
6

y
o

, 

P
sy

ch
o

lo
g

is
t 

"I
 t

h
in

k
 i

t’
s 

im
p

o
rt

an
t 

w
h

en
 y

o
u

 h
av

e 
a 

p
u

lm
o

n
ar

y
 r

eh
ab

il
it

at
io

n
 t

h
at

 

th
ey

 g
et

 t
h

e 
k

n
o

w
le

d
g

e,
 h

o
w

 t
o

 h
an

d
le

 t
h

ei
r 

lu
n
g

 d
is

ea
se

 s
o

 t
h

ey
 w

il
l 

fe
el

 l
es

s 
in

h
ib

it
ed

 b
y
 t

h
e 

C
O

P
D

 i
n

 t
h

ei
r 

d
ai

ly
 l

if
e.

 (
…

) 
I 

th
in

k
 i

t’
s 

a 
lo

t 

ab
o

u
t 

th
at

 
p

at
ie

n
t 

ed
u

ca
ti

o
n
 

th
at

 
w

e 
m

ak
e 

su
re

 
th

at
 

th
ey

 
g

et
, 

th
e 

k
n

o
w

le
d

g
e 

so
 t

h
ey

 c
an

 u
n

d
er

st
an

d
, 

th
e 

k
n
o

w
le

d
g

e 
is

 a
 l

o
t 

o
f 

th
in

g
s,

 i
t 

co
u

ld
 b

e 
fo

r 
ex

am
p

le
 h

o
w

 t
h
e 

lu
n

g
s 

fu
n

ct
io

n
, 

h
o

w
 t

h
ey

 m
an

ag
e 

th
e 

sh
o

rt
n

es
s 

o
f 

b
re

at
h

, 
b
u

t 
al

so
 
d

ie
t,

 
n

u
tr

it
io

n
. 

H
o

w
 
th

ey
 
ca

n
 
d

o
 
th

ei
r 

m
ed

ic
at

io
n

 i
s 

al
so

 i
m

p
o

rt
an

t.
 (

..
.)

 I
n

 a
 w

ay
 I

 c
o
u

ld
 s

ay
 y

es
 b

ec
au

se
 t

h
en

 

y
o

u
 c

o
u

ld
 m

ea
su

re
 i

t,
 i

n
 a

n
o

th
er

 w
ay

 I
 w

o
u

ld
 l

ik
e
 t

o
 s

ay
 n

o
 b

ec
au

se
 i

t 

w
o

u
ld

 b
e 

li
k

e 
an

 e
x

am
 f

o
r 

th
em

."
 

M
ar

th
a,

 
4

0
y
o

, 

O
cc

u
p

at
io

n
al

 

th
er

ap
is

t 

P
a

in
 

1
 (

5
%

) 
M

ig
h

t 
b

e 

im
p

o
rt

an
t 

o
n

ly
 

fo
r 

p
at

ie
n

ts
 w

h
o
 

sh
o

w
 

an
 

im
p

ai
rm

en
t 

at
 

th
e 

b
eg

in
n

in
g

 

"S
o

, I
 t
h

in
k

, p
er

h
ap

s 
n
o

t 
fo

r 
ev

er
y

 p
at

ie
n

t,
 b

u
t 
if

 a
 p

at
ie

n
t 
b

ri
n
g

s 
u

p
 i
ss

u
es

 

w
it

h
 p

ai
n

 o
r 

b
al

an
ce

, 
I 

th
in

k
 t

h
ey

 s
h

o
u

ld
 b

e 
as

se
ss

ed
 a

s 
w

el
l.

" 

S
ar

ah
, 

3
6

y
o

, 

P
h

y
si

o
th

er
ap

is
t 
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In
te

rn
at

io
n

al
 p

er
sp

ec
ti

v
es

 o
n

 o
u

tc
o

m
e 

m
ea

su
re

m
en

t 
in

 p
u

lm
o

n
ar

y
 r

eh
ab

il
it

at
io

n
 o

f 
p
eo

p
le

 w
it

h
 C

O
P

D
 

L
o

ss
 o

f 
a

p
p

et
it

e
 

1
 (

5
%

) 
N

o
t 

as
 i

m
p

o
rt

an
t 

as
 

o
th

er
 

o
u

tc
o

m
es

 

"I
t 

w
o

u
ld

 b
e 

an
 a

d
d

it
io

n
. 

It
 m

ig
h

t 
n

o
t 

b
e 

as
 i

m
p

o
rt

an
t 

as
 m

ea
su

ri
n

g
 

en
er

g
y
 e

x
p

en
d

it
u

re
. 
Y

o
u

 c
an

 a
sk

 t
h

e 
p

at
ie

n
t,

 l
ik

e,
 o

n
e 

ca
n

 a
sk

 t
h

e 
p

at
ie

n
t 

‘h
o

w
 d

o
 y

o
u

 f
ee

l?
 H

o
w

 i
s…

?’
 Y

o
u

 c
an

 d
ab

b
le

 a
 b

it
. 

Y
o
u

 c
an

 a
sk

 l
ik

e 

‘h
o

w
 w

o
u

ld
 y

o
u

 s
ay

 y
o

u
r 

ap
p

et
it

e 
is

?’
 a

n
d

 i
f 

th
ey

 s
ay

 i
t’

s 
n
o

t 
g

o
o

d
’ 

‘h
o

w
 

g
o

o
d

 d
o

 y
o
u

 g
et

 h
u

n
g

ry
?’

, s
o

 t
h

at
 y

o
u

 c
a
n

 d
ab

b
le

 w
h

en
 w

e 
m

ee
t 
a 

p
at

ie
n

t 

in
 a

 m
ee

ti
n
g

. 
B

u
t 

I 
th

in
k
 t

h
at

 m
ea

su
ri

n
g
 e

n
er

g
y

 e
x

p
en

d
it

u
re

 i
s 

m
u

ch
 

m
o

re
 i

m
p
o

rt
an

t.
" 

N
o

ra
h

, 
5

1
y
o

, 

D
ie

ti
ti

an
 

B
M

I 
1

 (
5

%
) 

It
's

 
b

et
te

r 
to

 

m
ea

su
re

 
it

 
th

an
 

n
o

th
in

g
, 

b
u

t 
it

 

h
as

 
fl

aw
s 

(e
.g

.,
 

d
o

es
n

’t
 

al
lo

w
 

p
er

so
n

al
is

in
g

 

m
u

ch
 

th
e 

in
te

rv
en

ti
o

n
) 

"E
v

en
 i
f 

I 
sa

y
 t
h

at
 B

M
I 

d
o

es
n
’t

 g
iv

e 
u

s 
al

l 
th

e 
in

fo
rm

at
io

n
, 
y
et

 i
t 
h

as
 s

ti
ll

 

b
ee

n
 s

h
o

w
n

 t
o

 b
e 

a 
g

o
o

d
 p

re
d

ic
to

r 
o

f 
m

o
rt

al
it

y
. 
S

o
, 
it

’s
 b

et
te

r 
to

 m
ea

su
re

 

so
m

et
h

in
g

 
w

h
ic

h
 

ca
n

 
st

il
l 

p
re

d
ic

t 
th

ei
r 

o
u

tc
o
m

e.
 

S
o

, 
d

es
p

it
e 

th
e 

d
is

ad
v

an
ta

g
es

 o
f 

B
M

I,
 i

t’
s 

st
il

l 
a 

g
o

o
d

 m
ea

su
re

. 
 (

..
.)

 I
t 

al
so

 i
m

p
o

rt
an

t 
to

 

k
n

o
w

 w
h

at
 i

s 
th

ei
r 

B
M

I 
so

 h
o

w
 m

u
ch

 c
an

 y
o
u

 p
u

sh
 t

h
em

 i
n

 t
er

m
s 

o
f 

p
h

y
si

ca
l 

ac
ti

v
it

y
."

 

N
o

ra
h

, 
5

1
y
o

, 

D
ie

ti
ti

an
 

F
a

t 
fr

e
e 

m
a

ss
 

1
 (

5
%

) 
T

h
e 

m
ea

su
re

s 

ar
e 

n
o

t 
fe

as
ib

le
 

fo
r 

al
l 

"I
 

g
u

es
s 

it
's

 
n

o
t 

th
at

 
n
ec

es
sa

ry
, 

a
s 

B
M

I 
an

d
 

w
ei

g
h

t 
ch

an
g

e.
 

B
u

t 

u
lt

im
at

el
y

 t
h

at
's

 w
h

at
 w

e 
w

an
t 

to
 s

ee
 a

 d
if

fe
re

n
ce

 i
n

. 
B

u
t 

it
's

, 
w

e 
la

ck
ed

 

a 
b

it
 e

q
u

ip
m

en
t,

 i
f 

y
o
u

'r
e 

g
o

in
g

 t
o

 d
o

 i
t 
li

k
e 

re
al

ly
 a

cc
u

ra
te

 i
t 
ca

n
 b

e 
q

u
it

e 

ex
p

en
si

v
e.

