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ABSTRACT

Current literature primarily delves into the relationship between bronchiectasis and severe
asthma, and only a few studies have evaluated the impact of bronchiectasis in patients with
non-severe asthma. Therefore, this study investigated the clinical impact of bronchiectasis
in patients with non-severe asthma. A prospective observational study of 140 non-severe
asthmatic patients with (bronchiectasis group) and without bronchiectasis (control group)
was conducted between September 2012 and February 2022. The bronchiectasis and control
groups were compared in terms of demographics, lung function, asthma control test (ACT)
results, exacerbation history, and respiratory medications. Among 140 non-severe asthmatic
subjects, approximately 15.7% (n = 22) had bronchiectasis. The most common type of
bronchiectasis was cylindrical type (90.7%). The left lingular division was the most frequently
involved lung lobe (20.4%). There were no significant differences in the demographics (age,
sex, body mass index, smoking history, and comorbidities) or ACT results between the 2
groups. The bronchiectasis group used inhaled corticosteroids/long-acting $2-agonists (P
=0.074) and mucolytics (P < 0.001) more frequently than the control group. Compared to
the control group, the bronchiectasis group had lower forced expiratory volume in 1 second
(FEV1) (L) (1.9£0.7 L'vs. 2.3+ 0.9 L, P=0.039) and FEV1%predicted (67.2 + 22.2%predicted
vs. 77.1 £ 20.0%predicted, P = 0.038). The rate of hospital admission to a general ward in

the preceding year was significantly higher in the bronchiectasis group compared to those
of the control group (23.8% vs. 3.5%, P=0.005) with an adjusted odds ratio of 6.308 (95%
confidence interval, 1.401-28.392). Patients with non-severe asthma and bronchiectasis had
lower lung function and more frequent exacerbations requiring hospitalization than those
without bronchiectasis. More attention is needed for asthmatic patients with bronchiectasis,
even if the asthma is not severe.

Keywords: Asthma; bronchiectasis; comorbidity; prognosis; symptom flare up

INTRODUCTION

Asthma is a heterogeneous respiratory disease characterized by chronic airway inflammation
and variable airflow limitations.! Many respiratory comorbidities are associated with asthma,
which significantly influence its clinical characteristics and prognosis.*® Therefore, it is
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crucial to rapidly assess a patient’s comorbidities, which may contribute to their respiratory
symptoms, to plan a personalized treatment approach.

Bronchiectasis is known to be present in approximately 77% of patients with asthma, and
bronchiectasis significantly affects the natural course of asthma.” Patients with severe
asthma and bronchiectasis show lower lung function, more exacerbations, and higher
mortality compared to those without bronchiectasis.”'*?! However, since previous studies
focused on the impact of bronchiectasis on severe asthma, the impact of bronchiectasis on
patients with non-severe asthma is not well known. Therefore, further studies are needed to
establish the relationship between bronchiectasis and non-severe asthma. This study aimed
to define the impact of bronchiectasis on the clinical characteristics of non-severe asthma.

MATERIALS AND METHODS

Study design

The HOPE study is a prospective, observational cohort study conducted at 2 centers in Korea
that evaluates the clinical characteristics and courses of obstructive pulmonary diseases
(asthma, bronchiectasis, and chronic obstructive pulmonary disease [COPD]). The inclusion
criterion for the HOPE study was adult patients aged > 18 years with a diagnosis of asthma,
bronchiectasis, or COPD. Asthma was clinically diagnosed by attending physicians based

on clinical symptoms, bronchodilator (BD) responses, excessive lung function change,

and the results of a provocation test.! COPD was diagnosed in patients with respiratory
symptoms, history of exposure to noxious particles (i.e., smoking), and post-BD forced
expiratory volume in 1 second (FEV1)/forced vital capacity (FVC) ratio < 0.7.>> The diagnosis
of bronchiectasis was based on chest computed tomography (CT) findings. The treatment
duration was > 3 months for all patients. The exclusion criteria were patients 1) who are
under treatment for active infectious conditions; 2) with interstitial lung disease; 3) with
severe psychotic disorder; and 4) who were treated with systemic corticosteroids for diseases
other than asthma or COPD = 8 weeks before enrollment. Baseline data were obtained at the
time of enrollment.

The study was approved by the Institutional Review Board of Hanyang University Guri
Hospital Ethics Committee (No. HYGH-2012-01-057). Written informed consent was
obtained from all participants.

