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Purpose: Seasonal variations in asthma-related hospitalizations and emergency department visits have long been recognized. This study aimed to
investigate the seasonal patterns of asthma in children and adolescents who presented at emergency departments in Korea. Methods: We ana-
lyzed the National Emergency Department Information System records from 117 emergency departments in Korea that comprised all of the patients
with asthma who were aged 3-18 years and who presented at the emergency departments from 2007 to 2012. The children and adolescents were
divided into 3 groups based on their ages, namely, 3-6 years, 7-12 years, and 13-18 years. The data were tabulated, and graphs were created to
show the seasonal trends in the monthly numbers of emergency department visits as a consequence of asthma. Results: A total of 41,128 subjects
were identified, and the male-to-female ratio was 1:0.5. General ward admissions comprised 42.6% (n=17,524 patients) of the emergency depart-
ment visits, and intensive care unit admissions comprised 0.8% (n=335 patients) of the emergency department visits. The monthly numbers of
emergency department visits for asthma varied according to the season, with high peaks during fall, which was from September to November, and
low levels in summer, which was from June to August. Conclusions: Important differences in the seasonal patterns of emergency department vis-
its for asthma were evident in children and adolescents. Identifying seasonal trends in asthma-related emergency department visits may help deter-
mine the causes and reduce the likelihood of asthma exacerbation.
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INTRODUCTION bations in children and adolescents that require ED visits or
hospitalization can lead to absences from school, reductions in
the quality of patients’ lives, and serious social and economic

burdens.’

Asthma is a chronic disease that is associated with reversible
respiratory obstruction, hypersensitivity caused by multiple

stimuli, and chronic inflammation.! Clinically, it manifests as
the deterioration and resolution of respiratory symptoms. Fac-
tors involved in the expression of asthma symptoms and exac-
erbations include allergens, respiratory infections, and environ-
mental pollutants. In addition, a number of psychological and
societal factors can contribute to asthma exacerbations.”

The findings from previous studies have shown definite sea-
sonal changes in relation to asthma symptoms in children and
adults. In particular, a number of studies have reported that the
numbers of children and adolescents who present at emergen-
cy departments (EDs) and are hospitalized because of asthma
exacerbations dramatically increase during fall.>® Preventing
exacerbations of asthma symptoms based on investigations of
factors associated with these seasonal variations might improve
the management of the disease. Furthermore, asthma exacer-
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Although self-management and outpatient care can be un-
dertaken when asthma symptoms become exacerbated, seri-
ously ill patients present at EDs and may require hospitaliza-
tion. Thus, data about asthmatic patients who present at EDs
can be valuable and may enable us to understand reasons for
asthma symptom exacerbations.>®® Therefore, this study aimed
to investigate the seasonal patterns of asthma in children and
adolescents who presented at EDs throughout Korea by review-
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ing their ED data.

MATERIALS AND METHODS

This study involved children and adolescents who were aged
from 3 to 18 years and who presented at 117 EDs in Korea dur-
ing the 6-year period from January 2007 until December 2012.
The study participants involved patients who had diagnosis
codes of J45 and J46, which corresponded to asthma, when
they visited the ED or were hospitalized as a result of their ED
visits. A retrospective analysis of the National Emergency De-
partment Information System data was conducted to assess the
monthly distributions of patients with asthma who presented
at the EDs. The children and adolescents were divided into
three age groups, namely, 3-6 years, 7-12 years, and 13-18 years.
General ward (GW) hospitalizations and intensive care unit
(ICU) hospitalizations were analyzed and compared in terms of
sex and age.

Statistical analysis

All of the analyses were conducted using SAS version 9.2 (SAS
Institute Inc., Cary, NC, USA). A statistically significant differ-
ence was defined as a P value of <0.05. Initially, the numbers of
ED visits were compared in terms of the calendar month using
an analysis of variance, and this analysis concentrated on the
highest of the 2 or 3 distinct peaks in the ED visits for asthma
that occurred each year. Subsequently, the categorical data
were sorted according to age and region, and they were ana-
lyzed using the chi-square test to compare the seasonal trends.
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RESULTS

The number of asthmatic patients who were younger than 18
years and were diagnosed with asthma after they presented at
the EDs was 41,128, and the male-to-female ratio was 1:0.5;
hence, there was a higher level of morbidity among males. Of
the patients who visited the EDs, 54.4% (22,364 subjects) were
3-6 years of age, 35.4% (14,570 subjects) were 7-12 years of ages,
and 10.2% (4,194 subjects) were 13-18 years of age (Table).