" 

T
ay

lo
r,

 
3

5
y
o

, 

D
ie

ti
ti

an
 

F
ra

il
ty

 
1

 (
5

%
) 

W
e 

st
il

l 
d

o
n

't
 

k
n

o
w

 
en

o
u

g
h
 

ab
o

u
t 

th
is

 

o
u

tc
o

m
e,

 
n
o

t 

re
le

v
an

t 
fo

r 
al

l 

p
at

ie
n

ts
 

"P
er

so
n

al
ly

, 
w

h
il

e 
it

 i
s 

n
o

t 
a 

cu
rr

en
t 

ar
ea

 t
h

at
 w

e 
ar

e 
lo

o
k

in
g

 i
n

to
, 

I 
d

o
 

th
in

k
 a

ls
o

 f
ra

il
ty

, 
is

 i
n

 a
 s

u
b
se

t 
o

f 
p

at
ie

n
ts

, 
so

m
et

h
in

g
 t

h
at

 i
s 

re
al

ly
 

cr
u

ci
al

, 
b

ec
au

se
, 

I 
fe

el
 t

h
at

 p
u
lm

o
n

ar
y
 r

eh
ab

 c
an

 b
e 

o
f 

v
al

u
e 

fo
r 

p
eo

p
le

 

w
it

h
 f

ra
il

ty
, 
b
u

t 
w

e 
ar

e 
n

o
t 

y
et

 s
ti

ck
ed

 i
n

 e
v

id
en

ce
-b

as
ed

 p
ra

ct
ic

e 
in

 t
h

at
 

ar
ea

."
 

C
al

eb
, 

4
0

y
o

, 

P
h

y
si

o
th

er
ap

is
t 

S
el

f-
m

a
n

a
g

em
en

t 

sk
il

ls
 

1
 (

5
%

) 
Im

p
o

rt
an

t 
b
u

t 

p
ro

b
ab

ly
 

n
o

t 

co
re

 

"I
 t

h
in

k
 i

t’
s 

re
al

ly
 n

ec
es

sa
ry

 t
o

 m
ea

su
re

 t
h

in
g

s 
li

k
e 

se
lf

-m
an

ag
em

en
t 

sk
il

ls
 t

h
at

 i
n

cl
u

d
e 

in
h

al
er

 t
ec

h
n

iq
u

e 
an

d
 a

d
h

er
en

ce
 a

n
d

 t
h

in
g

s 
li

k
e 

th
at

. 

B
u

t 
I 

d
o

n
’t

 k
n
o

w
 i

f 
th

ey
 n

ee
d

 t
o

 b
e 

an
 o

u
tc

o
m

e 
fo

r 
th

e 
p

ro
g

ra
m

m
e.

 I
 

m
ea

n
 i

t 
w

o
u

ld
 b

e 
n

ic
e 

to
 k

n
o
w

 t
h

at
 y

o
u

’v
e 

im
p

ro
v

ed
 s

el
f-

m
an

ag
em

en
t 

sk
il

ls
 l

ik
e 

in
h

al
er

 t
ec

h
n

iq
u

e,
 c

au
se

 t
h

at
’s

 r
ea

ll
y

 i
m

p
o

rt
an

t,
 b

u
t 

w
h

et
h

er
 

o
r 

n
o

t 
it

 n
ee

d
s 

to
 b

e 
w

it
h

in
 a

n
 o

u
tc

o
m

e 
se

t 
o

r 
ju

st
 r

at
h

er
 p

ar
t 

o
f 

th
e 

p
ro

g
ra

m
m

e,
 I

 a
m

 n
o

t 
su

re
."

 

V
ic

to
ri

a,
 4

9
y
o

, 

N
u

rs
e 
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In
te

rn
at

io
n

al
 p

er
sp

ec
ti

v
es

 o
n

 o
u

tc
o

m
e 

m
ea

su
re

m
en

t 
in

 p
u

lm
o

n
ar

y
 r

eh
ab

il
it

at
io

n
 o

f 
p
eo

p
le

 w
it

h
 C

O
P

D
 

 

S
o

ci
a

l 
st

a
tu

s 
1

 (
5

%
) 

M
o

re
 

im
p

o
rt

an
t 

o
n

 l
o
n

g
-t

er
m

, 
it

's
 

n
o

t 
so

m
et

h
in

g
 

w
e 

ar
e 

ac
ti

v
el

y
 

tr
y

in
g

 t
o

 c
h

an
g

e 

" 
I 

d
o

n
’t

 t
h

in
k

 i
t’

s 
an

 o
u

tc
o

m
e 

p
er

 s
e 

o
r 

if
 i
t’

s 
m

o
re

 k
in

d
 o

f 
th

e 
ex

p
er

ie
n

ce
 

o
f 

it
, 

b
u

t 
th

er
e 

ar
e 

so
ci

al
 a

sp
ec

ts
 o

f 
p

u
lm

o
n

ar
y

 r
eh

ab
il

it
at

io
n

 I
 t

h
in

k
 

so
m

et
im

es
 p

eo
p

le
 f

in
d

, 
b

ec
au

se
 t
h

ey
 c

an
 b

e
co

m
e 

q
u

it
e 

is
o

la
te

d
 o

r 
lo

n
el

y
 

as
 a

 r
es

u
lt

 o
f 

li
v

in
g

 w
it

h
 C

O
P

D
, 

an
d

 p
ar

ti
cu

la
rl

y
 w

it
h

 t
h

e 
im

p
ac

ts
 o

f 

b
re

at
h

le
ss

n
es

s,
 t

h
at

 t
h

e 
o

p
p

o
rt

u
n

it
y

 t
o

 k
in

d
 o

f 
g
o

 a
n

d
 b

e 
in

 a
 p

la
ce

 w
it

h
 

o
th

er
 p

eo
p

le
 w

h
o

 a
re

 e
x
p

er
ie

n
ci

n
g

 s
im

il
ar

 t
h

in
g

s 
to

 t
h

em
, 
an

d
 a

g
ai

n
, 
th

at
 

ca
n

 k
in

d
 o

f 
co

n
tr

ib
u

te
 t

o
 k

in
d
 o

f 
p

sy
ch

o
lo

g
ic

al
 t

h
in

g
s 

li
k

e 
th

ei
r 

m
o
o

d
, 

b
u

t 
al

so
 j

u
st

 t
h

e 
fe

el
in

g
 o

f 
b

ei
n

g
 l

es
s 

is
o

la
te

d
 o

r 
lo

n
el

y
 a

s 
th

ey
 s

ee
 t

h
er

e 

ar
e 

o
th

er
s 

in
 a

 s
im

il
ar

 p
o

si
ti

o
n

 a
s 

th
em

. 
(.

..
) 

 I
 d

o
n

’t
 k

n
o

w
, 

I 
th

in
k

, 
o

n
e 

o
f 

m
y

 t
h

in
g

s 
th

at
 I

’m
 t

h
in

k
in

g
 a

b
o

u
t 

is
 t

h
at

 I
 k

n
o

w
 t

h
at

 t
h

e 
o

v
er

al
l 

ai
m

 

o
f 

p
u

lm
o
n

ar
y
 r

eh
ab

il
it

at
io

n
 i

s 
so

rt
 o

f 
m

ap
p

in
g

 o
u

t 
th

e 
m

ec
h
an

is
m

s 
an

d
 

w
h

at
 

w
e 

ar
e 

tr
y

in
g
 

to
 

d
o
 

w
it

h
 

p
u

lm
o
n

ar
y
 

re
h

ab
il

it
at

io
n

. 
I 

g
u

es
s 

im
p

ro
v

in
g

 p
eo

p
le

’s
 k

in
d

 o
f 

so
ci

al
 c

o
n

n
ec

ti
o

n
s 

an
d

 t
h

in
g

s 
li

k
e 

th
at

 i
s 

li
k

e,
 

it
 f

ee
ls

 q
u

it
e 

se
co

n
d

ar
y

, 
it

’s
 k

in
d

 o
f 

an
 u

n
in

te
n

d
ed

 b
en

ef
it

 f
o

r 
so

m
e 

p
eo

p
le

. 
B

u
t 

it
 i

s 
v

er
y

 i
m

p
o

rt
an

t 
to

 p
eo

p
le

 t
h

at
’s

 t
h

e 
o

th
er

 t
h

in
g

, 
an

d
 I

 

th
in

k
 i

t 
ca

n
 b

e 
k

in
d

 o
f 

a 
fo

rg
o

tt
en

 a
sp

ec
t,

 w
e 

o
ft

en
 u

se
 w

o
rd

s 
li

k
e 

p
sy

ch
o

so
ci

al
, 
b
u

t 
ac

tu
al

ly
 w

e 
ar

e 
re

al
ly

 j
u

st
 t
al

k
in

g
 a

b
o

u
t 
p

sy
ch

o
lo

g
ic

al
. 

(.
..

