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ABSTRACT

Purpose: The prevalence of asthma is increasing globally as the world population increases;
however, and the prevalence and mortality of asthma have not been extensively investigated.
Also, the effects of severity and aging on asthma prevalence and mortality are unknown. We
aimed to investigate trends of the prevalence and mortality of asthma as well as health care
uses and costs over 14 years according to disease severity by using real-world data in Korea.
Methods: Using the National Health Insurance Sharing Service database, we extracted
asthmatic patients having diagnosis codes of asthma and prescription records of antiasthmatic
medications from 2002 to 2015 and categorized them according to asthma exacerbation and
regular treatment. We defined asthma-associated death in terms of patients' prescription
records within 3 months before all-cause death, then linked with the Cause of Death Statistics.
The annual asthma-related health care uses and costs were analyzed.

Results: The prevalence rates of asthma (1.6% to 2.2%) and severe asthma (SA; 3.5% to 6.1%
among total asthmatics) have increased steadily over the decade in Korea, where the proportion
of elderly asthmatics having increased. The asthma-related health care uses and costs had
increased during the study period with the highest uses/costs in SA. The asthma mortality had a
steady rising trend from 16.2 to 28.0 deaths per 100,000 with the highest mortality in SA.
Conclusions: The prevalence and mortality of asthma as well as SA increases along with the
burden of health care uses/costs. More active interventions, including changes in health care
policies, are needed to reduce the prevalence and mortality of asthma, especially SA.

Keywords: Asthma; prevalence; mortality; health care costs; morbidity; aged

INTRODUCTION

It is reported that the prevalence of asthma, a serious chronic lung disease caused by
chronic airway inflammation, has increased worldwide, and that aging increases the risk of
developing asthma. In Korea, the estimated number of asthmatic patients was 2,220,000,
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Disclosure and the number of deaths caused by asthma was 1,716 in 2010.%° It is noteworthy that the

There are no financial or other issues that prevalence of asthma has increased especially in the population aged >50 years® and that most
might lead to conflicts of interest.

countries, including Korea, face population aging. In addition, severe asthma (SA) is becoming
a critical issue in the management of adult asthma worldwide as severe asthmatics are suffering
from more frequent asthma exacerbations, emergency visits, and hospitalization requiring
more frequent health care uses.” Therefore, asthma, especially elderly asthma and SA will
impose a significant burden on quality of life and health care costs.

The prevalence of asthma can be underestimated in epidemiological surveys and reports.®
Also, even when asthma is a primary cause of death, it may be listed as a secondary cause or
omitted on death certificates. Asthmatic patients tend to have other chronic diseases,’ so
asthma may not be recorded as a primary cause of death. Counting asthma deaths listed as a
primary cause of death may result in asthma appearing to have a lower mortality rate.’

Previous studies have investigated asthma prevalence based on questionnaire responses,
disease codes, and spirometric assessments.'*? However, the availability of real-world data

has been granted and easily accessed, because the National Health Insurance Sharing Service
(NHISS) was available to the public for research purposes in 2009 and its use was promoted in
2013 in Korea.” Thus, this study used the NHISS database to examine trends in the prevalence,
mortality, health care use and costs of asthma in real-world evidence settings. The objective of
this study is to describe the prevalence and mortality of asthma and treatment patterns based
on their disease severity and medications, which aids in establishing public health care policies
on asthma management as well as guidelines for clinicians.

MATERIALS AND METHODS

Data sources and ethical approval

The National Health Insurance Corporation (NHIC) in Korea has established the NHISS
database to provide openness and sharing of National Health Information. The NHISS
database includes 1.3 trillion cases of qualification, insurance rate, medical check-up results,
treatment details, elderly long-term nursing insurance data, clinic status, etc., which were
utilized to analyze the prevalence and health care utilization of asthmatic patients in this
study. For asthma mortality, customized NHISS data were linked to the Cause of Death
Statistics from the Korean Statistical Information Service (KOSIS). This study was approved
by the Institutional Review Board of NHIC and Ajou University Medical Center (approval No.
AJIRB-MED-EXP-17135). All of the patients' data were de-identified.

