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Purpose: The prevalence and burden of asthma is increasing worldwide. In this study, we analyzed 3 different Korean national health survey datas-
ets to determine the general features of adult asthma in Korea and to obtain basic information that would support future strategies for better man-
agement of adult asthma. Methods: The surveys used in this study included the Korea National Health and Nutrition Examination Survey (KNHANES),
Korea Community Health Survey (KCHS) and National Health Insurance Service-National Sample Cohort (NHIS-NSC). We investigated annual asth-
ma prevalence, evaluating the rate and risk factors of asthma exacerbation by age and sex, and clinical data of 1,832 patients with asthma who
were registered in the Cohort for Reality and Evolution of Adult Asthma in Korea (COREA) were analyzed to elucidate risk factors for asthma exacer-
bation. We also analyzed another asthma cohort and added it as replication data. Results: In the KNHANES database, annual asthma prevalence
rates varied from 1.2% to 3.1%. In the KCHS database, overall prevalence increased, with significant regional differences (1.6%-2.1%). The NHIS-
NSC indicated a gradual increase in annual asthma prevalence from 4.5% to 6.2%. Interestingly, all 3 surveys indicated the highest prevalence of
asthma among elderly women. In addition, elderly women with asthma had a significantly higher risk of asthma exacerbation (odds ratio [OR], 1.87;
95% confidence interval [Cl], 1.19-2.93; P=0.006). Approximately 11% of patients were classified as having severe asthma. An asthma cohort anal-
ysis identified female sex, low baseline pulmonary function, longer treatment duration, high variability in pulmonary function and significant chang-
es in Asthma Control Test scores as risk factors for asthma exacerbation. Conclusions: The prevalence of asthma in Korea is consistently high
among elderly and female populations. These results should lay the foundation for strategies for effective asthma prevention and management; el-
derly female patients with asthma should receive particular attention.
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INTRODUCTION

As the prevalence of asthma has increased gradually to its cur-
rent peak; its associated burden has also increased significant-
ly."* In 2015, asthma was among the most prevalent chronic re-
spiratory diseases, affecting an estimated 358 million people.’
The prevalence of asthma in Asian countries including Korea
has been reported to range from 0.7% to 11.9%.* The clinical
features of asthma are well known to vary by age, sex, environ-
ment and ethnic background, and each subtype of asthma ex-
hibits different severities and prognoses.>® For example, after
the onset of puberty, asthma is observed more frequently in fe-
males.” Although the mechanism is unclear, there is growing
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interest in female asthma. Therefore, better strategies for asth-
ma management rely on the definition of a certain subtype of
asthma based on clinical and epidemiological characteristics.?
Studies involving an analysis of data from large national health
surveys or cohorts would be particularly valuable for a compre-
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hensive understanding of asthma features.

In Korea, nationwide datasets such as those generated by the
Korea National Health and Nutrition Examination Survey (KN-
HANES), the Korea Community Health Survey (KCHS) and the
National Health Insurance Service-National Sample Cohort
(NHIS-NSC) can be used to evaluate disease prevalence. The
KINHANES is a nationwide population survey conducted by the
Korea Centers for Disease Control and Prevention (KCDC). The
KCHS is also a nationwide health survey representing 253 cit-
ies, provinces and local health centers. The National Health In-
surance (NHI) program covers 97.9% of the total general popu-
lation, and the NHIS-NSC is a sample cohort of 1 million peo-
ple randomly selected from the NHI program.

The purpose of this study was to evaluate the status of adult
asthma in Korea with the aim of identifying better strategies for
asthma management. In the current study, we investigated the
prevalence of asthma in the general population according to
age and sex over time using national databases. In addition, we
evaluated the proportion of each group of patients with asthma
according to severity and asthma exacerbation rate. Finally, we
attempted to find major risk factors for asthma exacerbation
among adult patients with asthma using actual clinical data ob-
tained from the Cohort for Reality and Evolution of Adult Asth-
ma in Korea (COREA), a representative multicenter adult asth-
ma cohort in Korea. To make the results more robust, Soonc-
hunhyang University Asthma Genome Research Center (SCH)
was analyzed by the same methods.

