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ABSTRACT

Background: There has been a concerning increase in the prevalence and socioeconomic
burden of asthma in Korea. Korea’s National Health Insurance System (NHIS) covers insurance
payment and claims management for all Koreans. Using National Health Insurance Sharing Service
(NHISS) claims data. This study aimed to investigate patterns of healthcare utilization and direct
cost in patients with asthma over a 10-year period.

Methods: In this retrospective population-based study, we examined NHISS claims records be-
tween July 2005 and June 2016 and investigated healthcare utilization among patients with
asthma based on age group and severity of disease (non-severe asthma [NSA] and severe asthma
[SA]).

Results: From 2006 to 2015, the total number of patients with asthma in Korea steadily increased
from 743 968 to 2 286 309, with a corresponding increase in prevalence from 1.62% to 4.74%.The
proportion of patients with SA decreased from 3.16% in 2006 to 1.56% in 2015; the proportion
was consistently higher in men than in women. In addition, patients with SA had a higher cost per
outpatient visit than patients with NSA, and the number of outpatient visits per year increased. The
inhaled corticosteroid (ICS) prescription rate among patients with asthma decreased from 22.9% in
2006 to 15.7% in 2015. Furthermore, for a period of 10 years, more than 40% of patients with SA
have been prescribed short-acting b-2 agonists (SABAs).

Conclusions: Although patients with SA comprised a small proportion of patients with asthma,
they incurred greater medical costs per person. The pharmaceutical prescription pattern indicated
a lack of ICS-based prescriptions and frequent SABA prescriptions.
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INTRODUCTION
Asthma is one of the most common chronic
airway diseases, affecting approximately 300
million people worldwide.1 The prevalence of
asthma varies from 0.2 to 21.0% in adults and
2.8–37.6% in children.2,3 Studies have reported
that the prevalence of asthma in Korea ranges
from 1.6 to 4.1% in adults and 5.7–28.8% in
children, which has been gradually increasing
annually.4–7 The high prevalence of asthma
results in a high burden on medical resources.

Korea has a unique National Health Insurance
System (NHIS) in which the governmental insurer
has been covering insurance payments and claims
management for the country’s population since
1989. Koreans using the medical system (private or
public) in Korea must be enrolled in the NHIS. All
claims data for healthcare utilization are assessed
by the system according to the relevance of the
claim, and the government subsequently sub-
sidizes the cost. If a prescription is evaluated as
inadequate for a diagnosis by the NHIS, it is
deleted from the claims data, and the medical
institution pays the cost. Therefore, claims data in
Korea usually contain generally accepted pre-
scribed tests and treatments for the corresponding
disease, serving as an accurate reflection of real
clinical practice.8,9

In this study, to create evidence-based data for
future asthma-related healthcare policies and to
identify the economic burden associated with
asthma severity, we investigated healthcare utili-
zation patterns and direct costs in patients with
asthma over a 10-year period using National
Health Insurance Sharing Service (NHISS) claims
data. We also determined the differences in
healthcare utilization and costs depending on age
group and disease severity.
METHODS

Data sources

WeanalyzedNHISS claims data from July 2005 to
June2016 extracted fromevery hospital (this service
covers all citizens in this country). The data are in
accordance with the eighth, ninth, and tenth re-
visionsof the International StatisticalClassificationof
Diseases and Related Health Problems (ICD-8, 9,
10). The data included demographic information
about each patient, details of prescribed drugs,
prescribed medical tests or procedures, and
healthcare expenditure accepted by the NHIS. We
extracted the medical information of patients with
asthma from the NHISS database; this was a modi-
ficationof ourprevious study.4,8–10Patientswhomet
the following criteria were included: 1) age >5
years; 2) two or more claims in 1 year with ICD
codes (J45.x–J46.x) for the principal or 4 additional
diagnoses of asthma, and prescription of at least 1
asthma-related medication 6 months before and 6
months after the first claim of the year. Asthma-
related medications included inhaled corticoste-
roids (ICSs), long-acting b-2 agonists (LABAs), ICSs
and LABAs combined in a single inhaler (ICSs/
LABAs), oral leukotriene antagonists (LTRAs), short-
acting b-2 agonists (SABAs), long-acting musca-
rinic antagonists (LAMAs), short-acting muscarinic
antagonists (SAMAs), systemic b agonists, and
theophylline derivatives.8–10 The codes for
treatment medications, tests, and procedures were
collected based on all publicly available data
published by the NHISS between 2005 and 2016.
Study population and working definitions

Patients were categorized according to the
severity of their asthma. Patients who were pre-
scribed canisters of high-dose ICSs for >6 months
of the year and who were prescribed canisters of
low-dose ICSs for more than 12 months because of
asthma-related claims were considered to have
severe asthma (SA). All other patients were
considered to have non-severe asthma (NSA).
Regarding patients with SA, we could not apply
the latest SA definition of the Global Initiative for
Asthma (GINA) guidelines, which is “asthma that is
uncontrolled despite adherence with optimized
high dose ICS-LABA therapy and treatment of
contributory factors, or that worsens when high
dose treatment is decreased.” Instead, we focused
on the use of continuous high-dose ICSs per the
SA definition (Table 1). Direct medical costs were
defined as the sum of claims charges covered by
the NHIS, including hospitalization costs,
outpatient services, and outpatient medication
costs. Prevalence was age-standardized (using
midyear residents as the reference population)
and reported by year. All statistical analyses were
performed using SAS 9.2 software (SAS Institute,
Cary, NC, USA).
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Operational definition of diagnosis

Asthma-related claim Claim with ICD-8, 9, and 10 codes (J45.x–J46.x) for
the principal or four additional diagnosesa of
asthma and at least one asthma-related
medicationb.

