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Introduction
Severe asthma comprises approximately 4–10% of 
patients with asthma,1–4 and 20–60% of patients 
with severe asthma need regular use of a systemic 
corticosteroid (CS) due to uncontrolled asthma-
related symptoms or frequent exacerbations.5–7 
Patients with CS-dependent asthma show an 
increased use of healthcare resources and higher 
mortality than other patients with asthma.8 Because 
it causes a substantial burden on public health,9–11 

identifying and modifying factors associated with 
poor outcomes in patients with CS-dependent 
asthma may be the cornerstone to improving treat-
ment outcomes in this population.

Comorbid bronchiectasis is one of the important 
factors that make the treatment of severe asthma 
difficult; bronchiectasis leads to poor symptom 
control with frequent exacerbation in patients with 
asthma.12–14 In reverse, the existence of asthma is 
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associated with an independent increase in the risk 
of bronchiectasis exacerbation.15–17 Considering 
the compounding effect of bronchiectasis on the 
prognosis of asthma, it might be postulated that a 
comorbidity of bronchiectasis may increase the 
consumption of healthcare resources and mortality 
in patients with CS-dependent asthma. However, 
there has been no study investigating the impact of 
bronchiectasis on mortality in patients with 
CS-dependent asthma.

We recently established a retrospective cohort of 
patients with CS-dependent asthma using a large 
population-based database, the Korea National 
Health Insurance Service (NHIS) database.8 
Using this cohort, we investigated the impact of 
bronchiectasis on mortality and health care use in 
patients with CS-dependent asthma.

Patients and methods

Data source and study cohort
This study used the NHIS database, which pro-
vides mandatory healthcare for almost all 50 mil-
lion Korean citizens. The NHIS collects health 
data for its insured subjects, including admission 
and outpatient visit records, diagnoses, drug pre-
scriptions, national health examination data, and 
death. The NHIS provides all above-mentioned 
information for research purposes.18

For this study, adult patients with asthma were 
defined as those 18 years or older who had two or 
more claims under International Classification of 
Diseases 10th revision (ICD-10) codes J45–46, 
and who had one or more claim in the baseline 
period for prescription of asthma medications, 
which included inhaled or systemic CSs, short-
acting or long-acting bronchodilators, leukotriene 
receptor antagonists, and xanthine derivatives.19–21 
The CS-dependent asthma cohort was further 
restricted to those with the following criteria: (1) 
presence of asthma and (2) prescription of sys-
temic CS under ICD-10 codes J45–46 for at least 
6 months in the baseline period.8,22,23 Bronchiectasis 
was defined using the ICD-10 diagnosis code J47 
(bronchiectasis).24 Subjects with cystic fibrosis 
(ICD-10 diagnosis code E84) were excluded.

From 1 January 2005 to 31 December 2005, there 
were 751,180 adult patients with asthma. Of those 
potential participants, we excluded 1277 patients 
with only one visit associated with ICD-10 codes 

J45–J46 as a major or minor diagnosis. Of the 
remaining 749,903 patients, we further excluded 
50,623 who had rheumatoid arthritis (M05–
M06), systemic lupus erythematous (M32) or 
systemic sclerosis (L94) (n = 29,300), inflamma-
tory bowel disease (K50–K51) (n = 2053), or 
malignancy (C00–C99) (n = 24,377) and those  
with no claims for asthma-related medications 
(n = 232,330). Among the remaining 232,330, 
8334 were compatible with CS-dependent asthma 
(definition was mentioned above).8

The index date was defined as 12 months from 
the first prescription of asthma-related medica-
tions with ICD-10 codes J45–J46 as a major or 
minor diagnosis between 1 January 2005 and 31 
December 2005. The baseline period was defined 
as 12 months before the index date. The follow-
up period was from the index date to the date of 
death or 31 December 2015, whichever was 
sooner (see Supplemental Figure 1).

