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WHAT IS ALREADY KNOWN ON THIS TOPIC
⇒⇒ Although bronchiectasis is reported to be associated 
with cardiovascular disease, evidence for an associ-
ation with cardiovascular events is lacking.

WHAT THIS STUDY ADDS
⇒⇒ Patients who were hospitalised for exacerbation of 
bronchiectasis were at significantly increased risk of 
acute myocardial infarction, heart failure and com-
posite cardiovascular outcome over a 5-year follow-
up period.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

⇒⇒ Patients with high bronchiectasis exacerbation risk, 
for example those with high FACED and BSI score, 
should be closely monitored for any exacerbation 
and aggressive treatment instigated to prevent re-
current bronchiectasis exacerbations.

Abstract
Background  Although bronchiectasis is reported to be 
associated with cardiovascular disease, evidence for an 
association with cardiovascular events (CVEs) is lacking.
Methods  A territory-wide retrospective cohort study was 
conducted in Hong Kong involving all patients who had 
bronchiectasis diagnosed in public hospitals and clinics 
between 1 January 1993 and 31 December 2017 were 
included. Patients were allocated to be exacerbator or 
non-exacerbator group based on hospitalzied bronchiecsis 
history and CVEs over the next 5 years determined. 
Propensity score matching was used to balance baseline 
characteristics.
Results  10 714 bronchiectasis patients (mean age 
69.6±14.4 years, 38.9% men), including 1230 in 
exacerbator group and 9484 in non-exacerbator group, 
were analysed. At 5 years, 113 (9.2%) subjects in the 
exacerbator group and 87 (7.1%) in the non-exacerbator 
group developed composite CVEs. After adjustment for age, 
sex, smoking and risk factors for cardiovascular disease, 
bronchiectasis exacerbation was associated with increased 
risks for acute myocardial infarction (AMI), congestive 
heart failure (CHF) and CVE compared with those in the 
non-exacerbator group with adjusted HR of 1.602 (95% 
CI 1.006–2.552, p value=0.047), 1.371 (95% CI 1.016–
1.851, p value=0.039) and 1.238 (95% CI 1.001–1.532, 
p=0.049) in the whole cohort. Findings were similar for the 
propensity score-matched cohort for AMI and CVE.
Conclusion  Patients who were hospitalised for 
exacerbation of bronchiectasis were at significantly 
increased risk of AMI, CHF and CVE over a 5-year follow-up 
period.

Introduction
Bronchiectasis is a suppurative lung condi-
tion characterised by pathological dilatation 
of the bronchi. The main pathogenesis of 
bronchiectasis involves airway inflammation, 
abnormal mucus clearance and bacterial 
colonisation, resulting in progressive airway 
destruction and distortion.1 Typical airway 
inflammation is neutrophilic with an abun-
dance of neutrophils in sputum, bronchoal-
veolar lavage fluid and bronchial biopsy, even 
in patients who are clinically stable.2

There is growing evidence of an associa-
tion of systemic inflammation with cardiovas-
cular diseases.3 Baseline C reactive protein 
(CRP) level has been shown to predict the 
long-term risk of a first myocardial infarc-
tion, ischaemic stroke or peripheral artery 
disease.4–6 Guidelines suggest that measure-
ment of high-sensitivity CRP in patients at 
intermediate risk of coronary heart disease 
(CHD) is appropriate.7–9 Interleukin 6 (IL-6) 
and IL-6 receptor have also been suggested 
to play a direct causal role in the develop-
ment of CHD. Meta-analyses have confirmed 
the role of IL-6 and IL-6R in the generation 
of inflammation and the associated risk of 
CHD.10 11 Higher levels of the leucocyte 
enzyme myeloperoxidase, which is secreted 
during acute inflammation and promotes 
oxidation of lipoproteins, are associated with 
the presence of coronary artery disease and 
may predict the presence of acute coronary 
syndrome in patients with chest pain.9 12–15 
Elevated level of other inflammatory markers 
such as white blood cells, erythrocyte sedi-
mentation rate, IL-18, tumour necrosis 
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factor-alpha, transforming growth factor-beta, soluble 
intercellular adhesion molecule-1, P-selectin, cathepsin S 
and lipoprotein-associated phospholipase A2 have been 
reported as markers of increased CHD risk.14 16–22