Hospital admission due to asthma exacerbation Asthma-related claim with systemic corticosteroid
prescription for �1 days and nebulizer treatmentc.

Emergency visit due to asthma exacerbation Asthma-related claim plus ER code with systemic
corticosteroid prescription for �1 days and
nebulizer treatment.

Outpatient clinic visit due to asthma exacerbation Asthma-related claim with systemic steroid
prescription for 2 or more days.

Patients with

Asthma At least 2 asthma-related claims occurred between
6 months before and 6 months after the first claim
data of the year.

Severe asthmad Patients who were prescribed with a canister of
inhaled corticosteroids (ICSs) equivalent to a
canister of high-dose ICSs for >6 months of the year
with asthma-related claims. (They must
simultaneously satisfy the following criterion:
prescribed ICS canisters equivalent to greater than
the sum of 12 months prescription of low-dose ICS.)

Non-severe asthma All other patients.

Table 1. Operational definitions for asthma and related outcomes from the claims database. *All patients are >5 years of age. aPrincipal or 4
additional diagnoses: The ICD diagnosis codes that apply to the prescription. In the case of prescriptions for which 5 or more diagnoses are entered, the
principal diagnosis code and up to 4 additional diagnosis codes in the following order are applied to the analysis. bAsthma-related medication: inhaled
corticosteroids (ICSs), long-acting b-2 agonists (LABAs), ICSs and LABAs combined in a single inhaler (ICSs/LABAs), oral leukotriene antagonists, short-acting b-
2 agonists (SABAs), long-acting muscarinic antagonists (LAMAs), short-acting muscarinic antagonists (SAMAs), systemic b agonists, and theophylline
derivatives. cNebulizer treatment: code for nebulizer treatment or nebulizer medications (ICSs, SABAs, and ipratropium bromide). dSevere asthma: we did not
apply the definition of severe asthma in the GINA guidelines (2023); asthma that is uncontrolled despite adherence to optimized high-dose ICS-LABA therapy
and treatment of contributory factors or that worsens when high-dose treatment is decreased
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RESULTS

Prevalence of asthma

The proportion of patients with asthma steadily
increased from 743 968 in 2006 to 2 286 309 in
2015, and asthma affected a greater number of
women compared with men throughout this
period. The prevalence of asthma in Korea grad-
ually increased from 1.62% in 2006 to 4.74% in
2015 (Fig. 1). The prevalence of asthma among
children younger than 18 years was 1.58% in
2006 and increased to 8.65% in 2015. The
highest prevalence was observed in adults aged
60 years or older (Table E1). The proportion of
patients with SA among all patients with asthma
gradually decreased from 3.16% in 2006 to
1.56% in 2015 (Fig. 1). In addition, the
prevalence of asthma among women was
consistently higher than that among men over
the entire 10-year period. When each group by
sex was divided into age groups, the prevalence of
asthma in children younger than 18 years and
patients older than 80 years remained higher in
women than in men (Table E1). However, the
proportion of patients with SA was consistently
higher in men than in women (Figure E1).
Healthcare utilization in patients with asthma

Over 10 years, the proportion of patients with
asthma who experienced hospitalization in a year
remained relatively constant at 1.9–2.2%. The pro-
portion of patients with a history of asthma-related
emergency room visits decreased gradually from
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2.4% in 2006 to 2.0% in 2015, whereas asthma-
related intensive care unit (ICU) admissions
remained at 0.3–0.5% per year over the entire 10-
year period. Outpatient visits averaged 4.49 visits
per patient in 2006 and increased to an average of
6.50 visits in 2008; however, a decrease was
observed thereafter to 5.18 visits in 2016. The cost
per visit and annual resource costs peaked in 2006
and decreased thereafter (Table 2).

Most adult patients with asthma received med-
ical treatment through the department of internal
medicine, and in the case of otolaryngology, there
was an even distribution of patients with asthma
across all age groups. However, more than 90% of
pediatric patients were <17 years old (Table E2).
Medical costs for patients with asthma

Increasing admission costs resulted in a gradual
increase in the medical cost of hospitalization per
patient per year. Although the outpatient cost per
person per year and cost per visit per person
decreased in 2015 compared with that in 2006, the
annual hospitalization cost per patient per year
and cost per admission increased by approxi-
mately 48% in 2015 compared with that in 2006
Fig. 1 Asthma severity and prevalence by year
(2242 USD to 3331 USD; Table 2). Similarly, the
cost of emergency room visits and ICU admission
increased by more than 50% in terms of the cost
per person and cost per visit in 2015 compared
with that in 2006 (4526 USD to 7623 USD; Table 2).

Healthcare use and direct costs according to the
severity of asthma

Patients with asthma were categorized accord-
ing to disease severity. The number of annual
asthma-related outpatient visits increased in both
groups (NSA and SA) (Fig. 2A). The number of
outpatient visits for patients with NSA increased
from 4.30 per year in 2006 to 5.03 per year in
2015, while that of patients with SA increased
from 10.40 per year in 2006 to 14.23 per year in
2015 (Fig. 2A, Table E3A). The number of annual
outpatient visits by patients with NSA was
consistently higher among children younger than
18 years and adults older than 60 years than that
among other age groups (Fig. 2A, Table E3A).
The older age groups had more frequent
outpatient visits among adults, and the direct
medical cost required per visit was higher,
leading to higher overall annual medical costs for
older patients (Table E3A). Patients with SA had
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2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Total 743 968 879 501 1 043 914 1 218 594 1 410 370 1 955 322 2 224 321 2 206 624 2 347 631 2 286 309

