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Abstract 

Introduction: International guidelines recommend pulmonary rehabilitation (PR) for patients with 

bronchiectasis, supported by small trials and data extrapolated from chronic obstructive pulmonary 

disease (COPD). However, it is unknown whether real-life data on completion rates and response to 

PR are similar between patients with bronchiectasis and COPD. 

Methods: Using propensity score matching, 213 consecutive patients with bronchiectasis referred 

for a supervised PR programme were matched 1:1 with a control group of 213 patients with COPD. 

Completion rates, changes in incremental shuttle walk (ISW) and Chronic Respiratory Questionnaire 

(CRQ) with PR were compared between groups.  

Results: Completion rate was the same in both groups (74%). Improvements in ISW and most 

domains of CRQ with PR were similar between the bronchiectasis and COPD groups (ISW: 70 versus 

63 metres; CRQ-Dyspnoea: 4.8 versus 5.3; CRQ-Emotion: 3.5 versus 4.6; CRQ-Mastery: 2.3 versus 

2.9; all p>0.20). However, improvements in CRQ-Fatigue with PR were greater in the COPD group 

(bronchiectasis: 2.1 versus COPD: 3.3; p=0.02). 

Conclusion: In a real-life, propensity-matched control study, patients with bronchiectasis show 

similar completion rates and improvements in exercise and health status outcomes as patients with 

COPD. This supports the routine clinical provision of PR to patients with bronchiectasis. 

 

 

Summary  

Patients with bronchiectasis benefit from pulmonary rehabilitation to the same extent as 

improvements seen in patients with COPD, other than in the fatigue domain of the CRQ. Patients 

with bronchiectasis should be referred for pulmonary rehabilitation.  



Introduction 

Bronchiectasis is a chronic lung condition, characterised clinically by dyspnoea, productive cough, 

and recurrent respiratory infections, and radiologically by abnormal and permanent dilatation of the 

bronchi [1]. Important management objectives include the reduction of symptoms (such as 

dyspnoea and exercise intolerance) and improvement in health-related quality of life. 

 

Pulmonary rehabilitation (PR), a multidisciplinary programme of care comprising individualized 

exercise-training and education, is an integral component of the non-pharmacological management 

of patients with chronic respiratory disease, especially chronic obstructive pulmonary disease 

(COPD). Substantial data support the positive benefits of PR on exercise capacity and health-related 

quality of life in patients with COPD, with the most recent Cochrane systematic review including 65 

randomized controlled trials involving 3822 participants [2]. Although international guidelines 

recommend the provision of PR in symptomatic patients with bronchiectasis [1], there is much less 

supporting evidence. 

 

A recent systematic review of randomised controlled trials of PR or exercise training in patients with 

bronchiectasis [3] identified only four small trials. Short term improvements in exercise capacity and 

health related quality of life were demonstrated with PR or exercise-training, but there was 

significant heterogeneity in the interventions delivered and the two trials that contributed the 

majority of patients to the systematic review [4, 5] would not fulfil current consensus definitions of 

PR [6, 7]. Furthermore, there is limited real-life PR data in patients with bronchiectasis, particularly 

with regards to adherence and completion rates, and it is not known whether they respond to PR in 

a similar manner and magnitude to patients with COPD. 

 

As the majority of evidence supporting the benefits of PR come from patients with COPD, the aim of 

our study was to compare the real-life responses of patients with bronchiectasis with a matched 



control group of patients with COPD to supervised outpatient PR. Specifically, we aimed not only to 

compare the response to PR in terms of changes in exercise capacity and health related quality of 

life, but also to compare adherence and completion rates. We hypothesised that patients with NFCB 

would have similar adherence and completion rates, as well as similar improvements in exercise 

capacity and health related quality of life with PR as matched patients with COPD. 