) 
b

ec
au

se
 I

 t
h

in
k

 i
t’

s 
ac

tu
al

ly
 m

o
re

 t
h

e 
lo

n
g

er
-t

er
m

 c
o
n

se
q

u
en

ce
s 

w
h

er
e 

th
at

 m
ig

h
t 

b
ec

o
m

e 
m

o
re

 i
m

p
o
rt

an
t,

 b
ec

au
se

, 
I 

g
u

es
s 

w
h

at
 w

e 

w
o

u
ld

 h
o
p

e 
is

 t
h

at
 p

eo
p

le
 a

re
 f

ee
li

n
g

 b
et

te
r 

ab
o

u
t 
th

em
se

lv
es

 a
n

d
 f

ee
li

n
g
 

fi
tt

er
 t

h
ey

 m
ay

 b
e 

m
o

re
 a

b
le

 t
o
 e

n
g

ag
e 

w
it

h
 o

th
er

 p
eo

p
le

 s
o

ci
al

ly
, 
it

 m
ay

 

b
e,

 y
o
u

 k
n
o

w
, t

h
ey

 w
o

u
ld

 b
e 

ab
le

 t
o

 m
o

v
e 

so
 t
h

ey
’r

e 
ac

ti
v

el
y

 d
ai

ly
 l
iv

in
g
 

an
d

 c
o

n
n

ec
ti

n
g

 w
it

h
 p

eo
p

le
 p

o
te

n
ti

al
ly

 i
n
 t

h
ei

r 
co

m
m

u
n

it
y

 a
 b

it
 m

o
re

. 

B
u

t 
if

 i
t’

s 
m

o
re

 a
b

o
u

t 
th

e 
im

m
ed

ia
te

 k
in

d
 o

f 
im

p
ac

t 
o

f 
th

at
, 

y
o

u
 k

n
o

w
 

in
it

ia
l 

6
 t

o
 8

 w
ee

k
s,

 t
h

en
 w

h
at

 y
o

u
 m

ig
h

t 
b

e 
m

ea
su

ri
n
g

 i
s 

th
e 

ac
tu

al
 

co
n

ta
ct

 o
f 

th
at

 s
o

ci
al

 g
ro

u
p

 w
h
ic

h
 w

il
l 
b

e 
st

o
p

p
in

g
. 
S

o
, 
it

’s
 t
ri

ck
y

. 
I 

th
in

k
 

it
’s

 d
ef

in
it

el
y

 s
o

m
et

h
in

g
 w

o
rt

h
 c

o
n

si
d

er
in

g
, 

an
d

 I
 w

o
n
d

er
 i

f 
it

’s
 m

o
re

 

ab
o

u
t 

p
eo

p
le

’s
 k

in
d

 o
f 

su
b

je
ct

iv
e 

fe
el

in
g

s 
o

f 
lo

n
el

in
es

s,
 r

at
h
er

 t
h

an
 t

h
e 

k
in

d
 o

f 
m

o
re

 o
b

je
ct

iv
e 

so
ci

al
 c

o
n

n
ec

ti
o

n
 m

ea
su

re
s.

" 

L
il

y
, 

2
8

y
o

, 

R
es

ea
rc

h
er

 

H
R

Q
o

L
 

1
 (

5
%

) 
It

 
m

ig
h

t 
n

o
t 

b
e 

n
ee

d
ed

 
b

ec
au

se
 

"i
t'
s 

a 
d

if
fi

cu
lt

 c
o

n
ce

p
t,

 q
u

al
it

y
 o

f 
li

fe
. 
It

 i
s 

o
ft

en
 u

se
d

 a
s 

an
 o

u
tc

o
m

e,
 b

u
t 

I 
d

o
u

b
t 

w
h

et
h

er
 w

e 
sh

o
u

ld
 p

u
t 
it

 i
n

 t
h

e 
co

re
 o

u
tc

o
m

e 
se

t,
 b

ec
au

se
 I

 t
h

in
k
 

it
’s

 t
h

e 
re

su
lt

 o
f 

al
l 
th

e 
o

th
er

s,
 w

h
ic

h
 f

in
al

ly
 a

t 
th

e 
en

d
 o

f 
th

e 
d

ay
, p

er
h

ap
s 

A
n

d
re

w
, 

5
9
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ABSTRACT 

Background: There is high heterogeneity of outcomes and measures reported in 

pulmonary rehabilitation (PR) trials of people with chronic obstructive pulmonary 

disease (COPD). This hinders study comparability and benchmarking of PR. We have 

developed a core outcome set (COS) to overcome these challenges. 

 

Methods: This study was informed by a systematic review and two qualitative studies 

and had patient involvement since its inception. A 2-round Delphi survey was 

available in seven languages. Outcomes (n=63) scored 7-9 (crucial) by ≥70% of the 

participants and 1-3 (not that important) by ≤15% of participants from both groups in 

the Likert scale were automatically included in the COS, whilst outcomes that were 

considered crucial by only one of the groups were further discussed and voted in a 

consensus meeting. 

 

Results: A total of 299 people (n=229 healthcare professionals/researchers/policy 

makers; n=70 people with COPD and informal caregivers) participated in the survey 

(83% retention), which covered 29 countries/five continents. After the second round, 

6 outcomes were included and 3 were added in the consensus meeting. The final COS 

contains dyspnoea, exercise capacity, fatigue, health-related quality of life, health 

behaviours/lifestyle, knowledge about the disease, lower limb muscle function, 

personal goals, and problematic activities of daily living. 

 

Conclusion: A COS for PR of people with COPD is now available and can be used 

by different stakeholders to improve consistency and comparability of studies, 

benchmark PR and improve the quality of care provided. Future research should 

establish the core measures and investigate the uptake of this COS. 
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Introduction 

Pulmonary rehabilitation (PR) is recognised as an essential pillar of the 

management of symptomatic patients with chronic obstructive pulmonary disease 

(COPD)1,2. Generally, PR programmes are safe and have a positive impact on patients’ 

daily symptoms, exercise capacity, and quality of life2. Nevertheless, a systematic 

review identified high heterogeneity in the measurement of outcomes in PR trials3. 

This hinders the comparison of programmes, effective evidence synthesis (i.e., meta-

analysis)4 and limits benchmarking of PR5.  

Due to the widely recognized need to tackle this heterogeneity and to establish 

metrics demonstrating the quality of PR, some outcome indicators have been 

proposed1,5-11. Such initiatives have, however, been exclusively based on expert 

opinions, with no robust methodology such as the development of a core outcome set 

(COS) followed. A COS is defined as an agreed standardised set of outcomes that 

should be measured and reported, as a minimum, in all clinical trials in specific areas 

of health or health care4. 

A COS for PR has the potential to generate significant clinical and research 

impacts. A COS can aid the assessment of the quality of PR programmes in clinical 

practice, which may lead to improvements in the quality of care provided. Secondly, 

by establishing a common set of outcomes to be measured, a COS can also facilitate 

the comparison and synthesis of study results, which could inform future research and 

clinical practice. 

Hence, this study aimed to define a COS that should be consistently measured 

and reported in PR of people with COPD. 

Methods 

This study consisted of a two-round Delphi survey followed by a consensus 

meeting. The study is part of a COS registered in the Core Outcome Measures in 

Effectiveness Trials (COMET) initiative database (https://www.comet-
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initiative.org/Studies/Details/1151). The COS was developed considering the Core 

Outcome Set-STAndards for development (COS-STAD recommendations)12 and the 

COMET handbook13, and is reported according to the Core Outcome Set-STAndards 

for Reporting (COS-STAR Statement)14. 

Ethical approval was obtained by the Ethics Committee of the Research Unit 

of Health Sciences of the School of Nursing of Coimbra (UICISA) (P466-10/2017) 

and the Ethics Committee of University of Aveiro (20-CED/2022). Compliance with 

the General Data Protection Regulation (GDPR) was ensured through the approval of 

the study by the GDPR office of the Faculty of Health, Medicine and Life Sciences at 

Maastricht University. All participants provided informed consent. 

This study had patient and public involvement (PPI)13,15 since its inception, 

through the inclusion of a patient representative in the design and development of the 

study. The patient representative ensured that the process was patient-friendly, e.g., 

duration, language suited for patients, and that the study had sufficient patient input16. 

 

Participants and inclusion/exclusion criteria 

Two panels of experts were constituted: people with COPD and informal 

caregivers, and healthcare professionals, researchers and policy makers.  

People from different countries and backgrounds were recruited, to ensure 

diverse contributions and international applicability17. Although there is no consensus 

on the most suitable sample size for Delphi surveys, a minimum of 10-18 participants 

per stakeholder group has been suggested18. We aimed to engage 120 participants on 

the survey, 60 from each stakeholder group. 

Patients and informal carers were recruited through the research team’s 

network, and patient associations (48 were contacted). Healthcare professionals, 

researchers and policy makers were recruited via the teams’ network, and professional 

societies/associations (21 were contacted). The study was also disseminated on social 
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media and among those previously involved in a qualitative study19 to maximise the 

recruitment. 

The inclusion and exclusion criteria were explicitly stated by email and 

provided with the social media dissemination material. Patients were included if they 

were adults, diagnosed with COPD and had participated or were participating in a PR 

programme. Informal carers were included if they were adults, had an informal 

relationship with a person with COPD (e.g., family, friend, neighbour) and had 

provided support (e.g., physical, practical, psychosocial, financial) to a person with 

COPD while they were included in a PR programme. Healthcare professionals, 

researchers and policy makers were included if they had been involved in the design, 

implementation, assessment of PR or data resulting from it. Participants were 

excluded if they had an impairment in communication (reading and/or understanding). 