As a disease with profound airway inflammation, bron-
chiectasis has been shown to be associated with the devel-
opment of cardiovascular disease. Among patients with 
bronchiectasis, it has been suggested that pulse-wave 
velocity is significantly higher in frequent exacerbators 
(≥3 events per year) than infrequent exacerbators (<3 
events per year). Frequent exacerbators have been shown 
to have elevated serum CRP.23 Patients with bronchiec-
tasis have also been reported to have increased arterial 
stiffness that correlates with disease severity compared 
with control subjects.24 In a population-based study 
conducted in the UK, a pre-existing diagnosis of CHD 
(Odds ratios (OR) 1.33, 95% conidence interval (CI) 
1.25–1.41) or stroke (OR 1.92, 95% CI 1.85–2.01) was 
higher in people with bronchiectasis compared with 
those without, after adjusting for age, sex, smoking and 
risk factors for cardiovascular disease. The rate of first 
CHD and stroke was also higher in individuals with bron-
chiectasis (Hazard ratio (HR) for CHD 1.44 (95% CI 
1.27–1.63) and HR for stroke 1.71 (95% CI 1.54–1.90)).25 
In a post hoc analysis of a prospective observational study 
of 250 patients with bronchiectasis for a median follow-up 
of 35 months, 74 (29.6%) patients experienced a cardio-
vascular event (CVE) and 93 (37.2%) died. Age, arterial 
hypertension, chronic obstructive pulmonary disease and 
potentially severe exacerbations were factors that signifi-
cantly increased the risk of developing CVE. Compared 
with patients without CVE, those with CVE had higher 
mortality.26 A recent report suggested that hospitalisation 
or emergency room visit for bronchiectatic exacerbation 
was associated with an increase in atherosclerotic cardio-
vascular disease (ASCaVD)-related or atherosclerotic 
cerebrovascular disease (ASCeVD)-related mortality 
within 1 year.27

Although there are studies that suggest an association 
of bronchiectasis and its exacerbation with cardiovas-
cular disease and events, they do have limitations. In a 
population-based study that suggested the risk of CHD 
and stroke was higher among patients with bronchiec-
tasis compared with the general population, there was a 
significant difference in the general population and the 
bronchiectasis group. Although multivariate analysis was 
performed, application of propensity score matching 
would have better addressed the issue of significant differ-
ences in the study populations.25 Other important infor-
mation about the patients with bronchiectasis, such as 
Pseudomonas aeruginosa colonisation or previous bronchi-
ectasis exacerbation, was also not presented. In another 
study of the effect of bronchiectasis exacerbation prior 
to ASCaVD or ASCeVD events on mortality, only 1066 
patients were included, despite using a population-based 
database, and follow-up was for only 1 year. This may have 
been unable to comprehensively assess the intermediate 
to long-term effect of bronchiectasis and bronchiectasis 

exacerbation on CVEs that may take longer to develop.27 
A post hoc analysis of a prospective observational study 
on the appearance of CVE and mortality had an even 
smaller sample size although longer follow-up.26 A dedi-
cated study to assess the effect of bronchiectatic exacer-
bation and subsequent risk of development of a CVE is 
warranted.