Outcomes
The primary outcome of interest was all-cause mor-
tality, and secondary outcomes were all-cause (with 
or without asthma) hospitalizations, all-cause  
(with or without asthma) emergency department 
(ED) visits, and causes of mortality. In terms of  
the causes of mortality, we collected information 
on malignant neoplasms (lung cancer and other 
cancers), endocrine diseases (diabetes mellitus), 
neurologic diseases, cardiovascular diseases (hyperten-
sion, ischemic heart diseases, heart failure, and 
cerebrovascular diseases), respiratory diseases [asthma, 
chronic obstructive pulmonary disease (COPD), and 
pneumonia], and gastrointestinal diseases.

Ethical approval
This study was approved by the Institutional 
Review Board of Hanyang University Hospital 
(application number: HYUH 2017-09-051). The 
requirement for informed consent from the partici-
pants was waived because the NHIS database was 
constructed after anonymization of all subjects.

Statistical analysis
Controls (patients with CS-dependent asthma 
without bronchiectasis) were identified through 
1:4 matching. The propensity score for age, sex, 
type of insurance, and Charlson comorbidity 
index (CCI) was matched for each patient with 
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CS-dependent asthma with bronchiectasis.25 
Standardized mean differences (SMDs) were 
identified to assess the balance of covariates after 
matching. SMDs > 0.10 were considered imbal-
anced.26 Comorbidities and respiratory medica-
tions were compared using the Chi-squared test.

To assess the effect of bronchiectasis on the main 
outcomes of mortality and healthcare use (ED 
visits and hospital admissions), the incidence rate 
of each outcome was calculated per 100,000 per-
son-years (PYs) and compared between the two 
patient groups by the normal approximation test 
for binomials.

The Kaplan–Meier method was used to estimate 
survival curves during the follow-up period, and 
survival was compared among groups using the 
log-rank test. Hazard ratios (HRs) with 95% con-
fidence intervals (CIs) were evaluated for the 
main outcomes using the Cox proportional haz-
ard regression model, comparing patients with 
bronchiectasis to the reference group of patients 
without bronchiectasis.

We also determined HRs for each cause of mor-
tality. We used two competing risk regression 

models using cumulative incidence functions to 
account for competing risks caused by mortality 
from other causes. Among the two models, the 
first model used a subdistribution hazard model 
that included death from other causes in the risk 
set, and the second one used a cause-specific haz-
ard model that included risks for all causes.27 All 
analyses were conducted using SAS 9.4 (SAS 
Institute, Cary, NC, USA). All tests were two-
tailed, and p-values <0.05 were considered statis-
tically significant.

Results

Population
The baseline cohort comprised 8334 patients 
with CS-dependent asthma (see Methods).8 Of 
these, 767 patients with CS-dependent asthma 
had bronchiectasis. After 1:4 matching, the study 
cohort included 754 patients with CS-dependent 
asthma with bronchiectasis matched with con-
trols (3016 CS-dependent asthma patients with-
out bronchiectasis). Overall, 13 patients with 
CS-dependent asthma with bronchiectasis were 
excluded as there were no appropriately matched 
controls in the cohort of patients with 

CS-dependent asthma
(CS-use ≥6 months)

(n=8,334)

CS-dependent asthma
with bronchiectasis 

(n=767)

CS-dependent asthma
without bronchiectasis 

(n=3,016)

1:4 matching

CS-dependent asthma
Without bronchiectasis 

(n=7,567)

CS-dependent asthma
with bronchiectasis 

(n=754)

Exclusion
Matching not available (n=13)

Adult patients with asthma
(≥2 visits and ≥1 asthma-related medications)

(n=466,941)

Adult patients with ≥2 visits with ICD-10 codes 
J45–J46 during the baseline period (1 year) 

(n=749,903)
Exclusion
- Patients with 1 of the following diagnoses in the 

baseline period: Rheumatoid disease (n=29,300), 
Malignancy (n=24,377), and Inflammatory bowel 
disease (n=2,053)

