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Saldiva et al. 
(1995) 

São Paulo, Brazil 

1990-1991  

All cause; age 
65+ yrs 

24-h avg NOX 
127 ppb 

PM10, O3, SO2, CO; 
two-pollutant models 

0-1 OLS; Poisson with GEE. 
Time-series study. 

NOX slope 
estimate:  

0.0341 
deaths/day/ppb 

(SE 0.0105) 

Cifuentes et al. 
(2000) Santiago, 
Chile  

1988-1966 

All cause 8-h avg 41 ppb PM2.5, PM10-2.5, CO, 
SO2, O3 

0, 1, 2, 3, 4, 5, 
1-2, 1 3, 1-4, 1-5

Poisson GAM with 
default convergence 
criteria; Poisson GLM. 
Time-series study. 

GLM model, lag 1-
2:  
Single-pollutant: 
1.7% (0.7, 2.7); 
with other 
pollutants: 1.5%  
(0.3, 2.7) 

(per 25ppb 8-h 
avg) 

Ostro et al. 
(1996) Santiago, 
Chile 1989-1991 

All cause 1-h max 56 ppb PM10, O3, SO2; two-
pollutant models 

1 OLS, Poisson.  
Time-series study. 

Poisson, lag 1: -
0.5% (-1.1, 0) 

AUSTRALIA 
Simpson Et Al. 
(2005a,B) 

Brisbane, 
Sydney, 
Melbourne, And 
Perth, Australia 

1996-1999 

All Cause, 
Respiratory, And 
Cardiovascular In 
All Ages; 
Cardiovascular In 
Age 65+ Yrs 

1-H Max Ranged 
From 16 To 
24 ppb 

PM10, PM2.5, Bsp 
(Nephelometer), O3, 
Co 

0, 1, 2, 3, 0-1 Poisson Glm, Gam With 
Stringent Convergence 
Criteria. Time-Series 
Study. 

Lag 0-1, Gam, All-
Cause,  
Single-Pollutant: 
3.4% (1.1, 5.7); 
With Bsp: 3.1% 
(0.3, 5.9); 
Cardiovascular: 
4.3% (0.9, 7.8); 
Respiratory: 
11.4% (3.5, 19.9) 

Simpson et al. 
(2000) 

Brisbane, 
Australia 

1991-1996 

All cause, 
respiratory, and 
cardiovascular in 
all ages; 
cardiovascular in 
age 65+ yrs 

24-h avg: whole 
yr: 12 ppb; cool 
season: 13 ppb; 
warm season 
9 ppb 

PM10, PM2.5, BSP, O3, 
CO 

0, 1, 2, 3, 0-1 Poisson, GAM with 
default convergence 
criteria. Time-series 
study. 

All-cause (lag 1): 
9.7% (4.7, 14.8); 
respiratory: 18.8% 
(1.2, 39.6) 

Morgan et al. 
(1998b) 

Sydney, Australia 

1989-1993 

All cause; 
respiratory; 
cardiovascular  

24-h avg 13 ppb; 
1-h max 26 ppb  

BSP, O3 0-1 Poisson with GEE. 
Time-series study. 

Lag 0-1, single-
pollutant, all-
cause: 3.0% (0.1, 
6.0);  
cardiovascular: 
2.2% (-1.7, 6.4); 
respiratory: 8.6% 
(-0.4, 18.4) 

Simpson et al. 
(1997) 

Brisbane, 
Australia 

1987-1993 

All cause; 
respiratory; 
cardiovascular 

24-h avg 14 ppb; 
1-h max 28 ppb 

PM10, TSP, O3, SO2, 
CO 

0 Autoregressive Poisson 
with GEE. Time-series 
study. 

Lag 0-1, single-
pollutant, all-
cause, all-yr: -
1.0% (-5.2, 3.4); 
summer: -3.6% (-
11.2, 4.7); winter: -
1.2% (-4.0, 6.9) 

ASIA 
Kim et al. 
(2004b) 

Seoul, Korea 

1995-1999 

All cause 24-h avg 33 ppb PM10, O3, SO2, CO; 
two-pollutant models 

1 Poisson GAM with 
stringent convergence 
criteria (linear model); 
GLM with cubic natural 
spline; GLM with B 
mode spline (threshold 
model). Time-series 
study. 

Risk estimates for 
NO2 not reported.  
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Lee et al. (1999) 

Seoul and Ulsan, 
Korea 

1991-1995 

All cause 

 

1-h max O3:  

Seoul:  

32.4 ppb 

10th %-90th % 

14-55 

Ulsan:  

26.0 ppb 

10th %-90th % 

16-39 

TSP, SO2 0 Poisson with GEE. 
Time-series study. 

1-h max O3 (per 
50 ppb):  

Seoul:  

1.5% (0.5, 2.5) 

Ulsan:  

2.0% (-11.1, 17.0) 

Lee and 
Schwartz (1999) 

Seoul, Korea 

1991-1995 

All cause 1-h max O3:  

Seoul:  

32.4 ppb 

10th %-90th % 

14-55 

TSP, SO2 0 Conditional logistic 
regression. Case-
crossover with 
bidirectional control 
sampling. 