Hospitalization

Yes (n, %) 16 536 (2.2) 19 120 (2.2) 22 678 (2.2) 25 559 (2.1) 29 807 (2.1) 39 963 (2.0) 45 224 (2.0) 41 915 (1.9) 45 083 (1.9) 49 875 (2.2)

Number of
hospitalizationsa

1.52 1.53 1.61 1.62 1.70 1.68 1.67 1.69 1.66 1.59

Cost per yearb 2242 2645 2493 2328 2905 3603 3405 3576 3603 3331

Cost per
admissionc

1471 1726 1552 1434 1707 2147 2032 2112 2167 2093

Hospitalization
days

Per year (mean) 18.79 19.66 21.14 21.65 23.65 25.41 24.77 25.12 23.83 21.89

Per admission
(mean)

12.35 12.85 13.18 13.37 13.92 15.16 14.81 14.87 14.38 13.81

ER visit

Yes (n, %) 18 114 (2.4) 21 025 (2.4) 24 335 (2.3) 29 488 (2.4) 33 794 (2.4) 43 642 (2.2) 47 967 (2.2) 43 815 (2.0) 45 324 (1.9) 46 612 (2.0)

Number of ER visits 1.26 1.26 1.27 1.27 1.28 1.27 1.29 1.29 1.30 1.28

Cost per yearb 1307 1528 1410 1263 1538 1986 1897 1998 2034 2016

Cost per visitc 1022 1198 1096 983 1177 1544 1452 1533 1547 1550

ICU admission

Yes (n, %) 2597 (0.3) 2951 (0.3) 3564 (0.3) 4208 (0.3) 5377 (0.4) 9158 (0.5) 9464 (0.4) 8709 (0.4) 8452 (0.4) 8591 (0.4)

Number of ICU
admissionsa

1.09 1.09 1.10 1.12 1.14 1.22 1.22 1.22 1.21 1.23

Cost per yearb 4526 5161 4884 4570 5662 7063 6887 7186 7556 7673

Cost per
admissionc

4145 4709 4423 4091 4981 5798 5649 5874 6244 6257

Outpatient visit

Number of
outpatient visitsa

4.49 5.70 6.50 6.42 6.17 5.40 5.46 5.40 5.29 5.18

Cost per yearb 190 196 165 145 160 137 113 112 112 109

Cost per visitb 44 37 27 24 28 27 22 22 23 22

Table 2. Healthcare utilization by patients with asthma and other asthma-related healthcare services for a period of 10 years. *All costs are presented in USD as the average annual exchange rate
for each year (1 USD ¼ 955.74 Korean won [KRW] in 2006, 1 USD ¼ 929.20 KRW in 2007, 1 USD ¼ 1101.93 KRW in 2008, 1 USD ¼ 1276.18 KRW in 2009, 1 USD ¼ 1156.06 KRW in 2010, 1 USD ¼ 1108.09 KRW in
2011, 1 USD ¼ 1126.43 KRW in 2012, 1 USD ¼ 1094.97 KRW in 2013, 1 USD ¼ 1053.30 KRW in 2014, and 1 USD ¼ 1132.10 KRW in 2015). aNumber of admissions to the hospital or hospital visits per person per
year. bDirect medical costs per person per year. cDirect medical costs per person per admission or hospital visit.
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Fig. 2 Annual healthcare utilization of patients with asthma. (A) Outpatient setting: (A-1) Patients with asthma, total; (A-2) patients with non-
severe asthma (NSA); (A-3) patients with severe asthma (SA). (B) Inpatient setting: (B-1) Patients with asthma, total; (B-2) patients with
asthma, non-severe asthma (NSA); (B-3) patients with asthma, severe asthma (SA)
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more annual outpatient visits than patients with
NSA in all age groups, and the direct medical
cost per visit was also higher. Thus, the annual
direct medical cost of patients with SA was
higher than that of patients with NSA in all age
groups (Fig. 2A, Table E3A).

Between 2005 and 2015, the annual direct cost
of outpatient clinic visits due to asthma per patient
with NSA and the cost per visit decreased across
all age groups (Table E3A). Similarly, the annual
direct cost of asthma per patient decreased
across all age groups in patients with SA, despite
the increase in annual outpatient visits. Moreover,
a decrease in cost per visit was observed over 10
years (Table E3A).

The frequency of hospitalization was consis-
tently higher in patients with SA over 10 years
(Fig. 2B, Table E3B). The number of annual asthma-
related hospitalization days per person in patients
with NSA was 8.12 days for children younger than
18 years in 2006 and 8.63 days in 2015. This was
the shortest among all age groups for the 10-year
period (Table E3B). Patients with NSA aged 80
years or older had more hospitalization days than
patients with NSA in the other age groups (23.03
days in 2006 and 34.84 days in 2015). The
average number of asthma-related hospitaliza-
tions per person per year was 1.52 in 2006 and
increased to 1.59 in 2015. Furthermore, there were
1.48 and 1.54 hospitalizations in 2006 and 2015
for patients with NSA, respectively, and 1.79 and
2.07 hospitalizations in 2006 and 2015 for patients
with SA, respectively (Table E3B).
Treatment and prescription patterns according to
the severity of asthma

The prescription rate of ICSs among patients
with asthma decreased from 22.9% in 2006 to
15.7% in 2015. We used the ICS prescription rate
to define SA, wherein patients with SA had a rate
of 100% (Fig. 3A). The prescription rate of ICSs for
children younger than 18 years was consistently
the lowest throughout the 10-year period, and
the proportion of ICS prescriptions for children in
2015 was only 3.5%. The prescription rate of
SABAs was higher in patients with SA than in those
with NSA across all age groups, with a prescription
rate of >50% in children younger than 18 years
with SA during the 10-year period (Table E4). In
addition, patients with SA had a higher
proportion of those with prescribed systemic
corticosteroids across all age groups over the 10-
year period compared with patients with NSA
(Figure E2C). The prescription rate of LTRAs
increased across all patient age groups and was
the highest in children younger than 18 years;
furthermore, patients with SA had a higher
prescription rate of LTRAs than that of patients
with NSA over the 10-year period (Figure E2D).

