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ABSTRACT
Objective: We examined the association of outdoor
air pollution and meteorological parameters with
primary care visits (PCVs) at night due to asthma
attack.
Setting: A case-crossover study was conducted in a
primary care clinic in Himeji City, Japan.
Participants: Participants were 1447 children aged
0–14 years who visited the clinic with an asthma attack
from April 2010 until March 2013.
Exposure: Daily concentrations of air pollutants and
meteorological parameters were measured.
Primary outcome: PCVs at night due to asthma
attack. A conditional logistic regression model
was used to estimate ORs of PCVs per unit increment
of air pollutants or meteorological parameters (the
per-unit increments of particulate matter with an
aerodynamic diameter ≤2.5 µm (PM2.5) and
ozone were 10 μg/m3 and 10 ppb, respectively).
Analyses took into consideration the effects of
seasonality.
Results: We noted an association between PCVs and
daily ozone levels on the day before a PCV (OR=1.17;
95% CI 1.01 to 1.35; p=0.04), as well as between
PCVs and 3-day mean ozone levels before a PCV
(OR=1.29; 95% CI 1.00 to 1.46; p=0.04), from April
until June. We also observed an association between
PCVs and daily PM2.5 levels on the day before a PCV
from December until March (OR=1.16; 95% CI 1.01 to
1.33; p=0.05). Meteorological parameters, such as
hours of sunshine from September until November,
atmospheric pressure from April until June, and
temperature from April until August, were also found to
be associated with PCVs.
Conclusions: The findings in the present study
supported an association between ozone and PCVs and
suggest that certain meteorological items may be
associated with PCVs.

INTRODUCTION
Exposure to ambient air pollutants such as
particulate matter (PM), ozone and nitrogen
dioxide (NO2) is associated with a number
of adverse health outcomes ranging from
increased symptoms of allergic airway disease
to increased mortality.1–6 Children are con-
sidered to be particularly susceptible to air
pollution and meteorological factors because
their lungs are still growing and their
immune and pulmonary systems are develop-
ing, making them vulnerable to infection
with respiratory pathogens. Children are con-
sidered to be more sensitive to air pollution
than adults,7 and children with asthma are
particularly vulnerable to the adverse health
effects of air pollution. Studies in children
with asthma have concluded that exposure to
high concentrations of ozone or PM signifi-
cantly enhances the risk of respiratory symp-
toms, asthma medication use and reduced
lung function, characterised by a decline in
peak expiratory flow or forced expiratory
flow in a short time.8–14 However, while a

Strengths and limitations of this study

▪ The findings in this study support an association
between ozone and primary care visits in spring.

▪ Moreover, certain meteorological items such as
atmospheric pressure, temperature and hours of
daylight may be associated with primary care
visits.

▪ One of the limitations of this study is that our
use of a number of statistical test produces led
to issues with multiple comparisons.
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number of studies have been conducted in the field of
air pollution epidemiology, the adverse health effects of
low-level exposure of air pollutants and seasonal effects
of air pollutants on respiratory symptoms remain
unclear.
Further, while many studies have examined the associ-

ation between ambient air pollutants and asthma
attack,1–6 few have assessed that between meteorological
parameters and asthma attack. Previous studies have
shown that the meteorological risk factors of care visits
due to asthma attack were high temperature,15–17 large
changes in temperature,18 19 high atmospheric pres-
sure,18 20 low relative humidity,18 large changes in
humidity19 and hours of daylight.17 However, these data
may suffer from publication bias.
We previously collected and analysed daily mean air

pollutant data and meteorological parameters as well as
records of primary care visits (PCVs) at night due to
asthma attack in Himeji City, western Japan from April
2010 to March 2012. The results of that 2-year analysis
suggested no stable association between air pollutants
and PCVs, although some meteorological parameters—
such as temperature in summer and hours of daylight in
fall—were found to be associated with PCVs.17 In add-
ition, at the beginning of 2013, extremely high concen-
trations of PM with an aerodynamic diameter ≤2.5 µm
(PM2.5) were observed around Beijing, China.21 In
Japan as well, the health effects of transboundary air pol-
lution have been a matter of concern. We previously
examined the association between PM2.5 and PCVs at
night from January until March 2013 (3-month analysis).
This analysis was conducted in the same setting as the
previous 2-year analysis,17 and the results did not
support any association between the daily mean concen-
tration of PM2.5 and PCVs,22 although we did note an
association between ozone and PCVs. However, both of
these previous studies suffered from statistical power that
was too low to detect the association between air pollu-
tants and PCVs.
We conducted a 3-year (April 2010–March 2013) ana-

lysis to clarify any potential association of air pollutants
and meteorological parameters with PCVs due to
asthma attacks at night.

