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Objectives: The project Seoul Atopy - Asthma-friendly School investigated the current status of childhood asthma to enable formula-
tion of a preventative policy. We evaluated the current prevalence of childhood asthma in Seoul and its trends and related factors.
Methods: The project was conducted annually from 2011 to 2016 and involved around 35 000 children aged 1-13 years. Based on the
International Study of Asthma and Allergies in Childhood guidelines, the survey involved parents. The associations of the particulate
matter (PMso) concentration, and the number of days on which the daily air quality guidance level was exceeded in the 25 districts of
Seoul, with the prevalence of asthma were assessed.

Results: The age-standardized asthma prevalence in 2011 and 2016 was 6.74 and 4.02%, respectively. The prevalence of lifetime asth-
ma treatment and treatment during the last 12 months tended to decrease from 2011 to 2016. Asthma treatment was significantly
correlated with the number of days on which the daily air quality guidance level was exceeded, but not with the PM;o concentration.
Conclusions: This study reports the prevalence of asthma among children in Seoul and confirmed the relationship between childhood

asthma and known risk factors in a large-scale survey.
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INTRODUCTION

The repeated exacerbations experienced by children with
asthma reduce their quality of life. Asthma treatment is costly,
interferes with learning, and has a high disease burden [1].
While genetic factors are related to the incidence of childhood
asthma, environmental factors and daily habits are also im-
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portant [2,3]. Thus, early diagnosis and treatment are neces-
sary to prevent asthma and its exacerbations [4].

The large social burden of childhood asthma, and the roles
of environmental and social factors, suggest that the social
component is important for prevention and control of the dis-
ease. Prevention rather than follow-up management should
be prioritized to reduce the social burden of childhood asth-
ma. To this end, the disease status, and trends therein over
time according to various factors, should be monitored. Also,
identifying and controlling factors related to the incidence
and exacerbations of childhood asthma are important.

The Seoul Atopy - Asthma-friendly School project was de-
signed as a public service supported by the Seoul Government
to prevent atopy and asthma in children from 2008 to the
present. The project involves medical screening tests for atopy
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dermatitis; education programs for children, parents, and
teachers; environmental management of kindergartens and
primary schools; and regular monitoring of risk factors.

The prevalence of childhood asthma in Korea and other
countries has been investigated extensively. The International
Study of Asthma and Allergies in Childhood (ISAAC) assessed
the prevalence of childhood asthma without the need for a
medical examination [5,6] and reported values at the country
and city level [7-9]. Some studies compared the prevalence of
asthma and allergic diseases by locality or population, while
others identified related factors, such as genetics, ambient
and/or indoor air quality, secondhand smoking, lifestyle, and
socioeconomic status [10,11]. Epidemiological studies using
ISSAC have assessed the risk of development and exacerba-
tion of childhood asthma. Attempts should be made to rou-
tinely identify already-known risk factors, and to report preva-
lence at the community level.

In Seoul, particulate matter (PMso) has recently emerged as
an important environmental issue. For this reason, regular
monitoring of environmental exposure levels and health ef-
fects has been implemented. The efficacy of these measures in
terms of reducing the prevalence of childhood asthma needs
to be evaluated.

Regular surveys of a representative population of local com-
munities would allow assessment of the prevalence, trends,
and risk factors of childhood asthma, as well as the effects of
prevention policies.

The present study arose from the Seoul Atopy-Asthma-
friendly School project and aimed to provide large-scale data
that can be used in the formulation of environmental health
policies in local communities. Therefore, we assessed the prev-
alence of childhood asthma and verified relationship between
childhood asthma and its risk factors already known via previ-
ous studies such as parents’ history, average income, parents’
education and PM.

METHODS

Sampling

The Seoul Atopy - Asthma-friendly School project investigated
the prevalence of childhood asthma, provided screening free
of charge, educated people regarding prevention of the dis-
ease, and supported schools and children in low income fami-
lies. A total of 30 000 subjects were surveyed annually in pre-
schools, kindergartens, and elementary schools, which were
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equally supported by the local government. Also, a question-
naire was distributed in community health centers. The data
are from a cross-sectional study conducted from 2011 to 2016.
The investigation took place from May to November, during
which time a questionnaire was sent to parents in the form of
a school newsletter. Parents who refused to participate were
not included in the survey. This study was approved by the in-
stitutional review board of Seoul Medical Center (no. 2017-12-
002), and all participants provided written informed consent.

International Study of Asthma and Allergies in
Childhood Questionnaire

This study was conducted based on the ISAAC guidelines [4-
6] using the Korean version of the ISAAC questionnaire, the re-
liability and validity of which have been verified [12]. The
questions assessed whether asthma and allergic diseases were
diagnosed by a physician, as well as demographic characteris-
tics, parents’ medical history, and socioeconomic status. The
lifetime prevalence of symptoms was assessed by a question
on whether the patient was being treated by a physician for
those symptoms. Also, treatment rates mean cure rates calcu-
lated from experiences of received medical treatment due to
asthma during the last 12 months.