Annual asthma-related test prescriptions,
including pulmonary function test (PFT), bronchial
provocation test, bronchodilator response test,
skin prick test, chest radiography, chest computed
tomography (CT), para-nasal sinus (PNS) radiog-
raphy, multiple allergen simultaneous test (MAST),
and serum-specific IgE test (ImmunoCAP), were
higher in patients with SA compared with those in
patients with NSA (Fig. 4, Table E5).
DISCUSSION

Along with diabetes mellitus and hypertension,
asthma is a highly prevalent chronic disease with a
significant economic burden. In this study, we
analyzed 10 years of NHISS claims data (2006–
2015) and classified asthma-related healthcare
utilization patterns by disease severity and patient
age. Although we did not analyze indirect costs,
the economic burden of asthma was the third
highest in Korea after diabetes and stroke.11–13

Inflammatory heart disease and stroke have
higher inpatient costs than asthma;14 however,
our research indicated that the costs of
outpatient visits and pharmacotherapy were the
major cost burdens associated with asthma.
These results are consistent with those of
previous studies.15–18 When considered
individually, patients who had been hospitalized
had inpatient costs as the leading source of cost
burden in the annual cost of asthma-related med-
ical expenses, as observed in previous cost-
effectiveness studies on asthma.19,20 Therefore,
the socioeconomic characteristics of patients who
may be expected to have frequent
hospitalizations should be considered in clinical
practice and management of insurance policies.

SA imposes a significant burden on patients and
the socioeconomic system.21–23 Consistent with
our results, in previous studies, patients with

https://doi.org/10.1016/j.waojou.2023.100768


Fig. 3 Patterns of asthma-related medication prescription for a 10-year period. (A) Inhaled corticosteroid (ICS)-based medications. (B)
Short-acting b-2 agonist (SABA)-based medications. (C) Systemic corticosteroids. (D) Leukotriene antagonists (LTRAs)
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difficult-to-treat asthma or SA frequently had a
greater economic burden and more recurrent use
of healthcare services regardless of the study
population.19,20,24–27 Although the estimated
proportion of patients with SA is only 3�10% of
adult patients with asthma worldwide23,28,29 and
2.5% among all children with asthma,30 these
patients have increased healthcare costs,
reduced quality of life, and increased risk of
mortality.30–34 However, among patients who had
received asthma-related inpatient care, the cost
per hospitalization differed slightly between pa-
tients with SA and those with NSA. Furthermore,
the cost per admission was higher in patients with
NSA than in patients with SA between 2011 and
2014. Patients with NSA also had a greater number
of annual hospitalization days (data not shown).
Therefore, regardless of the severity of asthma, it
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can be assumed that treatment courses in patients
with NSA could be similar to or worse than those in
patients with SA once hospitalized.

The prevalence of asthma in 2012 more than
tripled than that from 2006, with a rapid annual
increase in 2011. This reflects the South Korean
government’s strengthening of the review and
assessment of asthma-related claims, which
confirmed the presence or absence of diagnostic
codes for asthma in that year. As a result, although
the total number of patients with SA increased, the
proportion of patients with SA among all patients
with asthma decreased. Our study suggests that
any socioeconomic factors that could affect claims
data during study periods, including changes to
national policies or insurance systems, should be
considered globally.

In our study, the prescription rate of systemic
steroids remained high. Physicians need to care-
fully consider whether to prescribe systemic

https://doi.org/10.1016/j.waojou.2023.100768
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Fig. 4 Patterns of prescription of asthma-related medical examinations for a 10-year period. (A) Pulmonary function test (PFT); (B) bronchial
provocation test; (C) bronchodilator response test; (D) skin prick test; (E) chest radiography; (F) chest computed tomography (CT); (G) para-
nasal sinus (PNS) radiography; (H) multiple allergen simultaneous test (MAST); (I) serum-specific IgE test (ImmunoCAP)
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corticosteroids to patients with asthma. When
controlling asthma symptoms, physicians should
adjust ICS doses to levels that will control the pa-
tient’s symptoms, rather than prescribing systemic
corticosteroids, given the potential risks and harms
associated with their use.35,36 Although the
importance of ICSs in patients with asthma has
always been known,37–39 our study showed a low
ICS prescription rate and frequent SABA
prescriptions in these patients. To improve the
low ICS prescription rate, physicians should focus
on controlling asthma using an ICS-based inhaler.
Digital healthcare-based patient-customized ser-
vices, such as portable wireless devices and online
applications, which have recently been proposed,
can be helpful.40–43 In addition, since our study
reflected the clinical practice before the recent
revision of the GINA guidelines,35 changes are
expected in the prescription pattern if claims
data are analyzed after revision according to the
guidelines.

We believe that our results are interesting
because they are from a large-scale, population-
based database study covering approximately
98% of the population of the country. To the best
of our knowledge, this is the first study utilizing the
data of patients with asthma from the entire na-
tional population, unlike other previous studies
that sampled data.4–6,44,45 Thus, this study
provides insights into the status of asthma in the
entire population of a country over a long period
of 10 years.
However, this study has several limitations. First,
it was a retrospective study based on claims data;
hence, there is a possibility that errors in diag-
nostic codes or omission of claims may have
occurred. Although these errors may not have
been identified, they are a limitation of most claims
data analyses. Furthermore, the diagnoses were
defined according to a working definition with
diagnostic codes and prescription histories rather
than by the results of clinical diagnostic tests due
to the characteristics of the study. However, we
included the prescription of asthma-related drugs
in the working definition to increase the accuracy
of diagnoses. In addition, because all South
Korean citizens are required to enroll in the
government-operated healthcare insurance sys-
tem, the possibility of data omission is less likely
than in other countries. This increases the reliability
of our research data.