MATERIALS AND METHODS

Nationwide databases in Korea and a working definition of
asthma

For the general population analysis, 3 databases KNHANES,
KCHS and NHIS-NSC, were used. The data did not include any
identifiable information about the individual patients. The KN-
HANES is a nationwide health and nutrition survey that has
been maintained since 1998. This survey has collected various
data including physical examination findings by physicians,
clinical and laboratory tests, information from personal inter-
views, and related measurements.’ The KNHANES is comprised
of 3 types of questionnaires that address health, nutrition and
screening. This survey includes some items related to asthma
such as questions about asthma diagnoses. To improve the ac-
curacy of asthma diagnoses in this study, asthma was consid-
ered only when the study participant provided a positive response
to the question: “Have you been diagnosed with asthma by your
doctors?” To obtain appropriate estimates, we followed the gui-
delines for reporting sample weight and stratification as desig-
nated by the KCDC. On the basis of the information collected,
the prevalence of asthma was analyzed from 1998 to 2013 and
by age and sex. We obtained the data regarding age and sex dis-
tribution from the Population and Housing Census conducted
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by Statistics Korea in 2005 and adjusted the data.

The KCHS is another nationwide health survey conducted in
253 cities, provinces and local health centers. This survey also
includes asthma-related questions that examine whether the
subject experienced wheezing symptoms during the last year,
whether they had been diagnosed with asthma by their physi-
cians and received treatment, or whether they had experienced
aworsening of their condition over the past year. From the KCHS
data, the prevalence of asthma was defined as the experience
rate of diagnosed asthma by a physician during the lifetime pe-
riod of 2008-2013 and was standardized by sex and age. We also
compared asthma prevalence among different regions in Korea.

The NHIS-NSC database is a cohort database created in 2002,
excluding noncitizens and special purpose employees with an
unidentifiable income level. It links an individual’s social and
economic variables (i.e., qualification data) with their medical
history and health screening data. A sample of 1 million people
(1,025,340; 2.2% of the total population in 2002) in the NHIS da-
tabase followed participants for 11 years unless their eligibility
was disqualified because of death or emigration. Systematic
stratified random sampling with proportional allocation within
each stratum was conducted using the individual’s total annual
medical expenses. Within each stratum, systematic sampling
was conducted after sorting population data by the value of an-
nual medical expenses and maintaining a sampling rate of 2.2%.
During the follow-up period, the cohort was updated annually
by adding a representative sample of newborns using the 2.2%
sampling rate.'” The NHIS-NSC database can be longitudinally
analyzed for 11 years (2002-2012). We defined eligible asthma
patients for this study as those whose medical claims included
International Classification of Disease, Tenth Revision, Clinical
Modification (ICD-10-CM) diagnosis codes (J45-J46) for asth-
ma during the identification period of January 1, 2002 through
December 31, 2012. In addition, the prescription of 1 or more
asthma medications and the performance of designated asth-
ma-related tests were considered an operational definition of
asthma (Supplementary Table 1). In other words, asthma was
defined as a condition that meets an asthma diagnosis code
(J45-J46) at the same time asthma-related tests were performed
or medications were prescribed. The prevalence was determined
by the number of patients with asthma divided by the total num-
ber of patients registered by the NHIS-NSC and was analyzed
annually by age and sex. Incidence was defined as the number
of patients with a new case of asthma diagnosed in a specific
year, with the denominator as the number of patient-years of
observation (calculated from the number of patients registered
with practices and their length of registration). The incidence
was analyzed for all ages, except children under 1 year of age.

Among these defined patients with asthma, an episode of acute
exacerbation was defined as an event requiring an asthma-re-
lated hospital admission, emergency room visit or the use of
prescribed systemic steroids in an outpatient-based treatment
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setting. We divided these patients by the total number of pati-
ents defined as having asthma to calculate the annual asthma
exacerbation rate. In addition, all the patients with asthma were
divided into 3 groups according to severity levels that were de-
fined according to their medications: mild asthma, low-dose
inhaled corticosteroid (ICS); moderate asthma, medium-dose
ICS; and severe asthma, high-dose ICS. Each ICS dose was con-
verted to the budesonide-equivalent dose and was then classi-
fied as low-, medium- or high-dose ICS according to the annu-
al Global Initiative for Asthma (GINA) guidelines." This study
was approved by the Ethics Committee of the National Institute
of Health (NIH).

