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case-crossover study in an urban area

Chi-Yung Chengw'zf, Shih-Yu Chengz'ﬁ, Chien-Chih Chen'?, Hsiu-Yung Pan'?, Kuan-Han Wu'? and
Fu-Jen Cheng'”

Abstract

Background: Pneumonia, the leading reason underlying childhood deaths, may be triggered or exacerbated by air
pollution. To date, only a few studies have examined the association of air pollution with emergency department
(ED) visits for pediatric pneumonia, with inconsistent results. Therefore, we aimed to elucidate the impact of short-
term exposure to particulate matter (PM) and other air pollutants on the incidence of ED visits for pediatric pneumonia.

Methods: PM, s, PM;o, and other air pollutant levels were measured at 11 air quality-monitoring stations in Kaohsiung
City, Taiwan, between 2008 and 2014. Further, we extracted the medical records of non-trauma patients aged <17
years and who had visited an ED with the principal diagnosis of pneumonia. A time-stratified case-crossover study
design was employed to determine the hazard effect of air pollution in a total of 4024 patients.

Results: The single-pollutant model suggested that per interquartile range increment in PM, 5, PM; o, nitrogen dioxide
(NO,), and sulfur dioxide (SO,) on 3 days before the event increased the odds of pediatric pneumonia by 14.0% [95%
confidence interval (Cl), 5.1-23.8%], 10.9% (95% Cl, 2.4-20.0%), 14.1% (95% Cl, 5.0-24.1%), and 4.5% (95% Cl, 0.8-8.4%),
respectively. In two-pollutant models, PM, s and NO, were significant after adjusting for PM;q and SO,. Subgroup
analyses showed that older children (aged 24 years) were more susceptible to PM, s (interaction p =0.024) and
children were more susceptible to NO, during warm days (226.5 °C, interaction p=0.011).

Conclusions: Short-term exposure to PM, 5 and NO, possibly plays an important role in pediatric pneumonia in
Kaohsiung, Taiwan. Older children are more susceptible to PM, s, and all children are more susceptible to NO, during
warm days.
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Introduction

Many epidemiological studies have reported that short-
term variations in ambient air pollution are related to
poor health outcomes, such as respiratory diseases, cardio-
vascular diseases, and mortality [1-4]. Particulate matter
(PM), nitrogen dioxide (NO,), and ozone (Os) are report-
edly related to hospital admissions for pneumonia [5].
Epidemiological studies suggest that fine particles (which
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are usually defined as PM having an aerodynamic diam-
eter of <2.5 um; PM, ;) are more toxic than larger parti-
cles [6].

Pneumonia, an inflammatory lung condition, is the
leading cause of death in children, accounting for ap-
proximately 1.3 million deaths among children aged <5
years in 2010-2011 [7]. Air pollutants, such as PMjq
(PM having an aerodynamic diameter of <10 pm),
PM, 5, NO,, and O3 are related to lung and systemic in-
flammation [8—10]. The health effects of air pollutants
seemed to have regional and seasonal variations. The re-
gional heterogeneity between the estimated effect of PM
on hospitalization and mortality has been reported in
several previous multi-city studies [1, 11]. These
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seasonal and regional variations might be explained by
certain community characteristics, for instance, air con-
ditioning [12], population density [13], the proportion of
elderly residents [1], and effect modification by ambient
temperature [2]. Previous studies also demonstrated that
the effect of PM,5 on emergency hospitalizations for
pneumonia [14] was greater for children and its effect
on out-of-hospital cardiac arrest (OHCA) was greater in
elderly patients [15]. For children, air pollution was
found to be associated with emergency department (ED)
admission for respiratory diseases and asthma [16, 17].
However, only a limited number of studies have focused
on air pollution and ED visits for pediatric pneumonia,
and the results are inconsistent [18, 19]. Furthermore,
only limited information is available regarding the
pediatric populations which are particularly susceptible
to these exposures.