Materials and methods
This was a territory-wide retrospective cohort study. Data 
were retrieved on all patients assigned a diagnostic code of 
bronchiectasis between 1 January 1993 and 31 December 
2017. Patients still alive at the study start date of 1 January 
2017 from all public hospitals and clinics in Hong Kong 
were included in the study. Patients with bronchiectasis 
were identified by International Classification of Diseases, 
Ninth Revision (ICD-9) code 494 from the Clinical Data 
Analysis and Reporting System (CDARS) of the Hospital 
Authority (HA). Baseline characteristics, exposures and 
outcomes were retrieved. In Hong Kong, the public 
healthcare service is provided by the HA that manages 
43 hospitals and institutions, and 122 outpatient clinics, 
serving more than 90% of the population. CDARS is an 
electronic healthcare database managed by the HA, with 
all essential clinical information including patient demo-
graphics, hospitalisation, visits to outpatient clinics and 
emergency departments, diagnoses, laboratory results, 
procedures, prescriptions, dispensing of medications and 
deaths prospectively recorded. This database was estab-
lished in 1995 for both audit and research purposes. To 
protect patient confidentiality, each patient is assigned a 
unique, anonymous patient identifier that is linked to all 
their clinical data contained in CDARS.

Hospitalisation for bronchiectatic exacerbation was 
defined as an emergency admission via the Accident and 
Emergency Department for at least 1 day in 2017 with a 
principal diagnosis code of bronchiectasis (ICD-9: 494) 
and oral or intravenous antibiotics prescribed, among 
all patients with bronchiectasis on active follow-up in 
the same year. The comparator group was bronchi-
ectatic patients without hospitalisation. The primary 
outcome was the first subsequent episode of a major 
CVE, including acute myocardial infarction (AMI), heart 
failure (CHF), ischaemic stroke (CVA)/transient isch-
aemic attack (TIA) and intracranial haemorrhage (ICH), 
and the composite outcome, defined as any of the afore-
mentioned outcomes. Patients lost to follow-up were 
identified by their last available record from CDARS and 
censored. The censoring date was set as that of the last 
entry on CDARS.

Patient and public involvement
Patients and the public were not engaged in any stage 
during this study.

Statistical analysis
All statistical analyses were performed using R V.4.2.2 (R 
Foundation for Statistical Computing) statistical software 
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Figure 1  Flow chart of patient selection. COPD, chronic obstructive pulmonary disease.

and 26th version of SPSS statistical package. Contin-
uous variables are expressed as median and IQR. Mann-
Whitney U test was used to compare continuous variables 
of two groups. χ2 test or Fisher’s exact test was applied for 
categorical variables. Cox regression analysis was used to 
assess survival. Kaplan-Meier estimator was used for survival 
function of patients among the two groups. Potential 
confounders included age, gender, number of cardiovas-
cular risk factors (hypertension, diabetes mellitus, hyper-
lipidaemia, and atrial fibrillation), history of established 
cardiovascular and cerebrovascular disease (ischaemic 
heart disease, ischaemic stroke, TIA and ICH), history of 
moderate exacerbation and hospitalisation for bronchi-
ectasis exacerbation from 2012 to 2016 and subsequent 
moderate exacerbation and hospitalisation for bronchi-
ectasis exacerbation in the follow-up period from 2018 to 
2022. To better control for the confounders, propensity 
score adjustment was performed. Patients were matched 
based on their gender, age, presence of cardiovascular 
risk factors (hypertension, diabetes mellitus, hyperlipi-
daemia and atrial fibrillation) and history of established 
cardiovascular and cerebrovascular diseases (ischaemic 
heart disease, ischaemic stroke, TIA and ICH), with 1:1 
matching and calliper of 0.2 times SD of the logit of 
propensity score. To further reduce bias from unmeas-
ured confounding, individuals with extreme scores in the 

upper or lower tail of the propensity score distribution 
were excluded. Any inadequately matched variables were 
adjusted in multivariate analysis. Statistical significance 
was determined at the level of p=0.05.

Results
A total of 10 714 subjects were diagnosed with bronchiec-
tasis during the study period of whom 1230 had a hospi-
talised exacerbation in 2017 (exacerbator group) and 
9484 did not (non-exacerbator group). The patient selec-
tion flow chart is illustrated in figure 1. The mean age of 
the cohort was 69.6±14.4 years and 38.9% were men. The 
mean follow-up time was 51.9±22.7 months with data cut-
off at 31 December 2022. The baseline characteristics of 
the whole cohort are shown in Tables 1 and 2. Patients in 
the bronchiectasis exacerbator group were older, more 
likely to be women, and had higher prevalence of hyper-
tension, diabetes mellitus, hyperlipidaemia, ischaemic 
heart disease, stroke and TIA, ICH and atrial fibrillation.

