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Abstract

Aim The association of outdoor air pollution and meteo-
rological elements with primary care visits at night due to
asthma attack was studied.

Methods A case—crossover study was conducted in a
primary care clinic in Himeji City, Japan. The subjects
were 956 children aged 0-14 years who visited the clinic
with an asthma attack between the hours of 9 p.m. and 6
a.m. Daily concentrations of particulate matter, ozone,
nitrogen dioxide, and a number of meteorological elements
were measured, and a conditional logistic regression model
was used to estimate odds ratios (ORs) of primary care
visits per unit increment of air pollutants or meteorological
elements. The analyses took into consideration the effects
of seasonality.

Results Of the 956 children, 73 (7.6 %) were aged
<2 years and 417 (43.6 %) were aged 2-5 years. No
association between daily ozone levels and primary care
visits due to asthma attack at night in the spring or summer
was found. An inverse relation between suspended partic-
ulate matter and primary care visits due to asthma attack
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was detected in the winter. ORs in the summer per degree
increment in daily mean temperature was 1.31 [95 %
confidential interval (CI) 1.09-1.56], and ORs in the
autumn per hourly increment in daily hours of sunshine
was 0.94 (95 % CI 0.90-0.99).

Conclusion The findings of our study fail to support any
association between daily mean concentration of air pol-
lutant and primary care visits at night. However, we did
find evidence indicating that certain meteorological ele-
ments may be associated with primary care visits

Keywords Air pollution - Asthma - Ozone -
Meteorological elements - Particulate matter

Introduction

Children’s exposure to air pollution is of special concern
because their immune system and lungs are not fully
developed, thereby potentially putting them at risk of
developing asthma or worsened pulmonary function. Fur-
ther, children spend a significant amount of time outdoors,
where concerns of exposure to pollution from traffic, power
plants, and other sources are generally higher than indoors.
Exposure to ambient air pollutants, such as particulate
matter (PM), ozone, and nitrogen dioxide (NO,), is asso-
ciated with many adverse health outcomes ranging from
increased symptoms of allergic airway disease to increased
mortality [1-3]. Children are considered to be more sen-
sitive to air pollution than adults [4], and asthmatic chil-
dren are particularly vulnerable to the adverse health
effects of air pollution. Studies of asthmatic children have
concluded that exposure to high concentrations of ozone or
PM significantly enhances the risk of respiratory symp-
toms, asthma medication use, and reduced lung function,
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such as decline in peak expiratory flow or forced expiratory
flow in a short time [5—10]. However, while a number of
studies have been conducted in the field of air pollution
epidemiology, few have examined the association between
meteorological elements and asthma attack, and the
adverse health effects of low-level exposure to air pollu-
tants remain unclear.

Previous studies have shown that the meteorological risk
factors of care visits due to asthma attack are high tem-
perature [11, 12], large changes in temperature [13, 14],
high atmospheric pressure [13, 15], low relative humidity
[13], and large changes in humidity [14]. However, these
data may suffer from publication bias.

In this study, we collected and analyzed data on the
mean levels of air pollutants and meteorological elements
to determine whether there was an association between any
of these environmental factors and primary care visits of
children at night due to asthma attack.

Methods
Subjects

The setting of this study was Himeji City Emergency
Clinic, Himeji, Japan, which had been established for the
purpose of treating emergency cases between 9 p.m. and
6 a.m. on weekdays. Himeji City is located in the western
part of Japan, within 100 km of central Osaka, and faces
the Setonaikai Sea. The city is 534 km? in area, and its
population is approximately 540,000. The subjects of our
study were city residents aged 0-14 years with a past
history of asthma attack who had visited the municipal
emergency primary care clinic between 9 p.m. and 6 a.m.
at some point between 1 April 2010 and 31 March 2012.

We excluded patients who visited the clinic on national
holidays for reasons discussed in the Statistical methods
section. The medical records of all patients were provided
retrospectively, and subjects’ age, gender, diagnosis, and
date of visit were recorded. Eligible subjects were patients
diagnosed with asthma by their primary care physician and
for whom bronchodilators were prescribed. The study was
approved by the Himeji local government with respect to
using personal identification information obtained from the
municipal clinic (Himeji City Emergency Clinic, Himeji,
Japan).