Study population and operational definitions

Asthma definition, treatment and systemic corticosteroid burst

Asthmatic patients were annually defined when patients 1) were at the age of 12 years or
older, 2) had at least one diagnosis code of asthma (International Classification of Diseases,
10th Edition [ICD-10]: J45-J46) in the primary and fourth-order of secondary diagnosis, 3)
received at least one of the following asthma medications: long-acting muscarinic antagonist
(LAMA), long-acting B,-agonist (LABA), inhaled corticosteroids (ICS), ICS/LABA, short-
acting muscarinic antagonist (SAMA), short-acting f3,-agonist (SABA), xanthine, leukotriene
receptor antagonist (LTRA), systemic corticosteroid, and oral beta-adrenergic agonist.
Stepwise medication use was defined according to severity as follows: step 1, the main use of
SABA or SAMA,; step 2, use of ICS, LTRA, or xanthine; step 3, use of ICS/LABA alone, ICS +
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LTRA, or ICS + xanthine; step 4, use of ICS/LABA + LAMA, ICS/LABA + LTRA, or ICS/LABA +
xanthine; and step 5, oral corticosteroid prescription with a duration of > 90 days following
some modifications of the Global Initiative for Asthma (GINA) treatment guidelines.
Systemic corticosteroid burst was defined as being prescribed 1 bottle of intravenous
corticosteroid (100 mg of hydrocortisone or 125 mg of methylprednisolone) per day and/

or oral corticosteroid (prednisolone equivalent dose) 15 mg/day for >3 consecutive days.

The stepwise treatment was modified from GINA treatment guidelines. The combination of
medication was the main criteria to classify the stepwise treatment. Although it is not simple

to determine the treatment steps for an individual patient considering that treatment steps
could be changed according to symptom variations, the stepwise treatment in this study was
defined as follows. All prescriptions' records for the study subjects were reviewed. All kinds
of anti-asthmatic medications (SABA, SAMA, ICS, LABA, ICS/LABA, LTRA, xanthine, oral
corticosteroid) per prescription were listed, and the prescription days for oral corticosteroid
were summed up. The treatment step was assigned at each prescription. If medications
prescribed were changed (step-up or step-down according to symptom variability), the most
frequently assigned step was selected for the analysis. If all steps were equally assigned for
patients, the higher step was assigned for the analysis.

Asthma exacerbation and 4 asthma groups

Asthmatic patients with frequent exacerbations were classified as uncontrolled asthmatics
(UCT), which was defined as those who had at least one of the following prescription
histories: SABA > 2 canisters per year, SABA nebulizer use for 3 consecutive days 22 times per
year, systemic corticosteroids burst >2 times per year, or hospital admission for asthma > 1
time per year with some modification of the European Respiratory Society and the American
Thoracic Society guidelines.* To further classify asthma groups, all medication records
were carefully reviewed with prescription database by the pharmaceutical main ingredient
code in this analysis. According to asthma exacerbation and regular treatment, 4 asthma
groups were categorized: SA, untreated asthma (UT), well-controlled asthma (WC), and
intermittently treated asthma (IT) groups. Patients were considered to adhere to regular
treatment if patients had at least one of the following prescription histories: a medium to
high dose of ICS > 3 canisters, a medium to high dose of ICS/LABA > 3 canisters, LTRA > 90
days, or xanthine > 90 days. The definition of regular treatment depends on prescription
quantity/days as well as medication dosage. The SA group was defined if asthmatic patients
have frequent asthma exacerbations even with regular treatments; the UT group was defined
if asthmatic patients have frequent exacerbations without regular treatments; the WC group
was defined if asthmatic patients adhere to regular treatment without any exacerbations; the
IT group was defined if asthmatic patients do not adhere to regular treatment but with no
exacerbations. According to the definition in this study, for instance, patients with medium-
dose ICS or ICS/LABA but less than 3 canisters would be considered not to have adherence to
regular treatment, therefore they would be classified to either the UT or IT group according
to the presence of asthma exacerbations. Patients prescribed a low dose of ICS or ICS/LABA
would be also classified to either the UT or IT group according to the presence of asthma
exacerbations. The categorization of the asthma group is summarized in Table 1.

Asthma mortality

Asthma-associated deaths were defined according to the prescription records of patients
within 3 months before all-cause deaths were reported. Asthma-associated deaths were
considered present if a patient was determined to have asthma and at least one of the
following prescription histories: SABA > 1 canister, ICS > 1 canister, ICS/LABA > 1 canister,
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Table 1. The categorization of asthma groups based on exacerbation and adherence to regular treatment

Characteristics Asthma with frequent exacerbations (UCT)"
Yes No
Regular treatment”
Yes SA wcC
No uT IT

UCT, uncontrolled asthmatics; ICS, inhaled corticosteroids; LABA, long-acting 2-agonist; LTRA, leukotriene
receptor antagonist; SABA, short-acting 32-agonist; SA, severe asthma; UT, untreated asthma; WC, well-controlled
asthmay; IT, intermittently treated asthma.

*Regular treatment: i) a medium/high dose of ICS > 3 canisters; ii) a medium/high dose of ICS/LABA > 3 canisters;
iii) LTRA > 90 days; iv) xanthine > 90 days. TAsthma with frequent exacerbations (UCT): i) SABA > 2 canisters per
year; ii) SABA nebulizer use for 3 consecutive days > 2 times per year; iii) systemic corticosteroids burst > 2 times
per year; iv) hospital admission for asthma > 1 time per year.