Over a 7-year period, in South Taiwan, we collected
data of pediatric patients who presented at the ED from
a tertiary academic medical center due to pneumonia.
Using a case—crossover design, the data were analyzed
with respect to weather and air pollution parameters.
The study aimed: (1) to evaluate correlation between in-
crease in short-term exposure to air pollutants and
events of pediatric pneumonia and (2) to evaluate the
potential triggering effects of PM, 5, especially in individ-
uals with pre-existing disease.

Materials and methods

Kaohsiung City

Kaohsiung is located in the southwestern part of Taiwan
and has a tropical monsoon climate. It is the leading indus-
trial city with the largest commercial harbor in Taiwan.
The industry clusters include basic metals, nonmetallic
mineral products, transportation equipment manufactur-
ing, food and agricultural products, chemical products, ma-
chinery and repairs, and power equipment and repairs.

Study population

This was a retrospective observational study conducted
in an urban tertiary medical center, which has 72,000
ED visits on an average every year. The study period was
from January 1, 2008 to December 31, 2014. We retro-
spectively reviewed the electronic medical records, and
from the ED’s administrative database, extracted data of
non-trauma patients who were <17 years old and had
visited an ED with a documented pneumonia diagnosis
(International Classification of Diseases, ninth revision
[ICD-9]: 480-486). We abstracted the following charac-
teristics from the electronic charts: age, sex, and under-
lying conditions, including respiratory diseases (such as
chronic respiratory failure and restrictive lung), cerebral
palsy, asthma, and epilepsy.
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This study was approved by the institutional review
board of our hospital (no. 201801301B0) and has been
performed in accordance with the ethical standards of
the 1964 Declaration of Helsinki and its later amend-
ments. For this type of study, informed consent from the
subjects was not required.

Pollutant and meteorological data
In 1994, Taiwanese Environmental Protection Administra-
tion, a government agency, had constructed 11 air quality
monitoring stations in Kaohsiung City. The commercial
monitoring instruments of the stations were designated by
the US Environmental Protection Agency as equivalent or
reference instruments and manufactured by US Thermo
Environmental Instruments, Inc. (Franklin, MA, USA).
The automatic stations routinely monitor several “criteria”
pollutant levels, including NO, (using ultraviolet fluores-
cence), sulfur dioxide (SO,, using ultraviolet fluorescence),
PM; (using beta-ray absorption), PM,5 (using beta-ray
absorption), and Os (using ultraviolet photometry), as well
as weather condition, such as temperature and humidity.
Missing data accounted for less than 1% of the total data.
From all the monitoring stations, we collected air pollu-
tion data on an hourly basis, and collected addresses of
pediatric pneumonia patients from medical records. In
addition, we collected recordings of mean temperature
and humidity on a daily basis. Finally, from the nearest
monitoring station, we computed the 24-h average pollu-
tant levels.

Statistical analysis

To analyze pediatric pneumonia events, we employed a
time-stratified case—crossover study design [20, 21] as an
alternative to the Poisson time series regression models
for estimating acute episodic events following short-term
exposure attributed to air pollutants. We investigated
single-day lags from the current day (lag 0) and each of
1-3 days before the pediatric pneumonia event (lag 1,
lag 2, and lag 3). We performed within-subject compari-
sons between case and control periods. The date of the
pediatric pneumonia event was defined as case period.
Time was stratified into separate months to select con-
trol periods as the days falling on the same day of the
week in the same month of the same year as the case
period. This self-matching control period selection strat-
egy was considered to adjust for the effects of long-term
trends, seasonality, and day of the week [22]. Using con-
ditional logistic regression, the odds ratios (ORs) and
95% confidence intervals (Cls) of the pediatric pneumo-
nia cases associated with PM, 5 mass and each air pollu-
tant were estimated. Subgroup analyses including sex,
age, and underlying diseases in the most susceptible
groups were also performed. Exposure levels to air pol-
lutants were included into the pollutant models as
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continuous variables. Each model was adjusted for me-
teorological variables, such as average daily temperature
and humidity on the same day and during lag intervals.
Our analysis was conducted in two steps. First, condi-
tional logistic regression analysis was performed using
the SPSS version 25.0 software. The baseline model in-
cluded a linear expression that included air pollutants
and confounding factors, such as temperature and hu-
midity. Second, we examined nonlinear effects by intro-
ducing temperature and humidity separately in the
model and comparing the goodness-of-fit using the
Akaike information criterion (AIC). The second step was
performed using the SAS macro Igtphcurv9 (in SAS ver-
sion 9.4), which implements natural cubic spline meth-
odology to fit a potentially nonlinear response curve in
conditional logistical regression models for matched case—
control studies. With temperature, the AIC value for the
linear model (11,160.162) was better than that for the
spline model (11,161.772), and the test of curvature
(nonlinear relationship) was nonsignificant (p = 0.30).
Similarly, with humidity, the AIC value for the linear
model (11,146.628) was better than that for the spline
model (11,149.575), and the test of curvature was nonsig-
nificant (p =0.59). As a result, we used the linear model
for the entire conditional logistic regression analysis.

