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1997. Daily counts of emergency room visits for asthma aftack were  period.

Results : The association between daily counts of emergency room
visits for asthma attack and ozong levels was statistically significant in
summer(from June fo August), and the RR by unit increment of 100

Effect of Air Pollution dn Emergency Room Visits for Asthma : a Time Series Analysis

Department of Occupational and Environmental Medicine, Hallym University Sacred Heart Hospital;
Department of Preventive Medicine, Seoul National University College of Medicine and Institute of Environmental Medicine, SNUMRC?

Obijectives : To evaluate the hypothesis that increasing ambient  restriction of the period from April to September in 1996, the RR was
levels of ozone or particulate matter are associated with increased  1.37(95% Cl = 1.06~1.76), and from June fo August in 1995, the RR
emergency room visits for asthma and to quantify the strength of  was 1.62(95% Cl = 1.12~2.85). In the data for children(5~14 yr), the
association, if any, between these. RR was 2.57(95% Ct = 1.31~5.05) with restriction of the period from

Methods : Daily counts of emergency room visits for asthma, air  Aprif to September in 1997. There was no significant association
quality, and weather data were collected from hospitals with aver 200 between TSP fevels and asthma attacks, but a slight association was
beds and from monitoring stations in Seoul, Korea from 1994 through  seen between PM10 levels and asthma attacks in a very restricted

analyzed using a general additive Poisson model, with adjustment for Conclusion : There was a statistically significant association
the effects of secular trend, seasonal variation, Sunday and holiday,  between ambient levels of ozone and daily counts of emergency room
temperature, and humidity, according to levels of ozone and particulate  visits for asthma attack. Therefore, we must make efforts to effectively
matier. minimize air pollution, in order to protect public health.

ppb ozone was 1.30(95% Ci = 1.11~1.52) without lag time. With  Key Words: Air pollution, Ozone, Asthma

Korean J Prev Med 2001;34(1):61-72
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Table 1. Residual deviances of baseline models accordlng to various Iag times for

all age groups

Model Residual Degree of
Deviance Freedom
Log(expected no. of asthma) = lo*(date) + lo(temperature 0)
+ lo(humidity_0") + wk* 2690.5 1448.8
Log(expected no. of asthma) = lo*(date) + lo(temperature_1)
+ lo(humidity_1") + wk' 2749.6 14478
Log(expected no. of asthma) = lo*(date) + lo(temperature_2)
+ lothumidity_2') + wk' 27594 1446.8
Log(expected no. of asthma) = lo¥*(date) + lo(temperature_3)
+ lo(humidity_3') + wk" 27385 1445.8

* : Loess spline t : _x means x day before

9| : dummy variable for the sunday or holiday

Figure 1. Three dimensional spline curve of temperature(X), relative humidity(Y),
and daily count of asthma patients(Z), for the years 1994-1997.
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Table 2. Summary data on daily patients, meteorological factors and air pollutants

in Seoul
. Total Period Daily Mean .
Variable (days) (SD) Min. Max.
Total ER visiting Patients 1461  2,405.5 (818.3) 1,206 6,996
Asthma Patients (all age groups) 1,461 152( 6.6) 2 1!
Asthma Patients (5-14 yr old group) 1,461 26( 29 0 35
Temperature (T) 1,461 12.8( 10.3) 9.7 330
Relative Humidity (%) 1,461 62.7( 15.5) 18.8 974
TSP (ug/nmr) 1,460 79.7( 35.6) 16.5 2624
PMio (ug/nr) 1,095 723 ( 304) 17.1 224.7
Ozone (ppb) 1,460 337( 177 6.0 1094

ER : emergency room

Table 3. Ozone added models for all age groups according to seasons, 1994-1997
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Model Coefficient (s.e.) RR" (95% C.1.) RR2 (85% C.l.)
Baseline Model + Ozone_0': Spring -0.00143 (0.00186) 0.87 (0.60-1.25) 093 (0.78-1.12)
Baseline Model + Ozone_0': Summer 0.00262 (0.00079) 130 (1.11-1.52) 1.14 (1.05-1.23)
Baseline Model + Ozone_0': Autumn -0.00324 (0.00119) 072 (0.57-0.91) 0.85 (0.76-0.96)
Baseline Model + Ozone_0': Winter -0.00512 (0.00223) 0.60 (0.39-0.93) 0.77 (0.62-0.96)

 :_x means x day before
1) : relative risk, effect of a 100ppb increase of O3
Spring-March,April,May. Summer-June July, August.