Participants

In total, 636 participants with asthma, bronchiectasis, or COPD were enrolled in the HOPE
study between September 2012 and February 2022. Out of these, 297 (46.7%) had asthma
without physician-diagnosed COPD (asthma without asthma-COPD overlap). There were 86
(29.0%) patients with severe asthma (Global Initiative for Asthma [GINA] 4-5 treatments)
and 211 (71.0%) patients with non-severe asthma (GINA 1-3 treatments). Of the 211 patients
with non-severe asthma, 140 (66.4%) patients underwent CT scans. Of these, 22 patients
(15.7%) had bronchiectasis, and 118 patients (84.3%) had no bronchiectasis (Fig. 1).

Data collection

The severity of asthma was classified as “severe” or “non-severe.” Severe asthma was
defined as an uncontrolled or partly controlled state despite using steps 4-5 of the GINA
treatment guidelines. Mild-to-moderate asthma by GINA documents was classified as “non-
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September 2012 to February 2022
The HOPE study (n = 636)

COPD or ACO (n = 339)

. A

A
Asthma without physician-diagnosed COPD
(n =297)

Severe asthma (n = 86)
Patients without CT scans (n = 71)

¥

Non-severe asthma without physician-diagnosed COPD
(n=140)
Non-severe asthma Non-severe asthma
with bronchiectasis without bronchiectasis
(n=29) (n=118)

Fig. 1. Flow chart of the study.
COPD, chronic obstructive pulmonary disease; ACO, asthma-chronic obstructive pulmonary disease overlap; CT,
computed tomography.

severe.” The following baseline data were collected for this study: demographics (age, sex,
body mass index [BMI], and smoking status); comorbidities; exacerbation history; lung
function; asthma control test (ACT); respiratory medications (inhalers, leukotriene receptor
antagonist, methylxanthine, systemic corticosteroid, or mucolytics); and radiologic findings
of bronchiectasis.

The presence or absence of bronchiectasis was determined using chest CT at the time of
registration (within 1 year of registration). Chest CT was performed at the discretion of the
attending physicians to assess any radiological findings suggestive of bronchiectasis, their
distribution, dominant types (tubular, varicose, and cystic), and the number of involved lobes
with bronchiectasis.®

Asthma exacerbation was defined as an unexpected event requiring a hospital visit for the
treatment of worsening asthma symptoms (which may include the administration of systemic
corticosteroids). We analyzed the patients’ exacerbation history in the year preceding study
enrollment, which was classified as follows: 1) any exacerbation; 2) unexpected visits to the
outpatient department; 3) visits to the emergency room (ER); 4) admissions to the general
ward; or 5) admissions to the intensive care unit. Treatments during acute exacerbation (e.g.,
systemic steroids, short-acting B2-agonist, or empirical antibiotics) and microbiological test
results (sputum Gram stain/cultures and multiplex viral polymerase chain reaction [PCR] kit
[Real-Q RV detection kit; BioSewoom, Seoul, Korea] for sputum) were also evaluated.

Statistical analyses

Continuous variables were described as mean values with standard deviations or as
medians with interquartile ranges, as appropriate. The independent #test was used for
the former, whereas the Mann-Whitney U test was used for the latter. Categorical variables
were described as numbers with percentages, and we used the ? test or Fisher’s exact test,
whichever was appropriate. Univariate and multivariate logistic regression analyses were
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performed to evaluate whether bronchiectasis was independently associated with acute
exacerbations leading to hospitalization. Factors included in the multivariate logistic
regression analyses were demographics (age, sex, and BMI), asthma control (total ACT
scores), pre-BD FEV1%predicted, and bronchiectasis. All statistical analyses were performed
using the SPSS version 21.0 software (IBM Corp., Armonk, NY, USA). Statistical significance
was setat P< 0.05.

RESULTS

Baseline characteristics

0Of 140 patients with non-severe asthma, 22 (15.7%) patients had bronchiectasis, and 118
(84.3%) patients did not have bronchiectasis. Baseline characteristics of the study population
are summarized in Table 1. There were no significant differences in age, sex, BMI, smoking
history, total score on the ACT, GINA steps, or comorbidities (P> 0.05 for all).

Distribution and types of bronchiectasis

Fig. 2 shows the distribution and number of lobes in the bronchiectasis group. The lingula was
the most frequently involved lobe (20.4%). Most of the lung lobes affected by bronchiectasis were
of the cylindrical type (90.7%), followed by the varicose type (7.4%), and the cystic type (1.9%).