1-h max O3  
(per 50 ppb):  

Two controls -- 1 
wk: 

1.5% (-1.2, 4.2) 

Four controls -- 2 
wks:  

2.3% (-0.1, 4.8) 

Kwon et al. 
(2001) 

Seoul, Korea 

1994-1998 

Mortality in a 
cohort of patients 
with congestive 
heart failure 

24-h avg 32 ppb PM10, O3, SO2, CO 0 Poisson GAM with 
default convergence 
criteria; case-crossover 
analysis using 
conditional logistic 
regression.  

Odds ratio in 
general 
population:  
1.1% (-0.3, 2.5) 

Congestive heart 
failure cohort:  

15.8% (1.8, 31.7) 

Ha et al. (2003) 

Seoul, Korea 

1995-1999 

All cause; 
respiratory; 
postneonatal (1 
mo to 1 yr); age 2 
64 yrs; age 65+  

24-h avg 33 ppb PM10, O3, SO2, CO 0 Poisson GAM with 
default convergence 
criteria. Time-series 
study. 

All cause for 
postneonates: 
0.8% (-5.7, 7.7); 
age 65+: 3.8% 
(3.7, 3.9) 

Hong et al. 
(2002) 

Seoul, Korea 

1995-1998 

Acute stroke 
mortality 

24-h avg 33 ppb  PM10, O3, SO2, CO 2 Poisson GAM with 
default convergence 
criteria. Time-series 
study.  

4.3% (1.6, 7.0) 

Tsai et al. 
(2003b) 

Kaohsiung, 
Taiwan 

1994-2000 

All cause; 
respiratory; 
cardiovascular; 
tropical area 

24-h avg 29 ppb PM10, SO2, O3, CO 0-2 Conditional logistic 
regression. Case-
crossover analysis. 

Odds ratios:  

All cause:  

0.1% (-5.9, 6.6); 

Respiratory:  

-1.0% (-22.2, 
25.9); 

Cardiovascular:  

-1.8% (-14.0, 12.1)

Yang et al. 
(2004b) 

Taipei, Taiwan 

1994-1998 

All cause; 
respiratory; 
cardiovascular; 
subtropical area 

24-h avg 31 ppb PM10, SO2, O3, CO 0-2 Conditional logistic 
regression. Case-
crossover analysis. 

Odds ratios:  

All cause: 0.6% (-
3.9, 5.2); 

Respiratory: 2.5% 
(-13.1, 20.8); 

Cardiovascular:  

-1.1% (-9.5, 8.0) 
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Wong et al. 
(2001b) 

Hong Kong 

1995-1997 

All cause; 
respiratory; 
cardiovascular 

24-h avg 25 ppb 
in warm season; 
33 ppb in cold 
season 

PM10, O3, SO2; two-
pollutant models 

0, 1, 2 Poisson GAM with 
default convergence 
criteria. Time-series 
study. 

All cause (lag 1):  

2.6% (0.9, 4.4); 

Respiratory (lag 
0):  

6.1% (-1.8, 10.5); 

Cardiovascular 
(lag 2):  

5.2% (1.8, 8.7) 

Wong et al. 
(2002) 

Hong Kong 

1995-1998 

Respiratory; 
cardiovascular; 
COPD; 
pneumonia and 
influenza; 
ischemic heart 
dis.; 
cerebrovascular 

24-h avg 29 ppb PM10, O3, SO2; two-
pollutant models 

0, 1, 2, 0-1, 0-2 Poisson GLM. Time-
series study. 

Respiratory (0-1):  

5.1% (1.6, 8.7); 

Cardiovascular 
(lag 0-2):  

3.1% (-0.2, 6.5) 

Hedley et al. 
(2002) 

Hong Kong 

1985-1995 

Intervention July 
1990 (switch to 
low sulfur- 
content fuel) 

All cause; 
cardiovascular; 
respiratory; 
neoplasms and 
other causes; all 
ages; age 15-64 
yrs; age 65+ yrs 

Avg moly NO2:  

Baseline: 29 ppb 

1 yr after 
intervention: 
25 ppb 

2-5 yrs after 
intervention: 
28 ppb 

SO2 (main pollutant of 
interest, 45% 
reduction observed 
5 yrs after 
intervention), PM10, 
SO42-, NO2 

Moly avgs 
considered 
without lags 

Poisson regression of 
moly avgs to estimate 
changes in the increase 
in deaths from warm to 
cool season. Annual 
proportional change in 
death rate before and 
after the intervention 
was also examined. 

Declines observed 
in all cause (2.1%, 
p = 0.001), 
respiratory  

(3.9%, p = 0.001), 
and 
cardiovascular  

(2.0%, p = 0.020) 
mortality after the 
intervention. 

As NO2 levels did 
not change before 
and after the 
intervention, NO2 
likely did not play 
a role in the 
decline in 
observed mortality.

Yang et al. 
(2004b) 

Taipei, Taiwan 

1994-1998 

 

All cause; 
respiratory; 
cardiovascular; 
subtropical area 

24-h avg 31 ppb PM10, SO2, O3, CO 0-2 Conditional logistic 
regression. Case-
crossover analysis. 

Odds ratios:  

All cause:  

0.6% (-3.9, 5.2); 

Respiratory:  

2.5% (-13.1, 20.8); 

Cardiovascular:  

-1.1% (-9.5, 8.0) 
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