Second, as health insurance and payment of
medical expenses are under the control of the
government, the decision regarding diagnostic
codes or physician-prescribed drugs is usually
affected by the national policy at a particular time.
Even if the prescription is based on clinical evi-
dence, if the diagnosis or treatment code is not
acceptable to the government, the healthcare
provider cannot be reimbursed for the medical
costs, thereby incurring financial losses. Therefore,
physicians could use the diagnostic code for
asthma in their prescription to administer treat-
ments that are covered by insurance, even if the

https://doi.org/10.1016/j.waojou.2023.100768
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symptoms are not clinically appropriate. In these
cases, ICSs may not have been prescribed, and the
ICS prescription rate may therefore have been
lower in all patients with asthma in our study.
Similarly, the NHISS database does not include any
information on the prescription of biologics
because none had been approved as asthma
treatments that would be reimbursed by the gov-
ernment until 2015.

Third, we categorized the patients into SA and
NSA groups according to the claims data and
operational definitions without using clinical pa-
rameters such as asthma symptom scores, lung
function, or the frequency of systemic steroid use.
However, to minimize error, we included the pro-
portion of high-dose ICS prescriptions in the
operational definition of SA to represent actual
clinical practice. Our study is the first to define SA
based on the proportion of high-dose ICSs among
studies using large-scale claims data, which re-
duces the gap between actual clinical data and
claims data in our study.

Finally, we analyzed direct costs that reflected
medical resources only and did not perform an
analysis of indirect costs such as productivity;
therefore, an accurate cost analysis was not
possible. Previous studies in Korea using similar
data reported that the rate of direct costs in the
asthma-related socioeconomic burden was
approximately five times greater than the rate of
indirect costs.46 Furthermore, previous studies
have revealed that medical and therapeutic
medical resource consumption accounted for a
major portion of the direct costs of asthma.13,46

Therefore, we calculated the direct costs of
medical and therapeutic resources, which can be
considered general costs for patients with
asthma. In addition, as suggested in previous
studies, asthma-related economic costs cannot
be compared with those of other countries due to
variations in healthcare systems, population char-
acteristics, and provider behavior.24 For instance,
in our study, the annual direct cost of outpatient
visits due to asthma in children in 2006 was 385
USD, which was significantly different from the
costs reported in another population-based study
(723 USD in 2002).47 Indeed, the annual
hospitalization costs for admission or emergency
room visits for asthma per patient varied from
135 USD48 to 733 USD,49 and were even
reported to account for >3000 USD per person
per admission.19 Furthermore, other studies
conducted in France, Italy, and Spain found that
drug costs were lower in Italy than in other
countries, while the cost of emergency care was
highest in Spain.24 Hence, cost-related compari-
sons among different countries are very limited.

In conclusion, we analyzed 10 years of claims
data and identified an increase in the prevalence
of asthma and a decrease in the proportion of SA.
Patients with SA incurred greater medical costs per
person than those with NSA. The pharmaceutical
prescription pattern still showed a lack of ICS-
based prescriptions, whereas SABAs were pre-
scribed frequently. Since asthma-associated hos-
pitalization is a significant economic burden to an
individual, clinicians should pay close attention to
the possibility of hospitalization due to exacerba-
tion or loss of asthma control. Although they only
represent a small percentage of all patients with
asthma, social attention is needed for patients with
SA. By comparing the results of this study with the
data of future research, after a wide clinical appli-
cation of the recently changed GINA guidelines,35

we will be able to confirm how changes in these
clinical guidelines have affected asthma
epidemiology and healthcare utilization.
However, given the characteristics of claims data,
these results should be interpreted considering
the changes in the insurance system.

ABBREVIATIONS

NSA, non-severe asthma; SA, severe asthma;
NHIS, National Health Insurance System; NHISS,
National Health Insurance Sharing Service; ICSs,
inhaled corticosteroids; LABAs, long-acting b-2
agonists; LTRAs, leukotriene antagonists; SABAs,
short-acting b-2 agonists; PFT, pulmonary function
test; MAST, multiple allergen simultaneous test;
LAMAs, long-acting muscarinic antagonists;
SAMAs, short-acting muscarinic antagonists; CT,
computed tomography; PNS, para-nasal sinus.

ACKNOWLEDGEMENT

This study is a collaborative study between the
Korean Academy of Asthma, Allergy and Clinical
Immunology and the Korean National Health



14 Kim et al. World Allergy Organization Journal (2023) 16:100768
http://doi.org/10.1016/j.waojou.2023.100768
Insurance Service using data from the National
Health Insurance Sharing Service (NHISS). The
relevant data are available from the Healthcare
Bigdata by the NHISS.

