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Scientific Questions

1. Is exposure to fine particulate matter (PM2.5) below 
the National Ambient Air Quality Standards (NAAQS) 
(35 μg/m3 for daily and 12 μg/m3 for annual)
associated with an increase mortality risks?

2. Are some populations at higher risk than others?



DATA
• All Medicare participants (n=67,682,479) in the 

continental United States from 2000 to 2012 (updating 
the data to 2016)

• Outcomes: all-cause mortality and cause specific 
hospitalization

• Individual level information: date of death, age of entry, 
year of entry, sex, race, whether eligible for Medicaid 
(proxy for socioeconomic status)

• Zip code of residence and other covariates
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RESEARCH DATA PLATFORM



Medicare Data 
(open cohort of 60 million enrollees from 1999 to 

2012) 460 million person-years





PM2.5 Monitor Data

Daily 1km x 1km Estimates

Satellite Imaging

Weather data

Land use data









Increases of 10 μg/m3 in PM2.5 and of 10 ppb in ozone were associated with increases in all-
cause mortality of 7.3% (95% confidence interval [CI], 7.1 to 7.5) and 1.1% (95% CI, 1.0 to 
1.2), respectively.

Adjusted by age, gender, race, previous hospitalization, zip code level income, education etc







The image part with relationship ID rId2 was not found in the file.



Time stratified case crossover design (Lumley, Sheppard): 
• Case day was defined as the date of death, for the same person, we compared daily air 

pollution exposure on the case day vs daily air pollution exposure on control days
• Control days were chosen (1) on the same day of the week as the case day to control for 

potential confounding effect by day of week; (2) before and after the case day (bidirectional 
sampling) to control for time trend; and (3) only in the same month as the case day to control 
for seasonal and sub-seasonal patterns

• Individual-level covariates and zip code–level covariates that did not vary day to were not 
considered to be confounders as they remain constant when comparing case days vs control 
days. 





Methodological challenges
• Methods
• Wu X et al (2019) . Matching on Generalized Propensity Scores with 

Continuous Exposures. https://arxiv.org/pdf/1812.06575.pdf
(submitted)

• Exposure error correction
• Wu X et al . (2018) Causal inference in the context of an error prone 

exposure: air pollution and mortality. The Annals of Applied Statistics
• Unmeasured confounding bias
• Makar M et al. (2017). Estimating the Causal Effect of Lowering 

Particulate Matter Levels below the United States Standards on 
Hospitalization and Death. Epidemiology.

• Discovery of heterogeneous subgroups to characterize vulnerability
• Lee K et al 2019  Discovering Effect Modification and Randomization 

in Air Pollution Studies. Journal of American Statistical Association
https://arxiv.org/pdf/1802.06710.pdf

• Reproducibility
• airpred: A Flexible R Package Implementing Methods for Predicting Air 

Pollution (https://arxiv.org/abs/1805.11534)

https://arxiv.org/pdf/1812.06575.pdf
https://arxiv.org/pdf/1802.06710.pdf
https://arxiv.org/abs/1805.11534


Planned and Ongoing Analyses

• Exposure estimation for PM, Ozone, and NO2
to 2016 via ensemble learning (poster)

• Applying causal inference methods to same 
data used to complete prospective national 
Medicare cohort study 

• Discovering heterogenous groups under a 
causal inference framework 

• Case crossover study of Medicaid data
• Reproducibility of the Research Data Platform
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