Risk factors for asthma exacerbation: analysis of a cohort of
adult patients with asthma

For COREA, a total of 1,832 patients with asthma were recruit-
ed by allergists or pulmonologists at 23 referral centers in diverse
areas of the Republic of Korea.*"> These patients had experienced
dyspnea, cough, sputum production or wheezing for > 3 months.
All the patients showed positive airway hyperresponsiveness as
indicated by a 20% fall in the forced expiration volume in 1 sec-
ond (FEV1) with a methacholine dose of 16 mg/mL (PCa) dur-
ing a bronchial provocation test, or positive bronchodilator re-
sponsiveness (12% and 200 mL improvement in FEV1 after in-
halation of 180 pg of albuterol). At enrollment, the patients’ con-
ditions were stable with regular medications. Patients with se-
vere lung damage, bronchiectasis or a history of lung resection
were excluded." Another independent cohort of patients was
registered at the SCH (Bucheon, Korea), and their asthma diag-
nosis was based on GINA guidelines. All the patients were aged
>18 years, and they were regularly followed up and treated with
appropriate medications based on the GINA guidelines. Unlike
the COREA cohort analysis, longitudinal data for 1 and 3 years
were not obtained and analyzed. The design and protocol for
this cohort study were approved by the Institutional Review
Board of each center (2012-0234). Asthma exacerbation was
defined as the presence of 1 or more of the following during the
previous year: 1) emergency department visit, 2) unexpected
outpatient visit, 3) inpatient or intensive care unit treatment, or
4) use of systemic corticosteroids (> 3 consecutive days). Accord-
ing to this definition, we compared the differences between pa-
tients who experienced asthma exacerbations and stable pa-
tients with asthma without exacerbations, and we considered
variables with significant differences to be risk factors.

Statistical analysis

To obtain unbiased estimates of asthma in the general popu-
lation, we applied the KNHANES sampling weights. We followed
the guidelines for reporting sample weight (sampling weights)
and stratification designed by the KCDC. This information is
also available on the KNHANES website (http://knhanes.cdc.
go.kr). In addition, the weights were modified by adjusting for
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sex and age. Given that samples in the same areas exhibited high
correlations, an analysis of prevalence was performed using the
generalized linear mixed model method while considering the
spatial correlation. We conducted logistic regression and uni-
variate analyses to determine risk factors for asthma exacerba-
tion. Next, we selected statistically significant variables satisfy-
ing P < 0.05 in the univariate analysis. We then performed a mul-
tiple regression with these selected variables to determine the
association of asthma exacerbation with each variable. Next,
we extracted significant variables that correlated strongly with
the deterioration of the patient’s asthma and calculated the odds
ratios. We further analyzed and compared the risk factors for
asthma exacerbation between male and female patients. All the
statistical analyses were performed using R software (R Project
for Statistical Computing, Vienna, Austria; www.r-project.org).
A Pvalue of <0.05was considered statistically significant.

RESULTS

Prevalence and incidence of asthma in Korea

According to the KNHANES database from 1998 to 2013, the
annual asthma prevalence among individuals older than 19
years ranged from the lowest rate of 1.2% in 1998 to the highest
rate of 3.1% in 2010. The prevalence of asthma was consistently
higher among women than among men (Fig. 1 and Supplemen-
tary Fig. 1). In particular, the largest sex-based difference in prev-
alence occurred in 2013, with rates of 2.3% and 3.6% among
male and female subjects, respectively (Table 1). An analysis by
age revealed a significantly higher prevalence in the elderly group
(= 65 years old) than that in the younger group (Table 1 and
Supplementary Fig. 1A and B). In particular, the prevalence of
asthma among female elderly patients (= 65 years old) in 2013
was 9.7%, or 3-fold higher than that in men (Table 1 and Sup-
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Fig. 1. Prevalence of asthma in Korea: KNHANES database and NHIS-NSC
from 2001 to 2013. KNHANES, Korea National Health and Nutrition Examina-
tion Survey; NHIS-NSC, National Health Insurance Service-National Sample
Cohort.
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Table 1. Prevalence of asthma from 1998 to 2013: KNHANES database

