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Bronchodilator response in adults with bronchiectasis: correlation
with clinical parameters and prognostic implications
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Background: Bronchial dilation testing is an important tool to assess airway reversibility in adults with
bronchiectasis. This study aims to investigate the association of bronchodilator response (BDR) and
clinical parameters in bronchiectasis, and the utility of BDR to indicate lung function decline and risks of
bronchiectasis exacerbations (BEs).

Methods: We recruited 129 patients with clinically stable bronchiectasis. Baseline measurements included
assessment of sputum inflammation and matrix metalloproteinase-8 and -9, sputum bacterial culture,
spirometry, bronchial dilation test (for baseline FEV| less than 80% predicted only) and chest high-
resolution computed tomography (HRCT). Bronchiectasis patients were followed-up for 1 year to determine
the incidence of BEs and lung function trajectories. Significant BDR was defined as FEV, improvement
from pre-dose value by at least 200 mL and 12%. Clinical trial registry No.: NCT01761214; URL: www.
clinicaltrials.gov.

Results: BDR was negatively correlated with baseline FEV, percentage predicted, but not blood or sputum
eosinophil count. Significant BDR was not associated with greater proportion of never-smokers, poorer past
history, greater HRCT scores, poorer diffusing capacity or increased sputum matrix metalloproteinases (all
P>0.05). There was a trend towards higher bronchiectasis severity index (BSI) and greater proportion of
patients with Pseudomonas aeruginosa isolation or infection. Significant BDR at baseline was linked to poorer
spirometry, but not more rapid lung function decline, throughout follow-up. Patients with significant BDR
demonstrated non-significantly lower risks of experiencing the first BEs than those without (P=0.09 for log-
rank test).

Conclusions: Significant BDR is associated with poorer lung function compared with non-significant
BDR. Whether BDR predicts future risks of BEs needs to be tested in a larger cohort.
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Introduction

Bronchiectasis is a chronic debilitating airway disease
characterized by chronic cough and sputum production
associated with aberrant dilatation of bronchi (1-5),
which predisposes to recurrent airway infections and
mucus hypersecretion. These collectively contribute
to airflow obstruction (4,6) associated with ventilation
dyshomogeneity (4,7) which is common in bronchiectasis.
Understanding the nature of these phenomena may offer
new insights into developing future therapies, since B2-
agonists have been associated with ameliorated ventilation
heterogeneity and reduced airway impedance in asthma (8)
and chronic obstructive pulmonary disease (COPD) (9,10).

Previous studies in COPD suggested that airway
reversibility varied with repeated testing in the same
individual, had poor prognostic implications and could not
predict long-term response to maintenance bronchodilator
treatments (11). However, COPD patients with greater
airway reversibility had better long-term outcomes (12).
Furthermore, reports on the association between
bronchodilator response (BDR) and clinical characteristics
and prognosis of bronchiectasis are lacking. The clinical
utility of BDR in bronchiectasis needs to be systematically
explored, which might better guide clinicians assessment of
the prognosis and assist in individualised treatment.

Our objectives were two-fold: (I) characterize BDR and
the association with clinical parameters in clinically stable
bronchiectasis; (II) determine the utility of BDR to predict
lung function decline and future risks of bronchiectasis
exacerbations (BEs).

Methods
Subjects

Consecutive patients with symptoms of chronic cough,
sputum production and/or hemoptysis, aged 18-75 years,
remaining clinically stable for 4 weeks, were recruited
from respiratory out-patient clinics between September
2012 and July 2013. Bronchiectasis was confirmed by study
investigators via chest high-resolution computed tomography
(HRCT) review. Those with malignancy, upper respiratory
tract infection or antibiotic use within 4 weeks were excluded.
To minimize the potential bias to BDR, we also excluded
patients with physician-diagnosed asthma and COPD.

This study was approved by the Ethics Committee
of The First Affiliated Hospital of Guangzhou Medical
University. All patients signed informed consent.
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Study design

At baseline, patients with clinically stable bronchiectasis
(symptoms not exceeding normal day-to-day variations
for 4 weeks) underwent baseline assessment consisting of
history taking, sputum culture, measurement of sputum
inflammatory markers and matrix metalloproteinases
(MMPs), and spirometry.