Risk of CVEs
Acute myocardial infarction
There were 24 (2.0%) subjects in the exacerbator group 
and 112 (1.2%) in the non-exacerbator group who 
developed AMI, with HR 1.708 (95% CI 1.099–2.655, p 
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value=0.017), suggesting a significantly increased risk in 
the exacerbator group. The adjusted HR (aHR) was 1.501 
(95% CI 1.034–2.180, p value=0.033), after adjustment 
for age, gender, number of cardiovascular risk factors, 
history of established cardiovascular disease, number of 
non-hospitalised bronchiectasis exacerbation between 
2012 and 2016, history of hospitalisation for bronchiec-
tasis exacerbation between 2012 and 2016 number of 
subsequent bronchiectasis exacerbation and hospitalisa-
tion for bronchiectasis exacerbation during the follow-up 
period from 2018 to 2022. The Kaplan-Meier curve is 
illustrated in figure 2A.

Heart failure
There were 57 (4.6%) subjects in the exacerbator group 
and 261 (2.8%) in the non-exacerbator group who devel-
oped CHF, with HR 1.806 (95% CI 1.355–2.407, p<0.001), 
suggesting significant increased risk in the exacerbator 
group. The aHR was 1.280 (95% CI 1.005–1.632, p 
value=0.046), after adjustment for age, gender, number 
of cardiovascular risk factors, history of established cardi-
ovascular disease, number of non-hospitalised bronchi-
ectasis exacerbation between 2012 and 2016, history of 
hospitalisation for bronchiectasis exacerbation between 
2012 and 2016, number of subsequent bronchiectasis 
exacerbation and hospitalisation for bronchiectasis exac-
erbation during the follow-up period from 2018 to 2022. 
The Kaplan-Meier curve is illustrated in figure 2B.

Ischaemic stroke and TIA
There were 29 (2.4%) subjects in the exacerbator group 
and 201 (2.1%) in the non-exacerbator group who devel-
oped CVA/TIA. The HR was 1.233 (95% CI 0.834–1.822, 
p=0.293), suggesting an insignificant risk. The Kaplan-
Meier curve is illustrated in figure 2C.

Intracranial haemorrhage
There were 13 (1.1%) subjects in the exacerbator group 
and 96 (1.0%) in the non-exacerbator group who devel-
oped ICH. The HR was 1.665 (95% CI 0.636–1.137, 
p=0.655), suggesting an insignificant risk. The Kaplan-
Meier curve is illustrated in figure 2D.

All cardiovascular/cerebrovascular outcomes
A CVE/cerebrovascular event developed in 113 (9.2%) 
patients in the exacerbator group and 624 (6.6%) in 
the non-exacerbator group and included AMI, CHF, 
CVA/TIA and ICH. The HR was 1.541 (95% CI 1.260–
1.884, p<0.001), suggesting significantly increased risk 
in the exacerbator group. The aHR was 1.205 (95% CI 
1.017–1.429, p=0.031) after adjustment for age, gender, 
number of a risk factors, history of established cardiovas-
cular diseases, history of hospitalisation for bronchiec-
tasis exacerbation in years 2012 to 2016 and subsequent 
hospitalisation for bronchiectasis exacerbation in the 
follow-up period from 2018 to 2022. The Kaplan-Meier 
curve is illustrated in figure 2E.

Propensity score matching
Propensity score matching was performed to match for 
age, gender, number of cardiovascular risk factors and 
history of CVEs before the start of follow-up in 2017. 
After propensity score matching, 1230 subjects in each 
group were included in the analysis. Subsequent hospital-
isation for bronchiectasis exacerbation in the follow-up 
period from 2018 to 2022 was not well-matched and was 
adjusted in the multivariate Cox regression model. The 
mean age of this cohort in 2017 was 71.4±13.5 years and 
35.5% were men. The patients were followed up until 
31 December 2022. The baseline characteristics of the 
propensity score-matched subjects are shown in table 1.