Pulmonary function tests

The bronchiectasis group had lower pre-BD FVC (2.9+0.9 Lvs. 3.4 £ 1.0 L, P=0.041),
%predicted FVC (80.5 + 18.7%predicted vs. 89.2 + 16.4%predicted, P=0.027), FEV1 (1.9
+0.7Lvs.2.3+0.9L, P=0.039), and %predicted FEV1 (67.2 + 22.2%predicted vs. 77.1 +
20.0%predicted, P=0.038) than did the control group (Table 2). However, the post-BD
spirometry results were not significantly different between the 2 groups (P> 0.05).

Table 1. Baseline characteristics of patients with non-severe asthma

Characteristics Bronchiectasis group (n = 22) Control group (n=118)  Pvalue
Age (yr) 61.4+7.6 57.5+14.5 0.066
Male 13 (59.1) 71 (60.2) 0.924
BMI (kg/m% n = 113) 23.8 (22.9-25.4) 25.0 (22.4-27.1) 0.350
Smoking history 0.555
Never 11 (50.0) 49 (41.5)
Ex-smoker 8(36.4) 41 (34.7)
Current smoker 3(13.6) 28 (23.7)
Asthma control test (n = 128) 24.0 (19.5-24.0) 23.0(21.0-25.0) 0.865
GINA step > 0.999
Step 2 19 (86.4) 98 (83.1)
Step 3 3(13.6) 20 (16.9)
Comorbidities
Allergic rhinitis (n = 139) 10 (45.5) 47 (40.2) 0.644
Allergic conjunctivitis (n = 137) 1(5.0) 16 (13.7) 0.466
Atopic dermatitis 1(4.5) 6(5.1) >0.999
History of pneumonia (n = 139) 4(18.2) 10(8.5) 0.237
History of pulmonary TB (n = 138) 6(27.3) 17 (14.7) 0.207
Hypertension (n = 139) 5(22.7) 26 (22.2) >0.999
Angina (n = 139) 1(4.5) 4(3.4) 0.583
GERD (n = 138) 5(22.7) 29 (19.0) 0.770
Osteoporosis 3(13.6) 8 (6.8) 0.379

Continuous values are presented as means + standard deviations or medians with interquartile ranges.
Categorical values are presented as numbers (%).
BMI, body mass index; GINA, Global Initiative for Asthma; TB, tuberculosis; GERD, gastroesophageal reflux disease.
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Fig. 2. The number of involved lung lobes and types in the bronchiectasis group.
RUL, right upper lobe; RML, right middle lobe; RLL, right lower lobe; LUL, left upper lobe; LLL, left lower lobe.

Table 2. Comparison of pulmonary function tests according to the presence or absence of bronchiectasis

Characteristics Bronchiectasis group (n = 22) Control group (n=118)  Pvalue
Pre-bronchodilator spirometry
FVC (L) 2.9+0.9 3.4+1.0 0.041
FVC (%predicted) 80.5+18.7 89.2 + 16.4 0.027
FEV1 (L) 1.9+0.7 2.3+0.9 0.039
FEV1 (%opredicted) 67.2+92.9 77.1+20.0 0.038
FEV1/FVC (%) 62.8+12.4 65.9+13.5 0.315
Post-bronchodilator spirometry
FVC (L; n = 119) 3.1+0.9 3.4+ 0.9 0.091
FVC (%predicted; n = 119) 83.8+19.7 90.0+13.6 0.175
FEV1 (L; n = 119) 1.9 (1.3-2.4) 2.1 (1.6-2.8) 0.202
FEV1 (%predicted; n = 119) 73.2+292.3 78.5+18.0 0.238
FEV1/FVC (%; n = 119) 70.6 (57.3-74.9) 66.5 (58.6-76.8) 0.940
Bronchodilator response* (n = 126) 12 (54.5) 47 (45.2) 0.424
Airway hyperresponsiveness’ (n = 69) 3(42.9) 34 (54.8) 0.696

Continuous values are presented as means + standard deviations or medians with interquartile ranges.
Categorical values are presented as numbers (%o).

FVC, forced vital capacity; FEV1, forced expiratory volume in 1second.

“An increase of > 12% and > 200 mL in FEV1 from the baseline.

TMethacholine, PC20 <16 mg/mL or mannitol, PD15 < 635 mg.