METHODS
Participants
The setting of this study was the same as that of the pre-
vious 2-year analysis17—namely, Himeji City Emergency
Clinic (Himeji, Japan), which was established for the
purpose of treating emergency cases between 21:00 and
6:00 on weekdays. Himeji City is located in western
Japan, within 100 km of central Osaka, and facing the
Seto Inland Sea. The city is 534 km2 in area, and its
population was about 540 000, some 80 000 of whom
were aged less than 15 years. Participants were city resi-
dents aged <15 years with a history of asthma attack who
visited the clinic for asthma attack between 21:00 and

6:00 from April 2010 to March 2013 and who had
received a prescription for bronchodilators from their
general practitioner. In Himeji City, primary care at
night is generally only available at this emergency clinic,
and almost all patients who suffer asthma attacks at
night visit the clinic. Patients who visited the clinic on
national holidays were excluded (see Statistical methods
section). The medical records of all patients were pro-
vided retrospectively, and patient age, sex, diagnosis and
date of visit were recorded.

Air pollutants and meteorological parameters
From April 2010 until March 2013, concentrations of
PM2.5, PM10 and optical black carbon (OBC) were mea-
sured hourly using an SPM-613D dichotomous β gauge
monitor (Kimoto Electric Co. Inc, Osaka, Japan) at the
monitoring station, which was located in the central site
of the residential districts in the city. In this study, OBC
in PM2.5 was measured. Data on daily concentrations of
NO2 and ozone from during the same period were
obtained from the Himeji local government. All partici-
pants resided within 10 km of the monitoring station.
Data on meteorological parameters, such as daily mean
values for atmospheric pressure, relative humidity, tem-
perature, wind speed, as well as total hours of daylight,
were obtained from the Japan Meteorological Agency.

Statistical methods
The study was conducted under a time-stratified case-
crossover design, which is used to assess brief changes in
risk associated with transient exposures.23 24

Case-crossover analyses require exposure data for cases
only. They can be regarded as a special type of case–
control study in which each case serves as its own
control providing inherent control of potential con-
founding by fixed individual characteristics, such as sex,
race, diet and age. ‘Time-stratified’ indicates the method
by which the control periods were chosen. Specifically,
we stratified time into months to select days for control
periods that fell on the same day of the week within the
same month in the same year as the date of a PCV (day
of the index period). For example, if a PCV at night due
to asthma attack occurred on 18 March 2012, the three
control days were 4, 11 and 25 March 2012. This
approach therefore also controls for long-term trends,
seasonality and day of the week.
We excluded patients who visited the clinic on

national holidays because of bias in control selection.
That is, if patients whose visits occurred on holidays
were included as participants, the estimated relative risks
were lower than expected because the concentration of
air pollutants on holidays (days for the index periods)
was usually/systematically lower than that on non-
holidays (days for control periods).25

We examined associations of daily mean concentra-
tions (day-of and day before PCVs) of each air pollutant
before PCVs with the risk of PCVs at night due to
asthma attack. We also examined associations of 3-day
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mean concentrations of each air pollutant before PCVs
with the risk of PCVs at night due to asthma attack. We
estimated ORs of PCVs at night due to asthma attack per
10 µg/m3 increment in PM2.5 in a single-pollutant
model adjusted for 1-day/3-day mean atmospheric pres-
sure (hPa), relative humidity (%), temperature (°C),
wind speed (m/s) and hours of daylight (h). Similarly,
we also estimated ORs of PCVs per 10 µg/m3 increment
in PM10, per 0.1 µg/m3 increment for OBC, and per
10 ppb increment in NO2 and ozone. In addition, we
simultaneously assessed the associations between PCVs at
night due to asthma attack and increment of PM2.5, NO2

and ozone using a multipollutant model adjusted for
the same variables as the single-pollutant model. When
3-day mean concentrations of air pollutants were
explanatory variables, adjusted variables were also
included as 3-day mean values. In addition, we consid-
ered interactions between ozone and temperature in the
single-pollutant model as a sensitivity analysis.
Modified effects of season were examined using a

four-level indicator variable for spring (April until June),
summer ( July and August), fall (September until
November), and winter months (December until
March). These classifications were the same as those
used in our previous study.17

Conditional logistic regression was carried out using
the PHREG procedures of SAS release V.9.2 (SAS
Institute, Inc, Cary, North Carolina, USA). All tests were
two-tailed, and α was set at 0.05. We computed ORs and
their 95% CIs.