- No prescription of asthma-related medication 
(n=232,330)

Exclusion
CS-independent asthma (CS-use <6 months)
(n=458,607)

Figure 1.  Flow chart of the study population.
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CS-dependent asthma without bronchiectasis 
(Figure 1). As shown in Table 1, the two cohorts 
were well balanced according to the baseline 
characteristics of age, sex, type of insurance, and 
CCI. Supplemental Figure 2 also demonstrates 
the distribution for matching. Detailed informa-
tion regarding comorbid profiles and respiratory 
medication is provided in Supplemental Table 1.

Mortality
The overall mortality was 7240/100,000 PY dur-
ing a mean (±SD) of 7.0 years (±3.5 years) of fol-
low up. All-cause mortality was significantly 
higher in patients with CS-dependent asthma 
with bronchiectasis than in those without bron-
chiectasis (8429/100,000 PY versus 6962/100,000 
PY, p < 0.001). As shown in Figure 2, the cumu-
lative survival rate was significantly lower in 
patients with CS-dependent asthma with bron-

chiectasis compared with those without bronchi-
ectasis (log-rank p < 0.001).

The detailed information regarding the impact of 
bronchiectasis on mortality in patients with 
CS-dependent asthma by age and sex are sum-
marized in Table 2. In univariable Cox regression 
analysis, patients with CS-dependent asthma 
with bronchiectasis were 1.27-times more likely 
to die (unadjusted HR = 1.27, 95% CI = 1.13–
1.42) compared with those without bronchiecta-
sis. The statistical significance was persisted after 
further adjustment of potential confounding fac-
tors including, age, sex, type of insurance, COPD, 
pneumonia, and the number of inhalers (adjusted 
HR in model 4 = 1.19, 95% CI = 1.05–1.35).

In subgroup analyses, regardless of age group 
and sex, patients with CS-dependent asthma 
with bronchiectasis had a higher risk of mortality 

Table 1.  Baseline characteristics of the study population.

CS-dependent asthma with 
bronchiectasis (n = 754)

CS-dependent asthma without 
bronchiectasis (n = 3016)

Standardized difference

Age (years) 66.0 ± 11.2 66.5 ± 11.5 −0.04

Age group

 20–29 4 (0.5) 14 (0.5) 0.00

 30–39 14 (1.9) 56 (1.9) 0.00

 40–49 46 (6.1) 184 (6.1) 0.00

 50–59 115 (15.3) 449 (14.9) 0.01

 60–69 256 (34.0) 989 (32.8) 0.03

 70+ 319 (42.3) 1324 (43.9) −0.03

Sex

 Male 459 (60.9) 1892 (62.7) −0.04

 Female 295 (39.1) 1124 (37.3) 0.04

Type of insurance

 Self-employed health insurance 300 (39.8) 1216 (40.3) −0.01

 Employee health insurance 408 (54.1) 1628 (54.0) 0.00

 Medical aid 46 (6.1) 172 (5.7) 0.02

Charlson comorbidity index 4.0 ± 2.3 3.9 ± 2.3 0.09

Values are presented as either n (%) or mean (standard deviation).
CS, corticosteroid.

https://journals.sagepub.com/home/tar


H Choi, H Lee et al.

journals.sagepub.com/home/tar	 5

754 619 527 448 395 5
3016 2581 2270 1960 1711 16Without bronchiectasis 

With bronchiectasis 
Subjects at risk

100

80

60

40

20

0
0 2 4 6 8 10

 stcejbus fo noitroporP
w

ho
 s

ur
vi

ve
d 

(%
)

With bronchiectasis 
Without bronchiectasis 

Year

Figure 2.  Kaplan–Meier survival analysis of time to death.

Table 2.  The effect of bronchiectasis on mortality in patients who are CS-dependent.