Medications

As shown in Fig. 3, there were no significant differences in the use of inhaled corticosteroids
with long-acting 2 agonists, leukotriene receptor antagonist, methylxanthine, or oral
corticosteroids (OCS) (P> 0.05 for all) between the bronchiectasis and control groups.
However, the use of mucolytics was significantly higher in the bronchiectasis group
compared to the control group (68.2% vs. 19.5%, P < 0.001).

Exacerbation history

As shown in Table 3, there were no significant differences in the number of exacerbations,
unexpected outpatient department visits, ER visits, or treatments during acute exacerbations
(OCS administration, short-acting f-agonist use without OCS use, or antibiotic use) between
the bronchiectasis and control groups. However, the bronchiectasis group demonstrated a
higher rate of admission to the general ward in the previous year compared to the control
group (23.8% [5/22] vs. 3.5% [4/118], P=0.005). Of the 5 patients with bronchiectasis
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Fig. 3. Comparison of asthma-related medication use according to the presence or absence of bronchiectasis.
ICS, inhaled corticosteroid; LABA, long-acting f2-agonist; LTRA, leukotriene receptor antagonist; CS, corticosteroid.

Table 3. Comparison of exacerbations in the previous year according to the presence or absence of
bronchiectasis

Characteristics Bronchiectasis group (n = 22) Control group (n=118) P value

All exacerbations (n = 136) 6 (25.0)* 18 (15.8) 0.223
Unexpected OPD visit (n = 134) 1(4.8) 4(3.5) 0.580
ER visit (n = 134) 1(4.8) 10(8.9) 0.691
Admission to the general ward (n = 134) 5(23.8)" 4(3.5) 0.005

Medications during exacerbations
0CS use (n = 130) 5(22.7) 12 (11.0) 0.163
SABA use without OCS use (n = 130) 0(0.0) 6(5.1) 0.277
Antibiotics use (n = 130)" 2(9.1)" 2 (1.7) 0.251

Values are presented as numbers (%).

OPD, outpatient department; ER, emergency room; OCS, oral corticosteroid; SABA, short-acting [3-agonist.

*One patient was considered to have bronchiectasis-related exacerbation, which was determined by sputum
amount and purulence and improvement by antibiotic use. However, there was no bacterial growth in the sputum
culture, and rhinovirus was identified in the multiplex viral polymerase chain reaction kit.

TThree patients received one dose of intravenous antibiotics at the emergency department without any evidence
of respiratory infection.

who were admitted to the general ward, only one patient had a bronchiectasis-related
exacerbation (determined by an increase in sputum amount and purulence).

Regarding viral/bacterial infection during exacerbation, 8 of the 24 patients who experienced
acute exacerbations underwent sputum Gram staining and cultures. However, there was

no bacterial growth. Of the 8 patients who underwent sputum Gram staining and culture,

4 (2 in the bronchiectasis group and 2 in the control group) received antibiotics. Of the 2
patients in the bronchiectasis group, one patient with bronchiectasis-related exacerbation
showed rhinovirus in the multiplex viral PCR kit for sputum. Although one patient in the
bronchiectasis group and 2 patients in the control group received one dose of empirical
antibiotics in the ER, there was no evidence of respiratory infection.

Factors associated with acute exacerbations leading to hospitalizations

As shown in Table 4, the presence of bronchiectasis was the only factor associated with acute
exacerbations leading to hospitalization (unadjusted odds ratio [OR], 8.516, 95% confidence
interval [CI], 2.067-35.076; P = 0.003; adjusted OR, 6.308; 95% CI, 1.401-28.392; P = 0.016).
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Table 4. Factors associated with acute exacerbation leading to hospitalization

Variables Univariable analysis Multivariable analysis

OR (95% CI) Pvalue Adjusted OR (95% CI) Pvalue
Age (yr) 1.014 (0.962-1.069)  0.604 1.001 (0.936-1.070) 0.979
Males 0.806 (0.206-3.149) 0.756 0.555 (0.118-2.605) 0.455
BMI (kg/m2) 1.031 (0.828-1.285) 0.784 1.046 (0.831-1.316) 0.702
Total ACT scores 1.043 (0.829-1.313) 0.717 1.021 (0.804-1.297) 0.863
Pre-BD FEV1 (%opredicted) 1.003 (0.970-1.037) 0.857 1.013 (0.974-1.053) 0.514
Bronchiectasis 8.516 (2.067-35.076)  0.003 6.308 (1.401-28.3992) 0.016

OR, odds ratio; Cl, confidence interval; BMI, body mass index; ACT, asthma control test; BD, bronchodilator; FEV1,
forced expiratory volume in 1second.