 

 

 

 

 

 

  

 

  



Methods 

Participants 

Participants with bronchiectasis were prospectively recruited from community- and hospital-based 

pulmonary rehabilitation assessment clinics in northwest London between January 2012 and 

December 2016. Inclusion criteria were: a primary diagnosis of clinically significant bronchiectasis 

determined by a respiratory physician, with supporting evidence from thin-section CT of bronchial 

dilatation (internal airway lumen greater than adjacent pulmonary artery; absence of tapering; 

airway visibility within 1cm of pleural surface); stable disease (no change in medication for at least 

six weeks); functional limitation due to breathlessness (defined as a Medical Research Council 

Dyspnoea score ≥ 2). Exclusion criteria were: a co-existing diagnosis of chronic obstructive 

pulmonary disease (COPD) or a self-reported smoking history of ≥10 pack years to avoid possible 

contamination with co-existing COPD; or a co-existing history of cystic fibrosis. 

The control group were recruited retrospectively from the pulmonary rehabilitation database, and 

comprised patients with COPD [8] referred to the same pulmonary rehabilitation assessment clinics 

over the same time period, with a minimum 10 pack year smoking history. They were propensity 

score-matched 1:1 [9] accounting for age, sex, forced expiratory volume in one second (FEV1 

%predicted), body mass index, MRC Dyspnoea score and baseline exercise capacity (measured by 

the incremental shuttle walk (ISW)). Matching was performed by researchers blinded to completion 

or outcome data. Patients with a known co-existing diagnosis of bronchiectasis were excluded from 

the control group. 

For both groups, those with a contraindication to exercise-training (eg. unstable ischaemic heart 

disease, severe aortic stenosis) were excluded. All patients provided informed consent to participate 

in pulmonary rehabilitation and for their anonymised data to be used for service evaluation and 

audit purposes. Service evaluation and audit does not require local research ethical approval, as per 



guidance from the NHS Health Research Authority. All procedures performed in this study were part 

of standard clinical care.  

 

 

Pulmonary rehabilitation 

Both groups were offered an outpatient PR programme consisting of 2 supervised sessions and at 

least one additional home session each week (total 16 supervised sessions) for eight weeks. The 

programme was conducted according to British Thoracic Society Quality Standards for Pulmonary 

Rehabilitation. Supervised sessions comprised one hour of exercise and 45-60 minutes of education. 

Exercise training was individualised, reviewed and progressed at each supervised session, and 

comprised aerobic walking and cycling as well as upper and lower limb resistance training. Exercise 

training sessions were supervised by experienced respiratory physiotherapists with a minimum of 12 

months dedicated specialist experience in PR. A fuller description of the initial prescriptions for 

aerobic and resistance exercise for this PR programme has been outlined previously [10]. Education 

sessions were delivered by a multi-disciplinary team with topics chosen to develop patients’ 

understanding and holistic management of their disease. This included importance of exercise and 

physical activity, medication use, inhaler technique, diet, coping and relaxation strategies, airway 

clearance, managing infections with early recognition, oxygen therapy, end-of-life care and self-

management plans for exacerbations.  

 

Measurements and Outcomes 

Baseline assessments included body mass index (BMI), incremental shuttle walk distance (ISW) [11], 

spirometry (ndd EasyOneTM spirometer, ndd Medical Technologies, Inc, Andover, MA, USA), Medical 

Research Council (MRC) Dyspnoea score [12], and health-related quality of life (Chronic Respiratory 



Disease Questionnaire (CRQ)) [13]. The ISW, MRC and CRQ were also measured after completion of 

the eight-week PR course. The ISW was performed on a 10-metre course according to international 

technical standards [14].  

Pulmonary rehabilitation adherence was defined as the number of supervised sessions attended, 

whilst completion was defined as attendance at a minimum of eight supervised sessions [15] and the 

end of programme assessment. 

 

Analysis 

Data analyses were performed using GraphPad Prism 7 (GraphPad Software, La Jolla, USA) and SPSS 

version 24 (IBM, New York, USA). A p-value of <0.05 was considered statistically significant. Paired t-

tests or Wilcoxon signed rank tests were used to compare within group response to PR, and two 

sample t-tests or Mann-Whitney tests were used to compare between group responses to PR. Chi-

square tests were used to compare completion and attendance rates. 