Volume 10, Number 4, July 2018

Characteristics 1998 2001 2005 2007 2008 2009 2010 201 2012 2013
Prevalence™ (%) 12 14 2.1 22 2.7 28 31 30 2.7 28
Sex
Male 1.0 1.3 2.0 18 22 2.5 3.1 2.6 26 2.3
Female 13 14 23 2.8 35 32 32 3.7 29 36
Age (yr)
19-29 04 04 1.1 0.7 2.3 29 3.2 38 24 38
30-39 04 04 0.7 05 15 2.3 3.1 18 24 14
40-49 06 0.7 12 20 1.7 1.7 15 1.6 25 1.3
50-59 14 1.6 26 35 2.8 2.3 29 26 24 20
60-69 34 34 48 49 43 46 38 55 3.1 5.2
=70 43 6.2 8.3 70 89 55 6.7 6.6 5.5 7.7
Elderly (= 65) 42 515 A 7.1 74 52 56 6.4 44 70
Male 52 6.2 74 6.2 5.1 5 5.1 48 39 32
Female 35 50 6.9 1.7 89 53 6.0 75 48 97
KNHANES: Korea National Health and Nutrition Examination Survey.
*Standardized for > 19 years of age.
Table 2. Prevalence of asthma by region from 2008 to 2013: KCHS database = 30 r
Regions 2008 2009 2010 2011 2012 2013 %
Prevalence (%) 1.7 18 20 2.1 2.1 2.1 %
Seoul 19 24 29 28 28 26 g 27
Busan 21 19 22 21 21 22 =
Daegu 17 15 14 20 22 18 % - Total
Incheon 36 32 28 28 25 23 2 10 -l Male
Gwangju 25 17 19 30 27 25 S - Female
Daejeon 7 17 22 20 20 18 £
Ulsan 23 24 14 19 19 18 2 . . . . .
Gyeonggi 26 23 24 25 2.7 24 2004 2006 2008 2010 2012
Gangwon 43 30 2.1 24 25 22 Year
Chungbuk 15 20 2.1 22 29 25
Chungnam 2.3 2.1 26 23 32 30 Fig. 2. Incidence of asthma by sex from 2004 to 2012: NHIS-NSC database.
Chonbuk 21 15 15 25 26 27 NHIS-NSC, National Health Insurance Service-National Sample Cohort.
Chonnam 25 22 2.1 25 23 27

Kyungpook 19 18 1.7 16 1.7 2.3
Kyungnam 24 1.7 1.7 1.6 15 19
Jeju 19 15 25 25 27 27

KCHS, Korea Community Health Survey.

plementary Fig. 1C). The KCHS data showed an increasing trend
in overall prevalence, and a regional analysis revealed that Chun-
gnam Province had the highest prevalence of 3.0% in 2013. The
annual regional trends of asthma prevalence varied, and the
prevalence in Jeju Province increased continuously (Table 2).
According to the NHIS-NSC database from 2002 to 2012, the
prevalence of asthma also increased gradually from 4.5% to 6.2%.
Similar to the results of the KNHANES analysis, the prevalence
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of asthma was significantly higher in women than in men in each
year (Table 3 and Supplementary Fig 2A). In addition, the prev-
alence of asthma was remarkably higher in the elderly group
(= 65 years old) than in any other age group of adult patients
with asthma (Table 3, Supplementary Fig. 2A and B).

According to the NHIS-NSC database analysis, the overall in-
cidence of asthma per year has exceeded 20 per 1,000 person-
years since 2009. Interestingly, the asthma incidence was always
higher among women than among men (Table 4 and Fig. 2).

Asthma severity and acute asthma exacerbation rate according
to the NHIS-NSC database and risk factors for exacerbation in
the COREA cohort

Approximately 80% of the patients had moderate asthma; ac-
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Table 3. Prevalence of asthma by age from 2002 to 2012: NHIS-NSC database