Patients were prospectively followed up for 1 year.
Patients underwent hospital visits (or telephone calls, if
unavailable) at 3-month intervals. At 6 and 12 months,
patients underwent spirometry and had sputum cultures
collected, and BEs were diagnosed based on careful medical
chart review. Data collection was not blinded to the
investigators. Medications [mucolytics, theophylline, and
(or) low-dose macrolides] remained unchanged throughout
follow-up period but could be adjusted based upon the
clinical decision made by their attending physicians.

Bronchiectasis exacerbations (BE)

BEs were defined as having 3 of the following items that
persisted for at least 24 h: significantly increased sputum
purulence/volume; dyspnea; considerably increased cough
frequency; T >37.5 °C; hemoptysis; exercise intolerance or
fatigue; increased crackles; increased pulmonary infiltrations
(2,4,13-17). The magnitude of crackles was determined
among patients who attended hospital visits only and was
not a prerequisite to determine the presence of BEs. The
diagnosis of BEs was made by the investigators (W] Guan,
YH Gao, G Xu), with any discrepancy resolved following
group discussion.

Sputum processing

Following elimination of oral debris by thorough rinsing,
patients expectorated sputum into a sterile plastic container,
between 9:00 a.m. and 12:00 a.m. at hospital visits. Sputum
induction was performed with hypertonic saline in case of
insufficient sputum (18). Sputa with >25 leukocytes and
<10 epithelial cells under microscopy (x100) were required
for processing. Two random aliquots of sputum plugs were
pipetted within 2 h for culture and ultracentrifugation
(50,000 g) for 90 min, without pre-treatment with albumin
or dithiothreitol, to harvest the sputum sol phase which was
subsequently stored in -80 °C freezers.

Sputa at baseline visits were analyzed for baseline,
whilst sputa were collected at subsequent visits were used
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to determine Pseudomonas aeruginosa infection, denoted as
sputum culture positive to Pseudomonas aeruginosa for at least
2 occasions, with an interval of greater than 3 months, within
1 year. The presence of Pseudomonas aeruginosa infection
could not indicate BEs, which was ascertained according
to the diagnostic criteria outlined above (See online
supplement for further details, also including Sputum MMPs
measurement and inflammatory mediators and Spirometry).

Bronchial dilation test

Spirometers (QUARK PFT, COSMED Inc., Italy) were
employed for assessment. Quality control met international
guidelines for standardization (19). Predicted values were
based on the model recommended by Zheng et al. (20).
Salbutamol was withdrawn for at least 6 h, and salmeterol
or formoterol for 24 h, prior to spirometry.

Bronchial dilation test was performed at the initial
visit only, in patients with FEV, predicted less than 80%.
Salbutamol (GlaxoSmithKline Inc., UK) 400 mg was
administered via spacer (Volumatic & Handbury’s, UK).
This entailed spirometry reassessment at 15 min post-
bronchodilation. BDR was defined as FEV, improvement
from pre-dose value by >12% and >200 mL (21). Patients
with baseline FEV, >80% predicted were not included in
follow-up analyses.

Diffusing capacity

Diffusing capacity was tested using gas analyzers (QUARK
PFT, COSMED Inc., Italy) with single-breath carbon
monoxide washout technique. The interval between repetitive
measurements was 4 min. Mean DLCO from two repeatable
maneuvers was reported. Reduced diffusing capacity was
referred to as DLCO being less than 80% predicted.

High-resolution computed tomography (HRCT) scores

Chest HRCT at 2 mm collimation within 12 months
was evaluated. HRCT was assessed by an experienced
radiologist (>10-year experience) who was blinded to
patient’s allocations. Lingular lobe was scored as a separate
lobe. Bronchiectasis was scored (0 for no, 1 for tubular,
2 for varicose and 3 for cystic) for individual lobes (22). For
lung lobes with mixed types of bronchiectasis, the highest
score was recorded for the most significant bronchiectatic
segment. The maximal total score for 6 lobes was 18.
Other imaging characteristics, including dyshomogeneity,
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atelectasis and infiltration, were also determined (See online
supplement for further details).

Disease severity

Disease severity was assessed by the bronchiectasis severity
index (BSI), which included age, body-mass index (BMI),
prior exacerbations and hospitalization, Medical Research
Council dyspnea score, FEV, predicted%, colonization
with Pseudomonas aeruginosa or other potentially pathogenic
micro-organisms (i.e., Haemophilus influenzae, Klebsielln
pneumoniae), and bronchiectatic lobes (23). The BSI
of <4, 5-8, and >9 denoted mild, moderate and severe
bronchiectasis, respectively.