Acute myocardial infarction
There were 24 (2.0%) subjects in the exacerbator group 
and 11 (0.9%) in the non-exacerbator group who devel-
oped an AMI, with aHR 2.321 (95% CI 1.111–4.848 p 
value=0.025) suggesting significant increased risk in the 
exacerbator group. The Kaplan-Meier curve is illustrated 
in figure 3A.

Heart failure
There were 57 (4.6%) subjects in the exacerbator group 
and 42 (3.4%) in the non-exacerbator group who devel-
oped CHF. The aHR was 1.170 (95% CI 0.166–1.785, 
p=0.468), suggesting insignificant risk. The Kaplan-Meier 
curve is illustrated in figure 3B.

Ischaemic stroke and TIA
There were 29 (2.4%) subjects in the exacerbator group 
and 24 (2.0%) in the non-exacerbator group who devel-
oped ischaemic stroke or TIA (CVA/TIA). The HR was 
1.368 (95% CI 0.790–2.368, p=0.264), suggesting insig-
nificant risk. The Kaplan-Meier curve is illustrated in 
figure 3C.

Intracranial haemorrhage
There were 13 (1.1%) subjects in the exacerbator group 
and 15 (1.2%) in the non-exacerbator group who devel-
oped ICH. The HR was 0.944 (95% CI 0.447–1.996, 
p=0.880), suggesting insignificant risk. The Kaplan-Meier 
curve is illustrated in figure 3D.

All cardiovascular/cerebrovascular outcomes
A CVE/cerebrovascular event, which included AMI, CHF, 
CVA/TIA and ICH, occurred in 113 (9.2%) subjects 
in the exacerbator group and 87 (7.1%) in the non-
exacerbator group. The aHR was 1.359 (95% CI 1.011–
1.826, p=0.042), suggesting a significantly increased risk 
in the exacerbator group. The Kaplan-Meier curve is 
illustrated in figure 3E.

Discussion
The results of our territory-wide study suggest that severe 
exacerbation of bronchiectasis that required hospital-
isation was a potential risk factor for the occurrence 
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Figure 2  Kaplan-Meier curve for time to events in the whole cohort. (A) Kaplan-Meier curve for time to AMI in the whole 
cohort. (B) Kaplan-Meier curve for time to CHF in the whole cohort. (C) Kaplan-Meier curve for time to ischaemic stroke or 
TIA (CVA/TIA) in the whole cohort. (D) Kaplan-Meier curve for time to ICH in the whole cohort. (E) Kaplan-Meier curve for time 
to CVE in the whole cohort. AMI, acute myocardial infarction; CHF, congestive heart failure; CVE, cardiovascular event; ICH, 
intracranial haemorrhage; TIA, transient ischaemic attack.
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Figure 3  Kaplan-Meier curve for time to events in the propensity score matched cohort. (A) Kaplan-Meier curve for time to 
AMI in the propensity score matched cohort. (B) Kaplan-Meier curve for time to CHF in the propensity score matched cohort. 
(C) Kaplan-Meier curve for time to ischaemic stroke or TIA (CVA/TIA) in the propensity score matched cohort. (D) Kaplan-
Meier curve for time to ICH in the propensity score matched cohort. (E) Kaplan-Meier curve for time to CVE in the propensity 
score matched cohort. AMI, acute myocardial infarction; CHF, congestive heart failure; CVE, cardiovascular event; ICH, 
intracranial haemorrhage; TIA, transient ischaemic attack.
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of adverse cardiovascular/cerebrovascular outcomes, 
including AMI, CVE and probably CHF. The results in 
our study concur with previous reports of a suggested 
association of bronchiectatic exacerbation with CVE/
cerebrovascular event.