Data were extracted using a scanner, and missing data were
addressed by reference to the data present in the question-
naire. In addition, staff in charge of the investigation cleaned
the data after reviewing them in raw form. We analyzed the
lifetime prevalence of treated symptom:s.

Ambient Air Quality

Seoul is composed of 25 districts, each with local govern-
ments. Real-time national air quality data obtained by local
governments from 2011 to 2016 were accessed via a public
Website (www.airkorea.or.kr) run by the Ministry of the Envi-
ronment. The mean PMi, concentration of each district was
summarized and checked to obtain the annual mean concen-
tration. In addition, the number of days per month on which
the standard PMso concentration (100 ug/m?®) was exceeded
was calculated.

Data Analysis

The mean PMo concentration and the number of days per
month on which the standard PM;, concentration was exceed-
ed in each district were matched with the asthma data for that
district.
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Prevalence of Childhood Asthma in Seoul

Table 1. General characteristics of the study population

Characteristics 201 2012 2014 2015 2016
Total (n) 38985 34098 37226 29312 37 400 41 046
Sex, n (%)
Girls 19 357 (49.6) 16 903 (49.6) 18 336 (49.3) 14 471 (49.4) 19160 (51.2) 20775 (50.6)
Boys 19 628 (50.3) 17 195 (50.4) 18890 (50.7) 14 841 (50.6) 18 240 (48.8) 20271 (49.4)
Sex ratio’ 1.01 1.02 1.03 0.95 0.98
Age, mean+SD (y) 7.75+2.93 7.00£3.05 6.47+£2.90 5.75+2.45 6.51+£2.85 6.24+2.73

SD, standard deviation.
'Boys to girls.

Because we did not consider the individual ppulations of
the districts, the age-standardized prevalence rate (ASR) was
calculated. The ASR was calculated for 1-12-year-olds based on
resident registration data, using the 2010 population data for
Seoul as the reference. The parameters of interest were calcu-
lated as follows: prevalence rate (Pi) (affected people+~100 000
people)=Xi/Ni X 100 000;

and ASR prevalence= > Pix Wi/ 2 Wi,

where Ni indicates the population in the its age group, Xi is
the number of cases of asthma, Pi is the prevalence rate, and
Wi indicates the standard population. Children aged 1-12
years were subjected to analyses by age group. The Pi was an-
alyzed using descriptive statistics. The odds ratio (OR) and 95%
confidence interval (Cl) of risk factors for asthma prevalence
were assessed by univariate logistic regression analyses. A
multiple logistic regression analysis was applied after adjust-
ment for age and sex. SPSS version 23 (IBM Corp., Armonk, NY,
USA) and SAS version 9.4 (SAS Institute Inc., Cary, NC, USA)
were used for statistical analyses of the Pi and risk factors, re-
spectively, of childhood asthma.

RESULTS

Prevalence and Trends of Childhood Asthma

The general characteristics of the subjects are presented in
Table 1. Around 35 000 students participated in the study an-
nually. The mean age of the children in 2010 was 7.75 years
and tended to decrease thereafter.

Because of this change in the mean age of the subjects, the
annual ASR was calculated. The total ASR in 2011 was 6.74%
and decreased to 4.02% in 2016. The rate of hospital treatment
for asthma decreased from 3.75% in 2010 to 1.91% in 2016
(Figure 1).

-o- ASR
~o- Treatment

2011 2012 2013 2014 2015 2016

Figure 1. ASR of childhood asthma in Seoul, 2011-2016. ASR,
age-standardized prevalence rate (%); treatment, received
medical treatment for asthma during the last 12 months.

Relationship Between Risk Factors for and the
Prevalence of Childhood Asthma

Factors related to asthma were identified using the lifetime
prevalence as the dependent variable (Table 2). A history of al-
lergic diseases in the parents was associated with a 2.39-fold
higher lifetime asthma prevalence risk (OR, 2.39; 95% Cl, 2.18
to 2.62); sex showed no such association. The asthma preva-
lence risk increased 1.13-fold (OR, 1.13; 95% Cl, 1.12 to 1.15)
for each 1 year increment in age.

Children in families with the highest income level had a sta-
tistically significantly lower asthma risk than those in families
with the lowest income level. However, the education level of
parents was not significantly correlated with the asthma risk.

