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Abstract

Objective  We assessed the association of fluctuations in
ambient temperature, air pollutants, and Asian dust (AD)
events with the hospitalization of children for asthma in
Fukuoka City.

Methods Data on emergency hospitalizations of children
under 12 years of age for asthma were collected at
Fukuoka National Hospital. We obtained air pollution and
meteorological data for Fukuoka from the National Insti-
tute for Environmental Studies. Using a time-stratified
case-crossover design, we estimated odds ratios (ORs) of
hospitalization corresponding to a unit change in weather
variables and concentration of air pollutants. We also
evaluated the effect of AD events on asthma hospitalization
with data stratified by days with or without an AD event.
Results There were 3427 hospitalizations and 106 AD
events from 2001 to 2007. We found that within-day
temperature change rather than ambient temperature was
associated with asthma exacerbation. In the multi-pollutant
model, the ORs per 1°C within-day drop and rise during the
period from the hospitalization day to 3 days previously
(lag3) were 1.033 [95% confidence interval (CI) 1.005—
1.063] and 1.027 (95% CI 0.995-1.060), rspectively.
A 10 pg/m’ increase in suspended particulate matter (SPM)
and nitrogen dioxide (NO,) at lag2—-lag3 were significantly
associated with an increase in asthma hospitalization with
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ORs of 1.041 (95% CI 1.013-1.070) and 1.112 (95% CI
1.022-1.209), respectively. We did not observe a signifi-
cant association between asthma hospitalization and AD
events.

Conclusions This study showed that temperature fluctu-
ation, SPM, and NO, were associated with an increased
risk of hospitalization of children for asthma.

Keywords Asthma - Hospitalization - Temperature -
Air pollution - Dust

Introduction

The prevalence of asthma, a chronic disorder of the air-
ways accompanied by episodic airway obstruction, has
been increasing among the younger members of the Japa-
nese population [1, 2], while mortality due to asthma has
shown a decreasing trend since the introduction of the
corticosteroid inhaler [3]. One of the goals of asthma
management is to prevent asthma exacerbations [4], and in
order to achieve this goal, it is necessary to understand the
effect of environmental factors that could trigger an asthma
attack.

Both weather [5—8] and air pollutants [7-13] have been
recognized as important environmental factors that have
adverse effects on asthma. Most of these factors have been
the focus of extensive research, but there are a number of
environmental factors that have not yet been fully evalu-
ated in terms of their effect on asthma.

First, it has recently been suggested that temperature
fluctuation rather than ambient temperature itself is related
to cardiovascular disease [14, 15]. However, we are unaware
of studies that have evaluated the effect of temperature
fluctuation on the exacerbation of asthma. One of the
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hypotheses of this study is that fluctuations in ambient
temperature could increase the risk of asthma hospitaliza-
tion; consequently, we have examined the association
between temperature fluctuation and asthma hospitalization.

Second, it is necessary to evaluate the health effects of
air pollutants. Air pollutants have also been emphasized as
important triggers of asthma exacerbation [7-13], and
several studies have reported an effect after a lag of a few
days following exposure [8, 10-12]. In Japan, there have
been a few studies that evaluated the short-term effect of
air pollutants on asthma exacerbation, but these focused on
the effect on asthma of exposure on the same day and on
the previous day [6, 13]. In this study, we evaluated the
lagged effect of air pollutants for up to 6 days prior to
hospitalization.

Third, it may be necessary to consider regional specific
environmental exposures. Fukuoka is an urban city located
in the northern part of Kyushu Island in Japan, close to the
Asian continent, and the city experiences Asian dust (AD)
events more frequently than other parts of Japan. An AD
event is the phenomenon in which mineral dust originating
from the Gobi and Taklamakan deserts of China and Mon-
golia is lifted by wind and transported to the Pacific region,
sometimes even to the west coast of North America [16].
Although a few studies evaluating the effects of AD events
on asthma have been published [17, 18], little data are
available on the effects of AD events on health in Japan. It
has been suggested that AD is contaminated by various
chemical components [19] and microorganisms [20] through
the transportation mechanism and that it is possible that
particles from AD have greater toxic effects than those from
local air pollution. In this context, our aim is to address the
more specific question of whether exposure to particles in
AD has an impact on asthma hospitalization.

Therefore, the overall aim of this study was compre-
hensively examine the effects of fluctuations in ambient
temperature, air pollutants, and AD events in Fukuoka City
on the exacerbation of asthma in children using hospital
data.