Air pollutants and meteorological elements
Data on daily concentrations of suspended PM (SPM),
NO,, and ozone from 1 April 2010 through to 31 March

2012 were obtained from the Himeji local government.
SPM is defined in the Japanese Air Quality Standard as any
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particle collected with an upper 100 % cut-off point of an
aerodynamic diameter of 10 pm. The 50 % cut-off diam-
eter for SPM is assumed to be approximately 7 pm; we
therefore refer to this variable as PM;. The monitoring
station where these air pollutants were measured was
located on a residential street in the city. We also measured
hourly concentrations of PM with a 50 % cut-off aerody-
namic diameter of <2.5 um (PM, 5), PM with a 50 % cut-
off aerodynamic diameter of <10 um (PM;), and organic
black carbon (OBC) using the R&P TEOM-1400 ambient
particulate monitor (Rupprecht & Patashnick Co., Albany,
NY) at a point nearby the monitoring station from April
2010 through March 2012. Meteorological elements such
as daily mean values for atmospheric pressure, relative
humidity, temperature, wind speed, as well as total hours of
daylight were also assessed. These data were obtained from
the Japan Meteorological Agency.

Statistical methods

The study design was that of a time-stratified case—cross-
over analysis, which is an accepted technique for assessing
brief changes in risk associated with transient exposures
[16, 17]. Case—crossover analyses require exposure data for
cases only and can be regarded as a special type of case—
control study in which each case serves as its own control.
This design has the advantage of inherently controlling for
potential confounding caused by fixed individual charac-
teristics, 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 as the date of the primary
care visit (day of the index period). For example, if the
primary care visit at night due to asthma attack occurred on
September 18, the three control days were September 4, 11,
and 25. Therefore, this approach also controls for long-
term trends, seasonality, and day of the week. The merits of
case—crossover designs in studies of health effects of air
pollution have been discussed in detail by Schwartz [18].

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
subjects, the estimated relative risks were lower than
expected because the concentration of air pollutants on
holidays (days for the index periods) was usually/system-
atically lower than that on non-holidays (days for control
periods) [19].

We examined associations between daily mean con-
centrations of each air pollutant and the risk of primary
care visits at night due to asthma attack. These concen-
trations were subject-specific values averaged over the day
of the indexing. We estimated odds ratios (ORs) of primary
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care visits at night due to asthma attack per 10 pg/m’
difference in SPM in a single-pollutant model adjusted for
1-day mean atmospheric pressure (hPa), relative humidity
(%), temperature (°C), wind speed (m/s), hours of daylight
(h). Similarly, we also estimated ORs of primary care visits
per 10-ppb difference in NO, and in ozone. In addition, we
estimated ORs of primary care visits at night due to asthma
attack per 10 pg/m’ difference in SPM, per 10 ppb dif-
ference in NO,, and per 10 ppb difference in ozone in a
multi-pollutant model adjusted for the same variables as
the single-pollutant model. We also assessed the associa-
tion between primary care visits due to asthma attack and
the concentrations of air pollutants or meteorological ele-
ments 1 day before the visits.

All models took into consideration the effects of season
and unusually high and low temperatures; modified effects
were examined using a four-level indicator variable for the
spring (April through June), summer (July and August),
autumn (September through November),
months (December through March).

The PHREG procedures of SAS release 9.2 (SAS Insti-
tute, Cary, NC) were used to perform the conditional
logistic regression. All tests were two-tailed, and alpha was
set at 0.05. We computed ORs and their 95 % confidence

and winter

Table 1 Age and gender of subjects enrolled in the study

Age group (years) Gender Total
Boys Girls
0-1 49 24 73
2-5 271 140 417
6-14 341 125 466
Total 667 289 956
Gender data for two subjects were missing
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primary care visits of children
by age group in each month 80
70 M [
60 -

© o o o o
- = = =
© O O © O
A N & Q&
‘_Z' >'; T by
s 53 %9
<= S5 g

Sep., 2010
Oct., 2010
Nov., 2010
Dec., 2010
Jan., 2011
Feb., 2011
Mar., 2011
Apr., 2011

May, 2011

intervals (Cls). Given that several test procedures were used
in our study, multiple testing issues arose. However, we did
not devise any countermeasures for these issues as we
believed that elevated risks of air pollutants in this study
should be demonstrated by the precautionary principle.

Results

Characteristics of the subjects enrolled in our study are
shown in Table 1. Of the 956 children evaluated, 73 were
aged <2 years, 417 were preschool -children aged
2-5 years, and 466 were school children aged 6-14 years.
Figure 1 shows the number of cases in each month of the
study period.

The daily mean concentrations of air pollutants and
other meteorological data are shown in Table 2. The mean
concentration of ozone was higher in the spring months
than in the other months.