LTRA > 30 days, or xanthine > 30 days within 3 months before all-cause deaths were reported.
Among asthma-associated deaths, the asthma-contributing death was considered present

if a patient's cause of death from Causes of Death Survey database was listed as respiratory
disease (ICD-10 code: JO0O-J99). Because we investigated the prescription records within

3 months before all-cause deaths were reported, the trends of mortality were examined
between 2003 and 2015.

Health care use and costs

Hospitals were categorized into tertiary, secondary, and primary care hospitals. Tertiary care
hospitals in Korea should be met with certain qualifications and appointed by the Ministry

of Health and Welfare. Secondary care hospitals include general hospitals, hospitals, and
convalescent hospitals. Primary care hospitals include primary health clinics, public health
centers, and branch offices of public health centers. The annual health care costs of asthma
were comprised of 1) direct medical costs for inpatients and outpatient visits including
Emergency Department visits; 2) direct nonmedical costs, 7.e., the sum of transportation costs
and caregiving costs; 3) indirect costs, i.e., productivity loss; and 4) medication costs. All health
care costs except medication costs were considered according to the hospital type of service
(outpatient and inpatient). Direct medical costs were the sum of hospital charges covered by
the National Health Insurances and patients' copayment for inpatients and outpatient visits
including Emergency Department visits. Transportation costs were round-trip transportation
costs per health care provider visit multiplied by the number of total visits. The caregiving
costs were caregiving costs per day multiplied by total days of hospital admission. The indirect
costs were calculated for each group (age 15-59 and > 60 years) by multiplying the loss of labor
productivity per day by total days of hospital admissions only when asthmatic patients older
than 15 years were admitted. Their calculation formulas® are specified in Table 2. All costs are
presented in United States dollars (USD), with the exchange rate of 1 USD = 1,000 Korean won.

Statistical analysis

Prevalence and mortality were age-standardized with 2005 midyear residents as a reference
population to adjust for the population structure. Prevalence and mortality were presented
with 95% confidence intervals (Cls), and calculated by using data from the NHISS and
Statistics Korea database based on the following formula:

Number of patients meeting the definition of asthmatic patients

Preval =
revalence Number of mid — year residents aged = 12 years

Number of asthma — associated deaths or asthma — contributing deaths

Mortality =
ortaity Number of mid — year residents aged > 12 years
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Table 2. The basic formula for calculating health care costs

Health care costs Outpatient Inpatient Formula

Direct medical costs n n - Hospital charges covered by the copayment policies in Korea for inpatients and outpatient visits
including Emergency Department visits

Direct nonmedical costs

Transportation n u (per round trip)
- The transportation costs were annually adjusted to the consumer price index based on
transportation costs in 2010 as a reference to reflect inflation
- The total transportation costs were calculated by multiplying transportation costs by the
number of outpatient visits and admissions according to the type of hospital service
Caregiving u - Annual caregiving costs were based on the Industrial Accident Compensation Insurance Act by
the Ministry of Employment and Labor
- The total caregiving costs were calculated by multiplying 1-day caregiving cost by the total days
of admissions for inpatients
Indirect costs n - Productivity costs were calculated for patients under 59 years and over 60 years, respectively
- The total indirect costs were calculated by multiplying a one-day productivity loss cost by the
total days of admission for inpatients
- One-day productivity loss costs were estimated by using a linear regression model for Gross
Domestic Product per capita for patients under 59 years and over 60 years, respectively

Medication costs n n

Data are presented as mean + standard deviation, and a 2-sample t-test was performed to
compare the significance of differences where applicable. A Pvalue of <0.05 was considered
statistically significant. All statistical analyses were performed using SAS software version 9.4
(SAS Institute Inc., Cary, NC, USA).

RESULTS

Patient characteristics

The data for patients (597,344 in 2002 to 1,130,530 in 2015) meeting the operational
definition of asthma between 2002 and 2015 were extracted from the NHISS database, and
then annual asthma cohorts were established each year of the study period. Asthma was
more prevalent in females than in males all the years. Of asthmatic patients, 38.7% in 2002
to 44.1% in 2015 were aged > 60 years, 11.9% in 2002 to 14.9% in 2015 were found to be
uncontrolled in which 3.5% in 2002 to 6.1% in 2015 were categorized as the SA group. All-
cause deaths were 1.5% in 2003 to 2.3% in 2015; of these, 66.3% in 2003 to 77.8% in 2015
were asthma-associated deaths and 21.2% in 2002 24.2% in 2015 were asthma-contributing
deaths (Table 3).