Information sources 

The initial list of outcomes was developed by combining the outcomes 

retrieved from a systematic review3 and those obtained by interviews with patients, 

informal carers, and healthcare professionals, researchers and policy makers in two 

other studies19,20. Due to the large number of outcomes (n=163 from systematic review 

and 8 from qualitative studies), some outcomes with similar health meanings (e.g., 

walking distance and cycling time) were collapsed into broader outcomes (e.g., 

exercise capacity). This approach was chosen as Delphi studies with higher number 

of items and larger panels are associated with lower response rates21. The final list of 

the first round of the survey was composed of 57 outcomes with descriptors that were 

discussed and agreed by the research team (Please see Appendix A). 

The survey 

The Delphi survey was available electronically and in paper for local 

(Portuguese) participants who wanted to participate but could not access the online 
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survey (e.g., digital skills). The survey was developed using Qualtrics (Qualtrics XM, 

Provo, Utah, USA). 

To maximize the possibility of developing a global COS, the survey was 

translated from English into Portuguese, Dutch, Spanish, Italian, French and German, 

using forward translation with 1 proficient speaker of English and each other 

language22. 

The Delphi survey was pilot tested with a patient representative and a 

healthcare professional, to ensure its length was feasible and that it was easy to 

understand. 

The initial part of the survey was composed of a brief explanation of the 

research, a video developed by the COMET initiative to explain the development of 

a COS23, advantages, and disadvantages of taking part in the study, a plain language 

summary24 and the informed consent. A document with a plain language description 

and a representative image (when possible) for each outcome, that were reviewed by 

two healthcare professionals/researchers and a patient representative13, was also 

provided (Appendix B). 

Participants were asked to provide information regarding their sex, age, 

occupation, country, and stakeholder group. Informal caregivers were also asked to 

disclose the type of relationship with the patient (e.g., family member). 

The list of outcomes was alphabetically ordered to avoid bias25. Participants 

scored each outcome in a 9-point Likert scale in which the outcomes scored from one 

to three were “not that important”, four to six were “important but not critical” and 

seven to nine were “critical” to measure26. An option of “unable to score” was also 

provided, as some participants might have never experienced a particular outcome16. 

At the end of the first round of the survey participants were able to suggest outcomes 

to be scored on the following round to ensure all outcomes valuable for these 

stakeholders were considered 27. 
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The second round of the survey used the same scoring system and contained 

all outcomes of the previous round and the additional ones suggested by participants 

(Appendix A). Feedback of the previous round with the score distribution of each 

stakeholder group for each outcome was provided (Appendix C), as confrontation 

with the opinions of other participants could increase consensus27. Three rounds of 

gentle reminders were sent by e-mail, asking participants to complete the second 

round of the survey to minimise high attrition rates 27.  

After the second round, outcomes that were scored between seven and nine 

by ≥70% of the participants and between one to three by ≤15% participants from both 

groups were automatically included in the final COS, outcomes that only one of the 

groups considered essential were further discussed in the consensus meeting, and the 

remaining outcomes were excluded from the COS17. 

All analysis were performed using R (v. 4.1.2, R Foundation for Statistical 

Computing, Vienna, Austria) and Excel (Microsoft, Redmond, Washington, USA). 

Consensus meeting 

The consensus meeting consisted of a group discussion, followed by voting 

of uncertain outcomes by the Steering Committee (authors)13.  

Prior to the consensus meeting, handouts were sent to the participants as 

suggested by the COMET initiative 28, consisting of i) an introduction of what is a 

core outcome set, information about what happened in the project before, ii) a plan 

for the day and iii) the list of outcomes that were agreed previously; the list of 

outcomes that were excluded; and the list of outcomes that needed a decision during 

the meeting with a plain language definition and an image. 

The meeting was then conducted online, through Zoom (California, USA). A 

nominal group technique was used to ensure all participants thoughts were 

considered29. The session started with an introductory phase where there was a slide 
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set prepared by the moderator (S.S-M) to explain the results of the Delphi survey and 

to structure the meeting.  

Outcomes from the Delphi survey that were automatically included were first 

reviewed, to finalize the recommendations and make possible adjustments. Then, for 

inconclusive outcomes, a silent generation of ideas was performed. Participants were 

asked to think and write which of those outcomes (if any) should be in the final COS 

and why, without consulting other people29. Then, participants were invited to share 

their ideas to the group, one at a time29. A discussion was then followed with pros and 

cons of including each outcome29. Finally, electronic voting consisted of asking 

participants at the same time whether each outcome mentioned in the previous phase 

was crucial to assess the effectiveness of PR or not. They were asked to keep in mind 

that a maximum of 9 outcomes would be considered, to ensure the applicability of the 

COS17. Consensus was reached if fewer than 30% (n≤1) of the voters disagreed30. 

 

Results 

The Delphi survey was composed of two rounds13. The first round occurred 

from 17/05/2022 to 08/07/2022 and the second from 21/09/2022 to 31/10/2022. The 

consensus meeting took place on the 12th of January 2023 and lasted 63 minutes. 

A total of 299 participants from 29 countries completed the first round of the 

survey, of whom 198 were healthcare professionals, 103 were researchers, 68 were 

people with COPD, 10 were policy makers, and three were informal caregivers. 

Participants were mostly females (n=176, 58.9%) with an average age of 49 (±14) 

years old. Of all healthcare professionals, most respondents were physiotherapists 

(n=98, 49.2%) or medical doctors (n=49, 24.6%). A retention rate of 82.9% was 

achieved in the second round, with 27 countries involved. Characteristics of the 

sample are displayed in Table 1 and a map of the distribution of responses can be 

observed in Figure 1. The consensus meeting integrated the members of the steering 

committee (three healthcare professionals/researchers and one patient representative).
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A core outcome set for pulmonary rehabilitation of people with COPD 

Figure 1. Distribution of responses to the first round of the Delphi survey (n=299), across the 29 

countries that participated. Colour scheme at the top right corner indicates the density of responses. 

Opinions were consistent between rounds with a change in voting for four 

outcomes (energy expenditure, fatigue, general well-being, and muscle function). 

After the first round, five outcomes were crucial for both stakeholder groups 

(dyspnoea, exercise capacity, general well-being, health-related quality of life 

(HRQoL) and impact of the disease), 14 outcomes were inconclusive (only one of the 

stakeholder groups had at least 70% of people voting as crucial) and the remaining 

(n=38) would be excluded if the Delphi survey ended. Six additional outcomes were 

suggested by participants. A total of 63 outcomes were voted in the second round 

(Appendix A). After the last round of the survey, six outcomes were included in the 

COS (dyspnoea, exercise capacity, fatigue, HRQoL, impact of the disease and muscle 
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A core outcome set for pulmonary rehabilitation of people with COPD 

 

function), 43 were excluded and 14 were further discussed in the consensus meeting 

(Table 2).  

The process of outcome inclusion and exclusion can be observed in Table 2. 

Outcomes were grouped using the COMET initiative taxonomy31. 
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During the meeting we decided to rephrase the outcome “impact of the disease” into 

“problematic activities of daily living” and consequently remove “activities of daily 

living” from the uncertain outcomes to be voted. This decision was reached due to the 

similar inherent meaning of the two outcomes (i.e., how/which daily activities of 

patients are affected), and as it was consensual that symptoms and HRQoL (outcomes 

already included in the COS) included the measurement of the impact of the disease. 

Seven of the 13 outcomes that needed a decision were mentioned as important during 

the nominal group technique and were, therefore, voted: smoking cessation (25% 

voted to include), lung function (25% voted to include), knowledge about the disease 

(100% voted to include), coping strategies (25% voted to include), personal goals 

(100% voted to include), self-management (25% voted to include) and health 

behaviours/lifestyle (75% voted to include). 

The meeting resulted in a recommendation to measure nine outcomes before 

and immediately after PR programmes. The decision to measure the core outcomes 

only on a short-term was based on the high heterogeneity of paths patients follow after 

PR (e.g., some patients stop exercising, some engage in physical activity/exercise 

programmes), which could confound the assessment of PR effectiveness. The final 

COS is, therefore, composed of the outcomes: dyspnoea, exercise capacity, fatigue, 

health behaviours/lifestyle, HRQoL, knowledge about the disease, lower limb muscle 

function, personal goals, and problematic activities of daily living (Figure 2).  
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Figure 2. Core outcomes included in the core outcome set (COS) using the domains 

(physiological/clinal outcomes, life impact outcomes) of the Core Outcome Measures in 

Effectiveness trials (COMET) initiative’s taxonomy.  

Outcome definitions 

Definitions for each outcome were determined based on the literature and by 

consensus of the Steering Committee during the meeting. These definitions can be 

used in the future to help choose the measurement instrument for each construct. 

Dyspnoea 

Dyspnoea has been described as a “subjective experience of breathing 

discomfort that consists of qualitatively distinct sensations that vary in intensity.”32.  

Exercise capacity 
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Exercise capacity, and specifically functional exercise capacity can be 

defined as “one’s maximal potential to realize a functional activity in a standardized 

environment (e.g., walking distance during the 6-minute-walk test).”33. 

 

Fatigue 

Fatigue can be defined as “a subjective, unpleasant symptom which 

incorporates total body feelings ranging from tiredness to exhaustion creating an 

unrelenting overall condition which interferes with individuals’ ability to function to 

their normal capacity”34.  