The numbers of patients who visited EDs tended to increase
annually, and were as follows: 5,534 in 2007, 5,521 in 2008, 7,862
in 2009, 7,358 in 2010, 8,563 in 2011, and 6,290 in 2012, and the
highest number of patients visited EDs in 2011 (Table).

ED examinations were followed by GW hospitalizations for
17,524 patients, which represented 42.6% of the total number of
ED visits. The numbers of GW hospitalizations were 2,522,
2,265, 3,572, 3,036, 3,852, and 2,277 for 2007, 2008, 2009, 2010,
2011, and 2012, respectively. In 2011, the largest number of pa-
tients presented at the EDs and were hospitalized on GWs. The
difference in the annual patient GW hospitalization rate was
statistically significant (OR=0.96, 95% CI=[0.94-0.97]) (Table).
The GW hospitalization rates were 48.4% for the 3-6 years age
group, 36.9% for the 7-12 years age group, and 31.5% for the 13-
18 years age group; therefore, the hospitalization rates declined
as the patients’ ages increased (7-12 years age group: OR=0.62,
95% CI=[0.60-0.65]; 13-18 years age group: OR=0.49, 95%
CI=[0.46-0.53]) (Table). The GW hospitalization rates were
40.9% for the male patients and 45.7% for the female patients;
therefore, the GW hospitalization rate was higher for the female

Table. Trends in emergency department visits, general ward hospitalizations, and intensive care unit hospitalizations for childhood asthma by year, age, and sex,

from 2007 until 2012

. Total .GW . .GV.V . Adjusted . IC.U . .lCl.J . Adjusted
Variables numbgr of hospitalizations hospitalization OR 95% Cl  Pvalue hospitalizations hospitalization OR 95%Cl  Pvalue
ED visits (n) rates (%) (n) rates (%)
Year 096 094-097 0.001 091 085097 0.003
2007 5,534 2522 456 1.00  Reference 34 0.6 100  Reference
2008 5,521 2,265 410 084 077-090 0.001 43 08 117 074184 0499
2009 7,862 3,572 454 1.04 097112 0.245 117 15 245  166-359 0.001
2010 7,358 3,036 M3 085 079091 0.001 57 08 117 076179 0473
2011 8,563 3,852 450 098 091-1.05 0537 52 06 097 063151 0907
2012 6,290 2277 362 068 063-073 0.001 32 05 070 043113 0.147
Age group 067 065069 0.001 124 1.07-1.44 0.005
3-6 years 22,364 10,827 484 1.10  Reference 151 0.7 1.00  Reference
7-12 years 14,570 5,376 369 062 060-065 0.001 121 08 098 077125 0.856
13-18 years 4194 1,321 SIS 049 046-053 0.001 63 15 168 125226 0.001
Sex 121 1.16-1.26  0.001 088 0.70-1.12 029
Male 26,646 10,909 40.9 1.00  Reference 232 09 1.00  Reference
Famale 14,482 6,615 457 121 1.16-1.26 0.001 103 0.7 088 069111 0272
Total 41,128 17,524 426 335 08

ED, emergency department; GV, general ward; OR, odds ratio; Cl, confidence interval; ICU, intensive care unit.
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patients (OR=1.21, 95% CI=[1.16-1.26]) (Table).

ED examinations were followed by ICU hospitalizations for
335 patients, which represented 0.8% of the total number of ED
visits and 1.9% of the GW hospitalized patients. Thirty-four, 43,
117, 57, 52, and 32 patients were hospitalized in ICUs in 2007,
2008, 2009, 2010, 2011, and 2012, respectively. The number of
patients who were hospitalized in ICUs was larger in 2009 than
in 2011, although, in 2011, that of patients who visited EDs was
highest, and the higher rate of ICU hospitalization was statisti-
cally significant (OR=2.45, 95% CI=[1.66-3.59]) (Table).

The 13-18 years age group showed a significantly higher ICU
hospitalization rate compared to the other age groups (1.5%;
OR=1.68, 95% CI=[1.25-2.26]). There was no difference be-
tween the sexes in the ICU hospitalization rate (Table).