2) : relative risk, effect of a 50ppb increase of O3
Autumn-September,October,November. Winter-December,J anuary,February.
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Figure 2. Monthly means of ozone levels(ppb) in Seoul, for the years 1994-1997.
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Figure 3. Monthly means of TSP levels(ug/n) in Seoul, for the years 1994-1997.
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Figure 4. Monthly means of PMio levels(ug/nt) in Seoul, for the years 1994-1997.
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Table 4. TSP added models for all age groups according to seasons, 1994-1997

Model

/. Coefficient (s.e.)

RR" (95% C.1.)

RR? (95% C.1.)

- Baseline Model + TSP_0':Spring
Baseline Model + TSP_Q':Summer
Baseline Model + TSP_0': Autumn
Baseline Model + TSP_0":Winter

-0.00063 (0.00047)

0.00079 (0.00048)
-0.00118 (0.00035)
-0.00095 (0.00041)

0.94 (0.86-1.03)
1.08 (0.99-1.19)
0.839 (0.83-0.95)
091 (0.84-0.98)

097 (0.93-1.01)
1.04 (0.99-1.09)
0.94 (0.91-0.98)
095 (0.92-0.99)

t :_x means x day before
1) : relative risk, effect of a 100ug/m® increase of TSP
Spring-March,April,May. Summer-June,July,August.

2) : relative risk, effect of a SOug/m? increase of TSP

Autumn-September,October,November. Winter-December,January,February.

Table 5. PM1wo added models for all age groups according to seasons, 1994-1997

Model!

Coefficient (s.e.)

RR" (95% C.1)

RR? (95% C.1.)

Baseline Model + PMio_0':Spring
Baseline Model + PMio_0':Summer
Baseline Model + PMio_0': Autumn
Baseline Model + PMio_0':Winter

-0.00075 (0.00061)

0.00058 (0.00066)
-0.00109 (0.00051)
-0.00093  (0.00056)

093 (0.82-1.05)
1.06 (0.93-1.21)
090 (0.81-0.99)
091 (0.82-1.02)

096 (0.91-1.02)
103 (0.96-1.10)
0.95 (0.90-1.00)
095 (0.90-1.01)

t :_x means x day before
1) : relative risk, effect of a 100ug/m® increase of PM10
Spring-March,April May. Summer-June July,August.

2) : relative risk, effect of a 50ug/m?® increase of PM10

Autumn-September,October,November. Winter-December, January, February.

Table 6. Ozone added models for all age groups, from April to September in each year

Model

Coefficient (s.e.)

RR" (95% C.l.)

RR? (95% C.1.)

1994 : Baseline Model + Ozone_0'
1995 : Baseline Model + Ozone_0'
1996 : Baseline Model + Ozone_0'
1997 : Baseline Model + Ozone_0'

-0.00112  (0.00138)
-0.00024 (0.00146)
0.00313 (0.00129)
0.00251 (0.00129)

089 (0.68-1.17)
0.98 (0.73-1.30)
1.37 (1.06-1.76)
128 (1.00-1.66)

095 (0.83-1.08)
099 (0.86-1.14)
117 (1.03-1.33)
1.13 (1.00-1.29)

t : _x means x day before

1) : relative risk, effect of a 100ppb increase of O3

Table 7. Ozone added models for all age groups, from June to August in each year

2) : relative risk, effect of a S0ppb increase of O3

Model

Coefiicient (s.e.)

RR" (95% C.1.)

RR? (95% C.1.)

1994 : Baseline Model + Ozone_0!
1995 : Baseline Model + Ozone_0'
1996 : Baseline Model + Ozone_0'
1997 : Baseline Model + Ozone_0'

0.00096 (0.00168)
0.00484 (0.00189)
0.00177 (0.00175)
-0.00041 (0.00167)

110 (0.79-1.53).

1.62 (1.12-2.35)
119 (0.85-1.68)
0.96 (0.69-1.33)

1.05 (0.89-1.24)
127 (1.06-1.53)
1.09 (0.92-1.30)
0.98 (0.83-1.15)

t :_x means x day before

1) : relative risk, effect of a 100ppb increase of 03

Table 8. Ozone added models for 5-14yr old group, from April to September in each year

2) : relative risk, effect of a 50ppb increase of O3

Model

Coefficient (s.e.)

RR" (95% C.1.)

RR? (95% C.1.)