RESULTS
Participant characteristics are shown in table 1. Of the
1447 participants evaluated, 1005 were boys, and 115
were aged less than 2 years. The number of cases in
spring, summer, fall and winter were 390, 291, 481 and
285, respectively. Daily mean concentrations of air pollu-
tants and other meteorological data by season are shown
in table 2. Ozone levels were highest in spring among all
seasons (table 2). Figure 1 shows daily concentrations of
PM2.5 and ozone from April 2010 until March 2013. The
correlation coefficients among daily concentrations of

air pollutants and daily means of meteorological para-
meters are shown in table 3.
Associations between air pollutants and PCVs at night

are described using the single-pollutant model in
table 4. Findings with the multipollutant model are
shown in table 5.

Ozone
While we noted no association between PCVs and con-
centrations of air pollutants on the same day as a PCV,
we did observe an association between PCVs and ozone
levels on the day before a PCV in spring and winter,
with respective ORs per 10 ppb increment of ozone of
1.16 (95% CI 1.01 to 1.34; p=0.04) and 1.29 (95% CI
1.03 to 1.61; p=0.03) (table 4). With respect to the asso-
ciation between PCVs and 3-day mean concentrations of
air pollutants before PCVs, ozone was associated with
PCVs in spring and winter, with respective ORs per
10 ppb increment of ozone of 1.21 (95% CI 1.00 to 1.46;
p=0.05) and 1.56 (95% CI 1.12 to 2.17; p=0.01). We also
detected a statistically significant association of daily
(day before a PCV) and 3-day mean ozone levels before
a PCV with PCVs in spring in the multipollutant model
(table 5), with respective ORs per 10 ppb increment of
daily (day before a PCV) and 3-day mean ozone levels of
1.17 (95% CI 1.01 to 1.35; p=0.04) and 1.21 (95% CI
1.00 to 1.46; p=0.04). With respect to annual effects of
ozone, we also observed a significant association
between daily (day before a PCV) and 3-day mean
ozone levels before a PCV and PCVs (tables 4 and 5). In
addition, when we considered interactions between
ozone and temperature in the single-pollutant model,
there was no significant interaction between ozone and
temperature (p values of the interactions on the same
day of a PCV, on the day before a PCV, and for 3-days
mean were 0.17, 0.21 and 0.11, respectively); the associ-
ation between ozone and PCV remained significant
(data not shown).

PM and NO2

PM10 levels on the day before a PCV were also associated
with PCVs in summer. OR per 10 μg/m3 increment of
PM10 was 1.19 (95% CI 1.04 to 1.38; p=0.01) (table 4). In
addition, PM2.5 levels on the day before a PCV were

Table 1 Age and gender in participants

April until

June (spring)

July and

August (summer)

September until

November (fall)

December until

March (winter) Total

Sex

Male (n) 275 213 340 177 1005

Female (n) 115 78 141 108 442

Age

0–1 year (n) 30 16 39 30 115

2–5 years (n) 177 120 250 126 673

6–14 years (n) 183 155 192 129 659

Total (n) 390 291 481 285 1447
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Table 2 Summary statistics of daily concentration of air pollutants and meteorological parameters

April until

June (spring)

July and

August

(summer)

September

until

November

(fall)

December

until March

(winter) Over 1 year

Mean SD Mean SD Mean SD Mean SD Mean SD

PM2.5 (μg/m
3) 23.4 12.5 21.0 9.6 20.4 11.1 22.7 11.8 22.0 11.5

PM10 (μg/m3) 40.3 26.5 33.9 11.8 32.2 18.9 31.7 17.4 34.4 20.0

OBC (μg/m3) 0.5 0.3 0.4 0.3 0.5 0.3 0.5 0.4 0.5 0.4

NO2 (ppb) 12.0 4.7 8.6 2.7 10.2 3.9 12.9 5.8 11.3 4.9

Ozone (ppb) 36.0 10.0 22.3 10.6 22.2 8.0 23.7 9.1 26.1 11.0

Atmospheric pressure (hPa) 1007.8 5.8 1005.7 4.9 1011.4 5.9 1014.2 5.5 1010.5 6.4

Relative humidity (%) 69.2 11.5 74.1 7.4 72.8 8.3 67.8 9.4 70.5 9.8

Temperature (°C) 17.9 4.8 27.7 1.9 18.3 6.0 5.5 3.2 15.5 9.0

Wind speed (m/s) 2.7 0.8 2.7 0.8 2.5 0.9 2.6 0.9 2.6 0.9

Hours of daylight (h) 5.6 4.4 6.6 3.9 5.5 3.6 5.2 3.2 5.6 3.7

NO2, nitrogen dioxide; OBC, optical black carbon; PM, particulate matter.

