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ABSTRACT

Objective: Asthma is a frequent comorbidity of bronchiectasis, with possible implications
for exacerbation and severity. We investigated the clinical impact of asthma on bronchiec-
tasis in terms of disease severity and exacerbation risk.

Methods: We collected demographic, clinical, and functional characteristics of patients with
a confirmed diagnosis of bronchiectasis. All patients were investigated for concomitant diag-
nosis of asthma. The Bhalla score was used to assess radiological severity of bronchiectasis,
and the Bronchiectasis Severity Index (BSI) was used to assess the clinical severity. Blood
and sputum samples were collected to assess blood cell count, erythrocyte sedimentation
rate, c-reactive protein, immunological status (IgA, IgE, IgM, IgG, and IgG subclasses), and
microbiological analysis.

Results: A total of 106 patients were enrolled in the study; 30.2% had concomitant asthma
and were characterized by higher frequency of bronchiectasis exacerbation, despite higher
Bhalla score and lower BSI compared to patients without asthma. Pseudomonas aeruginosa
was more frequently isolated from the sputum of bronchiectasis patients without asthma.
Total serum IgG, IgG1, and IgG3 were lower in patients with asthma. Blood eosinophils and
exhaled nitric oxide were higher in patients with associated asthma. The presence of asthma
and presence of Pseudomonas in sputum were the only significant determinants of frequent
exacerbations in a binary logistic regression analysis.

Conclusion: The coexistence of asthma and bronchiectasis is associated with an independ-
ent increase in the risk of bronchiectasis exacerbation despite lower radiological and clinical
severity indexes. Asthmatic airway inflammation could promote an enhanced “Cole’s Cycle”
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that is responsible for a higher frequency of exacerbations.

Introduction

Once considered a neglected disease, non-cystic fibro-
sis bronchiectasis (NCFB) is a relatively rare and het-
erogeneous respiratory disorder affecting roughly 163
per 100,000 adults in Italy, with prevalence increasing
to 11.1 cases per 100,000 person-years (1). It affects
roughly 52.3 per 100,000 adults in the USA, with an
increasing prevalence of 8% since 2001 (2). The grow-
ing prevalence of bronchiectasis is probably due to the
extensive use of chest high-resolution computed tom-
ography (HRCT), aging (1), and increasing interest
from the scientific community.

Bronchiectasis is a chronic and irreversible respira-
tory disease characterized by abnormal dilatation of
the bronchi, resulting in high sputum production, fre-
quent exacerbations, impaired quality of life, and

declining lung function (3). Bronchiectasis greatly
impacts welfare and healthcare systems similarly to
COPD (4-7).

Although recent studies have tried to focus on the
etiopathogenesis of the disease, only approximately
50% of patients have a clear cause of bronchiectasis,
reflecting our poor knowledge of the disorder (8).
Bronchial asthma is the sixth most common cause of
bronchiectasis (ranging from 3% to 7%) (8), with a
prevalence of 2.7-42% (9-11), but a clear mechanism
has not been determined. Real-life data show that
bronchiectasis is present in a wide range of patients
with asthma (from 0.8% to 77%) (9-25), particularly
those with severe phenotypes (12,13,22,26).

Though the coexistence of bronchiectasis and
asthma has been reported in many studies, few studies
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have investigated the relationship between bronchiec-
tasis and asthma. In the latest international recom-
mendations for asthma and COPD (27,28),
bronchiectasis is defined as a "treatable trait" that
should be investigated. This is particularly relevant in
severe conditions or frequent exacerbations despite
optimal therapy, because it could have a tremendous
impact on disease progression at an individual level.

In addition, the combined presence of both diseases
raises concerns about treatment; inhaled corticoste-
roids are fundamental for the treatment and manage-
ment of bronchial asthma (28) but are not formally
indicated for bronchiectasis (29) because they seem to
promote and sustain bacterial load and exacerbations
(30-33). Therefore, we investigated the clinical impact
of asthma in bronchiectasis in terms of disease sever-
ity and the risk of exacerbations.

Methods
Study design

We prospectively collected data of patients affected by
clinically relevant bronchiectasis, with or without a
history of asthma or COPD, who attended our out-
patient clinic at Respiratory Diseases and Pulmonary
Rehabilitation—Policlinico Universitario di Catania
(Catania, Italy) between March 2018 and June 2019.
We included adult patients affected by radiologically
significant bronchiectasis confirmed by HRCT.
Patients affected by cystic fibrosis, primary ciliary dys-
kinesia (PCD), traction bronchiectasis, allergic bron-
chopulmonary aspergillosis (ABPA), ol-antitrypsin
deficiency, and significant immunodeficiency or
unable to give consent were excluded.