Materials and methods
Patient data

This study used information obtain from anonymous
unlinked data. Data on emergency hospitalizations for
asthma from January 2001 to December 2007 were col-
lected at Fukuoka National Hospital in Fukuoka. The data
included information on sex and age of the patient, the date
of admission, the date of discharge, and the code of the
International Classification of Diseases (10th revision). The
subjects of this study were children under 12 years of age.

Environmental data

Data on air pollutants and weather conditions were
obtained from the atmospheric environment database of the
National Institute for Environmental Studies. The air pol-
lutants studied were suspended particulate matter (SPM),
photochemical oxidants (Ox), nitrogen dioxide (NO,), and
sulfur dioxide (SO,). We used hourly measurements at the
closest monitoring stations to Fukuoka National Hospital.
Under the Japanese Air Quality Standard, SPM is defined
as airborne particles with a 100% cut-off level at 10 pm
aerodynamic diameter. SPM monitored in Japan is theo-
retically assumed to be particles with a diameter of <7 pum
(approximately) with a 50% cut-off level. Ox is defined as
mixtures of ozone and other secondary oxidants generated
by a photochemical reaction, and considered to be a proxy
for ozone. Data on AD events were obtained from the
Japan Meteorological Agency [21]. The occurrence of an
AD event was generally determined by visibility-based
observation [22].

Statistical analyses

To evaluate the association between air pollutants and the
risk of hospitalization for asthma, we used a time-stratified
case-crossover design. The case-crossover analysis was
developed to assess the acute effects of transient exposure
[23], and its application in the field of air pollutant epi-
demiology has recently increased. In this design, within-
subject comparisons are made between a case period and
control periods. In our study, a case period was defined as
the day of hospitalization. The selection of appropriate
control periods is important for obtaining valid estimates;
therefore, as control periods, we chose the same day of the
week in the same month of the same year as the case
period. Using this control selection strategy, we expected
to be able to adjust for the effects of long-term trend,
seasonality, and day of week through the design of the
study.

We estimated the odds ratios (ORs) of hospitalization
using conditional logistic regression. We controlled for
4-day averaged daily mean ambient temperature and rela-
tive humidity from the case day (lag0) to 3 days prior
(lag3). We calculated the maximum within-day drop and
rise in temperature as follows. Based on hourly temperature
data, we identified all local minima and maxima for each
day. We then defined the maximum within-day temperature
drop as the largest difference between any local maximum
temperature and the subsequent local minimum tempera-
ture. Similarly, we defined the maximum within-day rise in
temperature as the largest difference between any local
minimum temperature and the subsequent local maximum
temperature. We hypothesized that the time from exposure
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to hospitalization would range from a few hours to a few
days. Therefore, we included the maximum daily temper-
ature drop and rise, respectively, during the period from the
day of hospitalization to 3 days prior to hospitalization
(Taropo3» Triseo3) in the model. We examined the 24-h mean
concentration of SPM, Ox, NO,, and SO,. To evaluate the
lag effect of air pollutants, we applied the lag-stratified
distributed lag model [24] and entered the averaged con-
centration of air pollutants during lag0-lagl (lagO1), during
lag2-lag3 (lag23), and during lagd—lag6 (lagd6) simulta-
neously in the model. Similar analyses were repeated using
the data stratified by season (May—October, November—
April) and sex.

We examined whether the risk of asthma hospitalization
increased on the days with an AD event (AD days) com-
pared to those without an AD event (non-AD days). We
estimated the OR of hospitalization on AD days, control-
ling for weather variables. The health effects of particles
from AD may differ from locally produced particulate air
pollutants. Therefore, we also compared the effect esti-
mates of SPM between the AD days and non-AD days. We
stratified the data by whether the case day was an AD day
or non-AD day. To test whether there was any difference in
the effect of SPM between AD days and non-AD days, we
created a binary variable indicating whether the hospital-
ization occurred on an AD day or a non-AD day and added
an interaction term between SPM concentration and AD
days into the model.

The results were presented as ORs with 95% confidence
intervals (CI).

Results

During the study period, there were 3427 hospitalizations
of children aged 0—12 years for asthma (Table 1). Of these,
about 60% were male and over 60% were children under
6 years of age.