Figure 1 Daily concentrations of

particulate matter with an

aerodynamic diameter ≤2.5 µm

(PM2.5) (A) and ozone (B) from

April 2010 until March 2013.
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associated with PCVs in winter, with an OR per 10 μg/m3

increment of PM2.5 of 1.16 (95% CI 1.01 to 1.33; p=0.05)
(table 5). In contrast, we noted statistical significance in
the inverse association between 3-day mean NO2 levels
and PCVs in winter. Neither any association was noted
between OBC and PCVs using the single-pollutant model
(table 4), nor any association was noted between OBC
and PCVs using the multipollutant model, which was
adjusted for PM2.5, NO2, ozone and meteorological
factors (see online supplementary table S1).

Meteorological parameters
In spring, we found that temperature on the day-of and
the day before PCV and 3-day mean temperature before
PCVs were associated with PCVs, and further noted that
atmospheric pressure on the day before PCVs were asso-
ciated with PCVs (table 5). In summer, we also observed
that temperature on the day-of a PCV was associated
with PCVs (table 5). In fall, we found that the day-of and
3-day mean decline in the number of hours of daylight
before PCVs as well as a decline in 3-day mean relative
humidity were associated with PCVs (table 5). Over the
course of a year, we found that increases in daily atmos-
pheric pressure and temperature and decreases in wind
speed were associated with PCVs (table 5).

DISCUSSION
The findings from this study support an association
between ozone levels and PCVs in spring, when ozone
levels are the highest. We also noted an association
between single-day PM2.5 levels on the day before a PCV
and PCVs in winter. Further, our findings also suggest
that meteorological parameters such as temperature,
hours of sunshine, relative humidity and atmospheric
pressure may be associated with PCVs to some extent. Of
note, the effect of 3-day mean ozone levels in spring in
the single-pollutant model did not differ markedly from
that in the multipollutant model. Our findings support
the notion that the association between air pollution

and meteorological parameters with PCVs due to
asthma attack has seasonality.
In our previous 2-year analysis,17 we noted statistical

significance in the inverse association between PCVs and
ozone levels on the day-of (but not before) a PCV in
winter. We also noted in that study that the OR per
degree increment in daily mean temperature was 1.31
(95% CI 1.09 to 1.56) in summer, and OR per hourly
increment in the number of daily hours of sunshine was
0.94 (95% CI 0.90 to 0.99) in fall. The results of the
present 3-year analysis supported these previous findings
with respect to the association between PCVs and
meteorological parameters, such as temperature in
summer and daily hours of sunshine in fall. In addition,
the results of another previous study conducted when
extremely high concentrations of PM2.5 were observed
around Beijing, China (3-month analysis) suggested that
ozone on the day before PCVs was positively associated
with PCVs in winter.21 Our findings in the present 3-year
analysis supported these previous 3-month results.
Further, we also detected the association between PCVs
and ozone levels on the day before in spring, when the
concentrations of ozone were the highest. We consider
the results of the present 3-year analysis to have a
smaller random error than those of the 2-year or
3-month analyses, due to the sample size of this study
being 1.5 times larger than that of the 2-year analysis
and approximately 2.5 times that of the 3-month study.
Our findings regarding a potential association

between ozone and physician visits due to asthma attack
were consistent with those of previous studies. For
example, a recent US EPA5 analysis of ambient ozone
health effects concluded that children with asthma
suffer acute adverse health consequences even at
ambient ozone levels, and Babin et al26 also observed an
association between paediatric emergency room visits for
asthma exacerbation and outdoor ozone levels. With
respect to the seasonality effects of ozone on asthma
attack, Moore et al27 indicated that ozone contributes to
an increased risk of hospitalisation for children with
asthma in warmer months. In a previous Japanese study,

Table 3 Correlation coefficients among daily concentrations of air pollutants and daily means of meteorological parameters

PM2.5 PM10 OBC NO2 Ozone

Atmospheric

pressure

Relative

humidity Temperature

Wind

speed

Hours of

daylight

PM2.5 1 0.87 0.62 0.31 0.06 −0.01 0.13 0.02 −0.32 −0.04
PM10 1 0.44 0.24 0.13 −0.05 0.03 0.11 −0.20 0.02

OBC 1 0.50 −0.16 0.06 0.27 −0.04 −0.51 −0.09
NO2 1 −0.23 0.26 0.01 −0.30 −0.34 −0.00
Ozone 1 −0.12 −0.33 0.05 0.14 0.16

