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Does the Use of Asthma-Controller 
Medication in Accordance with Guidelines 
Reduce the Incidence of Acute Exacerbations 
and Healthcare Costs?
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Background: In asthma, consistent control of chronic airway inflammation is crucial, and the use of asthma-controller 
medication has been emphasized. Our purpose in this study is to compare the incidence of acute exacerbation and 
healthcare costs related to the use of asthma-controller medication. 
Methods: By using data collected by the National Health Insurance Review and Assessment Service, we compared 
one-year clinical outcomes and medical costs from July 2014 to June 2015 (follow-up period) between two groups of 
patients with asthma who received different prescriptions for recommended asthma-controller medication (inhaled 
corticosteroids or leukotriene receptor antagonists) at least once from July 2013 to June 2014 (assessment period).
Results: There were 51,757 patients who satisfied our inclusion criteria. Among them, 13,702 patients (26.5%) 
were prescribed a recommended asthma-controller medication during the assessment period. In patients using a 
recommended asthma-controller medication, the frequency of acute exacerbations decreased in the follow-up period, 
from 2.7% to 1.1%. The total medical costs of the controller group decreased during the follow-up period compared to the 
assessment period, from $3,772,692 to $1,985,475. Only 50.9% of patients in the controller group used healthcare services 
in the follow-up period, and the use of asthma-controller medication decreased in the follow-up period. 
Conclusion: Overall, patients using a recommended asthma-controller medication showed decreased acute 
exacerbation and reduced total healthcare cost by half.
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Introduction
Asthma is a chronic inflammatory disease of airways, and 

the progression of airway inflammation leads to recurrent epi-
sodes of symptoms, such as wheezing, breathlessness, chest 
tightness, and cough1. Asthma control means to suppress 
airway inflammation continuously and to prevent any dis-
turbances in daily life2,3. Risk factors for asthma exacerbation 
include a previous history of asthma exacerbation or steroid 
burst, decreased pulmonary function, and involuntary cessa-
tion of asthma-controller medications4,5. In asthma manage-
ment, especially in high-risk patients, regular use of controller 
medications, such as inhaled corticosteroids (ICS) and leu-
kotriene receptor antagonists (LTRAs), is recommended to 
prevent acute exacerbation. Regular use of controller medica-
tion can also reduce accompanying socioeconomic burden6-8. 
Nevertheless, current records about the use of ICS or LTRAs 
in asthma were far below the goals specified in international 
guidelines9. With this background, even patients who do not 
use required medications and have asthma symptoms are 
mistakenly considered to have ‘difficult to treat asthma’10. 

Given this background, the Health Insurance Review and 
Assessment Service (HIRA) since 2013 has annually done 
qualitative assessments of asthma management provided by 
all medical institutions that care for asthma in South Korea11. 
Considering that there is limited research on the disease 

burden of asthma in South Korea, we aimed to investigate 
whether the use of asthma-controlling medication affects the 
frequency of acute exacerbation and subsequent healthcare 
costs by reviewing the results of qualitative assessment of 
asthma management.

Materials and Methods
1. Data source

The HIRA is an agency responsible for evaluating all medi-
cal claims data in South Korea, which has adopted a single 
mandatory government-established health-insurance sys-
tem12. Since 2013, the HIRA has done annual qualitative 
assessments of asthma management provided by all medi-
cal institutions that care for asthma in South Korea and has 
released the results of the qualitative assessment annually 
since January 201513. The purposes of the HIRA qualitative 
assessment were to improve the control of asthma and to de-
crease social medical costs for asthma management. We col-
lected and analyzed data in HIRA’s database from all patients 
recorded with diagnostic codes J45–J46 according to the 10th 
International Statistical Classification of Disease and Related 
Health Problems (ICD-10). Patients were defined as having 
asthma when all of the following criteria were met: (1) They 

13,702 Patients who
were prescribed

recommended asthma
controller medication

during assessment period
(controller group)

38,055 Patients who
were not prescribed

recommended asthma
controller medication

during assessment period
(non-controller group)

Exclude patients who were prescribed
recommended asthma controller medication

from Jul 2012 to Jun 2013

571,300 Patients

831,613 Asthma patients who were
evaluated for qualitative assessment

from Jul 2013 to Jun 2014
(assessment period)

Exclude patients visiting tertiary hospitals

Controller group

Non-controller group
Jul 2013 Jul 2015Jul 2014

Assessment period Follow-up period

A

B

Figure 1. Flow diagram of study popula-
tion (A) and study duration (B).
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were older than 12 years on January 1, 2011; (2) They had 
received J45.x–J46.x as the principal diagnostic code or within 
the fifth position of secondary diagnostic codes; (3) They were 
prescribed any of the following asthma medications: ICS, ICS/
long-acting beta2-agonists (LABA), LTRA, short-acting beta2-
agonists (SABA), short-acting muscarinic antagonists (SAMA), 
SAMA+SABA, systemic steroids, methylxanthine, or systemic 
bronchodilators. 