There were 106 AD events observed in Fukuoka from
2001 to 2007 (Table 2). Although most occurred from
March to May, a few AD events were observed in the fall
and winter. Table 3 shows the summary statistics of air
pollutants and meteorological variables. The mean within-
day temperature drop and rise were 4.1 and 5.3°C,
respectively. The comparison of the environmental vari-
ables showed that the mean concentration of SPM on AD
days was almost 1.8-fold greater than that on non-AD days.
The levels of Ox and SO, on AD days were also higher
than those on non-AD days.

We initially estimated the effects of Tgropo3 and Tiiseo3
adjusted for 24-h mean temperature and relative humidity.
A significant association was observed between both
Taropo3 and Tiiseo3 and asthma hospitalization in this basic
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Table 1 Summary of study subjects

Demographic variables No. of hospitalizations (%)

All subjects 3427 (100.0)

Sex
Male 2078 (60.6)
Female 1341 (39.1)
Missing 8 (0.2)
Age
0-1 year 673 (19.6)
2-5 years 1506 (43.9)
6-12 years 1248 (36.4)

Table 2 Number of days when Asian dust events were observed in
Fukuoka, 2001-2007

Year Frequency
Full year March-May

2001 30 29
2002 25 23
2003 2 2
2004 10 10
2005 10 7
2006 13 13
2007 16 14

model. The ORs corresponding to an increase of 1°C in
Taropos and Tyigeo3 Were 1.030 (95% CI 1.003-1.057) and
1.040 (95% CI 1.013-1.068), respectively.

Table 4 shows the ORs of asthma hospitalization per
unit increase in each air pollutant. In the single-pollutant
models where we adjusted for ambient temperature, rela-
tive humidity, Tyropo3 and Tiiseo3, we found that a 10-unit
increase in SPM and NO, at lag23 was significantly asso-
ciated with an increase in asthma hospitalization, with ORs
of 1.041 (95% CI 1.013-1.070) and 1.112 (95% CI 1.022—
1.209), respectively (Table 4). There were no significant
associations between Ox and SO, and asthma hospitaliza-
tion. We also applied the multi-pollutant model, including
ambient temperature, relative humidity, Taropos, Trisco3s
SPM, NO,, Ox, and SO,. Although the association between
asthma and air pollutants became insignificant (Table 4),
the central point estimates and lag pattern for SPM, Ox,
and NO, remained similar to those from the single-pollu-
tant models. In the multi-pollutant model, the ORs per 1°C
Taropo3 and Tiisep3 were 1.033 (95% CI 1.005-1.063) and
1.027 (95% CI 0.995-1.060), respectively.

The season-stratified analyses did not reveal any sub-
stantial difference in the effect estimates of SPM, Ox, and
NO, between the warm season (May—October) and the cool
season (November—April). The effect estimates of SO, at
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Table 3 Summary of 24-h mean concentration of air pollutants and meteorological variables
Variables No. of days Mean (SD) Minimum Percentiles Maximum
analyzed
25th 50th 75th
Air pollutants
SPM (pg/m’)
All days 2506 35.9 (17.7) 7.9 239 31.2 43.8 213.0
AD-days (March-May) 97 62.8 (34.7) 22.1 44.0 53.6 67.7 213.0
Non-AD days (March—-May) 543 34.3 (13.4) 10.6 25.1 31.8 40.5 95.2
Ox (ppb)
All days 2466 26.7 (11.8) 1.2 17.6 26.4 349 69.6
AD-days (March-May) 94 39.5(9.5) 19.1 33.0 39.9 44.8 69.6
Non-AD days (March-May) 517 35.7 (10.5) 7.9 28.3 36.7 432 65.5
NO, (ppb)
All days 2485 18.1 (7.5) 2.3 12.5 17.5 23.2 50.6
AD-days (March-May) 92 17.6 (6.9) 4.5 12.5 17.5 223 35.0
Non-AD days (March—-May) 537 17.9 (7.2) 3.5 12.2 17.5 22.9 45.8
SO: (ppb)
All days 2494 4.5 (1.6) 0.9 33 4.3 53 14.2
AD-days (March-May) 91 5.5 (1.6) 24 43 55 6.6 9.4
Non-AD days (March-May) 545 4.9 (1.7) 0.9 3.7 4.7 6.0 11.3
Meteorological variables
Temperature (°C)
All days 2551 17.3 (7.8) —-14 10.5 17.7 24.0 31.9
AD-days (March-May) 98 14.9 (3.5) 5.1 12.8 14.6 16.5 242
Non-AD days (March-May) 545 15.2 (4.9) 2.1 11.8 16.0 19.1 26.6
Within-day temperature drop (°C)
All days 2556 4.1 (1.7) 0.2 29 4.0 5.2 123
AD-days (March-May) 98 5.0 (1.8) 1.2 3.8 4.9 6.2 114
Non-AD days (March-May) 546 4.4 (1.9) 0.8 3.1 4.2 54 12.3
Within-day temperature rise (°C)
All days 2556 53 2.7 0.2 32 5.1 7.1 15.0
AD-days (March-May) 98 59 @3.3) 0.6 29 55 8.7 12.6
Non-AD days (March-May) 546 5.8 (3.1) 0.2 33 5.7 8.2 15.0
Relative humidity (%)
All days 2551 66.7 (11.0) 28.3 58.7 66.8 74.3 95.7
AD-days (March-May) 98 57.8 (10.8) 28.3 51.0 57.8 65.4 84.9
Non-AD days (March-May) 545 65.2 (13.0) 31.1 55.0 64.1 75.4 95.7