Atmospheric

pressure

1 −0.38 −0.55 −0.27 0.25

Temperature 1 0.28 −0.24 −0.61
Relative humidity 1 0.02 0.10

Wind speed 1 0.03

Hours of daylight 1

NO2, nitrogen dioxide; OBC, optical black carbon; PM, particulate matter.
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Yamazaki et al13 also noted an association between ozone
and PCVs due to asthma attack in warmer months.
Samoli et al14 also noted an association between ozone
levels and risk of asthma admission among older chil-
dren in summer. This study further added that, even in
winter, ozone levels might be associated with PCVs.
While we did note an association between single-day

PM2.5 levels on the day before a PCV and PCVs in
winter, it was a weak one, observed only in the multipol-
lutant model. The findings in our previous study,21

which was restricted to cases from January until March
2013, did not support any association between the daily
mean concentration of PM2.5 and PCVs at night due to
asthma attack.
As with ozone, the findings regarding the seasonal

effects of PM2.5 on emergency department visits or hos-
pital admission for asthma have proven controversial.
Several studies in elderly participants have shown stron-
ger seasonal effects in winter/cooler seasons than in
summer/warmer seasons.28 29 Similarly, Ostro et al30

reported that the association of PM2.5 with total respira-
tory admissions was stronger during cool seasons than
warm ones for those aged less than 19 years. In con-
trast, however, Stieb et al31 reported that the effect was
stronger in warm seasons than cool seasons in all ages,
and Strickland et al32 also observed associations with
several traffic-related primary pollutants during the
warm season in a large study analysing over 90 000
emergency department visits for paediatric asthma in
relation to ambient air pollutant concentrations.
Muddying the waters still further, Yamazaki et al13 17

reported an unstable association between PM2.5 and
PCVs in warmer months among patients aged less than
15 years, and Sheppard et al33 reported that the
increase in risk of hospital admission for asthma was
greatest in spring and fall among patients aged less
than 65 years. Additional studies are needed to clarify
the seasonal effects of PM2.5/air pollutants on respira-
tory symptoms.
With respect to an inverse association between 3-day

mean concentration of NO2 and PCVs in winter in a
single-pollutant model, we speculate that photochemical
radiation decreased the concentration of NO2 and
increased the concentration of ozone. In winter,
Pearson’s correlation coefficient between NO2 and
ozone was −0.69. Since ozone is secondarily formed by
the action of short-wavelength radiation from the sun on
NO2, when the concentration of ozone was increased,
the concentration of NO2 subsequently tended to be
decreased. Therefore, when the 3-day mean concentra-
tion of ozone was positively associated with the risk of
PCV in winter, the 3-day mean concentration of NO2

was inversely associated with the risk of PCV. In the mul-
tipollutant model, we noted no significant association
between PCVs and NO2.
While we did note that some meteorological para-

meters—such as hours of sunshine in fall, atmospheric
pressure in spring, and temperature in spring and

summer—were associated with PCVs, additional studies
will still be needed to confirm these findings.

Limitations
Several limitations to this study warrant mention. First,
our study design is limited with respect to control of
within-person confounding, which is still possible for
multiple correlated transient factors that change over
time within a participant. For example, if a patient in
this study was exposed to certain air pollution or
meteorological factors and concurrently was using an
inhaler of corticosteroids or albuterol, this confounding
would be uncontrolled and would be a threat to the
internal validity of the findings. Second, the selection of
participants for this study may have been subject to
issues with external validity, as we restricted our popula-
tion to nighttime patients. Third, the estimated ORs in
this study may suffer from non-differential misclassifica-
tion, causing our results to be biased towards null, as
single values for air pollution concentrations or
meteorological data were assigned to all individuals
living in a certain area. Fourth, the association between
concentrations of air pollutants and PCV might not be
adequately adjusted for meteorological factors, because
associations between meteorological factors and PCV are
not clear.

CONCLUSION
The findings in this study supported an association
between ozone levels and PCVs in spring and winter and
between PM2.5 levels and PCVs in winter. Further,
certain meteorological parameters—such as atmospheric
pressure in spring, temperature in spring or summer,
and hours of daylight in fall—may be associated with
PCVs due to asthma attack. Informing local residents of
air pollution levels and meteorological parameters may
help prevent asthmatic events in the area.
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