Particulate Matter and Childhood Asthma

The annual mean PM, concentrations and childhood asth-
ma Pis are shown in Figure 2A. The Pi and treatment rate are
shown in Figure 1. The annual mean PMi, concentration de-
creased until 2012 and increased after 2013. The Pi decreased
in 2013 but the treatment rate tended to increase. The number
of days on which the daily air quality guidance level for PMio
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Table 2. Associations between the prevalence of asthma and

the variables of interest

Variable OR (95% CI)
Sex

Boy 1.00 (reference)

Girl 1.01(0.93, 1.09)
Age

For 1y old 1.13(1.12,1.15)
Parents" history'

No 1.00 (reference)

Yes 2.39(2.18,2.62)

Monthly household income (10° KRW)
Low (=£2)

1.00 (reference)

Medium (2-4) 1.01(0.88, 1.17)

High (=4) 0.85(0.75, 0.96)
Parents’ education level

Middle school 1.00 (reference)

Highschool 0.74 (0.44,1.26)

College 0.72(0.43,1.21)

Graduate 0.74(0.43, 1.26)

OR, odds ratio; Cl, confidence interval; KRW, Korean won.
"History of allergic disease of either parent.
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Figure 2. PM;, Conc (A) and number of days exceeding the
standard PM;, Conc (B), and the prevalence of childhood
asthma in Seoul, 2011-2016. PMs,, particulate matter; Conc,
concentration; ASR, age-standardized prevalence rate (%);
treatment, rate of experiences of received medical treatment
for asthma during the last 12 months; PM;o excess, number of
on which the standard PM;, Conc was exceeded.
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Figure 3. Particulate matter (PMio) concentrations of each
district (A) and the number of days on which the standard
PMo concentration was exceeded in the districts (B) accord-
ing to asthma treatment status.

was exceeded was also analyzed (Figure 2B), and the treat-
ment rate for asthma was shown to increase again in 2013 af-
ter decreasing in 2012. There was no significant correlation
between the monthly mean PMs, concentration and the asth-
ma treatment rate (Pearson’s coefficient, -0.130; Figure 3A).
There was a significant correlation between the number of
days on which the daily air quality guidance level for PMio con-
centration was exceeded and the asthma treatment rate
(Pearson’s coefficient, 0.235; p=0.004; Figure 3B).

DISCUSSION

The prevalence of childhood asthma in Seoul was 4.0-6.7%
from 2011 to 2017. In addition, childhood asthma was signifi-
cantly related to age, parent’s medical history, household in-
come, and the number of days on which the standard PMi,
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concentration was exceeded.

The Pi of childhood asthma decreased over time. A large
number of studies in the 2000s, when there was a high level of
concern regarding childhood asthma, investigated the preva-
lence of childhood allergic diseases in Korea. The prevalence
of childhood asthma increased from 2000 to 2010 [13], but
few studies after the mid-2010s assessed its prevalence in
large populations [14-16]; this makes it difficult to verify their
findings. Park et al. [14] reported that the prevalence of asth-
ma in children aged 1-9 years peaked in 2011 and decreased
thereafter. This trend confirms the results of a recent review, a
national survey [15,16], and this study.

Since 2010, local communities and the central government
have attempted to control and raise awareness of childhood
allergic diseases. The Ministry of Environment and the Ministry
of Health and Welfare have promoted research on, and control
measures for, environmental allergic diseases, and local gov-
ernments established centers for prevention of asthma and al-
lergic diseases through locally representative medical institu-
tions. The reduction in the Pi of asthma after 2010 is likely due
to these efforts; however, this should be confirmed by further
in-depth research.

The number of days on which the daily air quality guidance
level for PMso was exceeded was more strongly correlated with
asthma treatment than the mean PM;, concentration. This
suggests that rapid, short-term increases in PMo led to an in-
creased rate of hospital treatment, including in the emergency
ward, as reported in a recent meta analysis [17].

Genetic and socioeconomic factors were related to the inci-
dence of childhood asthma in this study, similar to previous
studies in Korea [18,19]. Socioeconomic factors relate to both
the surrounding environment and the residential or indoor
environment. In this study, household income had a signifi-
cant association with asthma but parents’education did not. A
similar result has already shown in other study in Korea [20].
For this finding, authors of the previous study suggested that
that the hierarchical difference according to the education lev-
el may be not significant due to the high enthusiasm for edu-
cation-the entrance rate into the college is over 80%-in Korea
[20]. Differences in the distribution of allergic diseases by re-
gion indicate differences in the level of environmental expo-
sure and socioeconomic status [21]. Socioeconomic differenc-
es are related to differences in overall residential environment,
which are in turn linked to environmental risk factors, such as
use of heating oil, indoor air quality, and house dust mites [22].

Prevalence of Childhood Asthma in Seoul

We report here the annual trends in childhood asthma preva-
lence according to PMio concentration in Seoul. Our data also
confirm the importance of known risk factors.

This study had the following limitations. First, the causality
of the associations between variables and the prevalence of
childhood asthma could not be determined. Second, seasonal
trends could not be evaluated because we did not have infor-
mation on the timing of the development or exacerbations of
asthma. Thus, this study has limitations to determine any as-
sociations or causations for childhood asthma.

It is important to reduce the Pi of disease, the burden of mor-
tality, and the number of physician visits [23]. Although reduc-
ing the incidence of environmental diseases through national
policy is important, multidisciplinary programs with specific
goals are also required to reduce the incidence of exacerbations.

The Seoul Atopy - Asthma-friendly School project has to date
involved 218 067 children in local communities in Seoul, and
has determined the long-term trends in and factors related to
childhood asthma. The results will enable formulation of envi-
ronmental health policies aimed at preventing and/or control-
ling childhood allergic diseases.
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