 

Results 

Between January 2012 and December 2016, 548 adults with a primary diagnosis of bronchiectasis 

were referred for PR. Of these, 335 were excluded from the study because of the absence of a 

diagnostic CT scan (n=41), a co-existing diagnosis of COPD (n=188), no-coexisting diagnosis of COPD 

but smoking pack-year history ≥10 (n=37), co-existing cardiac comorbidity that precluded exercise 

training (n=14) and decline of the offer of PR (n=55). This is summarised in Figure 1. The resulting 

213 patients with bronchiectasis were matched 1:1 with patients with COPD. Baseline characteristics 

are shown in Table 1. Bronchiectasis and COPD groups were well-matched in terms of age, gender, 

BMI, MRC Dyspnoea score, FEV1 %predicted, baseline incremental shuttle walk distance (ISW), and 



all domains of the CRQ. In patients with bronchiectasis, the FEV1/FVC ratio, as expected, was higher 

than in patients with COPD (Table 1). 

 

In both groups, 157 patients completed the PR programme (completion rate 74%; p=1.0), and the 

number of sessions attended were similar (bronchiectasis: mean(SD) 13(3) versus COPD: 13(2) 

respectively; p=0.54). The most frequent cause for non-completion in both groups was exacerbation 

of their chronic respiratory disease (bronchiectasis: n=38; COPD: n=35; Figure 1). 

 

Significant improvements in ISW and all domains of the CRQ with PR were observed in both 

bronchiectasis and COPD groups (Table 2; Figure 2). There were no between group differences in 

ISW change or change in CRQ dyspnoea, emotion and mastery domains. However, the improvement 

in CRQ-fatigue was significantly less in the bronchiectasis group compared to the COPD group (Table 

2; Figure 2). 

 

Discussion 

In this observational, real-life propensity-matched control study, we have demonstrated that 

patients with bronchiectasis, uncontaminated by co-existing COPD, show significant improvements 

in exercise capacity and health related quality of life to an eight-week outpatient supervised PR 

programme. Furthermore, we have demonstrated that these improvements, as well as adherence 

and completion rates, are very similar to those observed in a propensity-matched control group of 

patients with COPD. This data adds to the growing evidence to support the routine provision of PR to 

patients with bronchiectasis and exertional dyspnoea. 

 



Previous studies 

Whereas the evidence base supporting the provision of PR in patients with COPD is substantial (the 

most recent Cochrane systematic review included 65 randomized controlled trials involving 3822 

patients [2]), it is considerably smaller in patients with bronchiectasis. In a recent systematic review 

of exercise-based interventions in bronchiectasis [3], Lee and colleagues were only able to identify 

four randomized controlled trials, incorporating 164 patients (of whom half underwent exercise-

training or PR). Of these four trials, two comprised interventions that would not fulfil current 

consensus definitions of PR [6, 7]; the study by Lee and colleagues included exercise training only 

with no educational component [4], whereas the intervention described by Greening et al [5] was a 

multimodal inpatient rehabilitation intervention of short duration during a severe exacerbation 

requiring hospitalization followed by a minimally supervised home self-management plan that was 

considered “light-touch” [16]. There was variable study quality and sample sizes were small. For 

example, the largest trial [4] randomized 42 patients with bronchiectasis to exercise-training with 

only 32 completing. Observational studies have included larger numbers of patients with 

bronchiectasis undergoing PR. Zanini et al described 108 patients with bronchiectasis undergoing a 

three-week inpatient PR program, and demonstrated improvements in six minute walk distance 

(6MWD), generic health related quality of life and dyspnoea scores [17]. However, the study was 

retrospective and lacked a control group which limited interpretation of findings. Ong and colleagues 

studied a similar number of patients with bronchiectasis (n=111) across two institutions, of whom 

27% had co-existing pulmonary diseases, mainly COPD [18]. Ninety-five patients with bronchiectasis 

completed PR across the two institutions and combined results showed statistically and clinically 

important improvements in 6MWD and chronic respiratory questionnaire (CRQ) [18]. This study 

incorporated a control group of patients with COPD; although the authors showed similar 

improvements in 6MWD and CRQ-total score in the bronchiectasis and COPD groups, they did not 

compare the individual CRQ-domain scores – the conventional way of reporting this questionnaire 

[13]. 