 

Health-related behaviours/lifestyle 

Health-related behaviours can be defined as “actions taken by individuals that 

affect health or mortality. These actions may be intentional or unintentional, and can 

promote or detract from the health of the actor or others.”35. There are multiple 

behaviours that are related to lifestyle choices which impact patients health, such as 

smoking, physical activity and sleep35.  

 

HRQoL 

HRQoL refers to the “aspects of self-perceived well-being that are related to 

or affected by the presence of disease or treatment”36 or “a component of the broader 

concept of quality of life that is defined as satisfaction with health”2.  

 

Knowledge about the disease 

The definition of health literacy used by the World Health Organization was 

adapted for this outcome i.e., the ability of individuals to gain access to, understand 

and use information about the disease in ways which promote and maintain good 

health37,38. 

 

Lower limb muscle function 
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Muscle dysfunction is defined as “the loss of at least one of the two main 

muscle properties: strength and endurance”39,40. Although muscle endurance and other 

properties might be important to assess41, it was consensual that lower limb muscle 

strength should be the core outcome assessed, as it is the most studied muscle 

characteristic in COPD, has a clear prognostic value, can be improved with PR and is 

easily measured39,42.  

Personal goals 

Personal goals were defined as goals that patients aim to achieve with PR and 

are set by themselves. 

Problematic activities of daily living 

Activities of daily living (ADL) are meaningful tasks of everyday life that can 

be basic (e.g., eating, dressing, bathing) or instrumental i.e., associated with 

independent living (e.g., transportation, shopping, managing money, housework)43,44. 

Discussion 

This study developed a COS for PR of patients with COPD. The COS is 

composed of nine outcomes - dyspnoea, exercise capacity, fatigue, health 

behaviours/lifestyle, HRQoL, knowledge about the disease, lower limb muscle 

function, personal goals, and problematic activities of daily living; that are relevant 

for various stakeholders.  

The proposed set of outcomes is of utmost importance for enhancing both 

clinical practice and research. From a clinical standpoint, the COS can be an integrated 

step of an iterative process of improving the quality of PR, such as the Plan-Do-

Check/study-Act cycle (PDC)45. Using this four-stage cyclic method, after results are 

ascertained with the COS, programmes can plan changes, perform them, check 

whether results were different with the new changes (using the COS) and act towards 

new steps of improvement if needed. Additionally, the COS can enable comparison 
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of results between patients and centres in clinical practice, promote transparency to 

payers, and can be used as a structured minimal assessment guide. Finally, by 

demonstrating the benefits of PR in important outcomes, the COS may help to attract 

funding and influence policy changes. 

In terms of research, this COS has various benefits. Firstly, it can increase 

consistency across trials, leading to a decrease in outcome reporting bias, research 

waste, and an improvement in the ability to conduct meta-analyses. Secondly, this 

COS can serve as a vehicle for knowledge translation by enabling comparison of 

outcomes between COPD and other diseases. 

Mental health issues (including symptoms of anxiety and depression) occur 

frequently in patients with COPD46, and PR reduces these symptoms47. Therefore, the 

exclusion of anxiety and depression during the Delphi process was somewhat 

unexpected. This finding is however consistent with other outcome measurement 

recommendations for COPD (PR or physiotherapy-related treatments of COPD, stable 

and acute states of COPD with no interventions) which did not include mental health 

outcomes 11,48-50. Nevertheless, a COS is a minimum of measurements that should be 

performed. Additionally measuring the effects of PR on mental health is still 

encouraged, particularly for patients who exhibit these symptoms at baseline. 

Most outcomes recommended in this COS are not COPD or respiratory-

specific (e.g., functional exercise capacity, fatigue, health behaviours/lifestyle, 

HRQoL, personal goals, and problematic activities of daily living). In fact, some of 

these outcomes have also been identified as critical in other COS initiatives such as 

the International Consortium for Health Outcomes Measurement (ICHOM) sets 51-53, 

and other rehabilitation-related COS developed for musculoskeletal, cardiac, or 

neurorehabilitation, and rehabilitation after clinical illness 54-58. This overlap in 

outcomes across different conditions and rehabilitation services may facilitate the 

sharing of resources, comparison of disease trajectories and programmes, enrich 

knowledge, and enable better translation of research findings to other settings. 
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Whilst this COS provides some key outcome indicators that should be 

reported, other key indicators for structure and process should also be defined in the 

future for internal and external quality control purposes1,5,59. Structure indicators are 

related to the infrastructures and resources of PR programmes, such as equipment and 

personnel available, while process indicators reveal the path of the patient within the 

service delivered and the elements of care provided (e.g., time on waiting list, length 

and components of programmes)5,59. 

This study has some strengths and limitations. The development of this COS 

followed a robust methodology recommended by the COMET initiative13, and is a 

result of several studies: a systematic review of 267 studies3, two qualitative studies 

with 29 patients with COPD, 11 informal carers and 30 healthcare professionals, 

researchers and policy makers19,20, an international Delphi survey completed by 248 

participants (patients and healthcare professionals, researchers and policy makers) 

covering 29 countries, and a consensus meeting with three clinicians/researchers and 

a patient representative. Thus, we believe this COS is valid for different stakeholders 

and has international applicability. Nonetheless, we did not characterise participants 

in great detail and participants’ characteristics and beliefs probably contributed to 

their choices. Therefore, it is possible that some outcomes were not chosen (e.g., 

anxiety) due to the participants characteristics (e.g., having no symptoms of anxiety). 

Additionally, a large proportion of countries from Africa and Asia were not 

covered with this COS, limiting its applicability in these regions. 

This COS is a comprehensive set of outcomes that includes multiple and 

differential domains, previously acknowledged as needed, due to the complexity of 

the disease and the multicomponent nature of PR19. Nevertheless, the COS should be 

updated as necessary with rising of new evidence (e.g., every five years)13. 

Future steps include defining “how” to measure (i.e., instruments to use) the 

proposed outcomes, as otherwise some heterogeneity might persist. This step can be 

addressed with a systematic review of measurement properties to identify the 
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instruments with the best properties for each core outcome (already registered in 

PROSPERO, ID: CRD42022313344), and a new consensus study, if several 

instruments are equally robust and other aspects such as their feasibility in clinical 

practice, applicability across settings and charges with licensing, need to be 

considered19,60.  

Future work could also focus on implementing strategies aiming at enhancing 

the COS use as uptake in most areas has been low61. Finally, clinical training on how 

to measure these outcomes, after the instruments are defined, might be needed as a 

well-qualified multidisciplinary team is desirable. 

 

Conclusion 

This study developed a COS for PR of people with COPD. The COS includes 

dyspnoea, exercise capacity, fatigue, health behaviours/lifestyle, HRQoL, knowledge 

about the disease, lower limb muscle function, personal goals, and problematic 

activities of daily living. It can now be used by different stakeholders to improve 

consistency and comparability of studies, benchmark PR and improve the quality of 

care. Future research should establish the core measures and investigate the COS 

uptake. 
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Supplementary materials 

Appendix A. List of outcomes scored in Delphi survey. 

Table A.1. Outcomes scored in round 1 (n=57) and round 2 (n=63) of the Delphi survey. 

Outcomes of round #1 Outcomes of round #2 

Achieving personal goals Outcomes of round #1 

Activities of daily living Heart rate recovery 

Anxiety symptoms Participation in society 

Biomarkers Patient concerns 

Balance Physical well-being 

Acute exacerbations of COPD Psychological well-being 

Adverse events Sedentary behaviour 

Arterial blood gases 

Body mass index 

Body water 

Care dependency 

Change in medication 

Cognitive function 

Comorbidities 

Coping strategies 

Cough 

Depression 

Dietary intake 

Disease-specific fears 

Distress 

Dyspnoea 

Energy expenditure 

Exercise capacity 

Falls 

Fat free mass 

Fat mass 

Fatigue 

Flexibility 

Frailty 

General well-being 
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Healthcare utilisation  

Health behaviours/lifestyle  

Health-related quality of life  

Impact of the disease  

Knowledge about disease  

Loneliness  

Loss of appetite  

Lung function  

Mood  

Mortality  

Motivation to exercise/ be physically active  

Muscle function  

Pain  

Physical (in)activity  

Posttraumatic stress disorder symptoms  

Respiratory muscle function  

Satisfaction with sex life  

Self-efficacy  

Self-esteem  

Self-management  

Sleep  

Smoking cessation  

Social support  

Sputum  

Swallowing function  

Vital signs  

Weight change  
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A core outcome set for pulmonary rehabilitation of people with COPD 

Appendix C. Feedback of the first round of Delphi survey provided to participants 
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Chapter 8 

Summary and general discussion 



Summary and general discussion 

 

Summary and general discussion 

The primary objective of this thesis was to create a COS for PR of patients 

with COPD. The aim was to design a set that could be utilized in both research and 

clinical settings, to address the limitations in synthesizing evidence and the difficulty 

in benchmarking PR outcomes due to the diversity of measurement methods. 

Indirectly, this thesis also sought to shed light on the PR-relevant treatable traits of 

individuals with COPD and their influence on the varying responses to this 

intervention. The ultimate goal of this secondary objective was to enhance our 

understanding of some of the factors that impact the effectiveness of PR in this 

population. 