Funding source
This research was supported by a grant of the Korea Health
Technology R&D Project through the Korea Health Industry
Development Institute (KHIDI), funded by the Ministry of
Health & Welfare, Republic of Korea (grant numbers:
HI19C0481, HC20C0076), and a grant from the Korea
Asthma Allergy Foundation (KAF).
Availability of data and materials
The authors confirm that the data supporting the findings
of this study are available within the article and its
supplementary materials.
Author contributions
Study design: JH Kim, WJ Song, HS Kwon, YS Cho, YJ Cho,
SI Chang, and TB Kim; data collection: JH Kim, HS Lee, SY
Park, HJ Kim, JY Kim, SH Choi, and HS Kwon; data analysis:
JH Kim, HS Lee, JH Yu, SH Kim, DJ Song, and DH Lim; data
interpretation: all authors; writing of the manuscript: JH
Kim and TB Kim; reviewing of the manuscript: all authors;
final approval of the manuscript: all authors.
Ethics approval
This study was approved by the Institutional Review Board
of the Asan Medical Center (No. S2016-1254-0010) and the
Ethics Committee of the National Health Insurance Sharing
Service (No. NHIS-2016-4-016).
Consent for publication
We hereby declare that we all participated in the study and
in the development of the manuscript titled “Epidemiology
of patients with asthma in Korea: Analysis of the NHISS
database from 2006 to 2015”. We have read the final
version and provided our consent for the article to be
published in the World Allergy Organization Journal.
Potential competing interests
The authors report no competing interests.
Submission declaration
This manuscript has not been published or presented
elsewhere in part or in entirety and is not under
consideration by another journal.
Appendix A. Supplementary data
Supplementary data to this article can be found online at
https://doi.org/10.1016/j.waojou.2023.100768.
Author details
aDepartment of Allergy and Clinical Immunology, Asan
Medical Center, University of Ulsan College of Medicine,
Seoul, South Korea. bDepartment of Internal Medicine,
Korean Armed Forces Capital Hospital, Seongnam, South
Korea. cDepartment of Biohealth Regulatory Science
School of Pharmacy, SungKyunKwan University, Seongnam,
South Korea. dDepartment of Internal Medicine, Chung-
Ang University College of Medicine, Seoul, South Korea.
eDivision of Pulmonary, Allergy and Critical Care Medicine,
Chung-Ang University Gwangmyeong Medical Center,
Gwangmyeong, South Korea. fDepartment of Internal
Medicine, Dankook University Hospital, Cheonan, South
Korea. gKyung Hee University School of Medicine, Seoul,
South Korea. hDepartment of Internal Medicine, Seoul
National University Bundang Hospital, Seongnam, South
Korea. iDepartment of Pediatrics, Asan Medical Center,
University of Ulsan College of Medicine, Seoul, South
Korea. jDepartment of Pediatrics, Korea University College
of Medicine and Environmental Health Center for
Childhood Asthma, Korea University Anam Hospital, Seoul,
South Korea. kDepartment of Pediatrics, School of
Medicine, Inha University, Incheon, South Korea.
lDepartment of Internal Medicine, Ewha Women University
School of Medicine, Seoul, South Korea. mDepartment of
Internal Medicine, Sung-Ae Hospital, Seoul, South Korea.
REFERENCES
1. Masoli M, Fabian D, Holt S, Beasley R, Global Initiative for

Asthma P. The global burden of asthma: executive summary of
the GINA Dissemination Committee report. Allergy. 2004;59:
469–478.

2. To T, Stanojevic S, Moores G, et al. Global asthma prevalence
in adults: findings from the cross-sectional world health survey.
BMC Publ Health. 2012;12:204.

3. Aaron SD, Boulet LP, Reddel HK, Gershon AS. Underdiagnosis
and overdiagnosis of asthma. Am J Respir Crit Care Med.
2018;198:1012–1020.

4. Park SY, Kim JH, Kim HJ, et al. High prevalence of asthma in
elderly women: findings from a Korean national health
database and adult asthma cohort. Allergy Asthma Immunol
Res. 2018;10:387–396.

5. Lee E, Kim A, Ye YM, Choi SE, Park HS. Increasing prevalence
and mortality of asthma with age in Korea, 2002-2015: a
nationwide, population-based study. Allergy Asthma Immunol
Res. 2020;12:467–484.

6. Shin JY, Sohn KH, Shin JE, et al. Changing patterns of adult
asthma incidence: results from the national health insurance
service-national sample cohort (NHIS-NSC) database in Korea.
Sci Rep. 2018;8, 15052.

7. Choi JY, Yoon HK, Lee JH, et al. Current status of asthma
care in South Korea: nationwide the health insurance
review and assessment service database. J Thorac Dis.
2017;9:3208–3214.

8. Kim S, Kim J, Park SY, et al. Effect of pregnancy in asthma on
health care use and perinatal outcomes. J Allergy Clin
Immunol. 2015;136:1215, 12123 e1-6.

https://doi.org/10.1016/j.waojou.2023.100768
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref1
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref1
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref1
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref1
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref2
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref2
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref2
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref3
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref3
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref3
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref4
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref4
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref4
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref4
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref5
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref5
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref5
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref5
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref6
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref6
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref6
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref6
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref7
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref7
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref7
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref7
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref8
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref8
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref8
https://doi.org/10.1016/j.waojou.2023.100768


Volume 16, No. 4, Month 2023 15
9. Kim S, Kim J, Kim K, et al. Healthcare use and prescription
patterns associated with adult asthma in Korea: analysis of the
NHI claims database. Allergy. 2013;68:1435–1442.

10. T Lee, J Kim, S Kim, et al. Risk factors for asthma-related
healthcare use: longitudinal analysis using the NHI claims
database in a Korean asthma cohort. PLoS One. 2014;9,
e112844.

11. Oh IH, Yoon SJ, Kim EJ. The burden of disease in Korea.
J Korean Med Assoc. 2011;54:646–652.

12. Yoon SJ, Bae SC, Lee SI, et al. Measuring the burden of disease
in Korea. J Kor Med Sci. 2007;22:518–523.

13. Lee YR, Cho B, Jo MW, et al. Measuring the economic burden
of disease and injury in Korea. J Kor Med Sci. 2019;34:e80,
2015.

