
The Association Between Bronchiectasis and Chronic Obstructive Pulmonary Disease: Data from 
the European Bronchiectasis Registry (EMBARC)

Eva Polverino1,2, Anthony De Soyza3, Katerina Dimakou4, Letizia Traversi5, Apostolos Bossios6,7, Megan L 
Crichton8, Felix C Ringshausen9,10,11, Montserrat Vendrell12, Pierre-Régis Burgel13,14, Charles S Haworth15, 
Michael R Loebinger16, Natalie Lorent17, Isabell Pink9,10,11, Melissa McDonnell18, Sabina Skrgat19,20, Luis M 
Carro21, Oriol Sibila22,23, Menno van der Eerden24, Paula Kauppi25, Amelia Shoemark8, Adelina Amorim26, Jeremy 
S Brown27, John R Hurst27,  Marc Miravitlles1, Rosario Menendez28, Antoni Torres29, Tobias Welte9,10,11, 
Francesco Blasi30,31, Josje Altenburg32,33, Michal Shteinberg34,35, Wim Boersma36, Stuart J Elborn37, Pieter C 
Goeminne38, Stefano Aliberti39,40, James D Chalmers8, On behalf of the EMBARC registry investigators.

Affiliations 

1. Pneumology Department, Hospital Universitari Vall d'Hebron, Vall d’Hebron Institut de Recerca (VHIR), Vall 
d’Hebron Barcelona Hospital Campus, CIBERES, Barcelona, Spain

2. Thorax Institute, Institute of Biomedical Research August Pi i Sunyer, University of Barcelona, Barcelona, Spain
3. Population and Health Science Institute, Newcastle University and NIHR Biomedical Research Centre for Ageing, 

Freeman Hospital, Newcastle, UK
4. 5th Respiratory Department and Bronchiectasis Unit, ‘’SOTIRIA” General Hospital of Chest Diseases 

Medical Practice: 86 Kifisias Ave, Ampelokipi, Athens, Greece
5. Pneumology Department, Hospital Universitari Vall d'Hebron, Vall d’Hebron Institut de Recerca (VHIR), Vall 

d’Hebron Barcelona Hospital Campus, CIBERES, Barcelona, Spain 
6. Department of Respiratory Medicine and Allergy, Karolinska University Hospital, Stockholm, Sweden
7. Division of Lung and Airway Research, Institute of Environmental Medicine, Karolinska Institutet, Stockholm, 

Sweden
8. Division of Molecular and Clinical Medicine, University of Dundee, Ninewells Hospital and Medical School, 

Dundee, UK
9. Department of Respiratory Medicine and Infectious Diseases, Hannover Medical School, Hannover, Germany
10. Biomedical Research in End-Stage and Obstructive Lung Disease Hannover, German Center for Lung Research, 

Hannover, Germany
11. European Reference Network on Rare and Complex Respiratory Diseases, Frankfurt, Germany
12. Department of Pulmonology, Dr Trueta University Hospital, Girona Biomedical Research Institute 

(IDIBGI), University of Girona, Spain
13. Department of Respiratory Medicine and French Cystic Fibrosis National Reference Center, Hôpital Cochin, AP-HP
14. Université Paris Cité, Inserm U1016, Institut Cochin, Paris, France
15. Cambridge Centre for Lung Infection, Royal Papworth Hospital and University of Cambridge, Cambridge, UK
16. Royal Brompton and Harefield Hospitals and National Heart and Lung Institute, Imperial College London, UK
17. Department of Respiratory Diseases, University Hospitals Leuven, Leuven, Belgium
18. Department of Respiratory Medicine, Galway University Hospital, Galway, Ireland
19. University Medical Centre Ljubljana, Department of Pulmonary Diseases and Allergy, Ljubljana, Slovenia 
20. Medical Faculty, University of Ljubljana, Ljubljana, Slovenia; University Clinic of Respiratory and Allergic Diseases 

Golnik, Golnik, Slovenia.
21. Chronic Bronchial Infection Unit, Pneumology Service, Ramón y Cajal Hospital, Alcalá de 

Henares University, Madrid, Spain
22. Servicio de Neumología, Instituto Clínico de Respiratorio. IDIBAPS. Hospital Clínic, University of Barcelona, Spain
23. CIBER de enfermedades respiratorias, ISCIII, Madrid, Spain
24. Erasmus MC, department of respiratory medicine, Rotterdam, The Netherlands
25. Heart and Lung Center, Helsinki University Hospital and University of Helsinki, Helsinki, Finland 
26. Pulmonology Department - Centro Hospitalar Universitário S.João and  Faculty of Medicine - University of Porto, 

Portugal
27. UCL Respiratory, University College London, London, UK
28. Pneumology Department, Hospital Universitario y Politécnico La Fe–Instituto de Investigación Sanitaria La Fe, 

Valencia, Spain
29. Department of Pulmonology Hospital Clinic of Barcelona, Spain University of Barcelona, CIBERES, IDIBAPS, ICREA 

Barcelona, Spain
30. Department of Pathophysiology and Transplantation, University of Milan, Italy
31. Fondazione IRCCS Ca’ Granda Ospedale Maggiore Policlinico, Milan, Italy
32. Amsterdam University Medical Centres, Amsterdam, the Netherlands
33. Department of Pulmonary diseases, Amsterdam University Medical Centres, Amsterdam, the Netherlands

Page 1 of 31

 AJRCCM Articles in Press. Published January 25, 2024 as 10.1164/rccm.202309-1614OC 
 Copyright © 2024 by the American Thoracic Society 

https://pubmed.ncbi.nlm.nih.gov/?sort=date&term=Miravitlles+M&cauthor_id=38056890


34. Pulmonology Institute and CF Center, Carmel Medical Center, Haifa, Israel
35. The Technion, Israel Institute of Technology, the B. Rappaport Faculty of Medicine, Haifa, Israel
36. Department of Pulmonary Diseases, Northwest Clinics, Alkmaar, the Netherlands
37. Faculty of Medicine, Health and Life Sciences, Queen’s University, Belfast, UK
38. Department of Respiratory Disease, AZ Nikolaas, Belgium
39. IRCCS Humanitas Research Hospital, Respiratory Unit, Via Rita Levi Montalcini 4, 20072, Pieve Emanuele, Milan, 

Italy
40. Department of Biomedical Sciences, Humanitas University, Via Rita Levi Montalcini 4, 20072, Pieve Emanuele, 

Milan, Italy

Short title: COPD and Bronchiectasis association in the EMBARC registry

Corresponding author: Prof James D Chalmers, University of Dundee, Ninewells Hospital and Medical 
School, DD1 9SY, j.chalmers@dundee.ac.uk

Supported by: EMBARC3 is funded by the European Respiratory Society through the EMBARC3 
clinical research collaboration. EMBARC3 is supported by project partners Armata, AstraZeneca, 
Boehringer Ingelheim, Chiesi, CSL Behring, Grifols, Insmed, Janssen, Lifearc, and Zambon. Supported 
by the Innovative Medicines Initiative and The European Federation of Pharmaceutical Industries 
and Associations companies under the European Commission–funded Horizon 2020 Framework 
Program and by Inhaled Antibiotic for Bronchiectasis and Cystic Fibrosis (grant 115721). J.D.C. is 
supported by the GlaxoSmithKline/Asthma and Lung UK Chair of Respiratory Research.