The study followed the ethical standards laid down
in the 1964 Declaration of Helsinki and its later
amendments, and was approved by the local Ethic
Committee (Comitato Etico Catania 1, num. protocol:
CE 108/2018/PO). All enrolled patients provided writ-
ten informed consent.

Clinical assessments

All patients performed clinical assessments while in a
stable state. Smoking status and clinical respiratory
and non-respiratory history were recorded, and lung
function tests were performed in line with ATS/ERS
guidelines (34). In patients with history of asthma or
symptoms of episodic breathlessness, wheezing, cough,
and chest tightness, asthma was confirmed or diag-
nosed according to the latest GINA recommendations
(28). All the patients performed bronchial reversibility

test and asthma was confirmed with a gain in FEV1
of 12% and 200 ml from the pre-bronchodilator value.

Asthma symptom control was assessed by the
Asthma Control Tests (ACT) (35). Blood and sputum
samples were collected to assess markers of inflamma-
tion, including erythrocyte sedimentation rate (ESR)
and c-reactive protein (CRP), immunological status
(IgA, IgE, IgM, IgG, and IgG subclasses), and micro-
biological analysis.

The presence of COPD was defined according to
the medical history; previous or current smoke atti-
tude and presence of emphysema on CT scan.

We recorded the number of exacerbations of bron-
chiectasis in the previous vyear, according to the
British Thoracic Society guidelines (36) and the recent
consensus on the definition of pulmonary exacerba-
tion for clinical research (37). Pulmonary exacerbation
was defined as a deterioration from baseline of three
or more of the following symptoms: increased cough;
change in sputum volume or consistency; increased
sputum purulence; increased dyspnea or decreased
exercise tolerance: the presence of fatigue or malaise;
hemoptysis, and a clinically determined change in
bronchiectasis treatment (fever >38°C, wheezing,
reduced pulmonary function, changes in chest sounds,
radiographic changes consistent with a new infec-
tious process).

Radiological assessment

All patients underwent HRCT scans to define the
type, severity, and extension of bronchiectasis. In add-
ition to the Neidich criteria for the diagnosis of bron-
chiectasis (38), the presence of bronchiectasis was
confirmed using the following criteria: lack of tapering
in the bronchi, dilation of the bronchi with a luminal
diameter larger than that of the adjacent pulmonary
artery, or the presence of peripheral bronchi within
lcm of the costal pleural surface or the adjacent
mediastinal pleural surface (39). The radiological
severity of bronchiectasis was measured by the Bhalla
score (40) based on the number of segments involved,
the severity of wall thickening and bronchial dilata-
tion, and the presence of mucus plug, emphysema,
and consolidations. The maximum Bhalla score is 25
and is inversely related to radiological severity.

Clinical severity assessment

We measured the severity of bronchiectasis using the
Bronchiectasis Severity Index (BSI) (41), a multidi-
mensional scoring system with an excellent predictive
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Table 1. Clinical and functional characteristic of bronchiectasis patients with and without associated asthma.

All Bronchiectasis with asthma n =32 Bronchiectasis n = 74 p values
Age 60.7£13.1 54.8+8.9 63.4+£139 0.002
Females % 61.3 65.6 59.8 0.551
Current smokers % 1.3 6.3 14.1 0.281
Ex-smokers % 33 21.9 39.4 0.110
Atopy % 26.2 63.5 10.8 <0.001
COPD % 321 9.4 43.1 0.001
CRS % 311 429 10.6 0.003
GERD % 37.7 50.0 348 0.148
BMI 25+5.7 259+4.7 24.7+£6.1 0.335
Exacerbation rate 3.58+1.9 4.78+2.12 3.05+1.60 <0.001
Bhalla score 15+4.8 17.2+£31 141£5.1 0.002
BSI 8.29+49 6.41+3.06 9.11+£5.32 0.008
Lobes involved 415+£1.6 426+1.703 391+£1.510 0.309
Pseudomonas?® (%) 22.6 7.7 373 0.005
FEV1 % predicted 81.9% + 32.8 89.3+279 78.7 £34.5 0.129
FVC % predicted 87.5+27 92.0+23.6 85.6+29.3 0.275
FENO ppb 32+255 43.0+284 18.0+£11.2 0.001

Data are presented as mean+SD or %, unless otherwise stated. COPD: Chronic Obstructive Pulmonary Disease; CRS: Chronic Rhino-Sinusitis; GERD:
Gastro-Esophageal Reflux Disease; BMI: Body Mass Index; FEV1: Forced Expiratory Volume in 1s; FVC: Forced Vital Capacity; FeNO: Fractional exhaled

Nitric Oxide. Data presented in bold type are statistically significant.