Table 3 shows the association between air pollutants
and primary care visits at night due to asthma using the
single-pollutant model. We noted no association between
air pollutants and primary care visits, other than SPM in
winter. When we analyzed these data according to three
age groups, namely, children aged 01 year, 2-5 years, and
6-14 years, the results were almost the same as those
obtained for the whole study cohort (data not shown).

Table 4 shows the results for the multi-pollutant model.
We noted statistical significance in the inverse relation
between ozone levels and primary care visits in winter, as
well as between SPM and primary care visits in winter.
With respect to meteorological elements, we observed an
association between temperature increase and primary care
visits in the summer, and between decline in hours of
daylight and primary care visits in he autumn. No
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Table 2 Summary statistics of daily concentration of air pollutants and meteorological indices

Meteorological elements/
air pollutants

April-June

(N = 182 days)

July—August
(N = 124 days)

September—November

(N = 182 days)

December—-March

(N = 243 days)

Mean SD Maximum Mean SD Maximum Mean SD Maximum Mean SD  Maximum
Atmospheric pressure 1,008.2 5.6 1,022.8 1,009 54 1,015.1 1,011.7 6.4 1,024.6 1,013.9 5.5 1,025.1
(hPa)
Relative humidity (%) 69.8 12.3 93.0 744 69 94.0 715 83 92.0 669 8.7 92.0
Temperature (°C) 177 5.0 28.6 277 19 31.0 185 59 30.5 54 3.1 13.5
Wind speed (m/sec) 27 038 5.8 26 0.8 7.5 24 09 7.7 27 09 5.8
Daylight hours (h) 56 45 13.4 6.5 39 12.9 54 3.7 12.2 52 32 11.3
NO, (ppb) 125 438 27.8 8.6 26 16.8 10.7 4.2 23.6 129 59 40.1
Ozone (ppb) 36.2 11.0 62.4 22,5 10.6 58.3 215 84 46.7 23.0 9.0 46.6
SPM (ug/m>) 273 11.6 99.2 240 8.1 46.3 18.7 8.4 47.4 172 11.0 132.4
PM, 5 (ng/m>) 225 127 81.3 213 9.8 43.1 19.8 12.6 69.5 21.1 11.2 73.6
PM,, (ng/m) 41.0 29.8 289.1 342 124 60.3 326 219 206.4 29.5 15.0 103.1
OBC (ug/m3) 05 03 1.6 05 03 14 05 03 1.7 05 04 2.8

NO,; Nitrogen dioxide, SPM suspended particulate matter, PM; s Particulate matter (PM) with a 50 % cut-off aerodynamic diameter of <2.5 pm
PM ;o PM with a 50 % cut-off aerodynamic diameter of <10 pm, OBC organic black carbon, SD standard deviation

Table 3 Associations® between air pollutants and primary care visits at night due to asthma attack by seasonal subgroups (single-pollutant

model)
Air pollutants ~ Unit increment  April-June July—August September—November December—March

OR 95 % CI OR 95 % CI OR 95 % CI OR 95 % CI
NO, 10 ppb 0.881 0.594 1306 1.110 0557 2214 1.125 0.784 1.614 0874 0.607 1.259
Ozone 10 ppb 1.003 0.847 1.187 1.118 0934 1337 0984 0.794 1221 0903 0.694 1.174
SPM 10 pg/m? 0942 0.828 1.072 1.021 0.829 1256 1.006 0882 1.148 0.726 0.552 0.956
PM, 5 10 pg/m? 0998 0.882 1.129 0958 0.776 1.182 0.991 0885 1.109 1.039 0.883 1222
PM; 10 pg/m? 0988 0936 1.043 0968 0.818 1.146 0971 0900 1.047 1.022 0902 1.158
OBC 0.1 pg/m? 1.019 0961 1.079 1.058 0.965 1.160 1.023 0973 1.075 0984 0.937 1.033

Data are adjusted for daily mean atmospheric pressure, relative humidity, temperature, wind speed and hours of daylight

# Associations are shown as odds ratios (ORs) and their 95 % confidence intervals (CIs) per unit increment of each pollutant

Table 4 Associations between air pollutants and primary care visits at night due to asthma attack by seasonal subgroups (multi pollutant model)

Meteorological elements/air Unit April-June July—August September— December—March
pollutants increment November
OR 95 % CI OR 95 % CI OR 95 % CI OR 95 % CI