Tables and figures: 5

Word count: 3529

Abstract word count: 238

Descriptor number: 10.16 Non-Cystic Fibrosis Bronchiectasis

Keywords: bronchiectasis, COPD, spirometry, exacerbations, mortality 

Author contributions:

Study conception: JDC, EP, SA

Study design:  JDC, EP, SA, FCR, ADS, PCG

Data collection: EP, ADS, KD, LT, PRB, CSH, MRL, NL, IP, MM, SS, LMC, OS, MvdE, PK, AS, AA, JSB, JRH, 
MMv, RM, AT, TW, FB, JA, MS, WB, SJE, PCG, SA, JDC

Data analysis: EP, LT, SA, JDC

Writing of the manuscript: EP, LT, SA, JDC

Revising critically for important intellectual content and final approval: all authors

Page 2 of 31

 AJRCCM Articles in Press. Published January 25, 2024 as 10.1164/rccm.202309-1614OC 
 Copyright © 2024 by the American Thoracic Society 

mailto:j.chalmers@dundee.ac.uk


Scientific Knowledge on the Subject

Bronchiectasis and COPD are associated conditions and reports suggest when both are present, 
patients have worse clinical outcomes. There is confusion over these diagnostic labels, however, as 
Bronchiectasis may lead to airflow obstruction independently of external exposures as a result of a 
cycle of inflammation, infection and impaired mucociliary clearance. In an effort to standardise the 
diagnosis of COPD the EMBARC consortium published the ROSE criteriaof bronchiectasis (BE) and 
COPD association. The ROSE criteria (radiological bronchiectasis(R), obstruction: FEV1/FVC ratio <0.7 
(O), symptoms (S) and exposure: >10 pack year smoking history (E) allows objective validation of 
clinical diagnosis of BE-COPD association.

What this study adds to the field: This study shows that COPD is commonly reported in patients 
with bronchiectasis, with 25.5% of bronchiectasis patients carrying a clinician assigned co-diagnosis 
of COPD in a registry of nearly 17000 patients from 28 countries. Patients with a clinician assigned 
co-diagnosis of COPD had more exacerbations, worse symptoms and more severe disease. Using the 
objective diagnostic criteria, however, nearly ¼ of patients with a COPD label did not have airflow 
obstruction and nearly 1/3 did not have a history of >10 pack years smoking. Collectively, an 
objective diagnosis of COPD was made in 55% of patients carrying a clinical diagnostic label of COPD. 
Patients with a label of COPD had worse long term outcomes regardless of whether they met the 
objective criteria, suggesting that the label of COPD identifies patients with bronchiectasis at high 
risk of poor outcomes which was not strongly related to the presence of airflow obstruction or 
smoking history. Our data suggests the label of COPD is frequently used inappropriately in patients 
with bronchiectasis.

This article has an online data supplement, which is accessible from this issue’s table of content 
online at www.atsjournals.org.
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Abstract

Rationale and Objective: Using the EMBARC registry, the largest prospective bronchiectasis dataset 

in the world, we investigated the prevalence of COPD associated with bronchiectasis and its 

relationship with clinical outcomes. We further investigated the impact of implementing the 

standardised ROSE criteria (radiological bronchiectasis(R), obstruction: FEV1/FVC ratio<0.7 (O), 

symptoms (S) and exposure:>10 pack year smoking (E), an objective definition of BE-COPD 

association. 

Methods: Analysis of the EMBARC registry, a prospective observational study of patients with CT 

confirmed bronchiectasis from 28 countries. The ROSE criteria were used to objectively defined BE-

COPD association. Key outcomes during up to 5-years follow-up were exacerbations, hospitalization 

and mortality. 

Measurement and main results: 16730 patients with bronchiectasis were included. 4336 had a 

clinician assigned co-diagnosis of COPD and these patients had more exacerbations, worse quality of 

life and higher severity scores. We observed marked overdiagnosis of COPD. 22.2% of patients with a 

diagnosis of COPD did not have airflow obstruction and 31.9% did not have a history of >10 pack 

years smoking. Therefore the proportion meeting the ROSE criteria for COPD was 2157 (55.4%). 

Compared to patients without COPD, patients meeting ROSE criteria had increased risk of 

exacerbations and exacerbations resulting in hospitalisation during follow-up (IRR 1.25 95%CI 1.15-

1.35 and 1.69 95%CI 1.51-1.90 respectively).

Conclusions: The label of COPD is often applied to bronchiectasis patients without objective 

evidence of airflow obstruction and smoking history. Patients with a clinical label of COPD have 

worse clinical outcomes.
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Introduction

Bronchiectasis is both a radiological term denoting permanent dilatation of the bronchi, and a 

clinical syndrome of cough, sputum production and recurrent respiratory infections.1 The clinical 

features of bronchiectasis significantly overlap with those of chronic obstructive pulmonary 

disease(COPD).2,3 The association between these two conditions is well recognised.2–4 The 

prevalence of radiological bronchiectasis in patients with COPD is reported to be highly variable, 

ranging from 4% to 72% in different studies.2–4 Where patients have labels of both COPD and 

bronchiectasis, clinical outcomes and phenotype are reported to be worse, with more frequent 

exacerbations and higher mortality.4 The inconsistency in different studies, however, reflects a lack 

of standardisation in the diagnosis of both bronchiectasis and COPD as well as the low sample size of 

many studies. The “chicken and egg” relationship of COPD and bronchiectasis has the potential to 

create confusion. Bronchiectasis is frequently reported in patients with a primary diagnosis of COPD, 

and bronchiectasis can cause fixed airflow obstruction through progressive lung damage.5–7 

COPD is defined by the Global Obstructive Pulmonary Disease committee as a heterogeneous lung 

condition characterized by chronic respiratory symptoms (dyspnea, cough, sputum production 

and/or exacerbations) due to abnormalities of the airways (bronchitis, bronchiolitis) and/or alveoli 

(emphysema) that cause persistent, often progressive, airflow obstruction8 While it is recognised 

that COPD has multiple causes, in Europe, exposures causing COPD are most commonly tobacco 

smoke. COPD is defined physiologically by the presence of airflow obstruction that is persistent after 

treatment with bronchodilators.9 Most COPD clinical trials require the presence of fixed airflow 

obstruction and a minimum smoking history to define COPD.10

An international consensus aimed at standardizing the definition of bronchiectasis and COPD 

association proposed the ROSE criteria consisting of radiological bronchiectasis(R), obstruction 

defined by an FEV1/FVC ratio <0.7 (O), symptoms (S) and exposure to a minimum of 10 pack year 

smoking history (E). Patients having all 4 criteria may be considered to have potentially overlapping 
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disorders.3 There have been no studies using these standardized criteria to define the 

bronchiectasis/COPD association.

Using the EMBARC registry11, the largest prospective bronchiectasis dataset in the world, we 

investigated the prevalence of COPD associated with bronchiectasis and its relationship with clinical 

outcomes. We further investigated the hypothesis that COPD would be over-diagnosed in 

bronchiectasis patients and that implementing the standardised ROSE criteria3 would more 

accurately identify the true prevalence and impact of Bronchiectasis/COPD association. 