Results of this thesis suggest that there are nine core outcomes of PR that can 

be operationalized through a set of internationally and multistakeholder-applicable 

measurements. Findings further suggest that i) simple and practical measurement 

tools can be useful for screening for treatable traits, and are preferred by various 

stakeholders as they can be applied in different PR settings, such as inpatient, 

outpatient, community, and home-base; ii) it is important to carefully consider the 

choice of measurement to assess the effectiveness of PR; and iii) there is a need for 

further investigation into the treatable trait strategy within PR, as it may have the 

potential to differentiate responders from non-responders ahead of time, thereby 

optimizing patient selection and personalizing treatment. 

Chapter 2 of this thesis confirmed the substantial variability in outcome 

measurement in PR trials, with 163 outcomes and 217 distinct measures employed 

across studies. This finding reinforced the necessity of a COS in this area to improve 

comparability between studies and benchmarking of PR. Furthermore, the chapter 

provided an initial list of outcomes to be used in a future consensus study, and also a 

comprehensive overview of the structure and content of PR interventions since 2000, 

which enriched our understanding of the PR landscape. 
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Summary and general discussion 

In Chapter 3 we demonstrated that a cut-off of 19.5 repetitions in a simple 

office-based test, i.e., the 1-minute sit-to-stand test can accurately differentiate 

individuals with COPD with a functional impairment from those without this treatable 

trait. This test can, therefore, be used as an initial screening tool prior to more in-depth 

assessments of functional status, such as the 6-minute walk test, and may be a valuable 

marker of the presence or absence of this PR-relevant treatable trait. 

Findings of Chapter 4 confirmed the existence of varying responses to PR in 

a less studied but highly relevant outcome (i.e., functional status), with a significant 

proportion of people with COPD (43-45.5%) not experiencing a clinically meaningful 

improvement in their functional status following PR. Additionally, this study 

emphasized the importance of cautiously selecting the appropriate measurement 

instrument for each outcome, as this impacts the interpretation of patients as 

responders or non-responders to the intervention. 

Chapter 5 revealed that individuals with COPD possessing treatable traits at 

baseline, defined using internationally accepted criteria, are four to 20 times more 

likely to achieve a favourable outcome from PR compared to those without treatable 

traits (i.e., closer to normal functioning). Henceforth, this study implies the potential 

benefits of incorporating a treatable trait strategy in PR. By adopting this strategy, PR 

could be made more efficient through improved patient selection, based on a patient's 

likelihood of responding to the intervention, and by better personalizing and 

optimizing it to accommodate patients’ needs (i.e., only selecting the PR components 

needed for each patient, such as different educational topics, types of exercise training, 

psychotherapy or nutritional counselling). Nevertheless, this approach needs further 

investigation. 

Chapter 6 provides important insights into outcome measurement in PR. In 

conjunction with the results from Chapter 2, this study also resulted in a 

comprehensive list of outcomes to be included in a consensus-driven definition of the 

core outcomes of PR. This qualitative investigation shed light on the importance of 
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Summary and general discussion 

assessing outcomes that are meaningful to patients and of showing that PR is 

beneficial for people with COPD. Additionally, it highlighted the need to have 

comprehensive assessments that are consistent across PR settings, psychometrically 

sound but practical measurements tools, and the usefulness of a COS to promote 

benchmarking of PR and advance the field. Nevertheless, it acknowledged the 

potential challenges of COS implementation such as resistance to change clinical 

practice and its use as a maximal instead of a minimum set of measurements. 

Lastly, Chapter 7 gathered previous research and particularly findings from 

Chapter 2 and 6 and presented the COS for PR of people with COPD. This 2-round 

Delphi study followed by a consensus meeting identified nine crucial outcomes of PR: 

dyspnoea, exercise capacity, fatigue, health-related quality of life, health 

behaviours/lifestyle, knowledge about the disease, lower limb muscle function, 

personal goals, and problematic activities of daily living. These outcomes should now 

be consistently measured and reported as a minimum in all PR trials and programmes, 

to demonstrate the effectiveness of the intervention for people with COPD and the 

quality of programmes. 

Based on the novel findings of this thesis, the following topics will be 

discussed in more detail. Firstly, treatable traits of people with COPD and 

implications of this strategy for PR will be discussed considering the results of 

Chapter 3, Chapter 4 and Chapter 5. Then, findings in the literature about other 

COS and their uptake will be confronted with the results of this thesis, mainly 

presented in Chapter 2, Chapter 6 and Chapter 7. 

The treatable trait strategy and its importance for PR 

The treatable traits strategy is a precision medicine model that aims to 

personalize the management of patients with chronic respiratory conditions by 

identifying and targeting specific problems or traits1. This approach involves 

assessing patients for a set of clinically relevant, identifiable, and measurable traits 
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Summary and general discussion 

and creating a personalized treatment plan based on the identified problems2. This 

strategy has shown promising results in treating disease complexity in asthma, when 

compared to conventional treatment (regular interventions provided in a specialised 

asthma clinic)3. 

In 2016, a comprehensive list of pulmonary (e.g., airflow limitation, chronic 

bronchitis), extra-pulmonary (e.g., deconditioning, obesity) and behavioural/lifestyle 

treatable traits (e.g., smoking, exacerbation management) were proposed for 

measurement in patients with airway disease1,2. However, not all of these traits are 

relevant for PR (cannot be addressed) and additional important extra-pulmonary and 

behavioural traits, such as muscle dysfunction, functional impairment, balance 

limitations, and low levels of physical activity, may need to be considered. 

In Chapter 3, we determined a specific cut-off point for the 1-minute sit-to-

stand test, which could serve as a useful treatable trait for assessing functional status. 

This cut-off value can be utilized to efficiently identify patients who would benefit 

from PR and allow for meaningful referral criteria to be established. The cut-off value 

of 19.5 repetitions showed not only high sensitivity but also high specificity, which is 

crucial for accurately confirming the presence of a trait2. Furthermore, this chapter 

addressed an important research opportunity within the treatable trait strategy field by 

identifying a new feasible marker, that can be used across multiple settings2. 

Similarly, other cut-offs for PR-relevant traits have been previously established, such 

as severe dyspnoea (≥2 points on the mMRC)4, reduced muscle strength (1RM/weight 

≤31%)5 symptoms of anxiety and depression (≥8 points on the Hospital Anxiety and 

Depression Scale)6, poor HRQoL (≥46 points on the Saint George’s respiratory 

questionnaire)7, high symptom burden (≥18 points on the COPD assessment test)7 

poor balance (≤16 points on the Brief- Balance Evaluation System Test)8, low 

physical activity levels (<5000 steps per day)9,10.  In combination with the proposed 

treatable trait of this thesis, these identified traits could potentially form a 

comprehensive set of traits in the future, to be evaluated prior to initiating PR. 
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Nonetheless, the suitability and validity of these traits for PR should be further 

assessed with multiple stakeholders. 

Chapter 4 of this thesis showed that people who responded better to PR were 

those with lower performance at baseline in functional tests, and that the use of 

different measures within the same outcome domain might result in different 

interpretations of the patient’s response. Thus, this emphasized the importance of 

conducting a meticulous selection of appropriate measures for the identification of 

treatable traits at baseline, as it might significantly impact the subsequent evaluation 

of the intervention's effectiveness in targeting these traits. Other studies have also 

found better responses to PR in people who were more symptomatic and had more 

limitations at baseline11-13. Mounting on this evidence, Chapter 5 showed that having 

treatable traits at baseline increases the likelihood of responding to PR up to 20 times, 

compared to not exhibiting the treatable traits at baseline. 

Results of the aforementioned chapters and responder analyses in existing 

literature suggest that the enrolment process for PR might be more efficient by first 

identifying patients who are more likely to benefit from the intervention. Additionally, 

employing a treatable trait strategy may optimize the intervention by selectively 

focusing on necessary components tailored to each patient's treatable traits, thereby 

conserving valuable time and resources for both clinicians and patients. 

Recently, a systematic review of the literature found that PR was 

insufficiently addressing the treatable traits of people with COPD14. However, the 

search of this review was only based on a list of treatable traits that was not designed 

for PR studies1, hence, the true potential of a treatable trait strategy within PR remains 

to be explored.  

Therefore, a treatable trait strategy might be a new avenue to pursue within 

PR, but before the widespread use of this approach, it is important to identify PR-

relevant treatable traits with valid criteria (i.e., cut-offs), create an algorithm to decide 
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which component of PR is activated for which treatable trait, and compare it to a 

conventional strategy, in terms of cost-effectiveness. 

Core outcome sets and their impact 

A large number of COS (n=370) with about 15 being focussed on the lungs 

and airways category, have been published since 1981, due to their potential to 

decrease research waste and promote evidence-synthesis15. Of the latest 33 studies 

developing COS, only 18% met the minimum standards set by the COMET 

initiative15. This finding highlights the importance of applying the proposed rigorous 

methodology and reporting according to the guidelines16,17, as followed in this thesis. 