Changes in asthma prevalence

The prevalence of asthma steadily increased by 1.4 times, 1.55% (95% CI, 1.542-1.550) in
2002 to 2.21% (95% CI, 2.207-2.215) in 2015; the rate of increase was similar between males
and females. The female to male prevalence was higher than 1.4; 1.93% (95% CI, 1.928-1.940)
in 2002 to 2.75% (95% CI, 2.748-2.761) in 2015 for females, 1.15% (95% CI, 1.149-1.159) in
2002 to 1.67% (95% CI, 1.667-1.677) in 2015 for males (Fig. 1A). Asthma was more prevalent
in elderly patients aged > 60 years (Fig. 1B). UCT increased from 71,318 (11.9%) in 2002

to 152,668 (13.5%) in 2015 with no differences between males and females (Fig. 2A); the
proportion of elderly (over 60 years) was higher compared to other age groups, accounting
for 50.6% in 2002 and 51.9% in 2015 which further increase in those over 70 years (Fig. 2C).

Most asthmatics belonged to the IT group, and the percentage of the IT and UT groups
decreased steadily, 82.4% in 2002 to 72.2% in 2015, 8.5% in 2002 to 7.5% in 2015, respectively,
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Table 3. Demographic data of asthmatic patients in Korea from 2002 to 2015

Demographics Year
2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Total asthma cohort 597,344 618,433 684,400 820,293 905,262 929,235 963,5411,008,232 1,041,118 1,053,206 1,107,748 1,090,791 1,137,985 1,130,530
Sex
Male 218,257 230,673 260,865 312,741 348,716 358,677 373,227 390,955 407,764 411,619 434,214 428,123 442,324 437,241
Female 379,087 387,760 423,535 507,552 556,546 570,558 590,314 617,277 633,354 641,587 673,534 662,668 695,661 693,289
Age groups
12-19 49,239 42,134 51,585 66,047 80,612 76,455 76,624 97,861 99,653 94,881 91,785 87,965 96,451 94,570
20-29 48,199 45,352 48,974 57,434 60,061 60,615 59,794 62,947 66,515 63,840 68,123 69,279 76,599 76,779
30-39 91,924 91,232 96,886 120,689 120,922 125,614 121,413 125,081 131,541 129,953 132,693 132,096 138,455 133,723
40-49 90,376 91,007 99,056 117,932 124,359 127,379 132,176 132,306 134,439 134,487 140,605 143,877 154,949 151,684
50-59 86,591 90,092 98,548 118,610 130,732 135,544 142,827 147,811 157,428 165,880 173,933 173,655 179,725 174,834
60-69 124,357 134,705 144,345 161,382 173,080 174,769 180,330 179,230 179,737 177,687 182,856 176,471 180,481 185,674
70-79 82,768 94,267 108,735 132,347 157,742 164,605 178,175 185,044 188,730 197105 216,258 206,641 204,770 199,521
>80 23,800 29,644 36,271 45,852 57,654 64,254 72,202 77,952 83,075 89,373 101,495 100,807 106,555 113,745
ucTt 71,318 81,184 89,469 99,472 119,534 132,569 143,088 141,336 147,852 150,885 161,204 157,266 155,642 152,668
Asthma groups
SA 20,864 26,235 29,680 34,239 46,297 50,617 55,120 57,797 61,675 64,642 68,529 68,919 69,093 68,410
ut 50,454 54,949 59,789 65,233 73,237 81,952 87,968 83,539 86,177 86,243 92,675 88,347 86,549 84,258
wcC 33,921 47,562 59,790 72,560 91,864 104,194 114,751 129,504 137,825 142,080 147,329 152,975 156,779 161,396
IT 492,105 489,687 535,141 648,261 693,864 692,472 705,702 737,392 755,441 760,241 799,215 780,550 825,564 816,466
All-cause deaths 7,423 9,227 11,534 13,679 17,509 19,165 21,211 21,650 23,481 24,170 26,907 25,571 24,781 26,003
Asthma-associated deaths - 6,122 8,214 9,948 12,970 14,462 16,196 16,585 18,150 18,624 20,735 19,906 19,273 19,988

UCT, uncontrolled asthmatics; SA, severe asthma; UT, untreated asthma; WC, well-controlled asthma; IT, intermittently treated asthma.
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Fig. 1. (A) Age-standardized prevalence of asthma (over 12 years) in Korea. (B) Prevalence of asthma by age groups.
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Fig. 2. (A) Percentage of UCT by sex. (B) Percentage of asthma groups. (C) Percentage of SA group and UCT by age
groups.