High Prevalence of Asthma in Elderly Women

Characteristics 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
Prevalence (%) 451 477 499 543 559 5.57 5.65 5.83 5.73 6.13 6.23
Sex
Male 427 449 469 512 532 575 527 544 541 5.7/ 575
Female 476 5.06 5.29 5.74 5.86 5.88 6.03 6.23 6.05 6.52 6.71
Age (yr)
1-4 26.18 29.24 30.78 33.44 36.45 37.79 38.31 37.90 40.11 40.66 39.01
59 12.20 13.04 13.95 16.57 17.84 17.75 17.33 19.85 19.85 22.06 20.17
10-14 401 3.45 4.00 4.56 499 448 468 6.11 5.88 6.53 599
15-19 113 1.22 1.39 1.53 1.86 1.82 1.92 258 240 2.50 2.66
20-24 0.95 1.02 121 1.35 142 151 1.47 1.68 1.74 1.84 2.08
2529 1.39 1.47 1.63 1.85 1.94 1.92 1.97 2.09 212 2.17 2.39
30-34 2.00 2.21 2.25 262 264 280 265 284 2.74 2.83 291
35-39 2.08 218 2.37 2.67 2.70 290 289 301 2.92 309 335
40-44 2.07 218 2.37 264 2.67 278 287 2.79 2.74 297 3.16
4549 2.22 239 261 2.89 2.85 299 309 301 294 307 328
50-54 2.74 295 314 333 332 345 370 353 333 355 382
55-59 349 3.86 415 4.46 432 443 465 445 430 458 493
60-64 436 499 513 5.55 548 547 572 538 525 547 6.04
65-69 5.19 5.98 6.19 6.59 6.68 6.73 6.99 7.10 6.85 725 762
70-74 6.34 7.00 7.08 7.43 7.26 77 8.26 8.02 7.7 8.18 8.89
7579 6.85 7.46 720 7.85 7.84 779 8.76 8.10 7.46 9.28 9.85
>80 455 470 5.44 5.42 5.68 6.02 6.55 6.24 5.81 6.86 8.10
Elderly ( = 65) 5.88 6.58 6.70 7.10 711 122 177 7.58 7.06 8.06 8.70
NHIS-NSC, National Health Insurance Service-National Sample Cohort.
Table 4. Incidence of asthma by sex from 2004 to 2012: NHIS-NSC database
Characteristics 2004 2005 2006 2007 2008 2009 2010 201 2012
Number of people with newly diagnosed asthma 26,734 53,141 76617 100006 119567 139600 159,303 180,713 201970
Person-year (from 2002) 2,781,429 3663136 4,446,443 5349011 6,018,190 6,755,781 7,505,520 8,234,300 8,942,868
Incidence density (per 1,000 person-years) 9612 14.507 17.231 18.696 19.868 20.664 21.225 21.946 22.584
Sex
Male 8.599 12.856 15.343 16.569 17.521 18.152 18.638 19.274 19.798
Female 10.677 16.181 19.149 20.861 22272 23.242 23.887 24.702 25.465

NHIS-NSC, National Health Insurance Service-National Sample Cohort.

cordingly, this condition was most prevalent. Approximately
11% of the patients had severe asthma (Supplementary Table 2
and Fig. 3A). The annual asthma exacerbation rates ranged be-
tween 25% and 35%, with a decreasing trend over time until 2009,
followed by a plateau since 2010 (Supplementary Table 2 and
Fig. 3B).

Among COREA'’s 1,832 patients with asthma, 213 (11.6%) ex-
perienced 1 or more exacerbations during the year after enroll-
ment. A univariate analysis identified sex, baseline pulmonary
function, treatment duration, and lung function variability or
changes in Asthma Control Test (ACT) scores over 1 and 3 years
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as significant associated factors (Table 5). A multiple regression
analysis identified 6 risk factors for acute asthma exacerbation.
These factors included sex, baseline pulmonary function (FEV1,
FVC, FEV1/FVC), treatment duration, lung function variability
over a 1 year period, changes in ACT score over a 1-year period
and changes in ACT score over a 3-year period (Table 5). In oth-
er words, female sex, a lower pulmonary function at baseline,
longer treatment duration, or wide fluctuations in the FEV1 or
ACT during the treatment course were identified as risk factors
for an acute asthma exacerbation within 1 year. A lower base-
line lung function and longer treatment duration were identi-
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Fig. 3. Asthma severity and exacerbation: NHIS-NSC database. (A) Distribution of asthma severity from 2002 to 2012. (B) Asthma exacerbation rate from 2002 to