Methods

The European Bronchiectasis Registry (EMBARC) is a prospective observational study of patients with 

computed tomography confirmed bronchiectasis. The present analysis includes data from 28 

countries in Europe and Israel.12  The study is approved by the ethical committee in the host country 

(UK) and by institutional review boards or ethics committees in all countries and regions in which the 

study is conducted. A detailed protocol of the study has been previously published.11

Data collection

Patient enrolment commenced in January 2015 and recruitment is open ended and ongoing. 

Patients enrolled up to April 2022 were included for the purposes of this analysis. Patient data were 

collected annually using a standardised case report form. Data on clinically indicated sputum 

samples sent during clinical stability and exacerbation were collected and patients classified 

according to whether they had isolated specific bacteria in any sample in the previous 12 months.12 

Radiological severity was evaluated in the patients most recent CT scan using the modified Reiff 

score which scores each affected lobe, with the lingula treated as a separate lobe, and classifies the 

most severe bronchiectasis per lobe into cylindrical (1 point), varicose (2 points) or cystic (3 points) 

for a maximum of 18 points.13 Disease severity was evaluated using the bronchiectasis severity index 

Page 6 of 31

 AJRCCM Articles in Press. Published January 25, 2024 as 10.1164/rccm.202309-1614OC 
 Copyright © 2024 by the American Thoracic Society 



(BSI).14 Exacerbations were defined as use of antibiotics for acute respiratory symptoms and were 

recorded from a combination of patient history, hospital and prescription records.15 Symptoms were 

evaluated using the Quality of life bronchiectasis questionnaire version 3.1 using validated 

translations.16 

Lung Function testing 

Spirometry was performed at baseline and at each follow-up visit according to ATS/ERS standards. 

For the primary analysis predicted values and % of predicted were calculated using ECCS reference 

equations.12  The EMBARC registry is an observational study of routine clinical care and therefore 

post-bronchodilator spirometry was not mandatory. For the purposes of analysis post-

bronchodilator spirometry data have been included where available, but pre bronchodilator data 

have been included in the primary analysis. A sensitivity analysis incorporating only post-

bronchodilator spirometry data is presented. 

COPD diagnosis

COPD diagnosis was recorded in two fields within the EMBARC dataset. COPD could be reported as 

an aetiology of bronchiectasis (in the opinion of the investigator), or as a co-morbidity. For the 

purposes of this analysis the primary comparison was between patients with any diagnosis of COPD 

(aetiology or co-morbidity). The diagnosis of COPD could be either from medical records or the 

investigators judgement. 

The ROSE criteria were applied in the dataset to objectively define COPD-bronchiectasis association. 

As patients require both radiological bronchiectasis and compatible symptoms to be enrolled in the 

study, the radiology and symptom criteria of ROSE are already met and therefore the objective 

criteria as applied to the EMBARC dataset require a smoking history of at least 10 pack years and the 

presence of an FEV1/FVC ratio less than 0.7.3  
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The analysis of the impact of COPD on patient characteristics and outcomes was performed in two 

ways, firstly using clinically defined COPD vs no clinically reported COPD. Secondly the ROSE criteria 

were applied to divide patients into 4 groups. Patients in whom the clinician had diagnosed COPD 

and with airflow obstruction and a history of 10 or more pack years (COPD+ ROSE+), diagnosed 

COPD without airflow obstruction or a smoking history (COPD+ ROSE-), no diagnosed COPD but with 

airflow obstruction and 10 or more pack years smoking history (COPD- ROSE+) and patients without 

a diagnosis of COPD or objective evidence of COPD (COPD- ROSE-). 

Long term clinical outcomes

Data are collected for up to 5 years on an annual basis for calculation of clinical outcomes. Since 

patient enrolment began in 2015, patients have up to 5 years of follow-up at the time of writing, 

although the dataset includes patients enrolled through to 2022 who have not yet had a follow-up 

visit. Statistical analysis of relevant endpoints takes account the duration of follow-up. Relevant 

clinical outcomes were survival, exacerbation frequency and hospitalization due to severe 

exacerbations.

Statistical analysis

Summary data are presented as median with interquartile range. Comparisons of two groups used 

the Mann Whitney U test with comparisons of more than two groups performed using the Kruskal-

Walis test. Proportions were compared using the Chi Square test or the Fishers exact test if any cell 

contained a value less than 10. Exacerbation frequency and frequency of severe exacerbations 

requiring hospital admission over time were studied using a negative binomial model with time in 

study as an offset. Survival analysis was performed using Cox proportional hazards regression. 

Unadjusted and adjusted effect estimates are presented. Multivariate models are adjusted for age, 

sex, smoking status, cardiovascular disease, stroke, diabetes, asthma, depression, MRC dyspnoea 

score and P. aeruginosa infection. All analyses utilised SPSS version 27 (IBM, USA) or Graphpad Prism 

version 9 (San Diego, California, USA). 
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Results

16963 patients were included in the analysis. 4324 patients had a clinician reported diagnosis of 

COPD. These patients were initially compared to 12639 patients without a clinician reported 

diagnosis of COPD. The baseline characteristics of both populations on entry to the registry are 

shown in table 1. Patients with COPD were older, more likely to be male, had a higher BMI, more co-

morbidities, higher MRC dyspnoea score and worse lung function. Inhaled medications, long term 

oxygen, non-invasive ventilation and macrolide use were all more common in clinician assigned 

COPD patients while airway clearance and inhaled antibiotics were less commonly used (table S1 

online). 

Pseudomonas aeruginosa infection was present in 850 (19.7%) patients with clinician assigned COPD 

associated bronchiectasis and 2197 (17.4%) of patients without clinician assigned COPD. Patients 

with clinician assigned COPD were also more likely to be infected with M. catarrhalis, enteric Gram 

negative organisms, S. pneumoniae and S. maltophilia but less likely to have S. aureus. Most 

differences were small and could be explained by more patients with clinician assigned COPD having 

microbiological testing (table 1). A comparison of the radiological location of bronchiectasis (table 

S2) showed that clinician assigned COPD associated disease was less likely to affect the middle lobe 

and lingula and was more likely to affect the lower lobes. Cystic bronchiectasis was evident in 530 

(12.3%) of clinician assigned COPD patients and 1839 (14.6%) of non-COPD patients.

COPD was classified as the underlying cause of bronchiectasis by the investigator in 1367 cases (8.1% 

of all cases). 
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COPD and disease severity

Among patients with clinician reported COPD, there was a clear relationship between COPD 

diagnosis and bronchiectasis severity. Patients with clinician assigned COPD+bronchiectasis had a 

higher bronchiectasis severity index (p<0.0001, figure 1A), a lower QOL-B symptom score indicating 

worse symptoms (figure 1B), with radiological severity that was slightly higher in the non-COPD 

group using the Reiff score (p=0.0001, figure 1C). A higher proportion of patients with clinician 

assigned COPD had frequent exacerbations (figure 1D) and hospitalizations for severe exacerbations 

(figure 1E), clinician assigned COPD patients had a higher rate of prior exacerbations (incidence rate 

ratio- IRR 1.41 95%CI 1.35-1.47) and a higher rate of prior severe exacerbations (IRR 2.16 95%CI 

2.04-2.28, figure 1F). 