The ORs were calculated based on interquartile range
(IQR) increments in PM, 5, PM;o, NO,, SO,, and O3 ex-
posure. The significance criterion was set at p < 0.05. All
statistical analyses were performed with SPSS version
25.0 (IBM Corp, Armonk, NY, USA).

Results

In total, 4625 pediatric pneumonia cases were recorded
in Kaohsiung over the 7-year study period. Of these, 601
patients were excluded because they were not residents
of Kaohsiung City; whereas the other 4024 patients were
included in the study. Table 1 lists the demographic
characteristics of the 4024 patients. Among them, 2144
(53.3%) patients were male and the mean age was 5.0 +
3.6 years. In all, 305 (7.6%) cases had respiratory disease,
250 (6.2%) had asthma, 124 (3.1%) had cerebral palsy, and

Table 1 Characteristics of the cases (n =4024)

Characteristic Number %
Age (mean £ SD) 50+£36

Male sex 2144 533
Respiratory disease 305 76
Asthma 250 6.2
Cerebral palsy 124 3.1
Epilepsy 110 2.7
Warm season 2192 54.5
Warm days (226.5 °C) 1762 438
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110 (2.7%) had epilepsy. Of the total, 2192 (54.5%) cases
occurred during the warm season (April to September),
whereas 1762 (43.8%) occurred during warm days
(226.5°C).

Table 2 lists the meteorological factors, daily mean con-
centrations of air pollutants and weather variables in Kao-
hsiung during the study period. The average PM,5 and
PM;, concentrations over the study period were 41.1 and
72.8 ug/m?>, respectively. The average NO,, SO,, and O
levels were 19.1, 6.4, and 29.1 ppb, respectively.

Table 3 shows the Pearson’s correlation coefficients for
the weather and air pollutant conditions. PM, 5 was highly
correlated with PM;q (r=0.915; p <0.0001) and NO,
(r=0.802, p<0.0001); and moderately correlated with
SO, (r=0.516, p <0.0001) and O (r=0.427, p < 0.0001).

Figure 1 shows the year-round estimates of the pollut-
ants’ effects on pediatric pneumonia ED visits after ad-
justment for temperature and humidity. IQR increases in
PM, 5, PM;4, NO,, and SO, levels on lag 3 were associ-
ated with increments of 14.0% (95% CI, 5.1-23.8%),
10.9% (95% CI, 2.4-20.0%), 14.1% (95% CI, 5.0-24.1%),
and 4.5% (95% CI, 0.8-8.4%) in the odds of pediatric
pneumonia ED visits, respectively. Meanwhile, the IQR
increase in O3 level was associated with a 6.6% (95% CI,
-0.2-13.9%), not significantly related to pediatric pneu-
monia ED visits.