Statistical analysis

We presented the mean + standard deviation or median
(interquartile range), as appropriate, for numerical data.
Independent #-test or Mann-Whitney test was applied
for two-group comparisons. Three-group comparisons
were performed with analysis of variance or Kruskal-
Wallis test. Time to BEs was analyzed with the log-rank
test and presented in Kaplan-Meier survival plots. The
last-observation-carry-forward algorithm was applied for
missing lung function data during follow-up. Statistical
analysis was performed using SPSS 16.0 (SPSS Inc., Ill,
USA) and Graphpad Prism 5.0 (Graphpad Inc., USA).
P<0.05 was deemed statistically significant.

Results
Subject enrollment

Of 160 subjects who underwent screening, 151 met
eligibility criteria and 129 were included for baseline
assessments and longitudinal follow-up visits. Twenty eight
patients were lost to follow-up and were not included for
follow-up survival analyses (Figure I).

Characteristics of bronchiectasis patients

Baseline characteristics of bronchiectasis patients are
displayed in 7able 1. Bronchiectasis patients had a median
of 4 bronchiectatic lobes, with median HRCT score of 7.0.
In terms of sputum bacteriology, normal floras (including
Neisseria, Streptococcus hemolyticus) (38.8%) were the most
common findings, followed by Pseudomonas aeruginosa
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| 160 subjects underwent screening |

9 excluded
¥ 9 unmet inclusion criteria

| 151 meteligibility criteria |

22 excluded
8 withdrew informed consent
7 had asthma
1 had COPD

\ 6 due to other reasons

129 underwent baseline
assessments and follow-up
28 dropped out
¥ 28 lost to follow-up
101 patients remained in the
follow-up cohort

4/+\;

56 patients with 9 patients with
non-significant BDR significant BDR

36 patients with
FEV, >80% predicted

Figure 1 Recruitment flow chart. There were 129 bronchiectasis
patients at baseline measurements and during longitudinal
follow-up. A total of 101 bronchiectasis patients were
followed-up for 1 year, and 65 patients (56 patients with non-
significant bronchodilator responses, 9 patients with significant
bronchodilator responses) were included in the analysis of the lung
function trajectories and bronchiectasis exacerbations. BEs were
defined as having 3 of the following items that persisted for at least
24 h: significantly increased sputum purulence/volume; dyspnea;
considerably increased cough frequency; T >37.5 °C; hemoptysis;
exercise intolerance or fatigue; increased crackles; increased

pulmonary infiltrations. BDR, bronchodilator response.

(33.3%). Mucolytics (76.0%) and theophylline (58.1%)
constituted the medications most commonly used within
6 months. The most common etiology was idiopathic
(50.4%), followed by post-infectious (28.7%). Patients had
never used domiciliary mannitol or hypertonic saline, nor
were on oral corticosteroids upon enrollment. Hypertension
was documented in 3 patients. None of the patients had
coronary heart disease.

Bronchodilator responses (BDR)

BDRs varied considerably among bronchiectasis patients
(Table 2). Eleven patients were deemed to have significant
BDR (mean baseline FEV,: 42.5%), with the median
percentages of blood and sputum eosinophils of 2.7% and
1.0%. Ten patients had FEV, change greater than 12% but
less than 200 mL (mean baseline FEV|: 34.6%), 4 patients
had FEV, change less than 12% but greater than 200 mL
(mean baseline FEV,: 67.4%), and the majority of patients
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Table 1 Baseline characteristics of bronchiectasis patients

Bronchiectasis

Parameter
(n=129)

Anthropometry

Age (years) 44.7+13.9

Females (%) 83 (64.3)

BMI (kg/m?) 19.8 [3.6]

Never-smokers (%) 115 (89.1)
Disease severity

Bronchiectasis severity index 6 [6]
Past history

Duration of symptoms (years) 10 [16]

No. of exacerbations in previous 2 years 4 [3]
HRCT findings

No. of bronchiectatic lobes 4 2]

HRCT total score 7 [5]
Baseline sputum bacteriology (%)