DISCUSSION

This study investigated the clinical impact of bronchiectasis on non-severe asthma and
showed that bronchiectasis was present in approximately 20% of non-severe asthma cases.
Bronchiectasis in non-severe asthma is associated with poorer lung function and a higher
rate of hospitalization (due to exacerbation) compared to patients with non-severe asthma
without bronchiectasis.

Many prior studies have evaluated the prevalence and impact of bronchiectasis in
asthma.®?*? The reported prevalence of bronchiectasis in Korean asthmatic patients

is highly variable, ranging from approximately 1.7% to 37.6%.5*3 This wide range

is probably due to patient characteristics or asthma disease severity.>***"° Generally,
bronchiectasis is known to be more common in patients with severe asthma than it is in
those with non-severe asthma.’>***:* However, these previous studies mainly focused on
severe asthma. Therefore, the prevalence and impact of bronchiectasis in patients with non-
severe asthma were not well known. Our study provided insights into bronchiectasis and
non-severe asthma. Our results demonstrated that approximately one-fifth of non-severe
asthmatics have bronchiectasis on CT scans, suggesting that bronchiectasis is a common
comorbidity, even in those with non-severe asthma.

Patients with severe asthma and bronchiectasis have more frequent exacerbations, fewer
controlled symptoms, and poorer lung function than those without bronchiectasis.®72°2
However, the impact of bronchiectasis on the clinical course of non-severe asthma is

poorly established. Our study showed that although pre-BD FEV1 was lower in non-severe
asthmatics with bronchiectasis than in those without bronchiectasis, post-BD FEV1 was

not significantly different. Moreover, the ACT score was slightly higher (not statistically
significant) in patients with non-severe asthma and bronchiectasis than in those without
bronchiectasis. These findings suggested that bronchiectasis may not significantly affect

the severity of lung function and asthma control in patients with non-severe asthma, which
differs from the impact of bronchiectasis in patients with severe asthma. However, similar to
severe asthma, the number of exacerbations requiring hospitalization was higher in patients
with non-severe asthma with bronchiectasis than those without bronchiectasis. Our study
indicated that coexisting bronchiectasis can be accompanied by severe exacerbations in both
severe and non-severe asthma. Despite the importance of the relationship between non-
severe asthma and bronchiectasis, few studies have focused on this relationship. Further
studies are required to confirm our findings.

Asthma and bronchiectasis share several pathophysiological characteristics, such as chronic
airway inflammation, mucus accumulation, airway obstruction, and lung damage."> Airway
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inflammation and mucus accumulation play a significant role in acute exacerbations and
impaired lung function in both asthma and bronchiectasis.™ In addition, the presence of
bronchiectasis can make the lungs vulnerable to viral/bacterial infections and air pollutants,
which are the main causes of asthma exacerbation.'»” The presence of bronchiectasis, even

in non-severe asthma, may increase the likelihood of rapid lung function decline and severe
exacerbation, requiring hospitalization through these potential mechanisms.

The clinical implications of our study are as follows. When a patient’s asthma is not
controlled despite proper management, it is important to identify any extrapulmonary
comorbidities (e.g., sinusitis, bronchiectasis, etc.) that may affect asthma symptoms.**
However, a CT scan is not usually performed in patients with non-severe asthma; instead, it
is more commonly performed in severe asthmatics with frequent exacerbations.”? Contrary
to this practice, our results suggested that identification of bronchiectasis with a CT scan

is necessary in patients with non-severe asthma who experience severe exacerbations,
regardless of good ACT results. However, since post-BD lung function and ACT scores were
not significantly different, the usefulness of chest CT in patients with poor lung function or
poor control is unknown.

Our study has several limitations. First, the number of participants was relatively small.
Secondly, chest CT was performed at the discretion of the attending physicians. Accordingly,
there might be selection bias, and it would be difficult to describe that the true prevalence

of bronchiectasis in non-severe asthmatics is 20%. Future prospective studies incorporating
routine CT scans in patients with non-severe asthma are needed to address this issue.
Thirdly, due to the absence of microbiological data in the stable state, we could not determine
the severity of bronchiectasis using quantitative severity assessment tools, such as the
bronchiectasis severity index.

In conclusion, patients with non-severe asthma and bronchiectasis may have lower lung function
and more frequent exacerbations requiring hospitalization than those without bronchiectasis.
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