Clinician reported COPD diagnosis and objective criteria 

We observed a disconnect between clinician diagnosis of COPD and the objective ROSE criteria. 

3832/4324 (88.6%) patients with a diagnosis of COPD and 11369/12639 (89.9%) patients without a 

diagnosis of COPD had complete lung function and pack year smoking data available for analysis. 

These analyses are therefore based on 15231 patients’ data. 

We observed marked overdiagnosis of COPD using the ROSE criteria. Only 2986 (77.9%) of patients 

with a diagnosis of COPD had an FEV1/FVC ratio <0.7. 2652 (69.2%) with clinician assigned COPD had 

a smoking history of 10 or more pack years. Combining these two parameters the proportion 

meeting the ROSE criteria for “true COPD” among those with a label of COPD was 2130 (55.6%) using 

the fixed FEV1/FVC ratio, table 2. Thus, only approximately half of patients with a diagnosis of COPD 

meet the objective definition based on exposure and airflow obstruction (table 2). Airflow 

obstruction was common in patients without reported COPD. 877 (7.7%) of patients without a 

clinician diagnosis of COPD met the objective definition. 
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Diagnosis of COPD

Using the ROSE criteria we divided the patients into 4 categories- patients with a clinician reported 

diagnosis of COPD who met the ROSE criteria, those with a report diagnosis of COPD who did not 

meet the ROSE criteria (either due to lack of airflow obstruction or smoking history), patients who 

did not have clinician reported COPD but who met the ROSE criteria (indicating possible 

unrecognised COPD- bronchiectasis association) and those who had neither a COPD diagnosis nor 

the ROSE criteria. The characteristics of these four groups of patients are shown in table 3.  

Patients with clinician diagnosed COPD who did and did not meet ROSE criteria were remarkably 

similar in terms of age, co-morbidities, sputum volume, dyspnoea and treatments. They differed in 

terms of worse FEV1 in the “confirmed COPD” group meeting the ROSE criteria and in smoking 

history, the two features that define these two groups. 

The population who met ROSE criteria but were not clinically suspected to have COPD had fewer co-

morbidities except for greater asthma and rhinosinusitis compared to the two groups with a 

reported COPD diagnosis. They had better lung function and less dyspnoea. The group without ROSE 

criteria and without a COPD diagnosis were younger, more likely to be female, less co-morbid and 

overall, a very different group in almost every parameter (table 3). 

Diagnosis of COPD by country

We investigated whether under or overdiagnosis of COPD associated bronchiectasis may vary by 

country. This is shown in Figure S1. The data showed a higher frequency of COPD using either 
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clinician reported or objective criteria in Eastern European countries with the lowest proportions of 

patients without COPD (diagnosed or objectively reported) in Macedonia, Poland, Serbia, Romania 

and Ukraine. 

Clinically and objectively confirmed COPD was most common in Macedonia (57.1%), Serbia (36.7%), 

Switzerland (28.3%) and Poland (27.8%). The clinician diagnosis of COPD in the absence of ROSE 

criteria which may be taken as a proxy of overdiagnosis of COPD was most common in Romania 

(40.3%), Ukraine (32.0%) and Macedonia (22.9%). The reporting of no COPD in the presence of ROSE 

criteria (which can be considered a proxy of underdiagnosis of COPD) was most frequent in Denmark 

(18.2%), Poland (11.3%) and Slovenia (10.7%). (Figure S1). The percentages of COPD subjects were 

very similar in the 5 largest countries contributing to the registry (UK, Spain, Italy, Germany and 

France) and analysis limited to these countries showed similar differences in characteristics between 

groups (not shown). 

Sensitivity analysis: postbronchodilator spirometry

6206 patients had post-bronchodilator spirometry data available. In a sensitivity analysis limited to 

only patients who had post-bronchodilator spirometry available at baseline, 1087 (17.5%) had 

clinician diagnosed COPD and met ROSE criteria, 649 (10.5%) had a clinical diagnosis of COPD and did 

not meet ROSE criteria, 371 (6.0%) had no clinical diagnosis of COPD but met ROSE criteria and 4099 

(66.0%) were not diagnosed with COPD and did not meet ROSE criteria. These proportions are very 

similar to those observed in the overall population. 

COPD and Long Term Clinical Outcomes
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Table 4 shows the effect estimates for each definition of COPD for the outcomes of exacerbations, 

severe exacerbations requiring hospitalization and mortality during follow-up.  For the mortality 

analysis the median length of follow-up per individual was 1141 days (3 years) with interquartile 

range 786 days (2 years) to 1611 days (4 years). There were 31850 exacerbations and 5991 

hospitalizations recorded during the follow-up period with 1024 recorded deaths. 

Clinical outcomes were clearly worse for individuals with clinician diagnosed COPD. Table 4 shows 

the markedly increased mortality and hospitalization risk with a lesser but still significant increase in 

exacerbations. These effect estimates remained significant after adjustment for confounders. 

Interestingly the risk of mortality both unadjusted and adjusted were similar when patients with a 

clinician diagnosis of COPD were divided into those with and without ROSE criteria, although those 

meeting ROSE criteria were overall higher. Similarly, the risk of hospitalization and exacerbations 

were also similarly increased. Patients who met the ROSE criteria but did not carry a clinical label of 

COPD had much better outcomes than even patients with clinician diagnosed COPD that did not 

meet ROSE criteria. These patients did not have increased mortality or exacerbations compared to 

patients without clinician assigned COPD and without ROSE criteria but did show an increase in 

severe exacerbations even after multivariable adjustment. 

Discussion

The association between bronchiectasis and COPD is an important clinical challenge and 

management strategies for this population are currently unclear.2,3,17,18 Most studies conducted into 

this association have shown worse clinical outcomes in patients that carry both labels, compared to 

patients that have either disease alone.4,19 The definitions of these conditions are based on 
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radiology, physiology and exposure to tobacco smoke or other environmental risk factors. As 

bronchiectasis can be associated with airflow obstruction20, as well as other features associated with 

COPD such as emphysema21, without exposure to tobacco smoke, there is a risk that COPD will be 

over or underdiagnosed in bronchiectasis patients leading to inappropriate treatment and 

sometimes stigma.22 

Our data, in the world’s largest prospective cohort of patients with bronchiectasis, supports several 

important conclusions. First, patients with bronchiectasis who carry a label of COPD made by a 

clinician have worse clinical outcomes compared to those without, mirroring the results of previous 

smaller studies. Patients have increased mortality, and higher risk of hospitalization and 

exacerbations. Patients also have worse quality of life and respiratory symptoms. 

Nevertheless, we found that 21.7% of patients with a clinical diagnosis of COPD had never smoked 

and only 77.8% had evidence of airflow obstruction on spirometry. Overall, nearly half (44.4%) of 

patients with a clinical diagnosis of COPD therefore did not meet the ROSE criteria for COPD in 

association with bronchiectasis. Interestingly we also identified patients with a history of smoking 

and airflow obstruction without a diagnosis of COPD. These patients were less common (7.7% of the 

patients without a COPD diagnosis) and tended to have less severe airflow obstruction (mean ratio 

61.8%). This suggests a subset of patients with milder airflow obstruction and a history of smoking 

have not been given a diagnosis of COPD. Patients with asthma were over-represented in this group 

and so it should be acknowledged that this may account for some chronic airflow obstruction in this 

group. Nevertheless, these data are consistent with the wider context of COPD outside 

bronchiectasis where over and underdiagnosis are common. Quality-assured post-bronchodilator 

spirometry and an appropriate clinical history is the only way to make or exclude a diagnosis of 

COPD.