14. Ko SK, Yoon SJ, Oh IH, Seo HY, Kim EJ. The economic burden
of inflammatory heart disease in Korea. Korean Circ J. 2011;41:
712–717.

15. Zannetos S, Zachariadou T, Zachariades A, Georgiou A,
Talias MA. The economic burden of adult asthma in Cyprus; a
prevalence-based cost of illness study. BMC Publ Health.
2017;17:262.

16. Stock S, Redaelli M, Luengen M, Wendland G, Civello D,
Lauterbach KW. Asthma: prevalence and cost of illness. Eur
Respir J. 2005;25:47–53.

17. Schramm B, Ehlken B, Smala A, Quednau K, Berger K,
Nowak D. Cost of illness of atopic asthma and seasonal allergic
rhinitis in Germany: 1-yr retrospective study. Eur Respir J.
2003;21:116–122.

18. Jacob C, Bechtel B, Engel S, et al. Healthcare costs and
resource utilization of asthma in Germany: a claims data
analysis. Eur J Health Econ. 2016;17:195–201.

19. Arrobas A, Barbosa MP, Rabiais S, Vandewalle B, Felix J. Cost-
effectiveness of omalizumab in real world uncontrolled allergic
asthma patients. Pulmonology. 2021;27:124–133.

20. Bavbek S, Malhan S, Mungan D, et al. Economic burden of
severe asthma in Turkey: a cost of illness study from payer
perspective. Eur Ann Allergy Clin Immunol. 2021;53:128–
137.

21. Lee YJ, Kwon SH, Hong SH, et al. Health care utilization
and direct costs in mild, moderate, and severe adult
asthma: a descriptive study using the 2014 South Korean
health insurance database. Clin Therapeut. 2017;39:527–
536.

22. Nagase H, Adachi M, Matsunaga K, et al. Prevalence, disease
burden, and treatment reality of patients with severe,
uncontrolled asthma in Japan. Allergol Int. 2020;69:53–60.

23. Agache I, Akdis CA, Akdis M, et al. EAACI Biologicals
Guidelines-Recommendations for severe asthma. Allergy.
2021;76:14–44.

24. Van Ganse E, Antonicelli L, Zhang Q, et al. Asthma-related
resource use and cost by GINA classification of severity in
three European countries. Respir Med. 2006;100:140–147.

25. Stirbulov R, Lopes da Silva N, Maia SC, Carvalho-Netto E,
Angelini L. Cost of severe asthma in Brazil-systematic review.
J Asthma. 2016;53:1063–1070.
26. Costa E, Caetano R, Werneck GL, Bregman M, Araujo DV,
Rufino R. Estimated cost of asthma in outpatient treatment: a
real-world study. Rev Saude Publica. 2018;52:27.

27. Antonicelli L, Bucca C, Neri M, et al. Asthma severity and
medical resource utilisation. Eur Respir J. 2004;23:723–729.

28. Busse WW, Banks-Schlegel S, Wenzel SE. Pathophysiology of
severe asthma. J Allergy Clin Immunol. 2000;106:1033–1042.

29. O’Byrne PM, Naji N, Gauvreau GM. Severe asthma: future
treatments. Clin Exp Allergy. 2012;42:706–711.

30. Ahmed H, Turner S. Severe asthma in children-a review of
definitions, epidemiology, and treatment options in 2019.
Pediatr Pulmonol. 2019;54:778–787.

31. Fleming L, Murray C, Bansal AT, et al. The burden of severe
asthma in childhood and adolescence: results from the
paediatric U-BIOPRED cohorts. Eur Respir J. 2015;46:1322–
1333.

32. Perez de Llano L, Martinez-Moragon E, Plaza Moral V, et al.
Unmet therapeutic goals and potential treatable traits in a
population of patients with severe uncontrolled asthma in
Spain. ENEAS study. Respir Med. 2019;151:49–54.

33. Chen S, Golam S, Myers J, Bly C, Smolen H, Xu X.
Systematic literature review of the clinical, humanistic, and
economic burden associated with asthma uncontrolled by
GINA Steps 4 or 5 treatment. Curr Med Res Opin. 2018;34:
2075–2088.

34. Settipane RA, Kreindler JL, Chung Y, Tkacz J. Evaluating direct
costs and productivity losses of patients with asthma receiving
GINA 4/5 therapy in the United States. Ann Allergy Asthma
Immunol. 2019;123:564–572 e3.

35. Reddel HK, Bacharier LB, Bateman ED, et al. Global initiative
for asthma strategy 2021: executive summary and rationale
for key changes. J Allergy Clin Immunol Pract. 2022;10:S1–
s18.

36. Bleecker ER, Al-Ahmad M, Bjermer L, et al. Systemic
corticosteroids in asthma: a call to action from world Allergy
organization and respiratory effectiveness group. World
Allergy Organ J. 2022;15, 100726.

37. Ish P, Malhotra N, Gupta N. GINA 2020: what’s new and why?
J Asthma. 2021;58:1273–1277.

38. Cloutier MM, Dixon AE, Krishnan JA, Lemanske Jr RF,
Pace W, Schatz M. Managing asthma in adolescents and
adults: 2020 asthma guideline update from the national
asthma education and prevention program. JAMA.
2020;324:2301–2317.

39. O’Byrne P, Fabbri LM, Pavord ID, Papi A, Petruzzelli S, Lange P.
Asthma progression and mortality: the role of inhaled
corticosteroids. Eur Respir J. 2019;54.