Atmospheric pressure 1 hPa 1.020 0.985 1.058 1.025 0985 1.067 1.004 0.972 1.037 1.013 0.969 1.058
Relative humidity 10 % 1.239 0981 1.564 1319 0.800 2.172 0.787 0.608 1.018 1.183 0.847 1.652
Temperature 1°C 1.029 096 1.103 1306 1.092 1.561 0.980 0.938 1.023 1.043 0.970 1.121
Wind speed 1 m/s 1.001 0.801 1.252 1.019 0.796 1.304 0.878 0.713 1.082 0.965 0.710 1.312
Hours of daylight l1h 1.015 0959 1.073 0.963 0.888 1.044 0.939 0.895 0.986 1.046 0974 1.123
NO, 10 ppb 0.953 0.606 1.497 1.158 0.494 2713 1.274 0.718 2.263 0.466 0.202 1.072
Ozone 10 ppb 1.012 0.853 1.201 1.128 0.933 1.365 1.043 0.807 1.346 0.495 0.284 0.862
SPM 10 pg/m? 0948 0.817 1.101 0951 0.726 1.246 0.948 0.782 1.151 0.724 0.524 0.999

Associations are shown as ORs and their 95 % ClIs per unit increment of each indices
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statistically significant associations were noted between
primary care visits due to asthma attack and the concen-
trations of air pollutants or meteorological elements 1 day
before the visits except for the association between tem-
perature and primary care visits in the summer (OR 1.36,
95 % CI 1.08-1.70).

Discussion

To ascertain whether there is an association between
ambient air pollution/meteorological factors and primary
care visits at night due to asthma, we examined these factors
among children with a past history of asthma attack who
had visited the municipal emergency primary care clinic in
Himeji, an industrial city in the western part of Japan,
between 9 p.m. and 6 a.m. at some point between 1 April
2010 and 31 March 2012. We noted no association between
1-day ozone levels and primary care visits due to asthma
attack at night in the summer, nor did we note any associ-
ation between other air pollutants and primary care visits,
except for an inverse relation between ozone and SPM and
primary care visit due to asthma attack in the winter season.
However, we did find evidence indicating that several
meteorological elements, such as temperature and hours of
daylight, may be associated with primary care visits due to
asthma attack. The OR in the summer months per degree
increment of daily mean temperature was 1.31 (95 %CI
1.09-1.56), and that in the autumn per hourly increment of
hours of daylight was 0.94 (95 % CI 0.90-0.99).

Ozone and primary care visits due to asthma attack

Our findings regarding a potential association between
ozone and physician visits due to asthma attack were not
consistent with those of previous studies. A recent U.S.
Environmental Protection Agency analysis of ambient
ozone health effects concluded that children with asthma
suffer acute adverse health consequences at current ambi-
ent levels of ozone [3], and Babin et al. [20] and Moore
et al. [21] also observed an association between pediatric
emergency room visits for asthma exacerbation and out-
door ozone levels. In a previous Japanese study as well,
Yamazaki et al. [10] noted an association between ozone
and physician visits due to asthma attack in the summer.
However, the findings in our study show no association
between ozone levels and primary care visits in the warmer
months. We propose that a number of factors could explain
these results. First, compared to the previous Japanese study
by Yamazaki et al. [10], in which investigators analyzed the
association between hourly concentrations of air pollutants
and hourly records of primary care visits due to asthma
attacks, we analyzed daily concentrations and primary care

visit data. As such, we were unable to detect any effects of
acute hourly high-level exposure of air pollutants. For
example, in our study, the maximum concentration of ozone
in the warmer months (April through September) was a daily
high of 62 ppb (Table 2), compared with a value of 224 ppb/
h in Yamazaki et al.’s study [10]. Second, outcomes such as
“emergency room visit” or “primary care visit” might not be
appropriate in studies on adverse health effects of air pol-
lution conducted in developed nations, as attentive asthma
medication for the prevention of these attacks is relatively
widely available in these countries. With respect to our
finding of an inverse association between ozone and primary
care visits in the winter, we speculate that results from the
multi-pollutant model may suffer from the effect of multi-
linearity among air pollutants. Pearson’s correlation coeffi-
cients between ozone and NO,, ozone and SPM, and NO,
and SPM were —0.69, —0.12, and 0.44, respectively. Finally,
the detection of this inverse association may be the result of
an alpha error of the test.

PM and NO, and primary care visits due to asthma
attack

Our findings failed to support any association between
daily mean concentration of PM/NO, and primary care
visits at night. Moreover, the inverse relation of SPM on
primary care visits with asthma attack was detected in the
winter. We speculate that this was an alpha error detection
because we did not find an association of PM, 5 and PM,
with primary care visits in the winter in our study.