2012. NHIS-NSC, National Health Insurance Service-National Sample Cohort.
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Fig. 4. Risk of asthma exacerbation by sex: COREA asthma cohort analysis. (A) According to baseline lung function. (B) According to treatment onset age.

fied as important risk factors for asthma exacerbations, espe-
cially in women (Fig. 4A and B). The results of analysis of the
SCH cohort were similar to that of COREA. Of the total 2,195 in-
dividuals with asthma, 283 (12.9%) experienced exacerbation
during the year after enrollment. Lower baseline lung functions
(FEV1 and FVC) were also identified as a risk factor. Female sex
showed a higher risk of acute exacerbation than male sex, but it
was not statistically significant (Supplementary Table 3).

DISCUSSION

The results of this study demonstrate that the prevalence of
asthma in Korea continues to increase steadily and is consis-
tently higher in elderly women. Furthermore, elderly women
with asthma exhibited a significantly higher risk of asthma ex-
acerbation. On the basis of these results, additional strategies
for effective prevention and management of asthma should be
established, and elderly female patients with asthma should be
given particular attention.
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Regarding the improved management of chronic diseases
such as asthma, basic information about the disease iunclud-
ing the prevalence, incidence, clinical features, risk factors for
development and burden is critically important. Accordingly,
analyses of national health surveys could help establish strate-
gies for the prevention and effective management of asthma.
However, epidemiologic studies on asthma are difficult, given
that asthma is highly heterogeneous and that there is no stan-
dardized definition of the disease.' If these limitations are not
properly addressed, the data from some national health sur-
veys may not be completely reliable; therefore, studies based
on national datasets are somewhat uncommon in Korea. In the
current study, we attempted to analyze and compare the preva-
lence of asthma in 3 nationally representative samples of the
general Korean population: the KNHANES, KCHS and NHIS-
NSC databases. Although each database has different charac-
teristics and contains diverse information, the 3 are relatively
reliable and can be considered representative of the Korean
population. This was the first study to compare these 3 national
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Table 5. |dentified risk factors for asthma exacerbation: COREA cohort database

High Prevalence of Asthma in Elderly Women

Univariate analysis Multivariate analysis
Characteristics
OR Pvalue No. of patients OR Pvalue No. of patients

Age 1.01 0.147 1,832

Sex (female)* 1.76 < 0.001 1,832 1.87 0.006 995
BMI 0.99 0.986 1,802

Pack-years 0.99 0.435 1,627

Pre-bronchodilator FEV1 (%) 0.99 0.001 1,726 098 0.002 995
Pre-bronchodilator FVC (%) 0.99 0.016 1,726

Pre-bronchodilator FEV1/FVC 0.14 <0.001 1,727 0111 0.039 995
Post-bronchodilator FEV1 (%) 0.99 0.012 1,023

Post-bronchodilator FVC (%) 0.99 0.108 986

Post-bronchodilator FEV1/FVC 0.26 0.043 1,022

PCx 0.98 0.492 772

Blood eosinophil (%) 0.97 0.135 1,524

Blood eosinophil (count) 0.99 041 1,523

Sputum eosinophil (%) 0.99 0.399 333

Sputum neutrophil (%) 1.00 0.950 336

Blood total IgE (IU/mL) 0.99 0.134 786

Log (total IgE) 0.76 0.111 786

CRP (mg/dL) 0.98 0.854 79

Allergic rhinitis 0.74 0.137 1,029

Aspirin hypersensitivity 0.45 0.272 66

Duration of asthma (month) 1.00 0.051 1,657

Symptom duration (month) 1.00 0.380 1,803

Duration of treatment (month) 1.00 0.003 1,581 1.01 0.014 995
Age at disease onset 1.00 0.807 1,657

History of asthma exacerbation 1.83 0.001 1,809 1.46 0.055 995
Mean of AFEV1 over 1 year (%) 1.07 < 0.001 933 1.06 0.002 796
Mean of AFEV1 over 3 years (%) 1.09 0.016 470 1.04 0.289 451
Mean of AACT over 1 year (score) 1.31 < 0.001 857 1.27 < 0.001 796
Mean of AACT over 3 years (score) 1.55 <0.001 468 1.50 <0.001 451
Average ICS dose over 1 year (ug/day) 1.00 0227 1,381