40. Silberman J, Sarlati S, Harris B, et al. A digital approach to
asthma self-management in adults: protocol for a pragmatic
randomized controlled trial. Contemp Clin Trials. 2022;122,
106902.

41. Rumi G, Canonica GW, Foster JM, et al. Digital coaching using
smart inhaler Technology to improve asthma management in
patients with asthma in Italy: community-based study. JMIR
Mhealth Uhealth. 2022;10, e25879.

http://refhub.elsevier.com/S1939-4551(23)00028-5/sref9
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref9
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref9
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref10
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref10
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref10
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref10
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref11
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref11
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref12
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref12
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref13
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref13
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref13
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref14
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref14
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref14
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref15
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref15
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref15
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref15
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref16
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref16
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref16
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref17
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref17
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref17
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref17
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref18
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref18
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref18
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref19
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref19
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref19
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref20
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref20
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref20
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref20
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref21
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref21
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref21
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref21
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref21
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref22
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref22
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref22
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref23
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref23
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref23
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref24
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref24
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref24
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref25
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref25
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref25
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref26
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref26
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref26
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref27
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref27
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref28
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref28
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref29
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref29
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref30
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref30
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref30
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref31
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref31
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref31
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref31
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref32
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref32
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref32
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref32
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref33
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref33
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref33
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref33
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref33
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref34
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref34
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref34
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref34
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref35
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref35
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref35
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref35
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref36
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref36
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref36
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref36
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref37
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref37
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref38
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref38
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref38
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref38
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref38
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref39
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref39
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref39
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref40
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref40
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref40
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref40
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref41
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref41
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref41
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref41


16 Kim et al. World Allergy Organization Journal (2023) 16:100768
http://doi.org/10.1016/j.waojou.2023.100768
42. Chan A, De Simoni A, Wileman V, et al. Digital interventions to
improve adherence to maintenance medication in asthma.
Cochrane Database Syst Rev. 2022;6:Cd013030.

43. de Groot S, Lawrence J, Liddle J, Campbell J, Cheng DR.
Improving asthma care documentation with a digital
tool-experience in a pediatric institution. Appl Clin Inf.
2022;13:956–960.

44. Woo A, Lee SW, Koh HY, Kim MA, Han MY, Yon DK. Incidence
of cancer after asthma development: 2 independent
population-based cohort studies. J Allergy Clin Immunol.
2021;147:135–143.

45. Lee H, Ryu J, Chung SJ, et al. Short-acting beta2-agonist use in
asthma in Korea: a 10-year population-based study. Allergy
Asthma Immunol Res. 2021;13:945–953.
46. Lee EW, Kim HS, Kim W, Nam JY, Park JH. Socioeconomic
burden of disease due to asthma in South Korea. Asia Pac J
Publ Health. 2020;32:188–193.

47. Ferreira de Magalhaes M, Amaral R, Pereira AM, et al. Cost
of asthma in children: a nationwide, population-based,
cost-of-illness study. Pediatr Allergy Immunol. 2017;28:683–
691.

48. Santos LA, Oliveira MA, Faresin SM, Santoro IL, Fernandes AL.
Direct costs of asthma in Brazil: a comparison between
controlled and uncontrolled asthmatic patients. Braz J Med
Biol Res. 2007;40:943–948.

49. Franco R, Santos AC, do Nascimento HF, et al. Cost-
effectiveness analysis of a state funded programme for
control of severe asthma. BMC Publ Health. 2007;7:82.

http://refhub.elsevier.com/S1939-4551(23)00028-5/sref42
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref42
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref42
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref43
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref43
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref43
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref43
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref44
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref44
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref44
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref44
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref45
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref45
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref45
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref46
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref46
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref46
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref47
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref47
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref47
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref47
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref48
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref48
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref48
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref48
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref49
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref49
http://refhub.elsevier.com/S1939-4551(23)00028-5/sref49
https://doi.org/10.1016/j.waojou.2023.100768

	Epidemiology of patients with asthma in Korea: Analysis of the NHISS database 2006–2015
	Introduction
	Methods
	Data sources
	Study population and working definitions

	Results
	Prevalence of asthma
	Healthcare utilization in patients with asthma
	Medical costs for patients with asthma
	Healthcare use and direct costs according to the severity of asthma
	Treatment and prescription patterns according to the severity of asthma

	Discussion
	Abbreviations
	Acknowledgement
	Funding sourceThis research was supported by a grant of the Korea Health Technology R&D Project through the Korea Health In ...
	Funding source
	Availability of data and materialsThe authors confirm that the data supporting the findings of this study are available wit ...
	Availability of data and materials
	Author contributionsStudy design: JH Kim, WJ Song, HS Kwon, YS Cho, YJ Cho, SI Chang, and TB Kim; data collection: JH Kim,  ...
	Author contributions
	Ethics approvalThis study was approved by the Institutional Review Board of the Asan Medical Center (No. S2016-1254-0010) a ...
	Ethics approval
	Consent for publicationWe hereby declare that we all participated in the study and in the development of the manuscript tit ...
	Consent for publication
	Potential competing interestsThe authors report no competing interests.
	Potential competing interests
	Submission declarationThis manuscript has not been published or presented elsewhere in part or in entirety and is not under ...
	Submission declaration
	Appendix A. Appendix ASupplementary dataSupplementary data to this article can be found online at https://doi.org/10.1016/j.waojou.2023 ...
	Appendix A. Supplementary data
	References