SA, severe asthma; UT, untreated asthma; WC, well-controlled asthma; IT, intermittently treated asthma; UCT,
uncontrolled asthmatics.

while that of the WC group increased 2.5 times from 5.7% in 2002 to 14.3% in 2015. In addition,
the SA group increased 1.7 times from 3.5% in 2002 to 6.1% in 2015 (Fig. 2B), among which the
proportion of elderly asthmatics (over 60 years) increased from 54.7% in 2002 to 63.1% in 2015
(Fig. 2C), and the female-to-male ratio was consistently < 1.0, indicating the larger numbers of
males and the elderly in the SA group (Supplementary Fig. S1).
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Asthma treatment

More than 60% of patients (60.2% in 2002 and 65.0% in 2015) had > 1 prescription for
systemic corticosteroids during each year of the study period. ICS/LABA inhaler use increased
(8.6% in 2002 and 21.8% in 2015), but was used less often than other types of maintenance
medications such as corticosteroids and xanthine (51.5% in 2002 and 50.3% in 2015).'
Systemic corticosteroids and xanthine uses were still high, which increased over the study
period, even though it was not recommended for the treatment of asthma in the GINA
guidelines.” Oral maintenance medications, such as LTRA (11.3% in 2002 to 50.1% in 2015)
and xanthine, were commonly prescribed in Korea. Uses of ICS/LABA inhaler (26.5% in 2002
t0 49.2% in 2015), LTRA (26.2% in 2002 and 63.1% in 2015) and systemic corticosteroids
(89.6% in 2002 to 85.5% in 2015) were increased in UCT (Fig. 3A); highest uses of ICS/LABA
inhaler (55.6% in 2002 and 79.1% in 2015), LTRA (46.4% in 2002 and 76.4% in 2015) and
systemic corticosteroids (90.1% in 2002 and 84.1% in 2015) were noted in the SA group.
LTRA had been increasingly prescribed in the 4 groups and its uses in the IT group increased
5.6 times during the study period (7.9% in 2002 to 44.4% in 2015) (Fig. 3B).
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Fig. 3. Trends in the percentage of prescribed medications in (A) uncontrolled asthmatics and (B) the severe
asthma group. The proportion of (C) uncontrolled asthmatics and (D) the severe asthma group according to
treatment steps.

SABA, short-acting f3,-agonist; SAMA, short-acting muscarinic antagonist; LTRA, leukotriene receptor antagonist;
ICS, inhaled corticosteroids; LABA, long-acting B,-agonist; PO, by mouth. (continued to the next page)
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Fig. 3. (Continued) Trends in the percentage of prescribed medications in (A) uncontrolled asthmatics and (B) the
severe asthma group. The proportion of (C) uncontrolled asthmatics and (D) the severe asthma group according
to treatment steps.

SABA, short-acting f3,-agonist; SAMA, short-acting muscarinic antagonist; LTRA, leukotriene receptor antagonist;
ICS, inhaled corticosteroids; LABA, long-acting B,-agonist; PO, by mouth.

Regarding the stepwise treatment pattern, 69.9% in 2002 and 72.3% in 2015 of asthmatics
were treated according to step 1/2, and the proportion of patients treated with step 4/5
showed increasing trends, 3.0% in 2002 to 8.7% in 2015. However, of UCT, 72.3% in 2002 to
66.4% in 2015 were treated with step 1/2, although the proportion of UCT treated with step
4/5 increased 2.2 times (8.3% in 2002 to 18.2% in 2015) (Fig. 3C). Moreover, >50% of patients
in the SA group were treated with step 1/2 (62.7% in 2002 to 51.6% in 2015), although the
proportion of those with step 4/5 were highest and increased (20.5% in 2002 to 33.1% in
2015) (Fig. 3D).

Changes in asthma mortality

The rates of asthma-associated deaths and asthma-contributing deaths showed increasing
trends unlike those from Statistics Korea (Fig. 4A). It was noted that the asthma-contributing
death rate increased more than 2.9 times during the study period, 4.8 deaths per 100,000
(95% CI, 4.61-5.04) in 2003 to 13.8 deaths per 100,000 (95% CI, 13.48-14.17) in 2015. The
asthma-associated death rate increased rapidly starting from the > 70-years age group. It was
the highest in the > 80-years age group and remained stationary thereafter (Supplementary
Fig. S2). The asthma-associated death rate increased from 16.2 deaths per 100,000 (95% CI,
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15.75-16.56) in 2003, and reached the peak of 34.2 deaths per 100,000 (95% CI, 33.76-34.70)
in 2012, and slightly decreased thereafter to 28.0 deaths per 100,000 (95% CI, 27.60-28.37)

in 2015. The asthma-associated death rate was higher in males than in females (21.7 vs. 10.9
deaths per 100,000 in 2003, 32.6 vs. 21.8 deaths per 100,000 in 2015), whereas the number of
asthmatic patients was higher in females than in males (Fig. 4B).