Meteorological data and primary care visits due
to asthma attack

With respect to the relationship between primary care visits
due to asthma attack and temperature, several studies have
examined respiratory morbidity effects of heat waves with
consistent findings [22, 23]. Our results support a positive
association between high temperature and trigger of pri-
mary care visits for asthma attack. To our knowledge, ours
is the first study to examine the relationship between pri-
mary care visits for asthma attack and hours of daylight.
Further studies will be needed to examine the association
between change in meteorological risk factors and respi-
ratory outcomes.

Limitations

A number of limitations to our study warrant mention.
First, the significance of the association between air pol-
lution and primary care visits at night due to asthma attack
is diminished because primary care visits due to asthma
attack are a surrogate measurement for asthma
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exacerbation. The time lag between exposure to elevated
concentrations of air pollutants and asthma exacerbation
can vary, with an equal variation in time lag between
asthma exacerbation and time of primary care visit. These
variations in time lag affect the statistical association
between air pollutants and primary care visits at night due
to asthma attack. Second, we were unable to evaluate the
effect of indoor air pollution on primary care visits. In
Japan, indoor space heaters are usually used in the winter,
particularly December through February, and as such the
concentrations of indoor air pollutants are reported to be
considerably high in the winter [24]. The observed inverse
association between outdoor air pollutants and primary
care visits in winter may therefore have been confounded
by these space heater-generated indoor air pollutants.
Third, selection of subjects for this study may have been
subject to issues with external validity, as we restricted our
population to nighttime patients. Fourth, the estimated ORs
in this study may suffer from non-differential misclassifi-
cation, causing our results to be biased toward null.

In conclusion, while we noted no association between
daily concentration of ozone and primary care visits with
asthma attack at night in the summer, we did find evidence
suggesting that meteorological elements such as tempera-
ture and hours of daylight might be associated with primary
care visits due to asthma attack.

Acknowledgments This research was supported by the Environ-
mental Research and Technology Development Fund C-1005) of the
Ministry of the Environment, Japan.

Conflict of interest
financial interests.

All authors declare that they have no competing

References

1. U.S. Environmental Protection Agency (EPA). Air quality crite-
ria for particulate matter. Research Triangle Park: U.S. EPA;
2004. Available at: http://cfpub2.epa.gov/ncea/cfm/recordisplay.
cfm?deid=87903. Accessed 9 Jan 2013.

2. World Health Organization (WHO). Air quality guidelines, glo-
bal update 2005: particulate matter, ozone, nitrogen dioxide and
sulfur dioxide. Geneva: WHO Press; 2005. Available at:
http://www.euro.who.int/Document/E90038.pdf. Accessed 9 Jan
2013.

3. U.S. Environmental Protection Agency (EPA). Air quality crite-
ria for ozone and related photochemical oxidant. Research Tri-
angle Park: U.S. EPA; 2006. Available at: http://cfpub.epa.gov/
ncea/cfm/recordisplay.cfm?deid=149923. Accessed 9 Jan 2013.

4. Pope CA 3rd, Dockery DW. Acute health effects of PM10 pol-
lution on symptomatic and asymptomatic children. Am Rev
Respir Dis. 1992;145:1123-8.

5. Romieu I, Meneses F, Ruiz S, Sienra JJ, Huerta J, White MC,
Etzel RA. Effects of air pollution on the respiratory health of
asthmatic children living in Mexico City. Am J Respir Crit Care
Med. 1996;154:300-7.

6. Peters A, Dockery DW, Heinrich J, Wichmann HE. Medication
use modifies the health effects of particulate sulfate air pollution

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

18.

20.

21.

22.

23.

24.

in children with asthma. Environ Health Perspect. 1997;105:
430-5.

. Gielen MH, van der Zee SC, van Wijnen JH, van Steen CJ,

Brunekreef B. Acute effects of summer air pollution on respira-
tory health of asthmatic children. Am J Respir Crit Care Med.
1997;155:2105-8.

. Delfino RJ, Zeiger RS, Seltzer JM, Street DH. Symptoms in

pediatric asthmatics and air pollution: differences in effects by
symptom severity, anti-inflammatory medication use and partic-
ulate averaging time. Environ Health Perspect. 1998;106:751-61.

. Mortimer KM, Tager IB, Dockery DW, Neas LM, Redline S. The

effect of ozone on inner-city children with asthma: identification
of susceptible subgroups. Am J Respir Crit Care Med. 2000;162:
1838-45.