Our results suggest that the label of COPD is widely used inappropriately in the bronchiectasis 

patient population. This has important implications since COPD is treated differently to 
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bronchiectasis, and overuse of inhaled corticosteroids and bronchodilators has been documented in 

bronchiectasis.23,24 Most bronchiectasis clinical studies exclude patients with underlying COPD and 

our observations suggest a high proportion of patients with a diagnosis of COPD should in fact be 

eligible for bronchiectasis trials.25,26 We observed similar rates of COPD across countries, with more 

COPD diagnoses in Eastern Europe consistent with a higher prevalence of cigarette smoking in this 

region.27  Over and under-diagnosis of COPD also appeared to be higher in Eastern European 

countries. Our report of baseline data from the registry identified a lower standard of care in Eastern 

Europe and the data reported here suggest this extends to accuracy of diagnosis.12

Using the ROSE criteria our estimate of the prevalence of COPD associated with bronchiectasis is 

19.9%. An important limitation of the data available in the EMBARC registry is the absence of 

comprehensive exposure data other than cigarette smoking. It is therefore possible that some cases 

of non-smoking COPD are not captured in our “ROSE +” group. Nevertheless while it is possible that 

some patients have exposures other than smoking to explain airflow obstruction, in the presence of 

bronchiectasis, the vicious cycle of inflammation associated with bronchiectasis may be a more likely 

cause of airflow obstruction than passive cigarette exposure, pollution or biomass exposure. In 

addition it is documented that airflow obstruction can be intermittent, with some patients without 

airflow obstruction on spirometry at one time point having obstruction at other timepoints.28 It is 

possible therefore that some patients had airflow obstruction at one timepoint in the past. For all of 

these reasons while the ROSE criteria may be superior to objective clinical judgement in defining this 

clinical entity, no criteria are perfect and therefore our data can only be considered estimates of the 

true rate of under and overdiagnosis. 

The other key finding of our study relates to clinical outcomes. Patients with a clinical label of COPD 

had universally worse outcomes including mortality and exacerbations. Intriguingly, however, this 

was true whether or not patients had airflow obstruction and whether or not patients had a history 

of cigarette smoking. The characteristics of the patient populations meeting the ROSE definition and 
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not meeting the ROSE definition3 were very similar other than their smoking history and presence of 

airflow obstruction. One possible conclusion of this data is that clinicians give the label of COPD to 

patients with more severe disease, including patients with severe breathlessness, or requiring 

particular therapies such as oxygen, regardless of the presence of a smoking history or airflow 

obstruction. That the poor outcomes are multifactorial rather than being entirely related to smoking 

and airflow obstruction is reflected in the relatively “benign” outcomes seen with patients who have 

no label of COPD but meet the criteria for COPD based on airflow obstruction and smoking history. 

A limitation of our analysis is that most spirometry in the cohort was pre-bronchodilator, as this is an 

observational registry of lung function performed in clinical practice. We therefore cannot confirm if 

some cases of airflow obstruction would have reversed with bronchodilator treatment. Since this 

would tend to reduce the proportion of patients with “true” COPD, we do not believe this affects the 

primary conclusions of the study, indeed the extent of overdiagnosis of COPD in this population may 

be greater if postbronchodilator spirometry was routinely applied. A sensitivity analysis limited to 

post-bronchodilator spirometry confirmed the conclusions of the study. Other limitations are 

intrinsic to a real-life registry, including that microbiological sampling was only performed when 

clinically indicated. 

Our study supports the need for the use of objective criteria in defining bronchiectasis and COPD 

association. The proposed ROSE criteria, if applied more widely would help to reduce variation in the 

use of the term COPD and its application to bronchiectasis patients without appropriate exposures 

or airflow obstruction.
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Tables

Variables Bronchiectasis +COPD Bronchiectasis alone p-value

n. 4324 12639

Demographics 

     Median (IQR) age, years 70 (63-76) 66 (54-73) <0.0001

     Male, n (%) 2431 (56.2%) 4197 (33.2%) <0.0001

     Median (IQR) BMI, kg/m2 25.4 (22.2-29.3) 24.7 (21.6-28.4) <0.0001

     Never smokers, n (%) 890 (20.6%) 8206 (64.9%) <0.0001

     Ex smokers, n (%) 2834 (65.5%) 3951 (31.3%) <0.0001

     Current smokers, n (%) 600 (13.9%) 482 (3.8%) <0.00001

Comorbidity

     Cardiovascular disorders, n (%) 2026 (46.9%) 3483 (27.6%) <0.0001

     Stroke, n (%) 241 (5.6%) 359 (2.8%) <0.0001

     Diabetes, n (%) 642 (14.8%) 1082 (8.6%) <0.0001

     Rhinosinusitis, n (%) 597 (13.8%) 2880 (22.8%) <0.0001

     Asthma, n (%) 1165 (26.9%) 4102 (32.5%) <0.0001

     Osteoporosis, n (%) 707 (16.4%) 1521 (12.0%) <0.0001

     Depression, n (%) 793 (18.3%) 1584 (12.5%) <0.0001

     Solid tumour, n (%) 551 (12.7%) 1312 (10.4%) <0.0001

Lung Function

     FEV1 Litres 1.33 (0.95-1.84) 1.93 (1.41-2.51) <0.0001

     FEV1 % predicted 56.5 (40.4-75.7) 83.1 (64.1-100.6) <0.0001

     FVC % predicted 79.9 (64.0-97.5) 94.9 (78.0-110.6) <0.0001

Clinical status

     Sputum volume ml/day 10 (0-25) 5 (0-20) <0.0001

     MRC dyspnoea score 2 (1-3) 1 (0-2) <0.0001

Microbiology in sputum at baseline

P.aeruginosa 850 (19.7%) 2197 (17.4%) <0.0001

H. Influenzae 749 (17.4%) 2117 (16.8%) 0.39

M. catarrhalis 219 (5.1%) 433 (3.4%) <0.0001
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Table 1. Patient characteristics according to baseline COPD status.

Enterobacteriaceae 609 (14.1%) 1320 (10.5%) <0.0001

S. aureus 218 (5.1%) 826 (6.5%) <0.0001

S. pneumoniae 304 (7.0%) 728 (5.8%) 0.003

S. maltophilia 95 (2.2%) 221 (1.8%) 0.06

No sputum sample sent in stable 
state

1741 (40.4%) 5763 (45.6%) <0.0001
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Table 2. COPD diagnosis and objective criteria. Abbreviations FEV1= forced expiratory volume in 1 
second, FVC= forced vital capacity.