Average ICS dose over 3 years (ug/day) 1.00 0.284 1,447

COREA, Cohort for Reality and Evolution of Adult Asthma in Korea; OR, odds ratio; BMI, body mass index; FEV1, forced expiration volume in 1 second; FVC, forced vi-
tal capacity; PCz, concentration of methacholine that caused a 20% fall in FEV1; IgE, immunoglobulin E; CRP, C-reactive protein; ACT, Asthma Control Test; ICS, in-
haled corticosteroid. AFEV1: the absolute values for the changes in the FEV1 (which were measured over 3-months intervals). AACT: the absolute values for the

changes in the ACT (which were measured over 3-months intervals).
*The sex defines female as related to male.

health datasets.

In this study, the overall prevalence of asthma exhibited a con-
sistent increasing trend, with slight differences among the data-
bases. In the KNHANES database, the prevalence ranged from
approximately 1.2% to 3.1%, whereas the ranges were 1.7% to
2.1% and 4.5% to 6.2% in the KCHS and NHIS-NSC databases,
respectively. Although both the KNHANES and the KCHS de-
fined asthma as a physician-diagnosed condition, the results
differed between these datasets, and the NHIS-NSC database
showed the highest prevalence. The difference in asthma prev-
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alence rates between these 3 databases can be attributed to the
different criteria used for asthma diagnoses and differences in
the populations. In addition, the unique health insurance sys-
tem in Korea was assumed to contribute to the higher preva-
lence of asthma in the analysis of NHIS-NSC data, compared
with other databases.

It is likely that more “asthma” cases have been entered into
the system than there are true cases of asthma due to the inclu-
sion of self-reported cases of asthma. One study on the KNHA-
NES data in 2010 reported an overall asthma prevalence of 4.1%,
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with rates of 4.7% among males and 3.2% among females.” In
that study, the authors defined asthma as a self-reported condi-
tion, which may have led to a higher prevalence compared with
the results of our study which defined asthma as a physician-
diagnosed condition. Thus, the importance of a consistent work-
ing definition of asthma should be emphasized in future studies.

Asthma prevalence differs from country to country. Compared
with our results, the asthma prevalence in other Asian coun-
tries varies from 1.2% in China to 6.7% in India. In the United
States, the asthma prevalence is approximately 7.8%, and simi-
larly to our results, the rate of females with asthma is higher than
that of males (9.1%).>'*"

The NHIS-NSC database analysis revealed a very high preva-
lence of childhood asthma (> 20%), followed by a sudden de-
crease in adulthood. We attribute this pattern to the difficulty in
diagnosing childhood asthma with the same methods used for
adults. Accordingly, patients who are not actually asthmatic
might have been included among the childhood asthma cases.
Furthermore, childhood asthma could feasibly differ pheno-
typically from adult-onset asthma in terms of disease sustain-
ability. Compared with childhood asthma, adult-onset asthma
is suggested to be more severe, less responsive to treatment and
more likely to cause a decline in lung function.'®" Therefore, it
is important to conduct a separate analysis of an adult asthma
database in order to identify the clinical course of adult asthma
and ultimately establish better strategies and policies for improv-
ing asthma management.

In this study, the prevalence and incidence of asthma contin-
ued to increase in the Korean population. According to the NHIS-
NSC database from 2002 to 2012, the incidence of asthma ranged
from 9.6 to 22.6 per 1,000 person-years, and we observed an in-
creasing trend each year. Interestingly, this tendency was more
prominent in women. In contrast, some recent studies report-
ed a decreasing prevalence of asthma in other counties as well
as Korea."”*”' Given that our study only analyzed data collected
until 2013, the latest trends in asthma prevalence could be dif-
ferent. In addition, differences in the working definition of asth-
ma could have contributed to differences in the results of these
studies.