Pseudomonas aeruginosa 43 (33.3)

Haemophilus influenzae 13 (10.1)

Other pathogenic bacteria* 24 (18.6)

Normal flora 50 (38.8)
Medications ever used within 6 months (%)

Theophylline® 75 (58.1)

Inhaled corticosteroids + f2-agonists 23 (17.8)

Mucolytics™ 98 (76.0)

Macrolides 52 (40.3)
Etiology* (%)

Post-infectious 37 (28.7)

Immunodeficiency 12 (9.3)

Miscellaneous known etiologies 18 (14.0)

Idiopathic 65 (50.4)

Numerical data were shown as mean + standard deviation or
median [interquartile range] as appropriate. Categorical variables
were presented as number (%). Hypertension was documented in
three patients. None of the patients had coronary heart disease. *,
other pathogenic bacteria included Staphylococcus aureus (n=3,
2.2%), Klebsiella pneumoniae (n=3, 2.2%), Stenotrophomonas
maltophilia (n=2, 1.5%), Escherichia coli (=1, 0.7%), Sphingomonas
paucimobilis (n=1, 0.7%), Klebsiella ozaenae (n=1, 0.7%),
Alcaligenes faecalis subsp faecalis (n=1, 0.7%), Pseudomonas
pseudoalcaligenes (n=1, 0.7%) and Serratia marcescens (n=1, 0.7%);
* theophylline has been conventionally prescribed in respiratory
out-patient clinics; *, mucolytics included ambroxol, carbocisteine,
N-acetylcysteine and serra-peptidase; **, dual etiologies existed in
some individuals, and therefore the percentage added up to 100%
or greater. Miscellaneous etiologies included rheumatoid arthritis,
lung malformation, lung sequestration, yellow nail syndrome, Young’s
syndrome and eosinophilic bronchiolitis.
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Table 2 Clinical characteristics of bronchiectasis patients with FEV, >80% predicted and different magnitude of BDRs
FEV, >80% predicted

Non-significant Significant

Parameter P value* P value™*
BDR (n=67) BDR (n=11) (n=51)
Anthropometry
Age (years, mean + standard deviation) 441+£14.3 40.8+14.9 0.49 46.1£13.4 0.44
BMI (kg/m®) 20.3+3.0 19.5+£3.5 0.44 19.7 [2.6] 0.83
Never-smokers (%) 59 (88.1) 10 (90.9) 1.00 46 (90.2) 0.71
Medications ever used within 6 months (%)
Theophylline 3 (64.2) 7 (63.6) 0.76 25 (49.0) 0.10
Inhaled corticosteroids + f2-agonists 13 (19.4) 6 (54.5) 0.01 4 (7.8) 0.13
Mucolytics 58 (86.6) 6 (54.5) 0.03 34 (66.7) <0.01
Macrolides 1(46.3) 4 (36.4) 0.78 17 (33.3) 0.16
Disease characteristics
Duration of symptoms (years) 10[15] 17+9 0.36 6 [18] 0.02
No. of acute exacerbations in previous 2 years 3 [4] 3 [4] 0.69 4 [3] 0.45
MMRC dyspnea score 11[2] 1] 0.58 0 [1] <0.01
No. of bronchiectatic lobes 5 [3] 5+1 0.25 3[1] <0.01
HRCT total score 8 [5] 114 0.08 4 4] <0.01
Bronchiectasis severity index 7 [6] 9+3 0.16 5 [5] <0.01
Predominantly lower lobe bronchiectasis (%) 53 (79.1) 9 (81.8) 0.84 31 (60.8) 0.03
Bilateral bronchiectasis 8 (86.6) 1 (100.0) 0.35 37 (72.5) 0.12
Cystic bronchiectasis 42 (62.7) 9(81.8) 0.32 22 (43.1) 0.33
Dyshomogeneity 2 (77.6) 10 (90.9) 0.45 23 (45.1) <0.01
Sputum bacteriology (%)
Pseudomonas aeruginosa isolation 24 (35.8) 7 (63.6) 0.14 2 (23.5) 0.18
Other potentially pathogenic microorganisms 9 (28.4) 4 (36.4) 0.85 4 (27.5) 0.91
Normal flora 34 (50.7) 0 (0.0) <0.01 25 (49.0) 0.85
Pseudomonas aeruginosa infection 22 (32.8) 7 (63.6) 0.10 9(17.6) 0.06
Diffusing capacity
D,.CO% predicted 86.1+15.6 89.7+16.5 0.51 90.8 [18.8] 0.18
Sputum inflammatory biomarkers
IL-8 (Log;ong/mL) 5.1+0.2 5.0 [0.1] 0.25 5.0+0.3 <0.01
TNF-a (Log;,ng/mL) 4.2 [0.5] 4.3+0.4 0.24 3.7+0.6 <0.01
Sputum matrix metalloproteinase”
MMP-8 (Log;,ng/mL) 3.5[0.6] 3.6+0.3 0.85 2.8+0.9 <0.01
MMP-9 (Log;ong/mL) 3.7 [0.6] 3.9+0.4 0.32 3.2+0.7 <0.01