 

Strengths and significant findings 

To our knowledge, our study includes the largest described cohort of patients with bronchiectasis to 

undergo PR, and therefore adds to the existing literature. Other than sample size, other notable 

features of this study were inclusion criteria that included a diagnosis of bronchiectasis according to 

consensus guidelines [19], exclusion of co-existing COPD or those with significant smoking pack year 

history from the bronchiectasis group, and the inclusion of a carefully matched control group of 

patients with COPD using a formal validated statistical technique (propensity score matching [9]) to 

minimize imbalance in key covariates between the groups. The intervention was a standardized PR 

programme that adhered to national quality standards [6], run by experienced respiratory 

physiotherapists with a specialist interest in PR. We demonstrated that patients with bronchiectasis 

had similar adherence and completion rates to PR as matched patients with COPD, alleviating 

concerns of higher drop out from PR in a chronic inflammatory condition characterized by recurrent 

exacerbations. Furthermore, we showed substantial (and similar) improvements in walking exercise 

capacity in both bronchiectasis and COPD groups. The mean improvement in ISW of 70 and 63 

metres in the bronchiectasis and COPD groups are greater than the minimum clinically important 

difference established in patients with chronic respiratory disease, such as COPD, bronchiectasis and 

IPF [20-22], and similar to that observed in a randomized controlled trial of exercise-training in 

bronchiectasis [4].  

We also observed improvements in health-related quality of life with PR in the bronchiectasis group. 

We used the Chronic Respiratory disease Questionnaire (CRQ) – a well-validated and responsive 

questionnaire that is widely used in PR and incorporates four domains (dyspnoea, fatigue, emotional 

function and mastery). The established minimum clinically important difference (MCID) for the CRQ 

is mean 0.5 points change per question of each domain [23]. All four domains showed statistically 

and clinically significant improvements in contrast to a previous trial which was unable to 



demonstrate improvements in the emotional function and mastery domains of the CRQ [4]. This is 

likely to be due to differences between the interventions; in particular, the intervention in the study 

of Lee and colleagues included exercise-training but no education programme [4]. A previous 

observational study also demonstrated improvements in the CRQ in patients with bronchiectasis 

undergoing a comprehensive PR but did not compare CRQ-domain scores with a matched control 

group of patients with COPD. Our study showed that PR produced similar improvements in three 

CRQ domains (dyspnoea, emotion, mastery) and the CRQ-total score in the bronchiectasis and COPD 

groups. For these measures, although there appeared to be numerically greater changes in the COPD 

group, the observed differences in change were considerably smaller than the established MCID 

[23]. However, the improvement in the CRQ-fatigue domain with PR was statistically less and 

blunted in the bronchiectasis compared with COPD group. This may reflect the differing 

psychometric properties of this questionnaire domain in patients with bronchiectasis and COPD. 

However, it may also reflect a characteristic symptom of bronchiectasis that may need additional 

attention than that provided by a conventional outpatient PR programme. Previous studies have 

observed that 45-73% of patients with bronchiectasis have significant levels of fatigue [24], but 

relatively little consideration has been given towards the pharmacological or non-pharmacological 

management of this symptom in bronchiectasis. Fatigue in bronchiectasis is complex; a correlation 

with anxiety and depression [25] has been observed, but not with markers of inflammation [26]. To 

our knowledge, there are no published reports looking at the association between fatigue and 

disease severity on imaging. We propose fatigue in bronchiectasis is an area that warrants further 

study. 

 

Limitations 

Although our study was not a randomized study, our deliberate aim was to provide real-life data 

outside of carefully controlled research trials. We also used a validated statistical method to 



carefully match our cohort, and baseline characteristics including anthropometry, exercise capacity, 

symptom scores and health-related quality of life, were very similar between the bronchiectasis and 

COPD groups (Table 1). The study cohort also comprised an older bronchiectasis cohort, which may 

reduce the applicability of our findings across a wider age range. Although we tried to avoid 

contamination of the bronchiectasis group with co-existing COPD by excluding significant ex- or 

current smokers, for the COPD control group we relied on clinician diagnosis and did not have CT 

evidence to exclude the possibility that some of the COPD group had co-existing bronchiectasis. In 

our study, we had contemporaneous sputum microbiology data in only a small number of the 

cohort. We were aware of only twelve patients with sputum Pseudomonas aeruginosa colonization. 