The literature supports a relationship between bron-
chiectasis and increased risk of cardiovascular disease. 
The underlying pathogenic mechanism and common 
risk factors for bronchiectasis and cardiovascular disease 
are hypoxia and systemic inflammation factors. Recur-
rent lower respiratory tract infection is also reported to 
be associated with an acute phase response and increased 
systemic inflammation, contributing to the increased 
risk of cardiovascular disease.27 28 In this study, we iden-
tified the increased risk of a CVE following an episode of 
severe bronchiectasis exacerbation that required hospi-
talisation. In a small-scale report, CVEs were observed in 
29.6% of patients who experienced bronchiectasis exac-
erbation over a median follow-up of 35 months.26 None-
theless the absence of a control group did not enable 
assessment of the impact of bronchiectasis exacerbation 
on risk of a CVE.

In contrast, our study compared patients with bronchi-
ectasis and hospitalisation for exacerbation with a similar 
group who did not require hospitalisation for exacerba-
tion. Our findings suggest that patients who experience 
an episode of severe bronchiectasis exacerbation will have 
a significantly increased risk for AMI, CHF and CVEs. 
The increased risk of CVEs is most reflective of the asso-
ciation between bronchiectasis and CVEs as it includes 
all cardiovascular/cerebrovascular outcomes. For CHF, 
the association may reflect more pronounced chronic 
systemic inflammation in those with exacerbation that 
led to myocardial strain and consequent CHF. For AMI 
and CVA/TIA, the association is likely a result of systemic 
inflammation of bronchiectasis exacerbation. Nonethe-
less the time required to develop ischaemic heart disease 
and subsequently CVA/TIA may exceed that of the 
follow-up duration of this study. A study with prolonged 
follow-up may better assess this association. Another 
limitation is that predominantly Chinese patients were 
included in this study, which might affect the generalis-
ability of the results. Yet, the aetiology of bronchiectasis 
in Asian especially Chinese population is different from 
the Caucasians with post-infective bronchiectasis being 
the most common ones while cystic fibrosis is extremely 
rare. Having a study with Chinese patients be the domi-
nant ethnic group do have a value to assess the cardiovas-
cular impact in this particular subgroup.

This study suggests that the negative impact of bronchi-
ectasis exacerbation affects not only future exacerbation 
risks and decline in lung function, but also occurrence of 
CVEs that may be fatal.27 The importance of preventing a 
bronchiectatic exacerbation cannot be overemphasised. 
Patients with high bronchiectasis exacerbation risk, for 
example those with high FACED and BSI score, should 
be closely monitored for any exacerbation and aggressive 
treatment instigated to prevent recurrent bronchiectasis 

exacerbations. The benefit of aggressive pharmacological 
treatment to prevent bronchiectatic exacerbation and 
consequent cardiovascular outcomes warrants further 
investigation. Apart from pharmacological treatment, 
non-pharmacological treatment especially airway clear-
ance physiotherapy to maintain airway hygiene should 
also be adopted.29–31 Airway clearance physiotherapy is 
recommended in European Respiratory Society guide-
lines.29 31 Airway clearance physiotherapy has been 
demonstrated to provide benefits in terms of reduction 
in the impact of cough, improvement in health-related 
quality of life (HRQOL) and reduction in the risk of 
exacerbations.31 There are different ways in airway clear-
ance including postural drainage, oscillatory positive 
expiratory pressure, high-frequency chest wall oscillation 
vest32 with postural drainage being the most commonly 
used airway clearance therapy in Hong Kong as it has 
essentially cost free and with minimal adverse effects. We 
refer all patients with bronchiectasis to physiotherapist 
for educating them on how to practice postural drainage. 
We also checked their compliance to postural drainage 
on follow-up. Oscillatory positive expiratory pressure 
and high-frequency chest wall oscillation vest were also 
offered to selected patients. As airway clearance physio-
therapy has been shown to reduce bronchiectasis exac-
erbation and is a well-recognised non-pharmacological 
treatment for bronchiectasis, they should be adopted to 
all patients with bronchiectasis.

Conclusion
Hospitalisation for exacerbation of bronchiectasis was 
associated with a significantly increased risk of AMI, CHF 
and CVE over a 5-year follow-up.
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