Numerical data were shown as mean + standard deviation, or median [interquartile range] as appropriate. Categorical variables
were presented as number (%). Pseudomonas aeruginosa infection denoted sputum culture positive to Pseudomonas aeruginosa
for at least 2 occasions, at intervals of at least 3 months, within 1 year. *, comparing between bronchiectasis patients with and
without significant BDR; **, comparing between bronchiectasis patients with FEV, >80% predicted and those without significant
BDR; *, data of sputum matrix metalloproteinase levels were available in 102 patients (51 patients with non-significant BDRs, 10
patients with significant BDRs, and 32 patients with FEV, >80% predicted). BDR, bronchial dilation response; BMI, body-mass
index; MMRC, modified Medical Research Council.
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Figure 2 Correlations between changes in FEV, following bronchial dilation and baseline FEV, and eosinophil count. A total of 129

bronchiectasis patients were included in the analysis. The dotted lines indicated the 95% confidence interval for the correlation. (A)

Correlations between baseline FEV, predicted and changes in FEV, (%); (B) correlations between post-bronchodilator changes in FEV,

(%) and blood eosinophil percentage (r=0.15, P=0.18); (C) correlations between post-bronchodilator changes in FEV, (%) and sputum

eosinophil percentage (r=0.07, P=0.64).

(n=53) had FEV, change less than 12% and 200 mL (mean
baseline FEV: 60.5%).

Inhaled corticosteroids and mucolytics were the most
common and least common concomitant medications,
respectively, in patients with significant BDR as compared
with their counterparts (Table 2). However, the use of
theophylline and macrolides did not differ statistically
among patients with significant and non-significant BDR
and those with FEV, >80% predicted.

There was a significantly negative correlation
between baseline FEV,% predicted and change in post-
bronchodilator FEV, (%) (Figure 2A4). However, changes in
post-bronchodilator FEV, did not correlate with blood or
sputum eosinophil percentage (Figure 2B,C). Patients with
FEV, change less than 12% but greater than 200 ml had
the highest sputum eosinophil percentage (median: 2.3%),
whereas differences in blood eosinophils did not reach
significance (data not shown). There were only 3 patients
with post-bronchodilator FEV, increase being greater than
400 mL, therefore we did not perform further analyses.

Clinical characteristics among bronchiectasis patients
with FEV,; >80% predicted and different bronchodilator
responses (BDRs)

Next, we stratified bronchiectasis based on the magnitude
of BDR. Patients with non-significant BDR did not
differ statistically from those with significant BDR in
anthropometry, the proportion of never-smokers, past
history, HRCT characteristics, diffusing capacity, sputum
inflammatory mediators (including interleukin-8, tumor
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necrosis factor-o) and matrix metalloproteinase levels
(matrix metalloproteinase-8, matrix metalloproteinase-9) (all
P>0.05). Patients with significant BDR had a significantly
lower proportion of patients with normal flora isolated
from sputum (Zable 2, P<0.01), and a trend towards higher
BSI and greater proportion of patients with Pseudomonas
aeruginosa isolation and infection.

Patients with FEV, >80% predicted were associated with a
shorter duration of symptom onset, lower modified Medical
Research Council (MMRC) dyspnea score, milder disease
severity, minor HRCT abnormalities, and lower levels of
sputum inflammation and matrix metalloproteinases, as
compared with the other two groups (Zable 2).