AD Asian dust, SPM suspended particulate matter, Ox photochemical oxidants, NO, nitrogen dioxide, SO, sulfur dioxide, ppb parts per billion,

SD standard deviation

lag01 were larger in the warmer season than those in the
cooler season (Table 4). In the sex-stratified analyses, we
did not find any substantial gender-related differences in
the effect of each pollutant on asthma hospitalization.
Finally, we examined the effects of AD events on
asthma hospitalization. The ORs of hospitalization on AD
days adjusted for weather variables were 1.210 (95% CI
0.946-1.548). The result using the data from March to
May was similar (OR 1.182, 95% CI 0.905-1.544). We
also compared the effect of SPM on AD days and non-AD
days (Table 5). No statistically significant difference was

observed for the effect of SPM on asthma hospitalization
by AD events.

Discussion

In this study, we assessed the effects of weather, air pollu-
tants, and AD events on asthma hospitalization for children.
We found that within-day temperature change—rather than
absolute ambient temperature—was associated with asthma
exacerbation. We also observed that an increase in SPM and
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Table 4 Odds ratios and 95% confidence intervals of asthma hospitalization per unit increase in each air pollutant

Models Mean Odds ratio (95% CI)
Full year May-October November—April
Single-pollutant models
SPM (per 10 pg/m®) lag01 0.980 (0.954, 1.007) 0.989 (0.950, 1.029) 0.962 (0.927, 0.999)
lag23 1.041 (1.013, 1.070) 1.045 (1.003, 1.088) 1.042 (1.003, 1.082)
lagd6 0.995 (0.966, 1.025) 1.001 (0.959, 1.046) 0.981 (0.941, 1.023)
Ox (per 10 ppb) lag01 1.024 (0.969, 1.082) 1.021 (0.948, 1.099) 0.957 (0.876, 1.045)
lag23 1.005 (0.948, 1.066) 1.023 (0.946, 1.105) 0.939 (0.854, 1.032)
lag46 0.989 (0.933, 1.047) 0.950 (0.882, 1.024) 1.006 (0.914, 1.108)
NO; (per 10 ppb) lag01 1.008 (0.930, 1.093) 0.960 (0.840, 1.097) 0.976 (0.878, 1.084)
lag23 1.112 (1.022, 1.209) 1.043 (0.914, 1.190) 1.065 (0.950, 1.194)
lag46 1.043 (0.954, 1.140) 1.080 (0.937, 1.245) 0.975 (0.868, 1.094)
SO, (per 10 ppb) lag01 0.965 (0.677, 1.376) 1.469 (0.835, 2.585) 0.503 (0.312, 0.811)
lag23 1.273 (0.900, 1.802) 1.028 (0.597, 1.770) 0.994 (0.620, 1.594)
lagd6 1.002 (0.693, 1.447) 1.255 (0.714, 2.206) 0.689 (0.420, 1.129)
Multi-pollutant models
SPM (per 10 pg/m®) lag01 0.977 (0.944, 1.012) 0.971 (0.922, 1.023) 0.987 (0.943, 1.033)
lag23 1.032 (0.993, 1.074) 1.050 (0.993, 1.109) 1.068 (1.008, 1.132)
lagd6 0.977 (0.934, 1.022) 0.985 (0.930, 1.043) 0.965 (0.891, 1.044)
Ox (per 10 ppb) lag01 1.034 (0.962, 1.111) 1.006 (0.921, 1.100) 0.908 (0.773, 1.066)
lag23 1.017 (0.943, 1.098) 1.009 (0.918, 1.108) 1.013 (0.853, 1.203)
lag46 0.993 (0.923, 1.068) 0.939 (0.860, 1.027) 1.040 (0.869, 1.244)
NO; (per 10 ppb) lag01 1.047 (0.924, 1.186) 0.898 (0.748, 1.077) 1.014 (0.809, 1.272)
lag23 1.128 (0.991, 1.283) 1.042 (0.870, 1.249) 1.189 (0.933, 1.516)
lagd6 1.042 (0.913, 1.189) 1.037 (0.861, 1.249) 1.059 (0.822, 1.365)
SO, (per 10 ppb) lagO1 1.034 (0.628, 1.702) 2.434 (1.161, 5.103) 0.442 (0.211, 0.924)
lag23 0.755 (0.466, 1.223) 0.566 (0.273, 1.172) 0.480 (0.232, 0.991)
lagd6 1.177 (0.706, 1.962) 1.587 (0.757, 3.326) 0.784 (0.335, 1.834)