The analysis was performed in 85 (21 patients were not able to expectorate).

index for exacerbations, hospital admissions, and mor-
tality. The BSI score is influenced by age, body mass
index (BMI), number of lobes involved by bronchiec-
tasis, number of exacerbations in the previous year,
bacterial colonization (especially Pseudomonas aerugi-
nosa) and hospitalizations in the past 2 years. We cal-
culated the BSI using the panel tools available online
at www.bronchiectasis.eu (42).

Statistical analysis

Patient characteristics and continuous variables
defined by the Kolmogorov-Smirnov test were
expressed as mean and standard deviation (SD) or n
(%). Differences between the two groups were tested
by the Mann-Whitney test for non-normally distrib-
uted variables. For analysis of more than two groups,
ANOVA was used for normally distributed variables.
P <0.05 was considered significant. Data were ana-
lyzed using SPSS version 21.0 (SPSS, Inc., Chicago, IL,
USA). Binary logistic regression was performed with
exacerbation as a dependent variable against asthma,
COPD, Pseudomonas, and age.

Results

A total of 106 patients were consecutively enrolled in
the study; 74 patients had bronchiectasis without
asthma and 32 patients had both bronchiectasis and
asthma. The baseline characteristics of all patients and
the two groups are reported in Table 1. The immuno-
logical status of the two groups is compared in Table
2. We found significant differences between the two
groups in regards to age, number of exacerbations,

clinical and radiological severity of bronchiectasis (BSI
and Bhalla score), and P. aeruginosa isolation (Table
1). Furthermore, eosinophil count and total IgG,
IgGl, and IgG3 levels were significantly different
between the two groups (Table 2).

Patients with only bronchiectasis had significantly
more frequently COPD as a comorbidity compared to
the bronchiectasis group with asthma. Also, 9.6% of
patients with bronchiectasis and asthma showed
emphysema on CT scan, had a smoking attitude (for-
mer or active) plus some clinical features suggestive of
COPD. We found no significant differences between
the two groups in terms of lung function and the
number of lobes involved.

Binary logistic regression analysis of asthma,
COPD, Pseudomonas, and age with frequent exacer-
bations (defined as three or more exacerbations in the
previous year) (41) as the dependent variable showed
that asthma and Pseudomonas were the only signifi-
cant variables (6.339, p=0.013 and 4.962, p=0.014,
respectively). Atopy and CRS were detected predom-
inantly in the bronchiectasis group with asthma
(Table 1).

Sputum samples were only collected only in 85
patients because 21 patients were not able to expector-
ate or the sample collected was inadequate. P. gerugi-
nosa was more frequently isolated in bronchiectasis
patients without asthma than patients with only
bronchiectasis.

Discussion

Our main result is that asthma may impact bronchiec-
tasis as an independent factor for exacerbation in
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Table 2. Immunological features of bronchiectasis patients with and without associated asthma.

Bronchiectasis with asthma n =32 Bronchiectasis n =74 p values
Blood eosinophils/mcl 478.1£595.8 191.6 +186.8 0.001
CRP mg/L 546 +7.62 8.24+£11.75 0.269
ESR mm/h 244+13.7 29.9+20.4 0.202
Serum IgE 1U/ml 318.2+520.8 126.0+189.0 0.055
Serum IgA 193.2+80.8 267.1+212.6 0.103
Serum IgM 135.6+81.3 115.0+£59.8 0.199
Serum 1gG 1039.5+273.7 1215.5+£377.9 0.041
Serum IgG1 595.7 +180.7 794.5+2553 0.001
Serum IgG2 376.3+183.5 412.5+201.7 0.462
Serum 1gG3 36.9+20.5 58.1+334 0.007
Serum lgG4 122.3+106.1 82.8+121.0 0.179

Data are presented as mean=+SD. ESR: Erythrocyte Sedimentation Rate; CRP: C-Reactive Protein; Ig: immunoglobulin; Data

presented in bold type are statistically significant.

patients with concomitant bronchiectasis, which is in
line with another recent study conducted by Mao
(11). Patients with coexistent bronchiectasis and
asthma present with less stable disease and symptom
control (lower ACT), and they experience more exac-
erbations per year despite lower radiological and clin-
ical severity (i.e. BSI). P. aeruginosa isolation from
sputum samples is the main recognized independent
risk factor for exacerbation and disease severity
(29,41,43-45), and this was more common in patients
without asthma in the present study. Other variables,
such as gender, BMI, radiological extension (number
of involved lobes), and functional tests, did not differ
between the two groups, which is in contrast to previ-
ous findings (11).