A two-pollutant model was used to determine which
individual contaminant influences the number of
pediatric pneumonia ED visits independently of other
pollutant effects. In accordance with the results obtained
from the single-pollutant models, the multi-pollutant
models were fitted with different pollutant combinations
(with up to two pollutants per model) to assess the sta-
bility of the effects of PM. The results obtained are pre-
sented in Table 4. An IQR increase in PM,5 was
significantly related to ED visits for pediatric pneumonia
after adjustment for PM;, (OR =1.179, 95% CIL: 1.009—
1.378%) and SO, (OR=1.119, 95% CIL 1.027-1.219%).
An IQR increase in NO, was significantly associated
with ED visits for pediatric pneumonia after adjustment

Table 2 Summarized statistics for meteorology and air pollution
in Kaohsiung, 2008-2014

Percentiles

Minimum  25% 50% 75% Maximum Mean IQR
PMss (ug/m®) 36 232 405 546 1267 411 314
PMyq (ug/mg) 147 43.1 707 957 5820 728 526
NO, (ppb) 39 132 184 243 243 19.1 1.1
SO, (ppb) 18 49 61 78 172 64 29
O3 (ppb) 35 190 281 375 746 29.1 185
Temperature (°C) 124 223 264 288 321 253 65
Humidity (%) 440 700 740 781 953 740 81

The missing data for all monitor stations were less than 1%
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Table 3 Spearman correlation coefficients between air pollutants and weather conditions during the 7-year study period (upper

right triangle), and during the warm period (lower left triangle)

PM, 5 PMyq NO, SO, 05 Temperature Humidity

PM>s 1.000 0915 0.802 0.516 0427 -0.570 —-0.406
PMiq 0915 1.000 0.758 0472 0422 -0.544 -0441
NO, 0.694 0.705 1.000 0.509 0.116 -0.758 -0.323
SO, 0.396 0.392 0481 1.000 0.209 -0.206 -0302
05 0.775 0.750 0489 0.226 1.000 0.068 -0397
Temperature —0.355 -0.393 -0.589 -0.163 —0.296 1.000 0.257

Humidity -0.233 —-0.266 -0.054 -0.120 -0.303 —-0.258 1.000

for PM;o (OR=1.106, 95% CI: 1.004—1.218%) and SO,
(OR =1.115, 95% CI: 1.015-1.226%). Associations with
pneumonia ED visits were no longer significant when
PM,s was adjusted for NO, (OR=1.089, 95% CIL
0.986-1.202%) or when NO,was adjusted for PM,;5
(OR = 1.088, 95% CI: 0.984—1.203%) in two-pollutant models.

Figure 2 presents the results of the stratified analysis
to examine the effect of PM,5 and NO, on pediatric
pneumonia according to different seasons, temperature,
and underlying diseases on lag 3, after adjustment for
temperature and humidity. As shown in Fig. 2a, older
children (aged >4 years) were more susceptible to PM, s;

an increase in the IQR for PM, 5 was associated with in-
creases in the odds of ED visits for pneumonia of 21.7%
(95% CI, 9.9-34.8%) for older children and 1.7% (95%
CI, -11.3— 16.7%; interaction p =0.024) for younger
children (aged <4 vyears). The children were more sus-
ceptible to NO, during the warm days (>26.5°C) than
during the cool days (< 26.5°C) (Fig. 2b), an increase in
the IQR for NO, was associated with increases of 35.4%
(95% CI, 13.6-61.3% and 8.5% (95% CI, —2.7— 20.9%;
interaction p =0.011) in the odds of ED visits for pneu-
monia, respectively. There were no significant differ-
ences with respect to the effects of PM,5 or NO, on

Air pollutants, unit

lag 0
lag 1
lag 2
lag 3

PM, 5, pg/m®

lag 0
lag 1
lag 2
lag 3

PM,q, ng/m®

lag 0
lag 1
lag 2
lag 3

NO;, ppb

lag 0
lag 1
lag 2
lag 3

SOz, ppb

lag 0
lag 1
lag 2
lag 3

O3, ppb

B ———
—_——

——

0.7 0.8

0.9

Fig. 1 Odds ratios (ORs) and 95% confidence intervals (Cls) for pediatric pneumonia ED visits associated with IQR increments in air pollutant
levels, with adjustment for temperature and humidity. ED, emergency department; IQR, interquartile range

