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Empirical Evidence 
• Randomized Controlled Trials 

• Gold standard for casual associations in observational studies 

 
• Quasi-Experimental Studies 

• Natural experiments 
 

• Policy Evaluation 
• Post-hoc analyses 
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RESPIRE: Randomized Exposure Study of 
Pollution Indoors and Respiratory Effects 



Clark, EST 2007; Smith, Lancet 2011 

Traditional open fire used for cooking Locally developed and constructed 
high-mass chimney woodstove 

265  
Households 

269  
Households 

  Control   Intervention   % Reduction 
PM2.5 (µg/m3) 821 32 96% 

CO (PPM) 11.0 0.5 95% 

Physician-Diagnosed Pneumonia 
(Cases/100 child-yr) 

62.6 49.7 21% 



Kitchens down by 20 fold, but children exposure down by only 2 fold 
  

Time-activity:  kids do not spend their entire day in the kitchen 
  
“Neighborhood” pollution: chimney does not reduce smoke, but 

just shifts it outside, where the difference between intervention 
and control households was less 

Courtesy John McCracken 
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Asthmatic Children in 
Homes with Wood Stoves 

Winter 1 
Pre-intervention 

Sampling 

Winter 2 
Post-intervention 

Sampling 

Intervention 

Sham Filter (Placebo) Active Filter Wood Stove Change 

Sixteen homes received the wood stove changeout and showed no significant changes in PM2.5 or 
particle counts. … Relative to the wood stove changeout, the filtration unit intervention was more 
efficacious and less expensive, …need for the evaluation of additional strategies for improving 
indoor air quality in homes using wood stoves. 



• Randomization by individuals, households, communities 
• Ethical issues 

• Blinding of subjects and investigators impossible 
• Efficacy versus effectiveness 

• Adoption and sustained use of intervention 
• Spillover effects 

• Not suited for rare chronic or long latency conditions 
• Alternatively measure intermediate marker (e.g. blood pressure) 

• Background trends 
• Generalizability 

 
 



Quasi-Experiments 



Quasi-Experiments 
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“Natural Experiments” 





Utah Valley, 1980s 
• Winter inversions trap local pollution 
• Natural test chamber  

• Local Steel mill contributed ~50% PM2.5 
• Shut down July 1986-August 1987 
• Natural Experiment 



Pope, Amer J Public Health 1989; 79: 623 

Hospital Admissions – Children 0-17 yrs 
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Periods PM2.5 O3 
Asthma 
Events 

Relative Risk of Outpatient 
Visit for Asthma 

  (µg/m3) (ppb) (per day) Adjusted RR (95% CI) 

Baseline 78.8 65.8 12.5 1.00 (Ref) 
Pre-Olympic 72.3 74.6 16.5 1.12 (0.85 - 1.50) 

During Olympics 46.7 61.0 7.3 0.54 (0.39 - 0.75) 
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Zhang et al, 2013, HEI report 174 



Zhang et al, 2013, HEI report 174 
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Richard P Sargent et al. BMJ 2004;328:977-980 

Admissions for acute myocardial infarction during six month periods June-November before, during 
(2002), and after the smoke-free ordinance (ordinance did not apply outside Helena).  

Smoke-Free 
Jun-Nov 2002 



Policy Evaluation 

Clean 
Up 



Lead in Gasoline and Average NHANES Blood Lead 

Annest, Lead versus Health, 1983 

Specific Biomarker of Lead Exposure 



Difference between observed 
and predicted monthly 

myocardial infarction mortality 

Boston Ban 
May 2003 

State Ban 
June 2004 

Am J Public Health. 2010;100(11):2206-12 



 Average of pollutant concentrations at five 
monitoring stations 

Percent reduction in annual average mortality 
due to all causes, cardiovascular disease, or 
respiratory disease after intervention to reduce 
sulfur content of fuel oil. 

Lancet. 2002 Nov 23;360(9346):1646-52. 
Sulfur in 
Fuel Oil 
reduction 



Dublin Coal Ban 

• On September 1, 1990, the Irish Government banned the 
marketing, sale, and distribution of bituminous coals 
within Dublin County Borough, that is the city of Dublin 
(Air Pollution Act, 1987).  



July 1990: Ban on 
Coal Sales in Dublin 
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Effect of Dublin1990 Ban on Coal Sales 1980-2004 



Dublin mortality rates 1981-2004 



Policy Evaluation 
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Fine-Particulate Air Pollution and Life Expectancy in the United States 
 

C. Arden Pope, III, Ph.D., Majid Ezzati, Ph.D., and Douglas W. Dockery, Sc.D.  

 

Matching PM2.5 data for 
1979-1983 and 1999-2000 in 
51 Metro Areas 
 
Life Expectancy data for 
1978-1982 and 1997-2001 in  
211 counties in 51 Metro areas 
 
Evaluate changes in Life 
Expectancy with changes in 
PM2.5 for the 2-decade period 
of approximately 1980-2000. 

 
 
 

http://content.nejm.org/


Reduction in PM2.5 1980 to 2000 (µg/m3) 
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No Change in PM2.5 

Large 
Change 
in PM2.5 

Substantial Unexplained 
Variability in Life 
Expectancy 

10 µg/m3 decrease in PM2.5 was 
associated with a 7.3 ± 2.4 month 
increase in life expectancy 
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Empirical Evidence 
• Randomized Controlled Trials 

• Gold standard for casual associations in observational studies 
• Practical limits to application in air pollution 

 
• Quasi-Experimental Studies 

• Natural experiments 
• Short-term effects; dependent on infrequent, unique interventions 

 
• Policy Evaluation 

• Post-hoc analyses 
• Long term, retrospective analyses; need comparison populations; 

need advances in analyses 
• Best potential for showing long-term benefits of air pollution control 
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