Two patient deaths were reported in 2012, and these com-
prised a 3-year-old girl with asthma who had a tracheostomy
and secondary pulmonary arterial hypertension, and a 13-year-
old boy who did not have any comorbidities. Both were dead
on arrival at the EDs.

The highest proportion of the patients (37.6%) visited the EDs
from 18:00 to 00:00, 22.3% of the patients visited the EDs from
12:00 to 18:00, 21.7% of the patients visited the EDs from 00:00
to 06:00, and 18.4% of the patients visited the EDs from 06:00 to
12:00.

On average, 571 pediatric and adolescent asthmatic patients
presented at the EDs each month, and the monthly distribution
was not uniform during the year (P=0.001) (Fig. 1). The average
numbers of patients who presented at the EDs from September
to November each year were higher than the average numbers
of patients who presented at the EDs during the rest of the year,
and the numbers of patients who presented at the EDs each
year were at their highest during September or October, when
there were 2-fold increases in the numbers compared to the
annual averages. The numbers of patients who presented at the
EDs each year were at their lowest from June to August, and
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Fig. 1. Monthly asthma-related emergency department visits at ages between
3 and 18 years, by year from 2007 to 2012.
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these numbers were 45% lower than the annual averages. The
numbers of patients who presented at the EDs each year in-
creased slightly in spring, that is, from March to May.

The distribution of the ED visits was independent of age
(*=57.82, P=0.001) (Fig. 2). The monthly distribution of the ED
visits was independent of the region (y*=468.30, P=0.001) (Fig.
3). Regardless of age and region, the numbers of patients who
presented at the EDs each year from September to November
were larger compared to the rest of the year (Figs. 2 and 3).

The monthly numbers of GW hospitalizations following ED
examinations peaked during fall of each year, which was con-
sistent with the numbers of patients who presented at the EDs
at these times (Fig. 4). The monthly numbers of ICU hospital-
izations following ED examinations were at their highest in
September 2007 and September 2011, and, in particular, 2009
had the highest number of ICU hospitalizations following ED
examinations from October until December. Increases in the
numbers of ICU-hospitalized patients were apparent in De-
cember 2007, December 2008, and December 2010 (Fig. 5).
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Fig. 2. Monthly asthma-related emergency department visits at ages between
3 and 18 years, by age from 2007 to 2012.
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Fig. 3. Monthly asthma-related emergency department visits at ages between
3 and 18 years, by region from 2007 to 2012.
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Fig. 4. Monthly general ward hospitalizations as a result of the emergency de-
partment examinations for asthma at ages between 3 and 18 years, from 2007
t02012.

DISCUSSION

To manage the chronic nature of asthma, preventative thera-
pies are essential to prevent asthma exacerbations. A recent re-
view that summarized studies of asthma exacerbations report-
ed that asthma symptoms tend to occur at the beginning of fall
in children and in winter in adults, and that worsening asthma
symptoms are more frequently observed in male patients be-
fore puberty and after puberty in female patients."” Hence,
adults experience asthma exacerbations more frequently and
seriously in women, and they lead to longer periods of hospi-
talization for women compared to men.

Our findings showed that the ratio of male-to-female asth-
matic patients was 1:0.5. Our findings also showed that a larger
number of male patients who were in the 13-18 years age group
visited EDs, and that the male-to-female ratio for ED visits by
this age group was 1:0.5 (data not shown); thus, these results
differ from other studies. In addition, a higher rate of GW hospi-
talizations was observed for the female patients in this study.
Reviews of the international literature have shown that the sex
ratio of asthma exacerbation tends to shift at the age of 13 years
or in the 11-17 years age group.'""? Furthermore, among ado-
lescent patients who were in the 7th to 12th grades of school in
the USA, female patients exhibited more serious symptoms.*

Although differences between the sexes in asthma prevalence
and exacerbation are not fully understood, it is thought that
girls have larger central airways than boys, then, after the
growth spurt the males’ airways become larger than the fe-
males’ airways,'* which leads to a relatively higher risk of asth-
ma for females."> More females than males experience asthma
exacerbations after the age of 15 years,** which could be the
consequence of a hormonal effect.'®

In 2010, a nationwide cross-sectional survey of Korean chil-
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Fig. 5. Monthly intensive care unit hospitalizations as a result of the emergen-
cy department examinations for asthma at ages between 3 and 18 years, from
2007 to 2012.

dren revealed that asthma prevalence rates were 12.4% for boys
and 8.0% for girls aged 6-7 years and 8.9% for boys and 7.7% for
girls aged 13-14 years."” This study also showed higher preva-
lence rates among male Korean children and adolescents. Data
from the National Statistical Office'® show that the male-to-fe-
male ratios are 106:100 or 112:100 for people who are younger
than 18 years of age.