50 -

B AAD B ACTD —— Statistics Korea

Mortality rates per 100,000

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Year Q

U AS-AAD —— AS-AAD male —— AS-AAD female
o
o
S 40}
o
=
g 30
1%
3
c 20+
=
g 10t
[e]
=
0 T T T T T T T T T T

T T T
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Year e

8500 sa —UT —wWC — T
3,000
2,500 |
2,000 |-

1,500 -

1,000

500 -

Mortality rates per 100,000

T T T T T T T T T T T T T
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Year e

Fig. 4. (A) Asthma mortality rates, AAD, and ACTD, compared to those from Statistics Korea. (B) Trends of
asthma-associated mortality rates per 100,000 in males and females. (C) Asthma-associated mortality rates per
100,000 by asthma groups.

AAD, asthma-associated deaths; ACTD, asthma-contributing deaths; AS-AAD, age-standardized asthma-
associated deaths; SA, severe asthma; UT, untreated asthma; WC, well-controlled asthma; IT, intermittently
treated asthma.
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Moreover, the asthma-associated death rates were significantly higher in UCT, 19.83 in 2003
to 22.96 in 2015 per 100,000 patients, which increased with age. In addition, the SA group
showed the highest asthma-associated death rate, presenting 1,917.3 per 100,000 asthmatics
(95% CI, 1,749.73-2,084.84) in 2003 to 2,650.2 per 100,000 asthmatics (95% CI,2,528.20—
2,772.19) in 2015; however, the ratio of asthma-associated deaths (the SA group to the IT
group) decreased from 2.4 in 2003 to 1.7 in 2015 (Fig. 4C).

According to the Cause of Death Statistics from the KOSIS database, 10.7% of deaths listed
asthma as a primary cause of death in 2003, and they steadily decreased to 4.9% in 2015. The
leading cause of death in the asthma-associated deaths was neoplasms (37.3% in 2003, 30.1%
in 2015, ICD-10 code: CO0-D48), followed by diseases of the respiratory system (33.1% in
2003, 31.6% in 2015, ICD-10 code: JO0-J99) and the circulatory system (13.4% in 2003, 16.1%
in 2015, ICD-10 code: 100-199) (Supplementary Fig. S3).

Health care use and costs

Most asthmatics received outpatient health services at primary care clinics (83.8% in 2002,
75.2% in 2015; Fig. 5A); however, they tended to receive more health services from secondary
(2.1% in 2002, 7.6% in 2015) and tertiary care hospitals (14.1% in 2002, 17.3% in 2015).
While hospitalization at tertiary care hospitals decreased (81.1% in 2002, 63.9% in 2015),
hospitalization at secondary care hospitals increased (10.7% in 2002, 32.7% in 2015; Fig. 5B).

Compared to the IT + WC groups, UCT had more frequent visits at outpatient clinics per year
(9.75 £5.76 times vs. 3.19 £ 3.36 times in 2002, 15.11 + 16.12 times vs. 4.89 * 7.64 times in
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Fig. 5. The percentage of healthcare use in (A) outpatient and (B) inpatient care.
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Fig. 6. (A) Total asthma-related costs. (B) Inpatient medical costs by age groups.

2015, P<0.001) and longer hospitalization days (14.78 + 21.55 days vs. 15.59 + 21.23 days in
2002, 22.42 + 43.18 days vs. 17.49 + 33.93 days in 2015, P < 0.001). Moreover, the SA group had
the highest health care uses (10.03 + 4.94 clinic visits in 2002 to 14.05 + 15.81 clinic visits in
2015; 17.96 + 25.6 hospitalization days in 2002 to 24.57 + 40.38 hospitalization days in 2015)
compared to the WC group (7.65 + 4.1 clinic visits in 2002 to 9.31 + 9.85 clinic visits in 2015;
19.00 +29.01 hospitalization days in 2002 to 21.98 + 37.78 hospitalization days in 2015).

Total asthma-related costs steadily increased every year ($214 million in 2002 to $1,019
million in 2015) as direct medical costs for inpatients ($84 million in 2002 to $522 million

in 2015) and indirect costs ($16 million in 2002 to $119 million in 2015) increased (Fig. 6A).
The cost for outpatient clinic visits per capita was $30.0 in 2002 to $31.2 in 2015 over the past
14 years, but total costs for outpatient clinic visits nearly doubled over the past decade ($56
million in 2002, $119 million in 2015). The cost for inpatients per capita was $403 in 2002 to
$528 in 2015, and total costs for inpatients were on a steep rise ($84 million in 2002 to $522
million in 2015). In particular, total costs for inpatients in the > 60-years age group accounted
for 50.6% in 2002 to 52.6% in 2015 of those over the past 14 years, which was significantly
higher than in the < 59-years age group during the study period (Fig. 6B). Also, total costs