Yamazaki S, Shima M, Ando M, Nitta H. Modifying effect of age
on the association between ambient ozone and nighttime primary
care visits due to asthma attack. J Epidemiol. 2009;19:143-51.
Lin S, Luo M, Walker RJ, Liu X, Hwang SA, Chinery R. Extreme
high temperatures and hospital admissions for respiratory and
cardiovascular diseases. Epidemiology. 2009;20(5):738—46.

Abe T, Tokuda Y, Ohde S, Ishimatsu S, Nakamura T, Birrer RB.
The relationship of short-term air pollution and weather to ED
visits for asthma in Japan. Am J Emerg Med. 2009;27:153-9.
Ehara A, Takasaki H, Takeda Y, Kida T, Mizukami S, Hagisawa
M, et al. Are high barometric pressure, low humidity and diurnal
change of temperature related to the onset of asthmatic symp-
toms? Pediatr Int. 2000;42:272-4.

Mireku N, Wang Y, Ager J, Reddy RC, Baptist AP. Changes in
weather and the effects on pediatric asthma exacerbations. Ann
Allergy Asthma Immunol. 2009;103:220-4.

Chen CH, Xirasagar S, Lin HC. Seasonality in adult asthma
admissions, air pollutant levels, and climate: a population-based
study. J Asthma. 2006;43:287-92.

Maclure M. The case-crossover design: a method for studying
transient effects on the risk of acute events. Am J Epidemiol.
1991;133:144-53.

Levy D, Lumley T, Sheppard L, Kaufman J, Checkoway H.
Referent selection in case-crossover analyses of acute health
effects of air pollution. Epidemiology. 2001;12:186-92.
Schwartz J. The effects of particulate air pollution on daily
deaths: a multi-city case crossover analysis. Occup Environ Med.
2004;61:956-61.

. Kinki Regional Development Bureau (Ministry of Land, Infra-

structure, Transport and Tourism). The FY2005 road traffic
census results of the general traffic volume surveys in Kinki,
Japan (in Japanese). Osaka: Kinki Regional Development
Bureau; 2006. Available at: http://www.kkr.mlit.go.jp/road/
ir/kisya_pdf/18_n_x/0630_02.pdf. Accessed 11 March 2013.
Babin SM, Burkom HS, Holtry RS, Tabernero NR, Stokes LD,
Davies-Cole JO, et al. Pediatric patient asthma-related emergency
department visits and admissions in Washington, DC, from
2001-2004, and associations with air quality, socio-economic
status and age group. Environ Health. 2007;6:9.

Moore K, Neugebauer R, Lurmann F, Hall J, Brajer V, Alcorn S,
et al. Ambient ozone concentrations cause increased hospital-
izations for asthma in children: an 18-year study in Southern
California. Environ Health Perspect. 2008;116:1063-70.

Larrieu S, Carcaillon L, Lefranc A, Helmer C, Dartigues JF, Taver-
nier B, et al. Factors associated with morbidity during the 2003 heat
wave in two population-based cohorts of elderly subjects: PAQUID
and Three City. Eur J Epidemiol. 2008;23:295-302.

Mastrangelo G, Fedeli U, Visentin C, Milan G, Fadda E, Spolaore
P. Pattern and determinants of hospitalization during heat waves:
an ecologic study. BMC Public Health. 2007;7:200-8.

Shima M, Adachi M. Indoor nitrogen dioxide in homes along trunk
roads with heavy traffic. Occup Environ Med. 1998;55:428-33.


http://cfpub2.epa.gov/ncea/cfm/recordisplay.cfm?deid=87903
http://cfpub2.epa.gov/ncea/cfm/recordisplay.cfm?deid=87903
http://www.euro.who.int/Document/E90038.pdf
http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=149923
http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=149923
http://www.kkr.mlit.go.jp/road/ir/kisya_pdf/18_n_x/0630_02.pdf
http://www.kkr.mlit.go.jp/road/ir/kisya_pdf/18_n_x/0630_02.pdf

	Association of ambient air pollution and meteorological factors with primary care visits at night due to asthma attack
	Abstract
	Aim
	Methods
	Results
	Conclusion

	Introduction
	Methods
	Subjects
	Air pollutants and meteorological elements
	Statistical methods

	Results
	Discussion
	Ozone and primary care visits due to asthma attack
	PM and NO2 and primary care visits due to asthma attack
	Meteorological data and primary care visits due to asthma attack
	Limitations

	Acknowledgments
	References