Despite the conflicting results regarding overall asthma prev-
alence, all studies reported a consistently high prevalence of
asthma among women and elderly individuals.**** Many stud-
ies have identified a higher prevalence of asthma among post-
pubertal females,>**° whereas asthma is more common among
males before puberty.>'**** These sex-based discrepancies in
asthma prevalence and outcomes are evident. In 2009, the US
National Health Interview Survey also reported asthma preva-
lence rates of 7.7% and 11.9% among girls and boys younger
than 15 years of age, respectively, and asthma prevalence rates
0f 9.6% and 6.3% among women and men aged 15-34 years, re-
spectively. This difference continued to increase in adults older
than 35 years, with rates of 10.1% among women and 5.6% among
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men.” A mechanism underlying the higher prevalence of late-
onset female asthma has been suggested. Sex hormones affect
immune regulation, and the effects of estrogen on eosinophils
and mast cells could be linked to the development of asthma in
women.”””” Among postmenopausal women, decreasing estra-
diol levels might reduce the protective effects of hormones on
the development of lung inflammation and thereby increase
susceptibility to asthma.”**® Nevertheless, the precise mecha-
nism underlying the increased susceptibility of elderly women
to asthma remains unclear, and further studies are warranted.

In this study, approximately 11% of all asthma cases were de-
fined as severe asthma requiring high-dose ICS, although this
rate might not be accurate. According to the European Respira-
tory Society/American Thoracic Society guidelines, the estimat-
ed prevalence of severe asthma ranges from 5% to 10% of all
asthma cases, although the exact prevalence is unknown.*
Our study indicated a higher proportion of severe asthma cases
in Korea compared with other developed countries. Given the
limitations of health survey data, we considered cases requiring
the prescription of high-dose ICS to indicate severe asthma;
however, more information is needed to precisely diagnose se-
vere asthma.’*? Nevertheless, it remains clear that Korea faces
a substantial burden from severe asthma.

Previous studies clearly indicated higher rates of asthma mor-
bidity and mortality among elderly patients.">* In patients with
asthma, lung function is also associated with a rapid age-relat-
ed decline in FEV1.%** A study on the prevalence of severe asth-
ma reported rates of 60% or higher among women.* Although
few studies have attempted to determine the cause of more se-
vere asthma among elderly women, some studies have suggest-
ed that the various effects of sex hormones such as estrogen and
progesterone could lead to the clinical features of asthma.***
Given the substantial burden of asthma on elderly female pa-
tients, the mechanism underlying the development of this sub-
type of asthma merits further investigation.

In our analysis of a patient cohort, older age and female sex
were also identified as risk factors for asthma exacerbation. In
addition to the higher prevalence rates among these patient
subsets relative to others, this result suggests that elderly female
patients with asthma should be separately considered an im-
portant subgroup. Furthermore, the results of cluster analyses
conducted in several studies also showed that female sex is the
critical factor differentiating unique clusters.”'

This study has some limitations. First, the working definition
of asthma used in the analysis was not based on standardized
methodology. Therefore, the prevalence rates reported in this
study might differ from those reported in other studies. Howev-
er, when evaluating the databases, we used the criterion of “phy-
sician-diagnosed asthma” to maximize the accuracy of our anal-
ysis. In the KNHANES and KCHS, physician-diagnosed asthma
is generally lifetime prevalence of asthma. Therefore, it might
show only asthma history, and its recall bias is also problemat-
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ic. Secondly, there is a possibility that the actual incidence of
asthma is higher than what is reported. The NHIS-NSC cohort
is characterized by a gradual increase in the proportion of chil-
dren and young people because the cohort added newborns
annually to the number of individuals lost in order to maintain
a sampling rate of 2.2%. The prevalence of pediatric asthma was
also significantly higher, and it was estimated that these charac-
teristics influenced incidence as the proportion of children in-
creased. Thirdly, we defined asthma severity only by the pre-
scribed ICS dose. We did not consider the use of other medica-
tions. In addition, survey databases did not contain ACT scores,
repeated pulmonary function test results, or information on
drug adherence; accordingly, it was not possible to distinguish
severe refractory asthma from undertreated severe asthma.

In conclusion, the prevalence of asthma in Korea has been in-
creasing in recent decades. Notably, elderly women exhibited
the highest prevalence and incidence of asthma, and they also
tended to have more severe disease with a higher exacerbation
rate. Therefore, we emphasize that the effective management of
elderly female patients with asthma is critically important and
that further additional studies on this specific patient subset are
needed. Specific management strategies for elderly women with
asthma might be needed to achieve better disease control and
reduce the associated burden.
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