Trajectories of FEV, and FEV,/FVC according to the
magnitude of bronchodilator responses (BDRs)

FEV, and FEV,/FVC ratios according to BDRs during
1-year follow-up, at 6-month intervals, are shown in Figure 3.
Patients with significant BDR yielded consistently
lower FEV, percentage predicted and FEV /FVC ratio
throughout follow-up, compared with those who had non-
significant BDR. Significant BDR was not associated with
more rapid lung function decline during follow-up.

Association between bronchiectasis exacerbations (BEs) and
bronchodilator responses (BDRs)

The incidence of and time to BEs during 1-year follow-
up are displayed in Figure 4. A total of 99 exacerbation
events were documented among the 65 patients who were
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included in survival analysis, and the median incidence was
1.5/patient/year. Of these, 73 events were analyzed because
we only calculated the time to first (n=44) exacerbations.
Overall median time to the first exacerbations was 65.0 days
and 149.5 days in patients with non-significant BDR and
those with significant BDR, respectively. Survival analysis
showed that patients with significant BDR demonstrated
non-significantly lower risks of having the first BEs
compared to those without (P=0.09 for log-rank test).

© Journal of Thoracic Disease. All rights reserved.

Discussion
Principal findings

We found that patients with non-significant BDR did
not differ statistically from those with significant BDR
regarding the majority of clinical variables, including
demographics, the duration of symptoms and radiologic
manifestations. Patients with significant BDR tended to
have a higher BSI and a greater proportion of Pseudormonas
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aeruginosa isolation and infection. Significant BDR was
associated with poorer lung function at baseline, but not
more rapid lung function decline during the 1-year follow-
up. Patients with significant BDR showed a non-significant
trend towards lower risks of experiencing BEs than those
without.

Interpretation

Could bronchodilator response (BDR) be influenced
by the blood or sputum eosinophil count in
bronchiectasis?

BDR has been a feature of asthma and a considerable
proportion of patients with COPD. One might speculate
that significant BDR could still be anticipated in
bronchiectasis. To this end, we have first excluded patients
with asthma and COPD, to reduce potential bias. Next, we
analyzed blood and sputum eosinophil count in patients
with different magnitude of BDRs. Patients with significant
BDR had lower sputum eosinophil percentage than those
with change in post-bronchodilator FEV, being less than
12% but greater than 0.2 L. Furthermore, no remarkable
differences in blood eosinophil count were found among
different magnitude of BDRs. Therefore, BDR was unlikely
to have been biased by the blood or sputum eosinophil
count.

Clinical characteristics of bronchiectasis patients with
or without significant bronchodilator response (BDR)
A greater magnitude of BDR might be an indicator of
prescribing bronchodilators as one of the maintenance
therapeutic regimens in a subgroup of patients, therefore it
would be helpful to unravel the characteristics of BDR in
bronchiectasis patients. In this study, we found that greater
magnitude of BDR was indeed associated with poorer
baseline FEV, percentage predicted, but not significantly
higher blood or sputum eosinophil count. This might have
pointed to the greater room for lung function improvement
and alleviation of dyspnea in some patients who had more
significant lung function impairment at baseline. However,
patients with significant BDR had a higher baseline FEV,
percentage predicted than those with FEV, change less
than 12% but greater than 200 mL, hence there might be
other factors (differences in sputum bacteriology, the ease
of removal of mucus plugging because of greater contact for
bronchodilators with the airway smooth muscles) that could
help interpret the greater magnitude of BDR in this cohort.
Could airway inflammation or remodeling be the effect
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modifier of BDR? Unfortunately, we did not find the
statistically different levels of sputum inflammatory markers
(including interleukin-8 and tumor necrosis factor-a) or
matrix metalloproteinases (matrix metalloproteinase-8
and matrix metalloproteinase-9), indicating that airway
inflammation and remodeling might have played a less
prominent role in explaining the differences in the
magnitude of BDR in bronchiectasis.