In the present study, the largest number of patients who visit-
ed the EDs was in the 3-6 years age group, and this group had
the highest rate of GW hospitalization following ED visits
(48.4%). Younger children tend to present at EDs with asthma
symptoms more often, because very young children tend to
have smaller airways compared to older children, and rapid
postnatal growth leads to changes in the morphology and reac-
tivity of their airways, which results in frequent ED visits for
lower respiratory tract illnesses.”” Furthermore, hospitalization
criteria become more stringent as patients’ ages increase.’ In
addition, young children have the higher rates of ED visits and
hospitalizations because they can readily transit to life-threat-
ening statuses as a consequence of the respiratory distress
caused by pulmonary inflammation."

In our study, the rate of ICU hospitalization after visits to the
ED was highest in the 13-18 years age group. In the USA, the
prevalence of ICU hospitalization after visits to the ED was
highest among children aged between 11 and 17 years, and
asthma maintenance treatment was often not successful, which
led to high mortality levels in this age group." It was thought
that this was caused by adolescent patients experiencing diffi-
culties in maintaining asthma control, because they have to
recognize and treat their asthma exacerbations themselves.'

Viral infection is a major factor that is involved in asthma ex-
acerbations among children and adults, and the correlation be-
tween asthma exacerbations and viral respiratory inflamma-
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tion is stronger in children (85%) than in adults (55%).”° The
type of respiratory virus that is associated with asthma attacks
varies depending on patient age. Many studies have reported
that rhinoviruses (RVs) and the influenza virus (IFV) are major
causes of asthma attacks among children and adults, and that
the respiratory syncytial virus (RSV) and parainfluenza virus
(PIV) are dominant causes of asthma attacks among very young
children.” Findings from a previous study have shown a strong
positive correlation between the seasonal distribution of respi-
ratory viral infections and hospitalizations as a consequence of
asthma, and that this is more frequently observed in children.”
Johnson et al.* reported that RV infections were observed most
frequently among children who were aged from 9 to 11 years
and who experienced asthma exacerbations, and that RV infec-
tions were particularly frequent during spring and fall. They
also reported that the pattern of RV detection was consistent
with the increased hospitalization rates for asthma during
spring and fall.

In the temperate zone of the northern hemisphere, the RV de-
tection rate is at its highest in September, and the lower rates of
detection occur in April and May; however, RVs are detected
throughout the year.” Although the RV is considered a major
infectious cause of childhood asthma and it is associated with
dramatic increases in asthma attacks during fall when school
starts in a number of nations,” the Korean trend relating to RV
infections does not show a uniform pattern, which is unlike in-
ternational trends. Reports from the Korea Centers for Disease
Control and Prevention** indicate that RV infections increase
from March to April and from September to October, but RV
detections in fall are not that high. RV infections occur through-
out the year and the seasonal prevalence of RV is not uniform.
Furthermore, the detection rates vary every year, and they even
showed peaks during the summers of 2007 and 2008. In addi-
tion, the findings from respiratory viral examinations of pa-
tients who were aged from 2 to 13 years and were hospitalized
because of asthma exacerbations, revealed that RSV had the
highest detection rate (31%), followed by IFV (17.2%) and RV
(12%).% Studies of asthma exacerbations® indicate that RV is
detected more often in asthmatic and healthy individuals in
spring than in fall, and that the respiratory virus activity levels
can vary depending on the season, year, and the contributing
factors because the results can vary depending on the patient
group, the method of sample collection, and the examination
methods.

In this study, larger numbers of asthma patients visited the
EDs in more recent years compared to 6 years ago; however, the
increase was not uniform, and the numbers of patients visiting
the EDs were largest during fall (Fig. 1). In Korea, an HIN1 virus
pandemic occurred between October and December in 2009,*
and the nationwide outbreaks of mycoplasma infections oc-
curred during fall in 2007 and 2011.* These outbreaks may
have been the consequences of the impacts of the respiratory
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infections that were prevalent during fall in 2007, 2009, and
2011 (Fig. 1).