Reported COPD No reported COPD

N 4324 12639

N with complete lung function 
data

3832 (88.6%) 11369 (90.0%)

FEV1/FVC ratio <0.7 2986 (77.9%) 4694 (41.3%)

10 or more pack year smoking 
history

2652 (69.2%) 2241 (19.7%)

ROSE criteria (Fixed ratio) 2130 (55.6%) 877 (7.7%)
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Variables

COPD reported 
and ROSE criteria 

met 
(COPD+ROSE+)

COPD reported but 
no ROSE criteria 

met (COPD+ROSE-)

No COPD reported but 
meets ROSE criteria

(COPD-ROSE+)

No COPD reported 
and no criteria met 

(COPD-ROSE-)

n. 2130 1702 877 10522

Demographics 

     Median (IQR) age, years 70 (64-76) 70 (63-76) 69 (60-75) 65 (53-73)

     Female, n (%) 743 (34.9%) 899 (52.8%) 404 (46.1%) 1084 (10.3%)

     Median (IQR) BMI, kg/m2 25.3 (22.2-29.1) 25.6 (22.3-29.5) 25.6 (22.5-29.5) 24.2 (21.2-27.9)

     Never smokers, n (%) 0 (0%) 770 (45.2%) 0 (0%) 7463 (70.9%)

     Ex smokers, n (%) 1738 (81.6%) 785 (46.1%) 775 (88.4%) 2733 (26.0%)

     Current smokers, n (%) 392 (18.4%) 147 (8.6%) 102 (11.6%) 326 (3.1%)

Comorbidity

     Cardiovascular disorders, n 
(%)

1035 (48.6%) 760 (44.7%)
298 (34.0%) 2824 (26.8%)

     Stroke, n (%) 124 (5.8%) 87 (5.1%) 38 (4.3%) 276 (2.6%)

     Diabetes, n (%) 325 (15.3%) 237 (13.9%) 96 (10.9%) 877 (8.3%)

     Rhinosinusitis, n (%) 249 (11.7%) 288 (16.9%) 157 (17.9%) 2531 (24.1%)

     Asthma, n (%) 444 (20.8%) 599 (35.2%) 315 (35.9%) 3486 (33.1%)

     Osteoporosis, n (%) 306 (14.4%) 321 (18.9%) 100 (11.4%) 1279 (12.2%)

     Depression, n (%) 376 (17.7%) 325 (19.1%) 137 (15.6%) 1297 (12.3%)

     Solid tumour, n (%) 269 (12.6%) 193 (11.3%) 105 (12.0%) 1057 (10.0%)

Lung Function

     FEV1 Litres 1.20 (0.88-1.65) 1.49 (1.07-2.00) 1.76 (1.30-2.19) 1.95 (1.42-2.54)

     FEV1 % predicted 50.0 (36.3-66.4) 66.8 (48.4-84.7) 70.5 (56.9-88.4) 84.1 (84.1-101.2)

     FVC % predicted 78.4 (62.8-96.5) 81.3 (65.3-98.0) 94.6 (78.6-111.4) 94.9 (78.0-110.5)

Clinical status

     Sputum volume ml/day 10 (0-25) 10 (0-25) 8 (0-20) 6 (0-20)

     MRC dyspnoea score 2 (1-3) 2 (1-3) 1 (0-2) 1 (0-2)

Treatment 

     Regular airway clearance, n 
(%)

1020 (47.9%)
838 (49.2%) 469 (53.5%) 5718 (54.3%)
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Table 3. Characteristics of patients with COPD and without COPD using clinical and objective 
(ROSE) criteria. 

     Long term macrolide 
treatment, n (%)

395 (18.5%)
339 (19.9%) 126 (14.4%) 1832 (17.4%)9

     Inhaled antibiotic treatment, 
n (%)

154 (7.2%) 138 (8.1%)
76 (8.7%) 863 (8.2%)

Any antibiotic prophylaxis, n (%) 92 (4.3%) 96 (5.6%) 40 (4.6%) 481 (4.6%)

Inhaled corticosteroids, n (%) 1455 (68.3%) 1061 (62.3%) 469 (53.5%) 4981 (47.3%)

Long-acting beta agonist, n (%) 1581 (74.2%) 1090 (64.0%) 473 (53.9%) 4822 (45.8%)

Long-acting muscarinic 
antagonist, n (%)

1378 (64.7%) 816 (47.9%)
282 (32.2%) 1890 (18.0%)

Long term oxygen therapy, n (%) 377 (17.7%) 181 (10.6%) 37 (4.2%) 290 (2.8%)

Non-invasive ventilation, n (%) 85 (4.0%) 55 (3.2%) 11 (1.3%) 155 (1.5%)

Oral theophylline, n (%) 145 (6.8%) 77 (4.5%) 21 (2.4%) 193 (1.8%)
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Group N Mortality (HR) Hospitalizations Exacerbations

Unadjusted 2.66 (2.36-3.01) 2.74 (2.53-2.97) 1.46 (1.38-1.54)COPD (clinical 
definition only)

4324

Adjusted* 1.93 (1.70-2.19) 2.41 (2.20-2.65) 1.44 (1.35-1.54)

COPD subgroups

Unadjusted 3.24 (2.78-3.79) 3.15 (2.84-3.49) 1.50 (1.39-1.61)COPD reported and 
ROSE criteria met 
(COPD+ROSE+)

2130

Adjusted* 2.24 (1.90-2.64) 3.09 (2.70-3.53) 1.55 (1.41-1.69)

Unadjusted 2.46 (2.06-2.95) 2.55 (2.28-2.86) 1.41 (1.30-1.53)COPD reported but 
no ROSE criteria met 
(COPD+ROSE-)

1702

Adjusted* 1.82 (1.51-2.18) 2.35 (2.08-2.66) 1.40 (1.29-1.53)

Unadjusted 1.69 (1.27-2.24) 1.47 (1.23-1.75) 1.13 (1.01-1.27)No COPD reported 
but meets ROSE 
criteria (COPD-
ROSE+)

877

Adjusted* 1.33 (0.99-1.78) 1.46 (1.20-1.78) 1.17 (1.03-1.32)

Unadjusted 1.00 (reference) 1.00 (reference) 1.00 (reference)No COPD reported 
and no criteria met 
(COPD-ROSE-)

10522

Adjusted* 1.00 (reference) 1.00 (reference) 1.00 (reference)

Table 4. Effect estimates for clinical outcomes based on different COPD definitions *Adjusted for 
age, sex, smoking status, cardiovascular disease, stroke, diabetes, asthma, depression, MRC 
dyspnoea score, P. aeruginosa infection. 
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Figure Legend

Figure 1. Severity of disease and its association with clinician assigned COPD A: Bronchiectasis 
severity index B: Quality of life bronchiectasis respiratory symptom score C: Reiff score D: 
Exacerbation frequency E: Hospitalization for severe exacerbations F: Negative binomial regression 
model for prior exacerbations and severe exacerbations resulting in hospital admissions. Incidence 
rate ratios are shown compared to the reference group which was patients without clinician 
diagnosed COPD. All comparisons shown in the figure p<0.0001 with the exception of radiological 
severity (p=0.0001). 