1.0 1.1 1.2 1.3 1.4 1.5

Odds Ratio (95% Cl) per IQR
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Table 4 Emergency department visits for each interquartile range change in the two-pollutant models

OR (95% Cl) of pneumonia
Adjusted for temperature, humidity, and pollutant

Single-pollutant model Adjusted PM; s Adjusted PM;s 1o Adjusted NO, Adjusted SO,
PM,s 1.140 (1.051-1.238) 1.156 (1.055-1.267) 1.089 (0.986-1.202) 1.119 (1.027-1.219)
NO, 1.141 (1.050-1.241) 1.088 (0.984-1.203) 1.136 (1.040-1.240) 1.115 (1.015-1.226)
SO, 1.045 (1.008-1.084) 1.030 (0.991-1.070) 1.042 (1.004-1.082) 1.022 (0.981-1.066)

PM,5_10: Particulate matter with an aerodynamic diameter between 2.5 and 10 pm.

N
a Stratum Odds Ratio (95% CI) per IQR IntP
: 1.104 (0.987-1.234)
Sex Male = 0.544
Female - 1.184 (1.050-1.335)
; : 0.877 (0.954-0.521)
Cerebral palsy with ; 0.678
without p— 1.144 (1.054-1.243)
) with e 1.047(0.621-1.765)
Epilepsy without N 1143 (1052-1.202) 089
ith —_——— 1.131 (0.821-1.557
Respiratory disease . W : ¢ ) 0.918
without D 1.141 (1.049-1.242)
with — 1.119 (0.789-1.588)
: 0.801
Asthma without - 1.142 (1.049-1.242)
>4 - 1.217 (1.099-1.348)
Age <4 —— 1,017 (0.887-1.167) 0024
s Warm season H— 1.125 (0.989-1.279) 0.483
eason Cold season — 1.116 (1.001-1.245) -
Warm days »—-—< 1.101 (0.951-1.275
Temperature ¥ : ( ) 0.840
Cold days — 1.090 (0.969-1.226)
0.0 0.5 1.0 1.5 2.0 25 3.0 35
Odds Ratio (95% Cl) per IQR
b Stratum Odds Ratio (95% Cl) per IQR  IntP
Sex Male — 1104 (0987-1.234) (40
Female - 1.104 (0.987-1.234)
with 1420 0.787-2.561)  ( pgq
Cerebral palsy without - 1.137 (1.045-1.237)
. with _._.— 1.232 (0.757-2.004)
Epilepsy without . 1.140 (1.047-1.240) 0.714
. . with JE 1.194 (0.742-1.923)
Respiratory disease without L 1.140 (1.047-1.241) 0.824
with — 1.165 (0.826-1.644)
: 0.801
Asthma without e 1.140 (1.046-1.242)
>4 - 1.140 (1.026-1.267) 0773
Age <4 i—— 1.146 (0.999-1.315)
Warm season »—-—~ 1.117 (0.979-1.274)
H 0.483
Season - 4 season e 1.132 (1.012-1.266)
Warm days — 1.354 (1.136-1.613)
Temperature : 0.011*
Cold days s 1.085 (0.973-1.209)
0.0 0.5 1.0 15 2.0 25 3.0 35
Odds Ratio (95% ClI) per IQR
Fig. 2 Odds ratios (ORs) for IQR increments in (@) PM, s and (b) NO, on lag 3 after adjustment for temperature and humidity. The x-axis represents OR
with 95% confidence intervals (Cls). The warm season was from April to September. *p < 0.05. Int P, interaction p-value; IQR, interquartile range
J
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pediatric pneumonia between the male and female pa-
tients, between those with or without underlying cere-
bral palsy, epilepsy, respiratory disease, or asthma, and
between different seasons or temperatures.

Discussion
In this study, we estimated the effects of PM and other air
pollutants on pediatric pneumonia and found that PM, 5
and NO, possibly play important roles in pediatric pneu-
monia events in Kaohsiung, Taiwan. Of all pollutant expo-
sures included in the analysis, the odds of pediatric
pneumonia following PM, 5 exposure was greater in older
children. Additionally, the effect of NO, on pediatric
pneumonia was more significant during warm days.