A retrospective study of a cohort of children who were young-
er than 15 years that was undertaken over 20 years in the USA
showed that during the IFV seasons, asthma patients’ ED visits
increased compared to the periods before the IFV seasons.”
During the HIN1 virus pandemic that occurred from Septem-
ber to October 2009, asthmatic patients who were infected with
the HIN1 virus exhibited more serious respiratory symptoms
than those who were infected with other viruses or were not in-
fected with other viruses.” Based on this finding, we theorized
that the peak in asthma exacerbations that we observed from
October to December 2009 was a consequence of the impact of
HINT1 virus infections. In this study, ICU hospitalizations as a
consequence of asthma in October 2009 showed an approxi-
mately 7-fold increase above the monthly average, which was
consistent with the number of children who had HIN1 virus in-
fections, were younger than 18 years of age, and were hospital-
ized in the ICUs in October 2009.*"

Since the mechanism underlying the exacerbations of asthma
symptoms involves multiple factors in addition to respiratory
infection, it is difficult to explain the mechanism based on a
single factor. Seasonal climate changes are involved in asthma
exacerbations during fall; hence, asthma symptoms increase
when the temperature is low or when it declines dramatical-
ly.*** A study in West India, where the dry and rainy seasons
are distinct, concluded that asthma was worse in the rainy sea-
son, and this was related to temperature and pressure changes.”
Another study reported that visits at the ED increased at night
when the atmospheric pressure, temperature, or humidity were
high and then suddenly decreased, and that asthma exacerba-
tions often occurred during spring and fall when unstable at-
mospheric changes are frequent.’

A 20-year study undertaken in Finland evaluated asthmatic
patients who were younger than 15 years reported that the
highest hospitalization rates were in the fall and in May.’ The
same authors suggested that the high hospitalization rates in
May might be associated with the presence of high concentra-
tions of birch pollen. However, these findings are controversial,
because the findings from another study did not determine a
correlation between asthma exacerbations and the birch pollen
in adult patients.* They also pointed out that the spread of PIV,
which often occurs during early spring in Finland, might be as-
sociated with the high hospitalization rates in May. Although
the hospitalization rates were not as high those that occurred
during fall, that study also showed increases in ED visits and
hospitalizations during spring, suggesting that the impact of
PIV often peaks in spring.**

The seasonal release of pollen is a factor that is involved in
asthma exacerbations, and it shows regional variations. The
findings from a recent domestic study have shown that each
season is associated with distinctive peaks of different types of

http://e-aairorg 227



Won etal.

pollen,® but it is difficult to conclude that pollen is associated
with the exacerbations of asthma symptoms that occur during
fall. The findings of a recent study have shown that the seasonal
peak in hospitalizations for asthma has a higher correlation
with respiratory viruses and that it is not associated with the
pollen count.” Viral infections themselves can induce and ex-
acerbate bronchial asthma, and they may exacerbate asthma
by interacting with other factors that are known to exacerbate
asthma and increase allergen levels.*

Previous studies showed that there are significant correlations
between air pollution and asthma exacerbations in children
but not in adults.*” It is possible that the results differed because
of the characteristics of the study participants, the timing and
duration of the study, the definition of an acute exacerbation,
and variations in the analytical methods used.*®

This study has some limitations. First, since this study focused
on patients who were hospitalized through EDs or were dis-
charged after ED treatment, it did not include those who were
treated in outpatient clinics or those who were hospitalized
through outpatient clinics; hence, it did not reflect the total
number of hospitalized asthmatic patients. Second, no data
were available that determined whether all of the patients who
presented at the EDs had experienced asthma exacerbations,
and detailed clinical reports and examination results were lack-
ing for these patients.

This study analyzed large data sets that comprised data that
were collected from children and adolescents who visited EDs
throughout Korea over a 6-year period as opposed to a 1-year
period; thus, the data are extremely representative of the na-
tion. In addition, this study incorporated the time periods dur-
ing which the HIN1 viral and mycoplasma infections peaked,
which enabled comparisons of their potential impacts. By com-
paring the GW and ICU hospitalization rates, we were able to
investigate the impacts of age and sex on the severity of asthma.

Therefore, if we can understand risk factors underlying GW
and ICU hospitalizations for asthma exacerbations, we can es-
tablish efficient strategies for their prevention and treatment.
Furthermore, the patterns of asthma can help identify factors
that exacerbate asthma and assist in monitoring those patients
who are at high risk during the season when asthma exacerba-
tions are predicted.
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