Page 23 of 31

 AJRCCM Articles in Press. Published January 25, 2024 as 10.1164/rccm.202309-1614OC 
 Copyright © 2024 by the American Thoracic Society 



References

1. Aliberti S, Goeminne PC, O’Donnell AE, et al. Criteria and definitions for the radiological and 
clinical diagnosis of  bronchiectasis in adults for use in clinical trials: international consensus 
recommendations. Lancet Respir Med. September 2021. doi:10.1016/S2213-2600(21)00277-0

2. Polverino E, Dimakou K, Hurst J, et al. The overlap between bronchiectasis and chronic airway 
diseases: state of the art  and future directions. Eur Respir J. 2018;52(3). 
doi:10.1183/13993003.00328-2018

3. Traversi L, Miravitlles M, Martinez-Garcia MA, et al. ROSE: radiology, obstruction, symptoms 
and exposure - a Delphi consensus definition  of the association of COPD and bronchiectasis 
by the EMBARC Airways Working Group. ERJ open Res. 2021;7(4). 
doi:10.1183/23120541.00399-2021

4. Ni Y, Shi G, Yu Y, Hao J, Chen T, Song H. Clinical characteristics of patients with chronic 
obstructive pulmonary disease with  comorbid bronchiectasis: a systemic review and meta-
analysis. Int J Chron Obstruct Pulmon Dis. 2015;10:1465-1475. doi:10.2147/COPD.S83910

5. Everaerts S, McDonough JE, Verleden SE, et al. Airway morphometry in COPD with 
bronchiectasis: a view on all airway generations. Eur Respir J. August 2019. 
doi:10.1183/13993003.02166-2018

6. McLeese RH, Spinou A, Alfahl Z, et al. Psychometrics of health-related quality of life 
questionnaires in bronchiectasis: a  systematic review and meta-analysis. Eur Respir J. 
2021;58(5). doi:10.1183/13993003.00025-2021

7. Patel IS, Vlahos I, Wilkinson TMA, et al. Bronchiectasis, exacerbation indices, and 
inflammation in chronic obstructive pulmonary disease. Am J Respir Crit Care Med. 
2004;170(4):400-407. doi:10.1164/rccm.200305-648OC

8. Agustí A, Celli BR, Criner GJ, et al. Global Initiative for Chronic Obstructive Lung Disease 2023 
Report: GOLD  Executive Summary. Eur Respir J. 2023;61(4). doi:10.1183/13993003.00239-
2023

9. Singh D, Agusti A, Anzueto A, et al. Global Strategy for the Diagnosis, Management, and 
Prevention of Chronic Obstructive Lung Disease: the GOLD science committee report 2019. 
Eur Respir J. 2019;53(5). doi:10.1183/13993003.00164-2019

10. Lipson DA, Barnhart F, Brealey N, et al. Once-Daily Single-Inhaler Triple versus Dual Therapy in 
Patients with COPD. N Engl J Med. 2018;378(18):1671-1680. doi:10.1056/NEJMoa1713901

11. Chalmers JD, Aliberti S, Polverino E, et al. The EMBARC European bronchiectasis registry: 
Protocol for an international observational study. ERS Monogr. 2016;2(1). 
doi:10.1183/23120541.00081-2015

12. Chalmers JD, Polverino E, Crichton ML, Ringshausen, FC, De Soyza A, Vendrell M, Regis Burgel, 
P, Haworth CS, Loebinger MR, Dimakou K, Murris M, Wilson R, Hill AT, Menendez R, Torres A, 
Welte T, Blasi F, Altenburg J, Shteinberg M, Boersma W, Elborn JS, Goe AS. Bronchiectasis in 
Europe: Data from the European Bronchiectasis Registry (EMBARC). Lancet Respir Med. 2023.

13. Reiff DB, Wells AU, Carr DH, Cole PJ, Hansell DM. CT findings in bronchiectasis: limited value 
in distinguishing between idiopathic and specific types. AJR Am J Roentgenol. 
1995;165(2):261-267. doi:10.2214/ajr.165.2.7618537

14. McDonnell MJ, Aliberti S, Goeminne PC, et al. Multidimensional severity assessment in 
bronchiectasis: an analysis of seven European cohorts. Thorax. 2016;71(12):1110-1118. 

Page 24 of 31

 AJRCCM Articles in Press. Published January 25, 2024 as 10.1164/rccm.202309-1614OC 
 Copyright © 2024 by the American Thoracic Society 



doi:10.1136/thoraxjnl-2016-208481

15. Hill AT, Haworth CS, Aliberti S, et al. Pulmonary exacerbation in adults with bronchiectasis: a 
consensus definition for  clinical research. Eur Respir J. 2017;49(6). 
doi:10.1183/13993003.00051-2017

16. Quittner AL, O’Donnell AE, Salathe MA, et al. Quality of Life Questionnaire-Bronchiectasis: 
final psychometric analyses and determination of minimal important difference scores. 
Thorax. 2015;70(1):12-20. doi:10.1136/thoraxjnl-2014-205918

17. De Soyza A, McDonnell MJ, Goeminne PC, et al. Bronchiectasis Rheumatoid Overlap 
Syndrome Is an Independent Risk Factor for Mortality in Patients With Bronchiectasis: A 
Multicenter Cohort Study. Chest. 2017;151(6):1247-1254. doi:10.1016/j.chest.2016.12.024

18. Chalmers JD. Bronchiectasis and COPD Overlap: A Case of Mistaken Identity? Chest. 
2017;151(6). doi:10.1016/j.chest.2016.12.027

19. Martinez-Garcia M-A, de la Rosa Carrillo D, Soler-Cataluna J-J, et al. Prognostic value of 
bronchiectasis in patients with moderate-to-severe chronic obstructive pulmonary disease. 
Am J Respir Crit Care Med. 2013;187(8):823-831. doi:10.1164/rccm.201208-1518OC

20. Radovanovic D, Santus P, Blasi F, et al. A comprehensive approach to lung function in 
bronchiectasis. Respir Med. 2018;145:120-129. doi:10.1016/j.rmed.2018.10.031

21. Bedi P, Chalmers JD, Goeminne PC, et al. The BRICS (Bronchiectasis Radiologically Indexed CT 
Score): A Multicenter Study Score for Use in Idiopathic and Postinfective Bronchiectasis. 
Chest. 2018;153(5). doi:10.1016/j.chest.2017.11.033

22. Mathioudakis AG, Ananth S, Vestbo J. Stigma: an unmet public health priority in COPD. Lancet 
Respir Med. 2021;9(9):955-956. doi:10.1016/S2213-2600(21)00316-7

23. Henkle E, Aksamit TR, Barker AF, et al. Pharmacotherapy for Non-Cystic Fibrosis 
Bronchiectasis: Results From an NTM Info  & Research Patient Survey and the Bronchiectasis 
and NTM Research Registry. Chest. 2017;152(6):1120-1127. doi:10.1016/j.chest.2017.04.167

24. Holme J, Tomlinson JW, Stockley RA, Stewart PM, Barlow N, Sullivan AL. Adrenal suppression 
in bronchiectasis and the impact of inhaled corticosteroids. Eur Respir J. 2008;32(4):1047-
1052. doi:10.1183/09031936.00016908

25. Haworth CS, Bilton D, Chalmers JD, et al. Inhaled liposomal ciprofloxacin in patients with non-
cystic fibrosis bronchiectasis and chronic lung infection with Pseudomonas aeruginosa 
(ORBIT-3 and ORBIT-4): two phase 3, randomised controlled trials. Lancet Respir Med. 
2019;7(3):213-226. doi:10.1016/S2213-2600(18)30427-2

