S Eta 2 S| K|, H|32A H|45(2006)
Kor. J. Env. Hlth., Vol. 32, No. 4, pp 304~315(2006)

HEREME HE

TENEITVED

st T= 7l LAl Ch7|2da}
Ak 9471199844 ~20014)

EX|QG e - YR
gl st w AR %)

Zt_g_A L N

27

O|ZEf #=T -

=Y Akl SARAAE,

8

A Meta-Analysis of Air Pollution in Relation to
Daily Mortality in Seven Major Cities of Korea, 1998-2001

Yong-Sung Cho*** « Jong-Tae Lee**' - Ji-Young Son** : Yoon-Shin Kim**

*National Center for Environmental Health, National Institute of Environmental Research, Incheon, Korea
**Department of Healith Management, Hanyang University, Seoul, Korea
(Received May 15, 2006/Accepted August 11, 2006)

ABSTRACT

This study is performed to reexamine the association between ambient air pollution and daily mortality in seven major
cities of Korea using a method of meta-analysis with the data filed for the period 1998-2001. These cities account for
half of the Korean population (about 23 million). The observed concentrations of carbon monoxide (CO, mean = 1.08
ppm), ozone (O, mean = 33.97 ppb), particulate matter less than 10 um (PM,o, mean = 57.11 pug/m*), nitrogen dioxide
(NO;, mean =25.09 ppb), and sulfur dioxide (SO,, mean = 9.14 ppb) during the study period were at levels below
Korea's current ambient air quality standards. Generalized additive models were applied to allow for the highly flexibie
fitting of seasonal and long-term time trends in air pollution as well as nonlinear associations with weather variables,
such as air temperature and relative humidity. Also, we calculated a weighted mean as a meta-analysis summary of the
estimates and its standard error. In city-specific analyses, an increase of 41.17 pg/m® IQR) of PM,, corresponded to
1~12% more deaths, given constant weather conditions. Like most of air pollution epidemiologic studies, this meta-anal-
ysis cannot avoid fleeing from measurement misclassification since no personal measurement was taken. However, we
can expect that a measurement bias be reduced in district-specific estimate since a monitoring station is better rep-
resentative of air quality of the matched district. Significant heterogeneity was found for the effect of all pollutants. The
estimated relative risks from meta-like analysis increased compared to those relative risks from pooled analysis. The
similar results to those from the previous studies indicated existence of health effect of air pollution at current levels
in many industrialized countries, including Korea.

Keywords: air pollution, daily death counts, time-series analysis, generalized additive model
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Fig. 1. Location of seven major cities in this study.
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Table 1. Summary statistics for daily deaths, air pollutants, and weather in seven major cities, 1998-2001

Number  Number of
CO 0O, PM, NO, SO, Temp. HUMD of deaths  population

(ppm) (ppb) (pg/m’) (ppb) (ppb) 0) (%) (person)  (person)

Seoul 1.16(0.56) 33.30(19.03) 68.14(37.82) 33.48(11.32) 6.50(2.80) 13.17(10.40) 63.64(13.26) 103.10(12.61) 10,331,224
Busan 1.05(0.46) 35.89(14.04) 63.09(30.28) 24.21(8.20) 11.86(5.24) 15.32(8.04) 65.45(18.75) 49.15(7.98) 3,786,033
Incheon 0.92(0.44) 31.65(15.53) 53.74(30.16) 26.17(9.65) 7.66(2.79) 12.86(10.06) 68.47(13.78) 28.13(5.90) 2,581,557
Daegu 1.07(0.83) 34.30(17.77) 66.02(31.56) 27.90(11.21) 10.37(7.33) 14.62(9.30) 60.14(15.76) 30.24(6.14) 2,539,587
Gwangju 1.01(0.60) 33.45(14.26) 54.57(27.56) 20.86(8.48) 6.01(2.85) 14.19(9.28) 66.68(12.71) 15.32(4.08) 1,387,360
Daejeon  1.50(0.75) 37.54(17.89) 52.73(27.73) 22.62(11.33) 7.64(3.89) 13.09(9.92) 68.33(14.16) 15.23(3.98) 1,408,809
Ulsan 0.85(0.29) 31.68(12.34) 41.15(23.10) 20.40(5.59) 13.90(5.00) 14.65(8.51) 61.95(18.23) 10.31(3.32) 1,060,378
Total 1.08(0.62) 33.97(16.12) 57.11(31.29) 25.09(10.50) 9.14¢5.32) 13.98(9.43) 64.95(15.67) 35.93(30.77) 23,094,948
Note. Values are mean (+SD); TEMP, temperature; HUMD, humidity.