Our COS was informed by a systematic review (Chapter 2), two qualitative 

studies (Chapter 6) and 18, a Delphi survey and a consensus meeting (Chapter 7), 

which had patient input since their inception. The first systematic review of published 

COS in other fields revealed that the most frequent method of consensus used was a 

semi-structured group discussion, workshops or meetings19, which are less robust than 

a multipaneled Delphi survey. Furthermore, only 33% conducted a literature or 

systematic review, 15% a Delphi survey, 8% a nominal group technique, and only 

18% had public involvement19. Moreover, a median of 4 countries were involved in 

the development of those COS, which contrasts with the 29 countries covered by the 

COS presented in this thesis19. Chapter 7 also included lower and middle income 

countries20 - Argentina, Brazil, Colombia, India, Philippines, Turkey, and Ukraine, 

which has been a recognised priority in COS development15.  

Few studies have been conducted to assess the uptake of COS in randomized 

controlled trials (RCTs) and systematics reviews, which limits our understanding of 

the needs to optimize application of this COS21. Nevertheless, available research 

indicates COS uptake rates to vary greatly with some COS never used in RCTs whilst 

others (e.g., rheumatoid arthritis) have been fully utilized in 82% of RCTs in the 

respective field21. Of note, the COS that had the highest uptake recommended the 

425

8



Summary and general discussion 

 

measurement of 8 outcomes (similar to the hereby proposed) and has been developed 

almost three decades ago22. A review of COS uptake in Cochrane systematic reviews, 

further showed that only 5% of those reviews used the COS to define the outcomes to 

be searched, while 35% could have considered COS23.  Despite the poor uptake, an 

increasing number of organisations are recommending COS and there seems to exist 

a good overlap between outcomes recommended in COS, in regulatory documents, 

and in health technology assessments24. Similar outcomes have also been 

recommended across rehabilitation of different health conditions25-29, which suggest 

the potential of sharing resources among rehabilitation services.  

Several barriers for COS uptake have been suggested, such as lack of 

awareness of existing COS, lack of consensus on “how to measure” or lack of 

validated measures, lack of patient and other important stakeholder involvement, lack 

of clarity on the definition of outcomes/domains, patient burden, costs associated with 

measurements and lack of standardised recommendations across regulatory 

agencies21,30. In light of the aforementioned obstacles, the forthcoming stages of the 

proposed COS expounded in this thesis must focus on identification of measurement 

instruments that not only demonstrate robust psychometric properties but also exhibit 

feasibility for both clinicians and patients. Moreover, dissemination of the research 

findings to regulatory bodies and professional organizations responsible for 

developing clinical guidelines in the field of respiratory medicine, such as the 

European Respiratory Society and the American Thoracic Society, is imperative. 

 

Methodological considerations 

The present thesis established a COS for PR in individuals with COPD, with 

the ultimate objective of enhancing the uniformity of clinical trial assessments and 

establishing a common benchmark for PR outcomes across diverse settings. However, 

the primary focus was confined to defining the specific outcomes to be measured (i.e., 

"what to measure"), and some degree of heterogeneity will continue to persist as 
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researchers and clinicians retain the ability to select disparate measurement 

instruments. Therefore, establishing the measurement instruments i.e., “how to 

measure” for each outcome of the COS, is an important further step.  

Following the recommendations of the COMET and the COnsensus-based 

Standards for the selection of health Measurement Instruments (COSMIN) initiatives, 

this can be achieved through a systematic review of the measurements properties of 

instruments used for each outcome (when none is available)31. However, a new 

consensus-based study, such as a consensus meeting might be needed, in case of 

instruments with equally robust measurement properties, and to ensure that other 

aspects such as feasibility of measures (costs, burden), or their behaviour in responder 

analysis (as seen in Chapter 4), are considered31. A systematic review of the literature 

is already registered in the international prospective register of systematic reviews 

(PROSPERO, ID CRD42022313344) and will be conducted in the future to complete 

all stages of the COS. 

Conclusions and future directions 

A COS for PR of people with COPD can now be used in both research and 

clinical practice, and by multiple stakeholders, such as trialists, systematic reviewers, 

funders, programme payers, clinicians, and patients. 

Future research should explore the suitability of a treatable trait approach 

within PR and validate our treatable trait candidate (Chapter 3), and ascertain the 

uptake of this COS.  

To promote the adoption of the COS proposed in this thesis, it is 

recommended that a systematic review be undertaken to identify trials that employ 

this COS, with regular updates every 2 years24. Additionally, to gain a comprehensive 

understanding of any impediments or catalysts for the uptake of the COS, soliciting 

feedback from the relevant stakeholders is crucial24. These insights can then be 
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utilized to develop and implement novel strategies aimed at enhancing the adoption 

and utilization of the COS in PR. 

Lastly, it is important to start a comprehensive dissemination strategy of this 

COS, through several channels, such as trialists, patient organizations, relevant 

Cochrane review groups (airways and rehabilitation), clinical guideline developers, 

research funders, journal editors, clinical professional bodies (of each country), 

regulators, research ethics committees and trial registries, health technology 

assessment bodies (NICE), conferences, and social media24. 

 

References 

1. Agusti A, Bel E, Thomas M, et al. Treatable traits: toward precision medicine 

of chronic airway diseases. Eur Respir J. 

2016;47(2):410;10.1183/13993003.01359-2015 

2. McDonald VM, Fingleton J, Agusti A, et al. Treatable traits: a new paradigm 

for 21st century management of chronic airway diseases: Treatable Traits 

Down Under International Workshop report. Eur Respir J. 

2019;53(5):1802058;10.1183/13993003.02058-2018 

3. McDonald VM, Clark VL, Cordova-Rivera L, Wark PAB, Baines KJ, Gibson 

PG. Targeting treatable traits in severe asthma: a randomised controlled trial. 

Eur Respir J. 2020;55(3):1901509;10.1183/13993003.01509-2019 

4. GOLD. Global strategy for the diagnosis, management, and prevention of 

chronic obstructive pulmonary disease. 2023. 

5. Spositon T, Oliveira JM, Rodrigues A, et al. Quadriceps weakness associated 

with mortality in individuals with chronic obstructive pulmonary disease. Ann 

Phys Rehabil Med. 2022;65(5):101587;10.1016/j.rehab.2021.101587 

6. Bjelland I, Dahl AA, Haug TT, Neckelmann D. The validity of the Hospital 

Anxiety and Depression Scale. An updated literature review. J Psychosom 

Res. 2002;52(2):69-77;10.1016/s0022-3999(01)00296-3 

428



Summary and general discussion 

7. Smid DE, Franssen FME, Gonik M, et al. Redefining Cut-Points for High

Symptom Burden of the Global Initiative for Chronic Obstructive Lung

Disease Classification in 18,577 Patients With Chronic Obstructive

Pulmonary Disease. J Am Med Dir Assoc. 2017;18(12):1097.e1011-

1097.e1024;10.1016/j.jamda.2017.09.003

8. Jácome C, Cruz J, Oliveira A, Marques A. Validity, Reliability, and Ability

to Identify Fall Status of the Berg Balance Scale, BESTest, Mini-BESTest,

and Brief-BESTest in Patients With COPD. Phys Ther. 2016;96(11):1807-

1815;10.2522/ptj.20150391

9. Tudor-Locke C, Craig CL, Aoyagi Y, et al. How many steps/day are enough?

For older adults and special populations. Int J Behav Nutr Phys Act.

2011;8:80;10.1186/1479-5868-8-80

10. Tudor-Locke C, Bassett DR, Jr. How many steps/day are enough?

Preliminary pedometer indices for public health. Sports Med. 2004;34(1):1-

8;10.2165/00007256-200434010-00001

11. Spruit MA, Augustin IM, Vanfleteren LE, et al. Differential response to

pulmonary rehabilitation in COPD: multidimensional profiling. Eur Respir J.

2015;46(6):1625-1635;10.1183/13993003.00350-2015

12. Augustin IML, Franssen FME, Houben-Wilke S, et al. Multidimensional

outcome assessment of pulmonary rehabilitation in traits-based clusters of

COPD patients. PLOS ONE.

2022;17(2):e0263657;10.1371/journal.pone.0263657

13. Van Herck M, Antons J, Vercoulen JH, et al. Pulmonary Rehabilitation

Reduces Subjective Fatigue in COPD: A Responder Analysis. J Clin Med.

2019;8(8);10.3390/jcm8081264

14. Holland AE, Wageck B, Hoffman M, Lee AL, Jones AW. Does pulmonary

rehabilitation address treatable traits? A systematic review. Eur Respir Rev.

2022;31(165):220042;10.1183/16000617.0042-2022

429

8



Summary and general discussion 

 

15. Gargon E, Gorst SL, Matvienko-Sikar K, Williamson PR. Choosing 

important health outcomes for comparative effectiveness research: 6th annual 

update to a systematic review of core outcome sets for research. PLOS ONE. 

2021;16(1):e0244878;10.1371/journal.pone.0244878 

16. Williamson PR, Altman DG, Bagley H, et al. The COMET Handbook: 

version 1.0. Trials. 2017;18(3):280;10.1186/s13063-017-1978-4 

17. Kirkham JJ, Davis K, Altman DG, et al. Core Outcome Set-STAndards for 

Development: The COS-STAD recommendations. PLoS Med. 

2017;14(11):e1002447;10.1371/journal.pmed.1002447 

18. Souto-Miranda S, Marques A. Triangulated perspectives on outcomes of 

pulmonary rehabilitation in patients with COPD: a qualitative study to inform 

a core outcome set. Clin Rehabil. 2019;33(4):805-

814;10.1177/0269215518821405 

19. Gargon E, Gurung B, Medley N, et al. Choosing Important Health Outcomes 

for Comparative Effectiveness Research: A Systematic Review. PLOS ONE. 

