
 

Note: Red = recent studies, black = studies from the 2008 Integrated Science Assessment for Sulfur Oxides. BHR = bronchial 
hyperresponsiveness, SO2 = sulfur dioxide.  
aEffect estimates are standardized to a 10-ppb increase in 24-hour average SO2 concentration. 

Supplemental Figure 5S-1. Associations between short-term increases in ambient sulfur 
dioxide concentration and respiratory symptoms in adults with asthma.  

  

-23 (-210, 164)

-90 (-317, 137)



Characteristics and quantitative results for studies presented in Figure 5S-1. 

Study and Location Exposure Assessment 

SO2 
Averaging 
Time 

SO2 Lag 
Day Percent Increase (95% CI)a 

Wheeze 

Neukirch et al. (1998) 

Greater Paris area, France 

11 monitors averaged 24-h avg 5 

3 

All subjects: 31 (1, 69) 

Beta-agonist users: 38 (7, 78) 

Cough 

Boezen et al. (2005) 

Amsterdam, Meppel, Nunspeet, the 
Netherlands 

1 monitor per city 24-h avg 0 5 (−15, 29) 

Boezen et al. (1998) 

Amsterdam, Meppel, Nunspeet, the 
Netherlands 

1 monitor per city 24-h avg 0 Less BHR: −11 (−34, 19) 

More BHR: −4 (−36, 44) 

Neukirch et al. (1998) 

Greater Paris area, France 

11 monitors averaged 24-h avg 5 

3 

All subjects: 28 (−1, 66) 

Beta-agonist users: 59 (22, 106) 

Composite of Symptoms 

†Maestrelli et al. (2011) 

Padua, Italy 

2 monitors averaged 24-h avg 0 Asthma control score 

All subjects: 23 (−210, 164) 

Nonsmokers: −90 (−317, 137) 

Peters et al. (1996) 

Erfurt, Weimar, Germany and 
Sokolov, Czech Republic 

1 monitor per city 24-h avg 0 Deviation from mean symptom 
score 
0 (−2, 2) 

Boezen et al. (2005) 

Amsterdam, Meppel, Nunspeet, the 
Netherlands 

1 monitor per city 24-h avg 1 Upper respiratory symptoms 

38 (14, 72) 

Boezen et al. (1998) 

Amsterdam, Meppel, Nunspeet, the 
Netherlands 

1 monitor per city 24-h avg 0 Lower respiratory symptoms 

Less BHR: 3 (−19, 29) 

More BHR: −4 (−26, 29) 

Park et al. (2005) 

Incheon, South Korea 

10 monitors in city 24-h avg 0 Night symptoms 
0 (−1, 1) 

†Wiwatanadate and Liwsrisakun 
(2011) 

Chiang Mai, Thailand 

1 monitor in city 24-h avg 2 Daytime asthma symptoms 
−10 (−29, −1) 

avg = average, BHR = bronchial hyperresponsiveness, CI = confidence interval; km = kilometer, SO2 = sulfur dioxide. 
aEffect estimates are standardized to a 10-ppb increase in 24-hour average sulfur dioxide concentration. 

†Studies published since the 2008 Integrated Science Assessment for Sulfur Oxides. 
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