Could there be a role for certain bacteria that could
have mediated the magnitude of BDR in bronchiectasis?
We speculated that Pseudomonas aeruginosa infection-driven
Th2 airway inflammation, which has been associated with
Th2-skewed responses in cystic fibrosis (24), might be
partially responsible for the differential BDR. Indeed,
the trend towards a numerically higher proportion of
Pseudomonas aeruginosa isolation and infection might
support to the above hypothesis. We have also noted a
trend towards the numerically higher BSI and HRCT total
score which were related to the significant BDR. During
database review, we found that this might be interpreted
by the greater number of bronchiectatic lobes, and again,
Pseudomonas aeruginosa isolation and infection in patients
with significant BDR. As we did not evaluate the extent of
mucus plugging and airway wall thickness in individual lung
lobes, we could not comment on whether these differences
would contribute substantially to the differences in BDR.
Since this was not a mechanistic study, data were not
available to fully elucidate the relationship between BDR
and baseline lung function or the vicious cycle (airway
infection-inflammation-destruction) in bronchiectasis.

Notably, FEV, >80% predicted should not be viewed as
a predictor of the clinical characteristics of bronchiectasis,
since our goal was to demonstrate that patients with
and without significant BDR indeed had poorer clinical
conditions than those with FEV, >80% predicted, which
reflected that the latter subgroup had a milder forms degree
of bronchiectasis.

Association between BDR and the outcomes of
bronchiectasis during 1-year follow-up

Throughout follow-up, patients with significant BDR
presented with consistently poorer lung function. However,
BDR was not an indicator of lung function decline,
suggesting that the latter might be a pulmonary aging
process which was independent of the airway smooth
muscle tones. Nonetheless, this did not contradict with
the findings in COPD, since airflow obstruction predicted
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more rapid lung function decline in females with COPD
(25,26), as did cigarette smoking, obesity (25) and exertional
desaturation (27) in male COPD patients. In light of our
relatively short (1 year) follow-up period and small sample
size (n=65), follow-up studies on a long-term basis are
warranted to confirm these findings.

Significant BDR was, compared with non-significant
BDR, associated with lower risks of experiencing the
first BEs. This was surprising since we have shown that
significant BDR was linked to poorer baseline lung function,
which might predispose to more frequent exacerbations. So
what is the most likely explanation for this phenomenon?
One might postulate that the greater prescription rates
of inhaled corticosteroids (46.2% vs. 23.9%) may be
responsible for the differential susceptibility of experiencing
BEs. This was because physicians were prone to prescribe
inhaled corticosteroids and (or) B2-agonists in patients with
significant BDR, which would help reduce the rate of BEs
(2,27). However, the prescription rates of other medications
(i.e., macrolides, theophylline) were similar or even lower
in patients with significant BDR. Alternatively, significant
BDR has been associated with an improved deposition of
inhaled medication particles in the small airways and the
ease of expectoration, which alleviates mucus plugging of
smaller airways. This might help interpret the association
between BDR and the reduced risks of BEs. However,
whether more active prescription of inhaled corticosteroids
and B2-agonists in patients with non-significant BDR would
lead to reduced future risks and longer time to having BEs
remains unclear.

Our study did not fully rule out the predictive roles
of BDR with regards to the future risks of BEs. Inhaled
corticosteroids and (or) p2-agonists might be the optimal
long-term regimen for patients with significant BDR.
Since our study did not investigate the association between
BDR and the efficacy of medications, we were unable to
comment further on the utility of BDR to indicate the
therapeutic outcomes in terms of symptom and quality of
life improvement and alleviation of BEs.

Limitations

Our sample size has limited the generalizability of our
findings.

* A larger sample size is needed to clarify the
clinical value of BDR to long-term prognosis of
bronchiectasis. Due to the limited sample sizes, our
findings should be interpreted with caution.
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® Ipratropium was not administered following
salbutamol inhalation, thus the magnitude and
prevalence of BDR might have been underestimated.

* Underreporting of BEs has been fairly common and
we were unable to assess the potential impacts on
our data analyses without validated tools (i.e., mobile
phones installed with EXACTpro questionnaire).

® The use of concomitant medications was not well
balanced among the three groups: patients with FEV|
>80% predicted, patients with significant BDR, and
those with non-significant BDR. However, mucolytics
have no known effects on BDR; whereas patients with
significant BDR had greater, not less, use of inhaled
corticosteroids than their counterparts, suggesting that
significant BDR was a bona fide clinical manifestation
and has not been influenced by the imbalance of
medication usage.

Conclusions

Significant BDR exists in a subgroup of bronchiectasis
patients and is associated with poorer lung function
at baseline but reduced risks of BEs. Further studies
that elucidate the mechanisms responsible for BDR in
bronchiectasis are of merit.
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