PY (/100,000) HR for mortality (95% CI)

  Unadjusted 
model

Adjusted model

  Model 1 Model 2 Model 3 Model 4

All 7240  

 Without bronchiectasis 6962 Reference Reference Reference Reference Reference

 With bronchiectasis 8429 1.27 (1.13–1.42) 1.32 (1.17–1.49) 1.32 (1.17–1.49) 1.33 (1.18–1.50) 1.19 (1.05–1.35)

Male 8207  

 Without bronchiectasis 7943 Reference Reference Reference Reference Reference

 With bronchiectasis 9359 1.19 (1.03–1.38) 1.22 (1.04–1.41) 1.21 (1.04–1.41) 1.22 (1.04–1.42) 1.10 (0.94–1.29)

Female 5802  

 Without bronchiectasis 5491 Reference Reference Reference Reference Reference

 With bronchiectasis 7097 1.50 (1.21–1.86) 1.63 (1.31–2.04) 1.64 (1.31–2.05) 1.65 (1.32–2.06) 1.46 (1.15–1.86)

Age < 60 2032  

 Without bronchiectasis 1621 Reference Reference Reference Reference Reference

 With bronchiectasis 3835 2.45 (1.65–3.63) 2.46 (1.65–3.67) 2.53 (1.68–3.79) 2.60 (1.72–3.93) 1.53 (0.94–2.49)

Age ⩾ 60 9475  

 Without bronchiectasis 9270 Reference Reference Reference Reference Reference

 With bronchiectasis 10,340 1.20 (1.05–1.36) 1.22 (1.07–1.39) 1.22 (1.07–1.39) 1.22 (1.07–1.39) 1.12 (0.98–1.28)

Model 1, adjusted for age and sex; model 2, adjusted for age, sex, and type of insurance; model 3, adjusted for age, sex, type of insurance, and CCI; 
model 4, adjusted for age, sex, type of insurance, CCI, COPD, pneumonia, and number of inhalers (0–2 versus 3 or more).
CCI, Charlson comorbidity index; CI, confidence interval; COPD, chronic obstructive pulmonary disease; CS, corticosteroid; HR, hazard ratio.
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compared with those without bronchiectasis in 
both the crude model and models 1–3 (adjusted 
for age and sex in model 1; adjusted for variables 
in model 1 and type of insurance in model 2; 
adjusted for variables in model 2 and CCI in 
model 3). Notably, the HR was highest in 
patients <60 years (adjusted HR in model 

3 = 2.60, 95% CI = 1.72–3.93). However, when 
COPD, pneumonia, and the number of inhalers 
(0–2 versus 3 or more) were further adjusted, the 
statistical significance persisted only in females 
(adjusted HR = 1.46, 95% CI = 1.15–1.86). 
Particularly, in patients with CS-dependent 
asthma with COPD, patients with CS-dependent 

Table 3.  Common major causes* of mortality rate in patients with CS-dependent asthma according to bronchiectasis.

Total (n = 1880) CS-dependent asthma 
with bronchiectasis 
(n = 412)

CS-dependent asthma 
without bronchiectasis 
(n = 1468)