Recently, many studies have focused on the association
between PM, s and human health, especially in respira-
tory and cardiovascular diseases. Several previous studies
demonstrated a positive association between PM, 5 and
pediatric respiratory disease, such as upper respiratory
infection and asthma [23, 24]. Some epidemiological
studies have also demonstrated positive associations be-
tween PM, 5 and pediatric pneumonia. Lv et al. demon-
strated increased risk of hospital admissions for pediatric
pneumonia for PM, 5 on lag 4 [18]. Xiao et al. reported
that air pollutants, including PM, 5, were associated with
pediatric ED visits for respiratory tract infections on lag
0-3 [25]. On the other hand, some studies did not show
statistically significant associations of the short-term ef-
fect of PM,5 concentrations on pediatric pneumonia
[24, 26, 27]. The difference between these studies should
be considered with caution for several reasons. First,
Strickland et al. examined lag 0-1 [24], and Malig et al.
examined lag 0—2 [27], which revealed no statistically sig-
nificant association between PM, 5 and pneumonia. Our
study demonstrated a positive correlation between PM, 5
and pediatric pneumonia ED visits on lag 3; Lv et al’s
study on lag 4 and Xiao et al’s study on lag 0-3 had the
same result [18, 25]. Strickland et al’s and Malig et al’s
studies did not examine the day before admission eariler
than lag 1 and lag 2 [24, 27], respectively, and this differ-
ence may have contributed to the different results. Second,
the different chemical components of PM, 5 may have dif-
ferent health effects. Darrow et al. observed that the car-
bon fraction of PM,;, particularly organic carbon, was
positively associated with pediatric pneumonia, but the
total PM, 5 showed a negative association [26]. Xiao et al.
estimated joint effects from O; and PM,s components
S0,%7, NO;~, and NH,*, and found the result was signifi-
cantly associated with increased odds of pediatric pneu-
monia [25]. The different PM components of different
regions may have contributed to different results.

PM, 5 has been reported to contribute to varying hu-
man health effects in different age groups. A case—cross-
over study found people of advanced age were more
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susceptible to the adverse effects of PM,5 on OHCA
[15]. Few studies have performed age group analyses of
the effects of PM on pediatric pneumonia. Darrow et al.
reported that hazard ratios tended to be higher in chil-
dren aged 1-4years compared with infants less than 1
year of age on pediatric pneumonia, but the interaction
p values were not calculated in the study [26]. Lv et al.
implied that young children (< 1 year) were at the high-
est risk of hospital admission for pneumonia due to air-
borne PM, but the interaction p values were also not
evaluated [18]. The present study demonstrated that the
odds of pediatric pneumonia following PM, 5 exposure
was greater in older children (=4 years old, interaction
p =0.024). One possible reason for this result was that
children of different ages might spend different amounts
of time outdoors, leading to varying air pollution expos-
ure. Furthermore, air pollutants seem to have varying
health effects on different age groups. Hassanvand et al.
found that PM was not associated with increased high-
sensitivity C-reactive protein (hsCRP) in healthy young
adults, whereas in elderly subjects, hsCRP increased with
PM, 5 exposure [8]. Using urinary malondialdehyde as a
biomarker of oxidative stress, Kim et al. concluded that
elderly adults are more susceptible than young children to
ambient fine particulates and related oxidative stress [28].

Several studies tried to identify the mechanism by
which PM contributes to pneumonia. An animal study
found that PM, 5 exposure was associated with increased
levels of DNA lesions in mouse lungs [29]. Through
microfluidic chips, Schulze et al. concluded that PM, 5
interferes with alveolar macrophages, and pulmonary
epithelial cells stimulate the release of a variety of cyto-
kines and lead to inflammation [30]. Hassanvand et al.
provided evidence that short-term exposure to PM, 5
was linked to elevated inflammation and coagulation of
blood markers [8]. Zhang et al. reported that short-term
PM, 5 exposure was associated with airway inflammation
in school children [31]. A review article demonstrated
that PM, 5 and PM;, exposure was associated with in-
creased instances of pediatric pneumonia [19]. The
present study also supported these results, and we found
a positive association between PM, 5 and pediatric pneu-
monia ED visits.