2. Qualitative assessment for asthma management 

The appropriate management of asthma was assessed 
qualitatively by means of the following seven items: (1) perfor-
mance rate of pulmonary function test, (2) percentage of visits 
to the same medical institution for asthma management, (3) 
prescription rate of ICS, (4) prescription rate of anti-inflam-
matory controllers for asthma, such as LTRAs and ICS, (5) 
prescription rate of LABA without ICS, (6) prescription rate of 
SABA without ICS, and (7) prescription rate of oral corticoste-
roids (OCS) without ICS. 

Among these seven items, the items numbered 1 to 4 were 
sub-categorized as mandatory. 

3. Study subjects 

We evaluated 831,613 asthma patients from 16,804 institu-
tions in South Korea for the qualitative assessment of asthma 
management (Figure 1A). We conducted the assessment 
using data collected by HIRA from July 2013 to June 2014 (as-
sessment period). To exclude the effect of treatment before the 
assessment period, we included only patients who had visited 
primary or secondary hospitals but had not been prescribed a 
recommended asthma-controller medication (ICS, or LTRAs) 
for a year prior to the assessment period. 

We divided the study subjects into two groups; patients who 
were prescribed recommended asthma-controller medication 
at least once during the assessment period (controller group), 
and patients who had not been prescribed such a medica-
tion (non-controller group) during the assessment period. By 
collecting and reviewing healthcare-visit claims data during 
the study period (1-year assessment period, from July 2013 to 
June 2014, followed by a one-year follow-up period from July 
2014 to June 2015) (Figure 1B) retrospectively, we compared 
clinical outcomes, direct costs, including outpatient and inpa-
tient service (including emergency room and intensive care 
unit) use and cost of medications for all diseases with diag-

Table 1. Demographics of asthma patients with and without recommended asthma-controller medications (2013 Jul–2014 Jun)

Controller group (n=13,702) Non-controller group (n=38,055) p-value

Age, yr 61.8±16.5 64.0±16.2 <0.001

Male sex 5,464 (39.9) 16,028 (42.1) <0.001

Composition of hospital

   Secondary hospitals 1,854 (13.5) 2,453 (6.4) <0.001

   Clinics 13,050 (95.2) 36,306 (95.4) 0.438

Physical specialty

   Internal Medicine  12,068 (88.1)  31,541 (82.9) <0.001

   Others  6,402 (46.7)  14,547 (38.2) <0.001

Type of insurance coverage 

   Medical insurance 12,490 (91.2) 34,762 (91.3) 0.494

   Medical care 1,212 (8.8) 3,293 (8.7)

OPD visits 8.1±8.8 7.2±8.7 <0.001

Medication use 

   ICS 2,683 (19.6) -

   ICS/LABA 3,502 (25.6) -

   LTRA 10,404 (75.9) -

Amount of used medication

   ICS (No. of inhalant) 3.7±4.8 -

   ICS/LABA (No. of inhalant) 1.9±1.6 -

   LTRA, day 35.9±62.7 -

Values are presented as mean±SD or number (%).
OPD: outpatient department; ICS: inhaled corticosteroid; LABA: long-acting beta2-agonists; LTRA: leukotriene antagonist.
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nostic codes J45–J46. We defined acute asthma exacerbation 
as being when the patient visited the emergency room or was 
admitted to the hospital (general ward or intensive care unit) 
with diagnostic code J45.x–J46.x, or when asthma medication 
was prescribed to the patient.

4. Ethical issues

This study was approved by the Institutional Review Board 
of the Catholic University of Korea, Seoul St. Mary’s Hospital 
(No. KC16RESI0560). Requirement for informed consent was 
waived because the study was retrospective.

5. Statistics

We used the Student t-test for continuous variables and the 
chi-square test for categorical variables and did all statistical 
analyses using SAS version 9.2 (SAS Institute Inc., Cary NC, 
USA). 

Results
We included 51,757 patients who met the criteria in this 

study. Among them, 13,702 patients (26.5%) were prescribed 
a recommended asthma-controller medication during the 
assessment period (controller group). The remaining 38,055 
patients were classified into the non-controller group. 

1. Demographics of patients with asthma in the 
controller and non-controller groups 

The median age of patients in the controller group was 
lower than that of the non-controller group during the as-
sessment period (61.8±16.5 vs. 64.0±16.2, p=0.001), and the 
proportion of male patients was lower in the controller group 
(39.9% vs. 42.1%, p=0.001) (Table 1). More patients were 
treated in secondary hospitals in the controller group than in 
the non-controller group (13.5% vs. 6.4%, p=0.001). For most 
of the patients, medical expenses were covered by medical in-
surance, and the rates were not significantly different between 
the two groups (91.2% vs. 91.3%, p=0.494). The mean number 
of outpatient visits was higher in the controller group (8.1±8.8 
vs. 7.2±8.7, p<0.001). In the controller group, the mean usage 
of ICS, ICS/LABA, and LTRAs for a year was 3.7±4.8 inhalers, 
1.9±1.6 inhalers, and 35.9±62.7 tablets, respectively. 