p-value

Respiratory diseases 868 (46.2) 240 (58.3) 628 (42.8) <0.01

 Chronic lower respiratory diseases 749 (39.8) 218 (52.9) 531 (36.2) <0.01

  Asthma 204 (10.9) 43 (10.4) 161 (11.0) 0.76

  COPD 521 (27.7) 153 (37.1) 368 (25.1) <0.01

 Pneumonia 54 (2.9) 8 (1.9) 46 (3.1) 0.20

Malignant neoplasms 262 (13.9) 47 (11.4) 215 (14.6) 0.09

 Lung cancer 107 (5.7) 22 (5.3) 85 (5.8) 0.73

 Other cancers 155 (8.2) 25 (6.1) 130 (8.9) 0.07

Endocrine diseases 57 (3.0) 5 (1.2) 52 (3.5) 0.01

 Diabetes mellitus 54 (2.9) 5 (1.2) 49 (3.3) 0.02

Mental and behavioral disorders 14 (0.7) 2 (0.5) 12 (0.8) 0.75

Neurologic diseases 22 (1.2) 5 (1.2) 17 (1.2) >0.99

Cardiovascular diseases 301 (16.0) 47 (11.4) 254 (17.3) <0.01

 Hypertension 27 (1.4) 3 (0.7) 24 (1.6) 0.17

 Ischemic heart disease 93 (4.9) 10 (2.4) 83 (5.7) 0.01

 Heart failure 35 (1.9) 10 (2.4) 25 (1.7) 0.34

 Cerebrovascular disease 90 (4.8) 14 (3.4) 76 (5.2) 0.14

Gastrointestinal diseases 27 (1.4) 5 (1.2) 22 (1.5) 0.67

Musculoskeletal and connective tissue 
diseases

8 (0.4) 1 (0.2) 7 (0.5) >0.99

 Osteoporosis 4 (0.2) 1 (0.2) 3 (0.2) >0.99

Injury, poisoning, and external causes 84 (4.5) 8 (1.9) 76 (5.2) <0.01

Others 237 (12.6) 52 (12.6) 185 (12.6) 0.99

Data are presented as the number (%).
*When a patient died, only one direct cause of mortality was determined by the attending physician. 
COPD, chronic obstructive pulmonary disease; CS, corticosteroid.
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asthma with bronchiectasis had a higher risk of 
mortality compared with those without bronchi-
ectasis in models 1–3 but not in the crude model. 
However, in patients with CS-dependent asthma 
without COPD, patients with CS-dependent 
asthma with bronchiectasis did not have a higher 
risk of mortality than those without bronchiecta-
sis (Supplemental Table 2).

Causes of mortality
As shown in Table 3, the most common cause of 
mortality was respiratory diseases in both patient 
groups: 58.3% in patients with CS-dependent 
asthma with bronchiectasis and 42.8% in those 
without bronchiectasis. The proportion of 
patients who died of COPD was higher in patients 

with CS-dependent asthma with bronchiectasis 
compared with those without bronchiectasis 
(37.1% versus 25.1%, p < 0.01). However, there 
was no significant intergroup difference in the 
proportion of patients who died of asthma 
(p = 0.76). The proportion of patients who died of 
malignant neoplasms and cardiovascular diseases 
was 11.4% for each group of disorders. In com-
parison, common causes of mortality in patients 
with CS-dependent asthma without bronchiecta-
sis were respiratory diseases (42.8%), cardiovas-
cular diseases (17.3%), and malignant neoplasms 
(14.6%).

The cause-specific HRs for mortality are summa-
rized in Figure 3. The following diseases had a 
statistically significant cause-specific mortality 

0 1 2 3 4

HR (95% CI)

Malignancy

Lung cancer

Other cancers

Endocrine diseases

Diabetes mellitus

Mental and behavioral disorders

Neurologic diseases

Cardiovascular diseases

Hypertension

Ischemic heart diseases

Heart failure

Cerebrovascular diseases

Respiratory diseases

Chronic lower respiratory diseases

asthma

COPD

Pneumonia

Gastrointestinal diseases
Injury, poisoning, and 

external causes
Others

0.87 (0.64–1.20)

1.04 (0.65–1.66)

0.77 (0.50–1.18)

0.38 (0.15–0.96)

0.41 (0.16–1.02)

0.67 (0.15–2.98)

1.18 (0.44–3.20)

0.73 (0.53–0.99)

0.50 (0.15–1.66)

0.48 (0.25–0.92)

1.61 (0.77–3.34)

0.73 (0.42–1.29)

1.65 (1.42–1.92)

1.77 (1.51–2.08)

1.07 (0.77–1.50)