City
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Fig. 2. Daily average concentration of CO (a), O; (b), PM,,(c), NO,(d), and SO, (¢) using long-term time trends in seven major cities,

1998-2001.
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Fig. 3. Log relative risk of total death count (all aged) vs. the concentration of PM,, (a) and Os (b) using a single-pollutant model
adjusted for long-term time trends and weather information in seven major cities, 1998-2001.
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Table 2. Relative risks (RR) with 95% confidence intervals of all-cause mortality by an interquartile increase in daily concentration
of PM,, with selected best lag time using single-pollutant model” in seven major cities, 1998-2001

Relative Risk (95% Confidence Interval)

City Children
(less than 15 aged)

All aged

General population
(16~64 aged)

Elderly
(more than 65 aged)

Seoul 1.013 (lag0) 1.045 (lag5) 1.008 (lag0) 1.015 (lagl)
(1.007-1.019) (1.000-1.092) (0.999-1.017) (1.007-1.022)
Busan 1.009 (lag0) 1.029 (lag5) 1.013 (lagd) 1.017 (lag0)
(1.001-1.017) (0.968-1.095) (1.002-1.025) (1.007-1.028)
Incheon 1.019 (lagl) 1.046 (lag7) 1.016 (lag0) 1.027 (lagl)
(1.008-1.029) (0.968-1.130) (1.000-1.031) (1.014-1.041)
Dacgu 1.011 (lag3) 1.080 (lags) 1.012 (lag4) 1.021 (lag3)
(0.999-1.023) (0.992-1.175) (0.994-1.031) (1.006-1.037)
Gwangjn 1.014 (lag0) 1.123 (lag3) 1.010 (lag5) 1.027 (lag0)
(1.000-1.028) (1.025-1.231) (0.988-1.033) (1.009-1.045)
Dacjeon 1.020 (lagd) 1.027 (lag3) 1.034 (lag3) 1.025 (lagd)
(1.005-1.035) (0.921-1.145) (1.010-1.059) (1.005-1.045)
Ulsan 1.023 (lag0) 1.060 (lag6) 1.027 (lag0) 1020 (lag3)
(1.003-1.044) (0.932-1.205) (0.996-1.059) (0.992-1.048)
7 Cities 1.011 (lag5) 1.017 (lagd) 1.006 (lag4) 1.015 (lag2)

(1.007-1.015)

(0.988-1.047)

(1.000-1.012) (1.010-1.020)

"These models include the following variables for day of week and smooth spline function of date, temperature, and humidity
as well IQR of Seoul, Busan, Incheon, Daegu, Gwangju, Daejeon, Ulsan, and 7 cities is 41.17, 32.21, 32.21, 37.29, 29.74, 31.07,

25.96, and 34.38 ug/m’, respectively.
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Table 3. Comparisons of analysis results from pooled data and combined meta-like analysis for total aged, children(less than 15
aged), general population(16-64 aged), and elderly(more than 65 aged) by Poisson regression analysis of daily mortality
and each ambient air pollutant with selected best lag time in single-pollutant model in seven major cities, 1998-2001

Pooled analysis® Meta-like combined analysis”
Pollutant Relative risk Relative risk (95% CI) P
(95% CD Fixed effects model Random effects model
(Total aged)
(¢f0) 1.013 (1.010-1.017) 1.017 (1.013-1.021) 1.019 (1.012-1.026)° 0.004
0O, 1.006 (1.001-1.010) 1.009 (1.004-1.014) 1.009 (1.004-1.014) 0.754
PM,y, 1.011 (1.007-1.015) 1.014 (1.010-1.017) 1.014 (1.010-1.017) 0.673
NO, 1.021 (1.016-1.027) 1.021 (1.016-1.026) 1.021 (1.013-1.028) 0.014
SO, 1.019 (1.013-1.025) 1.019 (1.014-1.023) 1.019 (1.010-1.029) 0.001
(Children)
CO 1.026 (0.999-1.054) 1.057 (1.030-1.085) 1.068 (1.028-1.109) 0.070
05 1.011 (0.975-1.048) 1.045 (1.010-1.081) 1.045 (1.010-1.081) 0.684
PM,, 1.017 (0.988-1.047) 1.052 (1.024-1.081) 1.052 (1.024-1.081) 0.793
NO, 1.023 (0.989-1.059) 1.049 (1.013-1.086) 1.053 (1.011-1.096) 0254
SO, 1.024 (0.988-1.016) 1.054 (1.023-1.087) 1.054 (1.023-1.087) 0.835
(General population)
CO 1.010 (1.005-1.016) 1.015 (1.009-1.021) 1.015 (1.009-1.021) 0.430
0O, 1.007 (1.000-1.015) 1.016 (1.009-1.024) 1.017 (1.009-1.025) 0.340
PM,, 1.006 (1.000-1.012) 1.013 (1.007-1.018) 1.013 (1.007-1.018) 0.538
NO, 1.013 (1.006-1.021) 1.015 (1.008-1.023) 1.015 (1.007-1.023) 0.303
SO, 1.015 (1.006-1.023) 1.020 (1.013-1.027) 1.021 (1.013-1.029) 0.238
(Elderly)
CO 1.018 (1.013-1.022) 1.021 (1.016-1.026) 1.024 (1.015-1.032) 0.009
0, 1.005 (0.998-1.011) 1.010 (1.003-1.016) 1.010 (1.003-1.016) 0.850
PM,, 1.015 (1.010-1.020) 1.019 (1.014-1.024) 1.019 (1.014-1.024) 0.708
NO, 1.028 (1.022-1.035) 1.030 (1.024-1.036) 1.030 (1.024-1.036) 0.860
SO, 1.023 (1.015-1.030) 1.024 (1.018-1.030) 1.025 (1.015-1.034) 0.020

Note. CI, confidence intervals; Py, P value from x? for heterogeneity.

“Data from all cities were pooled and analyzed in the same model that included indicator variables for all cities.
PRegression coefficients from each city were combined as followed by meta-analysis to calculate the summary estimate.
“The estimated between-city variation, 7%, was a negative value. Thus, 72 was substituted to zero which meant that the random-
effects model became the same as the fixed-effects model.
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