26. Chalmers JD, Haworth CS, Metersky ML, et al. Phase 2 Trial of the DPP-1 Inhibitor Brensocatib 
in Bronchiectasis. N Engl J Med. September 2020. doi:10.1056/NEJMoa2021713

27. Spatial, temporal, and demographic patterns in prevalence of smoking tobacco use and  
attributable disease burden in 204 countries and territories, 1990-2019: a systematic analysis 
from the Global Burden of Disease Study 2019. Lancet (London, England). 
2021;397(10292):2337-2360. doi:10.1016/S0140-6736(21)01169-7

28. Aaron SD, Tan WC, Bourbeau J, et al. Diagnostic Instability and Reversals of Chronic 
Obstructive Pulmonary Disease  Diagnosis in Individuals with Mild to Moderate Airflow 
Obstruction. Am J Respir Crit Care Med. 2017;196(3):306-314. doi:10.1164/rccm.201612-
2531OC

Page 25 of 31

 AJRCCM Articles in Press. Published January 25, 2024 as 10.1164/rccm.202309-1614OC 
 Copyright © 2024 by the American Thoracic Society 



 

Figure 1. Severity of disease and its association with clinician assigned COPD A: Bronchiectasis severity 
index B: Quality of life bronchiectasis respiratory symptom score C: Reiff score D: Exacerbation frequency E: 
Hospitalization for severe exacerbations F: Negative binomial regression model for prior exacerbations and 

severe exacerbations resulting in hospital admissions. Incidence rate ratios are shown compared to the 
reference group which was patients without clinician diagnosed COPD. All comparisons shown in the figure 

p<0.0001 with the exception of radiological severity (p=0.0001). 
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Variables Bronchiectasis +COPD Bronchiectasis alone p-value

n. 4324 12639

Demographics 

     Median (IQR) age, years 70 (63-76) 66 (54-73) <0.0001

     Male, n (%) 2431 (56.2%) 4197 (33.2%) <0.0001

     Median (IQR) BMI, kg/m2 25.4 (22.2-29.3) 24.7 (21.6-28.4) <0.0001

     Never smokers, n (%) 890 (20.6%) 8206 (64.9%) <0.0001

     Ex smokers, n (%) 2834 (65.5%) 3951 (31.3%) <0.0001

     Current smokers, n (%) 600 (13.9%) 482 (3.8%) <0.00001

Comorbidity

     Cardiovascular disorders, n (%) 2026 (46.9%) 3483 (27.6%) <0.0001

     Stroke, n (%) 241 (5.6%) 359 (2.8%) <0.0001

     Diabetes, n (%) 642 (14.8%) 1082 (8.6%) <0.0001

     Liver disease, n (%) 37 (0.9%) 66 (0.5%) 0.022

     Chronic renal failure, n (%) 230 (5.3%) 437 (3.5%) <0.0001

     Rhinosinusitis, n (%) 597 (13.8%) 2880 (22.8%) <0.0001

     Asthma, n (%) 1165 (26.9%) 4102 (32.5%) <0.0001

     Osteoporosis, n (%) 707 (16.4%) 1521 (12.0%) <0.0001

     Depression, n (%) 793 (18.3%) 1584 (12.5%) <0.0001

     Solid tumour, n (%) 551 (12.7%) 1312 (10.4%) <0.0001

Lung Function

     FEV1 Litres 1.33 (0.95-1.84) 1.93 (1.41-2.51) <0.0001

     FEV1 % predicted 56.5 (40.4-75.7) 83.1 (64.1-100.6) <0.0001

     FVC Litres 2.40 (1.85-3.10) 2.73 (2.13-3.43) <0.0001

     FVC % predicted 79.9 (64.0-97.5) 94.9 (78.0-110.6) <0.0001

     FEV1/FVC ratio 58.0 (46.5-68.6) 72.5 (63.8-79.3) <0.0001

Clinical status

     Sputum volume ml/day 10 (0-25) 5 (0-20) <0.0001

0 400 (9.3%) 4031 (31.9%)
     MRC, n (%)

1 1120 (25.9%) 4441 (35.1%)

<0.0001
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Table S1. Characteristics of patients with COPD in association with bronchiectasis 
compared to patients without reported COPD. 

2 1204 (27.8%) 2451 (19.4%)

3 1021 (23.6%) 1170 (9.3%)

4 538 (12.4%) 352 (2.8%)

Microbiology

P.aeruginosa 850 (19.7%) 2197 (17.4%) <0.0001

H. Influenzae 749 (17.4%) 2117 (16.8%) 0.39

M. catarrhalis 219 (5.1%) 433 (3.4%) <0.0001

Enterobacteriaceae 609 (14.1%) 1320 (10.5%) <0.0001

S. aureus 218 (5.1%) 826 (6.5%) <0.0001

S. pneumoniae 304 (7.0%) 728 (5.8%) 0.003

S. maltophilia 95 (2.2%) 221 (1.8%) 0.06

No sputum sample sent in stable 
state

1741 (40.4%) 5763 (45.6%) <0.0001

Treatment 

     Regular airway clearance, n (%) 2072 (47.9%) 6667 (52.7%) <0.0001

     Long term macrolide treatment, 
n (%)

821 (19.0%)
2119 (16.8%) <0.0001

     Inhaled antibiotic treatment, n 
(%)

314 (7.3%) 996 (7.9%)
0.19

Other oral antibiotic prophylaxis, n 
(%)

215 (5.0%) 579 (4.6%)
0.50

Inhaled corticosteroids, n (%) 2805 (64.9%) 5895 (46.6%) <0.0001

Long-acting beta agonist, n (%) 2942 (68.0%) 5690 (45.0%) <0.0001

Long-acting muscarinic antagonist, 
n (%)

2392 (55.3%) 2315 (18.3%)
<0.0001

Long term oxygen therapy, n (%) 635 (14.7%) 365 (2.9%) <0.0001

Non-invasive ventilation, n (%)
163 (3.8%) 187 (1.5%)

<0.0001

Oral theophylline, n (%) 247 (5.7%) 236 (1.9%) <0.0001
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COPD No COPD

Affected 1614 (37.3%) 5003 (39.6%)RUL

Cystic 187 (4.3%) 665 (5.3%)

Affected 2381 (55.0%) 7705 (61.0%)RML

Cystic 219 (5.1%) 884 (7.0%)

Affected 3251 (75.1%) 8687 (68.8%)RLL

Cystic 280 (6.5%) 938 (7.4%)

Affected 1412 (32.6%) 4262 (33.7%)LUL

Cystic 157 (3.6%) 526 (4.2%)

Affected 1867 (43.1%) 6185 (49.0%)Lingula

Cystic 178 (4.1%) 652 (5.2%)

Affected 3139 (72.5%) 8762 (69.4%)LLL

Cystic 293 (6.8%) 1036 (8.2%)

Reiff 
score 

Median(IQR) 3 (2-6) 3 (2-6)

Table S2. Radiological characteristics of disease in patients with and without co-
existing COPD. 
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Figure S1. The frequency of different criteria for COPD diagnosis in 28 countries included in 
the EMBARC registry. The data are sorted left to right based on the lowest (left) to highest 
(right) proportion of patients without either reported or objective COPD (green bars).
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