Our study focused on the immediate improvements in exercise capacity and health-related quality of 

life with PR, as is routinely recorded in clinical practice, but did not report on long-term follow-up. 

We are therefore unable to comment on the duration of the effects of PR in bronchiectasis (and how 

this compares with COPD). 

 

Future work 

Although the provision of PR is recommended in international bronchiectasis guidelines [1, 19], 

there remains a paucity of randomized controlled trials, particularly in patients with acute 

exacerbations requiring hospitalization. Little data exist on the cost-effectiveness and health 

economic implications of providing PR to patients with bronchiectasis, and longer-term data are 

needed to evaluate whether PR has an impact on outcomes and endpoints such as exacerbations 

and mortality. Our work identified that fatigue symptoms do not seem to be as responsive to PR in 

patients with bronchiectasis compared with COPD and this warrants further investigation.  

 



In summary, this real-life cohort study confirms the findings from previous clinical trials 

demonstrating significant improvements in exercise capacity and health-related quality of life in 

patients with bronchiectasis undergoing supervised PR. These improvements, as well as adherence 

and completion rates, are of similar magnitude to those observed in a matched group of patients 

with COPD. This data adds to the growing evidence base to support the routine clinical provision of 

PR to patients with bronchiectasis. 
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Table 1: Baseline characteristics 

Data presented as mean (SD) or median (25
th

, 75
th

 centiles). 
Abbreviations: FEV1 = Forced expiratory volume in 1 second; FVC = Forced vital capacity; MRC = Medical 
Research Council; BMI = body mass index; ISW = Incremental shuttle walk distance; CRQ = Chronic Respiratory 
Questionnaire 
 
 
 
 
Table 2: Response to PR 

 

 

 

 

 

 

 

Abbreviations: ISW = Incremental shuttle walk distance; CRQ = Chronic Respiratory Questionnaire 

  

Variable (n=213) Bronchiectasis COPD p value 

Age  70 (11) 71 (10) 0.48 

Sex (m: n (%)) 77 (36) 79 (37) 0.84 

FEV1/FVC 0.68 (0.14) 0.55 (0.12) <0.0001 

FEV1(% predicted) 68.1 (25.7) 66.5 (22.1) 0.49 

MRC Dyspnoea score 3 (1) 3 (1) 0.50 

BMI (kgm-2) 27.1 (6.11) 27.2 (6.4) 0.93 

Smoking history (pack years) 0 (0, 8) 35 (18, 50) <0.0001 

Exacerbations in past year 2 (0, 4) 1.5 (1, 3) 0.21 

ISW (m) 250 (120, 390) 255 (180) 0.54 

CRQ – Dyspnoea 15.6 (5.8) 15.0 (6.2) 0.27 

CRQ – Fatigue 13.9 (4.9) 14.1 (5.1) 0.61 

CRQ – Emotion 30.8 (8.7) 31.2 (9.3) 0.68 

CRQ – Mastery 19.1 (5.5) 18.8 (5.7) 0.62 

CRQ – Total 79.4 (19.8) 79.0 (21.6) 0.84 

Variable 
Response to PR 
Mean Change (95% confidence interval) 

 
Bronchiectasis 

n=157 
COPD 
n=157 

p value 

ISW, metres 70 (58 to 84) 63 (50 to 76) 0.36 

CRQ – Dyspnoea 4.8 (3.8 to 5.8) 5.3 (4.5 to 6.4) 0.27 

CRQ – Fatigue 2.1 (1.5 to 2.8) 3.3 (2.6 to 4.0) 0.02 

CRQ – Emotion 3.5 (2.3 to 4.7) 4.6 (3.4 to 5.7) 0.22 

CRQ – Mastery 2.3 (1.5 to 3.0) 2.9 (2.1 to 3.6) 0.26 

CRQ – Total 12.8 (9.9 to 15.6) 16.2 (13.5 to 18.9) 0.09 
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Figure 1: Participant recruitment and reasons for non-completion of PR 



Figure 2: Response of (a) ISW and (b) CRQ-T to PR. Closed shapes represent patients with bronchiectasis, 
open shapes represent patients with COPD. 