2014;9(6):e99111;10.1371/journal.pone.0099111 

20. Development. OfEC-oa. Development Assistance Committee (DAC) list of 

Official Development Assistance (ODA) recipients.  

http://www.oecd.org/dac/stats/daclist.htm, 2023. 

21. Hughes KL, Clarke M, Williamson PR. A systematic review finds Core 

Outcome Set uptake varies widely across different areas of health. J Clin 

Epidemiol. 2021;129:114-123;10.1016/j.jclinepi.2020.09.029 

22. Boers M, Tugwell P, Felson DT, et al. World Health Organization and 

International League of Associations for Rheumatology core endpoints for 

symptom modifying antirheumatic drugs in rheumatoid arthritis clinical 

trials. J Rheumatol Suppl. 1994;41:86-89 

23. Williamson PR, de Ávila Oliveira R, Clarke M, et al. Assessing the relevance 

and uptake of core outcome sets (an agreed minimum collection of outcomes 

430

http://www.oecd.org/dac/stats/daclist.htm


Summary and general discussion 

to measure in research studies) in Cochrane systematic reviews: a review. 

BMJ Open. 2020;10(9):e036562;10.1136/bmjopen-2019-036562 

24. Williamson PR, Barrington H, Blazeby JM, et al. Review finds core outcome

set uptake in new studies and systematic reviews needs improvement. J Clin

Epidemiol. 2022;150:154-164;10.1016/j.jclinepi.2022.06.016

25. Chowdhury MI, Turk-Adawi K, Babu AS, et al. Development of the

International Cardiac Rehabilitation Registry Including Variable Selection

and Definition Process. Glob Heart. 2022;17(1):1;10.5334/gh.1091

26. Klokkerud M, Dagfinrud H, Uhlig T, et al. Developing and testing a

consensus-based core set of outcome measures for rehabilitation in

musculoskeletal diseases. Scand J Rheumatol. 2018;47(3):225-

234;10.1080/03009742.2017.1347959

27. Major ME, Kwakman R, Kho ME, et al. Surviving critical illness: what is

next? An expert consensus statement on physical rehabilitation after hospital

discharge. Crit Care. 2016;20(1):354;10.1186/s13054-016-1508-x

28. Moore JL, Potter K, Blankshain K, Kaplan SL, O'Dwyer LC, Sullivan JE. A

Core Set of Outcome Measures for Adults With Neurologic Conditions

Undergoing Rehabilitation: A CLINICAL PRACTICE GUIDELINE. J

Neurol Phys Ther. 2018;42(3)

29. Pohl J, Held JPO, Verheyden G, et al. Consensus-Based Core Set of Outcome

Measures for Clinical Motor Rehabilitation After Stroke-A Delphi Study.

Front Neurol. 2020;11:875;10.3389/fneur.2020.00875

30. Kirkham JJ, Boers M, Tugwell P, Clarke M, Williamson PR. Outcome

measures in rheumatoid arthritis randomised trials over the last 50 years.

Trials. 2013;14:324;10.1186/1745-6215-14-324

31. Prinsen CA, Vohra S, Rose MR, et al. Guideline for selecting outcome

measurement instruments for outcomes included in a Core Outcome Set. The

Netherlands: COMET COSMIN. 2016

431

8





Impact section 



Impact section 

Impact section 

This thesis provided various findings that can have a significant impact 

beyond the research field. This section reflects on the scientific and social impacts of 

this thesis considering four paradigms: 1) Research – What is the main aim of the 

thesis and the main results and conclusions; 2) Relevance – What is the (potential) 

contribution of the findings of the thesis to the scientific and social sectors?; 3) Target 

groups – To whom and why are the scientific results relevant/favourable; and 4) 

Activities – How can the target groups be involved in and informed of the findings, 

so the knowledge can be used in the future? 

Research and relevance 

The main aim of this thesis was to develop a COS. We found that nine 

outcomes are crucial to be measured from the perspectives of different stakeholders 

and should therefore be used hereafter in PR trials and clinical practice. This thesis 

also contributed to the knowledge in the field of treatable traits, by identifying a robust 

marker of functional impairment and showing that a treatable trait strategy should be 

further explored, since patients who exhibit treatable traits at baseline are those who 

respond better. 

A COS for PR in patients with COPD might result in direct clinical and 

research benefits (Figure 1). Clinically, including outcomes relevant to different 

stakeholders might improve the quality of patient’s assessments, it may enhance the 

understanding of patients’ responses, enable benchmarking and replicability of best 

practices (by comparing the same outcomes between different 

programmes/populations), and by showing the results to patients, centres, and payers 

we can improve transparency and ensure trust among all parties. A COS may also help 

healthcare professionals to implement PR programmes, with a quick assessment 

guide. 
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Considering the research field, the developed COS might generate 

consistency among trials, whilst lessening the risk of outcome reporting bias, thus 

enabling the comparison of different studies across distinct settings. Moreover, the 

standardisation of outcomes achieved through a COS, may help to change policies 

regarding PR, by consistently showing the benefits of the intervention and therefore 

attracting funding to improve its access. Using the COS in research studies may also 

enable benchmarking PR (detecting the best model). Additionally, by enhancing our 

understanding of responders and non-responders to PR and of treatable traits, a COS 

might indirectly help to prioritise patients to this scarce intervention and promote its 

personalisation.  Finally, the core outcomes can be compared across different diseases, 

to better understand the effectiveness of rehabilitation services for different groups of 

patients, and therefore translate knowledge from the best practices to those in need.  
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Figure 1. Potential impact of the core outcome set for pulmonary rehabilitation of people with chronic 

obstructive pulmonary disease (COPD). TT: treatable traits; PR: pulmonary rehabilitation. 

 

Target groups 

Results of this thesis are of interest to a wide community of patients, 

researchers, clinicians, regulators, and other professionals involved in outcome 

measurement and confirm the beneficial effects of PR for patients with COPD.  

Patients and patient organisations should be aware of this COS, so they can 

identify centres with the best practices, know their progress with PR and what is 

expected. Additionally, it may enable peer comparison in a positive competitive way 

and easy transfer of data from centre to centre when patients are referred to other PR 

programmes. Furthermore, patients and patient organisations might encourage PR 

practices to adopt this COS. 

For clinicians, this COS might improve their efficiency in assessment and 

health record registration, by having a structured set of assessments to perform and 
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results to register. In fact, in the future it could be of value to have the COS embedded 

in electronic health registry systems, to improve the level of information on patients’ 

records, facilitate data collection, transfer between centres and analysis of big data for 

multiple centres, e.g., within a country. 

Researchers planning studies with PR as an intervention should now consider 

the full use of this COS to assess the effectiveness of their interventions and use one 

of the core outcomes as a primary endpoint in their analysis, so their results can be 

later combined in meta-analysis. 

This thesis will greatly benefit systematic reviewers. If this COS has high 

uptake by trialists, systematic reviewers will be able to perform bigger data pools and 

meta-analysis, and therefore increase the strength of certainty about the evidence in 

the field. 

Professional bodies and guideline developers/policy makers will also benefit 

from the work of this thesis, as it can serve as a robust base to drive recommendations 

on outcome measurement in PR and therefore foster higher quality in PR programmes 

worldwide. 

Research funders might also benefit from this work, as they can encourage 

the use of more robust designs in studies during the application process and therefore 

fund studies who are using the COS which might have a lesser risk of outcome 

reporting bias. Similarly, trial registries and journals could incorporate in the 

submission form a question related to the use of a COS and therefore promote 

outcome reporting transparency.  

Finally, this COS might also be of value to health technology assessment and 

audit agencies. For health technology assessment, the COS can be used to test 

different devices using the same outcomes (especially important for tele-

rehabilitation) which can enable determining their access and pricing. For audit 

agencies, this COS can be part of an iterative process of quality improvement of PR, 
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using the core outcomes to ascertain effectiveness of different centres and assign best 

practices, in conjunction with other indicators, such as process and structure measures. 

 

Activities performed and planned 

Many activities have been conducted to ensure the dissemination of results of 

this thesis. Firstly, results have been published in international peer-reviewed journals 

and have been presented in international and national scientific meetings. 

Studies have also gain interest in social media and have been shared by 

different professional groups, such as the PR assembly of the American Thoracic 

Society, and the Group 1.02 “Rehabilitation and Chronic Care” of the European 

Respiratory Society.  

Additionally, results have been shared with multiple stakeholders (patients, 

clinicians) and professional bodies throughout the COS process and have gained 

positive feedback and further attention from the general public. Results were also 

reported in a Portuguese news outlet My Pneumologia. 

Nonetheless, many activities still need to take place in the future. The final 

results of this thesis (Chapter 7) will be disseminated in national and international 

congresses, with all stakeholders involved in the studies (Chapter 6 and 7), 

professional associations (local and international), patient organisations, research 

funders and health technology assessment and audit bodies. Finally, after the “how to 

measure” phase is established, support to healthcare professionals will be provided 

through training courses and online material on how to use the core measurement 

instruments.  
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