NO, has been found to be associated with all-cause
mortality [32], cardiovascular mortality [33], hospital ad-
missions for cardiovascular disease [34], and admission for
pneumonia [35]. Toxicological studies have suggested that
NO, might damage macrophages, natural killer cells, and
CD4 to CD8 ratios in the respiratory tract, leading to de-
creased mucociliary clearance and vulnerable respiratory
epithelium [36]. However, the association between NO,
and pediatric pneumonia remains controversial. Some
studies demonstrated the acute effect of NO, exposure
leading to ED visits for pediatric pneumonia [26, 37]. On
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the other hand, another study did not find a positive effect
between NO, and pediatric pneumonia [25]. A systematic
review including 17 studies concluded that NO,was asso-
ciated with an increase in hospital admissions due to
pediatric pneumonia [19]. The current study had a similar
result, and we found that NO, might play an important
role in pediatric pneumonia ED visits.

Seasonal variation seems to play an important role on air
pollutants and human health. Szyszkowiczet al. demon-
strated that the associations between air pollutants and re-
spiratory health outcomes were stronger during the warm
season [38]. Dong et al. implied the effects of NO, and
SO, on daily ischemic stroke counts were stronger in the
cold season than in the warm season [39]. Cheng et al.
found a stronger association between PM, 5 and pneumo-
nia with septicemia ED visits during the warm season [4].
Ueda et al. found that PM,s mass correlated with in-
creased all-cause mortality, especially in transitional sea-
sons rather than in summer and winter [40]. Few studies
have focused on the seasonal effects of air pollution on
pediatric pneumonia. Lv et al. revealed that children were
at higher risk of hospital admission for pneumonia due to
airborne PM, particularly on warm days [18]; but seasonal
differences were not observed in another study [26]. In
addition, although the risk was higher on warm days in Lv
et al’s study [18], the interaction p-value was not calcu-
lated in that study. The present study revealed that ORs for
NO,were higher during the warm days (p =0.011). One
possible reason for this result is that variable concentra-
tions of air pollutants and each PM component may relate
to seasonal differences in human health [40, 41]. Seasonal
variations may also result from different patterns of expos-
ure to air pollutants. People tend to stay inside when wea-
ther conditions are extremely hot or cold, and thus
decrease their exposure to outdoor air pollutants. When
staying indoors, a positive correlation between the num-
bers of open windows for ventilation and exposure to air
pollutants was observed [42]. In addition, meteorological
factors might affect the health effect of air pollutants.
Huang et al. demonstrated that the combination of low
temperatures and high PM was associated with a greater
incidence of developing acute coronary syndrome [43].
The combination of weather variation and lifestyle change
might lead to the different health effects of air pollutants.

There are certain limitations to our study. First, the
study was conducted in an industrial city having a trop-
ical monsoon climate; the mixture of air pollutants and
seasonal effects may be different in other regions. Sec-
ond, as an exposure estimate for the entire population,
we analyzed air pollution data from fixed monitoring
sites assuming the exposure to be homogenous across
the whole area. Factors such as personal protective
equipment use and time spent outdoors may affect per-
sonal exposure. Third, individuals were identified in a
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single tertiary medical center, which limited the sample
size. Moreover, individual susceptibility might vary due
to ethnic differences. Thus, further studies should be
conducted in more regions with larger samples and in-
clude seasonal constituent analysis.

Conclusions

We found that PM,s and NO, possibly play important
roles in pediatric pneumonia events in Kaohsiung. Older
children were found to be more susceptible to the adverse
effects of PM, 5. Additionally, the health effects of the dif-
ferent air pollutants varied with temperature and patients
were more susceptible to NO, during the warm days.
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