Patients with bronchiectasis and concomitant
asthma were younger and had a significant association
with asthma-related features, such as atopy, chronic
rhinosinusitis, blood eosinophil count, and fractional
exhaled nitric oxide (FeNO) levels. In the present
study, atopy was detected in 26.2% of all patients. In
previous studies (9,46-49), the presence of atopy in
bronchiectasis ranged from 25% to 48.8%. However,
the role of atopy in bronchiectasis is not clear, as our
results are also in line with the prevalence of atopy in
the general population (50).

Another interesting result from this study is the
higher blood eosinophil count in patients with bron-
chiectasis and asthma compared to bronchiectasis
only. This result was not reported by Mao and may
have relevant implications on treatment.

Bronchiectasis is a chronic, progressive, and irre-
versible respiratory disease sustained by chronic infec-
tion and progressive damage in which germs play a
predominant role (50). Chronic inflammation is
responsible for high sputum production, frequent
exacerbations, impaired quality of life, and lung func-
tion decline. The concomitant presence of asthma and
high level of eosinophils in bronchiectasis is suggestive
of a type 2 endotype inflammation that could be

considered a treatable trait and a target for new bio-
logical anti-interleukin 5 (IL5) drugs, as already
reported in a few clinical cases (51,52). The eosino-
philic inflammation is responsible of glandular hyper-
trophy, mucus hypersecretion, and bronchial
obstruction, especially in small airways (53).
Furthermore, cationic eosinophil proteins (54), such
as eosinophil peroxidase (EPO) (55), proteolytic
enzymes (trypsin), and metalloproteases, directly dam-
age the bronchial wall and lead to impaired mucocili-
ary clearance, which is responsible for the mucoid
impact (55,56) and more severe disease (57).
Moreover, impairment of matrix metalloproteinases
(MMPs) and tissue inhibitor of MMPs (TIMPs),
resulting in degradation of the extracellular matrix,
tissue destruction, and airway remodeling with loss of
the physiological structure, has been demonstrated in
both asthma and bronchiectasis (58).

Although bronchiectasis is classically considered to
be sustained by neutrophilic inflammation, eosinophils
are increasingly being recognized for roles in the dis-
ease (25,59-61), and they likely generate an
“enhanced” Cole’s “vicious cycle hypothesis” (which
has been proposed to be due to an environmental
insult, in conjunction with genetic susceptibility or an
immune defect in host defense, resulting in a chain of
events leading to progressive bronchial wall destruc-
tion and dilatation). Unfortunately, to the best of our
knowledge, no guidelines or studies suggest a specific
therapeutic approach in this cohort of patients,
though biological treatment could be a valid treatment
option in select cases (24).

We also found a significant difference in IgG levels
between the two groups, as patients with bronchiec-
tasis and asthma had lower levels of IgG, especially
IgGl and IgG3, than patients with bronchiectasis
only. This result was also reported by Mao (11), but it
was not discussed and is suggestive of immunological
impairment that could lead to higher susceptibility to
infection. Previously, Lujan et al. (20) reported similar



findings related to steroid treatment, which raises con-
cerns about the feasible role of corticosteroid therapy
in modulating or promoting exacerbations. Whether
IgG alterations are directly promoted by steroid treat-
ment or are an intrinsic characteristic of patients with
bronchiectasis and asthma that could describe a novel
phenotype, it is difficult to determine.

The main limitation of this study was that patients
reported outcomes were not collected and therefore
the psychological impact of the association between
asthma and bronchiectasis was not assessed.
Moreover, considering that therapeutic strategies for
bronchiectasis are heterogeneous and not fully stand-
ardized, it is possible that our results may have been
partially affected by this heterogeneity.

Conclusions

We report that the coexistence of asthma and bron-
chiectasis is associated with an independent increase
in the risk of bronchiectasis exacerbation despite the
presence of lower radiological and clinical severity.
Our findings are suggestive of a new phenotype with
type 2 inflammation that could promote an enhanced
Cole’s Cycle. Further studies are needed to confirm
our results and to understand the role played by the
immune system in this relationship.
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