for asthma-related prescriptions increased more than 3 times ($27 million in 2002 to $87
million in 2015). The direct non-medical costs, including transportation and caregiving
costs, increased due to consumer price inflation. Likewise, the increase in indirect costs was
inevitable with wage raise.
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When total asthma-related costs were compared, the proportion of UCT accounted for 42.5%
in 2002 to 35.7% in 2015; the asthma-related costs per capita were much higher in UCT (5.4
times in 2002 to 3.6 times in 2015) than those of the IT + WC groups, which further increased
in the SA group (9.3 times in 2002 to 5.3 times higher in 2015) compared to 3 other groups.
The total health costs for inpatients per capita were the highest in the WC group ($2,479 in
2002 to $4,072 in 2015), and even higher than in the SA group ($2,157 in 2002 to $3,856 in
2015). Nevertheless, the cost for outpatient clinic visits per capita in the SA group was the
highest ($308 in 2002 to $330 in 2015) and 4.4-5 times higher compared to the WC group
($70 in 2002 to $66 in 2015). The cost of asthma-related prescriptions per capita in the SA
group was the highest ($423 in 2002 to $408 in 2015) and 42 and 32 times higher in 2002 and
2015, respectively compared to those of the IT group ($10 in 2002 to $13 in 2015).

DISCUSSION

In many developing countries, asthma has been raised as a health issue associated with air
pollution and fast industrialization, and its prevalence has been increasing.’® The GINA
report for 2019 also noted an increasing trend in asthma, and 339 million people suffer from
asthma worldwide.? This study found that the prevalence of asthma in Korea is steadily rising
as in other developing countries. Considering that SA impacts on health care and carries a
financial burden, we demonstrated that the prevalence of SA had been rapidly increasing
during the past decade in Korea, especially in the elderly population. This increasing trend

is consistent with those of previous studies,'***22 although the prevalence varied among
surveys and analyses. This trend led to an increase in health care costs for asthma,? especially
for SA, and these costs are expected to further rise along with increases in the prevalence and
morbidity of asthma in the elderly. With the aging population increasing, asthma needs to

be re-evaluated and prepared in the overall disease structure and health care policy. Asthma
can be a huge financial burden on society,* so large-scale studies are needed to examine its
trends and to properly treat asthmatics, especially elderly ones. We explored the prevalence
and mortality in aspects of asthma exacerbations and regular treatment. This is the first study
to demonstrate long-term changes in asthma prevalence (based on disease and prescription
codes) and mortality from 2002 to 2015 based on the nation-wide data by comparing
controlled vs. uncontrolled groups and regularly treated vs. not-treated groups, which helps
understand current situations of SA in Korea.

It is not easy to extract exact asthma mortality because asthma-associated deaths have been
recorded as less specific causes including chronic lower respiratory diseases," suggesting

the possibility of underestimating asthma mortality. The GINA Dissemination Committee
report documented that the asthma-associated deaths per 100,000 asthmatics in Korea were
4.9 in the 5- to 34-year age group each year.” The present study demonstrated that asthma
mortality has been increasing during the past 14 years, much higher than ever reported.® One
controlling factor may be the increasing proportion of elderly asthmatics because they have
more comorbidities and are generally more reluctant to accept medical treatments.” This could
also suggest that some elderly asthmatics have various comorbid diseases, such as chronic
obstructive pulmonary disease (COPD), and respiratory complications, such as pneumonia,
which may contribute to higher mortality rates. To the best of our knowledge, this is the first
study to report asthma-related mortality during the past 14 years at the national level in Korea.
When we compared these asthma-associated deaths with the official records of Cause of Death
Statistics published by Statistics Korea, it is evident that asthma-associated deaths have been

https://e-aair.org https://doi.org/10.4168/aair.2020.12.3.467 479



Allergy, Asthma & AA] R
Prevalence and Mortality of Asthma Immunology Research

underestimated for many years in Korea. Furthermore, asthma-associated deaths are higher
in asthmatics with frequent exacerbations; severe asthmatics had 1.7 times higher mortality in
2015 (2.4 times in 2002) compared to the IT group. Considering that the elderly population is
rapidly expanding worldwide® and that the proportion of the elderly among severe asthmatics
is increasing, more strict control of elderly asthmatics, including active intervention of

comorbid conditions, is required for reducing the mortality of SA.

The GINA guidelines introduced the management of asthma and maintenance medications,
such as ICS and/or LTRA, have been strongly recommended in adult patients with asthma.”
The present study showed that the use of ICS with or without LABA and/or LTRA (at least step
2 treatment) has been increasing since 2005. However, systemic corticosteroid/xanthine uses
which are not recommended as maintenance medications in the GINA guideline is still used
frequently. The proportion of patients who were prescribed xanthine was found to be 63.4%—
69.8% in UCT; more than 85% of whom were also treated with systemic corticosteroids.
Moreover, systemic corticosteroid uses in the WC and IT groups were considerably frequent
(55.6%-61.8%). Previous studies evaluating current asthma management in Korea also
found that the prescription rate of oral corticosteroids alone was as high as 40.6%.%3°

These findings suggest that asthmatics, especially elderly asthmatics, prefer to take oral
medications rather than the use of inhalers and demand systemic corticosteroids more
frequently. Active education of physicians, patients, and allied health care professionals is
needed to change prescription patterns according to the international guidelines.