lag0 Case day, lagl-lag6 number of days prior to case day, lag0! averaged concentration during lag0-lagl, lag23 averaged concentration during
lag2-lag3, lag46 averaged concentration during lag4—lag6, CI confidence interval

Table 5 Odds ratio and 95% confidence interval of asthma hospitalization per 10 pg/m? increase in SPM stratified by AD days

Variables Odds ratio (95% CI)
lag01 lag23 lag46
AD days 0.964 (0.876, 1.060) 1.105 (1.015, 1.203) 1.019 (0.902, 1.151)
Non-AD days 0.976 (0.944, 1.010) 1.054 (1.020, 1.090) 0.991 (0.959, 1.024)
p for interaction 0.74 0.23 0.56

NO, was significantly associated with an increase in hos-
pitalization for asthma during lag2-lag3. There was neither
a significant association between AD events and asthma
hospitalization nor differences in the effect estimates of
SPM between AD days and non-AD days.

Although a few published studies have focused on the
effects of weather variables on asthma, the results of these
are inconsistent [5-8]. As the findings of a number of
studies suggested that temperature fluctuation could have
an impact on acute events, such as coronary heart disease
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deaths [14] and stroke [15], we decided to examine the
effects of temperature fluctuation on asthma exacerbation.
The results of our study show that larger changes in tem-
perature—regardless of direction—were related to a higher
risk of asthma hospitalization. However, ambient temper-
ature itself was not associated with asthma hospitalization.
The exact mechanism of the effect of temperature is not
known, but this result suggests that daily temperature
fluctuation has a greater impact on the condition of patients
with asthma than the temperature itself.
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We applied a lag-stratified distributed lag model [24] to
estimate the effects of air pollutants. Using this model, we
found that there was a lag of few days between the envi-
ronmental exposure to air pollutants and hospitalization for
asthma. It is thought that exposure to stimuli induces air-
way limitation through a direct/indirect pathway within a
few minutes [25]. The lag, therefore, may be due to a delay
in the recognition of the symptoms and presentation at the
hospital. Also, the use of a corticosteroid inhaler may have
contributed to a longer lag period. The inhaled corticoste-
roid is expected to reduce the frequency of asthma exac-
erbation [26]. Only those who failed to control their
symptoms may have required emergency hospitalization a
few days after the first asthma attack.

The current focus on particulate air pollutants is the
regional variation of their health effects. It has been sug-
gested that there is a degree of heterogeneity in the effect
of particulate matter on mortality within the same country
[27, 28]. It is therefore possible that there is regional het-
erogeneity in the effect of particulate matter on disease
morbidity. In this study, we found that SPM was signifi-
cantly associated with hospitalization for asthma. In con-
trast, Yamazaki et al. [13] did not observe an association
in their study conducted in Tokyo. This difference in
the results could be partly a result of regional variation in
the chemical composition of particles. Ostro et al. [29]
observed associations between several components of
particles, such as elemental carbon, organic carbon, sul-
fates, and nitrates, and asthma hospitalization among
children. They also suggested that the presence of several
metals in particles may increase the risk of hospitalization.
Studies investigating the effects of particle composition
and asthma are scarce, and this association warrants further
examination.