1.76 (1.46–2.12)

0.69 (0.33–1.47)

0.91 (0.34–2.39)

0.42 (0.20–0.87)

1.13 (0.83–1.54)

Figure 3.  Forest plot of cause-specific hazard ratios representing mortality in CS-dependent asthma patients with bronchiectasis 
compared with those without bronchiectasis.
CS, corticosteroid.
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risk for patients with CS-dependent asthma with 
bronchiectasis relative to those without bronchi-
ectasis: respiratory diseases (HR = 1.62, 95% 
CI = 1.40–1.88), chronic lower respiratory dis-
eases (HR = 1.74, 95% CI = 1.49–2.04), and 
COPD (HR = 1.77, 95% CI = 1.46–2.13). A fur-
ther analysis which considered competing risks 
caused by mortality due to other diseases revealed 
that subdistribution cause-specific mortality risks 
associated with respiratory diseases (subdistribu-
tion HR = 1.65, 95% CI = 1.42–1.92), chronic lower 
respiratory diseases (subdistribution HR = 1.77, 
95% CI = 1.51–2.08), and COPD (subdistribution 
HR = 1.76, 95% CI = 1.46–2.12) were significant.

Healthcare use
The rates of asthma-related hospitalization (97,511/ 
100,000 PY versus 68,734/100,000 PY) and all-
cause hospitalization (321,188/100,000 PY versus 
236,304/100,000 PY) were significantly higher in 
patients with CS-dependent asthma with bronchi-
ectasis than in those without bronchiectasis 
(p < 0.001 for both). Though there was no signifi-
cant intergroup difference in the rates of asthma-
related ED visits (7908/100,000 PY versus 7862/ 
100,000 PY, p = 0.9182), the rate of all-cause ED 
visits was significantly higher in patients with 
CS-dependent asthma with bronchiectasis than in 
those without bronchiectasis (30,422/100,000 PY 
versus 26,804/100,000 PY, p < 0.001).

Discussion
This study evaluated the impact of coexisting 
bronchiectasis on all-cause mortality in patients 
with CS-dependent asthma using a large, nation-
wide population database. Our study demon-
strated that all-cause mortality and healthcare 
use were significantly higher in patients with 
CS-dependent asthma with bronchiectasis com-
pared with those without bronchiectasis. The 
mortality in patients with CS-dependent asthma 
with bronchiectasis was primarily related to 
COPD.

The most important finding of this study is  
that physician-diagnosed bronchiectasis further 
increased the mortality risk for CS-dependent 
asthma patients in a longitudinal nationwide pop-
ulation-based cohort. Although the prevalence of 
bronchiectasis is generally low in all patients with 
asthma, the prevalence increases by up to 25–51% 
in those with severe asthma.13,28,29 Several studies 

reported a significant association between asthma 
exacerbation risk and bronchiectasis.13,30 However, 
increased mortality in severe asthma due to bron-
chiectasis has not previously been published and is 
the novel finding of this study. We highlighted 
that bronchiectasis further increased mortality in 
patients with CS-dependent asthma whose mor-
tality is higher than general asthma patients.8 
Hence, clinicians should manage patients with 
severe asthma with bronchiectasis more cau-
tiously, as they have higher long-term mortality 
risk as well as increased exacerbation risk.