1994 : Baseline Model + Ozone_0'
1995 : Baseline Model + Ozone_0'
1996 : Baseline Model + Ozone_0'
1997 : Baseline Model + Ozone_0'

000389 (0.00408)
-0.00699 (0.00391)
-0.00157 (0.00325)
000944 (0.00345)

148 (0.66-3.28)
050 (0.23-1.07)
0.85 (0.45-1.62)
2.57 (1.31-5.05)

121 (0.81-181)
0.70 (0.48-1.03)
092 (0.67-127)
160 (1.14-2.25)

f : _x means x day before
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Figure 5. Nonparametric smooth curve of counts of asthma patients(all age
groups) versus the conc. of ozone(no time lag) after controlling for long-
term temporal pattern, meteorological variables, day of the Sunday or
holiday effect by general additive model of Poisson regression, during
summer(from June to August), for the years 1994-1997. The solid line
represents log of relative risk as a function of ozone. The dashed lines
are 95% confidence intervals. The density of pile’ at the bottom of

figure indicates the amount of data available.
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Figure 6. Nonparametric smooth curve of counts of asthma patients(all age
groups) versus the conc. of ozone(no time lag) after controlling for long-
term temporal pattern, meteorological variables, day of the Sunday or
holiday effect by general additive model of Poisson regression, for the
period from June to August, 1995. The solid line represents log of
relative risk as a function of ozone. The dashed lines are 95% confi-
dence intervals. The density of pile at the bottom of figure indicates

the amount of data available.
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Figure 7. Nonparametric smooth curve of counts of asthma patients(all age
groups) versus the congc. of 0zone(no time lag) after controlling for long-
term temporal paitern, meteorological variables, day of the Sunday or
holiday effect by general additive model of Poisson regression, for the
period from April to September, 1996. The solid line represents log of
relative risk as a function of ozone. The dashed lines are 95%
confidence intervals. The density of pile' at the bottom of figure
indicates the amount of data available.
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Figure 8. Nonparametric smooth curve of counts of asthma patients(5-14yr old
group) versus the conc. of ozone(no time lag) after controlling for long-
term temporal pattern, meteorological variables, day of the Sunday or
holiday effect by general additive mode! of Poisson regression, for the
period from"April to September, 1997. The solid line represents log of
relative risk as a function of ozone. The dashed lines are 95%
confidence intervals. The density of pile’ at the bottom of figure indi-
cates the amount of data available.
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Figure 9. Nonparametric smooth curve of counts of asthma patients(all age
groups) versus the conc. of PM1o(no time lag) after controlling for long-
term temporal pattern, meteorological variables, day of the Sunday or
holiday effect by general additive model of Poisson regression, for the
period from January to February, 1995. The solid line represents log of
reiative risk as a function of PM1io. The dashed lines are 95%
confidence intervais. The density of ‘pile’ at the bottom of figure
indicates the amount of data available.
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Table 9. TSP added models for all age groups, from November to February in the indicated years

Model

94~-95 : Baseline Model + TSP_0'
95~96 : Baseline Model + TSP_0'
96~97 : Baseline Model + TSP_0!
97(11,12) : Baseline Model + TSP_0'

Coefficient (s.e.) RR" (95% C.1.) RR? (95% C.1)
-0.00025 (0.00072) 098 (0.85-1.12) 099 (0.92-1.06)
0.00067 (0.00063) 094 (0.83-1.06) 097 (0.91-1.03)
-0.00080 (0.00065) 092 (0.81-1.05) 096" (0.90-1.02)
0.00062 (0.00087) 1.06 (0.90-1.26) 103 (0.95-1.12)

t : _x means x day before

1) : relative risk, effect of a 100ug/m* increase of TSP

2) : relative risk, effect of a 50ug/m® increase of TSP

Table 10. PMio added models for all age groups, from November to February in the indicated years

Model

Coefficient (s.e.)

RR" (95% C.1.)

RR? (95% C.1.)

95(1,2): Baseline Model + PMio_0'
95~96: Baseline Model + PMio_0'
96~97: Baseline Model + PMio_0'
97(11,12): Baseline Model + PMic_0'

0.00329 (0.00164)
0.00031 (0.00112)
0.00148 (0.00080)
0.00063 (0.00100)

139 (1.01-191)
097 (0.78-1.21)
086 (0.74-1.01)
1.07 (0.88-1.30)

118 (1.00-1.38)
0.98 (0.88-1.10)
093 (0.86-1.00)
1.03 (0.94-1.14)

1 : _x means x day before

1) : relative risk, effect of a 100ug/nt® increase of PM10

2) : relative risk, effect of a 50ug/m® increase of PM10
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Table 11. Validity for etiologic inference according to study designs

Validity ranking

Types of study design

Highest

Lowest / ‘

Randomized clinical trial
Prospective cohort study
Retrospective cohort study
Nested case-control study
Time-series analysis
Cross-sectional study
Ecologic study

Cluster analysis

Case study

Anecdote

source : Last JM. A Dictionary of Epidemiology. Oxford, New York: Oxford University Press, 1995
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Figure 10. Daily counts of asthma patients(all age groups) versus ozone(ppb) in
Seoul, for July 1994. The line is a smoothlng spline curve fit to the

data.
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