Among the gaseous air pollutants, only NO, was sig-
nificantly associated with hospitalization for asthma, but
the association became insignificant after adjustment for
co-pollutants. Findings from previous epidemiological
studies have been inconsistent in showing an effect of
gaseous pollutants on asthma episodes [9, 10, 13, 30],
possibly because of differences in the level of each gaseous
pollutant. A significant association between SO, and
asthma was observed in areas where the level of SO, was
relatively high. In addition, individual differences in sus-
ceptibility to air pollutants, such as sex and age, may
influence the results [30]. It has been suggested that there
could be a threshold of ozone concentration above which
there is an increase in the risk of asthma hospitalization
[30]. Thus, if the effect of Ox had a threshold and the Ox
level in the study area was lower than the threshold, no
association would be observed. In our study, all daily mean
Ox concentrations were lower than 70 parts per billion
(ppb), and there were only 4 days during the study period

when the daily maximum Ox concentration was higher
than 70 ppb. Thus, the Ox level may have been lower than
the threshold level. Another possibility is that the health
effect of Ox varies according to individual characteristics.
Stieb et al. [11] reported that the effect of ozone differed
between adults and children. Long-term monitoring in
Japan shows a recent increasing trend in Ox concentration
[31], and further studies focusing on the threshold of an Ox
effect and individual sensitivity are warranted.

We observed stronger association of SO, at lag01 with
asthma hospitalization in the warmer season. A few pre-
vious studies also found that the effects of air pollutants
were larger during the warm season than during the colder
one [9, 13]. The authors of these reports suggested that this
effect could be explained by the simple fact that people
tend to spend more time outside in warmer weather, which
could reduce exposure misclassification. Contrary to gas-
eous pollutants, we did not observe any seasonal difference
in the effect of SPM on hospitalization for asthma. A more
rigorous study on this effect would have to take the dif-
ference in both seasonal variation and chemical compo-
nents of particulate matter into account.

There are concerns that particles from AD have potential
toxic effects on human health. Experimental studies using
animal models found that exposure to AD induced lung
inflammation [32-35]. Ichinose et al. [33] suggested that
lipopolysaccharide and f-glucan in AD could cause
inflammation of the lungs. Some epidemiological studies
have been conducted in Asia, but the results are inconsis-
tent. Chiu et al. [36] found no difference in hospitalization
for chronic obstructive pulmonary disease (COPD)
between AD event days and non-AD event days in Taiwan.
In contrast, Chan et al. [37] reported that hospital visits for
COPD increased during AD days with a high particulate
matter concentration. These authors also found that hos-
pitalization for pneumonia significantly increased during
AD event days in Taiwan. The results of a study in Min-
chin, China, where AD events with relatively higher con-
centrations of particulate matter occur more frequently,
indicated that there was a significant association between
AD days and hospitalization for respiratory disease; how-
ever, the authors made no adjustment for confounding by
air pollutants [38]. In our study, the risk of asthma hospi-
talization increased by about 20% on AD days compared to
non-AD days although the association was insignificant.
The association between SPM and hospitalization at lag23
was significantly positive on both AD days and non-AD
days. However, we did not observe a significant difference
in the effect of SPM on asthma hospitalization between AD
days and non-AD days. The interpretation of these results
is difficult. Given that the AD events increased the risk of
hospitalization for asthma and the fact that we failed to
detect any significant association because of the limited
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statistical power of our study, it is possible that an AD
event had an adverse health effect only because it presented
a high level of SPM and that there was, in fact, no additive
effect of particles from AD. Further study is needed across
multiple areas to elucidate the health effect of AD events.

There are several limitations to our study. First, we used
the measurements at the monitoring station closest to the
hospital as a proxy of personal exposure; this could lead to
exposure misclassification. Second, we used information
on AD events from the Japan Meteorological Agency.
Given that the definition of an AD event is dependent on
the distance of visibility, misclassification of AD events
may have occurred on the day when the local particulate
pollutant level was high because visibility is determined by
the size and amount of particles. Third, this study used the
data on visits to the emergency department from one hos-
pital only, which may have resulted in limited statistical
power to detect the differences among subgroups in the
stratified analyses.

In summary, we explored the effect of various envi-
ronmental factors on asthma exacerbation. Temperature
fluctuation, SPM, and NO, were found to be associated
with an increased risk of hospitalization of children for
asthma. We did not observe a significant association
between asthma hospitalization and AD events nor was
there a significant difference in the effect of SPM on
asthma hospitalization between AD days and non-AD days.
These findings provide further evidence of the effects of
environmental factors on human health.
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