Several potential reasons exist for the increased 
mortality seen in patients with CS-dependent 
asthma with bronchiectasis. First, bronchiectasis 
may cause recurrent respiratory infections in 
patients with CS-dependent asthma. The airway 
in bronchiectasis is predisposed to bacterial colo-
nization due to mucus thickening and impaired 
mucociliary clearance.31 The bacterial coloniza-
tion is followed by a vicious cycle of inflammation 
and recurrent infection,32,33 which results in a low 
quality of life and increased mortality.34 Second, 
bronchiectasis may reduce lung function to a 
greater extent in patients with CS-dependent 
asthma than in those without bronchiectasis. 
Since bronchiectasis can result in obstructive as 
well as mixed obstructive–restrictive spirometry 
profiles,34,35 patients with CS-dependent with 
bronchiectasis may experience a greater decline in 
lung function compared with those without bron-
chiectasis. In agreement with this suggestion, the 
COPD-related mortality was more significant in 
patients with CS-dependent asthma with bronchi-
ectasis than in those without bronchiectasis. Our 
two hypotheses are also in line with the study find-
ing that asthma-related healthcare use and respir-
atory diseases-related mortality were significantly 
higher in patients with CS-dependent with bron-
chiectasis than in those without bronchiectasis.

However, as the optimal treatment strategy  
for patients with CS-dependent asthma with 
bronchiectasis has not been established, an 
integrated treatment guideline is urgently needed. 
Interestingly, a recent preliminary study showed 
that mepolizumab, a potent biologic agent for 
CS-dependent asthma, may also be beneficial to 
the treatment of eosinophilic bronchiectasis.36 
Thus, we expect that coexisting bronchiectasis 
may not alter the effect of biologics on the treat-
ment of CS-dependent asthma, as shown in the 
previous study.37
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Another notable finding of this study is that the 
cause-specific mortality associated with respira-
tory diseases (HR = 1.62) was higher in patients 
with CS-dependent asthma with bronchiectasis 
than in those without bronchiectasis. The cause-
specific mortality associated with respiratory dis-
eases was significantly driven by COPD 
(HR = 1.77), however, there was no significant 
difference in the cause-specific mortality associ-
ated with asthma between the two groups. In our 
previous study, the cause-specific mortality asso-
ciated with respiratory diseases, cardiovascular 
disease, malignant neoplasms, and endocrine dis-
eases was higher in patients with CS-dependent 
asthma than in patients with CS-independent 
asthma.8 Our study added a novel finding that 
bronchiectasis further increases the risk of mor-
tality due specifically to respiratory diseases in 
patients with CS-dependent asthma.

Unexpectedly, patients with CS-dependent asthma 
with bronchiectasis aged <60 years showed higher 
HR for mortality than those aged ⩾60 years, 
although statistical significance disappeared in the 
fully adjusted model. As for the reasons why 
younger patients showed an unusually high HR, 
we carefully suggest that the impact of bronchiec-
tasis on mortality gradually decreases as patients 
become older. Since older patients have other 
comorbidities that affect mortality in addition to 
bronchiectasis, the impact of bronchiectasis on 
mortality may be attenuated in older patients with 
CS-dependent asthma.

The major strength of our research is that, to the 
best of our knowledge, this is the first study to com-
prehensively investigate the impact of bronchiecta-
sis on mortality in patients with CS-dependent 
asthma using a longitudinal population-based 
national cohort. However, the present study also 
had some limitations that should be acknowledged. 
First, we did not have clinical information on smok-
ing history, pulmonary function test results, micro-
biologic test results, and detailed information on 
asthma (e.g. the onset and duration) and bronchi-
ectasis (e.g. onset, duration, and extent). Thus, we 
could not adjust for some important confounding 
factors. Second, all diagnoses were based on ICD-
10 codes and medications. Thus, there might be 
some errors in diagnosing diseases. Third, this 
study was performed in Korea. As epidemiology 
may differ by ethnicity and socioeconomic factors, 
our findings might not be generalizable to patients 
in other countries. However, despite the limitations 

above, we would like to emphasize that our 
approaches have the advantage of reflecting real-
world practice.

In conclusion, bronchiectasis further increases 
all-cause mortality in patients with CS-dependent 
asthma. The cause-specific mortality in patients 
with bronchiectasis was more related to chronic 
respiratory diseases such as COPD than in those 
without bronchiectasis. Our results suggest that 
strategies to treat both severe asthma and bron-
chiectasis appropriately are urgently needed to 
improve long-term survival.
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