Asthma symptoms vary as they are affected by various conditions and patients' behaviors.*
Previous studies reported that approximately 5% of asthmatics had persistent symptoms and
were not well controlled despite long-term treatment with high-dose ICS.*3* In the present
study, the number of the WC group increased (> 2.5 times) over the past 14 years and UT
decreased from 8.5% in 2002 to 7.5% in 2015, whereas the SA group increased to 6.1% in 2015
(compared to 3.5% in 2002), indicating that some adult asthmatics are still not in controlled
status in Korea, even though treatment guidelines are widely distributed, and anti-asthmatic
medications and medical resources are easily accessible. For the effective control of the SA
groups, biologics, as well as high-dose ICS/LABA and/or LAMA, can be recommended; however,
active education of both patients and physicians are essential for reducing the proportion of UT
patients, improving asthma control status, and reducing the prevalence and mortality of SA.

A systematic review reported that asthma-related costs have been increasing globally with
age and severity. Total asthma-related costs were reported to be $7.2 billion in the US, $49
million in Singapore, and $1 billion in Korea in 2015.>* Because SA accounts for a larger
portion of asthma-related costs,* health care costs inevitably increase as more patients
develop SA with age.”” A previous study reported that hospitalization is one of the most
important factors for direct health costs.*® The present study confirmed that total asthma-
related costs (as well as those per capita) steadily increased to > $1 billion in 2015 as both
direct and indirect costs increased. In addition, the SA group showed more frequent clinic
visits and longer hospitalization days as well as much higher asthma-related costs per capita.
Elderly asthmatics (over 60 years) accounted for 50.6%—53.4% of UCT and 54.7%-64.3% of
the SA group; among them, 66.7%-70.5% had ever hospitalized. Although medical costs for
asthma treatment in Korea are relatively low and covered by national health insurance,® there
may be increases in health care costs in the future as the Korean population ages. With the
proportion of elderly asthmatics increasing in the SA group, active interventions are required
to prevent asthma exacerbation, reducing asthma-related costs and economic burdens.
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This study used the NHISS database, health claims data from national health insurance to
cover approximately 98% population in Korea,* so its main strong point is that it analyzed

a relatively large number of samples during such a long period. However, the definition

of asthma, asthma groups, and treatment patterns were based on diagnosis codes and
prescription records, and not by clinician judgment/information. The operating definition
used in the present study may be wider in order to collect asthma-related data available for
estimating the long-term prevalence/ mortality of asthma. Even one time visit of a patient
having a prescription history of asthma-related medications could count an asthmatic patient
according to our definition, although we could not analyze any association with clinical
parameters such as lung functions. Since the prevalence of asthma was estimated mainly
according to the operational definitions, it could differ from those of other studies using
different operational definitions, which may make it difficult to generalize our findings to
all clinic populations. In addition, the current data could include patients with asthmatics
overlapping COPD if the patients having 2 diagnostic codes; however, fully excluding these
patients from the analysis may reduce the efficacy to evaluate the various aspects of asthma
trends, especially mortality. Patients with a diagnosis code of COPD (J44) alone were not
included in the analysis, so that they remained and noted in the dataset. Finally, new asthma
medications have been approved and prescribed for the recent years, which may increase the
prevalence of asthma prevalence in this study. Despite these drawbacks, we suggest that this
definition may be useful to evaluate trends in the long-term prevalence, mortality, healthcare
use and costs of asthma in real-world evidence study settings. In regard to healthcare

costs, the NHISS database does not include non-covered costs not paid by the government
health insurance; therefore, non-covered costs can be omitted when calculating direct
medical costs. We also we include direct non-medical costs of caregiving and transportation
which occurs with hospitalizations alone, suggesting that total asthma-related costs

could be underestimated. A more accurate estimation of total asthma-related costs can be
accomplished with economic evaluation studies.

In conclusion, we demonstrated that the prevalence and mortality of asthma increase along
with increasing burdens of health care uses/costs, which were much higher in SA. With the
population aging, more active interventions, including changes in health care policy, are
needed to reduce the prevalence and mortality of SA.
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The ratio of female to male asthmatics according to asthma groups.
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Supplementary Fig. S2
Asthma-associated mortality rates per 100,000 by age groups.
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Supplementary Fig. S3
Cause of asthma-associated deaths that were linked with Causes of Death Survey database.
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