2. Acute exacerbation of asthma during the assessment 
and follow-up periods 

The frequency of acute exacerbation was higher in the 
controller group than in the non-controller group in both the 
assessment and the follow-up periods (2.7% vs. 0.5%, 1.1% 
vs. 0.5%) (Figure 2). However, the rate of acute exacerbation 
decreased from 2.7% in the assessment period to 1.1% in the 
follow-up period in the controller group. In the non-controller 
group, there was no change in the rate of acute exacerbation 
during the follow-up period. 

3. Changes of total healthcare cost and asthma 
medication use in the controller group

Only 50.9% (n=6,970) among 13,702 patients in the control-
ler group used healthcare services in the year following the 
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assessment period. As a result, the total medical costs of the 
controller group decreased in the follow-up period from what 
they had been during the assessment period (from $3,772,692 
to $1,985,475) (Figure 3). Because 49.1% of the patients in 
the controller group did not use healthcare services after the 
assessment period, the total number of medication users 
decreased. Even in healthcare users, the use of both ICS-con-
taining inhalers and LTRAs decreased during the follow-up 
period. The use of both SABA without ICS and OCS without 
ICS slightly increased. After the assessment period, laboratory 
tests, such as chest radiography and pulmonary function tests, 
were done less often (Figure 4). 

Discussion
Our purpose in this large retrospective population study 

was to characterize the features of asthma management in 
South Korea and to measure the frequency of acute exacer-
bations during the asthma qualitative assessment period in 
terms of the use of asthma-controller medication using the 
South Korean national database from HIRA. Among 51,757 
patients included, 26.5% were prescribed a recommended 
asthma-controller medication during the assessment period. 
In patients with asthma-controller medication, the frequency 
of acute exacerbations and total medical costs decreased in 
the follow-up period from what they had been in the assess-
ment period. 

This is the first study to compare medical cost and the 
frequency of asthma exacerbation using the results of a 
national qualitative assessment on asthma management. 
Because asthma-controller medications are effective in pre-
venting acute exacerbations14-16 and reduction of medical 
resources17-24, long-term treatment with controller medication 
is warranted in asthma management. On this basis, we did 
the qualitative assessment of asthma management in South 
Korea. By using the national health insurance claims data, we 

could investigate all subjects treated with asthma during the 
study period and obtained accurate medical information on a 
large number of subjects. 

However, the following issues should be considered in 
interpreting our results. First, information on the baseline 
asthma severity of both groups was not defined in this study, 
because of the limitations of the data source. This limitation 
could imply selection bias, in that high-risk patients are more 
likely to use asthma-controller medication than are low-risk 
patients. To compensate for this limitation, we excluded pa-
tients who had visited tertiary hospitals or were prescribed 
controller medication before the assessment period. These 
strategies could indirectly correct the difference in severity 
between groups by excluding severe patients. Next, a direct 
comparison of total medical costs between groups was not 
available, because of loss of patients in the follow-up period. If 
the former comparison is satisfied, the use of controller medi-
cation to reduce medical costs will become a practice that is 
more evidence-based. Third, we aimed only to describe the 
trend of outcomes during two periods, and did not do statisti-
cal analysis of the repeated outcome measures. Finally, we 
should consider that the prescribing behavior of individual 
doctors affects controller use and that individual adherence to 
prescribed medication differs between patients.

Poor adherence and discontinuation of asthma treatment 
without visiting doctors have been raised as issues where 
asthma is not controlled properly by asthma specialists. Ac-
cording to a report from a survey conducted in eight areas in 
the Asia-Pacific region9, only 18.2% of those with severe per-
sistent asthma reported current use of an ICS compared with 
12.0% of those with mild intermittent asthma, and 60.5% of 
respondents with severe persistent asthma reported current 
quick-acting bronchodilator use. According to a report that 
analyzed data from the Taiwan Health Insurance Database15, 
physicians in district hospitals and primary-care clinics were 
especially less likely to prescribe inhalers, including ICS, than 
were asthma specialists or physicians in medical centers. In 
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this study as well, about 50% of patients treated with a con-
troller in the assessment period were missed in the follow-up 
year, perhaps because the patients had not visited a hospital 
if they had no worsening of symptoms even without control-
ler medication. Somewhat lower asthma severity of enrolled 
patients may affect this outcome, and comprehensive consid-
eration will be needed with a further longitudinal study on the 
effectiveness of as-needed treatment in mild asthma patients. 

Through this study, we were able to analyze the character-
istics of asthma treatment in Korea. Still, many patients were 
not using the recommended asthma-controller medication. 
Given the chronic nature of asthma and the need for long-
term follow-up and management for a favorable prognosis, 
nationwide long-term educational strategies for asthma man-
agement are warranted. 
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